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"Two new accessories are announced for the Unicam SP 500 ultraviolet and visible spectrophotometer. The SP 500 
itself is further improved by the incorporation of new, all-enclosed potentiometers These potentiometers have thé ^^ 
advantage of longer life and greater accuracy, and are sealed to exclude dust The hydrogen lamp has now been 
replaced by a deuterium lamp which gives a higher radiation output throughout the ultraviolet. 


SP. 525 Autocell 


- The new Unicam Autocell (pat app) replaces the sample cell and 
provides automatic filling and emptying without need for direct access, 
by simple control of a small suction pump (not provided) The Autocell 
speeds operation and reduces fatigue, eliminates risks of cell breakage 
and sources of error due to cell mismatch, spillage or cleaning, and 
reduces the capital requirement for costly cells 


Sample volume required is 5 ml and the sample may be recovered if 
necessary Tests have shown that less than 1% of sample volume 
remains after emptying and the sample comes into contact only with 
fine bore polythene or stainless steel tubing The Autocell fits directly 
into the SP 580 Universal Cell Housing 


Delivery ex stock Price (UK) .. £40 


SP. 590 Electrophoresis Strip 


ES 


Ay 


^-^ * 
INESSE 


ES UT 1. d t * Pa e Y 
Scanning Accessory MES OPE 
Based on the original design by Bennett," the accessory is designed j B : i + E 
to scan agar, starch and acrylamide gels mounted on 3" x 1" micro- 


scope slides and cellulose acetate strips If silica slides are used, 
electrophoresis patterns may be examined directly in ultraviolet light 


A precision mechanism, free from back-lash, moves the slide across 
the light beam, which ts accurately defined by an auxilliary slit A counter 
indicates traverse in units of 01 mm The SP 590 replaces the cell 
housing of the SP 500 Spectrophotometer for this purpose 


Delivery ex stock H Price (UK) £48 100 


Please write for further details of these two exclusive new accessories 
which add to the versatility of the SP 500 Spectrophotometer. 
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EDUCATION, SCIENCE AND THE STATE 


LTHOUGH a large part of the mterest of the forecast 
of Britain in 1984, prepared by Mr R Brech for 
Unilever, Ltd *, lies m the statistical appendix, his eom- 
ments on the whole are highly 1elevant to the discussions 
which both the Newsom Reportt and the Robbins 
Reportt have stimulated, quite apart fiom the reactions 
since the Labour Paity announced its policy foi science 
at Scarborough This is especially so in the successive 
chapters in which he diseusses technological, psychological, 
social and demographic changes, as well as the following 
ones on industry, economic development, the domestic 
environment, family and social hfe and personal expendi- 
ture The very title of the Newsom Repoit, Half Our 
Future, demonstrates the relevance of such forecasts to 
the scale and quality of primaiy and secondary education 
The demands which the society of to-morrow will make 
for futher education 1s a main basis of the argument for 
expansion m the Robbins Report, and is fully endorsed 
ahke by Prof C F Carter in an evening discourse, 
Problems of Economie Growth", to the British Associa- 
tion for the Advancement of Science at Aberdeen, and by 
Prof Colm Cherry m discussing “The Scientific Revolu- 
tion—and Communication” at the Hatfield College of 
Technology last May (Nature, 200, 308, 1963) Prof 
Chery ın particular, saw what he describes as the 
“incipient revolution” demanding a contmumg process of 
education thioughout hfe with highly significant mphea- 
tions for leadership and emplovment as well as for 
education 
Some of these aie brought out by Mr Brech in his 
book, which ıs intended to stimulate thought as to the 
action which we should now be taking to meet the new 
situation The technologieal change which he foresees, 
for example, mean that Britam will require large numbers 
of well-trained technicians, technologists and engineers to 
design and construct complex industrial equipment of the 
future However, the psychological changes flowing from 
the merease of leisuie and the growing tension of hfe and 
changes m somal habits may have even more profound 
mpheatons, and he foresees some 1adical re-thinkmg on 
the organization of education as mevitable The secondary 
schools will be generally upgraded and many more tech- 
nical schools and colleges will be established, covermg 
ages fiom 13 or 14 to at least 18 and possibly 20 or 21, 
to provide the Jager number of techmoans, as well as 
the skilled operatives, needed by industry With this must 
come a much more positive attitude to education, a com- 
plete overhaul of the techniques of teaching and a much 
deeper understanding of the process of learnmg It is 
interestmg to note that Mr Brech’s forecast of the pro- 
portion of the 18-21 age-group at the universities 1s that 
postulated by the Robbms Report—8 per cent For all 
that, on education he is less percipient than Dr J 
Bronowski in a paper, “The Educated Man m 1984”, read 


* Brian 1984 — Umlever's Forecasi—an Experunent wn the Economic 
History of the Future By Ronald Brech Pp x1+124 (London Darton, 
Longman and Todd, Ltd , 1963 ) 15s net 


+ Mmustry of Education Central Advisory Council for Education (Eng- 
land) Half Our Future a Report Pp avii+229+8 plates (London 
HMSO., 1963) 8s Od net 


t Committee on Higher. Education Higher Education Report of the 
Committee appointed by the Prime Minister under the Chairmanship of 
Lord Robbins. Pp 1v1+335 (Cmnd 2154) (London HMSO, 1963) 
15s net 


to the Brrtish Association for the Advancement of Science 
m 1955 

Some of the other social changes predicted, such as an 
increase in the propoition of women going to work, more 
and earher marriages, later retirement and more and 
smaller households, are likely to remforce some of the 
demographic changes in their economic consequences 
During the next 25 years, with the deelne in hours 
worked, the cumulative effort will be to accentuate the 
relative scarcity and cost of labour Further, automation 
itself ıs likely to 1ender of critical umportance the futue 
of those of average or less than average intelhgence 
However, Mr Brech, unlike Prof Cherry, does not 
attempt to indicate how this particular problem should 
be handled other than by inbtensifying efforts to tram 
competent technicians He 1s even more searching m his 
analysis of what 1s likely to be demanded of management 
than of the Trade Unions His msistence that manage- 
ment must make the fullest use of operational research 
techniques, the computer and scientific procedures genet - 
ally, so as to be able to concentrate on the human problems 
1s particularly ielevant to the present-day debate on 
educational expansion and the organization of industry 
and of Government Nor s he unduly pessimistic as to 
the elimination of inefficient management or the survival 
of the smaller firm as a counter to restriction and stimulus 
to fair and mtelligént competition 

Quite apart from improved management, which may 
well be an even more mportant factor, Mr Biech, assum- 
ing over this period an increase of at least 17 per cent m 
the effective labour force, suggests that, with an average 
annual increase of 2 25-2 5 per cent m the output pei 
man/year, by 1984 the gross domestic product could weil 
have doubled; the mdustrial structure of Britam changmg 
from low-productivity to high-produetiviby industries 
Electricity generation may be 3 5 times as great and usage 
of petroleum 2 5 times as largo as ın 1960, while m manu- 
facturmg mdustry the big mereases will be m plastics, 
pharmaceuticals, tolet preparations, adhesives and 
chemicals generally Services will increase both absolutely 
and relatively, and while agricultural output in real 
terms 1s unlikely to merease much above 1ts present level 
the scale of enterprise will become much larger and the 
outstanding characteristic of farming will be speciahzation 
of production Assuming no majo: disarmament during 
the pernod, no real Jessenmg of the burden of taxation 1s 
predicted, but a major change in fiscal policy is expected 
from taxation of meome to taxation of expenditure oi 
turnover, and possibly the finance of local authorities 
through a pay-roll tax, expenditure tax or income tax 
World Government 1s not expected within the period, 
but the Commonwealth of Nations is likely to merease 
its umportance as a political and cultural entity 

On the domestic environment, the forecast puts the 
main stress on the need for creative thinking in town- 
planning and the use of land, meludimg the rationalzation 
of transport, here agam the implications of education 
are apparent There is much of interest m Mr Brech’s 
comments on houses and their design, on the mplications 
of changes in family and social hfe and m domestic 
expenditure However, these earher chapters best display 
what is likely to be demanded of Brrtam during the next 
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two decades or more, and with that awareness Mr Brech 
shows a refreshing confidence in the capacity of Britam 
to meet the challenge and make the effort required His 
forecast and analysis strongly support Prof Cherry’s 
penetrating discussion of what 1s involved in the “incipient 
scientific revolution” now confronting us It 1s worth 
noting that Prof Carter’s discourse to the British Associa- 
tion at Aberdeen was supported by several other addresses 
at the same meeting, such as Prof T Wilson's presidential 
address to Section F (Economics) on “The Price of 
Growth" (Nature, 200, 1, 1963) and Sir John Benn’s 
paper on finance for technical development in the United 
Kingdom, and Mr K Pavıtt’s “Research, Innovation and 
Economie Growth” (Nature, 200, 206, 1963) to the same 
Section (It should be noted here that Mr Pavitt also 
recognized that educational policy has its bearing on the 
utilization. of scientific knowledge In his discussion of 
the ways in which Government mtervention could promote 
research and development, he referred to the opportunities 
which the Government's position as buyers offered in the 
stimulation of high technical standards This was a pomt 
stressed ın the Trend Report §—the Committee straying 
outside the strict limits of its terms of reference to do so 
Sir John Benn was content chiefly to describe the way m 
which the new venture of Technical Development Caprtal, 
Ltd, functioned with invested money, as distinct from 
pubhe funds, to assist development at the full-scale plant 
or process stage and in getting the product on the market 
Directed chiefly at serving the smaller firms, 16 1s symp- 
tomatic of the new thinking on means of co-operation m 
development which 1s already proceeding ) 

It 1s against this background that the full implications 
alike of the Newsom and the Robbms Reports, and 
mdeed the subsequent report of the Trend Committee, 
should be considered, and perhaps especially the bearmg 
of the emergency situation which arises as the ‘bulge’ 
reaches the universities Both Prof R V. Jones and 
Prof Ely Devons have directed attention to the dangers 
which may attend any shortsighted action taken to meet 
that situation without regard to its effect on the man- 
power situation as a whole—whether on the supply of 
teachers m the schools, on the universities themselves or 
on research generally, whether m the universities, the 
research, institutes, the Government research stations or 
industry Prof Jones suggests that the mmediate rate 
of expansion should be determmed by consideration of 
the number of men and women of the requisite ability 
available for the universities and not by the number of 
potential students The reasons he gives are sufficiently 
weighty to suggest that any attempt to enter the number 
of students beyond those with which this staff could cope 
could be disastrous even allowing for the feasibility of 
such extemporizing measures as Prof Devons as well 
as Prof H Lipson and others have advocated As Sir 
Charles Morris remarked at Aberdeen, after fully recog- 
nizing the possibilities of new methods, there 1s no sub- 
stitute for the real teacher 

Tt 1s already clear since the publication of the Newsom 
and Robbms Reports that, as Sir Charles added, the most 
difficult problem of all m the coming years will be to see 
that, m spite of the pressures of numbers and m spite of 
the demands of specialists, the good teacher gets a chance 
to do his true educational job That was what most 
concerned Prof Jones, and the difficulty has not been 
diminished since Mr Harold Wilson with his speech at 
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Scarborough put science and higher education m the 
political arena, and the challenge was taken up by 
the present Government The references in the Queen’s 
speech at the opening of Parhament on November 12 
were unexceptional No party now denies that economic 
growth must be matched by social advance and that great 
progress has already been made m the development of 
higher education, or fails to recognize the importance of 
securmg 2 substantial further expansion of the universities 
and of other mstitutions of lughei education Any 
Government must bing forward proposals based on the 
recommendations of the Robbins Committee and press 
forward measures to provide for a rising school population 
and to improve the standards of school education No 
Government could now neglect to review and strengthen 
the organization for supporting science and technology, 
and encouraging their application to industrial processes, 
to foster a further inerease ın the number of qualified 
scientists and engineers, or to encourage the growth of 
research - 

These are common objectives, but while there may be 
wide differences of opinion as to the means by which 
these objectives should be achieved, the scale and rate of 
progress, 15 would be disastrous 1f plans, organization and 
iesourees “available were to be determined not by the 
nature of the task to be performed and the resources of 
ability as well as of men and women available, but by 
campaigning of party politics or by the views of particular 
ehques or professionals or other interests ‘This, however, 
1s the real danger, and 1t was at least encouraging to find 
that m speakmg m the House of Lords on November 13 
on the address in 1eply to the Queen's speech Lord Alport 
should touch on the broad issues with such moderation 
and msight He began by endoising Prof Brian Chap- 
man’s view as to the importance of an attempt to formu- 
late the mght questions about the reform of Britam's 
system of Government, and suggested that 1t was necessary 
first to determine hdw to give Parliament a more positive 
and constructive role ın the formation of public policy 
Secondly, the Government at rts various levels required 
contmuous and the most up-to-date advice from non- 
Government sources ın handhng the technological and 
sociological problems which confronted ıt Thirdly, there 
was the question of the devolution of power, includmg 
power over admumustrative policy, both geographically 
and functionally, without destroying the principle of 
munisterial responsibilty to Parlament or weakening the 
Government's control of basic policy here he welcomed 
as a step in this direction the new responsibilities for 
regional development given to Mi E Heath Lastly, 
Lord Alport referred to the problem of the most effective 
way of safeguardmg the legitimate interests of the 
mdividual agaist the abuse of admmustrative power by 
the State r 

Lord Alport put this ın Prof Cherry’s perspective 
when he visualized all this as a challenge to bring the 
experience and ideas of our own time to what F S Oliver 
called “the endless adventure of governmg man" It is 
in this spirit of creative thought and freedom from party 
prejudice and traditional mhibitions that the task of 
expanding education and modifymg our admunistrative 
arrangements, whether m respect of science or education 
or the task of economie growth and of Government in 
general, must be approached if oui efforts are to succeed 
Mr Pavitt's paper at the British Association meeting 
showed once again how these tasks are mterrelated 
Adequate research and development require a generous 
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supply of competent scientists and engmeers and this 
supply must melude a sufficient proportion of the out- 
standing talent in the country He too emphasizes the 
vital muportanee of the quahty of the education given, 
hus addresses grve full support to all who are concerned 
lest a crash programme ın higher education to meet tho 
numbers of prospective students rather than the available 
supply of teachers may be self-defeating 

Agam, there is the question of economic and fiscal 
policies which once more must be in keeping with the 
needs to be served rather than with the particular 
pohtieal theories or prejudices This 1s the more important 
as measures justifiably taken to deal with the temporary 
iequrrements of the bulge could, if not soundly based, 
both unpair the quality of university education and leave 
Bitam with a swplus of highly trained manpower which 
the economy could not easily absorb That danger 1s not 
to be dismissed so lightly as some theonsts are melmed 
to suggest At a time when considerable expansion of 
Britain's research and development efforts, as well as of 
higher education, 1s urgently needed, it 1s easy to forget 
that a rate of growth necessary and desirable to achieve 
that purpose within & decade or less may represent a rate 
of growth and a diversion of resources which, if main- 
tamed over an mdefinite period, could result m serious 
lack of balance and in distortion of the economy 

In this connexion, Dr W R Brode’s paper, "The 
Giowth of Science and a National Science Programme” 
(Nature, 200, 297, 1963), m which he discusses the present 
situation ın the United States, has 1mpheations that are 
worth considering when Britam’s plans are being shaped 
There, too, the lmıt on the inerease m the number of 
scientists and technologists 1s set by the supply of quahfied 
teachers, and the present rate of expansion m these pro- 
fessions 18 between 3 and 6 per cent, the proportion of 
these in the graduating class having remained statie at 
about 20 per cent over the past 50 years Dr Brode 
believes, ın fact, that the United States already recruits 
almost all those with the ability and 'mtiatıve to qualify 
as scientists and engineers, and that 16 1s more important 
for the United States to develop as fully as possible the 
brightest and most capable of those than to extend 
opportunities for the average student. Moreover, he 
believes that the present rate of growth is excessive in 
proportion to the growth of population the present 
growth in science and technology of 8 per cent per annum 
would involve an 1nerease m the proportion of scientists 
and engmeers ın the workmg group from the present 
13 per cent to about 10 per cent by 2000 and to 100 per 
cent by 2060 

These figures are manifestly absurd, and pomting out, 
accordingly, that 16 will be necessary to assign priorities 
and growth hmuits to some screntific and technical 
activities, Di Brode visualizes that while the annual 
output of screntists and engmeers will merease from the 
present 55,000 to 100,000 by 1970, the rate of expansion 
will then drop to about 2 per cent Meanwhile, the 
present doubhng of expenditure on research and. develop- 
ment every 5 years (or about 15 per cent per year)— 
compared with 35 per cent per annum merease in the 
gioss national product—must also be checked with con- 
siderable redistribution of the research and development 
effort as between different fields In the debate on the 
address in the House of Commons on November 19, while, 
for the Government, Mr J Boyd-Carpenter pointed out 
that only the United States devoted a larger proportion 
of 1ts gross national product to research and development 


NATURE 3 


than Britam, any caution on the part of the Government 
seemed to be inspired more by considerations of Britain’s 
economie position than by this question of balance 
stressed by Dr Brode Certainly, there was no such 
sense of restramt m Mr Harold Wilson's speech, which, 
for the most part, was concerned to diseredit the Govern- 
ment than to make constructive and balanced proposals 

While some later speakers, hke Mı Angus Maude, Mr 
E Lubbock and Mi David Gmsberg, 1ecognized the far- 
reaching implications of the situation and made admirable 
suggestions for dealmg with fundamental causes and for 
an impartial approach to the problems, the best feature 
of the debate was the emphasis placed on the need to get 
the organization of Government ght at Ministerial level 
Mi Wilson suggested that the Ministry of Aviation should 
be reconstituted as a Ministry of Research and Tech- 
nology and a Secretary of State for Education appointed ' 
with a Minister of State for the schools on one hand and, 
on the other, a Minister of State for the universities, 
operating through the University Grants Committee. 
This drew fiom Mi Boyd-Carpente: the announcement 
that the Lord President of the Council had already been 
made responsible for co-ordmating the work of depart- 
ments concerned with higher education, and that when he 
took his seat in the House of Commons, departmental 
responsibility for university matters, meluding the 
University Grants Committee, would pass from the 
Treasury to hun This would be without prejudice to 
final decisions regarding the scope of Mmisterial responsi- 
bilities 

The importance of this issue was repeatedly stressed in 
the debate and also in the debate m the House of Lords 
on November 20 and 21 There was welcome evidence 
on both sides of the House, m the Commons and the 
Lords, that ıt 1s recognized that ıb 1s the seale and 
quahty of education given from the primary, thiough 
the secondary level to the higher levels which detoimune 
not merely the level of Britain's productivity but the 
abılıty of its citizens to adapt themselves happily as well 
as efficiently to the world of to-morrow However, there 
was little indication that either party has yet grasped the 
full mmpheations of the situation and is really prepared 
to support action which relates scientific virdity with 
economic growth Something of 16 was mdeed sensed ın 
a few speeches, but for the most both parties "seemed 
keener to score party debating points than to jom together 
im considermg what could now be done to meet the urgent 
needs with the 1esources which are actually at Britain's 
disposal and not those which might be available if other 
policies 01 programmes had been pursued in the past, 
inspired by unagmation and insight 

Until there ıs some sign of rapprochement m this way, 
scientists are well entitled to regad with some distrust 
the present blandishments of both parties It should not 
pass unnoticed that no speaker on either side m these 
debates referred to the National Productivity Year which 
came to an end ın the following week, or the plain truth 
which Mr Graham Hutton has pomted out According 
to Mr Hutton, neither party can avoid an economic 
erash—stil less achieve the new possibilities that are 
within our grasp and which they both hold out as arms— 
unless the necessary and over-delayed revolution begins 
m relations between management and unions, between 
State and private enterprise equally, and party under- 
takings are related to the hard facts and not some vested 
interest no matte: where that hes It 1s not only in the 
schools and m the universities and education that the 
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task of education should be proceeding if Britain is to 
enter on the fuller living for all and play that part m 
woild affairs which she 1s, oi will be, equipped to play 
Britam wil not get there either by belittling her past oi 
present achievements—of which she has every right to be 
proud—or by igno1mg the need for change and develop- 
ment, and that rapidly and urgently 

This succession of reports—the Newsom Report, the 
Robbins Report, the Tiend Report—have pointed to 
some weaknesses m Britain's existing a1rangements, some 
of which were long overdue for redress They point also 
to excellences which Britain should be careful to pieseive, 
as they also stress the limited resouices which, in any 
event temporarily, aie at her disposal for the task of 
refoim It 1s a touchstone of the smcenty with which 
any political party cares for the future of Britam that 
15 should be at pams to avoid any dissipation of such 
resources in pointless party strife Argument there must 
be, but let that argument be to the pomt, seeking to 
claiufy the 1eal issues and to secure effective action, 
speedily and with all possible resources, with courage and 
with inagmation There need then be no fea of the 
response from scientists o1 fiom other sections of the 
community 

No plogramme or policy that is to achieve such 
objectives can help mjurimg some interests Some areas 
are to decline relatively while others expand m any 
policy of growth, and, as Prof Wilson stressed at Aber- 
deen, growth requires a rapid transfer of some resources 
fiom less efficient to more efficient concerns Biitam 
cannot continue to bolstei up inefficiency any more than 
she can condone lestiictive practicesewhciever met The 
public mterest must be served and manifestly seived, 
though 16 should not be, and indeed 1s not, served in such 
a way that no provision 1s made for the weakling But 
planning for change means willingness to change the 
change in political climate which the political patties 
should be promoting now is one from a temper which 
dwells on. the shortcomings of others to those of which the 
dommant note 1s one of promoting the adventure of change 
The developments which le ahead m education and else- 
where will be of little avail unless something of the spirit 
which made Britam great in the past can be biought 


to the tasks of to-morrow 
. 


MEDICINE AND MANNED SPACE 
FLIGHT 


Space Medicine 
By Uisula T Slager Pp xi+388 
Hall International Inc , 1962) 84s 


N her preface, the author states that her purpose was to 
produce a “basic textbook relating the known and 
well-established physical and physiological factors of 
manned space flight” She points out that the past few 
years have seen an extremely rapid increase of knowledge 
1n this field, and that most of the mformation 18 widely 
dispersed ın specialized journals The book was designed 
to present both the engmeer mvolved ın the design and 
construction of manned space-craft and the “busy 
physician?! who would like to satisfy his terest ın this 
field with an intioduction to space medicine The author, 
who by traiming is a pathologist, has, however, written a 
book which, while bemg within the comprehension of the 
biologist, fails, in my opinion, to present the physiological 
information 16 contains m & form which can be readily 
understood by a reader traimed in the engmeermg sciences 
Even sections of the book which are supposed to be of 
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direct use to the designer utilize obscure medical teimin- 
olo 

The book ıs divided into three paits The first part, 
which covers the reactions of man to the physical features 
of space, contains chapters devoted to the physiological 
effects of changes m the pressure and composition of the 
gaseous environment, of changes ın the thermal envnon- 
ment and of exposure to iomzmg and non-lonizing 
1adiations The methods by which the effects produced by 
exposure to the special environments may be minimized. 
are also presented The actual descirptions of the physi- 
ology of these environments are, however, badly composed 
and ill-balanced They also contam a number of gross 
mnacculacies such as that, in a subject breathmg air at 
sea-level, each 100 ml of blood flowig through the 
tissues gives up 15 ml of oxygen and that the oxygen 
uptake of the tissues ıs reduced by an exposu1e to breathing 
air at 15,000 ft Although the author suggests that tho 
optimum space cabin atmosphere is 80-100 per cent 
oxygen ab a pressure of 280 mm mercury, as was used in 
the Merewy vehicles, there ıs a considerable body of 
evidence not presented in this book which suggests that a 
mixture of 50 per cent oxygen and 50 per cent inert gas 
at a pressure of the ordei of 400 mm mercury would be 
nearer the physiological desn able atmosphere 

The second section of the book, which 1s concerned with 
the dynamic factors of space flight, 1s sub-drvided into 
chapters on the effects of acceleration, the weightless state 
and of noise and vibration Again the accounts of the 
physiological changes which these environmental factors 
produce are confused and contain inaccuracies such as the 
statement that the caidiovascular reflexes induced by an 
increase of arterial piesswe are mediated by the aortic 
and eaiotid bodies There is no mention of the lung col- 
lapse which 1s produced by applied accelerative forces, 
particularly in the absence of an mert gas 1n the environ- 
ment 

The final section of this book 1s devoted to ecology of 
the space cabin and contains chapters which describe the 
metabolic requirements, the toxicology of the sealed 
cabin and the psychological problems associated with 
space flight There is an informative section on the 
methods whereby an acceptable sealed cabin environment 
may be provided Although the psychological effects of 
isolation and sensoiy deprivation are emphasized in. this 
book, experienco gained ın the United States, so far, would 
suggest that in practice the opposite situation, that of 
over-burdening the man, 1s more likely to be a problem in 
space operations m the neai future 

This book provides an overall picture of the physio- 
logical problems associated with space flight and of the 
hmuts of man’s tolerance to the various factors mot in the 
environment of space The general balance of the book 1s, 
however, lather uneven and the text contains numerous 
maccuiacies Each chapter is provided with a good 
bibliography, although the references with one exception 
are confined to the American literature I cannot recom- 
mend this book as a source of biological mformation. to 
those working 1n. the engineering sciences 

J ERNSTING 


PHYSICS OF THE EARTH 


The Physical Constitution of the Earth 
By Jean Coulomb and Georges Jobert 
A E M Nairn Pp xi4328 (Edinburgh and London 
Oliver and Boyd, Ltd, 1963) 50s 


HE o11gmal French edition of this book was published 
in 1952, but there has been extensive revision, and 
work up to 1960 1s discussed (I have noticed one reference 
dated 1961) This ıs creditable smce two prmtmgs and 
a translation have intervened The subjects dealt with 
are seismology, gravity, the hydrostatic hypothesis 
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terrestrial magnetism, Earth tides and variations m the 
Earth's 1otation, composition and temperature of the 
Eaith’s mtemor, and theories of orogenesis 

On the whole, the authors have aimed at general 
accounts rather than details, on both the observational 
and theoretical sides This has made ıt possible to cover 
a tremendous amount of ground, and more details can 
be found m the abundant references An adequate sum- 
mary, however, becomes impracticable The authors tend 
towards scepticism, nearly all the topics that are at 
present unde: active discussion are dealt with, but 
usually with a warning that the matter 1s still open 

At the risk of appearmg to criticize an excellent book 
severely, I pomt out a few errors On page 94 the 
equatomal radius is given as 6378255 + 25 m, stated 
to be close to Hayford’s value, 6378388 m ‘The latest 
value 1s about 6378165 m, which is within the uncer- 
tamty of my estimate of 6878099 + 116 m On p 95 
inconsistent suppositions are made on the derivation 
of the International Gravity Formula The account of 
gravimetric reductions makes the usual assumption that 
the actual external field can be replaced by that of 
matter entirely within the geoid It is easy to invent 
an wregular boundary such that this ıs false, and in any 
event these hypothetical displacements seem to serve no 
purpose except to make the matte: more complicated 
It is not correct that Bullen assumes a uniform density 
gradient m his layer D, he solves the Adams~Wallamson 
equation The modified Lommtz law of rmperfection of 
elasticity at very small strains is described (p 209) as 
an ad hoc solution This would be fair comment on a 
solution for two constants from two data if no other 
phenomena were considered ‘But the law, when applied 
far beyond the origmal data, explains many other facts 
that had been found irreconcilable on other suggested 
laws On p 249, lme 8, I thmk, from reference to the 
figure, that “decrease” should be “‘ncrease” 

I welcome the remark (p 229) that cosmogonical 
arguments mtroduce new complheations I once thought 
that they could help, but gave up the attempt long ago 

The book should be in the possession of every geo- 
physicist, whether theoretical o1 expémmental 

HAROLD JEFFREYS 


EDUCATION AND ASTRONOMY 


The Young Astronomers’ Companion 
By K Fea Pp 160+12 plates (London Souvenir Piess, 
Ltd, 1962) 18s net 


Handbook of Telescope Making 
By N E Howard Pp x+322 
Faber, Ltd , 1962) 45s 


Experiments in Sky Watching 
By Dr Franklyn M. Branley Pp 117 
and Faber, Ltd , 1962) 21s net 


The Moon 
Earth's Netural Satelhte By Dr Franklyn M Branley 
Pp 114 (London Faber and Faber, Ltd, 1962) 21s 


Atlas de la Lune 

Astronomie—astronautique Par Vineent de Callatay 
Pp 1604-22 planches (Pars Gauthier-Villars et Cie , 
Rhode-St -Genése Albert de Visscher, 1962) NF 60 


The Observer’s Book of Astronomy 
By Patmck Moore Pp 222+64 plates (London and 
New York Frederick Warne and Co, Ltd, 1962) 5s 


HE number of elementary texts on astronomical 

topies contmues to increase Fifty or moie have 
appeared in the past year, there is little to distinguish 
many of them, apart from each author's individual 
approach Often the diagrams and illustrations origmate 
from the same source 
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Nevertheless, 15 has been a year which has seen welcome 
changes Schools have paid more attention to astronomy, 
there has been the development of a General Certificate 
of Education subject, while the Mmistry has conducted 
short courses for teachers on aspects of space science 
It 1s appropriate, therefore, to consider some of the books 
which have broken away from the traditional reertal of 
facts to provide some elements at least of the text-book's 
moie instiuctional approach 

Mr Fea, in his book The Young Astronomers’ Com- 
pamon, starts out to explain the night sky — His text, 
remuniscent of his excellent lectures at the London 
Planetarium, 1s divided into two parts, the first a desorip- 
tion of the mght sky and the second on the small telescope 
and its use The chapter on the celestial sphere ıs par- 
ticularly useful for the begmner, for Mr Fea has recog- 
mized the necessity of having numerous diagrams not 
merely illustrating his pomts but developed sequentially 
to achieve the educational am An appendix describes 
the prinerples of spherical astronomy -Atb 18s this book 
is an excellent introduction to astronomy for the poison 
who wishes to go beyond the delights of reading and 
enter the field of observation 

In his chapter on usmg the small telescopo, Mi Fea 
lays down axioms about eyepiece size, object glass size 
and focal length for the begmner He states figures 
accepted by experienced amateurs m Great Butam 
Although he suggests that the 3-m refiacto. with an 
object glass at 40-m focal length ıs the mstrument to 
begm with he does not give as much emphasis as I would 
like to its construction 

On the other hand, Mi Howard’s book, Handbook of 
Telescope Making, 1s much more ambitious He suggests 
that the beginner will have no difficulty ın constructing 
an 8-m telescope ‘Phis I would dispute, and personally 
recommend the beginner to begm with the 3-m refractor 
It 1s my experience that learners achieve much from 
small begmnings, and I fancy many of them will be put 
off by the rather magnificent photograph of Mr Howard’s 
telescope appearmg at the very beginning of the book 
It remains a fact that few Enghsh amateurs ale as 
adventurous as ther American friends — Nevoitheless, 
amateurs with some experience will doubtless welcome 
this book No two persons will have the same techniques 
of murror-makmg, nevertheless, all require some -advice 
with which to establish them own system The advice 
given here 1s more than adequate The publishers have 
added appendixes which supply useful mfoimation on 
books published, telescope makers and suppherg and 
associations in England It is a pity that its bibho- 
graphy did not give more details of papeis published by 
members of the British Astronomical Association on this 
topic 

From the same pubhshers come two other Amoetican 
books by Dr F M Branley They ae nghly pı iced but 
pleasantly presented One1s doubtless paymg for presenta- 
tion, but this is not a bad bargam The four pages on 
finding direction and location in Ewperwiments m Sky 
Watching are excellently presented usmg the diagi ammatic 
type of presentation familar m American sei vice text- 
books This technique 1s followed throughout the book, 
which I find an extremely useful companion to Fea’s 
Young Astronomers’ Companion 

Dr Branley’s second book on the Moon, The Moon 
Earth's Natural Satellite, 1s equally well illustrated and 
instructional He ıs to be congratulated on producing 
a thoroughly mterestimg book which has only six of the 
“same old photographs” 

Atlas de la Lune 1s a really magnificent production 
Iuke Dr Branley’s books, its explanatory diagrams are 
excellent and ın a simular style There are 22 major plates 
with detailed drawings of the lunar surface opposite each 
plate My first reaction was to wish that the text, which 
is extensive, had been published m Enghsh In fact I 
found httle difficulty with the French Believers in 
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transfer learning technique will doubtless recommend 1t to 
all fourth-formers ! 2 
Apart from Mr Fea’s book, Mr Moore's The Observer's 
Book of Astronomy is probably the best value for money 
of all books on astronomy It has 216 pages of concisely 
presented information and ıs profusely illustrated 
Astronomy could provide the liberalizmg force m our 
over-specialized school curricula Of particular value 18 
its potentiahty as a unifymg force between the individual 
subjects of the science curricula While the books de- 
seribed would provide a more than sensible nucleus for the 
school library, there ıs still a need for more.precise 
information presented in the form of problem solving 
Joan HEYWOOD 


PREPARATION OF ALLOYS BY 
ELECTRODEPOSITION 


Electrodeposition of Alloys 

Principles and Practice By Abner Brenner Vol 1 
Pp xx-714 171s 6d Vol 2 Pp. x1+656 157s (New 
York and London Academic Press, 1963 ) 


HE time-delay between the establishment of a 
reasonable scientific background to a subject of 

particularly practica] interest and the actual attainment 
of the practical goal may often be measured in decades 
In certain cases commercial security may preclude the 
publication of the development stage also Electrodeposi- 
tion 1s no exception to this The manufacture of electro- 
plated articles, to replace those of pure metal or to utilize 
thmner sections, was first applied to the noble metals, 
silver and gold, for obvious reasons Durmg the industrial 
revolution, the idea spread and a much wider range of 
deposited metals became available The idea that alloys 
might be deposited, as distinct fiom pure metals (singly 
or 1n. successive layers), was not 1mmediately obvious, and, 
m any event, scarcely necessary, smoe the properties of 
electrodeposited pure metals could be varied over wide 
limits by control of the plating process 

Nevertheless, many alloys have been deposited without 
difficulty The author of these two volumes estimates 
that of the 92 natural elements, 70 are metallic and 
33 have been deposited from aqueous solution Of these, 
only 14 are of significant commercial interest (I would 
hesitate to suggest that this statement will hold for long) 
and about 100 different alloys contamung the 14 of interest 
have ebeen electrodeposited so far The commercial 
importance of this group 1s limited to brasses, bronzes, 
nickel-cobalt, lead—-tin, tin—zine, and various gold alloys 
There 1s perhaps some justification, therefore, for the fact 
that no book dealing exclusively with alloy plating has 
ever appeared, apart from a small German booklet of 
1914 

The author has adopted an unusual but extraordmarily 
useful classification of his subject in compilng this first 
authoritative work The electrochemist, or any interested 
investigator, is provided with an excellent presentation 
of the background theory and its relationship to alloy 
plating The practical platmg man 1s supphed with all 
the relevant information for preparmg and operating the 
baths required, and need look no further for his in- 
structions From an estimated 150 pages and eighteen 
months’ work, the two volumes (split merely for con- 
venience in handling) grew by a factor of 10 The com- 
bination of the basic science in a technology, even in 
such a narrow field, may pomt the way for simular text- 
books m many other specialized subjects, where too often 
the background is too weak for a text-book and the 
practical, aspects are eliminated or at least kept to a 
minimum 

Volume 1 contains the theoretical background (one- 
fifth), and a section on general practical considerations 
involved, which 1s also partly background (two-fifths) 
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The third part deals with the first group of alloys, those 
of copper and silver In volume 2, there are five further 
groups of alloys dealt with, mcluding not only those of 
immediate commercial interest but also even heavy metals 
such as tungsten and molybdenum and alloys contaming 
germanium and phosphorus. The printing is clear, and 
the diagrams helpful An author mdex and a subject 
index are common, but in this case there is, additionally, 
a patent mdex The subject-matter 1s confined to de- 
position from aqueous solutions only 

The wealth of detail mvolved did not allow me to 
read every chapter, but encouraged reference to the 
volumes on specific topics In each case, my appetite was 
readily satisfied, and some interesting suggestions 
prompted concerning work not primarily involved with 
electroplatmg, for example, the production of textures 
m thm films for work on anisotropy There 1s therefore 
much of general scientific interest m these books, quite 
apart from the obvious value to electroplating, and 
despite the price the demand deserves to be heavy 

C R Torrie 


MICROMINIATURIZATION OF 
ELECTRONIC EQUIPMENT 


Microminiaturization 

Proceedings of the AGARD Conference, Oslo, July 24—26, 
1961 Edited by G. W. A Dummer (AGARDograph 
No 57) Pp x+355 (London and New York. Pergamon 
Press, 1962 Published for and on behalf of the Advisory 
Group for Aeronautical Research and Development, North 
Atlantic Treaty Organization) 105s net 


ICROMINIATURIZATION of electronic equipment 
18 a now and important subject It 1s mteresting to 
note that m 1958 there were only a few companies in the 
United States engaged 1n this field, but by the present year 
the number has risen to a few hundred Micrommuiatur- 
ization of electronic equipment allows equipment designed 
for performing a specific task to be considerably smaller 
and hghter than*usmg conventional components and 
techniques, but owing to the high degree of control pos- 
sible during manufacture, 1t will also be very much more 
rehable 
The three main systems of miciominiaturization are 
micromodules, microcircuits and sold eireuits, and largely 
because electronic systems are called on to perform 
more and more exacting tasks all these methods have then 
supporters in the endeavour to produce equipment to 
perform a complex task and, at the same time, be of reason- 
able size and weight and have a high rehabihty It is 
for these reasons that micromimuaturization has attracted 
the greatest attention from those concerned with military 
electronic equipments, where the mmprovement required 
in the reliability factor ıs the predominant factor. In 
most cases tooling to allow manufacture of the final 
product is a costly item, and so miciominiaturization 
obviously begins to pay the biggest dividends when large 
numbers of the same unit 81e required, and particularly 
where it 18 reasonable to pay a higher price to obtain the 
maximum reliability It ıs for this reason that multary 
requirements have tended to force the pace in the develop- 
ment of microminiaturization techniques, although eventu- 
ally as development proceeds and tooling costs are reduced 
15 18 expected that much civil equipment will begin to be 
based on these new techmques It 1s for these reasons 
that we must look to the Advisory Group for Aeronautical 
Research and Development, North Atlantic Treaty 
Organization (AGARD), and similar bodies for sponsoring 
these developments 
In 1961 AGARD held a most important conference on 
“Micromimaturization”, and the present volume 18 a 
report on this conference It was held at Oslo, and all the 
North Atlantic Treaty Organization countries were well 
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represented Twonty-eight papers were presented, and 
they are reproduced ın full in the present volume together 
with the relevant discussion The book opens with a num- 
bor of addresses of welcome made at the actual conference, 
which gives a background to this new technology and to the 
conference Then follow a number of survey papers 
covermg British, American and French work on micro- 
mimiaturization, together with an account of a few special- 
ized topics, for example, pneumatic amplifiers 

The second section of the book 1s devoted to a number 
of papers on the micromodule approach to micromimatur- 
ization, based on using sub-muniature components, printed 
circurts and a high packaging density of components 
The third section 1s devoted to muierocireuits, which are 
substrates on which passive elements are deposited 
(usually by evaporation) and where active elements, for 
example, diodes, transistors, etc , are attached either to 
the surface, or set into holes 1n the substrate, whereas tho 
fourth section, of the book w devoted to solid circuits, m 
which a single crystal of silicon 1s fabricated to act as a 
complete circuit mvolvimg resistors, capacitors, diodes, 
and transistors 

The book gives a most useful account of the subject, as 
would be expected as many of the authors are the fore- 
most authorities on the matter, and 1t 18 a book that can 
be recommended to everyone interested 1n micrommatur- 
ization Apart from providing full details of the technical 
developments, there 1s a great deal of information on the 
pros and cons of micrommaturization, the different 
philosophies adopted, as well as details of what might 
be expected in the future The book 1s well prinzed and 
illustrated and can be definitely recommended m spite of 
the high price D TAYLOR 


MEMORIES FOR COMPUTING 
SYSTEMS 


Square-Loop Ferrite Circuitry 

Storage and Logic Techniques By C J Quartly Pp 
vu+166 (London Ife Books, Ltd, Englewood 
Cliffs, NJ Prentice-Hall, Ino, 1962) 42s net 


Large-Capacity Memory Techniques for Computing 
Systems 

(ACM Monograph Series) Pp vin+440 (New York and 

London The Macmillan Company, New York, a Division 

of the Cromwell-Colher Pubhshing Company, 1962) 73s, 

11 dollars 


IGH-SPEED digital computers have become con- 
siderably faster and larger m the past few years 
Most users of digital computers agree that to crease the 
potential application of computing equipments ib 18 
necessary to moregse the capacity of the random access 
memory of the computing system It should be noted 
that the development of efficient, high-speed access high- 
density memories can often enhance the problem-solving 
ability of a computer with httle additional modification 
and so 18 very attractive economically It ıs for these 
reasons that there 1s considerable activity i many places 
m explormg novel methods of storing information, im- 
proving the speed of operation and capacity of conven- 
tional stores It ıs, therefore, extremely satisfactory to 
seo these two additions to the literature on the subject 
The book by © J Quartly deals with the use of ferrite 
matenals with rectangular hystcresis loops as memory 
stores for computers Initially, as ıs well known, the 
development of high-speed digital computers was seriously 
handicapped by the lack of a suitable method of storing 
mformation, but this situation was changed with the 
discovery of a ferrite with the required rectangular hyster- 
esis loop, and short access time stores are now available 
which are highly rehable, relatively inexpensive and are 
capable of meeting the requirements of speed of operation. 
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The developments ın this field have been relatively fast, 
and as Quaztly has been concerned personally with many 
of the developments (he 1s an engineer at one of the firms 
manufacturmg and marketmg ferrite cores), he 1s able to 
speak from personal knowledge about most of what he 
writes The result is a very readable book outhning the 
historical developments, the properties of square-loop 
materials, the development of the various systems, for 
example, comcident drive storage, word addressed 
systems, obo There are special chapters on non-destruct- 
1ve read-out, the construction of stores, and circuits used in 
storage.systems ‘Naturally ın discussing drive circuits, 
etc, the author only considers transistor circuits 

The second volume comprises the proceedings of the 
symposium on “‘Large-Capacity Memory Techniques for 
Computing Systems”, which was sponsored by the US 
Office of Naval Research and held ın May 1961 

Unfortunately, only the papers presented at the sym- 
posium have been included ın this printed account of the 
proceedings It would have been still more useful if the 
editor could have meluded an account of the critical 
discussion which the presentation of the papers caused 

Altogether 30 papers were presented and are printed in 
full in the present volume These detail special types of 
ferrite core memories for large capacity, the consideration 
of the many theoretical pomts which the development of 
large-capacity digital memories with very short access 
time introduces, and consideration of many novel types of 
store, for example, electron spin stores, as well as progress 
reports on many of the new types of store which are 
becoming available, for example, thin magnetic films, 
eryogenic memories, ferro electric types of storage, 
‘twister’ memories, ete 

This 1s en interesting collection of papers which all 
concerned with the «further development of high-speed 
digital computers will find of value, and allows the relative 
evaluation of these various techniques to be made in 
regard to ther probable utihzetion in the computing 
field ın the future D TAYLOR 


TWO VIEWS OF FLUORINE 
CHEMISTRY 


The Manufacture and Use of Fluorine and Its Compounds 
By Dr A J Rudge Pp xm+87+11 plates (London. 
Oxford University Press, 1962 Pubhshed under the 
auspices of Imperial Chemical Industries, Ltd) 10s 6d. 
net. È 


Chemistry of Organic Fluorine Compounds 
By Milos Hudhcky Pp 536 (London and New York 
Pergamon Press, 1961) 60s net 


NE becomes rather tired of bemg swamped by the 
mass of badly written, often rather useless chemistry 
books and new pseudo-specislisb journals spawned by 
publishers week after week, so 1b 1s a pleasure to find two 
books which come into the distinctly useful category. 
Both deal with fluorine chemustry, but from quite different 
points of view and with different objectrves Dr Rudge 
writes as a physical and inorganic chemist to demonstrate 
to young students that the same principles cover chem- 
istry learnt at school and chemustry as apphed ın industry 
Dr Hudheky brmgs his enthusiasm for synthetic organic 
chemistry, and writes for the research worker 
Dr Rudge's book is the fourth published under the 
auspices of Imperial Chemical Industries, Ltd , and fully 
maintams the excellent standard of the first three It 
provides for the first time an authoritative yet readable 
account of the manufacture of fiuorme and hydrogen 
fluoride, together with a brief survey of the preparation 
and uses of a number of other inorgame and organic 
fluorme compounds. Sixth-form pupils and first- and 
second-year university or techmeal college students need 
no longer read and memorize the out-of-date, maccurate 
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and 1ehashed accounts of mdustiial processes concerning 
fluorme and its compounds found in most present-day 
school and university text-books Let us hope that the 
authors of such texts take the trouble to 1ead Rudge as 
well In many ways it ıs a pity that the book 1s not 
intended to be an elementary text-book of fluorme 
chemistry, since such a book 1s badly needed for school 
use now that fluorme 1s to be found ın the General Certi- 
ficate of Education Advanced-level syllabuses Only 10 
pages are devoted to morganic compounds and 20 pages 
to o1ganie compounds (compared with 27 pages on fluorine 
and 8 pages on anhydrous hydrogen fluoride), and the 
enthusiasm apparent in the earher pages has dropped 
The facts are certainly listed, but in. a rather diy manner, 
and with no attempt to provide the explanations and 
interpretations which help to make students realize that 
chemical industry 1s based at least as much on an under- 
standing of science as on the empiricism which students 
all too often assume predommates and characterizes the 
mdustry The quality of production of Dr Rudge’s book 
1s high, and the photographs are especially good The 
sponsors and publishers of this series of books will have 
the thanks of many if they can maintain a price around 
10s for future books 

Dr Hudheky!'s book 1s the English edition of the book 
pubhshed ın Czechoslovakia three years previously, but 
with the addition of sufficient hterature references to 
include most of the important results published by the 
end of 1959 The book ıs not comprehensive, but 1t ıs 
certainly the most useful of the texts on organe fluorine 
chemistry at present available The literature 1s covered. 
carefully and summarized in good. style so that at last 
wo have a book that 1s not turgid and can be read for 
pleasure The prmter has helped a great deal, since the 
lay-out, equations, etc, printing and paper are all of 
good quality Reaction schemes, tabulated data plenty 
of equations with yields meluded, full experimental details 
fo. the synthesis of some 44 useful fluorme compounds, 
formule, author and subject mdex, 1,105 references— 
all these are efficiently presented The book 1s particu- 
larly useful to the research worker, since he can soon find 
what he wants, and he can be reasonably, though not 
entirely, sure that the relevant mformation will have been 
culled from the hterature accurately 

The acolyte ın this field of chemistry must exercise 
caution, since the author's approach ıs largely that of a 
historian, and lack of experience sometimes leads to the 
wrong choice for the best synthesis for a particular com- 
pound The apparatus, equipment and techniques needed 
for the manipulation of fluorme compounds are satıs- 
factorily described, and the occasional personal anecdote 
helps to make the pomt For example, on page 24 the 
deseription of what happened when “The author of this 
book came in touch with anhydrous hydrogen fluoride d 
will ensure that adequate safety precautions aie taken 
The English ıs at times distinetly odd, as the quotation 
shows, and although the meanmg remains clear, the pub- 
lishers could have done a better Job ın polishing up the 
spelling and style (for example, “ closes a perfluoro- 
tetrahydrofuran img", p 277), and m removing such 
terms as “canned fluorme” (p 84) Other errors are 
illustrated by the followmg (1) p 84, tnfluoromethyl 
hypofluorite 1s not an “attractive organic fluormating 
agent” and does not have the wide utihty mmplhed by 
“Tt replaces hydiogen atoms by fluorine both 1n. aliphatic 
and aromatic hydrocarbons”, (u) pp 130 and 140, 
defluormation of perfluorocyelohexane to hexafluoro- 
benzene 1s not “catalytic”, smece iron or nickel required 
to effect this reaction 1s converted mto the corresponding 
fluorides, (ui) p 45, the laboratory fluorme cell described 
as far mferior to modern cells and 1s of pre-war vintage, 
(av) nomenclature and formule are sometimes out of date 
or wrong, for example, CF; -N=N—CF; (p 155), use of 
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the phi symbol for the prefix perfiuoro (p 166), sieium 
tetrafluoride (p 57) 

The author 1s to be congratulated, however, on the 
thorough way he has searched the literature and repro- 
duced ıt accurately, for the excellent mdex and cross- 
reference system, and for the general clarity of exposition 
and lay-out This 1s not a book with a mechanistic bias, 
but ıt 1s useful A futher English edition, brought up to 
date, with adequate reaction mechanisms introduced, and 
errors corrected would easily provide the best general 
text for the organic chemist wishing to learn and savour 


the fascination of this rapidly expanding field F 
R N HASZELDINE 


SOLVENTS IN CHEMISTRY 


Solvents Guide 

Compiled and Edited by C Marsden, with the collab- 
oration of Seymour Mann Second edition Pp xvi+ 633 
(London Cleaver-Hume Press, 1963) 105s 


RA fitst edition of this book, which appeared ın 1954 
under the title of Solvents Manual, compiled and 
edited by C Marsden, has now been extended and re- 
issued as Solvents Guide For this edition, the original 
British author has collaborated with’ the American, 
Seymour Mann 

The lay-out of the book has been retamed The mono- 
graphs on individual solvents and important alhed sub- 
stances which comprise the larger part of the book are 
arranged in alphabetical order, clearly set out so that 
the mformation 1s instantly available Each monograph 
includes, m addition to hsts of physical properties and 
azeotropes, such mformation as the distinction between 
the various grades available commercially, brief physio- 
logical data, notes on storage and handhng, including 
regulations governing transport, and a hst of manu- 
facturers covering all the countries for which reliable 
information is available Typical British and American 
specifications, averages for the various grades of each 
material, are listed, and where British or American. 
standards exist, they have been added alongside Brief 
notes are included on source and manufacture, there are 
occasional ieferences to impurities present, and very 
oceasional brief mention of uses, the latter confined to . 
few of the many proprietary solvents for which mono 
graphs have been moeluded, for example, the American 
“Velsicol Solvents’ and tho British ‘Aromatic Solvents’ 
are specially mentioned as solvents for pesticide form- 
ulations 

The “Tables of Solubihty", issued separately as a 
Solubility Guide with the first edition, now appear in 
somewhat reduced form ın the main text as one of the 
appendixes This list presents qualitative solubility data 
on a selection of materials, grouped together ın a con- 
venient tabular form Various other appendixés include 
brief notes on the chemical classification of solvents, 
methods of deteimunation of some trace impurities, a 
quite extensive mdex of trade and proprietary names, 
and a useful table relating concentrations of solvent 
vapours to toxic hazard at various levels The lists of 
figures given are all valuable for particular purposes, but 
the useful lst of “Threshold Limit Values" (that is, 
conditions under which it 1s beheved that nearly all 
workers may be repeatedly exposed day after day, 
without adverse effect) recommended by the American 
Conference of Governmental Industrial Hygiemsts might, 
with advantage, have been included 

The almost complete absence of information on uses, 
coupled with the extensive lists of suppliers, grve the 
mnpression that the book ıs intended prumaily as an 
international buyer's guide, with a subsidiary use as a 
‘handy’ book of reference for the chemist ın industry or 
research STELLA J PATTERSON 
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Inorganic Thermogravimetric Analysis 

By Clément Duval Second and revised edition Trans- 
lated from the French by Dr Ralph E Oesper Pp xv+ 
722 (Amsterdam and London Elsevier Publishing 
Company, 1963) 120s 


HE second edition of Piof Duval’s Inorganic The: mo- 

gravimetric Analysis amply illustrates the consider- 
able advance of thermogravimetry durmg the past 
decade, and 1ts bid to modify, or even replace, classical 
gravimetric techniques 

The new edition 1s divided into two parts In Part I, the 
author has included several new chapters Two chapteis 
aie entuely devoted to a detailed suvey of the comme: - 
cially available thermobalances, and a further section 
duects attention to the precautions necessary for their use 
The chapter on the applicatiors of the thermobalances 
has been extended to cover the wider aspects of tho 
subject 

In the second part of the book, the thermolysis curves 
of the compounds of 78 elements are descirbed, and these 
now include those studied by other workers ın the field 
A survey of materials suitable as standards for titrimetric 
analyses has been made A brief chapter on purely 
organic compounds has also been added | 

The author has shown that the rate of heating, the type 
of thermobalance, and the nature of the substance unde: 
investigation, may lead to different results He has also 
emphasized the importance of buoyancy corrections The 
ompssion of most of these factors from the fust edition 
often contirbuted to a source of adverse euticism of the 
pioneenng work of Prof Duval i 

The second edition is not, however, entirely fiee from 
errois For example, on p 239, the formula of hexamine 
sihcomolybdate ıs incorrect, as are the two subsequent 
formule Again on p 441, ıt 1s stated that “the decom- 
position of stiontrum oxalate mto carbon monoxide and 
carbon dioxide, 1s not mstantaneous as 18 the case of 
calcium oxalate? It must be pomted out that verther 
strontium nor ealerum oxalate decomposes directly mto 
the oxides of carbon, the first stage 1s a decomposition 
into carbon monoxide and the metal aarbonate (as stated 
m the original French edition) 

A further criticism 1s that temperatures are recorded to 
1° C, one wonders whether this is really justified, since 
most thermobalances are accurate to about 5° C 

Nevertheless, the new edition 1s a marked improvement 
on the first The book itself is attractively prmted and 
bound, the neat diagrams and clear photographs all 
serve to create a favourable rmpression The price of 
120s is high, the book 1s a veritable mine of information. 
on thermogravimetry and all laboratories are recom- 
mended to have a copy G LETON 

J MENDHAM 


Practical Analytical Methods for Connective Tissue 
Proteins 

By J E Eastoe and A Courts Pp xıv +145 

E and F Spon, Ltd, 1963) 42s 


ECENT advances in the understandmg of piotem 
structure all stem from the development of new 
analytical methods paper chromatography, counter- 
current distribution, ion-exchange chromatography, 
starch-gel electrophoresis—each technique has led to new 
and exciting discoveries made possible only by the new 
method 
Practical Analytical Methods for Connectwe Tissue Pro 
teins offers much information of value to an investugato1 
freshly entermg the field, but less to an experenced 
protein chemist A large section is devoted to quantitative 
amino-acid analysis, and the author's experience in this 
subject 1s especially evident Much of the experimental 
detail m this section 1s provided for investigators who lack 
automatic equipment It ıs now reahzed, however, that 
an automatic ammo-acid analyser 1s essential for the 
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rapid peiformance of accurate analyses Therefore, m 
so short and expensive a book, detailed descriptions of 
earher methods which have been superseded may be out 
of place In addition, some of the procedures recom- 
mended aie inadequate For example, the authors of 
this book recommend conditions for the hydrolysis of 
probems involving simple heating under reflux in the 
presence of air, yet Moore and Stein have demonstrated 
the necessity for rigorous removal of air from solutions 
to be hydrolysed By the selection of constant con- 
ditions in the preparation of a hydrolysate, the losses of 
labile ammo-acids are made reproducible and exact cor- 
rections may be apphed For similar reasons, the 1e- 
moval of acid after a hydrolysis 1s best performed rapidly 
with the aid of a 1otary evaporator, and not slowly in & 
vacuum desiccator 

In general, though, the experimental details provided 
are sufficient, for more precise information, the 1eader 
would be advised to study original papers and ieviews 
from scier-tific journals It should be noted that the 
authors themselves state that they have attempted to 
present srmple methods that can be performed with a 
degree of accuracy, ın this endeavour they have 
succeeded D G SMYTH 


The Anatomy of the Rainbow Lizard Agama agama (L) 
With a Glossary of Anatomical Terms By Di Vernon A 
Hairis (Hutchinson Tropical Monographs) Pp 104 
(London Hutchinson and Co (Publishers), Ltd , 1963 ) 
15s 


ITH the rapid expansion of West Afiican colleges 
with departments of zoology, there is an urgent 
need for a laboratory manual which will guide students 
and teachers alike in investigating the anatomy of their 
local and ubiquitou$ hzards The species chosen by the 
author as the subject for dissection 1s a typical example of 
a family of African, Oriental and Australian distribution 
and besides 1s readily available in other countries through 
dealers The book will not, therefore, be limited in its 
appeal to centres of learnmg m Africa but should serve as 
a useful and rehable guide for most students of vertebrate 
anatomy Both the text and the diagrams have an 
exemplary clarity, the coverage of the subject 1s sound end 
the glossary more than adequate I myself hope that 
improvements to the further reading section will be made 
in a revised edition A G C GRANDISON 


The Snake 
By John Crompton Pp 152+20 plates (London «Faber 
and Faber, Ltd , 1963) 18s net 


HE author bas written five simular books on other 
vertebrate groups, all are outstanding for them 
readability, entertainment and instruction value The 
volume under review ıs no exception It deals principally 
with the habits of snakes, at a semi-popular level, with 
special emphasis on the constiictors and on those species 
equipped with venom-njectmg apparatus, but there 1s 
also an account of the origm, evolution, locomotion and 
anatomy of snakes which, bemg restricted to one chapter, 
1s not overburdened with scientific facts and termmology 
and provides the lay reader with a lucid and mteresting 
story 
Happily, erroneous statements are few and for the 
most part result from the author's hmited acquaintance 
with the specialist’s literature For example, the more 
recent investigations on the egg-eating snake, Dasypeltis, 
have escaped his attention Far from bemg an obstacle, 
the presence of teeth, which merdentally are far more 
numerous than the author suggests, have been shown to 
serve an important function The hypophysial processes 
on the vertebre do not bear enamel Other unfortunate 
errors include the South African many-horned. viper being 
dubbed Cleopatra’s executioner and the reproduction of 
one of Seba’s plates which features not an Egyptian asp but 
more likely a harmless species A G C GRANDISON 
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FESTIVAL OF SCIENCE, UNIVERSITY COLLEGE OF NORTH WALES, 
BANGOR, NOVEMBER 25—29, 1963 


By M. G. RHODES 


Director of The Festival 


a 


“Tt 1s the duty of every well-formed man or woman to acquaint them- 
selves with the general characteristics and needs of our scientific ang techno- 
logical civilization ” 


O wrote Lord Hailsham [now the Right Hon Quintin 
Hogg] in a foreword to the handbook of the “Festival 
of Science”, held recently m the University College of 
North Wales, Bangor This handbook gave the details 
of lectures and lecturers, of exhibitions, of demonstra- 
tions, and of films, but unlike most scientific handbooks 
it had been printed with the intention of catching the eye 
Tt was designed to be read by those who would not 
automatically reach out and read ıt Its cover was 
starting, 1ts printing rather bold, in presentation and 
style ut fell somewhere between a town guide and a glossy 
industrial handout It was, in fact, an unconventional 
scientific pubheation, but 16 was attempting to put across 
an unconventionalidea that science could be a subject of 
anterest to a lay audience 
The declared aims of the Festival were not to teach the 
layman, but to mterest him We hoped to leave behind 
us not only an appreciation of how scientists thmk and 
work, but also some interest in things scientific where 
before there was none The style of the handbook, 
probably representative of the whole Festival, was a 
natural result of these ams If we were to achieve them, 
our audiences had to be attracted from among the mdiffer- 
ent, or even the unwilling Throughout the planning, 
each item for the programme had to be chosen, and 
developed, bearmg constantly m mind its relation to our 
aims and its probable audience appeal Because of the 
reluctance of the non-scientific portions of our audience 
(the scientists would support us anyway, we felt) we 
devoted much effort to buildmg up the Festrval's pubhe 
image before ıt started In terms of cash, the pubheity 
budget was second only to that for the three main lectures 
A quarter of an hour before the start of the first lecture 
our policy was justified Mrs J Medawar spoke on 
“Some Problems of Birth Control” to an audience 
estimaged at 300 m a room which could seat just 200 
Sound overflows were arranged and still people had to be 
turned away Later that same evening Dr P B Medawar 
himself attracted an audience which occupied the window- 
sills and aisles of a much larger hall This was the pattern 
throughout the week In 7 of the 13 lectures delivered, the 
audiences completely filled thespace available Thesmallest 
audience was 80, while the average for the main lectures 
stood at 390, and that for the smaller lectures at 160 
Setting aside the publicity, What was the programme 
that attracted an average of one m every 15 students to 
each lecture ? It is most easily divided mto four mam 
headings lectures, films, exhibitions and demonstrations, 
together with a debate The lectures were of two types 
The principal series of three was held at 8 pm im the 
evening and the lecturers were chosen on three mam 
criteria audience appeal or lay reputation, known 
ability m public speaking, and on piobable content 
All three criteria had to be met, for example, there 
was no pomt m imvitmg the most erudite of scientists 
if hs name was not sufficiently well known to the lay 
publie to draw the type of audience we wanted Alterna- 
tively, however much revered he was by his colleagues, if 
he muttered maudibly, he would only serve to perpetuate 
the popularly held opmion that scientists are marticulate 
(an opmion in which there 1s often more than a gram of 
truth) and that science 1s mcomprehensible—which 16 isnot 


On November 25 the first of the three lectures was 
dehvered by Dr P B Medawar on "The Nature of 
Scientific Discovery” in which he summarized his views 
on scientific thought processes On November 26 Sir 
Wilham Penney pomted out some of the practical difü- 
culties of amy nuclear disarmament control system He 
showed very neatly how an unscrupulous nation could, 
if 16 wished, cheat on ris declared production of fissile 
material On November 28, Mr John Maddox, who does 
professionally every day, month in month out, m The 
Guardian what we were trying to do in a week, warned 
agamst expectimg science to produce every answer After 
these lectures the philosophers objected strongly to much 
that Dr Medawar said, the idealists objected violently to 
many of Sir Wilham’s comments, but all three caused 
thought, talk, and argument among people who normally 
did not think of these subjects This ıs surely good ? 
Undoubtedly they caused considerable short-term interest, 
and i6 1s possible that ın some cases 1t may endure 

The other series of lectures was scheduled to start at 
5 30 pm and two normally ran concurrently These lec- 
tures were chosen on one of two bases Either the subject 
had to be of such general 1mportance that 1t attracted not 
only scientists but also the layman (examples here are 
Mrs J Medawar's lecture on "Some Problems of Birth 
Control” and Dr J S. Ryland's lecture on “Farming The 
Sea"), or alternatively they had to appeal to a double 
audience The best example here was the lecture delivered 
by Prof D J E Ingram on “Order and Purpose in the 
Universe”. Hus audience consisted, probably equally, of 
those whose interest was primarily scientific and of those 
whose interest was mamly religious I wrote “the other 
lectures were chosen on two bases”—I ought to have 
written "should have been chosen”, for not all were chosen 
m this way, and not all were successful One was prefaced 
with the remark that 1t was to be mtelligible to the layman, 
and then moved straight into calculus! The problems of 
communication between scientists and laymen he not only 
in the difficulty the layman has in understanding the scien- 
tist, but also m the difficulty the scientist has m under- 
standing the needs of the layman It 1s a problem that, 
like most problems, has two sides, and normally only one 
of these 1s appreciated by any one person The majority 
of non-scientists do not understand technicalities, but 
given their mterest, ıt 1s perfectly possible to put across 
almost any scientific point of view, and for the funda- 
mentals to be understood On the other side, many 
scientists surround them work with a magical web of 
mecomprehensible words or, alternatively, they talk down 
so severely that the audience immediately reacts antagon- 
istically A third type say “It ıs impossible to convey 
anything of my work to a non-specialist It 1s not worth 
attempting" What he really means is that he 18 meap- 
able of putting over the necessary ideas himself, and that 
he does not intend to waste time m this way anyhow 

Exhibrtions are a basically unsatisfactory way of 
arousing interest or of putting over information Demon- 
strations, on the other hand, are very much more effective 
for both purposes Agam exhibitions are very costly to 
mount if they are to look well Large exhibits are expen- 
sive to construct and almost as expensive to transport 
But demonstrations use easily portable apparatus appar- 
atus which 1s already available m a umiversity Cost m 
cash ıs almost neghgible, but, on the othe: hand, cost in 
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manpower 1s much higher even though ıt 1s concentrated 
into a single afternoon. 

The main exhibition of the Festival was open all day 
every day, and night up to 1ts dying moments on Friday 
night ıt always seemed to have a healthy crowd of visitors 
It meluded material from two sources in probably roughly 
equal parts Firstly, many firms provided exhibits which 
ranged from the Enghsh Electric Group's material on 
nuclear power stations, to a working model illustrating the 
stages ın the brewmg of a Guinness beer Secondly, 
material came from within the University For example, 
an effective circular stand gave the fundamentals of 
evolutionary theory Apart from large silhouettes of 
Darwin and Wallace it also carried most of the standard 
examples Biston betularia, Cepaea nemoralis and Droso- 
plula melanogaster Wording on these stands was kept to 
a munmum and typewriting quite taboo Presentation 
was all important Even so ib was the moving exhibits 
which attracted attention—a working model of an auto- 
matic telephone exchange, exhibited by Ericsson Tele- 
phones, proved & constant and nerve-shattermg source of 
interest 

"Moving exhibits" were the basis of the senes of 
demonstrations called “Serence Srxty-Three” which ran 
for five hours on November 27 Virtually all the material 
was provided from within the University, some at under- 
graduate level, some postgraduate, and some staff, but 
all three were attemptmg to provide the mteresting piece 
of mformation or an msight into scientific fundamentals 
rather than abstruse research topics They attempted to 
do this in as spectacular a way as possible but without 
reduemg the whole thing to ‘gummickery’ The labora- 
tories used were packed from before 2 o’clock until after 
7pm On a very approximate estimate 1,200 people 
visited these demonstrations—a number equivalent to 
six m every seven of the student population What did 
thoy see and do ? They tried a range of toaching machines, 
they watched a professional glass-blower, they produced 
the patterns of the sounds of musical instruments on an 
oscilloscope, they were used as subjects for an electro- 
cardiograph, they were able to lsten to and watch on an 
oscilloscope the navigational impulses, after suitable con- 
version, produced by bats—and much more besides 
Such thmgs as these are undoubtedly the most effective 
way of mteresting the layman The pioblems of com- 
munication do not anse there 1s no possibility of talking 
down, the formal atmosphere 1s gone and you are left 
with interested people asking mterestmg questions of 
somebody who really wants to make himself under- 
stood 

Running concurrently with “Science Sixty-Three”’ the 
School of Engmeermg Science was open to the public 
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Agam the emphasis here was not on the research topic, 
but on what is a typical scientific department and how 
does ib work ? A certain amount of material was dis- 
played, but primarily 1t was a chance for visitors to wander 
round and ask questions Agam 1b was packed 

Films were arranged daily and shown completely 
informally after lunch m the lounge of the University 
refectory The programme was planned to cover as 
widely as possible the spectrum of science, and con- 
sisted usually of two short documentary films each day 
On some occasions they were used. to provide background 
information, to another event For example, a few hours 
before Sir Wiliam Penney spoke, the film “Atomic 
Energy" was shown It 1s difficult to estumate audiences 
m this case, as traffic m and out was quite unimpeded 
Perhaps the interest shown 3n these films is best measured 
by the reaction of numbers of people who asked for the 
re-showing of particular films The main film show was 
planned for the evenmg of November 27 and twice 
“Serengeti Shall Not Die” was shown to a completely 
filled house 

The Festival finally came to a close on November 29 
after a debate on the motion “That thus house would 
lock its scientists m their laboratories’ The original 
plan had envisaged four nationally renowned figures 
debating the motion seriously but with wit In pomt of 
fact nationally renowned figures ae not wilhng, 1t seems, 
to accept the rough justice of a debate and finally the 
motion was put by four more junior debaters who gave ıb 
the facetious treatment that 1ts wording sadly suggested 

Before the Festival, I wrote “there was no effort on 
the part of the scientific world to mterest others m things 
scientific Equally, there was no effort from any but the 
rarest non-scientist to understand this complementary and 
yet rrval disemphne" Tho Festival was such an effort 
on tho part of the scientists of this University The 
numbeis m our audiences showed that the layman was 
wilhng to try to understand It 1s such ventures as this 
that will allow communication between the opposite ends 
of the scale of knowledge Tt ıs such ventures as this 
which will reduce the layman’s feeling of futility and m- 
comprehension when faced with science It is such 
ventures as this that may alter the popular image of 
science and scientists fiom magic and magicians to 
cultured and comprehensible people It ıs an idea that 
receives lip service from almost al scientists, but hp 
service only If there is to be communication between the 
scientist; and the layman, then a change must come about 
in the attitude of the scientist quite as large as the thange 
necessary on the layman's part Moreover, the change 
must come first among the scientists, or the layman will 
turn away rebuffed 


INTERNATIONAL GEOPHYSICAL CALENDAR FOR THE INTERNATIONAL 
YEARS OF THE QUIET SUN, 1964 AND 1965 


HE International Geophysical Calendar for the 
International Years of the Quiet Sun, 1964 and 1965, 
has been drawn up by A H Shapley, chairman, and 
J V Lincoln, deputy secretary, of the Steermg Committee 
of the Intemational Ursigram and World Days Service 
in close association with the International Geophysical 
Commuttee—International Years of the Quiet Sun Com- 
mittee and its reporters and spokesmen for the various 
scientific diserplines 
The Calendar designates days and intervals selected 
for special attention for geophysical observations, expert- 
ments, data mterchange or analyses (Table D) tis 
thus a framework for world-wide and interdiseiphnery 
co-ordmation m those programmes where it 1s not 


practical or meaningful to carry out the same work foi 
each and every day The Calendar serves mainly the 
branches of geophysics dealing with the Earth's atmo- 
sphere A prmeipal use is for the co-ordination of the 
samphng of the many phenomena which vary significantly 
durmg the course of a year For many geophysical 
programmes, the Commuttee for the International Years 
of the Quiet Sun 1964-65 (IQSY) has made recommenda- 
tions on work to be carried out for the days or mtervals 
marked on the Calendar (see paragraphs 11~16) It 1s 
also common for mdrvidual geophysical stations or groups 
of stations to arrange some of their plans of observations 
according to the Calendar Thus geophysicists can. expect 
that their colleagues ın other countries, m other labora- 
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Table 1 WORLD DAYS MARKED ON THE CALENDAR 

1964 RWD PRWD QWD RGD WGI Ecl Meteors 
Jan 14,15,16 15 15 1,8, 15,22,29 18-26 14 3-4 
Feb 18, 19, 20 19 — 5, 12,19, 26 — — — 
Mar 17,18,19 18 — 4,11, 18,25 — — — 
Apr 14, 15, 16 15 15 1,8, 15, 22,29 13-26 — 21-22 
May 19,20,21 20 — 6,13,20,27 — — 45 
June 16, 17, 18 17 — 3,10, 17, 24 — 10 4-8 
July 14,15,16 15 15 1,8, 15, 22,29 13-26 9 28-30 
Aug 18,19,20 19 — 5,12,19,26 — — 9-18 
Sep 22,23,24 23 — 2,9,16, 23, 30 — — == 
Oct 20, 21, 22 21 91 7,14, 21, 28 12-25* — 19-21 
Nov 17,18,19 18 . — 4,1l, 18,25 — — 15-17 
Dec 15, 16, 17 16 — .2,9,16,23,30 — 3-4 ai 
1965 RWD PRWD QWD RED WGI Ecl Meteors 
Jan 12, 18, 14 13 18 6,18, 20, 27 11-24 — 3 
Feb 16,17,18 17 — 38,10,17,24 — — — 
Mor 16,17,18 17 17 3,10, 17, 24 — — 8-21f 
Apr 20, 21, 22 21 — 7,14, 21, 28 — — 21-22 
May 18,19,20 19 — 6,12,19,26 — 30 4-5 
June 15,16,17 16 16 2,9,16,23,30 14-27 — +8 
July 20,21,22 21 — 7,14,21,28 — — 28-30 
Aug 17, 18, 19 18 — 4,11, 18, 25 — — 10-14 
Sep 14, 15, 16 15 5 1, 8,15, 22,29 13-26 — — 
Oct 19, 20, 21 20 — 6, 18, 20, 27 — — 19-21 
Nov 16, 17, 18 17 — 3,10,17, 24 -— 23 15-17 
Dec 14,15,16 15 15 1, 8,15, 22,29 13-26 — a 


* Priouty WGI, particularly southern hemisphere 
+ Priority TV GI, particularly northern hemisphere 


tones and in other geophysical disciphnes will tend to be 
making increased efforts for the days and intervals marked 
on the Calendar, the amount of geophysical data in exist- 
ence, at the World Data Centres and elsewhere, will 
accordingly be greater for Calendar days 

This abbreviated explanation of the International 
Geophysical Calendar is adapted from IQSY Manual 
No 1, World Days Program, issued m 1963 by the IQSY 
Secretariat, 6 Cornwall Terrace, London, NW 1 The 
Manual should be consulted for full details on the Calendar 
and other IQSY world days, such as sola1 and geophysical 
alerts and the retiospective world intervals 

(1) Unwersal Tume (uU T ) 1s the standard of time for all 
world days on the Calendar, that ıs, each begins at 0000 
UT and ends at 2400 U T 

(2) Regular Geophysical Days (RGD) axe each Wednes- 
day throughout the IQSY 1964-65 This weekly sampling 
schedule 1$ particularly designed foi the purposes of the 
meteorologieal programme of IQSY but has also been 
adopted for some other geophysical programmes 

(3) Regular World Days (RWD) &1e three consecutive 
days each month, always Tuesday, Wednesday, Thursday 
neai the middle of the month They are mtended for 
observations, experiments or analyses which can or need 
be made for about 10 per cent of the days and which should 
be spaced (in groups of three days) throughout the year 

(4) Priority Regular World Days (PRWD) are one day 
each month—the RWD which are also RGD (Wednesdays) 
They are for work which can or needs to be done only 
one day each month throughout the year 

(5) Quarterly World Days (QWD) are one day m each 
quarter of the year They are the PRWD which fall 
within the World Geophysical Intervals (WGI) and are 
also RGD (Wednesdays) The QWD serve to co-ordinate 
seasonal high-altitude rocket experiments 

(6) World Geophysical Intervals (WGI) durmg IQSY aie 
14 consecutive days in each season, beginning on the 
second Monday of the selected months They always 
include the three RWD of the month and the QWD for 
the season Some of the WGI are considered of higher 
priority than others in certam programmes The WGI 
are mtended for intensified programmes amed at the 
statistics of seasonal variations or the timing of seasonal 
changes The schedule of WGI relative to the equinoxes 
and solstices 1s dehberately made different fiom year to 
year, so that m due course a WGI will cover the time of 
seasonal change of each of various geophysical phenomena 

(7) Sola» Eclipses, whether total, annular o1 partial, are 
marked on the Calendar Geophysical stations ın the 
eclipse zones treat these days as world days and undeitake 
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special programmes to study eclipse effects on the Earth’s 
atmosphere (For maps of the echpse zones and pertinent 
details, reference should be made to the IQSY Manual 
for the World Days Program or any standard astronomical 
ephemeris or year-book ) 

(8) Meteor Showers of special interest are also marked 
on the Calendar, including some of the important visual 
showers and also unusual showers observable mainly by 
radio and radar techniques Attention 1s dnected to 
these days (selected by P Millman (Ottawa)) m case 
ionization produced by meteors may account foi unusual 
effects m other geophysical experiments 

(9) ‘World Days’ not appearing on Calenda The 
occurrence of unusual solar or geophysical conditions 1s 
announced or forecast through various types of geophysical 
‘alerts’, which are widely distributed by telegiam and 
radio broadcast on a current schedule The types of alerts 
are magnetic stoim Qn telegrams MAGSTORM) 
magnetic calm (MAGCALME), solar flue (SOPLARE), 
sola activity (SOLACTIVITY), solar calm (SOL- 
CALME), cosmic ray event (COSMIC EVENT), and 
sudden and unusual stratospheric warmings (ST'RAT- 
WARM) These alerts are issued by the IQSY-IUWDS 
World Warning Agency or in certain circumstances by 
one of the solai-geophysical regional warning centies 
The meteorological telecommunications network co- 
ordmated by the Woild Meteorological Organization 
carries the world-wide alerts once daily soon afte: 0400 v T 
(as from October 1963) Many geophysical stations m the 
various disciplines increase their programmes or cary 
on special experiments to take advantage of the special 
solar or geophysical conditions during the period of alert 
The IQSY Manual for the world days pıogramme 
contains full details, meludmg recommended scientific 
programmes Selections of Retrospective World Intervals 
after a delay of a few weeks or months, are also announced 
by the World Warmng Agency An additional service 
of the regional warning centies 1s to notify geophysical 
and solar stations promptly (Ursigiams) with summary 
details of ummediately significant geophysical observa- 
tions and of major solar events which have important 
and sometimes long-lasting geophysical effects The 
telegraphic addresses of the regional warning centres 
aie as follows 

AerwanN WasuHineton (USA), Demea KOKUBUNJI 
(JAPAN), Nizui& Moscow (USSR), ÍIONOSPHAERE 
DARMSTADT (G F R ), CNETAGI BAGNEUX (FRANCE), AGI 
NEDERHORSTDENBERG (NETHERLANDS) 

(10) The International U1 segram and World Days Se vice 
(IUWDS) 1s a permanent scientific service of the Inter- 
national Union of Radio Science (URSI), with the partici- 
pation of the International Astronomical Union and the 
International Union of Geodesy and Geophysics The 
IUWDS adheres to the Federation of Astronomical and 
Geophysical Services of the International Council of 
Scientific Unions The IUWDS co-ordinates the intei- 
national aspects of the world days programme and rapid 
inteichange of data and also publishes an annual Calenda: 
Record of solar and geophysical indices and events 


Suggested Scientific Programmes for World Days and 
Intervals on the Calendar 


The followmg material ıs adapted from recommondea- 
tions of the International Geophysical Committee—Inter- 
national Years of the Quiet Sun Committee, second 
assembly, Rome, March 1963 (see IQSY Notes, No 3, 
1963, issued by IQSY Secretariat), or its reporteis or 
spokesmen for the various scientific disciplmes Any 
supplementary recommendations will appear in future 
issues of IQSY Notes 

(11) Meteorology Particula: efforts should be made to 
obtain the maximum quantity of data on the RGD 
Rocket ascents and ozone- and radiation-sonde ascents 


No 4914 January 4, 1964 


should be made on these days Maximum altitude balloon 
ascents should be made at 0000 and 1200 v T 

Dunng WGI, the following observations should be made 
at all appropriate stations (a) on all days two maximum 
altitude balloon soundings, (b) on Mondays and Fridays 
two maximum altitude balloon soundings, one ozone 
sounding, one radiation sounding, one rocket soundmg, 
(c) on Wednesdays at least two and preferably four 
maximum altitude balloon soundmgs, one radiation 
sounding, one ozone sounding, at least one and preferably 
two rocket soundings 

(Note Where Meteorological Services and Institutes 
have difficulty m carrymg out the recommended pro- 
grammes durmg all WGI, priority should he given to the 
WGI mn October 1964 and March 1965 Stations which are 
able to carry out the recommended programme during 
only one WGI should choose October 1964 if m the 
southern hemisphere and March 1965 if in the northern 
hemisphere ) 

(12) Geomagnetrsm It has always been a leading 
prneiple for geomagnetic observatories that operations 
should be as continuous as possible Thus the great 
majority of stations taking part m the geomagnetic 
programme of the IQSY will undertake the same pro- 
gramme without regard to the IQSY Calendar The days 
marked on the Calendar will be of interest mamly to the 
following two types of geomagnetic station (a) Stations 
recording quick-run mucropulsations (with fast chart 
speeds) are requested to make such records on every 
RGD according to the following schedule 1964, Jan 1, 
from 0000 to 0400 vu T , Jan 8, from 0100 to 0500 ur, 
Jan 15, from 0200 to 0600 ur, ete The observatories 
aie not obliged to send their recordings to the World 
Data Centers, except by special request (see IQSY 
World Days Manual under ‘Retrospective World Inter- 
vals on Micropulsations”) (b) Stations which, m addition 
to other IQSY activities, are equipped for making magnetic 
observations, but which cannot carry out such observa- 
tions and reductions on a continuous schedule are encour- 
aged to carry out such work at least on RWD (and during 
tumes of MAGSTORM alert) 

Attention 1s directed to the opptrtunity which the 
expected quiet conditions of the IQSY period may provide 
for a profitable study of the geomagnetic effect of solar 
eclipses, marked on the Calendar 

(13) Ionosphere For the vertical meidence sounding 
programme the summary recommendations are (a) 
soundings to be made at 5-min intervals or less on RWD, 
(b) f-plots are made for ngh-latitude stations and repre- 
sentatrve stations at lower latitudes for all days (that is, 
meludmg RWD and WGI), (c) profile parameters he, qc to 
be determined and sent to a WDC for RWD for all stations 
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except those undertaking full profile programmes or pro- 
duemg monthly median profiles, (d) copies of 10nograms 
for PRWD are to be sent to the WDC, (e) stations in 
the eclipse zone should take contmuous observations on 
solar echpse days and special observations on adjacent 
days m accordance with detailed recommendations m 
the IQSY World Days or Ionosphere Manuals 

For the ionospheric drifts programme, observations are 
made on all RWD on all WGI on every Wednesday 
(RGD) and on every Thursday (day following each RGD} 
Hourly tabulations for all days mentioned are sent to the 
WDOCs, 

For the ionospheric absorption programme, diurnal 
hourly observations are made on all RWD and hourly 
tabulations sent to the WDC | Continuous observations 
on solar eclipse days, where possible, for stations in 
eclipse zone should also be sent. 

For back-scatter and forward-scatter programmes, 
observations should be made on all RWD at least 

For topside sounding experiments, it 18 recommended 
to send copies of records to the WDC for all RWD at 
least 

All programmes should take notice of the days of 
unusual meteor shower activity m case unusual 1onospheric 
phenomena are noted 

(14) Solar Actwty Observatories are invited to issue 
and send to the WDC of all IQSY diserphnes special 
reports of their regular and any special observations on 
all solar eclipse days to assist in the interpretation 
of geophysical observations made in the eclipse zones 

The total solar eclipse of May 30, 1965, will be charac- 
tenzed by long duration (about 4 mm) on the central 
lne 15:28 recommended that comprehensive solar obser- 
vations be made of this eclipse, both optical and radio 

(15) Cosme Rays; Aeronomy Research workers should 
take into account that observational offort m other dis- 
explines tends to be intensified on the days marked on the 
Calendar, and schedule balloon and rocket experiments 
accordingly if thero are no other geophysical reasons for 
choice 

(16) Space Research In view of the variability of the 
D and E regions of the ionosphere, 1t 18 desirable to make 
rocket measurements of ther characteristics on the same 
day at as many locations as possible Where feasible, 
experimenters should endeavour to launch rockets on the 
Quarterly World Days (QWD) since these are also days 
when there will be maximum support from ground 
observations 

Copies of the Calendar are available on reggesb to 
IUWDS, e/o Secretary General of URSI, 7 Place Danco, 
Brussels 18, or to IQSY Secretariat, 6 Cornwall Terrace, 
London, NW 1 


CO-LINEARITY OF THE GENE WITH THE POLYPEPTIDE CHAIN 


By Dr A S SARABHAI, Dra A. O. W STRETTON and Dr S. BRENNER 


Medical Research Council, Laboratory of Molecular Biology, Cambridge 
AND 


Dr. A. 


BOLLE 


Institut de Biologie Moleculaire, Université de Genève 


“Le ‘sequence hypothesis’ states that the amino-acid 
sequence of a protem is specified by the nucleotide 
sequence of the gene determming that protein! It has 
always been assumed that a simple congruence exists 
between these two sequences such that the order of the 
codons ın the gene ıs the same as the order of the corre- 
spondmg ammo-acids m the polypeptide cham There 1s 


no direct evidence for this co-bnearity, but ıt 1s known 
that mutations close together m the gene affect the same 
amimo-acid m the protem? In this article we show that 
a class of suppressible mutations affecting the head protem 
of bacteriophage 7'4D produce fragments of the poly- 
. peptide chanm This property allows us to prove that the 
gene 1s co-lmear with the polypeptide chem Dr Cc 
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Fig 1 Genetic map of amber mutants of the head protein gene 


Yanofsky of Stanford University has informed us that 
o has shown co-lmearity ın an examination of the 
tiyptophan synthetase of E coli 


Suppressible Mutants 


Benzer and Champe? have found that certain strains of 
Escherichia cola permit the growth of some phage mutants 
which do not grow on other strams Bacteria with this 
permissive property are said to suppress the effect of 
the mutation Those suppressible mutants could be divided 
into different classes depending on the permissive host 
stram used Benzer and Champe‘ later showed that one 
class of these mutants (subset 1), when grown m non- 
permissive bacteria, appeared to prevent the reading of 
the genetic message They suggested that these mutants 
contained a nonsense codon and that permissive hosts 
could translate this codon mto an amuno-acid 


Table 1 


Lo oe a "Pu 


D bcd 


In many cases the recombination frequencies represent the average of 
several experiments and may differ slightly from those shown 1n Table 1 


Mutations have been found in othe: genes in bactoua 
and bacteriophages which aie suppressed by strams sup- 
pressing subset 1 mutants In particular, a large number 
of suppressible mutants of this class, called amber mutants, 
have been isolated in bacteriophage 74D (ref 6) These 
are distributed throughout the genetic map of the phage, 
and ıt appears that any gene 1s susceptible to this type of 
mutation 

In order to characterize the molecular consequences of 
these suppressible mutations and then mechanism of 
suppression, we have examined amber mutants affecting 
the head protein of the bacteriophage About 90 per cont 
of the protem of the phage particle 1s head protein’, and 
Koch and Hershey? have shown that 60-70 per cent of tho 
protems synthesized late during mfection are ultimately 
meorporated into mature phage particles Thus more 
than one-half of the late protem synthesis of the mfected 


ORDERING OF MUTANTS BY 3-FAOTOR CROSSES 


E coh CR63, at a concentration of 2 x 10° cells/ml 1n buffer, was infected with a mixture of the parental phages, each at a multipheity of 6 After 
S min at 37° C to allow adsorption, the complexes were diluted 1 200 into tryptone broth and lysed with chloroform after 1 h at 37° C Appropriate 
dilutions were plated by preadsorption on E. coh CR63 to measure total progeny yield and on E coh B to measure wild-type 1ecombinants 


Cross Recombination 


Order deduced 


(per cent) 
B17 x Hil 0 80 š 
B17 x H11 + B278 014 Hil B17 B278 
B278 x 4489 130 
B278 x B17 + A489 0 34 B17 B278 A489 
B272 x B278 220 
B272 x H11 + B278 032 H11 B272 B278 
B272 x B17 130 
B272 x B17 + 4489 0 24 B17 B272 A489 
C140 x B17 027 
C140 x H11 + B17 004 
C140 » B17 + B272 0 20 H11 C140 B17 B272 
H32 x B272 05 
H32 x B17 + B272 036 
H32 x B272 + B278 005 B17 B272 H32 B278 
C187 x B278 033 
C137 x B272 + B278 0 28 
C197 x B278 + A489 0 06 
H30 x B278 0 46 
H36 x B272 + B278 0 40 
H36 x B278 + A489 006 B272 B278 (C137 H30) A489 
H36 x C137 022 
H36 x C137 + A489 005 
C137 x H36 + A489 0 20 C137 H36 4489 
C208 x A489 034 
C208 x B17 40 
C208 x B17 + A489 0 33 
C208 x B278 + 4489 029 B17 B278 A489 C208 
Order H11 C140 B17 B272 H32 B278 C187 H36 A489 C208 
Table 2 DISTRIBUTION OF PEPTIDES IN AMBER-INFECTED CELLS 
‘ No of peptides found Exampl 
Segment H11 C140 B17 B272 H32 B2718 | CA37 H36 4489 C208 Wud Chymo- E Tryptic (see Te 3) 
tryptic 
I + + + + + + + + + + + B 11 — 
I - + + + + + + + + + + 0 0 — 
In - - + + + + + + + + + 0 0 — 
IV = - = + + + + + + + + 8 3 Cys 
y - - = - + + + + + E + 0 1 His T7e 
VI - - = - - + + + + + + 10 2 Tyr C12b 
vir - - - - - - * + + + + 2 2 Try 76 
VIII - - - - - - - + + + + 5 1 Pro T2a 
IX = = = F = e» = x x + + 8 11 Try T2 
X = = - = e S S = = + + 1 1 Tyr C2 
XI -— - - 2x = = = ~ - = + 7 10 His C6 


Note The number of peptides found 1n a segment 18 not a measure of the length of the segment, since 1n some cases the same peptide sequence mav 
scored more than once, either because of being labelled by two different amino-acids, 01 because of partial enzymatic degradation products lo pete 
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. Fig; 1 in the form of a genetic map of th 
"region, showing relevant 2-factor recom 


bination frequencies. The additivity of | 
recombination frequencies is good, but we 


have not relied on this to establish the 
order of the mutants. This has been done 
by 3-factor crosses (Table 1), and although 
such crosses are complicated by high nega- 








- “tive interference! they uniquely determine nn . 
the- genetic order shown in Fig. 1. fragment 
. Head Protein Peptides in Amber Mutants — Cwo . 
- "The proteins being synthesized in the mM 
-phage-infeeted cells were labelled with gy 
radioactive amino-acids. The cells were fragment 
then lysed, the nucleic acid removed and = ~~~ ~ AL " 
without further purification the mixture gj 
was digested with either trypsin or chymo- fragment Cys 
"trypsin. The peptides thus produced were 
characterized by high-voltage ionophoresis p32 
on paper, their position being located by fragment Cys Hs Tie 
autoradiography. Labelled proteins from 
` purified wild-type phage were also exam- 8278 
ined in the same way. ‘The technical fragment Cys HisT7c Tyr Clb 
details are given in the legend to Fig. 2. 
The peptides characteristic of the head — cix 


fragment 


protein of the phage can easily be recog- 
nized in digests of cells infected with the 
wild-type phage. This shows that the con- H36 

tamination introduced by other proteins Mamei 


















"(for each amber mutant. Hence peptides 

‘ean be classified as to whether or not they 

- are included in the polypeptide synthesized 
"by an amber mutant. 

-. For example, in Fig. 2 it can be seen that the Cys peptide 
is clearly absent in cells infected with the mutants All, 
C140 and B17 but is present in all other casos. This 
suggests that the mutants produce fragments of the head 
polypeptide chain such that some of the fragments include 
the Cys peptide while others do not. The peptide His 
T'Te is Synthesized in cells infected with H32, B278, C137, 
H36, A489 and C208 but not in cells infected with H11, 

..0140, B17 and B272. This peptide would therefore be 

. absent in the fragments made by the last four mutants. 

. "These two peptides distinguish the fragment made by 

-B272 from the other fragments, since only in this case 

-< is the Cys peptide present and the His T'7c peptide absent. 

- By extension of the experimental data it should be pos- 

sible to characterize each fragment uniquely in this way. 
Some 96 tryptic and chymotryptic peptides, detected by 
separate labelling experiments with “C-tyrosine, phenyl- 
alanine, histidine, tryptophan, proline and arginine, and 
3580,-— (methionine + cysteine), have been scored, and 

examples are given in Fig. 2. i 

The numberof peptides found in any one mutant is a 
measure of the length of the fragment produced. It is 
therefore possible to arrange the fragments in order of 
increasing size: each fragment should include all the 
peptides present in smaller fragments, together with extra 
ones. Tho difference between two fragments defines a 
segment of the polypeptide chain, &nd the arrangement 
of the fragments by mereasing size orders these segments. 
If the gene and the polypeptide chain are co-linear, then 
















the order of the polypeptide segments should be identical : 
with the order of the segments into which ihe genetic B 


map is divided by the mutants. 





Fig. 3. Diagram showing hierarchical ordering of the fragments and the 
the segments with the genetic map. | The peptides are those shown in Fig.2 


Cys HisT7c Ty Ci2b TryT6 


rt Arana cael 


Cys HisT?c TyrCb TryT6 — ProT2a 
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synthesized in the infected. cells is not 
| serious, We have only scored peptides ^ A489 $ gue 
present in digests of both wild-type phage fragment ys His Tyr Cte Ty Te Pom Das 
id the wild-type infected cells. The first m 
result i i C208 pU EU 
eeu is that while some of fhe amet Os tme yoe po Pome WE Yep 
cells infected with a given amber mutant, oie 
others are absent, and the pattern differs Whole molecule Os. HaT TeCbb THIS 





The hierarchical order of the peptides is shown in 
Table 2 and in Fig. 3. No peptides scored as head protein 
peptides have been found to distinguish H11, C140 and. — 
B17 from each other. Thus only nine of the eleven seg- 
ments can be defined. However, we note that since 
peptides defining segment I are present in all amber 
mutants, there is no internal evidence that they aro 
peptides of the head protein. This difficulty could be 
resolved by extensive purification, but until this is.carried 
out we have chosen to leave segment I out of account. 
The order deduced. from the fragments is therefore: 
(Hll, C140, B17) B272, H32, B278, C137, H36, A489, 
C208 with eight segments uniquely defined. The order is 
the same as the genetic order (compare Fig. 1) and hence. 
to a high degree of confidence these experiments show that . 
the two structures are co-linear. : 

No exception to this order has been found for peptides 
which are present in the wild-type phage and absent from 
at least one amber mutant. However, peptides are found 
in some amber mutants which are not present in the wild-. 
type phage. We might expect such peptides for two 
reasons: m Bn 

(1) The point of termination of a fragment may cut a 
wild-type peptide, and thus produce a new peptide- 
which occurs in that amber mutant only. We appear 
to have found an example of this in one case. —— == 

(2) Some wild-type peptides never show on the paper 
because they form part of the insoluble ‘core’. Hc ; 
when fragments of the protein are digested such peptides - 
may become soluble, either because they have become 








accessible to the proteolytic enzyme or because the region 





of the protein which co-precipitated them is now absent. 


















































| peptides ean also be assigned to segments. We 
been able to score ten of these peptides. 
the order of segments previously found and in addi- 
here i$ one peptide which defines segment II; that 
b present in all amber mutants except H11. 

_ The remarkable property of the amber mutations of the 
head protein cistron and, by inference, of all other sup- 
pressible mutations of this class, is that they lead to the 
synthesis of a fragment of the polypeptide chain. Qualita- 
to tively; fragments appear to be produced in amounts com- 
_ parable with that of the wild-type protein. Although we 
do not as yet have any direct evidence, it is likely that the 
agments include the N-terminus. of the head protein, 
ce proteins are synthesized sequentially from their 
terminal ends", If this is so, then the nonsense codon 
roduced by the amber mutation results in polypeptide 
| termination, without permitting re-initiation of 
hesis beyond that point. 'The exact details of this 
'hanism are unknown, as indeed is the mechanism of 
pression itself. However, it is hoped that further 
alysis of the amber mutants should throw more light on 
these problems. 

'o summarize: we have shown that suppressible amber 
tations of the head protein lead to the production of 


URING each of the past three years a group of four 
geologists and geomorphologists from University 
lege, London, working under Dr. R. W. R. Rutland 
me have spent an average of three months in northern 
le, financed principally by a grant from the Depart- 
of Scientific and Industrial Research. It seems 
riate at this stage to give a brief interim summary 


eir x 
The concept of the project dates from my visit to the 
ion in 1951 to investigate sulphur deposits of the 
dean volcanic region. The Chilean trench roughly 
00 m deep off-shore is in striking contrast to the Andean 
tesu ‘at roughly 4,000 m surmounted by volcanic 
cones rising to about 6,000 m. The intervening region 
3 almost wholly desert, and possesses many facets of 
tratigraphy, structure and geomorphology with great 
tial for unravelling the complex factors in the 
iger phases of crustal deformation on the continental 





ice Bruggen's great pioneer volume (1934) on the 
gy of Chile there has been little published informa- 
ion. In the Geological Society of America Memoir on 
louth American Geology (edit. by Jenks, 1956) Prof. 
unoz Cristi, in his summary of the geology of Chile, 
eliberately deseribed separately such events as the 
ulcanicity, the continental limestones of the Loa Forma- 
fion, the marine terrace sequence and the Pleistocene 
iation, because, as he indieated, the available evidence 
integration and correlation was not adequate. With 
background a programme was discussed with Dr. 
s Ruiz, director of the Instituto de Investigaciones 
ógicas at the International Geological Congress in 
penhagen. Cordial and co-operative relations, then 
tiated, have been maintained. 

Our objective, simply if somewhat ambitiously ex- 
sreased, is the dating of the uplift of the Andes in northern 
ile. Two primary broad east-west transverse belts 
tween the Andes and the Coast were selected. 

The northern transect. ‘The northern one (latitude 23° S.) 
tween Tocopilla and the Andes north of San Pedro de 
Atacama was investigated by the leaders and Mr. J. E. 
uest. It has good aecess due to the nitrate fields centred 
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fragments of the polypeptide chain. Analysis of the 
fragments allows us to define eight segments of the poly- 
peptide chain which are in the same order as the segments 
defined on a genetic map. We conclude that the gene is 
co-linear with the polypeptide chain. 

We thank Dr. R. H. Epstein for providing somo of the 
mutants used, and Dr. F. H. C. Criek for interesting diseus- 
sions. We also thank Mrs. R. M. Fishpool Miss M. I. 
Wigby and Mr. P. A. Wright for their assistance. 
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on Maria Elena, the great copper mine of Chuquieamata 
and, in the interigr, the great water pipe-lines fed by 
Andean snowmelt which also supplies a line of foothill 
villages. The largest of these is the old-established settle- 
ment San Pedro de Atacama, within the interior drainage 
basin centred on the Salar de Atacama (see Fig. 1). =. 
Foundation rocks include the Paleozoic of the Const 
Range, the Jurassic La Negra Formation—largely vol- 
canics of the Cerro Moreno and Limon Verde with some 
marine and saliferous members, and the Cretaceous 
Purilaetis Formation, forming the northern end of the 
Cordillera Domeyko. The mid-Cretaceous Andean orogeny . 


was associated with the emplacement of the great grano- 






diorite batholiths. The Mesozoic and other str 
occur as a series of fault blocks, orientated north- 
between the Pacific and the crest of the Andes. . These are 
separated by downwarped or downfaulted units fn which 
late Tertiary deposition has been considerable. The 
whole appears, as our work proceeds, to present many 
analogies with the Basin and Range Province of south- 
west North America. 

In the east the younger formations include the continen- 
tal San Pedro formation of Early Tertiary age, overlain by 
the Liparitica, a great succession of ignimbritic flows 
extending far beyond the Andean source area. Further 
west is the extensive Loa Formation, consisting of non- 
marine limestones and associated detrital rocks, that 
have been considered to be of early Pleistocene age. 
However, ignimbrites are interbedded in the Loa Forma- 
tion and much of the latter must therefore be older. 

San Pedro formation. The traverse selected (Fig. 1) 
crosses the part of the great internal drainage basin 
centred on the Salar de Atacama and lies north of the 
two quarter degree quadrangles mapped (1961-62) by 
R. J. Dingman of the U.S. Geological Survey which 
seconded him to the Chilean Geological Institute. In this 
region conglomerates, soft sandstones and gypsiferous 
beds of the San Pedro Formation are well developed, dip- 
ping off the eastern flank of the plateau block of Jurassic 
and eretaceous rocks of the Domeyko range. This forma- 
tion has now been mapped to the west of the Domeyko 
range for the first time. Evidence is accumulating that 
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s probable equivalents may be found among the oldest 
f the post-Mesozoie continental formations far to the 
[t seems that for the country extending some 48 km 
San Pedro of Atacama and in the type area, deriva- 
tion was from the west and this would seem to imply 

that the high Andes at this latitude did not then exist. 
4. One of the most remarkable features of the landscape 
~ of northern Chile is the great spires, columns and fantastic 
_ shapes of Cordillera de la Sal, 80 km long and trending 
cnorth-north-east. This is a belt of hills, a few hundred 
metres high, originating from a late uprise of a saliferous 
series as a line of periclines. One consequence was the 
separation of the gravel plain of the Llano de Paciencia in 
the west from the Salar de Atacama with which it was 
-formerly confluent as part of a single internal drainage 
“basin. Two possibilities for the age of these salt series 
are: first, Jurassic, comparable with known Jurassic salt 
| diapirs in the Domeyko range to the west and at Lican 
to the north and, secondly, the orthodox view, that they 
are the basin facies of the continental San Pedro Formation 

to the east of the main outcrop. oe l 
The uprise of this great chain of periclines is, in part. 
younger than the great Pliocene ignimbrite flows which 

~ are referred to later. E : in - 
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It is even more striking that the latest mo 
the salt periclines and their northward co. 
narrow anticlinal folds in the overlying ignim s 
strongly tilted and locally. faulted the extensive 
younger gravel sheets... The latter may well represent 
outwash from some phase of Quaternary glaciation, of 
the adjacent Andes. 2 Umm 

Ignimbrites. Lying uneonformably on the San Pedro 
Formation are representatives of the "Formacion Lipari- 
tica’ or Altos de Pica Formation. This consists of a great 
succession of massive ignimbritie: ash-flows interbedded 
with sheets of gravel. p s 

In the San Bartolo area north-west. of San Pedro de 
Atacama, a detailed succession of five major units separ- 
ated by gravels was established in.1961. Similar rocks — 
have now been mapped over an area of 3,000 km?. Gener- 
ally, in this area the Ignimbrites can. be followed from the 
Puna surface or Altiplano of the Andes at 4,01 






communication from Mr. Dingman). 


Deep dissection by very youthful gorges, combined with 
the large areas of original and re-exposed surfaces of these 
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flows, gives a detailed three-dimensional picture of the 
ougmal extent of individual flows that must be unrivalled 
in such a formation Many non-diastrophie effects associ- 
ated with the deposition of ash flows m a structurally 
controlled erosional topography of considerable relief 
have been distinguished fiom those due to post-deposi- 
tional warpmg and faulting Thus the attenuation of the 
flows agamst pre-existing steep hillsides and isolated 
‘islands’ give clear mdication of the upper limit of the 
mdividual flows Ther thickness and imelination on 
the sloping older surface form a basis for estimating the 
orginal thickness of the uncompacted flow and so of 
the degree of compaction in the case of both the welded 
and unwelded ashes ‘There ıs an interesting variety of 
patterns on the surface of the flows which includes flow 
patterns and undeformed networks of coolmg jomts 
Other regular geometrical patterns appear to be early 
post-consolidation features of structural significance In 
addition bulbous mounds ın margmal zones may be due 
1n. part to lateral pressures 

The Loa formation The Rio Loa 1s the only permanent 
uve reaching the Pacifice along several hundred km of 
coast <A large part of 1ts basın les in the area under 
investigation This 1s floored by calcareous beds and 
associated detrital sediments known as the Loa Formatjon 
These beds appear to be as Wetzel clauned, a lacustrine 
formation m part at least, but they extend over a wide 
area which is 160 km from east to west and m places 80 km 
m a north-south direction Many gross changes of litho- 
logy occur ranging from carbonate cemented gravels 
through lmestones with some tufa and algal beds to 
sands with mterbedded gypsiferous clays The deposi- 
tional history 1s also varied for both m the west between 
Quillagua and the Pacific, and, in the east above Calama, 
the succession 1s broken by at least two substantial uncon- 
formities The course of the Rio Loa itself, as with most 
of the rivers in the interior, 1s determmed in part, at 
least, by late crustal movements Near its mouth, for 
example, the 1963 mapping identified, some 2 km north 
of the present maccessible gorge through the Coast 
Range, an old deserted valley of the Loa floored with 
Los Formation and now perched 400 m above the Pacific 
at its seaward end 

The presence of 1gnimbrites towards the top of the Loa 
Formation at Quillagua and also high 1n succession north 
of Chiu Chiu suggests that the Loa Formation 1s partly 
older than the Formagion Liparitica It may indeed be 
possibly equivalent to the San Pedro Formation, that is, 
piobably Pre-Pliocene 

The Formation is not broken by major faults, and 16 1s 
warped only locally, but 16 ranges from 3,000 m above sea- 
level at the head waters of the Loa, to a few hundred 
metres east of the Coast Range It seems likely that it has 
attamed much of its relatavo and absolute altitudes by 
lage, very young post-depositional crustal deformation 
—a view which Bruggen had found difficult to accept oi 
to reconede with the supposed Pleistocene age of the 
formation 

North of Quillagua Bruggen identified a ‘Lake Soledad’, 
a large Pleistocene lake, by a former shore hne which 
enclosed both the Salar Grande and the Salar de Llamara 
Four shore hnes of this ancient lake, the highest at 
180-190 m above the Salar floor, have now been recog- 
nized An iteresting hypothesis recently discussed in 
the group 1s that Lake Soledad may represent only the 
seaward end of a much larger lake dammed by the tectonic 
rise of the Coast Range which extended far east along the 
site of the present Loa Valley towards the site of the 
present Andean foothills, to a fresh-water carbonate facies 

Late Tertiary volcanoes Andesite and basalt volcanoes 
of the Andean Voleanic belt rise above the Puna surface 
to up to 6,000 m Some are demonstrably older than the 
igmmbrite flows, but many are im. part, if not wholly, 
younger Among the latter some are glaciated with or 
without post-glacial activity, while others, mostly mdi- 


NATURE 19 


vidual cones, appear less definitely to be post-glacial m 
their present form 

In the aiea north-east of San Pedro de Atacama, which 
includes a basaltic caldera voleano, a variety of composite 
cones and a probable ignimbritic lava vent exists The 
petrography and chemistry of the assemblage are bemg 
investigated 1n relation to the time-sequence of vuleanicity 
and structural events 

Drainage patterns ın the volcano area are in part 
antecedent to late anteclinal and monoclinal warps which 
affect the 1gnimbrites and are m part consequent to the 
broadly warped ignimbrite surfaces 

Gravel texraces Younger than the Loa Formation and 
the Ignimbrites are gravel sheets of the ‘coba’ gravel both 
m the Atacama basm and m the Loa dramage These 
aie in the form of a series of terraces produced by down- 
cutting m differentially uplifted regions flankmg down- 
warped basins Late in the 1963 field season, numerous 
examples of glacial moraines in the Andean region were 
discovered These mdieate a former snow-hne at around 
4,200 m m a region where ıt 15 probably more than 6,000 m 
to-day There are mdications that the older terraces 
of both the Loa dramage and the Atacama basm repre- 
sent outwash from these Quaternary glaciers 

Structure Structural deformation of the younger 
formations appears to be controlled by 1enewed move- 
ment of a number of older blocks These may take the 
form of monochnal warps m which ignimbrites, Loa 
Formation and, m places, Pleistocene gravels are volved 
Some monoclines are linear associated with old and young 
reversed faults hading east, but others are strongly curved 
m plan and young enough to show the bending of the intact 
pre-warp surfaces In general, the north-south mono- 
chnes or fault structures are found on the west side of 
individual blocks*the Cordillera Domeyko-Aiquina 
Block, Cordillera Media and the great westerly downwarp 
that delimits the western edge of the hgh Puna east of 
the Salar de Atacama It is therefore tempting to think 
of these movements as blocks riding upwaid to the west 
on a series of thrust faults west of the Andes crest Pos- 
sibly the relation of the Coast Range to the Pacific and 
the oceanic deep fits in with this tentative pattern. 

The southern transect The valley of the Rio Huasco 
(latitude 28° 30’ S ), some 640 km south of Tocopilla, was 
selected for the initial stages of our investigations in the 
southern, desert 

The magnificent sees of fluviatile terraces, noted by 
Darwin (1846), by Willis (1929) and Bruggen (1950), have 
now been mapped and examined ın detail by R U eCooke 
Eleven terraces with a vertical range of 160 m at Vallena., 
have been cut almost entirely m the coarse gravel deposits 
formed during a previous phase of extensive aggradation 
The upper surface of this aggradation was graded to a 
sea-level 100 m above the present and the matenal filled 
an earher valley that debouched below the present sea- 
level Analysis of the available evidence suggests that 
these major changes iesulted from the interaction of 
climatic, eustatic and tectonic factors But the resultant 
land forms are in striking contrast to those ın the northern 
transect, where majoi erustal movements and volcanic 
activity were the dominant factors in effecting landscape 
development 

East of Vallenai the tenace sequence ıs 1eplaced by 
deeply inered gorge-hke valleys cut m folded Mesozoic 
and older strata This area has been mapped m detail 
by J E Crabtree, to provide first-hand knowledge of an 
area which may be considered as representative of much 
of the folded Andean geosynchne The stiongly folded 
sequence is generally younger to the west, where the 
Mesozoue strata, ranging fiom Trias to Upper Cretaceous, 
occur These are mtruded by granodionte of the Andean 
bathohths, with which is associated a variety of mineral 
deposits The Mesozoic stratigraphy strongly suggests 
much instabihty with the migration of areas of deposition 
and erosion, 
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Older rocks, low grade regionally metamorphosed 
schists, are overlam unconformably by acid volcanic rock 
followed by manne Tras An older suite of plutonic 
rocks, mtruded only into the schists, appear to be pre- 
Mesozoie By analogy with other areas where lead-« age 
determmations are available, these intrusions may be 
upper Paleozoic in age Structures include major 
north-south faultmg, ın which overthrusting both to the 
east and the west is present There 1s evidence of hmited 
Late Tertiary movements m the broad valley 1immedi- 
ately north of Vallenar, but elsewhere 1n the area such 
movements have not been distinguished s 

At the mouth of the Huasco Valley a number of marine 
abrasion terraces and shell-bearing deposits can be corre- 
lated with the fluviatile terraces Marine deposits are, 
however, better developed ın the more sheltered coastal 
environments in the viemity of Coquimbo and La Serena, 
at the mouth of the Elqui Valley (30° 8 ), some 200 km 
south of the Huasco These and the corresponding river 
terraces of the Elqui have been mapped m. detail Results 
show close comparability with the Huasco For example, 
in both Valleys the major aggradation phase 18 graded to 
the highest marie terrace at 100 m The latter include 
the extensively quarried fossihferous limestone of the 
Coquimbo Formation which could prove to be an impor- 
tant datum, but further investigation 1s required to 
resolve the widely divergent ages attributed to ıt Pre- 
luminary examinations of the Limari Valley, 90 km south. 
of La Serena, suggest a sequence of events and altitudes 
comparable with those ın the valleys to the north. 

Between the Huasco and Elqui hes the well-known 
muning region centred on Domeyko — This 1s dissected by 
a network of normally dry valleys which converge on. the 
Quebrada Chanaral, at the seaward end of which are the 
Carrizalillo series of raised beaches The dry valleys cut 
into and through a series of gravels, sands and clays up 
to 180 m thick, which buried an old topography carved 
out of highly minerahzed Jurassic voleanics This aggrada- 
tion belongs to a phase demonstrably older than the 
principal aggradations described m the valleys to the 
north and south, but similar deposits do occur north 
of Vallenar The fact that numerous mmes for gold, 
silver and copper occur where the post-aggradation dissec- 
tion has re-exposed the bedrock suggests the presence 
of substantial mmeral deposits still concealed 

The aggradation surface in the Domeyko area rises 
eastward from 730 to 1,200 m and culminates ın a well- 
developed pediment that 1s being re-exposed and dissected 
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The pediment frmging these old gravels 1s the lowest of a 
series of 5 or 6 erosional benches that are preserved as 
residual remnants They have been mapped in the 
Huasco-Domeyko area Further mvestigation of these 
should lead to a skeletal denudation chronology from 
the summit surface downwards They may well be 
sigmficant in the history and location of supergene 
mmeralization 

Much work remains to be done m the mountamous 
interior notably on Pleistocene glaciation in the higher 
valleys of the Andes (which can be done only m the 
southern summer) before the interrelations of the events 
outlined can be attempted 

In the Rio Copiapo region (27° 30’ 8 ), 160 km north of 
the Huasco, the sequence of events appears to be different, 
both 1n the terrace succession and in the marine deposits 
Furthermore, the principal aggradation surface 1s graded to 
a sea-level 200 m above the present 

Knowledge of young marme terraces on the western 
httoral of South America is fragmentary. To the north, 
Bosworth has commented on those m northern Peru, 
and young terraces up to 500 m above sea-level have been 
recorded at Mollendo (latitude 17° S) But this is 
all, and a vast length of desert coastlne awaits detailed 
examination 

At present, correlation between the events on the 
northern transect and those in the south has not been 
attempted Available absolute dating methods may not 
be practicable, but close paleontological investigations 
of the marine sequences together with the mapping of 
deposits of the Quaternary glaciations and further 
examination of the phases of deep weathering should 
contribute to a basis for a comparison of the two contrast- 
ing regions 

My colleagues and I thank many Chilean friends for 
their generous hospitality and the great mining corpora- 
tions, particularly the Anglo-Lautaro Nitrate Co at 
Maria Elena and the Chile Exploration Co at Chuquica- 
mata for hospitality and technical help to our field 
parties This work was supported manly by the Depart- 
ment of Scientific and Industrial Research and the Royal 
Geographical Society, and the Central Research Fund of 
the University of London also gave financial support for 
particular items such as air photographs Finally, we 
thank Dr Carlos Ruiz and the staff of the Instituto de 
Investigaciones Geológicas for unfailmg co-operation, 
encouragement and major assistance m the field and m a 
variety of ways 


TEMPERATURE REGULATION IN THE SPHINX MOTH, CELERIO LINEATA 
By Dr PHILLIP A. ADAMS and Dr. JAMES E. HEATH* 


University of California, Santa Barbara, California 


fl Bierce: temperatures more than 20° C above 
ambient air temperatures occur m some members 
of the msect orders Lepidoptera, Hymenoptera and 
Coleoptera! These temperatures are developed through 
muscular activity, and a warm-up period ordmarily 
precedes flight? Despite widespread knowledge of these 
observations, insects are still thought of by most entomo- 
logists as ‘cold-blooded’ animals, unable to regulate their 
temperatures This view 1s based on the observation that 
during periods of imactivity, the body temperature 
comerdes closely with that of the ambient air, rather than 
remaining continuously high? While this phenomenon 
occurs m Celerw luneata, durmg periods of activity the 
thoracie temperature rises to & consistent level, mdepen- 


* Present addresses Department of Biological Sciences, Orange State 
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dent of the ambient temperature, preceding activity, and 
remains there for the duration of the activity period 
These high thoracic temperatures are apparently mam- 
tained by a bipartite negative feed-back system reminis- 
cent of that in mammals 

Celerio lineata 18 a fairly large insect (average length, 
45 em), with a holarctic distribution and a broad latitu- 
dinal range It 1s a rapid and highly manceuvrable flyer, 
habitually hovermg and sipping nectar from flowers, as 
does a humnung-bird Our field observations mdicate 
that ıt customarily spends long periods in flight It 1s 
covered by dense ‘fur’, which serves as effective msula- 
tion‘. 

Specimens were collected ın Southern Cahforma Bead 
thermistor probes 0 38 mm in diameter were introduced 
into the mesothoracic hemocel mmediately anterior to 
the scutellum, residing at depths of 1-2 mm The probes 
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were connected through a bridge circuit and d e amplifier 
to a pen-writing oscillograph To mmimuze disturbance 
of behaviour, animals were tethered by hght-weight probe 
leads about 1 m long, allowing free movement within this 
restrictive radius They proved able to lft the leads 
easily, and on occasion flew tralmg them almost vertically 
A vertical, cloth-coveied surface was provided, on which 
they could land and crawl at will Ammals so tethored 
could be subjected to a range of ambient temperatures 

By means of contmuous recordmg, we were able to 
monitor spontaneous thoracic temperature mereases m 
undisturbed moths over a period of several days Under 
this condition varied activities consisting of shivering, 
walking-fluttormg, and short fights may contmue for 
periods exceeding 1 h (Eig 1) During such penods, the 
thoracie temperature rarely drops to ambient levels It 
fluctuates during flight, which may be mterrupted while 
the insect alights and re-heats by shivering. 
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Fig 1. Thoracic temperatures during spontaneous activity in Celerio 

hneata. In 4 the temperature 18 raised from ambient (21 5° €) by shiver- 

ing, and 18 maintaimed within a narrow range during a sequence of short 

flights, cooling, and reheating In B continuous flight follows shrvermg 
{ambient 20 5° C) 


Activity may also be evoked by gentle proddmg or 
sudden changes in light mtensity. In Celerw activity 
followmg such stimulation lasts only a few minutes The 
animal ‘shivers’, rapidly vibrating the wings, until à mean 
temperature of 38 0? C ıs reached (Fig 2), then walks 
to a suitable point for take-off A short flight may occur, 
after which the thoracic temperature drops back to that 
ofthe ar Although the temperature attamed 1s approxi- 
mately the same as that during spontaneous activity, we 
consider this behaviour different, because of the usually 
short duration of flight. 

The distributions obtamed for high and low thoracic 
temperatures during prolonged activity are presented ın 
Fig 2 The maximum temperatures achieved durmg 
voluntary activity (mean 38° C) are surprismgly consistent 
Since a range of ambient temperatures of 16°-27° C is 
mvolved, ıt 1s reasonable to assume that the maximum 
temperaturelevelisregulated Curiously the temperatures 
in excess of 40? C were recorded in a 16°-18° C ambient, 
while the lowest temperatures were recorded from an 
animal in a 27? C environment. 

There is also a mimmum temperature-level durmg 
prolonged voluntary activity The mean thoracic tempera- 
ture at resumption of shivermg 18 34 8? C (Fig 2) This 
mechanism serves to keep the thoracic temperature high 
during activity when the moth 1s not flying contmuously, 
and results 1n the maintenance of body temperature within 
a narrow range, independent of usual ambient tempera- 
tures 

We have not recorded this species to take off voluntarily 
at thoracic temperatures below 32°C At this temperature 
flight 1s reasonably rapid and well co-ordinated ^ Yet 
Celerzo 18 capable of sustammg flight at thoracic tempera- 
tures as low as 25° C Strictly speaking, the pre-flight 
warm-up seems unnecessary We observed flight at 
these temperatures only when the animals were tossed 
mto the air or subjected to repeated violent stimulation 
The slow and awkward fight of cold animals mproves as 
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A, thoracic temperature at cessation of *shivering', during spontaneous 
achivity, B, resumption of ‘shivermg’, C, maximum voluntary 
tolerance, D, maxumum temperature followmg stimulation Ambient 
temperature ranged frbm 16° to 27°C in a, B, and D Alteration of 
thoracic temperature between A and B results in the homcostatic 
regulation of Fig 1 In each case the vertical line is the range, horizontal 
lime the mean, unshaded box the standard deviation, amd shaded box 
twice the standard error of p boning The numeral 1s the number of 
observations 


the thoracic temperature rises The pre-fight warm-up 
probably ensures that when the animal begins activity, 
xt 1s functionmg ab peak efficiency? with the maximum 
ability to elude predators 

The reaction of Celerw to artificially induced gh 
thoracic temperatures was also examuned The animal 
was heated with an mfra-red lamp held 12-18 m away at 
rates corresponding to that of normal metabolic heating 
On reaching a mean temperature of 37 7? O, the moths 
flew or walked out of the zone of radiation This behavi- 
our occurs at a temperature-level called the ‘maximum 
voluntary tolerance’ m basking animals? Significantly, 
16 corresponds closely to the mean maximum temperatures 
achieved by metabolic heating durmg voluntary mixed 
activity (Fig 2) 

We beheve these results establish that Celer: lineata 
18 not only capable of raising the thoracic temperature to 
consistent levels prior to flight, but that ib is also com- 
potent to mamtam this temperature throughout its 
activity period The maintenance of body temperature 
within a prescribed range under conditions of varymg 
thermal loads constitutes temperature regulation? ‘This 
regulation may be accomphshed by any combmation of 
behavioural and metabohe adjustments In Celerio, the 
mechanism may be compared with & model, such as a 
bimetallic thermostat The ‘on’ response, mutiation of 
heatmg by shivermg, occurs at 348° C, and the ‘off’ 
response, the maximum voluntary tolerance or the cessa- 
tion of shivering, at 38? C At exther end of the tempera- 
ture range, the thermostat acts as a feed-back mechanism. 
Oscillation of body temperature between these hmits 
results in homeostatic temperature regulation This. 
scheme differs from that m mammals, whore the tempera- 
ture fluctuates about a single core-level 
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With these findings we can begin to construct a picture 
of tho role of temperature regulation in the biology of large 
moths Clearly the ability to reach elevated tempera- 
tures and to regulate withm this range grants the animals 
a degree of freedom from environmental thermal condi- 
tions which approaches that of some small buds and 
mammals = 

The ability to begin and cease activity abruptly (Fig 1) 
results in economy of energy, this compensates m part 
for the small size and unfavourable radiatmg-surface 
volume ratio of the moth Therefore, energy utilization 
in this moth may be as efficient as m those endothermic 
vertebrates known to undergo frequent torpor, such as 
humming-birds* Recognition of the similarity m thermal 
biology of endothermic insects and small buds and 
mammals affords an opportunity for further investigation 
of energy conservation and the related problems of 
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The Royal Society Vice-presidents 


Tu President of the Royal Society, Sw Howard Florey, 
has appomted the following vice-presidents for the year 
ending November 30 1964 Lord Fleck, treasurer of the 
Royal Society, formerly chairman of Imperial Chemical 
Industries, Ltd , Sir William Hodge, physical secretary 
of the Royal Society, master of Pembioke College and 
Lowndean professor of astronomy and geometry in the 
University of Cambridge, Prof A A Miles, biological 
secretary of the Royal Society, director of the Lister 
Institute and professor of expermnen£al pathology in the 
University of London, Sir Patrick Linstead, foreign 
secretary of the Royal Society, and Rector of the Imperial 
College of Science and Technology, Prof W T J 
Morgan, deputy director of the Lister Institute and pro- 
fessor of biochemust1y in the University of London, Di 
H W Thompson, university reader m infra-red spectro- 
scopy, Oxford 


The Wellcome Laboratories of Tropical Medicine 
Dr O D Standen 


Dr O D STANDEN has been appointed head of the 
Wellcome Laboratories of Tropical Medicme the Well- 
come Foundation, Ltd, i succession to Dr L G 
Goodwan, who has left the Laboratories to become 
director of the Nuffield Institute of Comparative Medicine 
(Nature, 195, 946, 1962) Dr Standen graduated at the 
University College of South Wales and Monmouthshire, 
Cardiff, speciahzmg m parasitology After serving in the 
Royal Naval Volunteer Reserve during the Second World 
War, he Joined the Wellcome Laboratories of Tropical 
Medicine in 1946, becoming head of the Helmmthology 
Department m 1948 His work on helminth infections, 
particularly on schistosomuasis, 1s widely known In 
addition to his laboratory research, he has undertaken 
several field studies ın Africa and Asia His publications 
melude numerous papers and reviews on experimental 
chemotherapy He 1s a member of a World Health 
Orgamzation Expert Advisory Panel on Parasitic Diseases, 
and was elected president of the British Society of Para- 
sitology in 1962 


Director of Basic Research Laboratories of the British 
Coal Utilization Research Association 
Dr L C F Blackman 


Dr L € F BLACKMAN has been appointed to succeed 
Mr R L Brown as director of Basic Research Laboratories 
of the British Coal Utilization Research Association 
Dr Blackman, who 1s thirty-three, 1s at present director 
of Chemical Research, British Railways, he will take up 
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hypothermia and hibernation in exceedingly small warm- 
blooded animals 

This work was supported ın part by faculty 1esealch 
grants, University of California, Santa, Barbara, and a 
National Institutes of Health postdoctoral fellowship 
to one of us (J E H) 
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his new post in February 1964 Di Blackman giaduated 
m chemistry at Queen Mary College, University of 
London, in 1952 and proceeded to take his PhD degree 
under Prof M J S Dewar for research mto synthetic 
promoters for the dropwise condensation of steam In 
1954 he jomed the Admuralty Services Electronic Research 
Laboratory, Harlow, and was engaged on ferrite research, 
primarily with regard to microwave appheations During 
this period he was appointed to a Government senior 
research fellowship In 1957 he jomed the Department 
of Chemical Engmeering, Imperial College of Science and 
Technology, London, as an Imperial Chemical Industries 
Fellow, later becoming lecture ın the chemical physics of 
sohds Here he continued his interest m the solid-state 
by working with Prof A R Ubbelohde on various aspects 
of carbon and graphite His main investigations were on 
pyrolytic graphite, both from the point of view of possible 
industrial application and as a convenient means of study- 
ing the anisotropic electronic properties of graphite 
intercalation compounds He was awarded his DIC for 
this work When I: Blackman jomed the British 
Railways Research Department in 1961, he was initially 
concerned with the reorganization of the then Chemical 
Services Division to include basic objective research In 
1963 he was appointed to his present post of director of 
chemical research 

Mr R L Brown was appointed deputy director-general 
of the British Coal Utilization Research Association in 
1962 (Nature, 195, 756, 1962) 


1963 James Clayton Prize " 


Tug James Clayton Prize of the Institution of Mech- 
anical Engineers 18 to be divided equally between Mr P 
Jackson, director of research, Wm Doxford and Sons, 
Ltd, of Sunderland, and Mr F B Levetus, techmeal 
director, Keelavite Hydrauhes, Ltd, of Coventry The 
award to Mr Jackson has been made foi hus work in the 
design and development of large marine Diesel engines and 
for the part which he has played in keeping British engmes 
abreast of foreign equivalents Mr Levetus has been 
awarded the prize for his contribution to British develop- 
ment im oil hydraulic mechanisms applied to power 
tiansmissions and control systems through a wide range 
of industrial uses, meluding the field of automation and 
material handhng, and for his work on international 
standards The James Clayton award was founded m 
1945 following the bequest by the late Mr James Clayton, 
who was a member of the Institution for 43 years from 
1901 to the tıme of his death m 1944 The prize (£1,700) 
1s given annually to the member, or members, of the 
Institution who, in the opinion of the Council have made 
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the greatest contribution of the yea: to mechanical 
engineeumg science 


Cotton, Silk and Man-made Fibres Research Associ- 
ation 


Tue report of the Cotton, Silk and Man-made Fibres 
Research Association for the year ended March 31, 1963, 
submitted to the forty-fomth annual general meeting on 
Octobe: 31, 1963, covers the second year of the fusion of 
the British Cotton Industry Research Association and the 
British Rayon Research Association and some of the final 
stages of the necessary changes in organization and 
administration (Pp 27 Didsbury, Manchester The 
Cotton, Silk and Man-made Fibres Research Association, 
1963) Work has ecntinued on the ‘sandwich blender’ 
developed for restormg some of the mrxing of fibre that 
was lost when stack mixing was eliminated from spmning 
mills, and successful mill tials have been made with a 
moisture-measuring mdicatoi fitted to a scutcher, so that 
the moisture content of each lap produced can be seen 
and precise correction made for moisture content The 
design of the ‘Shirley’ Pressure Pomt System for dust 
extraction has been modified. to cope with dust produced 
at high production rates, and an extensive system of trials 
has shown that for most purposes a two-for-one-twisting 
machine gives as acceptable a product as a rmg doubler 
Commercial trials of a fluid-bed hot-stretebung unit gave 
yarns superior to those processed on conventional equip- 
ment A research programme on problems arising in 
weaving synthetie stretch yarns has been initiated 
investigations with sodium bromate indicate that ıt may 
be superior to enzymes for certain appheations m desizing, 
while a peroxide bleaching assistant has been made avail- 
able that 1mproves the whiteness and reduces consumption 
of peroxide The divmyl ethers are bemg exammed as 
cross-linking agents for cellulose—some appear to cause 
less deterioration of strength and abrasion resistance of 
cotton fabrics for a given. improvement m smooth-drying 
properties than conventional agents, a method has 
been discovered for preparing cotton and cellulosic rayons 
in & high state of molecular disorder that can be later 
restored to good order by further treatment A new 
‘Shirlastain’ giving a more satisfactory distinction between 
cotton and rayon has been developed, and two analogue 
computers, constructed to facilitate the analysis of 
different designs of washing range, have been used to 
determine the most economical way of usmg water m an 
mdustrial six-box washing range 


Reorganizing the Machinery of Government 


Ow December 17, the Prime Muuster, Sir Alec Douglas- 
Home 1eJected a suggestion to set up a committee, similar 
to the Haldane Committee of 1918, to examine modern 
problems of the machinery of Government He thought 
that the reorganization of education and science already 
contemplated, following the reorganization of defence, 
met present needs However, while rejecting the idea of a 
eommuttee, he said that the Government was looking into 
the ieorganization of the machmery of Government 


Contributions to International Co-operation 


Iw answer to a question in the House of Commons on 
December 17, the Secietary for Technieal Co-operation, 
Mr R Car, said that, subject to Parliamentarv approval, 
the Government had pledged contributions foi 1964 of 
6 25 millon dollars to the United Nations Special Fund, 
and 375 mulhon dollars to the Expanded Programme of 
Technical Assistance These were the same as the amounts 
pledged fo: 1963 when they were increased by 23 per cent 
At the recent United Nations pledging conference, 87 
countries offered 74 milhon dollars and the United States 
a further 60 million dollars on the understanding that their 
contribution did not amount to more than 40 per cent of 
the contributions paid. 
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Funds for Cancer Research 


REPLYING to & question m the House of Commons on 
December 17, the Minister foi Serence, the Right Hon 
Mr Qumtm Hogg, said that m 1962-63 the Medical 
Research Council spent £750,000 specifically on cancer 
research, and this was expected to rise to about £950,000 
in the current yea: To this must be added relevant 
research by the universities and at hospitals m treating 
patients, much basic research which might well throw 
light on problems of cancer was also supported from public 
funds Two distmguished official scientists were at 
preserit discussing ın Paris General de Gaulle's proposal for 
an aimternational mstitute Research activity must 
depend on the availabilty of manpower and of promising 
leaders Mi Hogg assured the House that as regards the 
Medical Research Council, research into cancer was 1n no 
way hampered by lack of funds 


Continental Shelf BH 


Tar Contmental Shelf Bill, whch received its second 
reading m the House of Lords on December 3, originated 
m the Conference on the Law of Sea at Geneva in 1958, 
which resulted m the Contmental Shelf Convention and 
the Hugh Seas Convention The former, which the 
Government mtends to ratify if the Bill becomes law, 
clanfied mternational lew concerning those large sub- 
marine areas outside the teiritorial seas where the depth 
of the wate: allows the natural resources of the sea-bed 
and subsoil to be exploited In moving the second reading 
Lord Derwent said that to Britam the exploitation of the 
contmental shelf offers, m particular, the possibility of 
finding oil and natural gas close at hand and under hei 
own control In the North Sea—the main area of mterest 
at the moment untler the Bill-Britam will have nights 
over any deposits up to a lme half-way across to Holland, 
Belgrum and other coastal States, subject to any adjust- 
ments resulting fiom the negotiations that the Govern- 
ment proposes to undertake after ratifying the Conven- 
tion Britain’s rights under mternational law are vested 
by the Bill, as regards oi, natural gas and coal, ın the 
Crown or imn the National Coal Board, other natural 
resources of the shelf will be managed by the Crown Estate 
Commissioners Clause 4 enables the Minister of Transport 
to ensure that installations are sited where they wil not 
interfere with smppmg using recognized sea lanes, and 
Clause 2 authorizes the Minister of Power to protect these 
installations by prohibiting ships from entermg specified 
areas surrounding them Other clauses relate to«the dis- 
charge of oil fiom pipe-lnes and installations, the pro- 
tection of submarme cables and pipe-lmes, the use of 
wueless on or near mstallations, giving effect to the 
obhgations undertaken by the United Kingdom m 
ratifying the High Seas Convention 


British Nuclear Forum 


A British Nuclear Forum was formed iecently at a 
meeting held at the Federation of British Industries Its 
first president is Sir Wilham McFadzean The Forum will 
provide a pomt of contact and means for discussion 
between organizations m the United Kungdom concerned 
with nuclear eneigy, enablmg them to co-ordmate their 
approach on matters of common mterest Yt wil con- 
stitute a national pomt of reference on nuclear affairs by 
acting as a channel foi mformation and expression of 
views The Forum’s othei objectives are to represent the 
interests of Britain’s nuclear industry with other national 
or international bodies, and to co-ordmate British par- 
ticipation in international conferences and exhibitions 
concerned with nuclear energy It will also pubheize 
at home and overseas British nuclear achievements and 
developments Membership 1s open to any British com- 
pany or partnership, any mdividual or any professional 
institution or association meludmg trades associations 
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British pubhe corporations or any overseas individuals, 
firms or organizations are eligible to jom as associate 
members The Forum wil be served by a secretary- 
general, who has yet to be appomted, and 1ts offices will 
be at the Federation of British Industries, 21 Tothill 
Street, London, SW 1 


Council of Management 


Tue first members of the Council of Management are 
H L Barman, Rolls-Royce and Associates, Ltd , Dr 
R L P Berry, Imperial Metal Industries (Kynoch), 
V F W Cavendish-Bentinck, Rio Tinto Zme Corporation; 
J B W Cunnmgham, Dewranee and Co, Ltd, S A 
Ghalb, the Nuclear Power Group, H J Grout, W S 
Atkins and Partners, Dr J M Kay, Tube Investments, 
Ltd, R Y Parry, Elhott Bros (London), Ltd , Col 
G W Raby United Power Co, Lid, J S Robertson, 
Babcock and Wilcox, Ltd, A E Powell, Merz and 
McLellan, E C Crossley, Lloyd’s Register of Shipping, 
K J McKillop, the Water-Tube Boilermakers’ Associa- 
tion; S F Steward, the British Electrical and Alhed 
Manufacturers’ Association, F E P Sandilands, British 
Insurance (Atomic Energy) Committee, and a repre- 
sentative of the Law Society and of the British Medical 
Association, Prof J G Ball, Sir Leonard Owen and 
Dr D H Sharp of the Federation of British Industries 


Electronic and Electrical Engineering at the University 
of Birmingham 


THE name of the department hitherto known as the 
Department of Electrical Engmeermg in the University 
of Birmmghem has now been changed to the Department 
of Electronic and Electrical Engmeermg When the 
Department was founded m 1905, elegtronic engineermg 
virtually did not exist With the development of the 
thermionic valve and its use first m communication 
systems and later in control and industrial systems and 
m computers, and now with the advent of numerous other 
electronic devices and systems, electronic engineering has 
become a vigorous subject advanemg at a phenomenal 
rate. This is reflected in the Department's present 
activities, which are dommantly electronic in the research 
and postgraduate work generally, where of the 68 post- 
graduate students, 60 are concerned with electronic 
engmeermg Subjects of special prominence in the pro- 
gramme are radar and sonar systems, communications 
(electrical and acoustic), electronic circuits, ultrasonics, 
solid-state electronic engineering, and control systems 
In the "undergraduate teaching, the ‘heavier’ side of 
electrical engineering 1s kept ın balance with electronic 
engineering since many of the fundamental investigations 
apply equally to both, but the majority of the students 
take electronic subjects ın preference to ‘heavy’ subjects 
when options are provided 


Phytoplankton Distributions South of New Zealand 


No 7 of the Screntific Reports, Trans-Antarctic Ewpeda- 
ton, 1955-1958, provides valuable proof that the method 
of sampling—filtration from the ships’ fire-mams, which 
can be done without mterrupting the normal passage of a 
supply ship—is adequate to show up the main features of 
phytoplankton distribution on traverses such as that 
described (Distribution of Surface Phytoplankton between 
New Zealand and Antarctica, December 1957 By Vivienne 
Cassie Pp 11+1 plate London ‘Trans-Antarctic 
Expedition Committee, 1963 7s net) This prompts 
the hope that more work will be done on the same lines 
The author has justly pomted out that such data cannot 
be used as a basis for generalization by themselves, but 
only in conjunction with previous records, or similar work 
in the future Seasonal succession in the plant communi- 
ties concerned may be rapid, and we still do not know 
enough about such a major hydrological feature as the 
pasition of the Antarctic convergence, which- seems 
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exceptionally variable and ill-defined south of New 
Zealand Nevertheless, several rather tentative notions 
derived from previous work seem to gain weight when 
considered along with these new observations. The 
convergence seems to have been farther south than 
usual durmg the traverse described here, but it 1s still 
noteworthy that ten of the commonest species m the rich 
mixed community to the north of 1t were nat found 
farther south at that time (Fig 2). The diatom species 
recorded ın the extreme south (Charcotea wregularas, et al ) 
are typical 1ce-forms, capable of living on or m the pack- 
1co as well as in the plankton. The wide overlap of the 
other dommant species in the southern half of the traverse 
need occasion no surprise smce m one phase or another 
they are almost cosmopolitan Ther predommance m an 
exceptionally ‘monotonous’ type of phytoplankton com- 
munity 1s often a feature of far southern seas, as was 
found durmg pre-war work of the Discovery investigations, 
since confirmed by Marumo But this may give place to 
a much more varied vegetation as the season advances 
The Ceratvum species figured (Pl I Fig e) would seem to 
be more like O pentagonum (Gourr ) f. grandis of Mangin 
than C. lneatum (Ehrb ) Cleve, and the former has been 
found very characteristic of the convergence region, and 
also rarely extending south of the convergence, m other 
parts of the world However, such taxonomic points 
cannot be definitely decided without detailed examination 
of several specimens 


International Commission on Zoological Nomenclature 


Notice 1s hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
its plenary powers ın connexion with the following cases, 
full details of which will be found in. Bulletin of Zoological 
Nomenclature (20, Part 6, December 6, 1963) (1) 
Validation and emendation of, and designation of a type- 
species for Stenorynchus Lamarck, 1818, validation of 
Inachine McLeay, 1838 (Crustacea, Decapoda) ZN 
(S)"51 (2) Designation of a type-species for Chapmanina 
Suvestri, 1931 (Forammuifera) ZN (S) 1402 (3) 
Vahdation of Leptocorwsa LatreMle, 1829 (Insecta Hemuü- 
ptera) Z N.(S)1589 (4) Designation of a type-species 
for Anolhs Daudi, 1803 (Reptilia) ZN (S) 1603 (5) 
Suppression of Nazadztes elongatus Dawson, 1860, as a 
nomen dubiun (Lamellibranchia) ZN (S) 1604 
(6) Designation of a type-species for Serpula Linnaeus, 
1758, with validation of Serpula vermwularw Linnaeus, 
1761 (Polychaeta) ZN (S) 1606 (7) Vahdation of a 
neotype for Coenonympha ochracea Edwards, 1861 (In- 
secta, Lepidoptera) ZN (S) 1607 Any zoologist who 
wishes to comment on any of the foregomg cases should 
do so in writing to the Secretary, International Com- 
mission on Zoological Nomenclature, c/o British Museum 
(Natural History), Cromwell Road, London, SW 7, 
before June 6, 1964 


Design and Manufacture of Helicopter Blades 


Tue design and manufacture of blades for both main 
and tail rotors of helicopters call for closely controlled 
precision processes in which a variety of woods and 
metals may be used Mechanical components for these 
machines, in common. with other aircraft, must have a 
high strength-to-weight ratio Equally, fatigue loads are 
very high, and this factor alone demands exceptional 
forms of construction, especially of the rotor blades, 
where failure m flight can be catastrophic In a recent 
issue of Cba Technical Notes 250, an illustrated account 
is given of the manufacture of helicopter blades by 
Hordern-Richmond, Ltd , having special emphasis on the 
dependence of the products on certam resin adhesives, as 
made and supplied by the Ciba companies (Pp 8 Dux- 
ford Ciba (A RL), Ltd, 1963) An example 1s quoted 
of a typical tail rotor blade designed for the Skeeter, the 
two-seater light helicopter built by Saunders—Roe Division 
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of Westland Aireraft, Ltd ‘The rotor has two blades 
made of spruce and balsa with lammated birch heel pieces 
and stainless steel sheathmg for the leadmg edge All the 
wood components are prepared and glued up m one 
operation using ‘Aerodux 185' resoremol resm adhesive 
The glued-up block ıs cut longitudmally to make a paw 
of blades.” Other Ciba adhesives and products are 
involved m processing these blades, and the illustrations 
mceluded in these Notes show clearly not only the vital 
stages m manufacture, but also the highly skilled human 
element mvolved in their individual achievement It is 
further stated that. “Mam blades are made for Bell and 
Hiller machines, the method being essentially similar to 
that already described for tail rotor blades”. A final note 
1s made that one of the main advantages of using wood 
blades instead of metal ıs that repairs and recondrtionmg 
of them are greatly facilitated Damaged portions are 
soon cut away, timber replacements accurately fitted, and 
it 18 claimed that owing to the excellent qualities of the 
‘Aerodux 185’ adhesive, these repairs * result m blades 
which are in all respects equal to new” 


Control of Liquids in Industry 


WATER, acids, alkalis, syrup, petroleum products, oil 
for oil burners, pamts, liquid. gases, milk, beer, wine and 
detergents are a few of the many hquids which have to bo 
controlled and measured In many ways, hquids are more 
convenient to deal with than sohds They can be stored 
m tanks and drums, and transported from place to place 
by pipelines, along which the liquid flows by gravity or ıs 
pumped Because of the ease with which a hquid ean be 
moved about, a solid may often be mixed with 1t to form 
a slurry which can be treated much like & liquid, there 
are proposals for the long-distance transport of coal by 
pipelne m this manner But 1t1s not always necessary to 
mix the sold with a hqud a finely divided material 
through which air 1s pumped can be made to flow like a 
hquid, and this technique—‘fluidization’—is growing m 
importance in industry In most firms, the handling of 
liquids (and powders) involves measuring out and mxng 
known quantities of the appropriate materials, and the 
subsequent fillmg of containers or bottles Quite often ın 
smaller firms this ıs done by dipping with measuring 
vessels or by manual operation of atap Such a method 
results m either loss of tme, if the measurement ıs to be 
done accurately, or loss of material because of exactness 
Manual methods lead to a loss of time, money and produc- 
tion. Substantial savings can result from a small outlay 
on instrumentation for control of flow and level, and these 
different methods are well described in a recent publication 
issued by the Department of Scientific and Industrial 
Research (Automation at Low Cost, 3 Control of Liquids 
Pp 12 London Information Drvision, Department of 
Scientific and Industrial Research, 1963) 


Acoustics Research 


AwPLIVOX, LTD, 1s to provide a research bursary in 
the Physics Department of the Imperial College of Science 
and Technology under the supervision of Dr R W B 
Stephens ‘The research will be concerned with the trans- 
mussion of sound and vibrations m a variety of materials, 
and the behaviour of sub-miniature mechanical-acoustical 
systems embodying such materials Very little work has 
been carried ont in this field, and the Jack of information 
is a serious lamitmg factor m the design of very small 
hearmg aids A better understandmg of the problem 
should benefit deaf people, as 16 ıs beheved that the 
acoustic performance of very small and meonspicuous 
hearing aids can be substantially improved 


University News: Aberdeen 


Dr Hazieton Miexi, Department of Mathematics 
and Astronomy, Dartmouth College, Hanover, New 
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Hampshire, has been appomted lecturer in mathematics 
from September 1 for one year 


Cambridge 


Tur followmg have been elected mto fellowship at 
Churchill College Tale A, Dr F R Allchm, of Queens’ 
College, Universtty lecturer m Indian studies Title C, 
Prof I H Mills, of Trinity College, professor of medicine, 
Prof H A Turner, Montague Burton professor of mdus- 
trial relations. tle F (overseas fellowships), Prof G 
Wald, professor of biology at Harvard University Prof 
F Sondhemer, Royal Society research professor in 
organic chemistry, has been pre-elected into fellowship 
from July 1, 1964 


London 


Dr J Cmar, director of the Unit of Nitrogen Fixation 
of the Agricultural Research Council, has been appomted 
to the char of morganic chemistry tenable at Queen 
Mary College Prof K Stewartson, professor of apphed 
mathematics in the University of Durham, has been 
appointed to the Goldsmid chaw of mathematics tenable 
at University College Dr. N Joels, lecturer m physiology, 
Middlesex Hospital Medical School, has been appomted 
to the readership in. physiology tenable at St Bartholo- 
mew’s Hospital Medical College The title of professor of 
electrical engmeermg has been conferred on Dr J Brown, 
in respect of his post at University College 


Sheffield 


AT a meeting of the Counei held on December 20 the 
title of the Department of Electrical Engmeermg was 
altered to “Department of Electronic and Electrical 
Engmeenng" Dr. L. M. Birt was appointed senio 
lecturer m biochemistry 


Announcements 


Tue degree of Doctor of Science (honoris causa) has 
been conferred on Dr W Railston, a scientific adviser to 
the Department of Techmoeal Co-operation, by the 
University of Ceylon Dr Ralston is responsible foi 
scientific and technical advice to the Department of 
Technical Co-operation on assistance relating to projects 
m India, Pakistan and Ceylon, and on other matters, 
including nuclear energy. 


APPLICATIONS are mvited by the British Mycological 
Society from members of the Society and heads of depart- 
ments for grants to enable students of mycology to attend 
the Sooety’s autumn foray and plant pathology field 
meeting to be held m 1964 Further information can be 
obtamed from the Secretary of the Society, Plant Breeding 
Institute, Mams Lane, Trumpmgton, Cambridge 


Tar Laboratory of the Government Chemist of the 
Department of Scientific and Industrial Research has now 
moved to new premises m Cornwall House, Stamford 
Street, London, SE1 The new telephone number 1s 
WA'Terloo 7900 


AN international symposium on “Organe Reaction 
Mechanisms” will be held at University College, Cork, 
durmg July 20-24 Further formation can be obtained 
from the General Secretary, the Chemical Society, Bw- 
Imgton House, London, W 1 


TEE one hundred and first meetmg of the British 
Pharmaceutical Conference will be held ın Edmburgh 
durng September 14-18 Further mformation can be 
obtamed from W K. Fitch, Pharmaceutical Society of 
Great Britain, 17 Bloomsbury Square, London, W C 1 


Tux fourth international congress on ‘Surface Active 
Substances", organized by the Comité International de la 
Detergence, will be held m Brussels durmg Septembe: 
7-12 Further mformation can be obtamed from the 
Secretariat Cénéral du IVme Congres International de la 
Detergence, 49 Square Marie-Louise, Brussels 4 
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HIGHWAY TECHNOLOGY 


The Schmargendorf Flyover in Berlin 


as 18 a prostressed concrete bridge with shell-hke 
structural action of modern and somewhat novel 
design, of particular mterest to highway engineers and 
technologists It forms an mmportant hnk in the express 
rmg road m Berlm started ın 1956, the first section, 
approximately 2 km in length, bemg opened to traffic m 
1958 Gorg from north to south, the route of the express- 
way follows mamly that of the urban rmg railway 
(‘S-Bahn’) It has been designed as a dual-carriage 
motorway, free from grade intersections, and 1s the prin- 
crpal member of a planned expressway network for the 
city. "This flyover ıs situated a short distance from tho 
Mecklenburgische Strasse, just outside Schmargendorf 
railway station, where both carriageways of the express- 
way cross the railway tracks, from the outside to the 
inside of the rmg lne ‘Thus the flyover structure had to 
be S-shaped m plan to comply with the traffic conditions 
imposed It 1s appioximately 230 m long, but the viaduct 
connecting 1t to the Mecklenburgische Strasse adds another 
250 m, thus produemg an elevated dual-carriage motor- 
way nearly 500 m m length. Details of this project are 
given m an article by H Heusel* 

This article ıs not only noteworthy for the detailed 
description of the ultimate design of this flyover, but also 
for the information 15 contams concerning the manner in 
which this structure took shape, 1t was the result of a 
competition wherem eleven selected contractmg firms 
with experience in design and construction of prestressed 
concrete bridges were invited to tender All put in thew 
own schemes but four firms were short-listed, and the 
article discusses each of their proposals on their merits 
The scheme finally adopted was that of Dyekerhoff and 
Widman KG and was carried into effect with relatively 
mmor modifications The advantage of considering so 
many different proposals to meet the requrements of this 
difficult flyover situation, the production of the ‘working 
design’ from so many drawing boards, must have been 
of considerable help to the relevant authority responsible 
for umtiating the competition, in this case the Senator for 
Building and Housmg, Civil Engmeermg Department, 
Bridgee Section, Berlin 


White Concrete Kerbs and Marginal Strips 


Good white paving concrete fulfils a number of exacting 
requirements in the general scheme of concrete highway 
construction Particularly 1s this the case where efficient 
and lasting white concrete directional carriageway mark- 
ings are concerned, such as marginal strips and. slabs, 
blocks with or without reflecting faces, kerbs, and other 
forms of contrasted pavmg Behaviour under wet con- 
ditions at night ıs an important test of the efficiency of 
white concrete, and the many methods, hkewise the use 
of suitable materials available in different countries, are 
usually controlled by senstble and practical specifications 
An article by B HenkT deals with the precautions to be 
taken for enhancing the quahty, the hghtness of colour, 
and visual efficiency of white concrete for road-markings 


*Cement and Concrete Association Translation No 103 The 
Schmargendorf Flyover an Berlin a Prestressed Concrete Bridge with Shell-luke 
Structural Acton By H Heusel (A translation of the article in German that 
appeared in Beton- und Stahl-betonbex, 55, No 9, September 1960 Transla- 
tion made by C V Amerognen) Pp 21 (London Cement and Corcrete 


Association, 1963 ) 20s 


T Cement and Concrete Association Translation No 104 Wahve 
Concrete Kerbs and Marginal Strips By B Henk (A translation of the article 
m German that appeared in_Strassen- und "1efbau, 14, No 9, September 
1960 Tianslation made by C V Amerognen ) Pp 22 (London Cement 
and Concrete Association, 1963 ) 20s 


Margmal strips both on single and dual concreto 
carriageways are normally relatively lghtly trafficked 
Even so, the constituents of the concrete which decisively 
affect the lightness of the colour are the coment, the 
white pigment selected, the sand, which must have the 
hghtest possible colom and be at least m the particle-sizo 
range of less than 1 mm In this article the possibility 
of addition of white lmestone sand is mentioned, the 
suggestion 18 also put forward that “ where very light 
colour 1s required m combination with a particularly high 
resistance to wear, 16 19 advisable to add clean calemed 
fimt of 0-3 mm size to the mx” This applies especially 
to pedestrian crossmgs The use of white cement 1s of 
paramount importance, ordinary grey cement ıs ‘hungry’ 
and uneconomie ın use of pigment which even with excess 
of the latter tends to remain much less hght m. colour, 
especially in wet weather White pigment is usually based 
on titanium oxide and zinc sulphide and normally con- 
stitutes between 3 and 5 per cent of the weight of the 
cement used It 1s claimed that, adhermg to these ciiteria, 
substantial advantages m the way of optical guidanco, 
particularly under wet conditions, may be realized 


Surface Regularity in the Construction of Concrete 
Roads 


This subject 1s presumably the aim of all civil engineers 
concerned with the construction of moto: ways in concrete 
wherever 16 may be The keynote here is the 1egularity 
of the 11ding suiface This has nothung to do with non- 
skid surfacmg as such, although this factor must be 
ideally the end in view 1n design of modern State high- 
ways, autobahns, or expressways, 1n whatever country 18 
involved In the present mstance, the example comes 
fiom the motorways m Austria, where paramount m- 
portance 1s attached to the regularity of the surface- 
profile There is much to be learnt m this connexion 
from a paper by J Daum, read before the International 
Symposium of the Allg Baumaschinen-Gesellschaft 
Hameln at Bad Nemberg in February 1961} 

According to this author, riding surface has been 
improved by the use of obhquely functionmg smoothing 
equipment, and to attain this the prerequisites “are tho 
use of a concrete suitable for levellmg and smoothing, 
and perfectly accurate positioning of the rails” Perhaps 
as important, 1f not more so, 1s the stress laid ın this 
paper on the use, of planographic control Apat from 
technical considerations of the quality of the concrete 
involved io achieve the desired result, which are dis- 
cussed ın this paper, ıt ıs the emphasis laid on measure- 
ments carried out with the planograph (a profilometer 
for 1ecording road-surface features and checking regularity 
of that surface while under construction), which both by 
desciiption and illustration is surely convincing 

What 1s apparent fiom this paper is the contrast m 
results of surface riding finish in eonerote roads deriving 
from the use of machmes with vibrating beams and oblique 
smoothing screed, as compared with machines with integral 
finishing screeds ‘‘On plan this follow-on screed 1s placed 
at an angle of between 10° and 15? in relation to the 
transverse direction With this type of equipment there 
is no need to alter the consistence of the concrete, and 
low water/cement ratios can quite suitably be employed” 
Results of planographic tests are shown giaphically, and 

t Cement and Concrete Association ‘Translation No 105 Concrete 
Technology and Measurement of Sw face Regularity un the Construction. of 
Concrete Roads By J Daum (A translation of the article in German that 
appeared 1n Strasse und Autobahn, 12, No 6, June 1961 Translation made 


y € V Amerongen) Pp 8 (London Cement and Concrete Association, 
1963 ) 20s 
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the author states “In a large number of places and over 
fairly long lengths the irregularities are withm the range 
of only 1 mm, irregularities rangmg between about 1 mm 
and 2 mm occur only over very short distances, and 
irregularities mm. excess of 3 mm are hardly present at all” 
The argument ıs impressive, but as the author of this 
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HE oldest section of the Philips Research Labora- 
tories was built at Eindhoven in 1924 in what was 
then a quiet rural district, but to-day 1t 1s hemmed in by 
the Philips factories and 18 surrounded by a busy town 
environment The conditions are no longer suitable for 
advanced research work, and in 1958 ıt was decided to 
replace the Laboratories by a complex of new buildings 
in better surroundings A site of about 275 acres at 
Waalre, a few kilometres south of Eindhoven, was 
obtained and buildings to accommodate a staff of some 
3,000 by 1970 are to be built The complex is to consist 
of four sectors, each sector comprising one large laboratory 
block, a workshop, subsidiary bwldıngs for special 
experiments, a reading room, lecture theatre and canteen 
There wil be, m addition, at the centre of the site a 
building contammg offices and general services, including 
& large restaurant, a central hbrary and a spacious 
auditorium, suitable for large meetings and congresses 
The laboratory block of the first sector has been com- 
pleted and was recently taken mto service To maik the 
occasion a symposium attended by a large number of 
distinguished guests representing research establishments 
in many countries was held at Waalre durmg September 
26-27 Three main lectures were-grven and fifty papers 
on specialized topics were read by members of the staff 
of the Laboratories 
The September issue of the Phiips Technical Renew 
(24, No 11/12, 1963) ıs devoted to a description of the 
symposium, together with a photograph of the main 
eight-storey laboratory block and a descriptive article 
by M J Jansen Gration of the planning of the new 
complex of buildings Prof H B G Casimu, the director 
of all the 1esearch activities of the Philips industries, gave 
a brief mtroductory address, and delivered the first 
lecture entitled ‘‘Some Main Lines of 50 Years of Philips 
Reseaich in Physics”, m which he briefly reviewed 
various subjects of research at the Laboratories relatmg 
to gas discharges, ferromagnetism, solid-state physics and 
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paper is careful to add . causes of uregularity of 
the concrete surface must be sought both in the con- 
structional technique employed, 16 the machines and 
their operation, and m failure to comply with the tech- 
nological conditions applicable to any concrete used for 
pavement construction” 


EINDHOVEN 


network theory F de Jager, n his lecture on ‘Modula- 
tion, Yesterday and Tomorrow", described how the ever- 
incieasing demands on communication hnks have led to 
the introduction of new methods of modulation Fre- 
quency modulation, pulse-code modulation and delta 
modulation are discussed and, lookmg into the future. 
de Jager considered that during the next fifty years the 
combination of results found m mformation theory and 
1n perception research will lead to the design of still more 
effective methods of modulation The contributions of 
the Phihps Research Laboratories to solid-state chemistry 
was the subject of the third main lecture, and H J 
Vink briefly reviewed four areas of activity—crystal 
chemistry, internal charge compensation, gases and 
metals, and thermodynamics 

In addition to the texts of these talks, the Remew 
contains summaries of the papers, and of the two demon- 
strations set up m the Laboratories The papers are 
classified under four headings—fundamental, devices and 
materials, systems and measuring, and biochemistry and 
perception The two demonstrations are of particular 
interest The first, by G Prast, showed the recent apph- 
cation of a modification of the Philips-Stirling thermo- 
dynamic cycle which has enabled the production of a 
gas-refrigerating machme for the temperature of hqud 
hydrogen* The addition of a Joule-Thomson cirewt 
can extend the temperature range towards the helium 
region The second demonstration, by E F de Haan and 
S L Tan, was of the ‘Plumbicon’, a pick-up tube similar 
to the ‘Vidicon’, but using the photoconductive properties 
of lead monoxide A colour camera for television broad- 
casting using this tube has been constructed and 1s 
claimed to be four times more sensitive than a 3-n mage 
‘Orthicon’ colour camera, with an improved signal-to- 
noise ratio and a higher range of contrast 

S WEINTROUB 
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* A more detailed description has now been published in Cryogenres, 9, 
156, September 1963 


CARBIDES IN NUCLEAR ENERGY 


WO hundred and fifty delegates from eighteen 

countries attended a symposium held at the United 
Kingdom Atomic Energy Research Establishment, Hai- 
well, durmg November 5-7, at which sixty-seven papers 
were presented, dealing with many diverse aspects of the 
carbides of uranium, plutonium and thorrum The papers 
were divided mto four separate sections, which were con- 
cerned with phase diagrams (Sessions 1 and 2), fabrication 
(Sessions 3 and 4), chemical and physical properties 
(Session 5), and irradiation behaviour (Session 6) 

In the first two sessions, the earlier papers weie con- 
cerned with features of the uranium-carbon diagram, the 
exact form of which remains ın doubt It was suggested 
by Magnier and Accary, of Saclay, that the shape of the 
uranium-rich boundary of the UC phase implies the 
existence of a phase of higher uranium content than UC 
There seems to be httle direct experimental evidence for 
this new phase, and some contributors to the discussion 


were not convinced of its existence Two papers dealt 
with the orientation relationships between UC, and a 
parent UC matrix as determined by X-ray diffraction 
and electron diffraction and microscopy, the results wore 
in good agreement Imoto has shown that the high- 
temperature form of uranium dicarbide only exists for a 
carbon/uranium ratio less than 1 86, whereas the low- 
temperature tetragonal form probably exists at the 
stoichiometric ratio 

Papers on plutonrum-earbon alloys tended to confirm 
earlier work on the plutonrum-earbon phase diagram and 
on the rate of self-irradiation damage of the various 
plutonium carbides, the complex behaviour of alloys with 
carbon contents between 40 and 50 atomic per cent, 
where Pu,C, and PuC,, coexist, was also emphasized 
Work on the uranium—plutonium-carbon system at 
carbon contents above 50 atomic per cent was described 
by Dalton, who has shown that the M,C, phase 1s rapidly 
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stabilized up to a peritectic temperature of about 2,250° C 
by replacement of uramum by plutonium. It has also 
been established that U,C, and Pu,C, form a continuous 
series of solid solutions at temperatures below 1,700° C 

The rmmportance of the oxygen and nitrogen contents 
of carbides was dealt with m papers from France and the 
United Kmgdom, and general agreement was found on the 
factors affecting the solubility of oxygen in UC and 
(UPu)U Approximately one-third of the carbon atoms in 
UC ean be replaced by oxygen atoms with the formation of 
UC,-,0; phases Hagher solubility of oxygen was observed 
as the plutonium content ın (UPu)C alloys was raised 
A. paper by Pascard gave a considerable amount óf data 
on the phase relationships m (UPu) (CNO) alloys with 
particular reference to MC-MN-'MO' compositions 
These papers provoked extensive discussion, and i6 
was apparent that even more attention must be directed 
to the effects of dissolved oxygen and nitrogen in the 
future, particularly im the case of sintered materials 
which tend to have higher oxygen and nitrogen contents 
than are melted materials 

Two papers 1n this section, from workers at the Battelle 
Memorial Institute, dealt with phase relationships im 
carbide systems with transition or refractory metals 
Alexander’s paper reviewed the thermochemical data on 
the carbides of the refractory metals and of uranium, and 
made predictions as to the compatibility of uranium 
carbides with the relevant refractory metals Work by 
Chubb on the phase relationships at 1,500° C and above 
in the systems of uranium and carbon with molybdenum, 
rhenium, tungsten, niobium or yttrium showed that tie 
lines of the type UC-X are observed with the first three 
of these elements but not with niobium or yttrium where 
U-MC tie lines occur Farr reported results on the 
melting points of the UMC, compounds with molybdenum, 
tungsten and technetium, and a new compound of the 
U,MC, type was found in the systems contaming indium 
and rhodium 

Two papers from the University of Sheffield and Har- 
well were concerned with the uranium-ehromium-earbon, 
uranium-nickel-earbon, uranrtum—iron—chromium—carbon 
and uranium-plutonium-iron-carbon systems The 
danger of predicting phase diagrams was emphasized by 
the behaviour m the uranirum-iron-chromrum-carbon 
system where UC-Fe and UC-Cr pseudo-binaries exist, 
but for the iron-ehromium sold solution containing 
30-80 per cent chromium reaction occurs with UC to 
produce UFe, and Cr,,C, In the quaternary system 
uranium—plutonium—iron-carbon, a ternary phase of 
approximate composition Pu,Fe,C, exists in whieh 
plutonium may be replaced extensively by urantum In 
the discussion, French workers reported the existence of 
US pee UN1:C, which 1s isomorphous with UFeC, and 

OV, 

Final papers m this section discussed the ternary phases 
in the UC-SiC and UC,-S:C systems and in the ÜC-US 
system — Extensive solubility of UC m US is observed, 
but there 18 only limited solubility of US m UC U(CS) 
alloys have many of the attractive properties of UC and 
also appear to be more compatible with potential fuel 
canning materials than is UC 

Of the ten papers presented m Session 3, five were 
largely concerned with the preparation of carbide by the 
earbothermie reduction of uranrum or mixed uranium- 
plutonum oxides and the others with the sintering of 
powders prepared from this material, or from arc-melted 
carbide Preparation of carbide free from oxygen requires 
temperatures of 1,600°-1,800° C This is due, m part, 
to the solubility of oxygen m UC, which leads to the 
formation of a phase corresponding approximately to 
UC,-2Oz as an intermediate in the UO,-C reaction The 
occurrence of such a phase may be of help m preparing 
single phase materia] After muitial trials, control of carbon 
content to better than + 0 1 wt per cent can be attamed 
Generally, the reaction product has a bulk density of 
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6-8 g/cm’ It was reported that, by careful control of the 
processing conditions, 4 mm diameter uranium-carbon 
spheres with bulk densities of ~12 g/cm? have been 
produced at Springfields directly from UO,+C without 
using sintering temperatures above 1,600° C 

The presence of plutonium in amounts up to 30 per 
cent of the total metal content does not sppear to affect 
tho course of the reaction, but 1n amounts of 50 per cent 
or greater the reaction was more complex, sesquicarbides 
being formed Volatihzation of plutonium during small- 
scale work was reported, but ıt was thought that the 
effect was unlikely to be troublesome 1n large-scale runs 
The use of argon to remove carbon monoxide from the 
oxide and carbon reactants has been studied both in 
static and in fluidized beds Reduction to products having 
carbon contents which could be controlled to + 0 05 wt 
per cent and oxygen contents as low as 0 2 wt per cent 
has been achieved at temperatures between 1,500° and 
1,650° C The use of flowmg mert atmospheres appears 
to be more suitable than vacuum for development mto 
production plants having a continuous throughput 

Considerable progress has been made m the develop- 
ment of techniques for sintering uranium carbide bodies 
to greater than 95 per cent theoretical density In the 
past two years, sintering temperatures have dropped by 
400°-500° C and high-density pellets are now made by 
compacting fine, ~ly, powders which have been pro- 
tected against surface oxidation; oxygen in solution 1s 
not detrimental to the sintering process, and only heavily 
oxidized powders show a change in carbon content durmg 
smtering Intensive milling ıs required for the preparation 
of such fine powders from arc-melted carbides, but the 
carbon-reduced oxide clinker 1s pulverized more readily 

A binder/lubricant ıs desirable for all but small-scale 
pressing of pellets, but care in its selection 1s required if 
the carbon content of the sintered material 1s not to be 
affected Sintermg aids were not generally used in the 
work reported ın this session, but densities greater than 
97 per cent of theoretical were claimed for powders 
sintered with UA], additions at 1,350°-1,400° C «n vacuo 
However, the success of this method requires the use of 
hypostoichiometric powder, since material which con- 
tamed UC, sintered to low densities and retamed large 
amounis of aluminium 

The first two papers ın Session 4 were concerned with 
the sintermg of U-C and (UPu)-C at 1,400°-1,600° C 
using nickel as a sintering aid Both showed that the 
addition of 0 1-0 4 wt per cent nickel enabled sintored 
densities of 95-97 per cent theoretical to be reached 
with powders which would only sinter to ~90 per cent 
theoretical under the same conditions in the absence of 
nickel The reason for the beneficial effect of nickel 
remams obscure, but ıt appears to mhibit the com- 
position changes which otherwise occur during the vacuum 
sintermg of oxidized carbide powder 

A paper on the preparation of (UPu)C by the reaction 
of the metal powders with hydrocarbon gases showed 
that this process can produce smterable carbide powders 
and that the degree of carbon content control 1s similar 
to that in processes involving the carbothermie reduction 
of oxides to carbides 

It was evident that there ıs widespread interest ın arc 
melting and casting as a preparation and fabrication 
method for uranium carbide and that workers ın several 
countries have developed this method to a stage where 
the manufacture of tonne quantities of cast rods can be 
undertaken Research m this field has been concentrated 
mainly in two directions first, to discover those con- 
ditions by which crack-free casts can be produced, and 
secondly, to increase the rate of casting by the use of 
semi-continuous furnaces ın which a day's supply of 
melting stock can be held and fed to the melting crucible 
as required An interestmg development ıs the use of an 
electron beam to melt the carbide, which 1s continuously 
cast in a water-cooled mould, the upper region of which 
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contams the molten pool of material which 1s continuously 
replenished by a steady supply of granulated feed stock 

The fabrication or coating of small spherical carbide 

- particles was the subject of three papers One of these 

deseribed the experimental work leading to the formation 
of uranium carbide granules by the agglomeration of fine 
powders on a vibratmg sieve apparatus using an organic 
binder Another, by Gibson, of the Vitro Corporation, 
dealt with a tonne-seale method by which spheres of 
(UZr)-C having very low mmpurity contents were formed 
by a high-energy arc discharge, one of the electrodes 
contaming carbon and the metalhe oxides, which reacted 
extremely rapidly ın the arc flame to produce molten 
spheres of the mixed carbide The third paper was con- 
cerned with a fluidized bed system by means of which 
dense carbon or silicon carbide coatmgs were applied to 
small UC, spheres m order to retain the fission products 
produced when such carbide particles are used as fuel in 
the Dragon reactor 

Fuel-to-can bondmg was the subject of a paper m which 
experiments on bond formation between U-C and (UC)-Fe 
cermets and various canning metals, together with the 
results of thermal cycling tests of the bonded materials, 
were described Bonds of this type are of mterest since 
thoy might enable fuel elements to operate at lower centre 
temperatures than can be attamed with gas bonding at 
the same heat ratmg Finally, a glimpse of more sophisti- 
cated reactor systems was afforded in an account of the 
fabrication and irradiation m the Pluto reactor of (UZr)-C 
rods for the direct conversion of heat from fission pro- 
cesses mto electricity 

In the section dealmg with the chemical and physical 
properties of carbides, two papers from C E N , Grenoble 
and Saclay, described the chemical reactions of uranium- 
carbon alloys with water and acids It was claimed that 
reactions with both neutral and acid media can be used 
as a basis for uramum and carbon analysis since the 
reaction products are markedly dependent on the UC, 
content The second paper mdicated that corrosion rates 
depend on the water and water vapour contents of non- 
aqueous hquids and gaseous media, respectively Tho 
general conclusion was that atmospheric corrosion of 
uranium-earbon alloys 1s æ stress corrosion phenomenon 
which 1s probably influenced by internal stresses and 
pre-existing surface cracks Antill and Peakall have 
studied the oxidation kinetics of a UC-10 wt per cent Fe 
alloy and 90 per cent dense sintered U-C in steam, carbon 
dioxide and water In all these environments, the UC-Fe 
alloy was appreciably more resistant than the sintered 
carbide For the reactions ın steam, the improvement of 
UC-¥e over smtered U-C was explained in terms of the 
likely chemical reactions It was suggested that with 
sintered U-C the protons released at the oxide film-gas 
interface may diffuse mto the specumen to form molecular 
hydrogen at discontmuities By this means, high pres- 
sures may be built up resulting m rupture of the specimen 
Iron could exert a beneficial effect if ıt facilitated the 
removal of protons near the surface by means of a 
catalysed reaction, to form molecular hydrogen or gaseous 
hydrocarbons 

Two papers by Milner and co-workers at Harwell 
described techniques which have been developed for the 
determmation of both major and munor constituents in 
actimde carbide ceramics and cermets It was clear 
throughout the symposium that the accurate analysis of 
carbon and oxygen contents 1s extremely mmportant and 
requires rather special techniques if the necessary accuracy 
is to be achieved 

A number of papeis were presented on the high- 
temperature properties of uranium, plutonium and 
thorium carbides One of these was given by Krikorian, 
of Livermore, who described determinations of the vapour 
pressure of thorium over ThC, These determmations 
were unusual m that thoy used emission spectra for the 
detection of species in a high-temperature system In 
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this work the emission intensity of stome thorium above 
carbon-saturated ThC, was used as a measure of the 
thorum vapour pressure, by applyimg the second and 
third laws of thermodynamics This technique has two 
unportant advantages over the mass spectrometric 
method, since higher gas pressures can, be used and the 
detection system can be isolated from the source material 
This 1s of considerable importance m work with actmide 
carbides where it ıs desirable to isolate radioactive 
materials from the detection system 

In another paper in this section, Potter presented 
resuks for the vapour pressure and volatility of PuC 
between 1,500? and 1,565? C determmed by a trans- 
piration method Duserepancies were observed between 
this work and previous work, for the value of the heat 
of vaporization, and 1} was suggested that variations m 
the caibon content may greatly mfluence the volatility 
of PuC 

Many authors described measurements of the thermal 
conductivity, electrical resistivity and thermal expansion 
of U-C and (UPu)-C alloys Both the radial flow and 
the thermal diffusivity techniques have been used to 
measure the thermal conductivity of U-C Usmg the 
diffusivity technique, Wheeler has shown that, between 
1,500° and 1,900? K, the conductivity mereases sig- 
nificantly m compositions near to stoichiometric Further 
work is necessary to determime the variation of this pio- 
perty with composition at high temperatures 

Workers at Los Alamos have shown that m the range 
200°-450° C, replacement of uranium by plutonium in 
(UPujC solid-solutions results m a decrease in thermal 
conductivity However, since the temperature coefticient 
of thermal conductivity 1s positive and mcreases with 
increasing plutonium content, ib is possible that at fuel 
operating temperatures the thermal conductivity of some 
plutomum-contammg carbides may not be significantly 
different from that of UC 

Compatibility work on U-C and (UPu)-C compositions 
was reported m several British and American papers 
For U-C with gas bonding, stoichiometric and hypo- 
stoichiometric alloys are unreactive to type 304 stainless 
steel at temperatures below 800? C and 700° C, respec- 
tively There 16 the possibility of uranium migration in 
the hypostoiechiometrie material under the influence of 
temperature gradients, which may lead to reaction at the 
fuel/ean mterface Carbides which are hyperstoichio- 
metric with respect to carbon are compatible with type 
304 stamless steel ın the presence of a gas bond at tem- 
peratures up to 600° C, but a sodium bond acvelerates 
carbon transport to the steel, givmg an observable 
amount of reaction 

For (UPu)-C, Batey has found that after tests for 700 
and 2,100 h, at 650° and 800? C, nommaily storchiometric 
carbide 18 compatible with 316L stamless steel, but 
hyperstoichiometrie carbide reacts The most favourable 
fuel/ean combination seems to be stoichiometric carbide, 
sodium or gas bonded to stainless steel 

Costa, from Fontenay-aux-Roses, described some re- 
sistivity and thermoelectric power measurements on 
uranium, plutonrum and thormm carbides This work 
shows that 'ThO becomes superconduetimg at 9° K 
and that PuC undergoes a magnetic transformation at 
100° K Analysis of these results together with the values 
of the density of states at the Ferm surface has led to 
the proposal that ThC is analogous to a transition metal 
carbide, with a narrow d-band, while PuC 1s analogous to 
a rare earth carbide with some highly localized f-electrons 

In the last session, five papers, which were concerned 
with the irradiation behaviour of U-C and (UPu)-C fuel 
materials, were presented Furst, more basic mvostiga- 
tions earried out by workers at Dounreay on the nature 
of radiation damage in UC have given & reasonable 
picture of the damage process at low neutron doses and 
at low temperatures The results of electrical resistivity, 
lattice parameter and X-ray hne broadening mvestiga- 
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tions n UC, UC, and U,C, were described, and led the 
authors to conclude that both vacancies and interstitials 
or clusters of these are formed, and that there appears to 
be a defimte saturation effect at low burn-up At higher 
burn-up the damage 1s more complex and there 1s an 
indication that the defect aggregates are more stable 

Irradiation experiments on mimature fuel elements at 
centre temperatures between 700° and 1,400° C and 
burn-ups between 1,000 and 30,000 MW days/tonne were 
reported by authors from the Argonne, Umted Nuclear 
and Harwell Laboratoires In general, the release of 
fission gas from single phase UC and (UPu)C fuel 18 low, 
and in some cases 16 15 much less than the amount that 
would be expected from recoil alone Work on U-C has 
shown that the release of fission gas 1s influenced by the 
nature of the second phase present as a result of deviations 
from the stoichiometric amount of carbon, hypostoichio- 
metric alloys releasmg much more gas than hyper- 
stoichiometric alloys Irregular crackmg has been 
observed ın many irradiated carbide samples, but 1b 18 
not clear whether these cracks are present prior to 
wradiation The presence of these cracks does not seem 
to have had any deleterious effects and no significant 
changes m microstructure have been reported 

Electron microscopy of irradiated carbides has brought 
to light the precipitation of fission gas bubbles ın tho free 
uranium areas in hypostorehiometrie uranium-earbon 
alloys This suggests that the free metal behaves like 
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bulk uanium and may be responsible for swelhng in 
hypostoichiometric alloys 

Sayers described the irradiation behaviour of coated 
particle fuels to the very high burn-up of 14 per cent 
The results provided useful mformation on the irradiation 
behaviour of UC,, which can retain fission gases and hold 
99 per cent of the amount generated even m particles 
with failed coatings A spearhead form of attack, resulting 
in the formation of characteristic V-shaped cracks ex- 
tending radially outwards into the pyrocarbon coatings, 
was ieported This 1s beheved to result from the uradia- 
tion-induced shrinkage of the low-density pyrocarbon 

The symposium will undoubtedly prove to be important 
in the development of carbide fuels for nuclear reactors 
The large number of papers presented and the widespread 
interest m the conference give a clear indieation of tho 
eagerness with which the arrival of carbides as viable fuels 
18 awaited It is now apparent that carbides of controlled 
composition can be made by any of several variations of 
two basic 10utes and that rather detailed investigations 
of all the relevant phase equlbna and physical and 
chemical properties are now being undertaken However, 
1b 1s always the case that the final proof of any nuclear 
fuel material ariives at a much later stage than this 
The uwradiation results that have appeared are, on the 
whole, extremely promising, but 1t remains to be demon- 
strated that carbides are superior in overall performance 
to oxides 


BIOCHEMISTRY IN SPAIN 


HE development of biochemistry «n Spain over the 
past two decades has been hindered by various 
factors, notably the isolation of the country durmg and 
after the Spanish Civil War and the Second World War, 
the loss of talent through emigration of a large pro- 
portion of the more promising scientists, and the m- 
adequacy of the educational programmes, particularly in 
the medical schools, where the teaching of biochemistry 
1s still largely ın the hands of physiologists 
The establishment of some units for biochemical 
research in the "fifties, under the sponsorship of the 
Consejo Superior de Investigaciones Cientificas (CSIC), 
was the starting-pomt of steady improvement m that 
area Several factors which have positively contributed 
to this development are the mereasing flux of young 
biochemists from Spam to the United States, Great 
Britain and other countries for further traming and the 
support provided by the private Foundation ‘Juan March’ 
and, more recently, by the US Public Health Service to 
some local groups Moreover, whereas biochemistry was 
formerly taught at the undergraduate-level only in the 
university faculties of pharmacy, some new chairs of 
biochemistry have now been created ın faculties of science 
A first meeting of Spanish biochemusts, under the 
auspices of the CSIC and the International University 
Menendez y Pelayo, was held at Santander m July 1961, 
and a second meeting, under the sponsorship of the 
CSIC and the University of Santiago de Compostela, 
was held in Santiago durmg August 1-3 
The latter meetmg was attended by about a hundred 
scientists, thuty of whom presented papers dealmg with 
their recent work in Spam o1 abroad Five formal lectwes 
were delivered by Prof M Lora Tamayo, professor of 
organic chemistry m the University of Madmd and 
Mmuster of Education, on the active site and the mech- 
anism of action of phosphatases, Dr A Sols, head of the 
Department of Enzymology of the Instituto Marafion, 
CSIC, Madrid, on metabole control of enzyme activity, 
Prof J Oró, University of Houston, Texas, on the syn- 
thesis of biochemical compounds under prebiotic-hke 
conditions, Prof L F Leloir, Institute of Biochemical 


Research, Buenos Ares, on sugar nucleotides and poly- 
saccharide synthesis, and Prof S Ochoa, New York 
University, on the genetic code Communications were 
presented by Drs F Alvarado, C Asensio, J L R -Can- 
dela, F Escoba, Gertrudis de la Fuente, Carmen Garcia, 
C F Heredia, M Losada, F Mayor, Gabiiela Morreale, 
Monique Novaes, A Paneque, D Rodnguez, Margarita 
Salas, J Vicente, J R Villanueva, E Viiiuela and F 
Vivanco (Madrid), Drs F Calvet, E Cuenca, P Pug. 
Muset, and M. Rosell (Barcelona), Drs J A Cabezas 
and B Regueiro (Santiago), Dr € Montoya (Granada), 
Dr E Santiago (Pamplona), Dr F Sabater (Long Ashton, 
Bristol), Dr D Vazquez (Cambridge), Dr C Osorio 
(Birmmgham), and Dr T Jauregui-Adell (Paris) Prof 
C Jimenez Diaz, the noted Spanish chnician, gave a 
résumé of the meeting at 1ts closing session and emphasized 
the mnereasmg impact of biochemical mvestigations in the 
advance of clinical research 

At the request of the Spanish National Commuttee for 
Biochemistry (Spain's representative body on the Inter- 
national Union of Biochemistry), a group of biochemists, 
as charte: members, formally founded a Spanish Society 
of Biochemistry ın Santiago The first Council of the new 
Society was appointed as follows D: A Sols (president), 
Prof F Calvet (vice-president), Dr J Rodriguez Villa- 
nueva (secretary), Dr M Losada (treasurer) Dr E F 
Alvarez, Prof J Garcia Blanco, Prof F Mayo. Prof 
J L Rodriguez-Candela, Prof S Santos Ruiz, Dr F 
Vivanco (officers), and Dr C Asensio (secretary elect) 
Prof C Jimenez Diaz, Prof L F Lelo, Prof M Lora 
Tamayo, and Prof S Ochoa, were appointed honoraiy 
members The address of the new Society 1s Centio de 
Investigaciones Biológieas, Velázquez 138, Madrid 6, Spain 

The Society aims at furthermg tho progress of bio- 
chemistry m Spain by holding scientific meetings and by 
the intensive promotion of relations between biochemists 
in Spam and abroad To this end the Society will seek 
admission ın the newly created European Federation of 
Biochemical Societies 

J RODRÍGUEZ VILLANUEVA 
C ASENSIO 
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THE CHANGING ROLE OF THE TEXTILE ENGINEER 


N his maugural lecture as research professor of textile 
engineormg m the University of Leeds, now published 
by the Leeds Umversity Press", Prof P Grosberg pointed 
out that the textile engineer still plays a very large part 
in the day-to-day work of the designer of textile mach- 
mery However, partly owing to the general shortage of 
trained engineers, engineering designers of good quahty 
are scarce in this branch of industry, and until very 
recently most basic changes and design concepts with 
regard to textile machinery resulted from the creative 
ideas of the textile manufacturers Fundamentally, the 
lack of precision m our knowledge of textile processing 
derived from tho difference in kmd between the manipu- 
lations performed by textile machmery and those per- 
formed by all other manipulative machmery ‘The basic 
purpose of textile processing was to take fibres arranged 
in one pattern and rearrange them in & second pattern 
As this was done indirectly, textile p1ocesses tended to be 
of a statistical nature and there might be 40-100 manipu- 
lative processes of one kmd or another m the cham 
between clean wool and cloth Moreover, since the 
magnitude of changes produced by processing was never 
measured nor was there any clear idea of how these 
changes were produced, i$ was not surprising that 
no major change in the design of textile machmery 
occurred from the time such designs reached a de- 
veloped mechanical form m the nmeteenth century until 
1946 
The present change in the role of the textile engineer 
started after the Second World War with the changes in 
the position of textile machmery manufacturers which 
resulted from the increased mternational form of the 
market, the consequent necessity to improve the machmes 
and to consider them as part of the cham of operations 
the efficiency of which must be maximized, and thirdly, 
with the change ın the structure of the mdustry resulting 
from the production of man-made fibres Ths was 
especially so in the last-mentioned case in their use m 
blends with natural fibres, and the consequent need for 
theoretical and technological understanding of the prob- 
lems mvolved The trend to large vertical organizations 
with their economic advantages also stimulated the search 
for an exact knowledge of the factors mvolved m textile 
processing The research char of wool textile engmeermg 
at Leeds was founded m 1947, mainly to act as a nucleus 
around which changing points of view on the purpose and 


* The Changing Role of the Textile Engineer By Piof P Grosberg (An 
Inaugural Lecture delivered in the University of Leeds on 14 January, 
1063) Pp 14 (Leeds The University Press, 1963) 2s 6d 


aims of textile manipulations could be crystallized, how- 
ever, the more conventional engmeermg problems of 
textile machmery have not been neglected Without 
doubt, the maim interest in textile engmeermg research 
hes ın the understanding of the geometrical changes that 
occur in processing and ther effect on the properties of 
the tesultmg textile material The object of textile pro- 
cessing, according to Prof Grosberg, could be considered, 
to be a method of arranging fibres so that both the 
maximum strength and the ease of blendmg of the 
arrangement should be the sum of the strengths and 
blending resistances of the constituent fibres This was 
very nearly achieved by traditional textile processing, 
but ıt was only m the past decade that the careful 
examination of the fibres in a twisted yarn had led to a 
more reahstic model m which the helices become spirals 
of varying radrus 

The knowledge that a umit of regularity exists had 
been an important advance, but mvesiigations mto why 
some yarns are much more mregular than this hmitmg 
or ideal yarn had run mto many difficulizes AH these 
mvestigations too had demonstrated the necessity for the 
fibres to be reasonably parallel and disentangled for 
roller drafting to operate successfully An early need of 
the textile engimeer who wished to modify existmg pro- 
cesses was to disentangle the true from the supposed 
purpose of many textile machmes The manufacture of 
yarn was only part of the processing sequence and there 
was a lack of knowledge of the effect of goomotrical 
changes in the cloth ın its mechanical proportions How- 
ever, investigations have already made 16 clear that some 
of the finishing processes are indirect methods of obtammg 
geometrical changes within the matenal which cannot be 
detected merely by measuring the area changes occur:mg 
in the cloth Tho vital changes of the past decade in 
spinning and kmttmg have shown the very close con- 
nexion existing between a proper knowledge of the 
end-product and a correct design of the machme to 
produce ıt It was to be hoped that the finishing trade 
might soon benefit from a more rational approach and so 
place the design of plant for this section of the industry 
on @ more rational basis Finally, as a result of this new 
necessity for the textile engineer to understand the 
requirements of the process for which he designed and 
made machinery, Prof Grosberg pointed out, & new 
emphasis ın his trammg was needed, and that trainmg m 
future should provide a fundamental knowledge of fibre 
science, cloth and yarn properties, and what could only 
be called ‘textile engmeering' itself 


GALATHEA DEEP-SEA ISOPODS 


HE Galathea Reports, m which the scientific results 
of the 1950-52 Danish Deep-Sea Expedition are 
pubhshed, need no introduction to marme biologists In 
1956, Torben Wolff, deputy leader of the expedition, 
described the isopod crustaceans obtamed from depths 
exceeding 6,000 m from the Banda, Kermadec and Philip- 
pine Trenches Of the twelve hadal (ultra-abyssal) 
species, eight were new and sevon of them belonged to 
known genera of the Asellota 
The same author has now prepared an account of the 
systematics and biology of the bathyal and abyssal species 
of Asellota from depths between 200 and 6 000 m* The 
total of 83 specimens 1s nob impressive when compared 
with those of some other deep-sea expeditions, but they 


are referable to 23 species of which all but two are new 
and three belong to new genera In addition, thousands 
of specimens collected by the Challenger, Albatross, Thor, 
Ingolf and other expeditions have been re-examined and 
some famıhes, genera and species have been revised 
Keys to the determmation of all the genera of all famıhes, 
and of the species of those genera that are treated in detail, 
have been prepared As a result of this revision, the author 
has described seven additional new species, estabhshed 
three new genera for previously known species, and 
*nvahdated' & number of recently established fammbhes 


+ Galathea Report, Vol © The Systematics «nd, Biologu of Bathyal and 
Abyssal Isopoda Asellota (Scientific Results of the Danish Deep-Sea Expedi- 
tion Round the World 1950-52) By Dr Torben Wolff Pp 320+19 plates 
(Copenhagen Danish Sclence Press, Ltd ,1962 ) 120 Damsh kr 


32 


while accepting others The systematic part 18 preceded 
by a short historical review of the literature on deep- 
water asellotes from 1869 to 1962, also sections on morpho- 
logical and oceanographical terms and on the significance 
of various morphological characters m taxonomy 

Very little 15 known of the feeding habits, reproduction 
and development ın abyssal isopods It has been assumed 
that where temperature and other physical factors are 
so constant, breeding would occur throughout the year 
The post-marsupial development of some deep-water 
species of Haploniscus 1s described and compared with 
that of the littoral Jaera albifrons The results of a çare- 
ful examination of more than 1,400 adult specimens of 
bathyal and abyssal Paraselloidea pertainmg to 11 families 
are tabulated and analysed Females predommated m all 
but one family 75 per cent of the females were without a 
marsupium, those with no trace of developing oostegites 
bemg rather fewer than those with developing oostegites 
In three families none of the females had developing ooste- 
gites, whereas m another family none lacked them 
This may indicate that im all four famuhes there 1s only 
one preparatory stage before sexual maturity mstead of 
the more usual two stages Only a third of the females 
with marsuprum carried ova or embryos (8 per cent of all 
females examined) This paucity of ovigerous females 
may indicate that breeding 1s seasonal ın many species of 
these Asellota and that many were not breeding during 
the summer months when most of the collecting was done 
A few anomalous ‘intermediate’ specimens are described 

Tho effect of inereasmg depth on body size and relative 
length of limbs 1s discussed Pigmented eyes have been 
observed ın two abyssal species of Stenetrvum The 
intestinal contents of specimens pertamung to 14 species 
wero exammed In the two pelagic species coccohths 
and fragments of amphipods predominated, but one 
specimen had also spicules of various sponges, proving 
that ıt can feed on the bottom Detritus, muneral frag- 
ments and dead tests of various protozoons were abundant 
in the majority of the benthie species, but fragments of 
hydroids, polychzte worms, isopods and amphipods were 
fairly common A species of Bathyopsurus had, mn addition 
to a few sponge spicules and amphipod remains, large 
quantities of masticated Sargassum or allied algal genus 
The seaweed had apparently been eaten m the fresh 
condition, soon after 1t had sunk to the ocean bed, and 
on 1b were several identifiable hydroids The substrata 
vary greatly from sand to very stiff clay, globigerina or 
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pteropod ooze, several species were collected from different 
types of sediments. 

The section on the distribution of marme Asellota 
(excluding the freshwater Aselloidea), and the extensive 
bibliography, should prove invaluable to all students of 
the group The named species total 633, including many 
new ones described m recent American and Russian 
publications Twenty species of Janiridae are predomm- 
antly freshwater, of the 613 marine species only six are 
pelagic The species are listed strictly according to depth 
limits, but regional distribution, temperature, and number 
of records are also given Since temperatures are seldom 
included in systematic papers, the author has had to 
glean these from various sources When temperature 1s 
considered together with depth a number of species 
should be transferred to other zones (usted on p 271) 
This may be done with some confidence m the case of 
species known from several locahties The bathymetrical 
distribution of species, genera and farmhes 1s analysed in 
detail A lst of species which are truly representative 
of the zones ranging from 200 to 11,000 m 3s given, 38 
species have vertical ranges exceeding 2,000 m and two 
of these have ranges exceeding 5,000 m The geographical 
distribution 1s analysed 1n much the same way for species, 
genera and famihes Although our knowledge of abyssal 
‘Asellota 1s still very mcomplete, 16 1s evident that many 
of the species have a very restricted geographical range 
This high rate of endemism, characteristic of other Pera- 
caridan orders (Cumacea, Amphipoda), 18 m marked con- 
trast to the more cosmopolitan distribution of species of 
the abyssal family of sea-stars, the Porcellanasteridae 
In the Peracarida the young are cubated in a marsuprum 
and, when hberated, them dispersal would be very 
restricted 

This ıs the nearest approach to a monograph of the 
Asellota so far attempted It is well planned and on 
the whole well written, only occasionally m discussion 
parts does the author fail to make his meanmg quite 
clear He sometimes makes rather sweeping statements, 
such as that on neoteny m Crustacea (p 21) He 1s not 
alone m adhermg to the use of 'tribe' instead of ‘super- 
family’ (16 never was equivalent to sub-order ason p 17) 
although, according to the International Code of Zoological 
Nomenclature (p 163, 1961), tribe 1s subordinate to the 
sub-family But these are minor flaws ın a major work, 
and Dr Wolff is to be congratulated on the results of years 
of dedicated study IsABELLA GORDON 


A CENTRIFUGE FOR SEPARATION AND COLLECTION OF FRACTIONS 
IN SEPARATE CONTAINERS UNDER STERILE CONDITIONS 


By Dr. P. UNGER, Dr O. RAMGREN, P POLLAK and H. BROSTROM 
City of Stockholm Blood Transfusion Centre, Stockholm 38 


HE centrifuge to be described has been devised for 
the purpose of separating phases of different density 
present m a suspension 
The primary feature of the system 1s the utihzation of 
the centrifugal force to channel the fractions mto Separate 
eontainers, thereby overcoming the main obstacle en- 
countered usmg present-day available techniques, that is, 
the difficulty of isolating the various fractions at removal 
of the centrifugal field Although the problem 1s readily 
overcome by the use of contmuously working industrial 
separators, ther application 15, 1n many instances, incom- 
patible with medical laboratory practices—masmuch as 
they scarcely meet prerequisites regarding sterile opera- 
tion Furthermore, and this ıs mportant, they produce 
only two, or at best three, separate fractions 


As regards other approaches to the problem of separat- 
ing particles by centrifugation than use of conventional 
centmfuges, the following main principles have to be 
recognized Ultracentrifugation* (for analytical purposes), 
density gradient centiifugation? (analytical-preparative), 
and counter current centrifugation? These all represent 
the ‘smgle contamer’ type Regardmg principles utihzing 
more than one ‘contamer’, the Cohn ADL-centrifuge* 
and the threshold centrifuge’ should be mentioned All 
these have been of great value to us m our search for a 
centrifugal system to complement our present research 
facilities 

The guiding principle of our work over the past years 
has been the development of a system, enabling simul- 
taneous large-scale separation and collection of fractions 
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Fig. 1. Principle: step A, step B, 1, feed of propagation fluid; 2, sus- 
pension Anis ot 8, interconnecting tubi re: 4, drain; I-IV, con- 
tainers (rigid or collapsible) 


into separate containers, under completely sterile condi- 
tions. We have called our technique ‘deplacement centri- 
fugation'. 

The equipment to be described here* enables the 
separation of a heterogeneous particle suspension into a 
number of fractions, each of a predetermined density 


range, and each fraction to be channelled into a separate 


container during the run of the centrifuge, that is, while 
the particles are still subjected to the centrifugal force. 

This is schematically shown in Fig. 1. The heterogene- 
ous particle suspension in container I is, during the first 
step (4), stratified by the centrifugal force. During the 
second step (B) the stratified layers are then successively 
channelled, by the action of a propagation fluid, into the 
following containers II-IV, and isolated there. 

As illustrated in Fig. 2, à number of interconnected 
containers are lodged in pockets peripherally located on a 
modified centrifugal head of the angle type. The inter- 
connecting tubing releases the suspension at the peripheral 
end of each container. A heterogeneous suspension enter- 
ing the rotating system is deposited at the peripheral 
end of container I. While this container is being slowly 
filled, the centrifugal force causes the suspension to stratify 
into layers of decreasing density. When the container is 
completely filled, the particles of lowest, density progress 
via the overflow through the interconnecting tubing, to be 
deposited at the peripheral end of container II. Additional 
suspension entering container I is equally stratified, so 
that, at any time the process is stopped, very nearly all 
partieles in this container will be of higher density 
than those in container II, provided the rate of flow is slow 
enough. 'The same process is repeated in the following 
containers, and when the last one is completely filled, the 
line of containers will hold a continuous series of fractions 
of deereasing density ranges. 


* Centrifuge prototypes, AB Wifug, Stockholm, Sweden (ref. 13). 
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The necessary force to propagate the sus; ion thro’ 
the system is achieved in tho following way. The seme 
sion feed emanates from a stationary source near the 
rotating axis of the centrifuge. From there, the suspension 
enters the first container, at a predetermined rate of flow, 
by the intermediary of a collector on the centrifugal head. 
The required liquid pressure for propagation through the 
system is thus provided by the centrifugal force. In Fig. 
3, this is achieved by introduction of a denser propagation 
fluid, following stratification of the ion. 

A modified system utilizes a sterile, hermetically sealed 
set bf collapsible containers in conjunction with an 
‘external’ propagation fluid (Figs. 4 and 5). A plastic 
first container, the volume Qf which equals the total volume 
of the following ones, is used. Prior to starting the centri- 
fuge, the first container is filled with suspension. On com- 
plete stratification of the suspension in this container, 
during the run of the centrifuge, a propagation fluid 
is slowly made to enter the surrounding pocket. Since 
the density of the fluid is chosen higher than that of the 
suspension, it gathers at the peripheral end of the pocket, 
compressing the container, and thus propagating the 
stratified suspension. In this way the suspension is 
successively channelled through the connecting tubing 
into the following container. 

Several approaches for controlling the particle rate of 
progression in the system have been considered. The 
first of the two alternatives to be discussed here utilizes 


Fig. 2. Open system: 1, introduction and stratification of $ 
2, suspension deposition; 3, interconnecting tubing; 5, Ttable 
volume diminishing bodies; I-IV, containers 


Te tre peers io 


jes; I-IV, containers 
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an axially located collector for introducing the propaga- 
tion fluid, which from there passes on to the first pocket. 
The inflow of fluid to the collector is adjusted by a valve 
mechanism, whereby complete control of the pro- 
cess is achieved regardless of the rate of turn of the 
centrifuge. 

The second alternative features a propagation fluid 
reservoir at the bottom of the centrifuge head (Fig. 5). 
The reservoir has access by channels to the pocket in 
question. By centrifugal force the propagation fluid is 
channelled into the pocket, thereby compressing the 
container. The rate of particle progression is 'thus 
controlled by adjusting the centrifuge rate of turn. At 
romoval of tho centrifugal field, the fluid drains from the 
pockets back to the reservoir. The two methods of con- 
trol may be combined. 

In many eases it suffices to divide the original suspen- 
sion into fractions of equal volume. This is achieved by 
utilizing containers of equal size. Then again, it might 
be desirable to obtain fractions of varying volumetrical 
size, proportional to the components in a given suspension. 
If this proportion is known, it is possible to adjust the 
volume of the pockets by insertable volume diminishing 
bodies, or by pre-filling the pocket with a certain liquid 
volume, the density of which is chosen higher than that 
of the entire suspension. 

The use of plastic containers enables a third approach, 
whereby a fraction of predetermined density range may 
be isolated (Fig. 6). The succession of pockets are filled 
with fluids of decreasing density, in such a manner that 
the density of the discriminator fluid, with correction for 
the container material, corresponds to the density of the 
fraction to be isolated in a given container. Particles 
of higher density than that of the discriminator fluid 
entering the container deplace an equal amount of fluid 
from the pocket. By the same argument suspension 
particles of lower density will be channelled on to the next 
container, through the interconnecting tubing. Thus each 
container can only hold particles above a certain density, 
depending on the choice of the discriminator fluid, 

Providing sterile conditions are observed initially, the 
closed system configurations ensure sterile collection 
of the fractions. By using the containers holding the 
individual fractions for storing purposes, continued 
sterility is ascertained. 

Balancing the centrifugal head requires specific meas- 
ures. Though a certain degree of balance is attained by 
doubling the sets of pockets, and placing them in dia- 
metrically opposed positions, it is not ensured that the 
advance of flow in the two sets of pockets is quite syn- 
chronized. 





: 1, external proj tion fluid; 3, intereonnectin, 
diminishing bodies; I, container took 
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Fig. 5. Propagation fluid system: 3, interconnecti tubing; 6, propa- 
gation fluid; 7, pocket; 8, sealing cover; T, conta ner (collapsible) 





pension 
inator fluid inlet; 10, 
verflow; I-IV, containers (collapsible) 


tien; 3, inter- 


Fig. 6. Discriminator fluid system: 2, sus 
discrim iscriminator fluid 


connecting tubing; 9, 
0 


Diametrieally opposed pockets are therefore inter- 
connected by channels, whereby the resulting liquid 
distribution maintains the centrifugal head in a state of 
perfect balance. 

The ‘deplacement centrifuge’ was primarily developed 
for the purpose of isolating erythrocytes of different 
physical properties. The system was to comply with 
rigorous requirements as regards sterility, and supply 
fractions in quantities enabling extensive clinical experi- 
ments, which in turn may lead to new advances in blood 
transfusion therapy. 

Erythrocytes in vivo increase in density as they age. 
This has been documented in several publications". 
The erythrocyte fractions obtained by ‘deplacement 
centrifugation’ should, thus, represent different age groups. 
Preliminary experiments with our prototypes support this 
assumption. A summary of our work gained from the 
different prototypes will be presented in another communi- 
cation. 

The performance of the centrifuge is at present being 
evaluated with respect to the following ures: 
(1) fractionation of blood elements; (2) concentration of 
granulocytos, lymphocytes and thrombocytes; (3) buffy 
coat removal; (4) washing of erythrocytes". 

_ ‘Deplacement centrifugation’ may finally find applica- 
tions in biochemistry and clinical pathology. Examples 
of this are the fractionation of plasma using cold aleohol 
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or ethei, and the refined fractionation and collection of 
cells and/or parts of cells 
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ORIGIN OF NITRATES IN TROPICAL RAINWATER 
By Dr. S. A. VISSER 


Department of Zoology, Makerere University College, Kampala, Uganda 


N spite of the conclusions by Angstrom and Hogberg* 
that rate of NH,—N to NO,—N im atmospheric 
precipitation is almost constant (2 1), suggestmg a 
common ongm, Virtanen’, by tabulating the results 
obtamed by various authors in latitudes from 5° N to 
65° N , showed that the ratios vary from 1 Ito IO 1, 
mdicating that various forms of nitrogen in the atmosphere 
ongmate from a variety of processes 

The following have been suggested by various authors 
as possible factors contributing to the presence of nitrates 
mramwater (1) electrical fixation of atmospheric mtiogen 
(hghtnmg flashes), (2) photochemucal fixation of atmo- 
spheric nitrogen and photo-oxidation of ammonia, (3) 
meteor trails, (4) soils (dust), (5) dustrial contammation 
(smoke and fumes), (6) oceans and large lakes In Kam- 
pala, Uganda, the nitrate content of rainwater* varies from 
02 to 164 ppm, with a median value of 17 The 
mam sources for this ion to be considered for the ram 
falhng m Kampala would be confined to 1, 2, 4 and 6 

To mvestigate the first source, the correlation coefficient 
was calculated, for ramwater analyses carried ont over a 
period of one year, for the total amount of nitrate coming 
down per shower and the number of flashes counted during 
the day of rainfall (see Visser? for further data) From 
Table 1 ıt can be seen that no such correlation exists, 
and when, in order to allow for retarding effects (for 
example, heavy thunderstorms durmg the day preceding 
that of the rainfall) the correlation coefficients were also 
calculated, for data considered on a weekly, or even on æ 
monthly, basis, still no sigmficant correlation could be 
detected This confirms the findings by Virtanen’ and 
by Hutchinson‘. 

Tf next the correlation coefficients for the concentration 
of various 10ns zn. Kampala rainwater, m relation to the 
concentration of mirate, were calculated (Table 2), 
significant correlations were observed for NO, and the 
total amount of mtrogen and NH, The in temperate 


Table 1 CORRELATION AND REGRESSION COEFFICIENTS FOR THE TOTAL 
AMOUNT OF NITRATE IN RAINWATER IN RELATION TO THE NUMBER OF 
FLASHES AND THE AMOUNT OF PREOIPITATION 


r b 
Total NO,/flashes 0025 0 534 
Total NO;/precipitation 0776 0 948 
¥Flashes/precipitation 0045 0 282 


For the 45 samples investigated, 1f r exceeds 0 29, itis significant at the 
y ber cent level, and if 1b exceeds O 47, 1b 18 significant at the 0 1 per cent 
eve 


Table 2 CORRELATION AND REGRESSION COEFFICIENTS FOR THE CONCEN- 
TRATION OF VARIOUS IONS IN RELATION TO THE CONCENTRATION OF 


NITRATE 
T b 
Conductivity 0301 19 190 
Nat 0211 2930 
Kt 0200 7125 
NH.t 0299 0051 
Total nitrogen 0 433 0 204 
CI- 245 0196 
50,= 0292 1 333 


For the 49 samples investigated, 1f 7 exceeds 0 28, 1t is significant at the 
5 per cent level, if 1t exceeds 0 33 1t 1s significant at the 2 per cent level, 
and if 1f exceeds 0 36, 1t 1s significant at the 1 per cent level 


chmates at the same latitude often observed significant 
correlation between NO, and NH, (n Kampala, AONE 

P 3 
1s approximately 1 04), and the observation that this ratio 
was high in the summer and low m wmter has led some 
workers to the hypothesis of photochemical origin of the 
nitrate! 


12N + 18H,0 — 4NH,NO, + 4NH,0H + O, 


We did not find any marked change in this ratio through- 
out one year’s observations, which would be expected m 
the tropics if this reaction did indeed take place, and if xb 
was one of the mam contributors to the nitrate content of 
ramwate1 

The fact that the mtiate 1s Ingbly significantly corre- 
lated with the conductivity of ramwater (Table 2), without 
bemg a major constituent (with its 17 ppm the nitrate 
accounts for only less than 10 per cent of the value of 
the conductivity), suggests a common origin of nitrate 
with other ions, and as the nit1ate content was found to be 
particularly high with north-east and south-west land- 
winds, the possibilty of dust was investigated This 
possible source for mtrates was also suggested by Junge* 
from his woik on the compomtion of ramwater m the 
United States  Ordmaiy terrestrial dust, collected from 
roads, roofs, ete, eontained, however, too little nitrate 
rela&ve to other ions Dust particles were therefoie 
separated out from ramwater by filtermg 15 first through 
a Whatman No 541 filter, and then through a clarification 
filter and a bacteriological membrane filter The mtrogen 
content of the different fractions showed that the nitrogen 
content of the dust retamed by the Whatman No 541 
filter paper was 1 2 per cent, that the nitrogen content of 
the dust 1etamed by the clarification filter was 57 pei 
cent and that the mtrogen content of the dust retamed 
by the bactonological membrane filter was 5 8 per cent 
Therefore, the finer the dust in ramwater, the higher is 
rts nitrogen content 

Another reason why dust can be suspected of contribut- 
ing to the mirate content of 1amwater 18 found 1n Table 1, 
where ıt 15 shown that the heavier the shower, the more 
nitrate comes down (that ıs, 1s washed out) When. 
however, the decrease of the mirate content was measured 
during a shower, 15 was found that over the first 5 mm. of 
the rainfall, the nitrate content had dropped by half 
The explanation for this 18 undoubtedly that, m Uganda, 
heavy showers are usually preceded by heavy storms, 
which will whirl up large amounts of dust mto the atmo- 
sphere The fact that fine dust contains & large percentage 
of nitrogen, and therefore seems to be highly organic, 


3 


may also partly explain the rather constant N—NH 
3 


ratio It may, furthermore, also hnk up with Wilson's 
findings of viable micro-organisms being carried up into 
the ar and thus contributing to the amount of fixed 
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Table 3. CHANGES IN THE NITROGEN COMPOUNDS PRESENT IN RAINWATER 
DURING AERATION (DATA IN PPM) 


INkjeldabl NNHs NNO, 
Original ram water 51 112 125 
After 2 weeks of aeration 57 1 00 1 32 
After 4 weeks of aeration 57 0 95 141 
After 6 weeks of aeration 58 0 67 1 57 


Table 4 AVERAGE COMPOSITION OF THE MICROFLORA IN RAINWATER 
(AMOUNTS PER ML *) 


Total number of micro-organisms 3 2x10" 
Actmomycetes 14x105 

Fungi 21x10‘ 

Algae 10 * 
Aerobic nitrogen fixers 021 
Anaerobic nitrogen fixers 11x10? 
Ammoniflers 2 6x10* 

Niunifiers (NO,7NO5^) 0 
Denitrifiers 26x10° 


* Average of seven determinations spread over a period of one year 


nitrogen m the atmosphere’ Table 3 shows that when 
101 of ramwater, collected under sterile conditions, were 
aerated at 30° C with sterile air for six weeks, 16 showed 
mereases in N—NOs, and decreases m N—NH;, while the 
Nigeldahl remeaned practically constant (the same experi- 
ment done on sterile ramwater did not show any of these 
changes, apart from small mereases due to the evaporation 
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of water). Microbiological analyses of ramwater (Table 4) 
suggested that as mirifiers were found to be very low m 
number, the NH, was probably not oxidized directly to 
NO,, but was perhaps used for the synthesis of microbial 
tissue and other nitrogen-contammg material, part of 
which was then used by ® heterotrophic organism for 
the direct oxidation to nitrate (seo also Quastel and 
Scholefield") The fact that the nitrate content 1nereased, 
notwithstanding the many denitrifiers present, was prob- 
ably due to the ramwater sample having been so well 
aerated that no nitrate reduction took place 

In the atmosphere, however, this phenomenon of micro- 
biological nitrate formation 18 probably too small to 
account for any substantial occurrence of nitrate 1n ram- 
water, and the maim source of this 10n must therefore be 
attributed to fine dust particles and possibly photochem1- 
cal reactions 


1 Angstrom, A , and Bogberg, L , Tellus, 4, 271 (1952) 

2 Virtanen, A I, Tellus, 4, 304 (1952) 

3 Visser, S A, J Geophys Res , 66, 3759 (1960) 

4 Hutchinson, G E ,in The Earth as a Planet, edit by Kuiper, G P (Unv 
Chicogo Press, 1954) 

5 Junge, Chr E , Trans Amer Geophys 

*'Wilson, A T , Nature, 184, 99 (1959) 

? Quastel, J H , and Scholefield, P G , Nature, 164, 1068 (1949) 


Union, 89, 241 (1958) 


AMMONIA IN SEA WATER 


By B. NEWELL and G. DAL PONT 
C.S | R.O. Division of Fisheries and Oceanography, Cronulla, Sydney, Australia 


RELIMINARY investigations in this Laboratory on 

the nitrogen-cycle in the sea soon showed the need 
for a simpler and more sensitive method for estimating 
ammonia ın sea water than those at present available. 
A suitable method has been developed which depends on 
the prelimmary oxidation of ammonia to monochloramine 
by hypochlorite at pH 8 Afterwards the monochloramine 
is coupled with phenol at pH 3 4 and the resulting quinone 
chlorimide extracted mto n-hexanol In the presence of 
a slight excess of alkal, the qumone chlorimide reacts 
further with phenol to form blue phenol indophenol 
~The procedure recommended 1s as follows First dilute 
commercial sodium hypochlorite solution to a concentra- 
tion giving 072 g per cent available chlorme (usually 
about 8 per cent v v) Determme the available chlorine 
1odometrically Add 1 ml of this solution to 100 ml. of 
sea water and adjust the pH to 80 with a measured 
volume of 0 18 M orthophosphorie acid (v ml ) Next add 
sufficient 0 18 M. orthophosphoric acid to adjust the pH 
to34(yml) The values of v and y must be determined 
for each batch of reagents. 

To estimate the ammonia content m a sample of sea 
water place 100 ml of the sample m a 200 ml separating 
funnel, add x ml of 0 18 M. orthophosphorie acid and mix 
Then add 1 ml of the prepared dilution of sodium hypo- 
chlorite and agam mix Pipette y ml of 018 M ortho- 
phosphoric acid down the wall of the funnel, mrx, and as 
rapidly as possible add 8 ml of a 3 per cent solution of 
phenol ın n-hexanol Immediately after this addition 
shake the funnel vigorously for at least 30 sec Leave to 
stand for at least 30 mm, when the phases should have 
separated and the hexanol become colourless 

Discard the aqueous phase, add 01 ml of 20 per cent 
sodium. hydroxide to the hexanol, and mıx thoroughly by 
shaking and rotation After not less than 2, but not more 
than 20 h, discard the alkaline phase, running the hexanol 
mto the stop-cock bore Dry the outlet of the funnel and 
then run the hexanol on to about 1 g of anhydrous 
sodium sulphate m a 15-ml centrifuge tube Swirl the 
contents gently and then add about 1 g of anhydrous 


potassium carbonate Shake the tube until the hexanol 
clears, then centrifuge at 3,000g for 5mm Decant the 
supernatant hexanol into a spectrophotometer cell and 
read the extinction at 650 my 

The method 1s very sensitive, giving a molar extinction 
coefficient of 33,600 m sea water and 40,250 in distilled 
water The apparent ‘salt error’ 18 probably due to the 
interference of the bromine released 1n sea water, for there 
1s no salt error in 6 per cent sodium sulphate or 8 5 per 
cent sodium chloride On the contrary, increasing chloride 
concentrations were found to mitigate the almost total 
inhibition of the reaction by bromine in distilled water 
Delay m adding the phenol /hexanol reagent after mixing 
the orthophosphorie acid with the sample leads to low 
and erratic results because of the gradual destruction of 
the previously formed monochloramine by free bromine 
at pH 34 

The precision of the method within groups of replicate 
samples analysed at one time and with the same batch 
of reagents 18 fair, showing & standard deviation of about 
+5 per cent Similarly, recoveries of added ammonia 
(as ammonium chloride) in both distilled water and sea 
water show a precision at the 10 ug NH,-N/l level of 
+05yg/l However, the sensitivity of the method varies 
with different batches of reagents and sometimes between 
groups of analyses with the same reagents Hence 1t 18 
recommended that calibration be effected by interpolating 
standard ammonium chloride solutions between samples 
in each run, allowmg for the 84 per cent salt error m 
calculating results 

Reagent blanks are low and reproducible Ten determ- 
mations of the reagent blank with one batch of reagents 
on one day gave & mean and standard deviation of 0 95 + 
016 yg NH,-N/l. It 1s recommended that freshly de- 
ionized water be used for reagent blanks and standard 
solutions and that all solutions and samples be exposed 
as little as possible to the air 

Ammo nitrogen (as glycyl-glycine) gives only 1 per cent 
of the extinction at 650 mu produced by an equal quantity 
of ammonia nitrogen, so that interference by nitrogenous 
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organic matter m sea water is not likely to be mpor- 
tant 

The method has been applied routmely durmg 1963 to 
water samples collected from 0, 10, 20, 30, 40, and 50 m 
depth at our coastal station some four mules offshore 
(Port Hacking 50 m station) ‘The results are shown m 
Table 1 as the mean NH,—N content in ug/l of the water 
column Also shown are the mean NO,-N as ug/l, the 
ratio of NO,-N to NH,-N and the mean temperature 
The water column was almost isothermal durmg the 
period 


Table 1 


May- June July August September 
27th bth Ist 8th 28rd 13th 2ist 27th 83rd 10th 16th 


NI-N yg/] 38 14 12 13 1 7 9 12 12 19 14 
NON rail 23 5 5 20 87 77 9% 96 52 54 56 


atto 

NO,NH, 06 03 04 15 370 110 105 80 43 28 40 
Mean temp 

0^Cc 18 2518 48 18 26 17 7116 6116 2815 9215 50 16 74 15 88 15 91 


The fall m mean temperature and rise m mean nitrate 
from July onwards were a feature of the hydrological 
régime along this coast However, the fluctuations in the 
NO,-N/NH,-N ratios suggest changes due to biotic activity 
over and above the hydrological changes 

In May and June, when rainfall was unusually heavy 
(May 842 m agamst an average of 432 m and June 
937m against an average of 3 241n ) the NH4-N content 
of the surface water at the Port Hacking 50-m station rose 
spectacularly The surface samples contamed more than 
200 ug NH,-N/l on May 27 and 515 pg NH4-N/l on 
June 5. Menzel and Spaeth? have shown a similar 
dependence of surface ammome, content on ramfall m 
the Sargasso Sea 

Apart from these high surface values m May and June, 
the vertical profiles of NH,—N at the Port Hacking Station 
showed umformity comparable with the distribution of 
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other dissolved constituents such as chloride, oxygen, 
inorganic phosphate and nitrate None of the irregularities 
and random fluctuations deseribed by previous workera 
(for example, ref 2) was found Cooper? has ascribed 
such irregularities to the association of ammonia with 
particulate material However, we found no consistent 
difference between filtered and unfiltered samples from 
the Port Hackmg station, even when the unfiltered 
samples were left standmg with the x ml of orthophos- 
phoric acid added 5 h before analysis Two experments 
were carried out on bulk samples of sea water enriched 
by addmg a senescent culture of Dunahella and comparing 
the NH4-N content of filtrates with that of the parent 
suspension Filtration was carried out by gravity through 
well-washed Whatman G&F /C glass paper filters m a perspex 
and polyethylene assembly 
The results are shown m Table 2 


Table 2 
NH.-N ug] 
Original Filtrate 
Exp 1 13 2 13 2 
135 135 
Exp 2 209 188 
173 22 5 
197 230 
179 179 
202 
Mean 192 205 


The standard error of the means in Exp 2 was +20 pg 
NH,-N/1, so that the difference of 1 3 ug NH4-N/1 1s not 
significant 

Therefore ıt ıs our opmion that the regularities in 
ammonia distribution described by other workers result 
from the unrehabihty of the analytical methods used 
1 Menzel, D W, and Spaeth, J P, Z«mnol Oceanogr , ?, 159 (1962) 

2 Strickland, J D H,and Austin, K.H,J Cons Int Explor Mer , 24, 446 


(1959) 
3 Cooper, L H.N,J Mar Biol Assoc U K , 27, 322 (1948) 


MEASUREMENT OF RADON IN SOIL GAS 
By K. G. VOHRA, M. C. SUBBARAMU and A. M. MOHAN RAO 


Air Monitoring Section, Health Physics Division, Atomic Energy 
Establishment, Trombay, Bombay 


ONCENTRATIONS of the order of 100,000—1,000,000 
pe. 1adon/m? are found in the gases trapped in 
common sous and rock! The estimation of radon in the 
soil gas and the free atmosphere has been suggested as 
a tool for many mvestigations such as prospecting for 
uranium’, atmospheric circulation mvestigations’, geo- 
chemistry*, ete Unfortunately, only a limited number of 
measurements of radon in soil gas have been made by a 
few laboratories because of the lack of easy adaptability 
of the methods so far used to the measurements in the 
field In this article we have described a simple method 
for the estimation of radon in the soil gas which can be 
adopted for measurements in the field Using this method, 
mvestigations have been carried out on the vertical pro- 
file of radon concentration m the upper 1 m of the 
soil 
Mechanism of production The most common rocks m 
the accessible lithosphere are gramites and shales These 
are generally covered with soil sediments of different type 
and different thickness Both granites and shales have 
3-4 parts per millon of uramum’ The sois covermg 
the granites also contain sumilar concentrations of uran- 
lum! Excepting in certam anomalous areas uranium 18 
in secular equilbrrum with all ots daughter products 
including radium All the daughter products of radium 
from radon-222 to lead-210 are also m equilibrium An 
equibbrium radon content of about 1 pe /g of rock or soil 


will be present 1f the rock or soil contamed 3 ug/g uramum- 
238 Radon is partly trapped in the soil capillaries and 
partly held m the rock crystals A concentration of 
500,000 pe /m? will be obtained in the soil air if the soil 
contains 50 per cent of air by volume and 20 per cent of 
the radon escapes from the soil mto the soul air, assuming 
apparent soil density of 1 2 (ref 7) Most tropical soils 
contain 26-55 per cent of gas by volume? The fraction 
of radon escaping from the soil 1nto the soil air varies from 
18 to 87 per cent for different types of so! These two 
factors would give rise to variations by factor of 10 m 
the radon content of the sod air The gas trapped in the 
soll capillaries can be sucked from the ground surface 
freely Radon is normally exhaled from the soil capil- 
laries mto the atmosphere due to daly variations in 
temperature and pressure This gives rise to a deficit 
im uranium equilbrium value of radon in most surface 
rocks and soils? 

The migration of radon m the soil 1s due to the normal 
process of diffusion and within a small area the radon 
content of the soil gas will remam constant Near the 
top 1 m of the soil the exhalation of radon into the atmo- 
sphere may be expected under aerobic conditions The 
rate of exhalation will depend mamly on temperature, 
pressure and wind velocity The effect will reduce with 
depth Local variations 1n the type of rock and soil may 
also show erratic variations with depth 
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The average thorium-232 content of the common rocks 
and soils 1s about 12-15 ug/g Qef 6) This would give 
about 13-16 pe thoron/g rock m equilibrium with 
thorrum-232 The fraction of thoron escaping from the 
soil into the soil air ranges from 18 to 50 per cent There- 
foie, almost the same activities of radon and thoron 
should be present in the soil air The present method of 
measurement 1s selective for radon 

Measurements Various methods have been used for 
the measurement of radon in the soil gas+°-12 The method 
most commonly used consists of filing an ionization 
chamber with a known volume of filtered and dried soil 
gas and measuring the 1onization current using an electro- 
meter This method has been used mamly for a few 
laboratory-scale measurements Israel and others have 
successfully used this method for the determmation of 
radon and thoron and their ratio in the soil gas at different 
depths! This method, however, cannot be adopted to 
large-scale measurements in the field Another method 
which has been used for the measurement of radon in 
the soil gas consists of an «-scmtillation chamber coupled 
to a photomultipher through which the gas sucked from 
the soil ıs made to flow at a known 1ate^ Radon con- 
centration 1s estimated from the -counts compared with 
those obtamed from a standard When a large number 
of measurements have to be made, the phosphor has to 
be changed each time because of 1ts contamination with 
the daughter products formed durmg the measurement 
Errors may also be introduced due to the presence of 
daughter products in the soil gas samples because complete 
removal of the daughter products from the samples 1s 
extremely difficult As the soil gases from normal soils 
also contain thoron the foregoing method will give erratic 
results 

In the method described here radon 1s estimated from 
the activity of the daughter products collected on a 
‘Millipore’ filter paper from a stored sample containmg 
radon m equilibrium with its daughter products High 
specific activity of the daughter products enables very 
accurate measurement and easy identification 

Fig 1 shows a diagram of the apparatus used by us 
for the collection of soil gas samples in a balloon A 
portable hand-drilimg machine ıs used for drilling holes 
of 2 6 cm diameter in the soil to depths up to 1m The 
suction probe consists of a brass pipe at the end of which 
a wire gauze tube of nearly the same diameter has been 
screwed The wire gauze tube can be detached and filled 
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Apparatus used for the collection of soil gas samples for determination of radon 


with cotton wool for preventing dust particles from 
entering the suction tube A protective brass cover, 
tapered at the suction end, 1s screwed over the wire gauze 
tube Thus also serves as a seal between the suction end 
and the upper part of the hole Further sealing 1s pro- 
vided at the surface A filter (type H-70) ıs used between 
the suction probe and the pump The compressor end 
of the suction pump 1s used for filling the gas in a rubber 
balloon Only about 501 of gas are needed for each 
determination. 

A time of 3 h 1s allowed for each sample to decay for 
attammg equihbrrum between radon and its daughter 
products After the equilibrium 1s reached the gas iS 
passed through a ‘Milhpore’ filter using & battery-operated 
suction pump fitted with a flow meter Radon concentra- 
tion is estimated from the B-activity on the ‘Milhpore’ 
filter paper measured 10 min after collection A shielded 
Geiger-Muller counter with a transistorized scaler 1s used 
for the measurement of B-activity 

Radon concentration 1s estimated from the p-activity 
collected on the *Milhpore' filter paper as follows The 
estimation 1s based on the assumption that the daughter 
products are attached to aerosols which are retained on 
the ‘Mulipore’ filter paper with nearly 80 per cent effici- 
ency Tho efficiency was checked in an independent 
experiment The number of atoms of Ra-B and Ra-C 
collected on the filter paper is calculated, for a known 
time of collection, and for a concentration of 1 atom of , 
radon/l and suction rate of 1 l/min The 6-actrvity on 
the filter paper for the above collection at 10 mun after 
collection 1s given ın Table 1 This ıs denoted by ‘a’ 
The concentration ‘O’ ıs calculated from the observed 
8-disintegrations on the filter paper, efficiency of filtering 
and the suction rate through the ‘Millipore’ filter pape. 
using the following formula 


A 


A 
C- 7 axaamr Pel 


where A is the observed dismtegrations per mun, A 18 
the decay constant of radon m min“, E 18 the filtering 
efficiency, L 1s the suction rate m 1 [min ` 


Table 1 CALCULATED VALUES OF ‘a’, THE f-ACTIVITY ON THE FILTER PAPER 
FOR A CONCENTRATION OF 1 ATOM OF RADON PER LITRE AND SUCTION RATE 
OF 1 LITRE PER MIN ACTIVITY AT 10 MIN AFTER COLLECTION 


Time of collection of sample 
on *Millipore' (mm) 


8 4 5 10 
B-Disintegrations x 10° (a) 464 663 842 1,137 2,126 


t 


No'49:4 January 4, 1964 


The graphs in Fig 2 show the variations m radon con- 
centration with depth for dry sou, wet soil underlying 
dry soil and dry soi underlying wet sol Fig 3 shows a 
typical y-ray spectrum of the radon daughter products 
collected from soil gas The sample was collected from 
$01 of soil gas from a depth of 55cm The spectrum was 
taken after the sample was allowed to decay on the filter 
paper for 30mm The spectrum shows peaks at 0 24, 0 29, 
0 35 MeV, corresponding to Ra-B, and at 0 61, 0 77, 0 92, 
1 12, 1 39 and 1 76 MeV, corresponding to Ra-C 
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Fig 2 Depth profile of radon 1n normal soils 4, dry soilcovel , B, dry 
8011 on top with wet soil underneath , C, wet soil after rains 
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Fig 3 A typical y-ray spectrum of the radon daughter products 
sample collected from soil gas 


Discussion Although the method of measurement 
described here is indirect, 15 has several good features 
In the measurement of radon m the soil gas 15 1s necessary 
to eliminate the effects due to the contamination of the 
soul gas with thoron It can be shown that equal activity 
of radon and thoron m a sample of soil gas will give less 
than 0 1 per cent p-disintegrations due to Th-B when the 
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sample 1s collected and measured by the present method. 
This is mainly due to the fact that during the equilibrium 
time of 3 h thoron decays completely to Th-B and the 
B-activity of Th-B im the sample is negligible compared 
with the B-activity of Ra-B and Ra-C 

This method assumes, in addition to equilibrium between 
radon and its daughters from Ra-A to Ra-D, 100 per cent 
attachment of the daughters to the aerosols In spite 
of the fact that the volume of gas filled in the balloon 
is filtered through H-70 filter paper enough aerosols 
are present to give complete attachment of the daughter 
products The deposition of the daughter products on 
the surface of the balloon would not affect the measured 
concentrations significantly A small fraction of radon 
may be adsorbed on the surface of the balloon This 
effect 1s also considered to be msignificant 

The radon daughter products chain from Ra-A to Ra-D 
contains only two f-emitters which are significant, that 
is, Ra-B and Ra-C — Ra-C" Q-abundence is neghgible for 
the present purpose  Ra-D contribution 1s also neghgible 
because of its very long half-life and extremely low energy 
of its B-radiation The contribution to «-activity will be 
mainly from Ra-4 and Ra-C’ Ra-A half-life is only 
305 mm Therefore, if the «-activity 1s measured about 
05 h after the collection Ra-A contribution would be 
neghgible and only Ra-C’ will contribute to the a-activity 
In the foregomg case 16 can be assumed that there will be 
two B-dismtegrations corresponding to each «-disintegra- 
tion Therefore 6-dismtegration 1ate can also be deduced 
from «-activity measurements This method can thus be 
used for the measurement of very low concentrations of 
radon in the air by carrying out «-activity measurements of 
the sample The mmimum detectable activity with the 
present method 1s 50 pe /m? ar Concentrations as low 
as 10 pe /m? air‘can also be measured by thus method 
using larger sample volume, and measuring the a-activity 
on the ‘Millipore’ filter The method can thus be used 
for the estimation of radon in the free air The important 
feature of the present method 1s the accuracy of estimation 
of radon ın the presence of thoron 
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COBALAMIN AND THE SYNTHESIS OF METHIONINE BY ESCHERICHIA COLI 
By U&. M A FOSTER, Da. M J DILWORTH and Pror D. D WOODS, FR S 


Microbiology Unit, Department of Biochemistry, University of Oxford 


Co-factors and Accessory Enzymes 


r previous investigations of methionme synthesis m 
this laboratory, 1t was found! that a B,.-contammg 
enzyme purified from Hseherichia coh? catalyses the 
transfer to homocysteme of the methyl group of methyl- 


cobalamin, a synthetic derivative’ of vitamin B,, m 
which a methyl group replaces the 5’-deoxyadenosyl 
group of the dimethylbenzimidazolyleobamide coenzyme 
(DMBC) The same enzyme catalyses the transfer to 
homoeysteme of the methyl group of N5-methyltetra- 
hydropteroylmonoglutamate  (N*-methylH,PtG) Ths 
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Fig 1 Requirement for a reducing system and for ATP or S-adenosyl- 
methionine. Crude B,s-enzyme (8 8 mg) was incubated at 37° C under 
hydrogen m a reaction mixture (0 55 ml) containing potassium phos- 
hate (pH 75), 55 mmoles, [Me-MCldi-N*-methylH,PtG, 11 moles 
037 ue), Dr-homocysteme, 123 wmoles, 2-mercaptoethanol, 117 
umoles, and MgSO,, 25 umoles Additions were x, none, A, ATP 
(200 um moles), €, ATP (200 um moles) plus reducing system, [8] 
(NAD, 250 um moles, FAD, 75 um moles, ethanol, 54 umoles, alcohol 

dehydrogenase, 90 ug), O, SAM (1 um mole) plus [H] 


reaction requires NADH,, FAD, ATP and Mg?* as well as 
additional enzymes! Following the démonstration that 
S-adenosyl-n-methionme (SAM) acts catalytically m 
methionine synthesis in mammalian liver’, the possible 
roles of SAM and other co-factors m the H cols system 
have been investigated 

The enzymatic formation of [4C]n-methionine fiom 
[Me-4C]di-N*-mothylH.,PtG (ref 7) was followed by meas- 
urmg the radioactivity of the effluent after passing the 
reaction products through columns of *Dowex-1' (chloride 
form) to remove the folate  L-Methionme, identified by 
paper chromatography and microbiological assay, was the 
only radioactive product detected by autoradiography, 
the amount formed was calculated from the muitial specific 
activity of the methylfolate Assuming that only one 
isomer ıs active, the N*-methylH,PtG was converted 
quantitatively to L-methionme by crude preparations of 
the B,,-enzyme obtained from E cole stram 3/62 (a 
methionme auxotroph) after growth with vitamm B,, 
As reported by Woods®, considerably more methionine 
was formed than ATP supphed (Fig 1) However, SAM 
(isolated from yeast?) 1s an even more effective catalyst, 
one molecule of SAM leadmg to the formation of at least 
500 molecules of methionme A less-striking degree of 
catalysis by SAM (of the o1der of 10-fold) has been reported 


Table 1 CATALYSIS BY $-ADENOSYL-L-METHIONINE 
L-Methionine 
Addition synthesis 
Omission. (umoles) (um moles/mg 
protein/h) 
None None 303 
SAM None 9 
None Mg?* (2 5) 314 
SAM ATP (0 2) 19 
SAM ATP (0 2), Mg?* (2 5) 182 
None ATP (0 2), Mg?* (2 5) 295 
SAM S-Adenosyl-1-homocysteine (0 2) 8 
SAM Adenosine (1 0) 14 
SAM 5’-Methylthioadenosme (0 05) 12 
SAM S-Methyl-1-methionine (0 05) 10 
SAM Methylcobalamm (0 05) 6 
SAM 5'-Deoxvadenosyleobalamin 7 


(0 01 or 0 11) 


Crude B,2-enzyme (3 mg) was incubated in darkness with the reaction 
pew a d 1 (MgSO, omitted) plus the reducing svstem and SAM 
um mole 
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recently ın Æ col? systems by other workers! Further- 
more, the requirements for both ATP and Mg*+ were 
abolished by SAM (Table 1) These effects were given 
specifically by SAM and not by S-adenosyl-L-homocys- 
teme, adenosine, 5’-methylthioadenosine, S-methyl-r- 
methionme, methylcobalamm or DMBC (that 18, *5'- 
deoxyadenosyleobalamun'), all of which are structurally 
related to SAM and of possible relevance to methionine 
formation The apparent Km for SAM was 0 65 uM. 

The abihty of the crude preparations of B,,-enzyme to 
catalyse the synthesis of SAM. was measured by the rate of 
conversion of ATP and [Me-14C]r-methionme to [MC]SAM, 
which was isolated by column chromatography on 
*Dowex-50' (H+ form) The rate of SAM formation (Table 
4, line 1) was sufficient to explaim the role of ATP as that of 
generating SAM from traces of methionine formed by 
proteolysis or known to be present as & contaminant in the 
homocysteine used 

In tho absence of a reducmg system, [H], prolonged 
incubation led ultimately to the synthesis of methionine at 
an increasing rate (Fig 1), this was also the case when 
ATP was replaced by SAM, and suggests that the reducing 
agent 1s required only 1n catalytic amounts From Table 2, 
1t 19 clear that seven times as much methionine was formed 
as FADH, supphed This may well be a mimumal value 
since 1t was necessary to take extreme precautions to 
prevent autoxidation of minute amounts of FADH,, the 
presence of 0 0005 per cent of oxygen in the gas phase 
would have oxidized all the FADH, added 


Table 2 CATALYTIC EFFECT OF A BIOLOGICAL REDUCING SYSTEM 


Addition L-Methionine synthesized 
Omission (um moles) (um moles in 1 h) 
None None 489 
[H] FAD (75) 42 
FH] NADH, (75), FAD (15) 286 
{H] FADH, (15) 141 


The reaction was carried out as ın Table 1 [H] 18 the reducing system 
(NAD, FAD, ethanol and its dehydrogenase) specified for that Table 


After purification of tho B,,enzyme' from E colt 
stram PA15 (an auxotroph requiring serine or glycme), 16 
was found that additional protein fractions were required 
for the conversion of methylfolate to methionme!? These 
aro eluted as separate peaks by 75 mM phosphate (fraction 
CL 75) and 120 mM phosphate (fraction CL 120) during 
‘Celte chromatography of the B,,-enzyme preparation 
When ATP was used as a co-factor for methionine forma- 
tion with the purified B,,-enzyme, fraction CL 120 was 
necessary but fraction CL 75 was inactive (Table 3) The 


Table 3 FORMATION OF METHIONINE BY FRACTIONATED ENZYMES 


Additional L-Methionme synthesis 
Co-factor protein fraction (umoles/mg D;,-enzyme/h) 
ATP + MgSO, None 01 
ATP + MgSO, CL 75 01 
ATP + MgSO, CL 120 243 
SAM None 04 
SAM CL 75 22 6 
SAM CL 120 26 7 
SAM CL120 + CL 75 241 


The reaction mixture was as in Fig 1 with the reducing system, 200-fold 
purified B,.-enzyme (12 5 ug) and serum albumm (1 mg) Additions shown 
were ATP, 0 2 umole, plus MgSO,, 2 5 umole, SAM, 10 umoles, CL 
75, 500 ug and CL 120, 200 ug 


activities of these fractions in this sense are reflected in 
ther relative abilities to catalyse the synthesis of SAM 
In Table 4 the latter activity (SAM synthase) 1s compared 
with their content of B,,-enzyme as measured by tho rate 
of conversion of N5-methylH,PtG and homocysteme to 
methionine when an excess of the additional enzymes 1s 
provided by an extract of stram PA15 Although the 
purified B,,-enzyme itself contains some SAM synthase, 
the ratio of B,,-enzyme to SAM. synthase was mereased 
about 60-fold by fractionation (Table 4, last column) 
The amount of SAM produced by the purified B,,-enzyme 
fraction 1s insufficient for methionme synthesis (Table 3), 
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Table 4 FRACTIONATION OF Bas ENZYME AND S-ADENOSYL-L-METHIONIXE 


YNTHASE 
B,enzyme SAM synthase Ratio of 
(um moles/mg (4m mole/mg By,2-enzyme to 
Fraction protem/min) protemjmm) SAM synthase 
Crude B,,-enzyme 51 0 640 8 
(from strain 3/02) 
Crude B,,-enzvme 238 0 130 18 
(from strain. P415) 
CE 75 00 Q 004 Q 
CL 120 40 0 490 8 
Purified B,,-enzyme 435 0 390 1,100 


and xb 18 clear that the additional SAM required 1s formed 
by fraction CL 120 

However, when SAM was added with the purified Bys- 
enzyme, there was still a requirement for a protem frac- 
tion, m this case satisfied by either one of fractions CL 75 
or CL 120 (Table 3) Both these fractions, m contrast 
with the B,,-enzyme, had NADH,-FAD reductase activity, 
as judged visually by the decolorization of FAD on meuba- 
tion with the NADH,-generatmg system When B,,- 
enzyme 1s supplemented with SAM and preformed 
FADH, (produced chemically by hydrogenation of FAD 
with platine oxide), there was no longer any requirement 
for either fraction CL 75 or CL 120 (Table 5), indeed, 
platmic oxide and hydrogen partially substituted for 
FADH, Thus, m the presence of SAM, the function of 
these fractions 1s to generate FADH,, that 15, methionine 
formation from N*-methylH,PtG 1s catalysed by what 1s 
probably a single B,,-contaming protein. when. the correct 
co-factors are supplied 


Table 5, METHIONINE FORMATION BY PURIFIED B,:-ENZYME 
L-Methionme synthesis 


Additions (umoles/mg B,,-enzymejh) 
FAD 02 
Platinic oxide 19 6 
FAD + platinic oude 341 
FAD + [H] + CL 75 247 
FAD + [A] + CL 75 + platine oxide 29 2 


Purified B,,-enzyme (6 ug) was incubated 100 min at 37° € under hydrogen 
with serum albumin (500 ug) 1n the reaction mixture of Fig 1 plus SAM 
(10 um moles) Additions were FAD, 0 075 umole, platinic oxide, 1 mg, 
[H], the redueing system given m Fig 1, CL 75 (500 ug). 


The chemical preparation of methylcobalamm and the 
closely related cobamide coenzymes? as well as the bio- 
synthesis of the coenzymes!*:!* requires prior reduction of 
the vitamim before linkage of a methyl or 5’-deoxyadenosyl 
group to the cobalt atom Moreover, & reducing system 
was found to be no longer necessary for methionine forma- 
tion from N®-methylH,PtG and homocysteme when the 
B,,-enzyme was formed anaerobically «n vitro from methyl- 
cobalamm and an extract of Z cols contammg the protem 
component of the B,.-enzyme This suggests that the 
cobalamin ım the biological system requires reduction 
before 16 can take part m methyl transfer, and that a 
reducing agent should be required im only catalytic 
amounts In fact, FADH, 1s requred m just such 
quantities 

It 1s concluded that the cobalamin of the B,,-enzyme 
must be reduced by FADH, before the enzyme can 
catalyse the transfer of methyl groups from N*-methyl- 
H,PtG to homocysteme in the presence of SAM 


Role of Methylcobalamin and S-Adenosylmethionine 


Previous considerations!!® of the mechanism of action 
of the B,,-enzyme of methionine synthesis suggested that 
methyleobalamin is a transient form of the prosthetic 
group of the enzyme When support for this hypothesis 
was sought m isotope exchange reactions, only a small 
exchange of methyl groups between methylcobalamm and 
N3-methylH,PtG was detected, technical difficulties 
prevented a complete study of the reaction m the more 
relevant reverse direction, but a large exchange certamly 
did not occur? 

Tt has been found that methyleobalamm decreases the 
specific activity of [C]L-methioune formed from 
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[Me-4C]N3-methylH,PtG and homocysteme by cude 
preparations of the B,,-enzyme (Table 6) The extent of 
the observed dilution shows that the methyl group of 
methylcobalamun is readily exchangeable with the sub- 
st1ate-methyl during its transfer to homocysteme, this 18 
strong support for the conception that methyleobalamm 
1s an intermediate m the biological system 


Table 6 — IDi;UTION BY METHYLCOBALAMIN OF [“C]METAHYL TRANSFER 


FROM [Me-!*C] A *-METHYLFOLATE 


Methyleobalamsn Totalineorporation -Methronine Specific aetivits 


added (umoles) {countsjmm) formed (um moles) (counts/mm/ 
um mole) 
Nil 20,000 131 156 
0 65 12,300 110 112 
1 65 9,300 189 49 


Crude B,,-enzyme (1 mg protein in 0 55 ml ) was incubated 30 mm with 
[Me-:C]di-N*-methylt,PtG (0 38 umole, 63,000 counts/mm), DL-homo- 
eysteine (12 8 umoles), SAM (10 um moles), 2-mercaptoethanol (11 7 pmoles) 
and the reducing system given for Fig 1 — L-Methion:ne was determined 
muerobiologically (ref 1) 


In the precedmg section, 1t was shown that there is an 
absolute requirement for S-adenosylmethionine in the 
transfer of methyl groups from folate to homocysteme by 
the B,-enzyme It was then found that SAM has no 
effect on the transfer of methyl groups from methyl- 
cobalamin itself to homocysteine by the same enzyme 
preparation, this mples that SAM must act prior to the 
formation of methyleobalamm Three possible explana- 
tions for the catalytic role of SAM are — (2) 16 18 a regenera- 
ted metebolite acting ın a cycleal system; (b) 16 acts as a 
‘sparker’ producing a compound which then acts eychi- 
cally, (c) 1615 a metabolically mert ‘effector’, for example, 
an essential component of the active mte of the D;.- 
enzyme In case,(b), transfer from SAM of the methyl or 
adenosyl group 1s an obvious possibility and would lead 
to the formation from cobalamin of either methyleobala- 
mun or 5'-deoxyadenosyleobalamm These compounds, 
however, did not substitute for SAM m methionine 
formation from methylfolate (Table 1) 

Suggestive evidence that SAM participates as a meta- 
bolite m the overall reaction was provided by our earlier 
observation that methyleobalamun is formed enzymatically 
from SAM and hydroxocobalamun* A quantitative study 
of this reaction has now been made, usmg unpurified 
preparations of the B,,-enzyme After descending papet 
chromatography of meubated mixtures with sec-butanol/ 
acetic acid/water (100 3 50), vitamin B,» compounds 
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Fig 2 Enzymatic synthesis of methvleobalamm Chromatography of 
(a) reference compounds, (b) materials present after meubatmg crude 
Ba-enzyme (3 mg protein im 0 55 ml ) for 100 min with hydroxocobalamin 
(50 ug), SAM (150 um moles) and the reducing system given for Fig 1 
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were located and estimated as cyanocobalamin by bio- 
assay?, a typical result 1s shown m Fig 2 Methyl- 
cobalamm (Rr = 0 31) 1s clearly separated from hydroxo- 
cobalamin (Rr = 0 07) and cyanocobalamm (Rr = 0 19) 
Chromatography of larger amounts of synthetic [Me-1*C]- 
methyleobalamm (kindly prepared from MOH,Iby Dr E 
Lester Smith, of Glaxo Research, Ltd) revealed three 
radioactive and muicrobiologically active components 
running closely together This behaviour 1s seen also 
with the material formed enzymatically (Fig 2), and the 
possible occurrence of isomers of methylcobalamin 1s bemg 
investigated The identity of the enzymatic product ‘with 
methylcobalamm was also confirmed by paper chroma- 
tography with colidme/lutidme/water (1 1 2) as 
descending solvént, followed by bioautography", in this 
solvent, smgle spots were obtamed for methylcobalamun 
(Rr = 0 46), cyanocobalamin (Rr = 031) and hydroxo- 
cobalamin (Rr = 0 18) 

The enzymatic formation of methyleobalamin was 
dependent both on a reducing system and SAM (Table 7), 
showing that the methyl group of SAM 1s transferred to 
cobalamin Thus both SAM and methylcobalamun are 
clearly mdicated as intermediates m methionme synthesis 


Table 7 REQUIREMENTS FOR METHYLCOBALAMIN BIOSYNTHESIS 


Omission Methylcobalamin 
(uumoles) 
None 171 
S§-Adenosylmethionine 0 
Hydroxocobalamin 0 
By, e-enzyme 3 
Reducing system 18 


The reaction was carried as for Fig 2 


Attempts to isolate the prosthetic group of the extracted 
B,,-enzyme yield mainly hydroxocobalamun! The require- 
ment described ın the first section for catalytic amounts 
of FADH, m the methylation of homocysteme was 
interpreted as beng for the iutial reduction of the 
cobalamm Since the reaction mixtures used contain 
sulphydryl compounds, which can convert hydroxo- 
cobalarain to one reduced form (vitamm Bypr), the product 
of FADH, action 1s presumably the more highly reduced. 
form required for the chemical synthesis of substituted 
cobalamins®. This can be denoted provisionally by By, 
that 1s, a form reduced by two electrons below the level 
of hydroxocobalamin 

The mechanism of the B,,-enzyme can now be formu- 
lated as shown m Fig 3, where SAM and methyleobalamun 
act m sequence transferrmg the methyl group from 
N*5-methylH,PtG to homocysteme The isolated enzyme 
1s reduced by FADH, (reaction I) and combines with 
SAM (reaction II), methyleobalamin can then be formed 
directly on the enzyme (reaction III). The S-adenosyl-L- 
homoeysteme (SAH) thus produced on the enzyme 18 
methylated by N5-methylH,PtG (reaction IV) so that 
when the methyl group of the cobalamm 18 transferred to 
homocysteme (reaction V), SAM 1s 1mmedaately available 
to re-methylate the unstable B,, by reaction IIT 
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SAM-enz - B,FCH, 


H,PtG Homocysteine 
x X 
NS MethylH,PtG Methionine 
n 
SAH- enz- B; CH, 4—— SAM- enz- Bj 


i 
SAM 


FADH, 
enz-B,OH —— — enz-B, + OH^ 


Fig 3 Proposed mechanism of action of the B,,-enzyme 


One difficulty at present unresolved 1s the mabihty of 
SAH to meet the requirement for SAM However, 1b 18 
possible that SAH remains bound tightly to the enzyme, 
SAH m a free form would be rapidly destroyed by the 
specific nucleosidase present m E coli! and known to be 
present i» the extracts used here Furthermore, neither 
the formation of SAM from SAH plus methylfolate, 
nor the net transfer of the methyl group of SAM to 
homocysteme, could be demonstrated In the scheme 
proposed, neither of these processes can occur to an extent 
greater than the molar concentration of enzyme present 
Again, the low Kn found for SAM, together with the 
inability to demonstrate an isotopic dilution by SAM m 
experiments similar to that of Table 6, show that 
S-adenosyl compounds are firmly bound to protem 
Further tests of the proposed mechanism are bemg made 
with the purified B,,-enzyme 
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PARAMETERS OF (ESTROGEN-STIMULATED PROTEIN SYNTHESIS 
By Dr. O. A. SCHJEIDE and MYRNA WILKENS 


Laboratory of Nuclear Medicine and Radiation Biology of the Department of Biophysics and 
Nuclear Medicine, and Department of Radiology, School of Medicine, 
University of California, Los Angeles 


Way eee the liver of the fowl can be stimulated 
by cestrogens to produce at least two plasma protems 
that are not ordmariy present ın the circulation (plasma 
phosvitin and plasma Iipovitellin) and to mcrease markedly 
the concentration of normally oceurrng hght—or ß- 


hpoproteins', the mechanisms by which these syntheses 
are mutated, mamtamed or accelerated are yet to be 
elucidated (In earlier publications the authors have 
referred to plasma phosvitin as plasma (or serum) X, and 
to plasma hpovitellin as plasma (or serum) X) 
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Table 1 RNA IN Livers OF NORMAL AND (ESTROGENIZED EMBRYOS AND 
CHICKS 
RNA 
No of Post-ceat mg/100 mg 
animals Age th) delipidized hver Tange 
12 18 days 1neub 12 92 91-94 
ay js None 81 B 6-94 
s 18 days incub 72 81 79-84 
a 3s None 78 73-73 
6 1-day-old chick 12 77 
Si D None 77 
» 5-day-old chick 12 73 
4 35 None 73 
$ 1-day-old chick 24 78 
i 35 None 78 
i 5-day-old chick 24 82 
35 í None 77 
24 3-day-old chick 72 83 79-87 
None 78 71-75 


AW analyses performed m duphcate 


However, it has been observed in the adult bird that 
mjections of pharmacodynamic doses of cestrogens are 
followed not only by detectable mcreases of total RNA 
in the liver but also that the carrier RNA 1s synthesized 
non-umformly, more molecules becoming available for the 
transport of serme and phosphoserme* Since the proteins 
phosvitm and hpovitelhn contam extraordmanly high 
proportions of these amino-acids’, this findmg has led to 
the notion that the increased total RNA 1s, at least m part, 
associated with newly mduced mechanisms for the pro- 
duction of these proteins. Hence, cestrogens are thought to 
act (directly or indirectly) on genetic controls causing 
them to mutiate specific systems for the synthesis of at 
least one of the new plasma components Such findmgs 
do not, however, exelude the possibility that mechanisms 
for certam of the protem syntheses (that 1s, the Q-hpo- 
protein system) have already been largely estabhshed 
prior to the administration of cestrogens and that these 
only require triggering or modification by cestrogens to 
set the biosynthesis m motion 

Investigations were therefore undertaken to determine 
the chronological appearance of the protems and associated 
lipids m the liver and plasma followmg cestrogen treatment 
(50,000 ru Estrogen Substances, Ayerst Co) and to 
compare ther appearances ın each case with concentra- 
tions of total RNA in the liver Chicks and embryos 
were utihzed because ther livers appear to respond 
more slowly than those of adult birds to cestrogens 
Moreover, an earher study’ had shown that the liver of 
the embryo is incapable of synthesizing either plasma 
phosvitmn or plasma hpovitellin although the serum con- 
centration of Q-lioprotemn ıs markedly elevated by 
cestrogen treatment (The meapacity of the liver of the 
chicken embryo to produce plasma phosvitm or plasma 
lipovitellin does not appear to be solely a function of 
rapid cell growth and division, because the rapidly growing 
livers of 2-week-old chicks respond vigorously m this 
regard to cestrogen treatment) 

When the levels of total RNA m the livers of cestro- 
gemzed and control embryos were compared (Table 1), 1t 
was found that concentrations of RNA remamed quite 
similar to those of controls in the 13-day group but were 
significantly elevated in cestrogenized 18-day-old em- 
bryos Since an mereased production of B-hpoprotem 1s 
observed following oestrogen treatment m 13-day-old 
embryos, 16 follows that elicitation of an mereased weight 
of B-lrpoprotem does not always require the elaboration 
of additional protem synthesizing mechanisms Moreover, 
examination of ultracentrifuge patterns of embryo’s 
serums, as well as of serums from chicks and adult 
animals, reveals that the chief nature of the change mn 
the lhpoprotems 1s an increase ın the proportions of their 
lipid moieties*® 

It can therefore be concluded that one effect of cestrogen 
treatment 1s to mduce the liver to place more lipid mto 
the plasma (the shght mcrease in polypeptide accompany- 
mg this phenomenon 1s probably a secondary effect) The 
additional hpid is largely triglyceridet and m both chicks 
and adult chickens the predommant fatty acid m the 
8-lypoprotem 1s oleic acid (Table 2) However, stimulation 
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of oleic acid synthesis by cestrogens also appears to be : 
secondary effect, because the proportion of oleic aed n 
the lhpoprotem 18 first reduced with prolonged treatmen 
and 18 then restored to normal levels 

Somewhat surprising, in view of the foregomg findings x 
13-day-old embryos, was the observation that RNA wa: 
elevated m 18-day-old embryos despite the fact that only 
production of 8-hpoprotem was stimulated by cestroger 
treatment It 1s not likely that the increased RNA bear: 
any relationship to cell growth or division because the 
livers of cestrogenized embryos of this age group are 
consistently smaller than those of non-cestrogenizec 
anmals* A more consistent hypothesis appears to be 
that the genetic controls of the hver cells are altered by 
the cestrogen treatment but that as yet unknown factors 
intervene to suppress production of the unique protems 
It 1s also possible that, above a certam level, production 
of mereased weights of total B-lhpoprotem require addı- 
tional elaboration of synthetic mechanisms 

Although the work described here has established that 
cestrogens act to elicit plasma light lipoprotems contammg 
large amounts of triglyceride and that moderate increases 
1n the production of these complexes appear to be largely 
independent of the presence of additional amounts of 
hver RNA, chronological aspects of the synthesis of the 
new lipid in the hver of the chick and its appearance in 
the plasma remamed to be determimed Since the moerease 
m the lipid morety of the B-lıpoprotem 18 accompanied by 
& considerable—though not strictly proportional—imcrease 
in phospholipid, and since at least one of the new protems 
synthesized in response to cestrogen 18 & phosphoprotem 
(plasma phosvitm), radiophosphorus (NaH??PO,) was 
chosen to serve as a tracer for revealing locations and 
relative rates of turnover of these substances at various 
intervals followmg cestrogen treatment Supplementing 
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Fig 1 Curves showing rates of uptake of radiophosphorus (NAH?!PO,) 
by hpids and protems in hvers of cestrogenized and control chicks at 
various intervals post-treatment The phosphorus-32 was injected 
intreperitoneally 4h prior to sacrifice Counts were made on a Nuclear 
Chicago low background counter model No 3087 Hach pomt on the 
graph represents the mean value of results obtained from 2 experimenta 
in which 6 animals were pooled for each determination Ranges are 
indicaíed by the vertical nes A third experiment gave simular results 
but consisted of fewer animals and fewer intervals 
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6 12 18 24 36 48 
Post-cestrogen (h) 
Fig 2 Curves showing rates of uptake of radiophosphorus (Na HPO.) 
by bpids and protems 1n serums of cestrogenized and control chicks at 


‘various intervals post-treatment These results are from the same 
chicks providing the data for Fig 2 
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Table 2 FATTY ACID DISTRIBUTION IN f-LIPOPROTEINS FROM SERUMS OF (ESTROGENIZED AND CONTROL CHICKENS 


44 
Post-cest 
Age (h) Palmitic Palmitoleic 

5-day-old chick Series 1* 0 231 19 
» 16 178 12 

Ss 24 215 10 

35 Series 2 0 268 66 

ik 36 271 54 

^ 48 312 78 
4-day-old chick Series 3 72 316 21 
» 72 318 22 

Adult rooster Series 4 24 287 59 
i 24 24 4 35 

i 48 271 86 

48 201 28 


» 


Fatty acids (96) 
Oleic 


Stearic Linoleic Arachidonic Others 
130 358 184 55 23 
126 369 20 3 74 88 
126 305 184 70 90 
106 410 112 40 18 
98 372 134 50 21 
80 367 101 38 22 
60 454 119 30 0 
48 457 127 24 04 
108 402 100 34 10 
129 432 102 46 12 
132 896 110 33 22 
130 403 95 37 16 


All analyses performed on Research Specialties Co gas ehromatogragh, model 60-14 with a 6-ft long column of 5 per cent di-ethylene glycerol succinate 


B-Lipoproteins isolated by differential ultracentrifugation 


* The sertes are listed separately because the chicks were from different 1neubations and kence display differing original fatty acid patterns (probably due 


to diet) 


Comparison of proportions of oleic acid within a single series reveals that although the f-lipoproteins inherently contain à high proportion of this 


fatty acid, the oleic acid synthesizing mechanism cannot quite keep pace with the demand for more f-lipoproter as brought about by the persisting presence 


of large amounts of cestrogenic substances 


this approach were analyses of deviations in ultracentrifuge 
patterns and total calerum values of the livers and serums 
(Table 3) (nearly all the serum calcium above 13 mg 
per cent 1s associated with serum phosvitin) 

Radiophosphorus meorporation into the lipid of the 
liver ım the cestrogenized bird was found to be msignifi- 
cantly different from that of controls until about 24 h 
post-injection (Fig 1) However, serum values of the 
isotope were elevated as early as 12 h post-mjection 
(Fig 2) This result indicates that the lipid intended for 
association with Q-hpoprotem is ejected from the liver 
almost as soon as 16 18 formed Supporting this conclusion 
are the observations that ultracentrifuge patterns of the 
supernatant of homogenized liver cells from cestrogenized 
animals failed to reveal the presence of significant amounts 
of B-hpoprotems at any time after oestrogen treatment, 
but increased amounts of 8-hpoprotem m the serum could 
be detected ultracentrifugally by 12 h post-mjection 
(Fig 3) 

Although the radiophosphorus appearing in the de- 
lipidized and washed, dry matter of the liver must be 
considered as bemg distributed in unknown ratio be- 
tween protem and nucleic acid, 16 may be significant that 
there was no detectable elevation m specific activity of 
these materials m. the cestrogenized hver throughout the 
period of observation (Fig 1) This suggests that, as in 
the case of the B-hpoprotem, the phosphoprotems syn- 
thesized by the liver were quickly secreted mto the plasma 
In Fig 2 it 1s shown that a significant merease m the 
radiophosphorus of delipidized protem (the phosphorus-32 
would be associated chiefly with plasma phosvitin) from 
the serums of cestrogemzed birds was present at 24 h but 
not at 12 h Serum calcium values were also elevated 
by 24-36 h post-mjection (Table 3) No plasma hpo- 
vitellm could be detected by ultracentrifugation until 
36 h following treatment (However, 16 ıs pomted out 
that protems constitutmg less than 5 per cent of the total 
are not well resolved m the ultracentrifuge ) 

Closely correlated in time with the secretion into the 
plasma of at least plasma phosvitin was an increase of 
total RNA in the hvers of cestrogenized chicks (Table 1) 
RNA was not detectably increased in the liver 12 h after 
injection (when B-lpoprotem was already detectable in 
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Fig 3  Ultracentrifuge patterns demonstrating appearance of light 
(or f) lipoproteins 1n serum as early as 12 h post-cestrogen treatment 
Pirection of sedimentation is to right Arrow indicates direction in 
which lipoproteins are floating Note that the negative deflection 1s 
skewed in the direction of flotation at 48 h (as compared with the pattern 
at 12 h) mdicating the presence of a larger proportion of molecules of 
lower density This becomes more Apparent as centrifugation 1s 
continue: 


Table 3 TOTAL CALCIUM IN SERUMS OF (ESTROGENIZED AND CONTROL 
5-DAY-OLD CHICKS 


No of animals Post-cestrogen Total calcium Range 
(h) mg %) (mg 96) 
42 0 133 112-158 
6 12 134 
6 24 152 
6 36 22 4 
6 48 200 
6 72 23 0 


All analyses performed in dupheate Liver calcium (1n 50 mg dry material) 
was below detectable values for the method 


the serum), but was elevated by about 7 per cent m 24h 
These correlations suggest that nerther phosvitm nor 
hpovitelhn is synthesized from pre-existing systems but 
that the cestrogens somehow induce the genetic centre to 
elaborate new or at least additional mechanisms for pro- 
duction of the special protems On the other hand, 
cestrogen-increased elaboration of B-lpoprotems appears 
to be carned out largely withm the confines of already 
existing synthetic systems 

It cannot be stated unequivocally that all or most of 
the elevated RNA first observed at 24 h post-cestrogen 
treatment 18 1n fact related to the plasma protem synthetic 
mechanism Cell growth and divisions m the hvers of 
chicks are stamulated by the presence of cestrogens, and 
while this growth 1s not detectable before about 48-72 h 
post-treatment, 1b 18 conceivable that mcreases m RNA 
could precede morphological events However, the 
observed increase of RNA ın the cestrogemized 18-day-old 
embryo, in which case cell division was actually decreased, 
1s 1n opposition to this point of view In addition, Green- 
gard et al? have recently demonstrated that actinomycin, 
an mhibitor of RNA synthesis, mterferes with phosvitm 
production if it 1s admunistered simultaneously with 
cestrogenic hormones 

Further, whether or not it 1s assumed that the RNA 
detected at 24 h post-mjection is related to the special 
protem synthesizmg mechanisms, the fact still rem ms 
that even following huge doses the new proteins are 8 ow 
m making ther appearances This pattern 1s consistent 
with the notion that a struggle for control begms in the 
liver as soon as the oestrogens are distributed throughout 
the cells In order to produce the new protems, consider- 
able alteration must take place within the liver, which m 
part may be converted to an entirely different organ? 
It can be predicted that the mertia exists m the form 
of cells already differentiated for specific purposes, and 
powerful forces in the form of counter-stimuh in the 
direction of fulfillmg these purposes Elaboration of new 
RNA svstems may well be required to overcome these 

This work was supported by contract AT (04-1) GEN-12 
between the US Atomic Energy Commission and the 
University of Cahfornia 
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Fig. 3. (a) Longitudinal section through semitendinosus muscle fibre 


fixed during isotonic shortening. Contraction-band pattern has devel- 
oped at 4-/-band boundary. No contraction band is at the Z-line. 
(x c. 60,000.) (b) Longitudinal section through semitendinosus muscle 
fibre fixed in relaxed condition, Contraction in connexion with im- 
mersion in the fixative was prevented by means of curare and high 
potassium concentration in the medium, An H-band is clearly visible 
and the zone of overlap (ZO) of A-band and J-band filaments is broad, 
The Z-band width is close to that of the sarcomere pictured in Fig. 3 (a), 
but in that picture the shortening has occurred without the development 
of any broad zone of filament overlap but a much narrower zone showing 
the characteristic structure of a contraction band, (x e. 37,000) 


mental conditions, it appeared possible that those two 
patterns represented two different stages during the con- 
traction-relaxation cycle. In order to test this idea it 
appeared to be of crucial importance to catch the earliest 
possible stages in the contraction cycle and particularly 
to make observations pertaining to how the contraction 
bands develop. 

The experiments were therefore performed in such a 
way that the stimulation of the muscle tissue was timed 
to coincide with the immersion in formaldehyde. In these 
experiments contraction bands could be observed to 
develop at the /—4-band boundary with a decrease in 
I-band width but no change in the filament pattern around 
the Z-line (Figs. 2 and 3). These observations obviously 
disagree with the explanation for the development of the 
contraction bands given by the sliding model. All stages 
in the development of contraction bands could be observed 
from a localized dense zone at the 4—7-band boundary to 
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a complete contraetion band around the Z-line (Fig. 3). 
No interdigitation of A- and J-band filaments could be 
seen in these muscle fibres. 

The A-band width as measured by the length of the 
zone containing thick filaments was about ly as opposed 
to about 1-5y. in the relaxed muscle fibres. When including 
in the measurements of the A-band width the dense zone 
at the A—I-band boundary which represented a structural 
organization, identical to that of a fully developed con- 
traction band, this width amounted to about 1-34. The 
width of the dense zone at the A—J-band boundary was 
not related in a reciprocal way to the /-band width as 
required by the sliding model. Consequently the width 
of the H-band showed no such relation to -band short- 
ening as to conform with the sliding model. 

Similar experiments were performed on glycerinated 
rabbit psoas muscle by introducing isotonie contraction 
by means of adenosine triphosphate stimulation*. In this 
case the glycerination has abolished the ability of the 
muscle fibres to relax spontaneously. It therefore should 
be possible to study structural changes associated with 
contraction with little risk of interference by relaxation 
patterns. 

In these preliminary experiments contraction bands 
localized to the A—IJ-band boundary were observed to be 
associated with shortened sarcomeres (Fig. 4). Pi 

Experiments have been performed in collaboration with 
E. Andersson-Cedergren? with freeze-drying of muscle 
fibres which had been stimulated to isotonie contraction 
prior to freezing in liquid nitrogen chilled close to its 
freezing point. Preliminary results have shown localized 
contraction bands at the A-J-band-level without full 
collapse of the I-band. 


CB 





Fig. 4. Isotonically shortened glycerinated rabbit psoas muscle. 

Shortening of muscle is induced by means of stimulation with ATP. 

There is a contraction-band seg dopo at the A—J-band boundary. 
x e. 40, 
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These results have been interpreted tentatively to 
support the following working hypothesis describing struc- 
l changes in connexion with isotonic shortening of 
skeletal muscle fibres. Contraction bands develop through 
change in the arrangement of A- and I-band filaments 
at the A-I-band boundary. The A-band filaments pre- 
sumably dissociate into thinner branches which form a 
very dense network by interaction with the -band fila- 
. ments. Extensive cross-linking eventually involving the 
whole T-band causes this band to collapse. Relaxation is 
_ associated with a breaking of the cross-links and a restora- 
on of I-band filaments between the A-band filaments. 
interdigitation pattern develops this way and various 
ees of interdigitation follow as a consequence of how 
the sarcomeres are stretched. 
he two sets of filaments representing the myosin and 
ctin components would then represent a structural 
ple allowing a separation of these two components 
the resting muscle. The thick myosin-containing fila- 
nents could be considered to represent a structural con- 
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T was recently demonstrated’ that under certain 
, conditions preparations from rat liver mitochondria 
re eapable.of incorporating inorganic phosphorus in the 
rm of bound phosphohistidine. The hypothesis was 
further advanced that the bound phosphohistidine may 
be an intermediate in oxidative phosphorylation®.*. This 
suggested the possibility that certain imidazoles and 
indoles (seo following) might aet as competitive inhibitors 
(uncouplers) of oxidative phosphorylation. Such con- 
derations prompted an investigation of the effect of 
istamine and serotonin on oxidative phosphorylation. 
n the investigations reported here, guinea pig liver 
preparations were used throughout, but similar results 
ero later obtained with rat liver preparations. 
tochondria -were prepared according to Schneider 
Hogeboom’. The sucrose used was purified by 
assing through a mixed bed resin in a column 2-5 x 
‘Oem (ref. 6). Potassium ethylenediamine tetraacetate 
JTA), pH 7-4, was added to the purified sucrose solution 
l concentrations of 1 mM, in order to remove any 
sting metal impurities. Mitochondria were kept 
old and were used as soon as possible (and not later 
30 min) after their preparation. Metabolic investiga- 
ions were carried out in a Warburg apparatus, in à manner 
imilar to Lehninger ef al", as described in Table 1. 
*hosphate esterification was determined from the differ- 
ico in inorganic phosphate contents? of an experimental 
flask and ite zero-time control (sample acidified immedi- 
tely after starting the reaction and immersed in ice). 
he state of swelling of mitochondrial preparations was 
mined by following the transmittance of light (520 mu) 
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hrough suitably prepared samples*. For electron micro- 


47 


figuration which blocks the active sites of the myosin 
molecules from interaction with the actin. A splitting up 
of the myosin filaments would unmask these active sites 
and make possible the formation of an actomyositi 
complex. 

The idea of A. Szent-Gyórgyi* of musele contraction 
being due to such an interaction with supercontraction 
of the acto-myosin appears to conform with the obser- 
vations reported here. The precisely arranged A-band 
filaments might act as a mould which secures a reconstitu- 
tion of the filament pattern characteristic for the relaxed 
muse¢le after contraction. The association of the actin 
with the Z-line structure would furthermore. contribute 
to this reconstitution of an orderly pattern... ; 

This work was supported by a U.S. Public Health 
Service grant 4 M-04460. 
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5 Sjöstrand, F, S., and Andersson-Cedergren, E. (unpublished results), 
* Szent-Györgyi, A., Acta Physiol. Stand., 9, Suppl, 26, 115 (1945). 


_ EFFECT OF INDOLES AND IMIDAZOLES, INCLUDING SEROTONIN _ 
.. AND HISTAMINE, ON THE MORPHOLOGY AND OXIDATIVE — 
m PHOSPHORYLATION OF GUINEA PIG LIVER "em 
MITOCHONDRIA 


By Pror. S. G. A. ALIVISATOS, FRIEDA UNGAR and Da, O. CALLAGHAN " 
Division of Enzymology and Department of Biochemistry, Chicago Medical School 


AND 


BIAVA 


Department of Pathology, Mount Sinai Hospital, Chicago 


scopy, mitochondria were fixed in 1 per cent osmium 
tetroxide, dehydrated and embedded in ‘Epon 812". .. 

As shown in Table 1, serotonin at 10 mM concentrations 
abolished phosphorylation completely, and this was true 
when either §-hydroxybutyrate (sample No. 8) or 1-glutam- 
ate (sample No. 19) was used as substrate. Histamine 
was also capable of suppressing phosphorylation, but at 
higher concentrations than serotonin. Its effect was more 
pronounced when Qg-hydroxybutyrate served as the sub- 
strate (sample No. 4, Table 1). A similar effect, and at 
the same range of concentrations as with histamine, was 
produced by imidazole (sample No. 7, Table 1); Inter- 
ference of the latter substance with phosphorylation was 
reported a few years ago, but no experimental details 
were given’, Oxidative deamination of histamine or 
serotonin?! did not contribute appreeiably.to the uptake 
of oxygen by our preparations, as indicated from results 
in Table 1. Thus, the uptake of oxygen in the absence or 
presence of histamine (sample Nos. 1, 3, 10 and 13) or 
in the presence of imidazole (sample Nos. 6 and 16) or.of 
imidazole-acetic acid (sample Nos. 7 and 17) was practically 
the same (the latter substance would bo the end-produet 
of deamination of histamine). The same was true for 
serotonin, as compared with controls and with indole- 
acetic acid (sample Nos. 10, 18 and 19). 

Occasionally, we observed an elevation of consumption 
of oxygen in the presence of serotonin, when f-hydroxy- 
butyrate was used as substrate (sample No. 8, Table 1). 
However, suppression of phosphorylation when serotonin 
was present progressed. virtually to completion, and 
low P :O-ratios could not be accounted. for by mere 
‘Increase in uptake of oxygen. No appreciable differences 
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Table 1. UNCOUPLING OF OXIDATIVE PHOSPHORYLATION BY CERTAIN 
: IMIDAZOLES AND INDOLES 


0 P- 
uptake uptake P:O 


Substrate Inhibitor 
NM (M) (yatoms) (patoms) 
1 - 

"nm — 401 99 2-46 
2 i, — 3-57 99 2:77 
3 es — $54 10-2 2-73 
4 + 0-050 Histamine 440 15 0-84 
5 " 0-050 Histidine 420 71 1:69 
6 a 0:050 Imidazole 498 21 0:40 
7 » 0-050 Imidazole-acetic acid 400 97 2-42 
8 v 0:010 Serotonin 811 14 0°17 
9 L-glutamate e 11:00 2432 2-20 
10 ia — 10:00 2444 2-30 
11 » — 13:900 27:9 2-08 
12 i 0-100 Histamine 9-55 10:9 134 
13 $5 0-050 e 10:40 15:0 1:44 
14 4 0-025 " 10:70 197 1:84 
15 5 0-050 Histidine 13:50 25:6 1-89 
16 T 0-025 Imidazole 10:70 197 1:84 
17 "| 0:050 Imidazole-acetle acid 12°55 — 24:3 1:89 
18 ^" 0:010 Indolyl-3-acetic acid 6:90 109 1:58 
19 ^" 0-010 Serotonin 1010 -17  -017 
?0 A 0:005 ee 10-50 — 8:8 0-84 
21 4 0-010 Tryptamine 9-00 8:9 0-99 
22 is 0:010 5-OH-Tryptophan 13:40 20:1 1:904 


Incubations in Warb flasks equipped with two side-arms, under air. 
The centre-well contai 0:2 ml. of 1 N potassium be peas and was 
vided with fluted filter pue. One side-arm contained 2 mg hexokinase 
Type IV, Sene Chemical Co.) and 75 les of glucose in 0-2 ml. of water. 
other side-arm contained 0:15 ml. of 50 per cent trichloroacetic acid. 
RUM erastata to 1 ¢ of hah iive Ia0 25 M iron dnd 

ng 0 ver) in0- sucrose an 
1 mM dipotassium es cemere ra tetraacetate, 1H 7-4, and other addi- 
tions, to a final incubation volume of 3:0 ml. and the following final 
coneentrat! ; ty hosphate, 2E ut ; 75 mM 


um sul 

.); 1 mM dipotassium adenosine triphos- 
ium adenosine ope ced (both from the 
Ic M Mp NE En e RR 

roxybutyrate or L-glutamate); a 

0:042 M to 0-083 M sucrose. The concentration of the latter varied, so as to 
e for other additions (histamine or serotonin) or omissions 
(con! . The final osmolarity was approximately 0:25 M. Thermo- 
equili ion at 38* for 7 min. The reaction was started by tipping 
pendent gee in the main compartment, and it was stopped by tipping 
richloroacetic acid in the main compartment, Incubation period 13 min. 
Similarly controls, acidified edintely after starting thereaction, 
the experimentals. 


liver 


Acco) 


of the transmittance of light at 520 my were observed 
among controls and samples treated with either serotonin 
or histamine at concentrations indicated in Table 1 (see 
also ref. 6). However, electron microscopy revealed 
important differences between samples isolated in the 
presence or absence of imidazoles (Fig. 1). Thus, in 
pellets of nt isolated from sucrose, tho matrix 
retained à normal finely grenular texture but appeared 
considerably densor than that of in situ o akandi 
(compare A and C, Fig. 1). In the former (Fig. 1, A) 
the membranes of the cristæ were widely separated and 
formed round or elongated clear spaces — ' 

intersecting the dense matrix. These 
features are similar to those usually 
observed in 0-44 M sucrose'*-"4, although 
a 0-25 M concentration was used in our 
investigations. In contrast, in pellets 
isolated from histamine (0-05 M) con- 
taining sucrose (final osmolarity 0-25) 
. (Fig. 1, B), the mitochondria exhibited 
a structure comparable in all respects 
to that of in situ preparations (Fig. 1, C). 
In both instances (Fig. 1, B and C), 
there was no increase in the density of 
the matrix and the membranes of the 
cristæ run a closely spaced parallel 
course. Similar pictures were obtained 
from four different preparations of 
guinea pig liver mitochondria and 
with various imidazoles. However, 
experimental material is required in 
order , to correlate the observed 


Fig. 1. 
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morphological changes with functional states of the 


mitochondria. 

The mechanism of the observed uncoupling of oxidative 
phosphorylation may be related to Boyer's proposal of 
‘activation’ of certain bound histidyl residues? prior to 
formation of bound phosphohistidine. Considering that 
three inorganie phosphate residues are esterified alongside 
the electron-transport sequence, it is probable that more 
than one different ‘activators’ participate in the process. 
Boyer* recently proposed a number of plausible mechan- 
isms, involving as ‘activators’ cytochromes, flavine 
adenine dinucleotide, or pyridine adenine dinucleotides, 
the latter in either their reduced or oxidized form (abbrevi- 
ated NAD* and NADH). 

A variant mechanism of activation with participation 
of tho reduced pyridine coenzymes was proposed by 
Estabrook et al." and is discussed in the following as an 
example. According to these authors, the reduced form 
of mitochondrial nicotinamide adenine dinucleotide 
(NADH) may form a charge-transfer complex with bound 
histidine (with respect to problems arising when con- 
sidering the necessary spatial orientation of mitochondrial 
NADH (refs. 15-17)). However, dihydronicotinamide- 
imidazole interactions in model compounds, outside of 
the framework of mitochondria, could not be demon- 
strated (S. Shifrin, personal communication). Increased 
electron density in the vicinity of the imidazole, as 
shown in the front plane of Fig. 2, would lead to a loss 
of a proton to a proper neighbouring acceptor and forma- 
tion of an imidazolide* ion (anion). The latter would act 
as a nucleophil and attack either a neighbouring carboxyl- 
group bound on the same protein molecule (that is, 
intramolecular formation of an acyl-imidazole as depicted 
in the front plane of Fig. 2), or any other suitable group* 
including the possibility of a direct interaction with 
phosphate'^ leading to formation of bound phosphohisti- 
dine. Now, indoles'* and imidazoles!* are capable of 
forming charge-transfer complexes with the oxidized forms 
of nicotinamide adenine dinucleotides. It was demon- 
strated?*! that such complexes may resist the action of 
enzymes like the nicotinamide-adenine dinueleotidase. 
With respect to reduced pyridine coenzymes, in recent 
investigations?*-**, it was shown that the increase in 
fluorescenee of NADH-alcohol dehydrogenase complexes** 
is further enhanced by the addition of imidazole to form 
a presumed ternary complex of NADH-alcohol dehydro- 
genase-imidazole which had a low reactivity with the 
oxidant (that is, acetaldehyde). A complex between an 
exogenous imidazole (for example, histamine) and the 
mitochondrial bound NADH might be comparable to the 
'inhibited form' of NADH proposed by Chance and 
Williams**, This concept is demonstrated in the back- 
ground planes of Fig. 2. Thus, at a certain range of con- 
centrations, the exogenous imidazole would compete with 
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Fig 2 A possible mechanism of the uncoupling action of histamine in 
oxidative phosphorylation The structures in the two front planes of the 
figure represent the ‘activation’ process of bound histidyl-residues 
‘Activation’ may be prevented by histamine (or certain other imidazoles 
and indoles), as depicted in the background planes Although the planes 
of the three rmg systems are pictured parallel to each other, juxtaposition 
of all three structures 18 not meant to be a prerequisite for this inter- 
action Rather, at proper histamine concentrations, histamme-pyridine 
coenzyme complex formation (two background planes) would effectively 
prevent the pyridine coenzyme from interacting with bound histidyl- 
residues (broken arrow towards foreground plane) 


bound histidyl residues m complexing with NADH 
Similar mechanisms of uncoupling by indoles or imidazoles 
at various sites 1n the respiratory cham could be devised 
for most of the proposed: mechanisms of activation A 
more direct approach (that 1s, measurement of bound 
phosphohistidine*-? in the presence or absence of mhibitors 
and of pyridine coenzymes) 1s now pursued m our laboratory. 

It 1s noteworthy that histidine and mudazole-acetic 
acid are inert m this system (= no uncoupling effect) 
This observation 1s m lme with previous findings pointing 
towards the biological mertness of imudazoles bearmg 
unmasked carboxyl groups in the side-cham For example, 
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such umidazoles do not exchange with nicotimamide in 
NADase catalysed interaetions???8 As is well known, 
they are also devoid of pharmacological (toxic) activities 
Evidently, foi sterie 01 other reasons, the presence of 
a carboxyl-group constitutes an obstacle m approaching 
the active sites of the protem molecules involved in such 
interactions 

We thank Mr George Abraham for assistance with the 
animal work This work was supported in part by a U S 
Atomie Energy Commussion contract AT(11-1)1221 and 
grants from the US National Science Foundation 
(GB306), the American Cancer Society (P241), the Illinois 
Section of the American Cancer Society, and the US 
National Institutes of Health (GM-10981), awarded to 
one ofus (S G A A) One of us (O C) holds a research 
career development award of the US National Insti 
tutes of Health ın the Department of Biochemustry, the 
Chicago Medical School 
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CHANGE IN ENTROPY DURING BACTERIAL METABOLISM 


By ER. W. W. FORREST and En. D. J. WALKER 
CSIRO Division of Biochemistry and General Nutrition, University of Adelaide 


RIGOGINE and Wiame! have concluded, on the basis 
of a theorem quoted m Pngogine's? monograph on 
irreversible thermodynamics, that a living organism tends 
to a state of mmimum entropy production, and therefore 
to greatest economy of metabolism, per unit of weight 
Denbigh? has queried this postulate on thermodynamic 
grounds, and Stoward* has pomted out that expermmental 
verification has not yet been produced 
Denbigh’ states that generally the entropy of any system 
may decrease with time provided that the rate of outflow 
of entropy is sufficiently large in accordance with the 
equation 


di^ 
(rate of increase of entropy of system Te) + 
des 
(rate of outflow of entropy to surroundings A) = 


dS 
(rate of internal generation of entropy E 20 


Thus an open system should be able to diminish its 
entropy at the expense of substances which are taken in 
from the environment and afterwards rejected im a 


50 


as 
dograded form. In the equation here, d; mey become 


zero, corresponding to a steady state, according to 
Prigogine and Wiame!, this condition 18 that for which 
the rate of creation of entropy per unit mass 18 at @ mni- 
mum, and the system 1s most stable 

Prigogme? shows that the entropy production of an 


S 
organism x ean be measured approximately by calori- 


metry, though the approximation 1s a poor one, makmg 
quantitative calculations impractical deDonder , has 
shown that m a chemical process the rate of entropy 
production 18 simply related to the reaction rate’, so that 
the rate of degradation of a substance used by & living 
system purely as energy source, with the degraded pro- 
ducts excreted to the environment, will give a measure of 


deS qm 
di 
growth, the rate of the synthetic reactions 18 measured 
by the rate of morease m cellular materal The rate of 
degradation of the complex cell materral can be determined 
using isotopic tracer techniques* 

We have used the facultative anaerobe Streptococcus 

faecahs (A T C C 4083) to test the hypothesis, since its 
metabolism 1s comparatively sumple To a first spproxima- 
tion, the organism ferments glucose by the Embden- 
Meyerhof-Parnes pathway to give 2 moles of lactic acid. 
per mole of glucose with the production of 2 moles of 
adenosine triphosphate (ATP) The glucose 1s used only 
as source of energy for growth m a complex medium, and 
cell synthesis occurs from other constituents of the 
modium’ 

The experiments show that the o1gamams may attain 
steady states at different levels of nietaboho activity 
(A steady state 1s one which can be described by time- 
mdependent parameters? ) At the lowest level, cells 
may carry on endogenous metabolism in the absence of an 
external energy source, at an intermediate level non-grow- 
ing cells may use carbohydrate as external energy source 
to maintain them organization, and at the highest level of 
activity, under conditions of adequate nutrition, exponen- 
tial growth occurs 

During exponential growth of S faecales, calorimetric 
measurements’* have shown that the heat produced per 
unt dry weight of cells 1s constant Under the same 
conditions as those obtammg in the calormmetrice experi- 
ments (that 1s, with energy source limiting growth under 
conditions of otherwise adequate nutrition), measurements 
of the rate of production of hydrogen 10n from the ferment- 
ation of glucose and the rate of crease of turbidity of the 
suspension of cells (Fig 1) give the same first-order rate 
constants, so that the rate of fermentation of the energy 
source per unit dry weight 1s constant for several genera- 
tions of growth As an exponential function accurately 
describes the course of growth, the rate of synthesis of new 
cellular material per unit mass of existing cells 18 constant 
Thus the system sets up a steady state with no suggestion 
of a trend in either of the quantities related to the entiopy 


the rate of outflow of entropy from the system, 


aw dS 
parameters, T and dn or in the rate of synthesis 


There seems no reason why exponential growth cannot 
continue mdefinitely? provided that the environment of 
the organisms ıs not changed Continuous culture 
observations of S faecalw!" have shown that rt 1s possible 
to mamtam growing organisms ın a steady state for long 
periods However, in batch culture, exhaustion of some 
component of the system soon occurs and growth stops 
Fig 2 shows the effect of growing the organisms on a 
medium contaming excess source of energy, but with 
growth factors (added as yeast extract) restricted Here 
the steady state of exponential growth 1s set up initially, 
but a hnear rate of hydrogen 10n production 1s soon 
reached There ıs a gradual decrease in rate of hydrogen 
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10n production per unit mass of cells (Fig 3), and the growth 
rate declines slowly until the stationary phase, & steady 
state at an intermediate level of metabolic activity, 18 
reached 


Log hydrogen 10n (umoles) 
Log turbidity 





100 150 200 250 


Mm 


Fig 1 Rate of exponential growth of S faecahs at 37° O with adequate 
nutrition 


@, Turbidity (one turbidity unit 1s equivalent to 0 12 mg dry matter), 
. O, hydrogen ion production measured by titration at pH 6 0 


Medium 1 percent tryptone (Difco), 0 5 per cent yeast extract (Bacto) 
05 per cent stock salts solution (ref 6), 30 mg glucose in 30 ml 001 
M. potassium phosphate buffer, P. 
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Fig 2 Growth of S faecalis at 37° C with limited nutrition 
@, Turbidity, O, hydrogen 10n production at pH 60 


Medium 05 per cent tryptone, 0 1 per cent yeast extract, 0 5 per cent 
stock salts solution (ref 6), 05 g glucose in 30 ml 001 M potassium 
phosphate buffer, pH 6 0 


It should be noted that this transition from a higher to a 
lower level of metabolic activity 1s not a property of the 
organisms per se, but a response to a change in the environ- 
ment Calormmetrie measurements’? show that the heat 
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Activity (uimoles H*/minj/mg) 
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Fig 8 Metabole activity of cells grown with limited nutrition m the 
experiment shown m Fig 2 


produced durmg the fermentation of 1 mole of glucose by 
S faecalis is almost the same whether the cells are growing 
or not, but that the rate of heat production per unit cell 
mass 18 eight times greater m cells growing exponentially 
than the rate of heat production by non-growing washed. 
suspensions Tho comparison has also been made using 
hydrogen 10n production as an mdex of metabole activity 

The cells grown m the experiment shown m Fig 1 had a 
maximum rate of glycolysis at the end of growth of 7 $ 
umoles hydrogen 1on/min from 49 mg of cells These 
cells were then centrifuged, washed once m buffer to 
remove excess nutrients, and resuspended in the same 
buffer without nutrients The rate of glycolysis of this 
washed non-growing suspension measured 30 min after 
the end of growth was then only 1 25 pmoles hydrogen 10n/ 
mun, one-sixth that of the growing cells Fig 4 shows that 
a steady state of hydrogen 10n production 1s set up by the 
washed suspension The calormetric measurements of 
heat production by washed suspensions? also show æ 
steady state of heat production during glycolysis, so that 


d 
the quantities related to ET and ET are constant 


The steady state at the lowest level of metabolic 
activity 18 the condition of endogenous metabolism, 
ieached when external energy sources are removed The 
energy of maintenance" of S faecalis 1s then provided, at 
least partly, by degradation of cellular mateuals contam- 
ing ammo-acids, the rate of heat production" 15, depending 
on the conditions used, between one-tenth and one-hun- 
dredth that observed during glycolysis by non-growmg 
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Fig 4 Rate of hydrogenion production at 37? C by washed suspension 

of cells, 4 9 mg dry weight, grown exponentially n the experiment shown 

in Fig 1 Cells washed and suspended m 15 ml of 001 M potassium 

phosphate buffer, pH 60 Activity determmed by titration at pH 60 
Substrate 50 mg glucose 
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cells, though quantitative comparisons ale madgyusgble 
because the reactions occurring during endogénous, meta- 
bohsm have not yet been characterized In contrast to the 
stoichiometric relationship observed between mass of cells 
and rate of metabolism in the steady states at the higher 
levels of metabohe activity’, the rate of endogenous 
metabohsm 1s markedly affected by the cell population 
density and other environmental factors In this case 
the organization of part of the system ıs mainteined at 
the expense of degradation of the remainder 

Because the mternal reserves of the cells are strictly 
Imnitod, this steady state can be maintamed for a few 
hours only, after this trme heat production ceases and the 
abihty to metabohze glucose slowly dechnes as organza- 
tion is lost!! A population which has lost glycolytic 
activity m this way may then be restored to the mter- 
mediate level of activity without growth by adding ammo- 
acids"? to its environment in addition to the energy 
source 

The metabolism of the cells may be transferred between 
any of the steady states by sunply controlling tho necessary 
matenals ın the environment The processes during 
transitions between each state, which presumably corre- 
spond to the process of ‘evolution’ discussed by Pugogine 
and Wiame!, may be accompanied by either mcireased or 
decreased metabolic activity Measurements during the 
lag phase of growth (Fig 5) show that a steady state 18 
not set up, but that hydrogen 10n production per unit mass 
increases until the cells enter tho exponential phase of 
growth Thus an increase in metabolism per unit mass 
occurs in this ease, whereas in the experment shown im 
Fig 3 a decrease in metabolism occurred 
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Fig 5 Hydrogen ion production by cells in lag phase at 37^ C Cells 

grown under conditions as m Tog 2, collected 21 h after inoculation, 

suspended imn medium as in Pa la soe determined by titration 
at p 


As well as the rates of entropy production and ontropy 
outflow bemg highest durmg growth, there 1s evidence 
that the internal organization of the systom 1s most com- 
plete at this time The organism Escherichia cola has been. 
most investigated, in the lag-phase turnover of protem 
occurs, but during exponential growth there 1s no turnover 
of nbonuclexe acid (RNA) or protem? In non-growing cells 
metabohzing glucose, turnover of RNA and protem 
occurs, and exchange between energy source and cell 
maternal 1s observed?. Sumular results have been reported 
with other organisms’. In S faecaha, no exchange occurs 


52 NATURE 


between energy source and cell material during growths, 
and during endogenous motabolsm without energy source, 
breakdown of cell material produces amino-acids»? 

It seems, therefore, that the hypothesis put forward by 
Prigogine and Wiame! is not supported by these experi- 
ments Ina bacterial system at least three well-regulated 
steady states occur at different levels of metabole activity 
and cellular organization No trend towards a reduction 
m metabolic activity during the setting up of the different 
states can be demonstrated, since the higher levels can be 
approached from a lower level of activity The rates of 
entropy production and entropy outflow vary according 
to the synthetic activity of the organisms, and, once 
established, a steady state 1s maimtamed until the external 
constraints on the system are drastically changed Thus 
the experiments support the view! that the system 18 most 
stable m a steady state, but not the postulate! that s more 
highly developed organization would be dependent on a 
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decrease ın metabolsm. It would seem rather to be 
dependent on an increase 1n tho rate of outflow of entropy, 
concomitant with an increased metabohe activity. 
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PROPAGATION AND IMMUNOFLUORESCENT INVESTIGATIONS 
OF FRIEND VIRUS IN TISSUE CULTURE 


By T. OSATO, Pror. E. A MIRAND and Dr. J T. GRACE, jun. 


Roswell Park Memorial Institute, New York State Department of Health, and State University of New York at Buffalo, 
Buffalo 3, New York 


T2 VITRO propagation of murme leukemia viruses has 
attracted the mterest of numerous mvestigators Gross 
et al reported propagation of the Grogs leukemua virus 
m mouse embryo tissue cultures! Manaker et al and 
Ginsburg and Sachs reported contmuous production of 
Moloney virus 1n cell cultures of mouse spleen, embryo, 
and kidney tissues*-4. Graffi e£ al demonstrated con- 
tanuous production of the Graffi agent m mouse embryo 
cell culture for a period of several weeks? Moore and 
Friend, using numerous cell culture systems, found mcon- 
sistent growth of Friend virus m mouse embryo cell 
eulture*-?  Latarjet e¢ al found that they could achieve 
a low level of Friend varus production in their mouse 
embryo cell culture system®!* However, 16 has frequently 
been difficult to obtain unequivocal evidence of replication 
of the leukemia viruses because of the generally low titres 
obtained ın cell cultures 

This article concerns a quantitative study of Friend 
virus production m mouse embryo cell culture m which 
viral replication was clearly demonstrated and was 
correlated with progressive intracellular synthesis of viral 
antigen by immunofluorescent techniques 

The Friend virus used in this work was origmally 
obtained from Dr Charlotte Friend and was im its 41st 
serial passage m HA/ICR Swiss mice in this laboratory". 
Virus inocula were prepared by homogenization of a 
10 per cent mfected mouse splenic mince m cold Eagle's 
basal medium with 2 5 per cent horse serum, clarification 
by centrifugation for 10 mun at 5,000g at 5? C and sub- 
sequent filtration of the supernatant through a HA grade 
(0 45u) ‘Millipore’ filter with an Escherichia cole marker 
This filtrate was stored m sealed ampoules m a dry-ice 
chest until used. The standard moculum for each mouse 
was 02 ml mtraperitoneally This moculum produced 
typical Friend virus disease in about 90 per cent of our 
mice 

The test animals were HA/ICR Swiss mice 5-6 weeks 
old obtamed from the Roswell Park Memorial Institute 
breeding colonies 

The cell cultures used were primary cultures of HA/ICR 
Swiss mouse embryo tissues 10-12 days old  Funely 
muneed embryos were trypsmized with 02 per cent 
trypsin and screw-cap tube monolayer cultures were pre- 
pared using Kagle’s basal medium contammg 10 per cent 


` 
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heat-inactivated calf serum as growth medium Eagle’s 
medium with 25 per cent heat-mactıvated horse serum 
was used as the mamtenance medium Rabbit anti- 
Friend virus serum was used for virus neutralization 
Preliminary titration of the immune serum revealed 
neutralization of 10? 4 ID;o/ml of virus at a final serum 
dilution of 120 The monolayer tube cultures were 
moculated with 1 ml of a 10 per cent infected spleen 
filtrate of 10° 4 ID,,/ml. and meubated at 37? C for 4 h 
The celle were then washed three times with Eagle’s 
medium and mcubated with rabbit anti-Friend virus 
serum for 30 min at 37? C to eliminate free vrus The 
cultures were again washed three times with Eagle's 
medium and incubated at 37? C followmg addition of 
maintenance medrum As a control, the same procedure 
was performed using 10 per cent normal spleen filtrate 
as the moculum and normal rabbit serum instead of 
ummune serum. The assay of infectivity was based on 
splenic enlargement and histological examimation of 
the test mice Ten animals were used at each 
dilution. The IDs was calculated by the Reed-Muensch 
method 

The indirect stammg method was used m the immuno- 
fluorescent investigations". Both primary and secondary 
mouse embryo cultures were used and these were grown 
as coverslip monolayers in Leighton tubes The coverslip 
cultures were first washed with phosphate buffered saline, 
pH 72, dried at room temperature and then fixed m 
acetone for 10 mm. Rabbit antiserum was placed on the 
coverslips and allowed to stand for 60 min at 37°C This 
serum was previously absorbed three times with mouse 
liver powder The coverslips were then rmsed three times 
with phosphate buffered salme and fluorescein 1sothio- 
cyanate conjugated anti-rabbit globulin antibody (Col- 
orado Serum Co) was applied The conjugated sheep 
antibody was also previously absorbed three times with 
mouse liver powder Followmg additional washmg with 
phosphate buffered saline, the coverslips were mounted 
m 20 per cent buffered glycerol They were examined 
with a Leichert microscope with a Cornmg No 5840 
exciter filter A Kodak Wratten 2A filter served as the 
barrier filter and the hght source was an Osram HBO 
200 lamp Photomicrographs were taken with a 35 mm 
Kodak camera and super Ansochrome daylight film (ASA 
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100). The characteristic green fluorescence was used as 
the indicator of viral antigen localization. Controls used 
in these investigations included: (1) normal cells inoculated 
with a 10 per cent normal spleen cell-free filtrate treated 
with specific rabbit anti-Friend virus serum followed by 
fluorescein-conjugated sheep anti-rabbit globulin antibody; 
(2) infected cells incubated with normal rabbit serum 
followed by treatment with the conjugated sheep anti- 
body; (3) infected cells treated with antiviral serum which 
had been previously absorbed with normal mouse spleen; 
(4) infected cells treated with virus antiserum which had 
been previously absorbed with infected spleen. 

Fig. 1 shows the differential response curve and the 
virus accumulation curve of Friend virus in the mouse 
embryo cell cultures. The cells and medium were checked 
for infectious virus 6 h after incubation with immune 
serum which was applied following virus absorption. No 
detectable virus was found either inside or outside the 
cells at that time. Afterwards the culture media were 
collected on days 1, 3, 5, 10, 15 and 20 following infection 
and assayed for mouse infectivity. Infectivity was first 
detected in the 5-day fluid at which time the viral titre 
was 10° ID,,/ml. A slow but progressive rise in the 
amount of detectable virus in the medium occurred up 
to 15 days post-infection. The maximum titre of the 
15-day fluid was 10'-*/ml. After 15 days the virus yield 
began to decrease. No apparent cytopathic effect in the 
infected cells was observed at any time. 


Iz 


Virus log 7 D;,/ml. 
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Fig. 1. O, Cumulative Friend virus titre; @, virus titre of tissue culture 
fluid at specific days 


Specific immunofluorescence first appeared in the virus- 
infected cells three days post-infection. However, the 
number of cells showing fluorescence at this time was very 
small. By the fifth day, discrete foci of infected eells 
became apparent, but the fluorescence in the infected cells 
at this time was limited to the perinuclear area of the 
eytoplasm. Fig. 2 demonstrates the specific perinuclear 
fluorescence in cells 5 days post-viral infection. At this 
time about 1 per cent of the cells showed specific staining. 
As the cells were incubated longer progressively more cells 
stained specifically and the fluorescence gradually involved 
the entire cytoplasm. Fig. 3 shows cells which were 
infected 14 days previously. 'The infected cells are still 
clustered in discrete foci, but they now account for about 
10 per cent of the total cell population. The fluorescence 
at this time was distributed diffusely throughout the 
cytoplasm of the infected cells. At no time was there 
evidence of specific nuclear fluorescence in the infected 
cells. 

These findings indicate that Friend virus can be pro- 
pagated in mouse embryo cell culture. However, the 
level of virus production is low, and there is no accom- 
panying cytopathic effect in the infected cells. The lack 
of detectable intracellular or extracellular infectivity in 
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Fig. 2. Mouse embryonic cells 5 days after infection with F riend virus 


Arrows indicate perinuclear fluore 





"ence 








Mouse embryonic cells 14 days after infection with Friend virus. 
Note fluorescence throughout the eytoplasm 


Fig. 3. 


the cultures for five days following infection apparently 
represents the viral eclipse phase in this system. 

Specifie nuclear fluorescence has been reported in cells 
infected in vivo with Friend virus'9s, Similar findings 
were also reported with leukemic cells and megakaryo- 
cytes from mice infected with Rauscher virus". We did 
not observe this phenomenon in our system, but this may 
be related to the fact that we were using embryonic cells 
infected in vitro rather than hematopoietic cells which 
were infected in vivo. It is also possible that the mode 
of viral replication in & viral-induced leukemic cell is 
different from that in an unaltered embryonic cell in 
culture. 

It is interesting that the pattern of Friend virus antigen 
synthesis in our system bore a striking resemblance to 
that of hemadsorption virus type 2 (HA 2) in Rhesus 















" munofluorescence pears first in ba pe | 
and gradually increases to eventually involve the entire 
cytoplasm. There are no cytopathic changes in the infected 
cells and a low level of virus production is maintained over 
a 20-day period. No nuclear fluorescence was observed. 
This differs from the pattern observed with influenza virus 
in which the virus nucleoprotein is synthesized in the 
: is and nuclear immunofluorescenee is regularly 
demonstrable during viral replication. 

In our investigations we noted a relative disparity 
between the quantity of infectious virus released in,the 
cultures and that found following cell disruption and the 

"amount of specific immunofluorescence in the infected 
cells: This observation plus the lack of significant cell 
surface fluorescence (indicating viral release) suggest that 
viral antigen synthesis occurs more rapidly than matura- 
tion and release of complete virus. 

Previous work in this laboratory suggested that Friend 
disease may involve two agents: one responsible for the 
um cell disease and the other producing the eryth- 
jietie disorder™:"*, If this were the case, it may be 
possible to utilize an in vitro system such as this to identify 
"and isolate the separate agents. Investigations of this type 


are now in progress. 
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. URICASE ACTIVITY OF ISOLATED SYMBIONTS7AND THE APOSYMBIOTIC 
FAT BODY OF A COCKROACH 





a RICASE, which oxidizes uric acid to allantoin, is 

J found widely distributed among the tissues of 
ote.  Leifert! found it in the tissues of the moth, 
n pernyi, Razet* in the fat body of the cricket, 
A Gryllus bimaculatus, Cordero? in the fat body of the Ameri- 
ean cockroach, Periplaneta americana, and Lisa and 

udwig! in the fat body of the Madeira cockroach, 
Leucophaca maderae. 

Toth’ suggested that the symbionts of many insects are 

able to fix atmospheric nitrogen, and break down uric 
acid and liberate ammonia. Brooks and Richards® sug- 
gested a possible relationship between the symbionts 
and. the uric acid crystals which accumulated in the 
Jotie fat bodies of adult and nymphal coek- 
Blatella germanica. 
‘ence, the purpose of the investigation recorded here 
determine whether the enzyme uricase which is 
found} in the fat body of the normal cockroach, Leucophaea 
maderae, is also present in the aposymbiotic fat body of 
this insect, or whether it is produced solely by the sym- 
bionte. 

Isolation and cultivation of the intracellular symbionts 
of the cockroach, L. maderae, were carried out under the 
strictest aseptic conditions according to the methods of 
Pant et al.?, and myselt*. 

600 mg ‘of material were used for the isolation of 
uricasé. This consisted of symbionts seraped from the 
surface of agar plates, and the identical weight of fat bodies 
excised from nymphal and adult aposymbiotic cockroaches 
reared: by my earlier method*. A luxuriant growth of 
the symbionts was promoted by the addition of 0-5 g of 
brewer's yeast to the medium. The nymphs used in these 
experiments ranged: in ages between the sixth and eighth 
instars. In each case, the woighed material was bomo- 
genized in 4 voL.of acetone. and uriease was extracted 
from the dried acotone powders according to the method 
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of Holmberg’ or Praetorius!*. The substrate (uric acid) 
was prepared immediately before use according to the 
method of Folin!. Its concentration was 1,000 ug/ml. > 

The reaction mixture consisted of 1 ml. of 0-1.M glycine 
buffer at pH 9:2, 1:9 ml. substrate, and 0*1 mi. of the 
particular enzyme fraction. Two controls were used in 
these experiments: (1) a test-tube containing 1:9 ml. of 
substrate, 0-5 ml. glycine buffer, 0-5 ml. of l per cent 
potassium cyanide (uricase inhibitor), and 0-1 ml. of the 
enzyme fraction; (2) another test-tube which contained 
all the ingredients of the reaction mixture except for the 
omission of the enzyme fraction. 3 ml. of glycine buffer 
were used to set the instrument at zero density. 

Uricase activity was measured spectrophotometrically 
with the Beckman DU spectrophotometer according to 
the method of Kalckar*. This procedure consisted of 
following the changes in optical density of uric acid: at 
293 my, immediately on the addition of the enzyme 
fraction, as the substrate was oxidized. The contents of 
the cuvettes were then transferred to clean test-tubes, 
slowly oxygenated for 20,sec, and incubated. at 30? C 
in the absence of light for 2h. At the end of that time, 
new readings in optical density were obtained, and the 
results thus observed were subtracted from the former 
readings in optical density which had been made at zero 
time. Since the fall in optical density (extinetion) is 
proportional to the amount of uric acid oxidized to allan- 
toin by uricase, the difference in optical density was 
divided by the ‘K’ factor of Dubbs, Davies and Adams!s, 
in order to determine the concentration of the uric acid 
oxidized. The *K' factor is numerically equivalent to 
0-745, and corresponds to the fall in extinction at 
293 mu, when 1 ug of the substrate is oxidized. Thus; 
if the fall in extinction is — AZ, the concentration of the 





substrate oxidized is equal to — 70-748 ug/ml. Assays were 


also performed with reaction mixtures at 15-min inter- 
vals, whereby such. mixtures. were “incubated at Toom 
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temperaturo m the presence of light Similarly, assays 
were performed with reaction mixtures which contamed 
the nymphal extracts isolated by both methods, and m- 
cubated m the absence of hght for 18.h Fimally, assays 
were performed with the mixtures in the control tubes 
At least 10 determinations were performed at a time 
with each enzyme fraction s 

The results of these experiments show that the sym- 
bionts of the cockroach, L maderae, can be isolated and 
cultivated successfully on synthetic media Insects were 
rendered aposymbiotie m approximately 105 days Such 
insects were observed to be much paler ın hue 
than normal insects Besides, aposymbiotic msects 
were less active than normal msects, and did not 
avoid hght as readily as the latter Close observation of 
the stamed fat bodies of all the aposymbiotie msects 
unmistakably revealed that nymphs which were the 
offsprmg of aposymbiotie parents were hkewise aposym- 
biotic In addition, such nymphs were observed to grow 
more slowly than nymphs of normal insects Smears made 
of aposymbuotic fat bodies revealed a much heavier deposit 
of urate crystals than was observed in smears of the normal 
fat body These deposits of urate crystals were even 
observed to be more pronounced 1n the nymphal aposym- 
biotic fat body than in the adult aposymbiotie fat body 

The values obtained for urncase activity by the two 
methods presented a striking simuarity Uricase extracted 
from the symbionts by the method of Holmberg? oxidized 
48 ug/ml of substrate m 2h, while the enzyme extracted 
from the aposymbiotie adults and nymphs oxidized 45 
and 03 pg/ml of substrate, respectively The corre- 
sponding values for the respective enzymes extracted by 
the method of Praetormus!? were 45, 52 and 1 4 ug/ml 
of substrate Results obtained for the nymphal extracts 
isolated by the two methods, and incubated for 18 h 
owing to the slow activity of this extract, showed that 
Holmberg’s fraction had oxidized 2 and Praetorius’s 
59 ug/ml during that period m the absence of hght 
Adult extracts isolated by the method of Praetorius and 
meubated at room temperature m the presence of light, 
and then assayed at 15-min intervals, completely oxidized 
the substrate m 90 min, while the symbiont extracts took 
268mm However, the nymphal extracts treated similarly 
oxidized 75 7 per cent of the substrate after 405 mm 
Assays made of the muxtures m tho two control tubes 
showed that no change m optical density had occurred 
durmg the period of incubation The results of uricase 
activity at room temperature m the presence of hght are 
shown in Fig 1 

Since uricase 1s found m high concentration in adult and 
symbiont homogenates, but in low concentration m 
vaymphal homogenates, ıt seems hkely that adult normal 
cockroaches do not depend on thew symbionts for uricase 
activity However, ıt 13 apparent that the normal nym- 
phal cockroaches depend on the symbionts for uricase 
activity to some extent during the period of adolescence 
Owing to the observation of heavy urate crystal deposits 
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Fig 1 Graphs showmg the activity of Praetorius'$ extracts of uricase, 

incubated at room temperature ın the presence of light, and assayed at 

15-min intervals 4, activity of the nvmphal enzyme extiact, b, 

activity of the symbiont enzyme extract, c, activity of the adult 
enzyme extract 


in aposymbiotic fat bodies, ıt seems as though one of the 
functions of the symbionts is to break down such crystals, 
which in turn might serve as a source of nitrogen for the 
growing insect This hypothesis, that there 1s some 1ela- 
tionship between the symbionts and.the urate crystals, 
agrees with the suggestion of Brooks and Rachards* 

The activity of Praetorius's extract was observed to be 
much faster and greater than that of Holmberg Probably, 
this action was due to the fact that the former method of 
extraction was more refined, smce homogenates were 
washed more frequently, and extracted with a greater 
amount of reagents The swifter oxidation of uric acid 
m the presence of hght in contrast to 1ts oxidation m the 
dark suggests that uricase activity may be enhanced by 
light 

“Not only is uriease present in the normal fat body of the 
cockroach, L maderae, as revealed by Lisa and Ludwig‘, 
but the present éxperiments have shown that this enzyme 
18 also present in the aposymbiotie fat body of the insect, 
and m the symbionts 

I thank Dr Daniel Ludwig for his advice 
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ROOT INFECTION OF PINUS ELLIOTTII BY FOMES ANNOSUS 


By Da. F F. HENDRIX, jun., and Dr. E'G KUHLMAN 


Southeastern Forest Experiment Station Forest Service, US Department of Agriculture, 
Asheville, North Carolina 


T has been generally accepted that origmal infestation 
I of coniferous stands by Fomes annosus (Fr ) Cke occurs 
mamly by infections through freshly cut stump surfaces, 
with subsequent spread to residual trees through root 
contacts? One reason this hypothesis has gamed accept- 


ance 18 because F annosus has grown from artificially 
moculated stump surfaces to roots However, mvasion 
of roots, unrelated to the presence of stumps, has also 
been suggested as a means of initial infestation”, although 
spore germination and mycehal growth of F annosus are 
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reported to be strongly inhibited in soil* In addition, 
inoculation of wounded roots with basidiospores produced 
only limited areas of infection? 

However, two facets of the disease picture m the south- 
eastern United States cannot be reconciled with the 
hypothesis that the stump itself ıs always the predominant 
infection court for root rot Instances of killmg by F 
annosus in unthinned plantations and natural stands 
hase been observed in the south-east as well as in the 
west?® Secondly, in thinned stands the fungus often 
kills some residual trees witlim 2 years after thmning 
With an estimated growth rate of about 1 m/yr through 
stumps and wood, ıb is umprobable that F annosus 
could lall residual trees within 2 years 1f infection occurred 
only at stump surfaces 

An investigation was begun m 1962 to learn if F 
annosus could infect roots directly, without first colomz- 
ing the stump It was based on tho assumption that 
severed roots of hving trees are equivalent to the roots 
of stumps as infection courts. Plantations of 15- to 
30-year-old Pinus elliott Engelm var. ellvott were 
selected as expermnental sites To learn if F annosus 
occurred in the roots of these plantation trees before 
experimentation actually began, we removed soil from 
2 roots on each of 200 trees and took samples of wood 
and bark at 6-m intervals for the proximal 36 ın The 
samples were cultured on a medium selective for F 
annosus! This fungus was not detected in the wood 
or bark of any of the 400 roots sampled 

Preliminary culturmg was omitted m subsequent 
experiments, since one unsevered root per tree served as à 
check to determune if F. amnosus was in the root wood 
initially. One root on each tree was severed at the base 
of the tree and the wounds covered immediately with 
grafting wax Except m the experfments begun in 
November and December 1962, only the proximal 6-8 in. 
of the roots were uncovered at the time the roots were 
severed The roots were 05-4 m in diameter After 
exposure, both severed and uncut roots were recovered 
with soil and humus 

An additional 20-30 roots, severed when the experiments 
were established, were cultured periodically to determine 
the extent of colonization by saprophytic soil organisms 
When approximately half the chips removed from these 
roots were colonized by saprophytic organisms, both the 
severed root and unsevered root from each tree in the 
experiment were collected After mmorsing them in & 
0 5 per cent aqueous solution of sodium hypochlorite for 
15 mm, the roots were split lengthwise and a chip was 
cultured from each side of the root, adjacent to the 
cambium, at inch intervals for the proximal 36 in 

The experiment established m November 1962 was in 
the Sandhills State Forest, South Carolina, and the others 
wera 60 miles away ın the Manchester State Forest 
(Table 1) Three experimental plots were established 
&pproxunately 5 mules apart at the latter location 
Although stands used in these experiments were free of 
F annosus, there were other nearby stands heavily 
infested that could have provided natural moculum. 
Roots were severed and isolated in November and Decem- 
ber 1962 and February, March and May 1963 There 
were no significant differences in results between the 
various locations or times of establishment 

In every case, F annosus was recovered more frequently 
from severed than from unsevered 100ts (Table 1) Entry 
occured through the cut end of 60 per cent of the infected 
severed roots In the mitial experiments, rb 19 possible 
that infection occurred while the roots were exposed for 
the prehmmaery culturmg However, although both 
severed and unsevered roots were exposed simultaneously 
and for the same length of time, yet much more infection 
occurred in the severed roots In the experiments begun 
in February, March and May 1963, when roots were un- 
covered only at the severance point, 20, 27, and 50 per 
cent, respectively, of the infections occurred at points other 
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than the severed ends — Eight of these occurred at points 
2-3 ft distally from the cut end where neither the roots 
nor the soil over them had been disturbed These infec- 
tions could have occurred only from the soil Severed 
roots that were infected were much more thoroughly 
colonized by F. annosus than the unsevered roots The 
fungus was recovered from 43 pei cent of chips cultured 
from infected severed roots, whereas the infected area ın 
unsevered roots was very much restricted, F annosus 
bemg recovered from only 1 per cent of the chips It 
occupied an average of 17 m ın the infected severed roots 
and only lm 1n the mfected unsevered roots 


Table 1 INFECTION OF SEVERED AND UNSEVERLD Pinus elhotàu ROOTS 
BY Fomes annosus 


Roots 
Root where 
Date Length of Roots yielding Fomes 
established incubation cultured Treatment Fomes annosus 
(months) (number) annosus entered 
(%) severed 
ends (%) 
November 6 100 Severed* 6- 4 
1962 100 Unsevered* 0 - 
December 5 63 Severed* 11 5 
1962 62 Severed 7 7 
57 Unsevered* 5 - 
February 6 94 . Severed 5 4 
1963 94 Unsevered 0 - 
March 4 93 Severed 11 8 
1903 93 Unsevered 1 - 
May 4 96 Severed 2 1 
1903 96 Severed t 6 3 
96 Unsevered 1 - 


* Roots cultured prior to establishment of test 
T Wounds not covered with way 


Results bf these experiments demonstrate that F. 
annosus can infect root wood without first growing through 
a stump, and that 1t can infect through root wounds and 
possibly unwounded roots These findings are particu- 
larly significant because of the growth habit of roots of 
southern pines Much of the root system 18 1n the humus 
and upper few inches of soil Insects, nematodes, rodents 
and normal root growth create wounds that are potential 
infection courts for F annosus. In addition, truck opera- 
tions, tree fellmg, branch stubs driven into the ground, 
and other thinning operations result in numerous wounds 
to this shallow root system Thus, wounded roots occur 
either exposed to air or near the soil surface so that air- 
borne spores have only a short distance to travel before 
reaching susceptible host tissue. 

It seems quite probable that spores can move through 
the soil to roots, garmmate when they reach wounds, and 
causo infection Colonization of roots by F annosus 
m this manner, and subsequent infection of adjacent 
trees, would proceed much more rapidly than 1f the fungus 
had infected only the stump surfaces and grown down 
through stumps to the roots Direct root infection could 
explam killing by F. annosus ın unthmned stands via 
roots of dead trees, and also could explam the rapid kiling 
of residual trees that often follows thmning 

Infection does commonly occur through stump surfaces, 
however, direct infection of roots also occurs, although 
probably to a lesser extent. Therefore, stump protectants, 
iegardless of effectiveness, will not necessarily give com- 
plete protection against F annosus 
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ATTEMPTED GENETIC TRANSFORMATION IN PENICILLIUM CHRYSOGENUM 
By Dr. R. A. BUCKNALL and Dr. A G. MORTON* 


Imperial Chemical Industries Ltd., Pharmaceuticals Division, Alderley Park, Macclesfield 


SIS phenomenon of genetic transformation by means 
of DNA preparations 1s well established in bacteria! , 
but there are few references to similar transformations in 
fungi Shamoian ef al? clam to have obtamed back 
mutation of a pyrimidme-dependent strain of Neurospora 
crassa using DNA from wild-type mycelium, but Shockley 
and Tatum! have criticized this claim on the grounds that 
the expermental conditions used were not adequate for 
the unequrvocal demonstration of transformation Shock- 
ley and Tatum have themselves tried to revert several 
mutants of Neurospora crassa with DNA preparations 
from wild-type mycelium, but they conclude that, after 
43 experments with 9 mutants (2 morphological and 7 
auxotrophic), there 1s no definite evidence for transforma- 
tion We wish to report that, after attempts to revert a 
morphological mutant of Penredleum chrysogenum with 
DNA preparations, we also have found no evidence of any 
transformation 

The strams of P. chrysogenum ACC 1532 and ACO. 
1529 have both been derived from wild-type for the pur- 
pose of penicillin production on a commercial scale The 
penicillin output of ACC 1529 ıs superior to that of 
A C C 1532, but stram A C C 1532 spores more profusely 
than A C 0.1528 and, since fermentations are started from 
spores, 16 would be advantageous in contanumg fermenta- 
tions if the spore production of A C C.1529 could be 
inoreased It was therefore decided to attempt to duce 
the property of profuse sporing in A C C.1529 by means of 
DNA prepared from A C C 1532. 

The method recommended by Hotchkiss‘ for the pre- 
paration of transforming DNA from bacteria (lysis m 
deoxycholate followed by deprotemmation in amyl 
alcoho! and chloroform) did not release DNA from 
mycelium of A CC 1532 The method used by Shockley 
and Tatum? (lysis m sodium lauryl sulphonate and 
deprotemuzation either with amyl alcohol and chloroform, 
or phenol) yielded poor preparations with a low DNA 
content. The highest yields were obtamed by breakmg 
up the mycelium and treating with a mixture of sodium 
p-ammosahcylate and phenol’. Mycelium of A C C 1532 
was grown from spore suspensions shaken in a medium 
contaimng 3 per cent sucrose, 03 per cent NaNO,, 
01 per cent KH,PO,, 0 05 per cent Mgs0O,, 0 05 per cent 
KCL, 0 01 per cent FeSO,, 4 per cent CaCL,, 01 per cent 
yeast extract, and brought to pH 6 8 with sodrum hydrox- 
ide After 3 days, mycelium was collected and 1-2 g 
fresh weight, together with an equal weight of 01 M 
citrate buffer at pH 74 and a 10 times weight, of 3 mm 
glass spheres, were placed in a stout glass bottle (about 
25m x lin) closed by a screw top The whole was 
shaken at top speed on a ‘Microid’ flask shaker for 20 min 
at4°C The mrxture was decanted from the glass spheres 
and shaken with equal volumes of 0 1 M sodium p-ammo- 
aalcylate and 90 per cent aqueous phenol for an hour at 
room temperature Successive precipitations with 70 
per cent alcohol and digestion with erystalline ribonuclease 
gave a preparation containing approximately 50 per cent 
by weight of DNA DNA was determmed colori- 
metrically by the methods of Ceriotti® and Webb and 
Levy? The method of Dische’ for determmmng deoxy- 
pentoses with diphenylamine did not work on crude DNA 
preparations RNA was determmed by the oremol 
method of Mejbaum? 

Possible transformation of sporing abılıty was investi- 
gated by the following methods 

* Present address Chelsea College of Science and Technology, London 


(1) Plates of onion-agar were poured, cooled, and 1 ml 
DNA preparation (1-100 g/ml ) run on After 1 h the 
plates were inoculated centrally with & few spores of 
ACC1529 and meubated at 25°C On onion-agar, 
ACC 1529 produces a grey felt and grows only slowly 
while the felt of A C C 1532 ıs green—the colour of the 
spores 1b carries—and grows moderately well If trans- 
formation of spormg occurs m a colony of A C.C 1529 
durmg its radial growth, this should give mse to a sector of 
the colony visibly different from the rest 

(2) Shake cultures of A C C 1529 were enriched with 
1-100 ug DNA ml and after three days’ growth mycelium 
was filtered off on glass wool and the number of spores 
m suspension determined by hemocytometry The yield 
was expressed as number of spores per gram dry weight 
mycehum 

(3) Spores collected from three-day shake cultures 
enriched with DNA were washed and resuspended ın fresh 
DNA-enriched medium and grown for a further three days 
Several successive cultures were done in an attempt to 
increase the proportion of transformed spores at each 
harvesting If a thallus of A C C 1529 acquires the high 
sporing characteristic from DNA 1n the growth medium, 
this characteristic should be contamed m all spores pro- 
duced by that thallus Collecting and growing spores 
from a culture confaming a low proportion of transformed 
thalh should lead to a culture contaimmg an mcreased 
proportion of transformants by virtue of their mereased 
spormg characteristics After several successive collec- 
tions, the proportion of transformants should be high 
enough to be detected visually when a spore sample 1s 
grown on onion-agar 

The results from each of the foregomg methods are 
summarized 

(1) On onion-agar, the growth of the low-spormg 
mutant was increased by DNA preparations of varying 
degrees of purity, but no clear sectors or other areas of the 
colony showed the characteristic dark-green colour of the 
DNA donor stram Boled DNA preparations also 
increased growth on onion-agar, often to a greater extent 
than unboued preparations 

(2) The growth rate of the low-spormg mutant in shake 
culture was stimulated some 30-40 per cent by DNA pre- 
parations from A C C 1532 In consequence of the mereased 
growth rate, the onset of spormg was one day earlier than 
in the controls, and after three days’ growth, the spore 
yield had increased by approximately 50 per cent Simuar 
results were obtamed with boiled DNA preparations 

(3) After several growth cycles m DNA-enriched shake 
culture, the final spores of A C C 1529 which were col- 
lected all gave fairly typical colonies of the low-sporing 
mutant when plated on plam omon-agar The growth 
rate, both on agar and ın shake culture in the absence of 
DNA, was greater than that of the omgmal culture The 
spore yield was also higher However, after several weeks 
in the absence of DNA from the donor strain, the original 
growth habit and spormg properties were resumed 

From the foregoing results, 1$ seems that tho merease m 
spore yields and growth rate, mduced in A C C 1529 by 
DNA preparations, are responses to a trace nutrient DNA 
preperations may be utihzed as a source of purmes and 
pyrimidines and bridge some deficiency in either the 
purine or pyrimidine metabolism of the recipient stram 
Alternatively, since polynucleotides are known to bind 
metallic 10ns?, the DNA preparations may carry trace 
metals which stmmulate growth 
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We therefore conclude from the ephemeral nature of the 
observed effects that DNA preparations from A C C 1532 
failed to transfer any of the obvious morphological charac- 
teristics of this stram to the related stram, A C C 1529 
The reason for this failure can only be surmised, but since 
the methods used to prepare DNA were not likely to 
destroy its transformmg powers, and the subsequent 
processes were considered adequate to allow any possible 
transformations to occur and be detected, the negative 
results suggest that at no stage m ther life-cycle are the 
recipient thal in. a transformable state 
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A COMMON CO-FACTOR FOR NITRATE REDUCTASE AND XANTHINE 
DEHYDROGENASE WHICH ALSO REGULATES THE SYNTHESIS OF 
NITRATE REDUCTASE 


By Da. J A PATEMAN, Dr. D J COVE, B M REVER and D. B. ROBERTS 


Department of Genetics, University of Cambridge 


THERE are mutants of the fungus Aspergillus ndulans 
unable to use nitrate, but able to use nitrite as & 

sole source of nitrogen An investigation of forty such 
mutants, by Cove and Pateman!, has shown that all lack 
normal nitrate reductase Heterokaryon growth comple- 
mentation tests divided these mutants into eight groups, 
and hnkage investigations of representatives of these 
groups showed that at least six loci were involved 

Tho mvestigations described here concern theso forty 
mutants, together with a further thirteen new mutants 
isolated in a similar manner and showing simular growth 
responses to nitrate and mtrite Growth tests placed the 
13 new mutants in previously established complementation 
groups ‘The activities of nitrate reductase, NADPH;- 
cytochrome c reductase, and xanthine dehydrogenase and 
immunological characteristics of these 53 non-nitrate 
utilizing mutants have been investigated 

It was not possible in the previous publication to offer 
a definite explanation of the finding that a single enzyme 
was apparently determmed by at least six genetic loci 
The evidence presented here suggests that five of these 
six loci are concerned with the synthesis of a common 
co-factor necessary for the normal function of nitrate 
reductase and xanthine dehydrogenase Furthermore, the 
available evidence suggests that this factor, m addition 
to its catalytic function ın nitrate reduction and hypo- 
xanthine and xanthine oxidation, plays a regulatory part 
m the synthesis of nitrate reductase protein 

Growth characteristics of the mutants Heterokaryon 
complementation tests on nitrate medium divide the 53 
mutants mto eight groups which have been termed A to 
H. The ability of all the mutants to utilize either sodium 
nitrate, sodium nitrite, hypoxanthine or uric acid as a 
sole source of nitrogen was tested Agar media contamimg 
the nitrogen source, added to give a concentration of 
001 g atoms nitrogen/l, were inoculated with conidia 
from each stram and the growth responses of the mutants 
were scored after meubation for 48 h at 37? C. Table 1 
summarizes the results of these tests No mutant was 
able to grow as well as the wild-type on nitrate medium 
Mutants m group D and the wild-type grew well on 
hypoxanthine, but the remaining mutants grew consider- 
ably less Stram 57/17 18 ‘leaky’ and showed less growth 
compared with the wild-type on nitrate and hypoxanthme 
but grew more than the remamimg mutants The ‘leaky’ 
growth of this stram makes 16 1mpossible to assign 16 to & 
complementation group All the mutants grow as well 
as the wild-type on nitrite and on uric acid medium. 

Preparation of mycelvum. and cell-free mycelal extracts 
Mycehum was obtamed by growmg conidia m hqud 
medium at 25° C with shakmg, and was extracted m 


Table 1 GROWTH OF WILD-TYPE AND MUTANT STRAINS ON VARIOUS SOLE 
NITROGEN SOURCES 
Heterokaryon Sole source of nitrogen 
complementation 
group NaNO, NaNO, Hypoxanthine Uric acid 
Wild-type + + + + 
A - + - + 
B - + - + 
C - + - + 
D - + + + 
E - + - * 
F = + px + 
a - + = + 
H - + - * 


buffer, by hand grmdmg with glass in a mortar The 
supernatant from this slurry after centrifugation at about 
37,000g for 1 h was used as the cell-free extract Mycelium 
was extracted ın 0 1 M pH 7 0 orthophosphate buffer for 
determination of nitrate reductase, and cytochrome c 
reductase activities, and of nitrate reductase cross-reacting 
materal, and in 01 M pH 85 pyrophosphate buffer for 
determination of xanthme dehydiogenase activities The 
amount of soluble protem 1n extracts was determined by 
the modification of the Folin method, described by Lowry 
et al ? 

The results m Table 2 concern mycelum grown under 
three sets of conditions which differed only in the available 
nitrogen source All mycelum was grown in medium 
having 0 005 M urea as the only mnitjal source of nitrogen 
Mycelium described as bemg grown on urea had no further 
nitrogen source added during growth, mycelium grown on 
urea plus nitrate was supphed with 0 01 M sodium nitrate 
after 15h, and mycelium grown on urea plus hypoxanthine 
with 50 mg hypoxanthme/l after 15h All mycelium was 
gathered after 20 h 

Determunation of nitrate reductase actwitres Nitrate 
reductase (NR) activity m cell-free extracts was determ- 
ned using & modification of the assay described by Nason 
and Evans? One unit of nitrate reductase 18 defined as 
the amount of enzyme which can produce 10-? moles of 
NO,- m 1 mm at 25°C The NR specific activities in 
Table 2 are expressed m enzyme units/mg protein 

Determination of nitrate reductase cross-reacting material 
Antibodies agaist crude cell-free extracts, which had 
nitrate reductase activity, were prepared in New Zealand 
white rabbits — Prehmunary experiments showed that 
serum from these rabbits inhibited nitrate reductase 
activity In no case did the serum from rabbits which 
had not been mjected affect the activity 

Nitrate reductase cross-reacting material (NRCRM) 
was measured by determming the ability of the extract 
under mvestigation to complex with serum, and ın conse- 
quence reduce the amount of serum available to inhibit 
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Table 2 SPECIFIC ACTIVITIES OF NR, NERCRM, CR, AND XDH IN CELL- 
FREE EXTRACTS OF THE MYCELIUM OF WILD-TYPE AND MUTANT STRAINS OF 
Aspergillus nidulans GROWN UNDER VARIOUS CONDITIONS 





Hetk Urea Urea + nitrate Urea 
Stram comp hypoxanthne 
group NR NRCRM CR  NXNRCRM CR XDH 
Wid 18 0 560 51 10 1570 78 
12/10 A 0 £ 1410 0 4 1370 0 
21/20 A «01 2 1400 <01 2 1530 0 
21/21 A «01 0 1880 «01 0 1310 0 
47/14 A 15 1 410 32 0 2720 0 
10/2 B 014 3 1370 «01 3 1390 0 
21/11 B 0 0 1290 <01 18 1390 0 
27/1 B 0 0 1440 0 0 1410 0 
31/10 B 0 1 1560 0 7 1620 0 
33/19 B 0 2 1520 0 2 1590 «01 
43/18 B 0 2 1420 0 0 1300 0 
46/22 B 0 9 1980 0 7 1680 0 
47/18 B 012 0 1700 010 0 1700 0 
48/6 B 0 0 1140 0 0 1100 0 
49/5 B 0 7 1030 0 9 1020 0 
30/16 c 015 0 1760 013 0 1470 0 
61/15 e 0 0 1280 0 0 1220 0 
11/11 D <01 0 610 «01 0 640 49 
19/10 D «01 0 810 <01 0 730 85 
20/23 D 0 0 520 0 0 650 81 
25/16 D 11 1 940 20 5 1770 85 
33/4 D 0 0 660 0 0 610 61 
39/11 D 0 2 1840 0 1 2030 48 
42/14 D 0 6 1750 0 5 1840 86 
43/4 D 0 18 Q 360 23 0 1450 62 
45/10 D 0 1 790 0 0 880 82 
47/2 D 0 18 500 0 20 550 46 
48/3 D 12 10 1310 077 7 1350 96 
51/19 D 012 3 290 11 13 1230 17 
55/2 D 0 9 540 0 10 520 71 
55/6 D 0 9 380 0 0 420 68 
7/22 E «01 12 2510 «01 14 2720 0 
14/12 E 037 2 570 «01 10 2140 0 
18/6 E 019 24 2220 020 15 2170 0 
18/21 E 034 26 3480 027 30 3520 0 
24/22, E «01 21 9720 «01 17 3450 0 
28/6 E <01 11 2300 «01 ii 1880 0 
28/9 E 016 17 3080 020 12 3500 0 
28/17 E 024 20 3550 010 20 3700 0 
30/10 E «01 18 8800 «01 17 3640 0 
31/8 E <01 0 750 022 21 3290 0 
59/18 E 011 30 3790 010 26 2870 0 
9/13 F 010 4 1530 0 0 1420 0 
20/11 F 0 0 1230 0 0 1210 0 
47/17 F 048 0 680 044 0 1180 0 
50/13 F 0 0 1790 0 1l 1690 0 
53/7 F 0 8 1140 0 2 1140 0 
62/11 F 0 3 1540 0 0 1850 0 
6/23 G 0 0 1510 0 0 1580 0 
53/16 G 0 0 540 014 D 1130 0 
61/17 a 0 2 1000 0 1180 0 
51/11 H 15 0 520 74 0 1850 092 
56/10 H 0 0 1520 0 2 1600 0 
57/17 ? 24 0 560 28 5 1560 17 


nitrate reductase activity One unit of NRCRM is 
defined as the amount which ‘protects’ one enzyme unit of 
nitrate reductase from the action of the serum Tho 
NRCRM speeifie activities m Table 2 are expressed, in 
NRCRM units/mg protem 

NADPH ,-Oytochrome c reductase dete mwnaton The 
enzyme NADPH,-cytochrome c reductase (CR) catalyses 
the transfer of electrons from NADPH, to cytochrome oc. 
The CR activity of coll-free extracts was determined by a 
modification of the method given by Kinsky and McElroy 
The method measures CR activity by followmg the increase 
m density at 550 my due to the reduction of the cyto- 
chrome c One unib of enzyme activity 1s defined as the 
amount of enzyme which can produce an merease of 
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0 001 m optical density at 550 my in 1 mm in the 3-ml 
assay system at 25°C The CR specific activities in Table 2 
are expressed in enzyme units/mg protein 

It can be seen from Table 2 that the wild-type possesses 
NADPH,-cytochrome c reductase with a specific activity 
of about 500 when grown without nitrate ‘This unmduced. 
cytochrome c reductase activity 18 thought to be due to a 
different enzyme from that which ıs mduced by nitrate 
A cytochrome c reductase which 1s formed m the absence 
of nitrate 1s also known in Neurospora*5 Tho investiga- 
tions reported m this article are concerned exclusively 
with the nitrate-mduced enzyme 

Xanthine dehydrogenase determination Tho enzyme 
xanthme dehydrogenase (XDH) in A mdulans catalyses 
the oxidation of hypoxanthme to xanthine and the 
oxidation of xanthme to uric acid During these two 
reactions electrons are transferred to an electron acceptor 
such as methylene blue  Prehmunary experiments showed 
that the Aspergillus enzyme would utihze methylene blue 
and various tetrazolium salts as terminal election acceptors 
during the oxidation of the purmes, but 16 was unable to 
transfer electrons to molecular oxygen The reduction of 
tetrazohum salts results in the formation of red or purple 
coloured formazans which were found to be soluble in 
01M pH 85 pyrophosphate buffer 

The xanthine dehydrogenase activity of cell-free extracts 
was determmed by followmg the production of coloured 
formazan fiom neotetrazolium m a l-em cell at 510 mu 
on a spectrophotometer The routie assay system con- 
tamed 16 mg hypoxanthme, 125 mg neotetrazolium, 
0 5 ml cell-free extract in a total volume of 3 0 ml 0 1 M 
pH 8 5 pyrophosphate buffer One unit of xanthme dehy- 
drogenase activity 1s defined as the amount of enzyme 
which can produce an merease of 0 001 m optical density 
at 510 mu m 1 mm at 35°C The XDH specific activities 
m Table 2 are expressed in enzyme units/mg protein 

Discussion We should like to put forward the following 
hypothesis to account for the biochemical and genetical 
characteristics of this group of mutants 

A total of 39 mutants lack normal nitrate reductase and 
xanthine dehydrogenase activity This group of 39 
mutants contains representatives of mutation in at least 
five different genetic loci and consists of seven comple- 
mentation groups! The simplest explanation of a situa- 
tion where mutation at a number of different loc: can 
result m the loss of two independent enzymatic activities 
is that these loci determme the production of a co-factor 
necessary for both nitrate reductase (NR) and xanthine 
dehydrogenase (KDH) activities For the sake of brevity 
we shall refer to this hypothetical co-factor as CNX Itis 
not surprising that these two enzymes should have a com- 
mon co-factor Xanthine oxidase, xanthine dehydrogen- 
ase and nitrate reductase have many similar chemical 
characteristics and have all been shown in various organ- 
isms to be flavoprotems which also contain iron and 
molybdenum as piosthetie groups There is as yet no 
direct evidence concerning the chemical nature of CNX, 
but consideration of the characteristics of the mutants 
suggests that if CNX 1s one of the known prosthetic groups 
16 1s more likely to be associated with the molybdenum 
than the ron or flavin 

In addition to the 39 mutants which lack both normal 
NR and XDH activity, the 14 mutants ın the D comple- 
mentation group lack normal NR activity, but all possess 
detectable XDH activity This suggests that the D 
mutants have lost NR activity as the result of mutations 
in the structural gene for the nitrate reductase protem 
The D mutants produce normal CNX and consequently 
rotam XDH activity Tho rest of the mutants can pro- 
duce the nitrate reductase protein, but are unable to make 
normal CNX 

The existence of a mitrate-mduced NADPH,—cytochrome 
e reductase has been shown in a number of organisms, 
including yeast and Neurospora In Neurospora a 70-fold 
purification of nitrate reductase did not separate the 
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nitrate reductase and the nitrate-induced NADPH,-cyto- 
chrome c reductase activities! The co-induction of NR 
and CR and their similar behaviour on purification m 
Neurospora suggest that they may be activities of the 
same protem “It has also been shown® that the nitrate 
reductase of Pseudomonas aeruginosa contains cytochrome 
c which acts as an intermediate ın the transport of elec- 
trons fiom NADPH, to nitrite durmg the enzymatic 
reduction of nitrate to nitrite We have shown the 
existence in A mdulans of an NADPH,-cytochrome c 
reductase the synthesis of which like nitrate reductase 1$ 
induced by nitrate and ropressed by ammonia Beeause 
of the situation in other organisms, because of the co- 
induction of these two enzyme activities 1n A nidulans, 
and because the structural gene for NR 1s probably also 
the structural gene for CR—see following—we suggest 
that the same protem has both NR and CR activities in 
A nidulans 

The investigation of the NADPH,-cytochrome c 
reductase activities of the wild-type and mutant strams 
established the following points 

(1) The majority of mutant strains m all the comple- 
mentation groups possessed the same level of CR when 

own with or without nitrate 

(2) The CR activity of many of the group D mutants 
was similar to the uninduced level of the wild-type 

(3) The majority of mutants 1n the rest of the comple- 
mentation groups when grown with or without nitrate 
possessed CR activity simular to or greater than the induced 
Jevel of the wild-type 

(4) A total of ten mutants including representatives 
from six of the eight complementation groups possessed 
mdueible CR activity; all of these inducible mutants 
possessed shght but significant NR activity and also in 
some cases XDH activity y 

The simplest explanation of the constitutive production 
of CR by the membors of all the groups except D is that 
these groups represent regulator loci: and the mutations 
result in derepression of CR synthesis. The absence of 
inducible CR in many of the mutants in group D mdicates 
that these are mutations in the structural gene for CR. 
However. the NR und XDH characteristics of the mutants 
also mdicute that group D consists of mutants im the 
structural gene for NR, consequently 15 seems most likely 
that NR and CR are activities of the same protein 

In order to explam the experimental observations 
outlined above we suggest that the common co-factor for 
nitrate reductase and xanthine dehydrogenase also in 
gome way represses the synthesis of the CR potem. 
When the wild-type 1s grown without nitrate, CNX re- 
presses the synthesis of the protem When nitrate 1s 
present st interacts with CNX in such a way that the 
repressor function 1s lost and the synthesis of the protein 
proceeds Since ammonia m the presence of nitrate results 
in a lowermg of both NR and CR activities 1b 15 possible 
that CNX interacts with ammonia in such a way that 
the repressor function of CNX 1s restored ‘The regulatory 
role postulated for CNX is thus similar to that known for 
‘repressors’ in the B-galactosidase system and other 
enzymes rn bacteria’. A consequence of such & repressor 
function for CNX would be that mutation at any genetic 
locus which affected the production of normal CNX 
would result in the constitutive production of the NR 
and CR protem ‘The mutants m the complementation 
groups which lack CNX showed such constitutive behavi- 
our with respect to CR activity The mutants in group 
D by hypothess possess CNX but lack normal NR 
protem, consequently they should only show the un- 
induced level of CR when grown on nitrate This 15, m 
fact, the ease with the majority of D mutants The total 
of ten mutants which had mducible CR activity also 
possessed some degree of nitrate reductase activity By 
hypothesis those ‘leaky’ mutants in groups other than D 
must be able to produce some CNX ın addition to the 
NR prote. The presence of this amount of CNX 
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represses the synthesis of the NR protem, in the absence 
of nitrate The leaky mutants in group D possess normal 
CNX but make a protem which has abnormal NR activity 
while retainmg normal CR activity 

NRCRM data given in Table 2 show that: 

(1) Many mutants in group D which by hypothesis 
are able to produce normal CN X do not possess NRCRM 
This suggests that the action of the serum cannot be 
against CNX 

(2) In groups A, B, C, F, G and H, which are believed 
to be able to produce normal NR protem, the absence of 
NRCRM 1s the rule This suggests that the action of the 
serum cannot be against the uncomplexed NR protem 

We therefore suggest that the inhibition of NR activity 
is by antibodies against an immunological site which 1s 
present only m the complex formed by CNX and the 
NR protein 

The ability of group E mutants to produce NRCRM 
suggests that these strams are able to produce a form of 
CNX, possibly & precursor, which while lackmg the 
catalytic and repressing function can complex with NR 
protein to form an imrounologically active material 

The essential features of our hypothesis are. 

(1) A common co-factor termed CNX 1s essential for 
both nitrate reductase and xanthine dehydrogenase 
activity m Aspergillus nidulans 

(2) The nitrate reductase  protem also possesses 
NADPH, hnked cytochiome c reductase activity and 
CNX 1s not necessary for this latter function 

(3) The presence of CNX represses the synthesis of the 
nitrate reductase protein m the absence of nitrate Nitrate 
interacts with CNX m such a way as to prevent its ‘re- 
pressor’ function 

This hypothesis provides an explanation for the great 
majority of the expermmental observations. There are, 
however, a few mutants whose behaviour 1s somewhat at 
variance with that predicted by the hypothesis ın its 
simplest form But the basic tenet of the hypothesis 1s 
that & smgle genetically determined entity CNX has at 
least two functions one catalytic, the other regulatory 
Tf this be so, then it 1s not unreasonable to suppose that 
mutation could differentially affect either of these two 
functions and/or the complexing of CNX with the enzymes 
and nitrate Consequently mutation could produce 
strains which were altered only m some of these character- 
istics It 1s not our intention here to speculate further 
concerning possible explanations of the detailed character- 
istics of all the diverse variety of mutants known 

We havo suggested that CNX 1s both a co-factor and 
repressor with respect to nitrate reductase It ıs also a 
co-factor for xanthine dehydrogenase, but it is not yet 
known 1f ıt represses the synthesis of this enzyme This 
1s the first instance m which the experimental evidence 
suggests that a co-factor also has this kind of regulatory 
function and ıt may be a unique case. If, however, it 18 
an example of a general phenomenon, then some already 
characterized co-factors may also have such a regulatory 
function The implications of such a situation for a rapid 
merease in our understanding of the mechanisms of 
regulation in cells are far-1owching 

D J C acknowledges the recorpt of a Department of 
Scientific and Industrial Research/N ATO research student- 
ship, and a Medical Research Couneil jumor rescarch 
fellowship, B M R acknowledges the receipb of an 
AUBC Commonwealth scholarship, and D B. R 
acknowledges the receipt of a Medical Research Council 
research scholarship 
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LETTERS TO 


PHYSICS 


Nuclear Nomenclature : Helion for Alpha-particle 


Isuccrsr that the word helion be used for the «-partacle, 
the nucleus of the helium atom 
The names electron, neutron, proton, deuteron, and 
triton are convenient, and are generally used Helon for 
the helium-4 nucleus would be a convenient word to use in 
expressions such as bombardment with helions, helion— 
hehon collisions, helion emitters, and the helion model of 
the nuclous 
The suggestion has been made several times that helion 
would be a better name for the lightest noble gas than 
helium, ın that m the names of elements the ending ‘um’ 
occurs otherwise only for metals and metalloids However, 
this suggestion has not found acceptance, and accordingly 
does not interfere with the acceptance of helion for the 
~helium-4 nucleus 
Linus PAULING 
Cahfornia Institute of Technology, 
Pasadena, California 


Units in Vacuum Measurements 


WoRRELL’S recent communication! on units m vacuum 
measurements directs attention to several anomalies 
tacitly accepted by many vacuum technologists The 
use of molecular concentration as a measure of vacuum 
might be invaluable in some cases (for example, where a 
primary interest is in scattermg of molecular or ionic 
beams, or in bimolecular particle reactions), nevertheless, 
the diversity of vacuum applications seems to have been 
overlooked Apart from a few specialist studies, most 
vacuum technologists are more likely to be interested in 
vacuum per se than 1n pressure or molecular concentra- 
tions 

The use of a logarithmic scale for general vacuum tech- 
nology, m which great accuracy 1s not required, has much 
to recommend ıt, but the scale should inerease with 
increasing vacuum, and the actual values should be as 
small as possible (16 ıs unlikely that many vacuum tech- 
nologists would ever use numbers less than 100 on 
Worrell’s scale, for this 1s equivalent to 2 83 x 10-1? torr) 

I have for some years used the following scale 


pA = —logy (pressure in atmospheres) 


which has the advantages of creasing with increasmg 
yacuum, being zero at atmospheric pressure, and being 
(usually) restricted to small numbers (Table 1) More- 
over, 1t 1s related to that admirable, absolute gauge, the 
mercury manometer the readings of which, unlike those of 
ionization gauges or mass spectrometers, are independent 
of the gas they measure and mvariant from day to day 
As Table 1 shows, the various ranges of vacuum (medium, 
high, very high, ete ), defined by British and: American 
Standards Committees, are well approximated on the pA 
scale by simple, mtegrally bounded ranges (for example, 
3-6, 6-9, 9-12, etc ) The highest vacuum easily attain- 
able using rubber gaskets m an unbaked system corre- 
sponds to a pA of about 10 


Table 1 
Pressure in torr Atmos 1 103 10-* 107 10-15 
P. 0 2 59 89 119 149 
Worrell’s scale (ref 1) 2543 2255 1955 1655 1355 10 55 
Vacuum Low Medium High Very high Ultra-high 


It must be emphasized that logarithmic scales, however 
convenient and neat they may be m describing the state 
of a vacuum system, are of little use m calculations of 
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vacuum engineering, conductances, collision rates, ete. 
For a detailed understanding of the behaviour of molecules 
the customary, lmear, scale 1s still invaluable 
J CUTHBERT 

Chemistry Division, 

Aiomje Energy Research Establishment, 
Harwell, 
Berks 

1 Worrell, F T , Nature, 199, 476 (1903) 


An Electrolytic Countercurrent Column for 
Isotope Separation: a Simplified Theoretical 
Approximation 


In this communication, the possibility 18 considered of 
multiplymg a single electrolytic isotopic separation effect 
in & continuous process occurrmg in an electrolyser with 
a countercurrent flow and conversion of two immiscible 
liquid phases The latter consisted of an electiode and an 
electrolyte Such a process may—among other applica- 
tions—be used to the enrichment of lithium The process 
is presented schematically ın Fig 1 A solution of the 





Fig 1 


lithium salt chosen 1s electrolysed during the flow between 
the immovable anode 1, and the movable cathode 2, which 
1s mercury flowing in countercurrent During the flow the 
isotopically enriched lithium ıs accumulated ın the 
mercury The resulting amalgam 1s then decomposed in 
the converter 3 The solution of the lithium salt obtained 
and the pure mercury are turned back to the electrolyser 
Part of the solution of the salt m the converter can be 
taken off as the enriched product P The dilute and 1so- 
topically exhausted electrolyte 1s removed from the 
device, which, owmg to the apparent analogy, may be 
ealled the electrolytic column 

The considerations quoted here concern the extremely 
simplified conditions and aim at establishing both the 
theoretical possibilities of enrichment by this method and 
the direction of interactions of the principal parameters of 
the process 

It was assumed that the electrolyte 1s characterized by 
the following parameters the flow rate, wz, the diffusion 
coefficient, Dg, the concentration of the salt, cg, and the 
concentration of the isotopic component of interest, y 
The corresponding values for the liquid cathode are the 
following uc, Do, cc and æ 

During the course of the work, the following assumptions 
have been made (a) the concentration of the isotopic 
component of interest 1s small and therefore the separation 
factor « = æjy, (b) the separation factor «, the molar 
conductivity u and the diffusion coefficients Dg and Dg are 
independent of concentration, (c) there 1s no isotopic 
exchange between the phases, (d) no longitudinal mixing 
occurs, (e) the ratio of the hnem rates of the electrolyte 
and the liquid cathode are proportional to the ratio of the 
diffusion coefficients uz/ug = Dz/Dc, (f) the diagonal 
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surface areas of the electrolyte stream and of the cathode 
are equal to unity, (g) the final concentration ın the 
electrolyte 1s sufficiently small and may be neglected in 
the material balance, (h) no product ıs withdrawn, (2) the 
process ıs established and isothermic \ 
From the material balance of the differential cathode 
section, dz (where z 1s the length of the column), we have: 


d? 
— ugdeg + Doe + Kidz = 0 (1) 


where K 1s the electrochemical equivalent, + 1s the current 
intensity on a length unit of the cathode 
Neglecting the small value of the second derivhtive, 
and accepting « = Epcg (where E 1s the potential) we 
arrive at 
Up deg 
KEw cc (2) 
From the balance of the flow yield of the isotopic com- 
ponent of interest through an arbitrary cross-section of the 
column we have ~ 
d(cex) 
ugcot — ugcgy — Do de 


dz — 





d(czy) 
— Dg Mew) =0 (3) 
Bearmg in mind the assumptions a (and e) and equ per 
cent and considering that ucco = ugeg, and taking a 
definite mtegral, we obtain 


xp cop 
mE ef ELA 4 
q EAr (4) 
where q 18 the separation factor of the isotopic component 
of interest (the mdices P and W refer to the corresponding 
cross-section of the column at a distance of z) and 


a—l wugug 
a4 1 DoKEp (5) 
As can. be seen, the overall result of the en1ichment con- 
sists of Rayleigh’s enrichment and of that, depending on 
the hydrodynamic and electrochemical parameters 
I thank Prof K Akerman, Dr J Roszak and Dr L 
Stolarezyk for ther advice 








ANATOL SELECKI 
Department of Nuclear Chemical Engmeermg, 
Polytechnic of Warsaw and. 
Department of Application of Isotopes, 
Institute of Nuclear Research, 
Warsaw 


GEOPHYSICS 


Luminescence of Meteorites 


A LABORATORY investigation of the lummescence spectra 
of a number of materials, of types which might possibly 
exist on the lunar surface, ıs bemg carried out with the 
view of permitting comparison with the luminescence 
spectrum of the Moon itself We excite the luminescence 
in vacuum by means of a beam of protons}, usually with 
an energy of about 40 keV, and record the spectrum of 
any lummescence emission by means of a photoelectric 
spectrophotometer? 

The materials mvestigated have meluded a range of 
stony meteorites of different classes We find that most 
of the meteorites luminesce negligibly, or weakly with a 
broad continuous spectrum, and are of little mterest 
However, we find that three of our samples lumimesce 
strongly, and have similar spectra, with their main peak 
inthered These three are all listed by Prior? as enstatite 
achondrites, and their places and dates of observed fall 
were  Bishopville 1843, Bustee 1852 and Khor Temiki 
1932 They were thus widely distributed in time and 
place The irradiated samples consisted of small pieces of 
meteorite ground to a fine powder and washed 1n acetone 

The three spectra are shown m Fig 1 They all show a 
munor peak at about 4000 A and a major peak at about 
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Fig 1 Top, Bishopville, middle, Bustee, bottom, Khor Temilk: 


6700 A, the red blue peak ratio 1s different for all three^ 
—44, 10 and 15 respectively The main interest 1s in the 
red peak, which ıs of phosphor -lıke efficiency 

A rough comparison has been made with a known 
phosphor After correcting for mstrumental effects, we 
find that the meteorite which luminesces most strongly — 
Bustee—gives a red peak of intensity about three-quarters 
that of the green peak for a piece of ‘Sirius’ screen (ZnOdS- 
Ag) The other two meteorites show red peaks about a 
third as intense as that for Bustee The integrated 
radiant efficiency of ZnCdS—Ag 1s given by the makers as 
about 20 per cent After allowmg for the different 
emission profiles, this suggests a radiant efficiency of just 
more than 20 per cent for Bustee 7 

As the lunar surface 1s bound to have received meteoritic 
material, including presumably some of this class, ıt 
would appear to be profitable to examine the lumimescence 
of lunar craters and rays ın the spectral region between 
about 6500 and 6900 Å This ıs made easier by the 
presence in this region of a strong absorption line (Ha, 
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6562 A) m the spectrum of the scattered sunlight, this 
comes at a point where the red emission 1s nearly at 1ts 
peak of intensity 
This work is being carried out under contract AF 

61(052)-379, through the United States Air Force Cam- 
bridge Research Laboratories We are grateful to the 
British Museum (Natural History) for the loan of the 
meteorites 

C J DzRHAM 

J E GEAKE 

Department of Physics, 

Manchester College of Science and Technology 
1 Derham, C J ,and Geake,J E ,Veck Note No 2, Contract AF 61(052)-379 


*Geake,J E , and Lumb, M D , Tech, Note No 1, Contract A F 61(052)-379 
3 Prior, G T, Catalogue of Meteorites (1953). 


GEOCHEMISTRY 


Carbon and Oxygen Isotope Ratios as 
Environmental Indicators: Anomalous Results 
from Carbonate Shells from Beach 
Sediments of Lake Managua, Nicaragua 


Tue value of carbon and oxygen isotope ratios in 
determming the nature of the depositional environment 
for various types of carbonate rocks has been pointed out 
by a number of workers!-*, who showed that freshwater 
limestones are enriched in earbon-12 and oxygen-16 
relative to the marine varieties Moreover, detailed 
variations in 3?0/13C ratios were found to be preserved m 
the Vanport hmestone of Pennsylvaman age’, the ratios 
increase regularly toward the shoreline of the estuarme— 
deltaic basm complex and presumably indirectly reflect 
variations in salinity concurrent with the muxing of 
carbon-12 enriched continental bicarbonate of the distribu- 
tary with carbon-13 enriched bicarbonate of the ocean. 

Isotopic criteria are not infallible, however, and @ 
number of mechanisms by which anomalous isotope ratios 
may be effected were discussed by Keith and Weber? 
Most of the samples with divergent “C/3*C ratios may be 
detected before analysis by signs of diagenetic alteration, 
by deposition m strongly reducing environments, or by the 
presence of organisms known to precipitate calcium 
carbonate out of isotopic equilibrium with their external 
environment 


Table 1 IsoTopic COMPOSITION OF AMOLLUSO SHELLS FROM RECENT 
SEDIMENTS OF LAKE MANAGUA 

6 Bor é M0* 

Anadara, cf A lenosa 
Average of 18 specimens - 411 — 342 
Standard deviation 197 038 
Planorbwna ap — 956 -778 
Fossarva ap — 521 — 259 
Thais sp +054 — 236 
Conus sp + 129 — 209 


* Relative to the Chicago PDB standard, in per mil 


An interestimg example of recent sedimentation which 
would provide anomalous environmental evidence on the 
basis of both fossils and carbon isotopic composition has 
been found m. beach sediments of Lake Managua, near the 
capital city of Nicaragua Small, freshwater lacustrme 
gastropods, Fossaria, Planorbina, and Physa, and one 
species of land snail, Succinea, are found m small numbers 
in the upper layers of beach sands The isotopic composi- 
tion of the freshwater shells (Table 1) 1s well within the 
1ange of freshwater carbonates (54°C loss than — 2 per mil, 
relative to the PDB standard) In greater abundance, 
however, occur shells of Anadara, a food clam collected m 
brackish water environments m the river mouths along 
the Pacific coast, and later transported into the area 
and discarded in the lake after extraction of the soft 
parts Specimens of Anadara, distributed by wave and. 
current action are found along with the lacustrine species, 
and the isotopic composition of Anadara shells suggests 
growth in braclush water environments Specimens of 
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Phas and Conus, with 10/120 ratios typical of the marme 
carbonates, are also found in the beach sediments and have 
been derived from the erosion of nearby Tertiary marine 
sedunentary rocks 

Because of their fragihty, the freshwater molluscs are 
rapidly commumuted by wave action and dissolved by the 
waters of Lake Managua The brackish water Anadara, 
and the marme fossils, however, are buried in the beach 
sands, and under suitable conditions would presumably be 
entombed as fossils, or would diagenetaeally redissolve and 
form carbonate cement In any case, both fossil and 
isotopic criteria, 1f applied some time in the future, would 
suggest brackish water to marme depositional conditions 
for a sequence of sediments having originated in a fresh- 
water lacustrme environment 

In some areas, transportation of molluse shells by 
animals, or the redeposition of fossil shells derived from 
nearby sediments undergoing erosion, may not ba uncom- 
mon, and ın such cases, both fossil and isotopic environ- 
mental mdicators may be wholly ın error The search for 
new environmental indicators should be continued 


Jon N WEBER 
College of Mineral Industries, 
Pennsylvania State University, 
University Park 
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CRYSTALLOGRAPHY 


X-ray Diffraction by a Layer Silicate 
containing Stacking Faults 


In eronstedtite, as n many layer-type silicates, struc- 
tural faults ocem durmg the growth of the crystals which 
consist of displacements of the layers from ther correct 
positions Smee the direction of the displacements 1s 
parallel to the layers, their effect 1s to destroy the regu- 
larity of the structure m the direction perpendicular to 
the layers, considered here to be the direction of the 
c*-axis of the reerprocal lattice, and the reciprocal lattice 
points become smeared along this axis On an X-ray 
diffraction photograph, spots on a row of constant h and 
k and varying | are hnked by a streak which varies m 
intensity from a maximum at the positions of the spots 
to a lower value between them ‘The extent of the streak- 
mg depends on the frequency of the faults, and varies 
from one crystal to another 

Recently, eight polymorphs of cronstedtite have beon 
discovered)”, and crystals of nearly all of them ean be 
found which show this disorder streakmg very well 
Two features of 1t are very noticeable The first 1$ that xt 
always takes one of two forms, and the second 1s that 
each of these forms appears invariably with a certain group 
of polymorphs 

In one form, the streakmg varies in intensity m the way 
described here, and the observed variation 1s im quah- 
tative agreement with the results of the calculations carried 
out by Wilson? In the other form, the streak itself appears 
to be of almost uniform mtensity throughout rts length, 
and on ıb are spots which are as sharp as those from a 
perfect structure 

The first form 1s found in polymorphs with space 
groups P31m and P6,cm, and possibly Cm, and the second, 
more unusual, form m polymorphs with space groups 
P6, and P3,, and possibly R3 (The space groups alone 
are given, smce they are sufficient to identify the struc- 
tures, which are described m detail elsewhere? ) This 
association of a particular form of streaking with a certam 
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group of polymorphs ıs mdependent of the geological 
origin of the crystals 

The polymorphs in either of these groups have no 
structural features in common, beyond the kaolm-type 
layer which 1s common to all the polymorphs, and the 
two groups cannot be distmguished m any other physical 
sense 

The distinction arises purely as a diffraction effect 
The structures of the first group, with space groups 
P3Vlm, P6,cm and Om, give diffraction patterns m which, 
for the hk rows which are affected by streaking, tke spac- 
ing of the spots corresponds to a repeat distance jn the 
c-direction equal to the thickness of one cionstedtite layer 
This applies even when the c-axis of the structure itself 
extends through more than one layer But on the diffrac- 
tion patterns given by the second gioup of polymorphs 
the spacing of the spots on the streaked hk rows corre- 
sponds to a larger repeat distance in tho c-direction The 
distinction depends therefore on whether or not the spac- 
mg of the streaked spots corresponds to the thickness of 
the unit which 1s suffering the displacement, the kaolin- 
type layer. 

An exact mathematical treatment of the phonomenon 
18 being carried out 

R STrEADMAN 
Department of Physics, 
Bradford Institute of Technology, 
Bradford 7 

1Steadman, R , and Nuttall, P M , Acta Cryst , 16, 1 (1963) 
2 Steadman, R , and Nuttall, P M , Acta Cryst (n the press) 
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Interactions between Lithium Salts and a 
Model Peptide: Crystal Structure of Lithium 
Chloride - N-Methylacetamide Complex 


SruprES of intoractions between lithium salis and a 
model peptide, as related to protein denaturation, have 
been ın progress 1n this laboratory for some time! During 
these studies, a crystalline material was pioduced from a 
mixture of 13 M lithium bromide and N-methylacetamide 
(NMA) (1 4 ratio) These crystals contained both NMA 
and LiBi The determination of the structure of this 
material would, therefore, establish the nature of the 
interaction between the ions and the model peptide in tho 
crystal 

For the structure determination, crystals were prepared 
containing lithium chloride instead of hthrum bromide 
These crystals are more stable and apparently isomorphous 
with the LiBr-NMA crystals 

The crystals melt at a low temperature (145° C) and, 
being hygroscopic, dissolve within a few mmutes on 
exposure to air It was, therefore, necessary to seal the 
crystal used m the X-ray analysis m a glass capillary 

Preliminary X-ray investigation of these crystals 
produced the following information 


InBr-NMA Incl-NMA 
Space group I a I 5 
Lattice constants & = 1305 Å a — 1280 À 

c = 1238À c — 1231À 
Density 1 27 gícc 111 gies 


Chemical analysis of the LiBr-NMA crystals for 
bromide indicated a ratio of 1 4 between LiBr and NMA 

This information indicates that the unit cell contains 4 
LiBr or LiCl molecules, respectively, ard 16 NMA mole- 
cules The space group symmetry requires that the two 
types of 10ns be placed in the two different sets of 4 points 
and the NMA molecules 1n general positions 

The crystal structure of pure NMA has previously been 
determined? It was pomted out by these authors that 
NMA forms a structure with orientational disorder above 
10°C Asmular disorder also appears to be present 1n the 
LiC]-NMA, crystals 
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Fig 1 Relation of the two NMA molecules superimposed to simulate 
the disordered 





(nt 
bI 
203 


Fig 2 Electron density map of LiCI-NMA complex, contours drawn 
at arbitrary levels 


X-ray intensities were collected on the GE XRD-5 with 
single crystal orienter One thousand and fifty independent 
intensities were collected , of these, approximately one 
half were quite weak 

The crystal structure was determimed by the heavy 
atom method The phases of the lithium and chlorme 
atoms, the co-ordmates of which aro fixed by symmetry, 
were used for the first electron density calculation 
Successrve electron density calculations allowed the 
positions of the methyl groups and the oxygen atom to be 
established However, we were unable to locate precisely 
either the carbonyl carbon or the nitrogen atom When 
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we placed the latter two atoms by stereochemical con- 
siderations and used least squares refinement, the R value 
fell to 0 21. Nevertheless, the carbonyl carbon and the 
nitrogen atom had exceedingly high temperature factors 

Assuming that orientational disorder of the NMA 
molecule exists, as described by Katz and Post?, two 
molecules with half weights for their atoms were super- 
imposed. in the position of the previously smgle molecule 
(Fig 1) The positions of these half atoms were allowed 
to vary independently m the least squares refinement 
The temperature factors decreasod and the final R 
value was 0 18 In addition, the (fo-Fc) synthesis showed 
no large peaks and ıt was, therefore, concluded thet an 
essentially correct molecular structure had been estab- 
hshed Orientational disorder of the NMA does not 
produce any pseudo-symmetry in this crystal structure, 
whereas, in the disordered pure NMA crystals, the mole- 
cule assumes the pseudo-symmetry mm in such & way 
that the space group and unit cell of the crystal are 
changed 

The structure shows that the crystal is held together by 
1on—dipole mteractions (Fig 2), the negative (oxygen) 
and positive (nitrogen) ends being directed towards the 
lithium ard chlorine ions, respectively As the lithum 
and chlorine ions lie on 4 ponts, the oxygens and nitrogens 
are packed about their respective 10ns m distorted tetra- 
hedra The methyl groups are packed around the four- 
fold screw axes 

I thank Drs D Harker and J. Bello for their helpful 
advice, and Dr G Kartha for performing the least 
squares refinement. I also thank Drs F R Ahmod and 
D R Harris for making available ther IBM 1620 com- 
puter programmes This work has been supported by 
grant NIH-—A-3942, I am the recipient of a US Public 
Health Service trameeship, 2G-718(C2), through the 
Department of Biophysics, State University of New York 
at Buffalo 
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RADIOCHEMISTRY 


Re-activation Analysis of Magnesium 


In previous papers!-?, we have described re-activation 
analysis and reported its application to the determination 
of aluminium”? and vanadium? This method has the 
advantage of precisely determining the chemical yield 
after counting without loss of the sample 

In a normal destructive activation analysis using short- 
life nuclides, the chemical yield was determined by 
weighing the precipitate of the element being analysed 
after counting its activity However, 16 1s not desirable to 
treat the radiated sample after being counted from the 
pomt of view of the precise determination of chemical 
yield. On the other hand, when the element to be 
determined has no suitable precipitate form for weighing, 
the chemical yield was determined using @ radioisotope 
tracer This method, however, has the disadvantage of 
involving an error due to the difference of chemical yield m 
each separation. 

In re-activation analysis, the chemical yield 1s easily 
corrected. by re-activation of the counted sample and thus 
the source of errors here mentioned can be elimmated 

The sample solution was irradiated in the JRR-1 
reactor at a neutron flux of about 3 x 10%! n/em?/sec for 
6 min and transferred into a separating funnel One ml 
of magnesium carrier solution (60°0 yg magnesium), 5 ml 
of 0 05-N ammonium hydroxide and 2 ml of butylamme 
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Table 1 RESULTS OF ANALYSES OF MAGNESIUM 


Sample No, Sample Mg found (ug 
Mg added (ug) Other elements added (mg) v 
1 50 0 82 
2 200 0 221 
3 200 0 192 
4 200 0 209 
5 400 0 272 
6 700 0 079 
7 400 Na 1 410 
8 400 Mn 1 non-determmable 
9 400 Mn 01 non-determinable 
10 400 Rb 25 
11 400 Na 1 420 


was added After diluting this solution to 50 ml, mag- 
nesium was extracted with 5 ml of 1 per cent of oxime 
(w/v) 1n benzene solution Benzene phase was transferred 
into a polyethylene tube, which was then mounted in a 
175 x 2m sodium rodide (Tl), crystal (well type) 7 mm 
after the end of irradiation and was counted for 200 sec 
with a RCL-256 channel pulse height analyser, and the. 
resultant y-spectrum measured The polyethylene tube 
containing the benzene phase was sealed agam and was 
kept cooling for a sufficient time to let the magnesium-27 
activity decay to a neghgible amount It was nrediated 
again for 3 min, cooled for 1 min, and the y-ray spectrum 
was measured for2min The irradiated standard samples 
for the first and second irradiations were also measured for 
the y-ray spectra under the same conditions as an unknown 
sample In each of the resultant y-ray spectra, the height 
of photopeak due to 0 834-MeV y-ray from magnesrum-27 
was measured. The amount of magnesium in the unknown 
sample was calculated from equation I 


Asam x We x Wst . 
Ast x Asam x Wst 
Ast 


where W, weight of magnesium in the sample (g); Ast, 
the induced activity of magnesrum-27 of the standard 
magnesium from the first irradiation, Wst , weight of the 
standard magnesium for the first wradiation (g); Asam, 
activity of magnesium-27 isolated from the first irradiation 
sample, We, weight of magnesium carrier added to the 
irradiated sample, Asam , the mduced activity of mag- 
nesium-27 from the second irradiation; Ast , the induced 


N 0834MeV 


y-Ray energy 
y-Ray spectrum of magnessum-27 


W= (1) 


— Asam x Wat 


Activity 


i 0IMeV 
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Weight of magnesium (ug) 
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Weight of magnesium (vg) 
Fig 2 Calibration curves of magnesium for the first (©) and second ( 6) 
irradiations 
activity of magnesium-27 of the standard magnesium from 
the second irradiation, West, weight of standard mag- 
nesium for the second irradiation (g) 

An example of the y-ray spectrum of magnesium-27 
which was measured after being extracted with oxine- 
benzene solution 1s shown in Fig 1, and the calibration 
curves of magnesium for the first and second irradiations 
and results of analyses by this method are shown in Fig 2 
and Table 1, respectively 

. YUICHIRO KAMEMOTO 
SHIGERU YAMAGISHI 
Japan Atomic Energy Research Institute, 
Division of Chemistry, 
'Tokai-mura, Naka-gun, Ibaraki 
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Thorium Content of, and its Separation 
from, Commercially Available Pure Lutetium 
Oxide 


Ix connexion with the half-hfe standardization of 
lutetium-176 (half-hfe—-2 2x21 yr) a l-g quantity of 
commercially available lutetium oxide was obtained having 
a purity of 99 9 per cont (Standardization work was carried 
out by Mr Donhoffer of the Institut fur Radiumforschung 
und Kernphysik, Vienna 9) Durmg measurement, how- 
ever, ıt soon became evident that other activities were 
also present and m sufficiently large quantities to make 
the proposed measurement impossible The sample was, 
therefore, subject to a nuclear spectroscopic analysis by 
means of a 400-channel pulse height analyser for a 26-h 
period Tho results of this analysis (Fig 1) clearly indi- 
cated the presence of several activities resulting from the 
decay of thorum, the decay scheme for which 1s shown m 
Fig 2 

It became obvious, from the results of the analysis, that 
a chemical separation of the thorium and radium content 
would be necessary before any attempt at the desired 
standardization could be undertaken Given in the 
following 18 a description of the separation piocedure 
developed for this purpose 

In order to separate the thorium, the lutetium oxide 
was first dissolved in 2 N hydrochloric acid and adsorbed 
on a cation-exchange resin, of the type ‘Dowex 50 W-X 8 
with a 100—200 mesh size, ın the NH,4*-form The lutetium 
was eluted with 100 ml of 4 N hydrochloric acid and the 
column washed out with 100 ml of water 

In the case of radium, 25 mg of barium in the form of 
barium chloride were added to the lutetium and the 
radium co-precrpitated with barium following the addition 
of sulphurie acid 
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Fig 1 Gamma spectrum of lutetium-176 showing impurities present 
before ion-exchange separation (continuous line) and their removal 
after separation (broken line) 


Th 228 (1 91 yr) Th 232 (14 x 10% yr) 
B 
Ac 228 (6 13 h) a 
a B 


Ra 224 (3 04 d) Ra 228 (0 7 yr) 


Fig 2 Decay scheme of thorium 

Finally, the lutetium was precipitated with oxalic acid 
and converted to the oxide in a muffle furnace at 800° C 

The lutetium was again subjected to analysis usmg the 
400-channel analyser for a 26-h period and, as can be seen 
from Fig 1, only lutetrum-176 1s present mdicating the 
success of the desciibed separation 

H Trrzn” 
Institute of Chemistry, Reactorcenter Seibersdorf 
Osterreichische Studiengesellschaft fur Atomenergie, 
Ges m b H 


Radiolysis of Cyclohexane -- Benzene Mixtures 
at Liquid Nitrogen Temperature by Cobalt-60 
y-Rays 

Tux discovery by Manion and Burton! of the inhibiting 
properties of benzene m the radiolysis of cyclohexane + 
benzene mixture has given rise to numerous investigations 
on this system m both hquid and gas phase?-* The results 
obtamed show that the hampering of radiolysis may be 
explamed by the energy transfer from cyclohexane to 
benzene and that the mechanism of this process 18 simular 
in hquid and gas phase 

The purpose of the work recorded here was to investigate 
the mechanism of energy transfer in the same system but 
m sohd phase  De-aerated samples of cyclohexane + 
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benzene mixtures of varymg composition were irradiated 
at liquid nitrogen temperature by cobalt-60 Y-rays at a 
dose rate of 33 x 1015 eV ml-t sec-? The total dose 
absorbed by the sample 1anged between 10 x 10% 
and 12 x 107? eV ml -~ 

The yield of molecular hydrogen evolved m the course of 
radiolysis was determined by volumetric gas analysis 

The results are illustrated ın Fig 1 


G(H;) 





0 20 40 60 80 
Benzene 


Fig 1 Dependence of G(H;) on the molar percentage of benzene in 


100 


C.H, + CHa mixture at liquid nitrogen temperature Broken curve 
1$ based on the results of Freeman (ref 2) obtamed foi liquid phase 


In the plot of G(H,) against the composition of C,H, + 
CH: mixture three fragments may be distinguished The 
first one, corresponding to low concentrations of benzene 
(<10 per cent), ıs similar to that foi liquid phase? (Fig 1, 
broken curve) 

The second fragment, corresponding to the concentra- 
tions rangmg between 10 and 40 per cent, 1s characteristic 
because of the constant value of G(H,) The third frag- 
ment fulfils quite well the additivity rule The curve in 
Fig 11s so much different from that for the liquid phase 
that further investigations on sold C,H, + C,H;, system 
seem to be promising 

JERZY Knok 
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Department of Radiation Chemistry, 
Technical University of Lodz (Politechnika), 
Lodz, Poland 
1Manion, J P , and Burton, M , J Phys Chem , 56, 560 (1952) 
` Freeman, G R,J Chem Phys , 88, 71 (1960) 


? Freeman, G R , Canad J Chem , 39, 1769 (1961) 
t Lamborn, J , and Swallow, A J, J Phys Chem , 65, 920 (1961) 


CHEMISTRY 


Infra-red Spectra of Polar Molecules adsorbed 
on Titanium Dioxide Pigments 


We have examined the mechenism of adsorption from 
solution in benzene of some organic molecules on titanium 
dioxide pigments Pigments were allowed to come to 
equilibrium in 0 015-0 030 M solutions im benzene of the 
compounds The pigment was filtered off, under reduced 
pressure, and made into self-supporting disks, their mfra- 
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red spectra were measured at 30°C with a Unicam 
SP100 spectrophotometer, using a rock-salt prism-grating 
double monochromator (1,000-3,650 em-1) and a sihea 
prism (3,600-3,800 em-!) Compensation for scatter by the 
sample was achieved by plaemg erther metal gauzes or 
blank pigment disks in the reference beam 

Bands between 3,675 and 3,715 cm-! in the spectra of 
anatase and rutile have been assigned to surface hydioxyl 
stretching vibrations! We have confirmed the presence 
of one, or more, hydroxyl bands between 3,630 and 3,730 
cm~, and have also observed a broad band due to wate 
at c , 3,300 cm (together with the 1,630 cem- band). 
Our results for anatase pigments are shown in Table 1 
It ıs well known that the surface hydroxyl band of silea 
occurs? at 3,740-3,750 cm-, and y-alumina has shown 
bands? at 3,698, 3,737 and 3,795 cm~! Hence our results 
suggest that the alumma and silica known to be present 
on some titanium dioxide pigments lose their identities 
with respect to surfaco hydioxylation 

For the adsorption of n-octadecanoic acid a dual mech- 
anism was observed (a) reaction with surface hydroxyl 
groups to give octadecanoate 10n, as shown by C—O 
stretching vibrations of the carboxylate xon and the 
absence of bands due to the carboxyl group and the 
surface hydroxyl gioups, and (b) hydrogen bonding to 
the pigment suiface as shown by the absence of the 
surface hydioxyl bands, and the presence of bands due to a 
hydrogen-bonded carboxyl group Bands due to methyl- 
ene groups showed no evidence of perturbation by the 
pigment surface The quality of the spectra was good, 
and allowed measurement of the series of closely spaced 
bands due to methylene wagging vibrations of both 
surface 1ons and adsorbed acid 

The relative amounts of 10n and acid on rutile (obtained 
by a chloride process‘) suifaces varied, from mostly 10n to 
similar quantities of 10n and acid Sulphate process pig- 
ments® showed a variation mostly from ion to mostly 
acid, with a 1eduction m the 1atio of ion to acid as 
follows 


treated rutile > untieated 1utile > 
treated anatase > untreated anatase 


A specially pure sulphate procoss 1utile, however, gave 
results simular to untreated anatase pigments, that 1s, 
mainly adsorbed acid 

After some experiments the acid was desorbed, leaving 
the surface ions more or less unchanged The pigment was 
then allowed to attain equihbirum again in fresh acid 
solution The resulting spectra showed that the second 
equihbrium state was the same as the first Wo conclude 
that the formation of 10n occurs at discrete sites on the 
pigment surface The asymmetrie C—O stretching vibra- 
tion of octadecanoate 10n occurred between 1,495 and 1,580 
em-1, and the C=O stretching vibration of adsorbed acid 
occurred between 1,686 and 1,717 cm-! The shape of 
these bands did not suggest the presence of more than one 
specific 1onic o1 acidic species These facts, together with 
the results on chloride process rutiles with no surface 
treatment, and also the surface hydroxyl data, seem to 
preclude a dual mechanism in terms of tho behaviour 
of suface hydroxyl groups attached to specific elements 
in the crystal surfaco, fo. example, alummium and 
zme ion formation, titammum and silicon hydrogen 
bonding (we have shown that the surface species on y- 
alumina are carboxylate ions, but on silica aerosil are 
hydrogen bonded acid molecules) A tentative explanation 
may be given in terms of the heterogeneous nature of the 
surface electrostatic field This field 1s governed by the 
composition of the pigment surface, and m some regions 
might increase the energy of mteraction with the acid 
sufficiently to oxceed 1ts heat of ionization, but in others 
be inadequate The variation of frequoney of the vibra- 
tions of polar groups adjacent to the surface on different 
pigments may also be attributed to this heterogeneity 
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Table 1 SURFACE HYDROXYL FREQUENCIES ON ANATASE PIGMENTS 
Description Al,O3 (96) $10.(%) y OH (cm) 
No treatment * <0 026 030 3,085 
Simple treatment * 039 056 3,687 
Complex treatment * 204 097 3,083, 3,725 sh 


* ‘Treatment’ refers to the manufacturing technique of modifying T10, 
surfaces with, for example, alumina and silica (ref 4, 276) Commercial 
pigments also contain other trace components 


The observation of more than one surface hydroxyl band 
on some oxides? may similarly be explamed. Thus 
Yates has suggested that two bands for anatase may be 
due to hydroxyl groups on different crystal faces!. 

Each pigment grade showed similar behaviour towards 
n-octadecanoie acid, a c7s-9-crs-12-octadecadienoie acid 
concentrate and n-octadecyl hydrogen phthalate (OHP) 
In the spectra of adsorbed OHP, the ester C=O stretching 
band of surface ions was found between 1,707 and 1,715 
cm- (cf 1,720 cm- for solid potassium salt of OHP), the 
corresponding band for adsorbed acid occurred near 1,725 
cm- (cf 1,738 cem- CCl, soln , 1,728 cm~ solid, for OHP), 
showing that for both surface 10n and adsorbed acid the 
ester group is perturbed by the pigment surface The 
spectra of adsorbed OHP showed normal miensity 
properties However, the surface carboxylate 10n had a 
marked enhancement of intensity of the aromatic m 
plane skeletal bands (about 1,450, 1,490, 1,580 and 1.600 
em-1) This may be due to their proximity to broadened 
bands of the —CO,-, or—perhaps—to the aromatic ring 
lying flat on the pigment surface 

The spectra of n-octadecanol on all pigments examined 
were virtually identical, and closely resembled the 
spectrum of the fatty alcohol m solution However, 
neither the unassociated hydroxyl band (3,640 em-!) nor 
tho surface hydroxyl band of the pigments was observed 
Therefore, tho alcohol 1s hydrogen bonded to the pigment 
surface. E 
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Kinetic Parameters from Thermogravimetric 
Data 


THE use of thermogravimetric data to evaluate kmetic 
parameters of solid-state reactions involving weight loss 
(or gam) has been investigated by a number of workers!-* 
Freeman and Carroll? have stated some of the advantages 
of this method over conventional isothermal studies To 
these reasons may be added the advantage of using one 
single sample for investigation However, the importance 
of procedural details, such as crucible geometry, heating 
rate, pre-history of sample, and particle size, on the 
parameters has yet to be fully investigated. It 1s also 
necessary to ensure accurate temperature measurement, 
both for precision and also to detect any departure from a 
linear heating rate due to endo- or exo-thermic reactions 
(The effect of these may be largely elimmated by the use of 
small samples) In our present work (using a Stanton 
HT-—D thermobalance) the sample temperature 1s measured 
directly by means of a thermocouple the bead of which 1s 
positioned in or near the sample, depending on crucible 
design the wires of which run down a twin-bore rise rod 
The connexion between the end of the thermocouple wires 
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on the balance arm and the terminal block 1s madetby 
0 001 ın platinum and platmum/rhodium wires? It has 
been shown that these wires do not affect the performance 
of the balance but act merely as a subsidiary damping 
From the terminal block compensated cable leads to the 
cold junction and a potentiometric arrangement for direct 
measurement of the thermocouple output 

A prior: knowledge of the value of the order of reaction 
is assumed in most derivations'-*4, while the method? 
which allows for the determmation of both the activation 
energy and the order of reaction suffers from a number of 
disadvantages". 

In the reaction G4 — bBys, + cC, the rate of 
disappearance of A may be expressed by 


da 


dp k(l — a) 


(1) 
where « = fraction of A decomposed at time t, n = order 
of reaction, and k = rate constant given by the expression 


k = Ae-EIRT (2) 


where A = frequency factor, and # = activation energy 
of the reaction 3 
For a linear heating rate of, say, a deg min-* : 


a = dT jdt (3) 


Combining equations (1), (2), and (3), rearranging and 
integrating we get 


T 


a 
0 


0 


(4) 


The right-hand side of equation (4) has no exact 
integral, but by making the substitution u = E[RT and 
using the relation 





(o eo —]1)»* 
fetutdu - uie X ipe e (see ref 8) 
u n=0 Y 
equation (4) becomes: 
1-(1— 0)" ART, 2RT|] _ 
l-n ^J aH [i E Jonze (5) 
taking logs 
f{1-(l- | AR 2RT E 
log] aL — 4) | = logo aL -E ] -2agp (9 


for all values of n except n 
after taking logs, becomes 


logie [ -log m] 


1 in which case equation (4), 


E 


g- - zsgp U) 


—logio oH E 


—(1— a) 
Thus a plot of either logi; [> Simi aia 


1 
Tln) | agamst y 


or, where n = 1, logi [= 


1 
| against T 
should result ın a straight line of slope — Z/2 3R for the 
correct value of'n, since ıt may be shown that for most 
values of E and for the temperature range over which 


reactions generally occur the expression logy» E 1— E 


is sensibly constant 

The equations may be applied by a simple graphical 
technique Simce there ıs theoretical justification for 
orders of reaction of 0, 1/2, 2/3, and 1 im solid-state 










































and identified in the mass spectrometer. Since the: 
charged ions of the inert gases are isoelectronic wi 
halogens it is possible that a series of compound ions might 
bo formed with alkali metals corresponding to the alkali 
halide salts. "ES UR 
Ina preliminary attempt to confirm this hypothesis using 
the Atomic Energy Research Establishments experiment 
electromagnetic isotope separator, well-defined beams o! 
the ion molecules lithium argide, LiAr* (Fig. 1), lithium 
kryptide, LiKr* (Fig. 2), and rubidium argide, BbAr*, have 
been characterized. : B i; 
The isotope separator? is particularly well suited to this 
type of investigation since it has a resolving power con 
parable with that of mass spectrometers and an ion-source 
designed for routine high-temperature evaporation and 
06 ionization of metals and salts. The ions and molecules ca: 
24315 2-90 2-25 2-30 2.35 interact in the field-free region of the ion-souree plasma. 
UP x 10 The ion beams were produced by running the discharge 
Fig. 1. Water loss from calcium oxalate monohydrate ` of the ion source* on a mixture of the inert gas and the 


eae vapour of the alkali iodide. At a total extracted ion bea 
Y = — log [5555357] for n = 0, 1/2 and 2/3 intensity of several milliamperes (mainly Li* and 
vamp beams of the compound ions were produce n 
and™ fog [=e] raei similar experiment using a mixture of both lithium an | 


lithium iodide, no significant increase in compound 
& n 2/8; x, n. 18; On = 0: Con 1 


etica’, it is possible to substitute these values into 
uation (6) (or equation 7 when n = 1) to obtain the 
ropriate plots. This is illustrated in Fig. 1 for the 

. loss from. calcium oxalate monohydrate, from 
ch it is seen that the results best fit a 2/3 order and the 
d activation energy becomes 21:7 kcal/mole which 
| close agreement with much published work (as 
for example, in ref. 2). It is also possible to use a 


Table 1 
Range of a Heating rate E n 
studied deg. min keal/mole 
304.  H,0  017-0:77 9:45 21:4 071 
cm» CaCO, + CÓ — 042-071 — 314 620 —— 038 
Bo CAO + CO. 0015-078 2-99 51.7 0-46 


ictions. were carried out using 0-1 g starting material with either 
latinum crucibles in an air atmosphere. 


ults in Table 1 have been derived in this way. 
ork is continuing, particularly with the view of examin- 
the sible variation of n as the reaction proceeds. _/ 


*LiArt 


ER TE Sameera nd Fig. 1 
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Preparation of lon-molecules of the Inert 

es in an Electromagnetic Isotope Separator 

ESURGENCE Of interest in the chemistry of the inert 
been stimulated by the recent discovery of well- : 

d compounds of xenon with oxygen! and fluorine’. KrH* 

olecules of the inert gases of the types KrH* (ref. 3), Kr* Li&r* 
ref. 4), KrCH* (ref. 5), ete., have also been produced Fig, 2 











70 





- beam formation was observed, and it thus seems likely that 
; the reactions are of the form ae 
00 Ke + LiloLiKrt + I 

Kr* + LiL—-LiRr  -I-4e 


J. H. FREEMAN 
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S -Infra-red Microspectrometer using Molecular 
: Beam to monitor Capillary Gas 
Chromatography Effluents 


"THE high resolution afforded by capillary columns in 
< gas chromatography is often of no help in analysis since 
. the samples which can be handled are too small to permit 
further thorough examination of the separated com- 

. ponents. Only mass spectrometry has proved sonsitive 
enough for the continuous identification of the eluted 
.eompounds!; however, it yields little information about 
hoir molecular structures. 

The single method which gives the most useful analysis 
"of a substance is infra-red spectroscopy. However, even 
infra-red cells specially constructed for gas chromato- 
graphy, with long optical paths obtained by multiple 
flexion’, require samples too large to be resolved by 
ipillary columns. 
Infra-red analysis with & sensitivity comparable with 
at of mass spectrometry could be achieved by measuring, 
"mot the absorption of radiation by molecules, but the 
a eapture cross-section of molecules for radiation. The 

infra-red microspectrometer delineated in Fig. 1 measures 
the concentration of each effluent compound as modulated 
‘by the spectrally resolved radiation from a fast-scan 
infra-red source. The infra-red microspectrometer 
utilizes the recent application of the electrostatic quad- 
; ruple mass spectrometer? to molecular beams, as @ rota- 
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tional state selector for molecules with a dipole moment^-". 


-- Both rotational state selector and analyser, which prefer- 


ably are parts of a single device, are thus tuned to the 
same appropriately selected rotational state; the analyser 
rejects those molecules which briefly experience transitions 
in the infra-red cell. It ean be shown that thermal radia- 
tion from powerful radiant heaters, focused trans- 
versally on a node of the molecular beam, is intense 
enough for this purpose. The resulting plot of detected 
molecular-beam intensity against wave-length of the 
radiation is the infra-red spectrum of the compound. 

The separate identification of compounds, eluted by 
extremely pure? helium, makes the computation of their 
exact relative retention times superfluous. "The efficiency 
of capillary columns can then be raised by temperature 
programming and by narrowing the vapour bands® by the 
thermal conductivity method. l 

Particle detection is the normal observation method in 
molecular beam spectroscopy. At a future date some 
vibrational state selector for molecular beams may be 
invented, which would improve the apparatus of Fig. 1. 

I thank Prof. W. Jost for his encouragement and Dr. 
H. Riehtering for much valuable discussion. 
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Absorption Spectra of Transient Chemical 
Species produced in Gases by a Single-pulse 
Microwave-discharge 


Tax combination of flash photolysis with absorption 
spectroscopy has produced a powerful method of investi- 
gating transient chemical species and energy-transfer 
phenomena'?, In practice, application has generally been 
limited to substances which absorb at wave-lengths longer 
than 1900 A, because of the suitability of quartz in the 
construction of the apparatus. Thus it has frequently 
been necessary to sensitize reactions by inclusion of 
substances which are opaque in the ultra-violet above 
1900 A, with consequent complications on the mechanism. 
In order to produce a high concentration of transient 
chemical species in any gas, we have recently constructed 
an apparatus which produces a short duration electric 
discharge by means of a single microwave-pulse, with a 
peak power of 8 x 104W. It has been readily demonstrated 
that the absorption spectra of metastable atoms and freo 
radicals present in the gas discharges can be photo- 
graphed by absorption spectroscopy. 

The detection of absorption spectra of transients 
produced by fast electrons in liquids has already been 
achieved, with a linear accelerator as electron source’. In 
the mierowave-pulse method described here, a radioactive 
material produces electrons in a gas, which oscillate in the 
microwave field and give up energy to the gas molecules. 
The small mass of the electron compared with molecules 
limits translational energy transfer and results in à high 
electronic temperature. The chain reactions. which 
produce additional electrons-eventually cause the gas to 
break down and light is emitted. The energy-transfer 
processes which restore thermodynamic equilibrium ean be 
followed by absorption spectroscopy. Rectangular miero- 
wave pulses can be produced with a duration of 1 usec or 
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a, Formation and decay of He 2(*5,); helium pressure, 20 mm; b, formation and decay of vibrationally excited CN in helium; helium 


pressure, 15 mm; (CN), pressure, 2 mm 


less, and the method is therefore capable of high resolu- 
tion intime. Increase of the peak power from 8 x 10* W to 
more than 10* W would be a straightforward technical 
problem. 

From a 1-uF condenser charged to 15 kV, a 15 kV 
potential was applied across a magnetron, M 561, by the 
firing of a hydrogen thyratron. The pulse could be term- 
inated by discharging the condenser to Earth by means of a 
second thyratron, at any required delay time. A second 
electronie delay unit triggered the spectroscopic flash at 
selected times after the microwave pulse. After a double 
pass through the reaction vessel, spectra were photo- 
graphed on a Hilger Littrow spectrograph. Microwave 
power at 3,046 Me/s was transmitted to a cylindrical 
cavity via a 'door-knob' coupler and wave-guide. Mr. 
F. J. Weaver, of the English Electric Valve Co., provided 
valuable assistance and advice on the impedance matching. 
The cavity, 3 in. long, was designed to resonate in the 
T M-—010 mode so as to produce a uniform electromagnetic 
field in a cylindrical quartz tube coaxial with the cavity; 
indeed, visual observation of the discharge gave the 
impression of uniform light emission. The inside of the 
quartz tube was coated with sodium chloride containing 
radioactive chlorine-36. 

One of the first objects was to obtain the absorption 
spectra of the metastable states of the inert gases. An 
investigation of Hg 6(* P,) by kinetic spectroscopy has been 
described; excitation with a light flash presented no 
difficulty because mercury has a resonance line at 2537 A. 
The same method cannot easily be applied to the inert 
gases. Fig. la shows an enlargement of the helium absorp- 
tion by the triplet at 3889 À corresponding to the transi- 


tions He 23(*P,;,,)-— He 2(*S,. Transitions from 


He 2(1S,) were not observed. The metastable atoms were — 


produced by means of a microwave pulse in helium at a 
pressure of 20 mm. A discharge could be produced in 
helium at pressures in excess of 300 mm. Phelps and 
Brown* were able to detect some reversal of the 3889 À 
line, in an electric discharge in helium using a photo- 
multiplier detector, thus providing definite evidence for 
the presence of He 2(*S,) in helium discharges. Myers’, 
however, has recently concluded that the identity of the 
metastables is as yet uncertain. Clearly the microwave- 
pulse flash-spectroscopy described here could be applied 
to the study of the constitution of plasmas. 

Microwave-pulse flash-spectroscopy of nitrogen mer- 
cury mixtures showed that a high concentration of 
Hg 6(*P,) is produced. These observations demon- 
strate the possibility of studying the metastable mercury 
atoms at low nitrogen pressures by absorption spectro- 
scopy. 

To illustrate a more general application of the 
method, absorption spectra were obtained during and 
following microwave pulses in carbon disulphide vapour 
and also in cyanogen. In the former case, the well-known 
absorption spectrum of CS was observed. In cyanogen, 
several sequences of the CN violet system were observed 
very strongly; the (0, 0) sequence is illustrated in Fig. 1b. 
The CN radical is produced vibrationally hot and the fast 
relaxation is clearly demonstrated by the series of absorp- 
tion spectra taken at various times after the microwave- 
pulse. Surprisingly, similar absorption spectra of vibra- 
tionally excited CN can be obtained by flashing cyanogen’. 
If a trace of oxygen was added to the cyanogen, the 
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Bonding in Organometallic Molecules 

containing a Cyclopentadienone Ligand 

|IPENTADIENONE complexes of several transition 
ns have been prepared by the reaction of hexa- 
-but-2-yne with the metal carbonyl or z-cyclo- 
ienyl metal carbonyl’. Detailed crystal structure 
alyses have now been made of *x-cyclopentadienyl- 
is(trifluoromethyl)cyclopentadienone cobalt and te- 
uoromethyl)eyelopentadienonetricarbonyl iron 
7 terson, Fourier and least-squares methods. The 
ventional discrepancy indices are 0-088 and 0-110 
tively, refinement still proceeding in the latter 















The molegulit ÓÓ of the present complexes 
ig. 1) together with those of m-cyclopentadienyl 
J-phenylcyelopentadiene cobalt? and x-cyclopentadienyl- 
hexakis(trifluoromethyl)benzene rhodium’, indicate a novel 
kind of bonding. In contrast with z-cyclopentadienyl- 
tetramethyleyelopentadienone cobalt*, where the mole- 
‘cular structure is similar to that of the bis x-eyclopenta- 
dienyl compounds, the dienone nucleus in the trifluoro- 
“methyl analogue is considerably non-planar, the ketonic 
"group being bent away from the metal by up to 21°. The 
bond opposite the ketonic group is significantly shorter 
_ than would be expected in a ring in which the x electrons 
were completely. delocalized. The ring conformation, 
: bond-lengths and bond-angles all indicate that the bonding 
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: rpti 
E spectrum of NCO has been observed by Dixon’, by fhe 
"flash photolysis of : cyanie acid vapour. 

The preliminary experiments have a qualitative charac- 
ter; but we believe that the method shows promise of 
being generally applicable to the examination of the 
spectra. of transient chemical species, and to that of the 

chemistry of electric discharges. 


‘bonds following the reduction in delocalization iis 





C molecular orbitals, the ormation o 





the dienone nucleus by the electron-withdrawing OE, 
groups. If the cyclopentadienyl ion is considered as a 
formal tridentate ligand, an inert gas configuration of the 
Co?* ion (d*) in (a) (Fig. 2) is achieved by donation of six | 
electrons from each of the eyelopentadienyl and cyclo- 
pentadienone ligands ; in x-eyclopentadienyl-tetramethyl- 
cyclopentadienone cobalt (b), the Co** ion (d*) now com- 
pletes the 18-electron strueture by donation of six electrons 
from the z-cyelopentadienyl ion as before, but only four 
from the z-bonding dienone. 
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It is perhaps more revealing to correlate the observed 
change in the extent of localized and delocalized metal- 
ligand bonding with the calculated localization energies at 
the relevant earbon atoms, rather than with the resonance 
energies, and this we have now completed by the un- 
sophisticated Hückel molecular orbital approximation. 
Fig. 1 shows, however, that both the metal ion and the 
remaining ligands play a part in determining the extent of 
c-bond formation. Thus in the tricarbonyl iron complex, 
the smaller deviation from planarity of the ketonie group 
indieates less rehybridization of the adjacent earbon 
atoms from an sp* to sp? valence state than is found i in the 
z-cyclopentadienyl cobalt compound. 

The explanation of these results seems quite straight- 
forward : the more strongly z-bonding carbonyl groups 

stabilize the lower oxidation state of the 

metal, the relative stability difference 
between the zero and +2 oxidation states 
of iron being, in any event, smaller than 
that between the octahedral Co** and 
five-co-ordinate Cott species. Dahl and 

Smith* reported that the ketonie group in 

r-cyclopentadienyl-tetramethyleyclopenta- 

dienone cobalt was not exactly co-planar 
with the remainder of the dienone nucleus 
and suggested that the deviation originated 
from crystal packing effects. The non- 
planarity may also be interpreted as demon- 
strating a. small degree of localized bonding 
between the tetramethyldienone ligand and 
the cobalt ion. The localization energies 
at the potential c-bonding carbon atoms in 
this eomplex are too large to be offset com- 

pletely by the difference in overlap integrals 

(and bond-strength) between the metal ‘d’ 
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a one hand, and localized and delocalized ligand 
a the other. So far as crystal packing effects are 
ied, short intermolecular contacts in tetrakis- 
romethyl)cyelopentadienone tricarbonyl iron appear 
responsible for the deviation from planarity of the 
'arbon atoms whieh areall co-planar with thedienone 

r-eyclopentadienyl tetrakis(trifluoromethyl)- 
tadienone cobalt. The further deviation of the 
tom away. from. the metal in this molecule 
also due to specific steric effects. 

eresting to note finally that we have only ob- 
localized bonding from ligands containing highly 
egative groups, a fact which may have some 
the controversy over the nature of the 
‘dibenzenechromium. In the structure of 
opentadienylhexakis (trifluoromethyl) benzene rho- 
localized bonds from the benzene nucleus to the 
n are again indicated by the non-planarity of 
nucleus rather than by small differences in 
ngths which may not be significant^. 
thank the Department of Scientific and Industrial 
h for a research studentship (M. G.) and Morgan- 
esearch for a bursary (N. A. B.). 
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Differential Thermal Analysis of the 
moniates of some Manganese (Il) Salts 
anhydrous transition metal halides and sulphates 
form ion-dipole type complexes when exposed to 
nia. In the ease of the manganese (II) salts, the 
lides form complexes with the general formula, MnX,. 
nNH,; where X is Cl, Br and I, and n is 1, 2 and 6 (refs. 
7T). The sulphate forms complexes in which n is 1, 2, 4, 5 
-and 6 (refs. 5, 6). In the past, the composition and stability 
of these complexes have been extensively studied by use of 
| pressure-temperature and isothermal pressure-composition 
echniques*, 
ttle work has been done on these complexes concerning 
thermal effeets of the thermal dissociation process. 
? processes should be similar to those involved in the 
dration of metal salt hydrates; that is, they should 
endothermic transitions. With this objective in 
the ammonia complexes of manganese (II) chloride, 
iodide, and sulphate were subjected to thermal 
issociation by the technique of differential thermal 
analysis, 
‘ammonia complexes of the manganese (II) salts 
repared by exposing the anhydrous salts to an 
monia. atmosphere for several hours and following the 
monia gas uptake by periodic weighings. For the 
ride and sulphate salts, cooling to —78° C was 
cessury before the proper compositions were attained. 
© differential thermal analysis apparatus has already 
_described®. The sample sizes ranged in weight from 
50 mg arid wore pyrolysed in a dynamic helium 
osphere at a heating rate of 5° C per minute. 
The differential thermal analysis curves of the ammonia 
nplexes are given in Fig. 1. The curve for MnCl,.6NH, 
ved that ammonia was evolved beginning at about 
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Fig. 1. Differential thermal analysis curves of 1 GI) salt 
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40° C and gave a peak maximum temperature of 75% C. 
This first peak was due to the evolution of four moles of 
ammonia per mole of complex as ascertained by weight- 
loss measurements. The resulting MnCl,.2NH, then 
dissociated, giving peaks at 195? and 270? C, and à residue 
of anhydrous MnCl, The formation of the 6-, 2-, and. 
l-ammoniates is in agreement with previous work*?, ^^ 

The curve for MnBr,.6NH, was similar to that obtained 
for the chloride complex, but the peak maxima tempera- 
tures were 123°, 215°, and 258° C, respectively. Agai 
the presence of the 6-, 2-, and 1-ammoniates was it 
although the resolution between the 2— 1-ammoi 
peaks was not very good. The curve for Mnl,.6N 
showed the presence of peaks at 139? and 235° ©, r 
tively. The first peak was due to the 6—2-ammoniate 
transition, while the second peak was the 2-ammoniate-- 
anhydrous salt transition. Apparently, à l-ammoniate 
does not exist. The differential thermal analysis curve 
for MnSO,.4NH, showed the presence of two peaks, at 
88° and 313? C, respectively. The transitions involved are: 
4->l-ammoniate for the first peak; and l-ammoniate--- 
anhydrous salt for the second peak. 

The differential thermal analysis investigations indi- 
cated that the dissociation temperatures obtained. were 
lower than those found by other techniques. For example, 
MnCi,.6NH,‘has a dissociation temperature range of — 18^ 
to 87° C: MnCl,.2NH,, 240°; and MnCl. INH, 380° C*. 
In this work, the dissociation temperatures were: > 40°; 
> 135°; and > 215° C, respectively. This is probably due 
to several causes: (a) ammonia atmosphere versus a 
dynamic helium atmosphere; or (b) instrumental tech- 
niques. In the case of the latter, the differential thermal 
analysis technique is an extremely sensitive one for 
endothermic transitions. Based on endothermic peak 
maxima temperatures for the 6—2-ammoniate transition, 
the thermal stability was: chloride < bromide < iodide. 
The sulphate complex appeared to be the least stable in 
that the 6-ammoniate could not be prepared at room 
temperature. The manganese (II) halide ammoniates 
exhibited thermal behaviour which. was similar to the 
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dehydration of the cobalt (II) chloride hydrates’ and 
ammoniates!e, 
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Free Convection in Micro-electrolysis Cells 


O'Brien and Rosenfield’ have already presented con- 
clusions concerning the interpretation of interference 
fringe patterns obtained in micro-electrodeposition cells. 
It was suggested that the second wave (Figs. 1 and 2c) 
eould only be satisfactorily explained as a refractive 
index change resulting from dissociation of ion-pairs. 
Interferograms of solutions of salts in which log K 
dissociation was of the order of 3 (CuSO, and Zn50,) 
were compared with those of solutions the K dissocia- 
tion of which was known to be as large as AgClO,. This 
comparison was augmented by further comparisons with 

"solutions where the cation formed a stable aquo-complex, 
and hence it was assumed that at least one water molecule 
separated the cation and anion as in NiSO,. It was 
assumed that the effect on refractive index of dissociation 
of an ion-pair in such a solution would be very small and 
probably negligible. The second wave was either absent 
or very small in these two latter types of solution. 

Further support for the conclusion was deduced from 
the family of curves obtained when the electrodes in the 
cell Cu/CuSO,/Cu were moved together from a separation 
of about 3 mm to 0:2 mm and the voltage to maintain à 
constant current density at each successive separation 
was measured. The curves showed a sudden decrease in 
voltage at about twice the distance of the peak of the 
second wave from the electrode. Since the second Wein 
effect predicts dissociation of ion-pairs in an electric field, 
it was suggested that the field extended further into the 
solution than was generally assumed on the basis of bulk 
solution dielectric constant values, and that a sudden 
change in field strength at this distance was eausing 
dissociation. 

It also did not seem likely that free or natural convection 
could oceur in cells where the total volume of electrolyte 
was 0-25 ml. and the depth of solution less than 2 mm. 
Conveetion was known to exist in cells with solution 
depths which were of an order greater than these* and has 
now been directly observed in cells 2 mm deep’. Insoluble 
particles were introduced and while in suspension were 
observed through the view-finder of a camera to trace out 
patterns shown in Fig. 1. 

Direct observation of particle motion becomes increas- 
ingly difficult below 2-mm depth, soacorrelation of limiting 
current densities with varying heights of electrodes in 
cells of a nominal 5 mm depth was carried out. The 
results agreed satisfactorily with the equation given by 
Tobias et al.*, which shows that in a cell with vertical 
electrodes the current is proportional to the three-fourths 
power of the height of the electrodes and the five-fourths 
power of the bulk electrolyte concentrations. The good 
agreement (C,':** versus C,!-*5) was taken as confirmation 
that convection occurs in cells with these geometries, 
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Fig. 1. Relation between convection and fringe perturbations. The 
top part of the figure shows a side view of the cell (to scale) Cu/CuS0. /Cu. 
Two free convective whorls with over- and under-flow have been 
observed to form (by following suspended particles) if the cell is 2 mm 
or less in height and 0:7 mm-1-6 mm wide between the electrode. 
The perturbations to interference one which result are shown in a 
schematic drawing bir ee he third wave is seen only at 


current density 





Fig. 2. Effect of orientation on charge transport. Panels a, b and c 
are interferograms taken off the same cell at the same electrol 
concentration, 0-1 N, similar current density and 3 min after 
electrolysis. The apex of the wedge is to the right in a and b and to 
the left in e. a is the cathode-over-anode orientation; b anode-over- 
cathode; c shallow vertical as shown in Fig. 1 except that the cell in 
all panels is Zn/ZnSO,/Zn. In a the charge transport mechanism should 
be pure diffusion; b should be my rd pure convection; c is a mixture 
of the two 


since Tobias’s expression was derived specifically to apply 
to free convection conditions. 

In the process of testing the effect of cell orientation on 
the fringe patterns developed, it became obvious that 
certain pattern perturbations were associated with 
convection. Fig. 2 shows a series of interferograms taken 
of the same cell in different orientations but with the 
same electrolyte concentrations and similar current 
densities. Fig. 2a shows the cathode-over-anode position 
where convection should be absent. Fig. 25 shows the 
anode-over-cathode orientation where the principal mass 
transport mechanism should be convection. Fig. 2c is 
the shallow vertical eleetrode orientation used in most of 
the work in this laboratory. It shows the second wave 
which is typical we believe of the effects of convection on 
what would otherwise have been a pattern similar to that 
in Fig. 2a. 

The second wave has been found in Zn(ClO,), solutions 
in which the ions are believed to be only slightly associated 
and the sudden break in the family of curves of voltage 
versus distance ean be explained as the result of a sudden 
change from two separate convection systems with under- 
and over-flows between them to a single convective 
whorl and hence more efficient transport of charge. The 
break was found to be less sharp and represents a smaller 
voltage drop at lower electrolyte concentrations and 
lower current densities. 

We therefore feel that all the previous evidence can be 
re-interpreted satisfaetorily with the exception of the 
NiSO, evidence. In this case further work is contemplated 
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to show whether the rapid onset of passivity prevented a 
long enough period (3-5 min) for the initiation of convec- 
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ek: Inhibition of Corrosion of Magnesium in 
c Chromic Acid 


. . MEASUREMENT of losses in weight due to corrosion of 
d . magnesium in 0-1 N sulphuric and chromic acids of pH 
1-4 over a 4-week period showed a loss of 3,800 mg/dm? in 
ulphate and no loss in chromate. 
. Time-potential and oxide film thickness measurements 
indicated the oxide film to be more protective in the 
chromic acid solution: 


potential after 1 h in 0-1 N sulphuric acid—1-9 V 
Phere momar acid—0-8 V 


: 1h in OIN 
r Film thickness after 1 h in 0-1 N sulphurio acid, 904 


Film thickness after 1 h in 0-1 N chromic acid, 14-0 
After contact with magnesium oxide for 1 h, analysis 
showed 780 p.p.m. of magnesium had dissolved in the 
. sulphuric acid solution and 2,600 p.p.m. were present in 
|. the chromic acid solution. However, analysis of solutions 
22x Of atid coge leg in contact with the oxide-covered 
= metal for 1 h showed 840 p.p.m. of magnesium in the 
‘sulphate solution and 1 p.p.m. in the chromate solution. 
. Analysis of the oxide film stripped from the magnesium 
specimen which had been immersed in the chromic acid 
solution showed 0-25 p.p.m. of chromium irreversibly 
absorbed from 200 ml. of solution on to 90 cm* of 


. A possible explanation for the lowered oxidesolubility in 
i . the chromic acid solution (as compared with the solu- 
bility of massive MgO) is that chromie ions are formed by 
: electrochemical reduction of chromate at the magnesium 
. surface, and cation exchange between magnesium from 
| the oxide and chromic ions from solution occurs in 
| preference to exchange between magnesium and hydrogen 
f ions. However, the presence of chromate is also essential, 
as saturation of 0:1 N sulphurió acid with chromic sulphate 
does not inhibit corrosion of magnesium, and it is possible 
‘that complexing chromic ions with chromate or counter- 
_ absorption of chromate ions plays a part in lowering oxide 

è solubility in chromate solutions. 

_ The lowering of oxide solubility in chromic acid is con- 
sidered a major factor in inhibiting corrosion of magnesium 
in chromic acid; a parallel series of results was obtained 
for zine in chromic acid, showing that the process of 

( inhibition of corrosion of zinc in this solution may be 
AN ined in a similar fashion. 
Expe ts on aluminium! indicated that processes of 
ation and inhibition of corrosion could be explained 
|»... 3n terms of the initial rate of solution of the air-formed 
:2 -oxide film and the nature of the products formed at anodic 
Pu aroni. 
e evidence obtained indicates that similar consider- 
. ations apply to the corrosion behaviour of magnesium 
and zine. 






This communication is published by permission of the 
Chief Scientist, Department of Supply, Melbourne. 
i K. F. Lorxine 
Australian Defence Scientific Service, 
Aeronautical Research Laboratory, 
Melbourne. 
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A Standardized Technique for the 
Separation of Steroids by Thin-layer 
Chromatography 


Tue thin-layer chromatographic separation of steroids 
on silica-gel chromatoplates is a rapid and useful prepara- 
tive and analytical technique!-*. However, the ascending 
organic solvent development of chromatoplates in an 
atmosphere of variable temperature and humidity 
prodnces streaking and poor resolution of C-19 and C-21 
steroids. This communication describes a method which 
eliminates these difficulties. 

Glass plates 20 x 20 x 0-4 cm are cleaned with deter- 
gent and successive washes each of running tap and dis- 
tilled water. Thirty grams of silica gel (E. Merck, Darm- 
stadt) per 60 ml. of distilled water are stirred vigor- 
ously by hand for 90 sec and the slurry applied uniformly 
at 0-25 mm with a commercial spreading device (Desaga, 
Heidelberg). The coated plates are air-dried for 15 min 
at room temperature and then heated in an air oven for 
60 min at 100°-110° C. The plates are cooled and stored in 
a desiccator containing silica gel indicating 6-16 mesh 
(Will Corporation, New York 52, New York) until used. 

Five to ten micrograms of steroid dissolved in absolute 
methanol are applied with a microlitre syringe (Hamilton 
Co. Inc., Whittier, California) 2:0 cm from the lower edge 
of the plate. A straight lower edge of absorbent is 
removed 1-5 em from the origin. A template facilitated 
the transfer of steroids to the starting line, starting 2-0 em 
from each of the plate’s side edges. The steroids are dried 
by an air blower. ^ 

A glass rectangular chamber 30:0 x 6.7 x 22-2 em 
(Brinkmann Instruments Inc., Great Neck, New York), 
enclosed in a cardboard box, is equilibrated for at least 
12 h before chromatographic development with 115-150 
ml. of certified cyclohexane: redistilled ethyl 
acetate (1 : 1 by volume’). The glass top of the tank is 
sealed with high-vacuum grease (Dow Corning Corporation. 
Midland, Michigan), and the cover of the cardboard box 
closed during the chromatographie run. Ascending 
development is carried out for 90-105 min. Thin-layer 
chromatography is carried out in a room oppe with a 
constant temperature of 24° C and a relative humidity of 
32-34 per cent. 

At the conclusion of the run a straight line solvent front 
is observed, marked, and the plates are dried. The steroids 
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Table-1. 
D ON “SHLICA-GEL G' CHROMATOPLATES 
"com, ands Fre ; Acetate 
P No.* Mean "hr ESD. No. Mean Rp +5.D. 
Corticsstetone. ; 10 0-07 0-02 5 0-25 i2] 
Cortisol 8 0:07 6-02 8 O24 0-02 
1i-Deoxy. cortisol 7 0:20 0-03 8 0:48 0-02 
Adrenosterone 12 0-26 0-01 
118-Hydroxy-4*- 
androstenedione 9 0:20 0-03 LI 
Testosterone | 16 0-37 0-01 7 0:75 0-01 
Priorhalanolone 9 0-39 0-01 2 0-86 
Ty-Hydroxypreg- 
nenolone Y 9 0-42 0-03 6 0-80 0-02 
17y-Hydroxy- 
progesterone 12 0-48 0-02 4, 
Dony droepiandrósterone 13 0-49 0-01 5 0-85 0-01 
A‘ Androstenedione 12 0-50 0-02 
Audrosterone- 10 0-52 0-02 2 0-87 
A*-Pregnenclone 10 0-58 0-03 6 0-89 0-02 
Progesterone. 1i 0-62 0-02 


ose No. refers to the number of chromatographic developments. 


are located by spraying the chromatoplates with 12-3 per 
cent phosphomolybdie acid in absolute methanol. The 
‘steroid areas appear with phosphomolybdie acid stain 
without heating if allowed to stand at room temperature 
for 12-15 h. The solvent developed chromatoplate may 
‘be stored in a desiccator containing silica-gel indicator for 
3-4 days before staining without any decrease of the 
colour intensity for the respective steroid. 

The results of the separation of a mixture of C-19 and 
C-21 steroids with a A3-3 ketone configuration are shown 
in Fig. 1. The mean Rp values + S.D. of the steroids 
‘investigated are listed in Table 1. These data indicate 
that control of external conditions during the equilibra- 
tion of the chamber and ascending development of 
steroids on 'Siliea Gel G" chromatoplates facilitate their 
rapid sharp resolution. Preliminary investigations reveal 
that the technique is applicable to the purification of 
E oaetive steroids. 

This work was supported by grants A-4783 and A-4222 
from the U.S. National Institutes of Health. 
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Partition Chromatography of Oxytocin on 
‘Sephadex’ 


| GEL-YILTRATION on ‘Sephadex’ as a means of purify- 
ing natural products has been widely used since its first 
introduction by Porath and Flodin'. One of its many 
applications has been to the purification of natural 
oxytocin®. Experiments conducted during the past 2 years 
have: shown that the purification of oxytocin can be 
conveniently and effectively accomplished by means of 
partition. chromatography on ‘Sephadex’, and a brief 
deseription of the method elaborated and its application 
to. synthetic oxytocin are recorded here. 

“Sephadex. G-25' (100-200 mesh, U.S. Standard Sieve 
* Series) was used exclusively (Pharmacia Fine Chemicals, 
Ine., Box 1010, Rochester, Minnesota). The columns were 
packed i in 0-2 N acetic acid. A procedure for the prepara- 
tion of partition columns was developed after two-phase 
solvent systems similar to those used in the purification 
of oxytocin by ecounter-current. distribution had been 
devised: Partition chromatography of crude preparations 
of both syarhorio and natural ayine gave: products 









| avian 1 depressor potencias e 00 ouela D on | 
‘to those obtained in this laboratory for synthetic and 
natural oxytocin purified by counter-current distribution. 
The avian depressor potencies were measured against the 
U.S.P. Posterior Pituitary Reference Standard according 
to the procedure of Munsick, Sawyer and van Dyke”, 
After an experiment was completed a procedure for the 
regeneration of a spent column without repacking was 
established. The regenerated column could be used for 
a completely new experiment, thus affording a convenient 
cyclic mode of operation. A complete eyele of column 
operation consisted of five stages: A, equilibration with 
the aqueous phase of the solvent system; B, equilibration 
with the organic phase of the solvent system; C, chromato- 
graphy of the hormone; D, discharge of the two-phase 
system and material not eluted in stage C; E, equilibration 
with 0-2 N acetic acid. After the completion of stage Æ 
the column was ready to enter stage A of the next eycle 
using the same or a different solvent system. The 
approximate flow rates and volumes of solvents used in 
the various stages are tabulated in Table 1. Components 
of all solvent systems were deaerated separately for 5-10 
min at the water pump at room temperature before their 
combination. No device for temperature control was 
used on the columns. A complete cycle of a column 
usually required about 5 or 6 days. 


Table 1. PROCEDURE FOR PARTITION CHROMATOGRAPHY ON ‘SEPHADEX G-25' 


Stage Influent solvent Total volume of Flow rates* 
solvent (ml./h/em?) 

A Aqueous phase 13 x Vet 15-10 

B Organic phase (25 x Fo 10-5 

C Organic phase 7-10 x Vat 5 

D  Pyridine/0-2 N acetic acid, X: Y 15 x Vo 6 

E 0:2. N acetic acid 13 x Ve 8-15 


* Initial and final rates are designated, 
t Ve = one bed volume. 
t Pg = hold-up volume. 


During stage B incremental increases in pressure from 
the reservoir were applied in order to counteract the 
resistance to flow as the two-phase system was formed 
on the column. The hold-up volume (Vy) was readily 
measured during stage B after the emergence of the 
organic phase of the solvent system at the column exit. 
Corrections were applied for column shrinkage and the 
dead volume at the column exit. 

The washing solvent used in stage D was of the general 
type pyridine/0-2 N acetic acid, X:Y (solvent ratios and 
percentages are expressed in terms of v/v). The ratio 
X:Y was determined according to the nature of the solvent 
system utilized in stages A, B and C. A washing 
solvent was found to be effective if no greater than four 
volumes of it were required to obtain miscibility with one 
volume of the organic phase of the solvent system to be 
discharged. 

Synthetic oxytocin was prepared by the stepwise nitro- 
phenyl ester method‘. After the removal of the N- and 
S-protecting groups from the protected nonapeptide using 
the sodium-liquid ammonia procedure* followed by oxida- 
tion of the resulting oxytoceine to oxytocin, the aqueous 
solution of the hormone was concentrated to a low volume 
and lyophilized. This unpurified, solid sample served as 
the starting material for our experiments. In & typical 
run 296 mg of a preparation possessing a potency of about 
83 units/mg avian depressor activity. were dissolved in 
10 ml. of the upper phase of the solvent system 7-butanol / 
benzene/pyridine/0-1 per cent acetic acid, .6:2:1:9.. This 
was applied to a 2-18 x 114-8 em column which had been 
equilibrated with the solvent system as deseribed for 
stages A and B. Elution with the organic phase was 
performed until 120 fractions were collected. The fraction 
size was set at approximately one-twentieth of the hold- 
up volume. Peptide. materials were detected by- the 
Folin-Lowry method* as shown in Fig. 1.. The hormone 
was eluted as a symmetrical peak at a calculated Rr of 
0:24, -where Rr= Val Ve snd Va ds the hold-up v volume 
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Fig 1 Partition chromatography of oxytocin on ‘Sephadex G-25' 


Sample, 296 mg assaying 83 units/mg Column sze, 218 cm x 1148 
cm , hold-up volume, 107 ml , solvent, n-butanol/benzene/pyridine/0 1 
per cent acetic acid, 6 2 1 9, fraction size, 48 ml Collection of 
fractions was commenced at moment sample was appled Flow rate, 
20-24 ml/h, aliquots for Fohn-Lowry determination, 01 ml Calcu- 
lated values of Ry are indicated above the curve The shaded area 
represents the fractions from which the final product was obtained 


and V 71s the elution volume of the peak Fractions 84-104 
(shaded area in Fig 1) were pooled, mixed with twice the 
volume of water, evaporated to a small volume and 
lyophihzed to yield 571 mg of oxytocin with an avian 
depressor potency of approximately 500 units/mg The 
products responsible for the other peaks in Fig 1 are 
being investigated 

The spent column was regenerated with pyridine/0 2 N 
acetic acid, 3 5, as described above for stage D operations 
The total solids applied to a column could be quanti- 
tatively accounted for m the eluates of stages C and D 
When blank runs were performed, the only non-volatile 
residues detected in the eluates durmg any stage of a 
complete cycle were also present in the influent solvent 
(approximately 2 mg/l) No change m the behaviour of 
the gel could be detected durmg repeated cycles over a 
period of 18 months However, under some conditions 
the columns became compacted to a point where a re- 
packmg procedure was necessary to avoid high flow 
resistance to the solvents 

A variety of solvent systems were investigated m this 
work, and some are listed in Table 2 


Table 2 SOLVENT SYSTEMS FOR PARTITION CHROMATOGRAPHY OF OXYTOCIN 
ON ‘SEPHADEX G-25' 


X Yratioof 
Rr of stage D 
Solvent system H oxytocin solvent 
I m-butanol/n-propanol/O 2 N acetic 
acid,2 1 3 30 0 16-0 18 14 
II #-butanol/benzene/pyndine/0 2 N 
acetic acid, 6 1 15 9 5 0 24-0 27 3 5 
IIl n-butanol/benzene/pyrıdıne/0 1 per 
cent acetic acıd, 6 2 1 9 2 0 20-0 25 35 


Oxytocin purified m solvent systems I and II was usually 
shghtly low m potency, and further chromatography in 
solvent system III separated additional impurities When 
crude samples of synthetic or natural oxytocm were 
chromatographed in solvent system III, highly potent 
preparations of approximately 500 units/mg could be 
repeatedly obtained The method was reproducible and 
could be scaled to a variety of column sizes Further 
experimental details will be presented elsewhere 

The method of partition chromatography on ‘Sephadex’ 
outlined here serves as an effective complement to the 
counter-current distribution technique and 1s now being 
effectively used in this laboratory for the purification of 
various synthetic analogues of oxytocm This method 
should be of aid 1n the general polypeptide field where the 
molecular sieving effect alone of ‘Sephadex’ might be 
insufficient to brmg about the purifications desired 
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Growth Test and Liver Storage of All-trans 
Vitamin A Acid and Three of its Geometric 
Isomers with Chicks 


In the course of investigations of the vitamin. A sorios! 
three geometric isomers of all-trans vitamm A acid were 
recently synthesized by the method of Robeson et al? 
Although all-trans vitamm A acid mamtams normal 
growth and skm appearance, it cannot replace vitamm 
A and 1t& esters to the full extent ın the rat?-8 

Murray? determined the activities of all-trans vitamin A 
acid and two of its geometric isomers, namely, neo- and 
3-crs,7-trans vitamin A acid (the carbon atoms m the 
molecule are numbered according to Oroshnik et al 2°, as 
also in Table 1), usmg the vagmal smear assay, but 
no growth activities of geometric isomers of all-trans 
vitamm <A acid have hitherto been reported in the 
literature 

In order to contribute to the knowledge about the 
biological effects of the vitamin A acids we decided to 
determme the growth potencies of the four vitamm A 
acids mentioned m Table 1 as well as their liver storages 
with chicks 

Two experrments have been performed using the chick 
growth test of de Man et al12 As m these anmals the 
growth potencies of the czs-isomers particularly were 
unpredictable, we had to perform a tentative assay 
(Table 1, Exp 1) Based on the results thus obtained, 
a second expermnent was carried out (Table 1, Exp 2) 


Table 1 GROWTH POTENCY RATIOS OF FOUR GEOMETRIC ISOMERS OF 
VITAMIN A ACID WITH RESPECT TO ALL-trans VITAMIN A ACETATE 


Experiment 1 Experiment 2 


All-trans vitamin A acid +97 128 (99-166) 
Neo (=7-cvs) vitamin A acid 23 (18-29) 24 (19-30) 
3-c1s,7-trans vitamin A acid 14 (11-17) 10 (8-13) 
3-ev8,7-c1s vitamin A acid 5 (4-7) 7 (5-9) 


Confidence limits (P = 0 95) between parentheses 


Our results indicate that no difference exists between 
the growth activities of all-trans vitamun A acid and 
all-trans vitamin A acetate The activity of all-trans 
vitamin A acid proved to be of the same magnitude both 
m chicks (this communication) and rats? 

The tendency of vitamm A acid to surpass tho activity 
of vitamin A acetate might be due to a difference in 
stability as well as to chance 

We further determined the liver storage of the vitamin 
A acids and we checked the method by admmustermg 
all-trans vitamin A acetate under identical conditions 

By chemical analysis of the hvers (Carr and Price 
method) 46 per cent of the all-trans vitamm A acetate 
ingested was recovered 

In the case of the four vitamm A acids mentioned, 
no liver storage was observed by ultra-violet spectro- 
scopie analysis 48 h after the admmustration As to the 
all-trans vitamin A acid this result 18 m accordance with 
those of Krishnamurthy et al * and Nelson et al 12 More- 
over, no related compounds such as vitamm A, its acetate 
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or palmitate and vitamin A aldehyde or then geometric 
isomers could be detected by the same method 
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Possible Glucogenicity of D(—)s-Hydroxybutyrate 
in Sheep 


For a number of years, considerable speculation has 
occurred on the possible glucogemicity of fatty acids 
contaming an even number of carbon atoms The evidence 
for and against net conversion of acetate and butyrate to 
carbohydrate in sheep has already been reviewed Label- 
lmg patterns m glucose produced by, sheep liver slices 
mcubated with differentially labelled butyrate or acetate’, 
and the distribution of radioactivity ın plasma glucose 
following portal vein infusion of these acids’, indicated 
that the tricarboxylic acid cycle 1s the major pathway for 
these conversions These results, however, do not con- 
clusively show the absence of a mmor pathway which may 
have been masked At present no mformation ıs available 
on the lactate-propanediol pathway? in rummant tissues, 
but ıt has been suggested! that butyrate may be incorpor- 
ated mto glucose as a three carbon unit via this pathway 

The preparation of (4C) p(—)8-hydroxybutyrate has 
been reported’ and 1t has been shown to be metabolized to 
only a mmor extent in sheep liver tissue «n vtro? In the 
whole anımal after an mfusion of (C) p(—)B-hydroxy- 
butyrate the appearance of radioactivity in glucose was 
very smallé Since gluconeogenesis 1s thought to occur 
predommantly in the liver, which appears to have a limited 
ability to metabolize p(—)Q-hydroxybutyrate, it was 
considered that a study of the metabolism of (MC) 
D(—)B-hydroxybutyrate in the whole animal would 
mdicate the presence or absence of a mmor pathway such 
as the lactate-propanediol pathway 

p(—)8-Hydroxybutyrate labelled 20 per cent in C, and 
80 per cent in C, was 1nfused mto the right jugular vem of 
a conscious sheep at arate of 1 4uc lymole/mm Blood 
samples were taken from the left jugular vem at the end 
of the infusion The animal was then killed by bleeding 
and samples of hiver and sartorrus muscle were removed 
immediately and placed ın hot 30 per cent alkah 

Plasma glucose, blood lactate, B-hydroxybutyrate and 
acetate, and glucose from muscle and liver glycogen were 
estimated and isolated'? The specific radioactivities and 
distiibution of label within the molecules were determined 
as described previously! The results are shown in 
Table 1 

The highest levels of labelling occurred in C, and C, of 
plasma glucose and in C, of blood lactate, indicating that 
the major pathway of conversion of g-hydroxybutyrate 
carbon to carbohydrate 1s via the tricarboxylic acid cycle 
Appreciable labelling m C; and C, of plasma glucose and 
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Table 1 THE LABELLING PATTERNS AND SPECIFIC RADIOACTIVITIES OF 
BLOOD SUBSTRATES AND LIVER AND MUSCLE GLYCOGEN AFTER A 45-MIN 
INFUSION OF (1,2-4C) D(—)8-HYDROXYBUTYRATE (14 40 1 PMOLE/MIN) 


Specific Distribution of 
Conen radioactivity radioactivity (%) 
Substance isolated  (umole/ml) (uo igC) Cı C: €; € Os Ce 
Blood f-hydroxybutyrate 0 20 1810 20 0 80 0 
Blood acetate 0 64 0 32 99 1 
Blood lactate 130 047 50 46 


4 
18 84 31 15 4 
17 18 
13 16 


0 
Plasma glucose 3 
Liver glycogen — 0 05 7 M 18 29 
Muscle glycogen — 4 11 30 26 


C, of blood lactate 1s consistent with the presence of a 
pathway mcludmg a 3C compound arising from carbon 
atoms 2, 3 and 4 of @-hydroxybutyrate The specific 
radioactivities of glucose from liver and muscle glycogen 
were extremely low and no mterpretation can be offered 
for the distribution of label withm the molecules This 
situation is similar to that observed by Kronfeld', who 
myected (3-4C) pr,g-hydroxybutyrate into sheep and 
found variable labelhng patterns in muscle and liver 
glyeogen 
These investigations indicate the presence of an alter- 

native pathway of conversion of fatty acids to glucose 
other than the tricarboxylic acid cycle However, this 
pathway must be quantatatively insignificant &mce there 
was little transfer of activity from B-hydroxybutyrate to 
plasma glucose 
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Molecular Weight of Rabbit and Cod Myosins 


Some years ago!, the molecular weight of cod skeletal 
muscle myosin was calculated as 53 x 10° from the 
sedimentation and diffusion coefficients and as 59 x 105 
from measurements by the Archibald method These 
values did not differ widely from the then accepted value 
for the moleculai weight of rabbit skeletal muscle myosin 
Recently, however, rather divergent values for rabbit 
myosin have been obtamed 

On the basis of measurements by the Archibald method 
at different concentrations, Kielley and Harrmgton? 
suggest that the molecular weight of rabbit myosin 1s 
concentration-dependent, the value at zero protein con- 
centration bemg 62 x 10°  Usmg the same technique, 
Cohen and Lowey? found a molecular weight for the same 
protem of 47-50 x 105 and very httle dependence on 
concentration An average value of 5 3 x 105 at several 
very low protem concentrations has been given by Schuster 
et al* using the hght-scattermg method , these authors 
consider that the true molecular weight is close to 
50 x 105 

In a short abstract, Woods et ab* indicate that the 
molecular weight of lobster myosm, using methods that 
include sedimentation equilibrium im short columns of 
solution, ıs similar to that found for rabbit myosin by 
Kaelley and Harrington? 

A new method of preparing cod myosm® furnishes 
material that 1s purer and more homogeneous than that 
used earlier It was of obvious importance to determine 
the molecular weight of this new type of preparation, 
paying particular attention to non-ideal behaviour 
Fig 1 shows molecular weight determinations by the 
Archibald method at the solvent-air meniscus performed 
within 4 h of preparation ‘There is very httle, if any, 
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concentration-dependence and an average value of 5 0 x 
105 for the molecular weight 1s dicated Storage of cod 
myosm in neutral solution at a protem concentration of 
about 03 per cent for 24 h at 0° increases the molecular 
weight determined by the Archibald method by 5-10 per 
cent It is thus mmperative to carry out determinations 
within the first few hours after preparation if valid 
results are to be obtamed 
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Fig 1  Murecular weight of cod myosin determined by the Archibald 
method at different protein concentrations Speed of rotor 7,246rpm, 
temperature of runs 2*-8? 


To substantiate these new measurements, the possibility 
of using the sedimentation equilibrium method has been 
exploed Of the methods available for reducing the time 
necessary to reach equilibrium in sedimentation experi- 
ments, that which offers most advantage 1s a reduction in 
the height of the column of solution Yphantis? demon- 
strated that 1t 1s practicable to measure molecular weights 
by appheation of Van Holde and Baldwin's method IJI? in 
columns of solutions about 075 mm high contained in 
cylindrically shaped channels Usmg a column of this 
dimension, myosm should take about 18 h to attam 
equilibrium at temperatures near 0° In an effort to 
reduce equilibrium times even further, the use of column 
heights of about 03 mm has been tried With such 
columns it 1s still possible to measure the refractive index 
gradient usmg the Schieren optical system of the Spinco 
ultracentrifuge (diaphragm angle of 80°) and equilibrium 
times for myosin can be reduced to 2-3 h 

Equilibrium measurements in columns of 0 2-0 3 mm 
high on bovine serum albumin at concentrations of 0 25— 
1 0 per cent and a rotor speed of 12,590 r p m gave values 
for the weight average molecular weight (Mw) of 715 x 
104 (range 6 90 x 10:—7 55 x 104), ın reasonable agree- 
ment with the accepted value Results on a single pre- 
paration of rabbit myosin at near 0°, using a multichannel 
centrepiece’, Schlieren optics and a speed of 3 848 rpm, 
suggest that M, extrapolated to zero protem concentra- 
tion 1s within the range 4 6-5 0 x 105 and that there ıs a 
shght dependence of My on concentration However, 
determinations made at a speed of 6,995 rpm showed a 
larger dependence of My on concentration though the 
same value of My was obtamed at zero concentration, 
indicating that some sedimentation of protem at the 
solution-oil interface occurred 

Results on 5 different preparations of cod myosm 
examined withm 10 h of preparation (Fig 2) were less 
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Fig 2 Molecular weight of cod myosin determined by sedimentation 
equilibrium at different protein concentrations Temperature of runs 
1-5? Speedofrotor O,6,995rpm, @,4,907rpm, A,3,848rpm 


reproducible than those for rabbit myosin, and include 
three values that appear to be anomalous Any con- 
centration dependence of Mw 1s probably small, the 
average of all the values with the exception of the three 
Just mentioned being 5 1 x 105 


J J CONNELL 
I M MackrE 


Torry Research Station, 
Depai tment of Scientific and Industrial Research, 
Aberdeen. 

1 Connell, J J, Biochem J, 70, 81 (1958) 

Eod © W, and Harrington, W F, Biochim Biophys. Acta, 41, 401 
1960 

3 Lowey, S, and Cohen, C, J Mol Biol , 4, 293 (1962) 

* Holizer, A, Lowey, S, and Schuster, T M, Proc Fifteenth Ann Symp 

‘Fundam Cancer Res , Houston, Texas, 259 (1961) 

5 Worse)” F, Himmelfarb, S, and Harrington, W F, Fed Proc, 21 410 
1 

* Connell, J J, and Mackte, I M (unpublished results) 

7Yphantis, D A, Annals N Y Acad Sci, 88, 586 (1960) 

* Van Holde, K E, and Baldwin, R L,J Phys Chem , 62, 734 (1958) 


Gluten Protein Composition in Individual 
Wheat Grains 


Ir has been well established (by 10n-exchange chrom- 
atography’*, moving boundary electrophoresis? and gel 
eleetrophoresis^*j5) that the protein composition of the 
acetic acid-soluble material (gluten) 1s dependent on the 
variety of wheat from which the protem ıs extracted 
This communication describes the extraction and electro- 
phoretic separation on polyacrylamide of gluten proteins 
of individual grains from single ears of wheat 

The individual wheat grains were first shattered between 
two stainless steel plates by a hammer blow, care being 
taken to lose none of the sample A B-14 Quickfit 
ground glass stopper was moistened with 0 08 N acetic 
acid and touched on to the roughly ciushed grain The 
material adhering was finely ground 1n the modified B-14 
socket (Fig 1) by rotating the stopper in the socket All 
the material was transferred to the grinder im this way, a 
thick paste of ground material 1n suspension progressively 
collecting below the jomt This suspension of finely 
ground material was rmsed thiough the grinder into a 
5 ml centrifuge tube with a total of approximately 1 5 ml 
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Fig 1 B-14 ground-glass stopper and socket modified for use as a 


grinder 


of 0 05 N acetic acid added ın small portions The contents 
of the tube were thoroughly agitated, mcubated overnight 
at 25° C, agitated agam and centrifuged for 10 mm at 
1,500g The meubation resulted m the enzymatic 
hydrolysis of phytic acid present 1n the grain with a conse- 
quent increase in yield of soluble protem After centri- 
fugation the supernatant, which contained most of the 
wheat protem plus soluble carbohydrates, was freeze 
dried For electrophoresis? a 5 per cent solution of the 
freeze-dried materal ın 25 M urea was used Only the 
gluten protems were detected under the conditions used 
mn this work Lower voltage gradients or shorter running 
times would have shown the albumun-globuhn frac- 
tions 

In this way the gluten protem profiles of each gram m 
two ears of the wheat variety ‘Spica’ and m two ears of 
the variety ‘Gabo’ were determmed A total of 31 grains 
was obtamed from the two ears of ‘Spica’ and 34 grains 
from the two ears of ‘Gabo’ 

Typical protein profiles for each variety are shown m 
Fig 2 There was no variation in the general pattern 
shown by individual grains from the same variety and, 
moreover, the profiles of each of the varieties were similar 
to those obtamed on larger samples or on flour milled 
from the corresponding wheat variety! 

These limited investigations on single grams from two 
varieties and earlier work on bulk samples suggest that all 
sound grains from mature ears of a wheat crop will show 
similar gluten protein profiles characteristic of the wheat 
variety Before such a statement can be made general, 
many more varieties, grown under a range of environ- 
mental conditions, need to be investigated It 1s believed 
that the method described may prove suitable for applica- 
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Fig 2 Gluten profiles of single wheat grams Electrophoresis in gels 

containing ‘Cyanogum’ 41 per cent (5 per cent w/v), pH 8 6 and 2 M urea 

Voltage gradient 50 V/cm for 5 h Gels stamed with water-soluble 
nigrosin Above, var ‘Spica’, below, var ‘Gabo’ 
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Respiratory Chain-linked Lactic Oxidase 
of Bakers’ Yeast 


Various forms of lactic dehydrogenase (not 180- 
enzymes) are reported m yeast! Apart from one specific 
for »(—) lactate m. the soluble constituents of the yeast 
cell, Morton observed that there exists 1n the particulate 
fraction of anaerobic yeast a lactic dehydrogenase which 1s 
a flavoprotem (free from ham) specific for D(—) lactate 
whereas the enzyme in the particles of aerobic yeast, the 
hemo-flavoprotem, is specific for L(+) lactate? The 
D(—) lactic dehydrogenase has been purified and studied 
by Nygaard? and Gregolin and Singer‘ The physiological 
significance, however, of lactic dehydrogenase or lactic 
cytochrome c reductase has not been found Gregolin and 
Singer‘ could not find oxygen consumption in particles of 
aerobic yeast with D(—) lactate as substrate unless 
external cytochrome c had been added, and hence con- 
cluded that the enzyme 1s not directly hnked to the cyto- 
chrome system of yeast, at least m the respiratory particle 
preparation This note, however, reports a lactic oxidase 
1n a preparation of mitochondrial particles from aerobic 
bakers’ yeast (Saccharomyces cerevisiae) oxidizing D(—) 
lactate 

The particles (6-16 thousand g) were isolated by 
breaking aerated bakers’ yeast m a French pressure cell 
under a pressure of 6,000 Ib /m? Specific activities of 
the oxidases usmg D(—) and r(4-) lactate and succmate 
which has been mcluded for comparison are given m 
Table 1 p(—) Lactate ıs oxidized at a moderate rate and 
L(+) lactate at a meagre rate Cytochrome c does not 
stimulate oxygen consumption in any of the cases ADP 
stimulation of uptake of oxygen was found to a small 
extent with p(—) lactate and to a large extent with 
sucemate Antimyem.A (5 y/mg protem), amytal (1 mM) 
and rotenone (l mM) do not mhibit oxidation of p(—) 
lactate, potassium cyamde (1 mM) and sodium azide 
(10 mM) block oxygen uptake almost completely 


Table 1 COMPARISON OF SPEOIFIO ACTIVITIES IN y G-ATOMS OXYGEN/MG 


NITROGEN/MIN 
Basal medium Basal medium 
Substrates Basal medium + ADP + cytochrome e 
D(—) lactate 12 13 12 
L(+) lactate 02 02 02 
Succinate 13 24 13 


Oxygen measured polarographically’ at 25°C The basal medium con- 
tained 03 M mannitol, 10 mM potassium phosphate of pH 72, 10 mM 
potassium chloride and 5 mM magnesium chloride Total vol 30 ml 
ADP added was ly mole and cytochrome c (horse heart, Type III, Sigma 
Chemical Co) 10y Particles of 0 1-0 2 mg mtrogen content and substrates 
(sodium salt ın all cases) 5 mM 


Difference spectra (anaerobie with D(—) lactate munus 
oxidized with oxygen, medium and p(—) lactate as m 
Table 1, 25? C and —189? C) by split-beam spectrophoto- 
meter* showed cytochromes e and a and flavoprotem m 
the steady-states and just on anaerobiosis Cytochrome 
b began to be reduced gradually after anaerobiosis Anti- 
mycm A abolished the latter reduction The kinetics of 
reduction of the functional respiratory catalysts were 
studied with the double-beam spectrophotometer® It 
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was found that cytochrome c and flavoprotem are reduced 
very rapidly along with anaerobuosis ; this 18 very charac- 
teristic of the behaviour of the functional catalysts 
Cytochrome b, however, showed a slow rate of reduction 
begmnimg after anaerobiosis, which again could be 
abolished by antimyem A These spectrophotometric 
studies mean that cytochrome b is not in the path of 
oxidation of p(—) lactate and that secondary electrons 
from cytochrome c after anaerobiosis reduce cytochrome b 

Phosphorus/oxygen ratio was found to be 09 24. 
Dimitrophenol (0 1 mM) and ohgomyer (10 y/mg protem) 
depress phosphorylation almost completely 

The finding of Gregolm and Singer! that p(—) lactate 
can only be oxidized by mediation of exogenous cyto- 
chrome c m their particulate preparation which, of course, 
contains endogenous cytochrome c Showing succeimate 
oxidation, may perhaps mean that there are two different 
Species or sites of cytochrome c One specific for p(—) 
lactate has been rendered soluble by the dilute salt solu- 
tion (1 per cent sodium chloride) m course of drastic 
breaking of the cells Majority of the other specific for 
succmate has been retamed Exogenous cytochrome c 
acts for p(—) lactate and also augments succmic oxidase 
activity. "This idea of the duality of cytochrome c was 
investigated but could not be substantiated On the 
other hand, particles of the present paper could not be 
remforced m their n( —) lactic oxidase activity by addition 
of external cytochrome c It was further investigated uf 
the present particles have any adsorbed cytochrome c 
which has been solubilhzed durmg the method of prepara- 
tion Such cytochrome c will be perhaps equivalent to 
exogenous cytochrome c, and may have reacted with 
lactate 1n an analogous manner to that of Gregolm and 
Smger It was found that cytochrome c of these particles 
could not be reduced by ascorbate, and hence 16 was con- 
cluded that ıt ıs bound to the system endogenously 
External cytochrome c added m the particles could, 
however, be reduced by ascorbate 
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Identification of Primycin and Other 
Guanidino Antibiotics 


Prutycny, which has strong antituberculotie character- 
istics, belongs to the group of Sakaguchi-positive anti- 
bioties With regard to its mfra-red spectrum}, which 
resembles that of streptomycin, 1ts closer identification 
appeared to be reasonable Absorption maxima of the 
ultra-violet spectra of primyem and of simple aliphatie 
guanidines*, characteristic of the azomethm (=C=N—H) 
bond, were detected 1n the 205-220 mu wave-length region 
So the ultra-violet spectra of guanidino antibiotics were 
investigated 

Although 15 15 possible to classify antibiotics orrentally 
into groups with the aid of paper chromatography?*, the 
characterization of differences due to their finer chemical 
structure 1s, m the case of guanidmo antibiotics, a more 
difficult task The mvestigations made by us were 
(1) punched card system, (2) paper chromatography , 
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(3) comparison of the ultra-violet spectra of the anii- 
b1oties , (4) comparison of their hydrolysates 

Among about 2,000 antibiotics registered by the 
punched card system, 35 Sakaguchi-positive guanidmo 
derivatives were found — Primyem proved to be separable 
from the group of water-soluble bases on the basis of its 
poor solubihty (50 mg per cent ın water) and of 1s analyti- 
cal nitrogen content below 5 per cent The ‘summarized 
papergrams' of streptomycm and viomyem, two anti- 
bioties of different chemical properties, established ın eight 
different solvents according to Ishida e£ al ? were identical, 
while that of primyein differed from both the former In 
the solvent system suggested by Dosskochilova', differ- 
ences were perceptible in the Rr values of the three anti- 
bioties tested 

Ultra-violet absorption maxima characteristics of the 
guanidino group of antibiotics are not known so far, with 
the exception of prumycm! Our spectra (Fig 1) were 
obtamed with a Beckman DU spectrophotometer, model 
2400, m a solvent system of butanol/ethanol/water buffer 
of 25 25 50 per cent by vol (BEW-.buffer)? The 
development of absorption maxima and the validity of the 
Beer law proved to depend on the hydrogen 10n concentra- 
tion of the applied buffer and the capacity, at acid pH, the 
absorption of guanidino antibiotics ıs rather weak In a 
neutral medium, in turn (0025 M tri-BEW.-buffer), 
absorption maxima occurred from streptomycin at 204 mu 
and from dihydrostreptomyem at 207 myu These maxima 
disappeared in the same buffer at pH 8 05, though values 
characteristic of N-chromophor groups were shown m this 
region by primyein at 209 mp and by viomycin at 212 and 
268 mu No essential changes ın spectra were observable 
at pH 105 

The mdirect identity proof of guanidmo antibiotics can 
be obtained on establishmg the spectral behaviour of their 
acidic or alkaline hydrolysates As a model reaction, the 
well-known ‘Maltol’ test of streptomyem (Ama, 325 mp) 
was investigated 

In our hydrolysis tests, the best solvent of primycm, the 
system butanol/ethanol/water (25 25 50 per cent by 
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vol) was apphed The final concentration of sulphuric 
acid in thus system was m the range of 0 5 N, while the 
content of sodium hydroxide was 01 N For the hydro- 
lysis tests, 50 and 100 ug/ml of the antibiotics were 
weighed The pure solvent served as a reference test 
The ultra-violet spectrum of the antibiotic m question 
(Fig 2) was established at zero hour, then the reaction 
mixture was refluxed on a hot-water bath Samples 
obtamed during hydrolysis (at 0, 4, 1, 2, 3 h, etc ) were 
cooled in iced water to 20° C and their spectra again estab- 
lished Hydrolysis was then continued until no essential 
changes were perceivable m the spectra of two samples 
obtamed after each other (Fig 2) 

On the basis of the changes 1n the ultra-violet spectra 
obtamed on hydrolysis, the guanidmo antibiotics can be 
classified into two main groups 

(1) Antibiotics with changing spectra In this group, the 
decomposition products disclosed new  chromophors 
(streptomyem, dihydrostreptomyem and primycin), or the 
hydrolytic cleavage resulted m the disappearance of the 
maximum of the chiomophor hitherto present (at 268 
my), for example, 1n the case of viomycin 

(2) Substances with an unchanging spectrum Anti- 
bioties of this group (‘Netropsin’, ‘Evericin’, ‘K-459’ ete ) 


retained their characteristic original light absorption even 
after hydrolysis for several hours The investigated 7 
Sakaguchi-positive antibiotics disclosed identical proper- 
ties in that the azomethm bonds of their guanidine groups 
were resistant to acid (200-205 my) and to alkali (226-230 
my) On the basis of extremely poor water-solubility, its 
nitrogen content less than 5 per cent, 1ts paper chromato- 
graphic behaviour and mainly the ultra-violet spectrum 
(Amas 204, 232, 280 my) of 1ts acid hydrolysate, primyem 
possesses properties differmg from those of other known 


antibiotics Thus, primyem ıs not identifiable with 
them 
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Effect of Hydrocortisone on Thyroid 
Structure in Albino Mice 


It has been shown that adult male albmo muce on 
ad libwum diet as well as on 1estricted isocaloric diet treated 
with certam doses of hydrocortisone have more fat m ther 
depots than the controls? One of the possible causes 
for this may be a depression of thyroid and a consequent 
lowering of the metabolic rate There have been a number 
of investigations on the effect of ACTH and glucocorti- 
coids on thyroid function m various laboratory, dairy, and 
wild animals, the results of which support this view? 
Smular observations have also been made m man”? The 
findings, however, of the effect of ACTH and cortisone on 
the structure of the thyroid seem to be quite contradictory 
D'Angelo? observed that cortisone admumistration was 
without effect on thyroid cell height in the albino rat 
Likewise, Trabert and Betz? did not notice any Misto- 
logical changes ın the thyroid of guinea pigs after admmi- 
stration of cortisone The observations of Stux", on the 
other hand, indicated stimulation of the thyroid by corti- 
sone treatment in rats Sumilarly, Delost and Delost”? 
reported & stimulation of the thyroid by cortisone treat- 
ment in JMacrotus avalhs and Petymys subterraneus 
Baker? reported that ACTH with daily doses of 1 and 3 
mg, respectively, per rat was without effect on epithelial 
cell height of the thyroid, but with 6 mg there was a 
significant reduction in cell height 

The investigation recorded here was undertaken to 
examine the effect of hydrocortisone on the structure of 
the thyroid ın mice 

The expermnental animals were 103-day-old male 
albino mice raised in this Department The animals m 
the treated and the control groups were htter-mates 
Each animal was kept in an individual cage a week preced- 
ing and during the course of the experment Powdered 
Purma laboratory chow and water was given ad lbetum 
Treatment consisted m daily injection of 0 14 mg hydro- 
coitisone (alcohol) prepared by the Sigma Chemical Co 
The hormone was homogenized and suspended in Merck 
diluent (‘CMO’), consisting of 0 5 per cent carboxymethyl 
cellulose by weight, 1 5 per cent benzyl alcohol by volume, 
0 9 per cent sodium chloride by weight, and 0 4 per cent 
‘Tween 80' by volume, in aqueous medium The admmı- 
stration was made by subcutaneous injection, daily be- 
tween 5 and 6 p.m , fo: a period of 11 days The volume of 
mjected material per dose was 0 05 ml Control anrmals 
were given the same volume of the vehicle The number 
of mice in each group was 4 The morning following the 
last imjeetion, the animals were killed, ther thyroids 
removed (while remaming attached to the trachea), fixed 
in Boum’s flud, complete serial section slides made, and 
stamed in Delafield's hematoxyln-eosm The epithelium 
percentage was used in determining the structure of the 
gland This was done by projecting the sections on paper, 
diawing a straight hne at random through the follicles, 
measuring the segments of the line covered by epithelium, 
and then expressing the total length of these segments as a 
percentage ratio of the whole length of the hne!*:5 For 
each anımal 15 determunations were done The projected 
sections in each case were chosen from about the same 
region 

The results are indicated m Table 1 The average epi- 
thelium percentage in the control is 57 + 3 3, while that 
of the treated ıs 491+ 29 This mdicates a definite 
reduction mn the height of the follicular epithelum 


Table 1 THE EFFECT OF HYDROCORTISONE TREATMENT ON TH) ROID 
EPITHELIUM PERCENTAGE 
No of Averageinitial Average final — Epithebum 
animals body-weight(g)body-weight(g) percentage 
Controls 4 824404 327402 575433 
Treatment with 
hydrocortisone 4 326202 321 +05 491 +29 


(0 14 mg) 
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From the results of this investigation and the observa- 
tions of others, 16 can be concluded that the glucocorticoid 
used, the dosage, and the duration of treatment seem to 
have an impact on the thyroidal response Furthermore, 
there seems to be quite a variation on the effect of the 
mdividual glucocorticoid m different species The latter 
might be due to the amount of the particular glucocorti- 
cord found as a normal product of a given species, as rb 
has been reported that there are marked differences m 
various species!’ 
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Effect of Sodium Diethyldithiocarbamate on 
Blood Copper-levels and Pregnancy in the 
Rabbit 


SWAYBACK. 1s a disease of lambs m which lesions 1n the 
white matter of the spinal cord are associated with low 
levels of copper in the tissues Mills and Fell! reported the 
experimental production of swayback using a high molyb- 
denum, high sulphate diet — Their results mdicated that 
this diet strongly inhibited the transfer of copper from the 
ewe to the lamb Any preparation which facilitates the 
investigation of demyelmation associated with reduced 
copper-levels in a laboratory anımal would be of great 
value Maur, Záruba and Charamza? reported a destruc- 
tion of myelin in rabbits following the repeated intra- 
venous &dmunistration. of a solution of either a-benzoin- 
oxime or of diethyldithiocarbamate The admuinistiation 
of a-benzoim-oxime resulted in a decrease in the blood 
copper-level ın nine out of twelve animals The effect of 
diethyldithiocarbamate on the blood copper-level was 
determined in two rabbits and resulted in a decrease m 
both Changes m myelin, particularly m the spmal cord, 
were recoided after diethyldithiocarbamate had been 
administered for only three weeks For these reasons the 
effect of sodium diethyldithiocarbamate in the rabbit has 
been further investigated, but 1t has not been possible, as 
yet, to confirm the effect on myelin However, im the 
course of the work 1t became clear that sodium diethyl- 
dithiocarbamate interfered with the blood copper-level 
and had a maiked effect on pregnancy 

Copper values ın whole blood were obtained for duphcate 
3-ml samples using a modification of the method of Eden 
and Green? The blood was collected from an ear vem 
into chemically clean bottles usmg purified ammonium 
citrate as an anticoagulant An imyjection of an isotonic 
solution of sodium diethyldithiocarbamate given at the 
iate of 5 ml/kg body-wt (3 animals), or of a solution 
containing 05 g of the chelating agent m 5 ml of 
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Table 1 COPPER-LEVELS IN WHOLE BLOOD FOLLOWING THE INTRAVENOUS 
INJECTION OF SODIUM DIETHYLDITHIOCARBAMATE SOLUTIONS 
The values are expressed as a percentage of the pre-injection blood 
copper-level 


Blood copper-levels expressed 
as a percentage of the pre- 


Dose of sodium No of injection-level 
diethvidithio- animals 1h after 5 h after 
carbamate the mjection the injection 
Isotonie solution 
5 ml /kg body-wt 3 727441 799 + 46 
05 gin 5 ml of 
de-10mzed water 5 7234138 777 + 147 
1ginl10 ml of 4 628 + 63 709 + 82 


de-ionized water 


de-ionized water (5 anunals), or of 1 g of chelatmg agent in 
10 ml of water (4 animals), given intravenously, resulted 
m a lowering of blood copper -levels when measured at 1 h 
and 5h after the mjection of the chelating agent The 
results, expressed as a percentage of thepre-injection blood 
copper-level, are given in Table 1 

The lowering of blood copper-levels was prevented by 
the intravenous injection of 2 mg of copper as an aqueous 
solution of copper sulphate given after the pre-mjection 
blood sampling and 1 h before the injection of chelating 
agent Tho subcutaneous injection of 1 ml of a 01 per 
cent solution of copper calcium ethylenediamme tetra- 
acetic acid did not prevent a lowering of the blood copper- 
level, neither was a depression of blood copper-level 
prevented by injecting the solution obtamed by adding 
drop by drop a copper sulphate solution contaming 2 mg 
of copper to a solution contamung 0 5 g of sodium diethyl- 
dithiocarbamate (Table 2) 


Table 2 COPPER ANALYSIS OF WHOLE BLOOD 
The values are expressed as a percentage of the pre-injection blood copper- 
level Copper solutions had been given 1 h before the injection of the 
chelating agent or had been mixed Mea the chelating agent prior to the 
injection 


Blood copper-levels ex- 
pressed as a percentage of 
the pre-mgection-level 
1h after 5 h after 
the mjection the injection 


Injection procedure No of 
animals 
2 mg of copper given as an intra- 

venous injection of an aqueous 

solution of copper sulphate 1 h be- 

fore the intravenous injection of 

05 g of chelating agent in 6 ml 

of water 4 1035+73 1059 + 78 
1 ml ofa 01 per cent solution of 
copper calcrum ethylenediamine 
tetraacetic acid injected sub- 
cutaneously 1 h before the intra- 
venous injection of 0 5 g of chel- 
ating agent ın 5 ml water 


Intravenous injection of the super- 
natant obtained by adding drop by 
drop 2 mg of copper as an aqueous 
solution of copper sulphate to a 
solution of 0 5 g of chelating agent 


in 5 ml of water 3 819+83 886 + 63 


2 mg of copper given as an intra- 
venous injection of an aqueous 
solution of copper sulphate 1 h be- 
fore the intravenous injection of 1 g 


of chelating agent in 10 ml of water 2 937202 994 + 83 


Three pregnant rabbits given repeated intravenous 
injections of 1 g of chelatmg agent ın 10 ml of water 
resorbed their foetuses, as did five pregnant rabbits 
injected intravenously with a solution of 0 5 g of sodium 
diethyldithiocarbamate m 5 ml of water The mjections 
were started on the day after the rabbits were mated and 
they were contmued on 5 days of each week until at least 
the twentieth day of pregnancy None of the animals 
delivered a litter, and m all but one rabbit blood and 
sometimes necrotic placental remnants were found on the 
floor of the cage The earliest time at which these changes 
were seen was the fifteenth day of pregnancy and the 
latest was the twenty-first day of pregnancy 

Histological exammation of the uteri from some of these 
animals and from others given the chelatmg agent at 
varying iimes after mating has been insufficient to 
indicate the site of the primary lesion 

All attempts to prevent the foetal resorption produced 
by the 0 5 g dose of chelating agent have failed These 
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attempts were made on groups of three or more pregnant 
rabbits and included the intravenous injection, 1 h before 
the injection of the chelating agent, of 2 mg of copper as an 
aqueous solution of copper sulphate, the subcutaneous 
injection of 1 ml of a 1 per cent solution of copper calerum 
ethylenediamune tetraacetic acid given lh before the 
chelatmg agent, and the mjection of the supernatant 
obtained by adding drop by drop a solution of copper 
sulphate contamung 2 mg of copper to a solution con- 
tammg 05 g of the chelatmg agent Three pregnant 
rabbits, given mtravenous injections of a saline solution. 
of equal molarity to that of the higher dose of chelating 
agent on five days of the week throughout pregnancy, all 
delivered and reared litters 

The animals given the chelatmg agent appeared well 
throughout the course of the experiment Those on the 
10 g dose showed a shght loss n weight during early 
pregnancy, but this was not seen at the 0 5 g dose level 

Dutt and Mills! have recorded fcetal resorption ın rats 
fed on a copper deficient diet In our experiments, how- 
ever, copper sulphate injected before the chelating agent 
maintained the blood copper-Jevel but 1t failed to prevent 
foetal resorption ‘The daily mjection of copper sulphate 
followed by chelating agent proved very toxic and the 
four animals used in this experiment died, three of them 
within the first week of the experiment Mohnike, 
Hagemann and Glockner’ thought that the mam action of 
intravenous myection of sodium diethyldithiocarbamate 
m rabbits was to produce a stress reaction Such a 
reaction, if ıt were severe, might affect pregnancy. 

Sodium diethyldithiocarbamate mhibits many enzymes, 
particularly those which require sulphydryl groups foi 
activity®, including sucemue dehydrogenase" and mono- 
amune oxidase? The resorption of fcetuses may be pro- 
duced by a toxic action of the chelating agent on either 
the placenta or the fœtus, and this toxic action may be 
related to enzyme mhibition 

This work was supported by a grant from the Agrı- 
cultural Research Council I thank Glaxo Laboratories, 
Ltd , for supphes of copper calcium ethylenediamine tetra- 
acetic acid 
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Metabolism of Canine Renal Transplants 


THE cause of functional arrest of first set homotrans- 
planted kidneys has recently been the subject of a series of 
biochemical mvestigations!-^ These mvestigations were 
begun to test the postulate that a primary biochemical 
lesion was responsible for the destruction of komo- 
transplanted kidneys®:> 

This communication describes a further attempt to 
test this postulate by following the imecorporation of 
carbon-14 from labelled substrates into soluble inter- 
mediates, as indicative of some aspects of mtermediary 
metabolism m the transplanted dog kidney 

Greyhound kidneys were used, the transplantation 
being carried out by techniques described by Dempster? ® 
Kidneys were removed for examunation and a piece of 
decapsulated cortex was quickly dissected and placed in 
approximately 10 volumes of ice-cold medium The 
medium for meubation, the treatment and choppmg of 
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TYPICAL RESULTS DERIVED FROM A STUDY OF TEE METABOLISM OF !*C-GLUCOSE, 2-140- ACETATE AND 1,4-4C-SUCCINATE BY NORMAL AND HOXO- 
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TRANSPLANTED DOG KIDNEYS 




















Labelled substrate 
44C-Glucose 221C-A. HC. 
Intermediate = er C-Acetate 1,4-44C-Succinate 
Vorma: Functioning Oluguric Normal Functionmg Ohguric Normal Funetionin: Ohgune 
homotransplant | homotransplant homotransplant | homotransplant homotransplant homotránsplant 
Organic and 
sugar phos- 
phates 133 100 $5 0 D 0 0 0 0 
Lactate 144 379 722 23 30 43 0 0 0 
Fumarate 0 0 0 ! 37 13 29 243 251 254 
Malate 01 08 02 145 93 84 705 712 717 
Glutamate 31 71i $3 500 579 , 575 06 07 11 
Aspartate 501 340 54 69 09 20 25 22 14 
Alanine 51 30 0 20 75 95 0 0 0 
Urea 9 05 06 62 59 106 0 0 0 
Other pro- 
ducts 80 27 53 145 142 42 20 OL 11 


























The results are expressed as percentages of the total counts incorporated, which was of the order of 1-8 x 10° per 6 mg dry weight of tissue 


tissue and the determmation of dry weight were as 
described by Smith and Moses? Samples (1 ml) of the 
tissue suspension, contammg 5-10 mg dry weight of 
tissue, were incubated aerobically with 10 pe (01 ml) of 
radioactive substrate as either C-glucose (0 125 pmole) 
or 2-MC-acetate (1 mole) or 1,4-40-succinate (3 umole) 
The labelled materials were obtained from the Radio- 
chemical Centre, Amersham, Bucks The meubation 
conditions, chromatography, counting procedure and 
identification of radioactive spots were as described by 
Smith and Moses’, except that the counter was flushed 
continuously with a gas mixture consisting of 98 7 per 
cent helium and 13 per cent butane (British Oxygen 
Gases, Ltd) Investigations were carried out on normal, 
autotransplanted and homotransplanted kidneys The 
homotransplants were removed at various stages after 
transplantation and classified as functioning, oliguric or 
anurie Typical results obtamed from a normal kıdney, 
a functioning and an ohguric homotransplant are presented 
ın Table 1 The amount of carbon-14 incorporated from 
the labelled substrates at anura was negligible 

The detection of carbon-14 from 4C-glucose, mm such 
mtermediates as organic and sugar phosphates, Krebs 
tricarboxylic acid cycle intermediates, and ammo-acids, 
indicates that m the homotransplanted kidney, the mam 
metabolic pathways are still intact, even at the oliguric 
stage Tho only consistent difference between normals and 
homotransplants was seen in the relative proportions of 
carbon-14 incorporated mto lactate and aspartate 
Homotransplants consistently produced a higher propor- 
tion of lactate, apparently at the expense of the Krebs 
tricarboxyhe acid cycle mtermediates and aspartate This 
increased meorporation of carbon-14 into lactate, pre- 
sumably via pyruvate, may be due to progressive tubular 
ischemia resulting from damage to and disorgamzation 
of interbubular blood vessels!*, or to the infiltration of host 
leucocytic cells of glycolytic character", or to a combina- 
tion of these factors The mutis period of ischemia due 
to transfer seems to have little or no effect &ince auto- 
transplant controls produced very sumular results to normal 
kidneys 

There was little difference m the proportions of major 
mtermediates labelled with carbon-14 obtamed from 
normals and homotransplants in the acetate and suceinate 
experiments, suggesting that no impairment of inter- 
mediary metabolism occurred m the homotransplants ab 
reactions subsequent to seebyl-coenzyme A, including 
those of the Krebs triearboxylic acid cycle 

These results indicate that the essential metabohe 
pathways for dealing with glucose, acetate, and succinate 
are still mtact and able to function m the homotrans- 
planted kidney even when 1b has reached the oligume 
stage Although homotransplant preparations seem to 
convert more of their available glucose to lactate this 
biochemical change appears to reflect histological changes 
withm tho homotransplant rather than the reverse 


This work was supported by a grant from the Wellcome 
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HÆMATOLOGY 


Distribution of iroù-59 in Stroma-free 
Thalassemic Erythrocytes examined by means 
of Gel-filtration 


A NUMBER of methods are available for examimung the 
distribution of ron 1ncorporated mto the soluble and other 
portions of the immature erythrocyte — Tishkoff has 
utilized preoipitation of the hemolysate by trichloro- 
acetic acid (TCA){ref 1) Allen and Jandl’, and Greenough 
et al?, used 10n. exchange chromatography on ‘IRC 50’ 
Lothe and Falbe-Hansen separated them non-hem iron 
from hemoglobin electrophoretically* Other laboratories 
isolated hæmın from the hemolysate by Fisher’s method* 
However, all the aforementioned procedures involve 
one or more drastic steps detrimental to the physical state 
of various components 1n, the erythrocyte (destruction of 
secondary and/or tertiary structure of protems, changes in 
the dissociation of ionizable molecules and so on) To 
overcome this difficulty, we used gel-filtration on polymer- 
wed dextrans, introduced first by Porath and Flodin*, with 
satisfactory results 

Blood samples were mcubated for 6 h as described by 
Belcher and Courtenay? m the presence of trivalent 
rron-59 nthe citrateform Red cells were isolated, washed, 
hemolysed with ten volumes of distilled water and the 
stromata, were removed by centrifugation at 25,000g 
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The hemolysate was rendered isotonic by the addition of 
01 vol 9 per cent sodium chloride solution Five ml of 
the hemolysate was applied on a 3 em x 50 em column of 
‘Sephadex’ (purchased from Pharmacia, Uppsala) m 09 
per cent sodium chlomde All experiments were per- 
formed in a cold room at 0°  Five-ml fractions were 
collected from the column by means of a fraction collector 
Fig lis the filtration profile of a hemolysate from a case 
of thalassemia major chromatographed in ‘Sephadex 
G-25' To tube 4 of Fig 1 ethylenediamine tetraacetate 
(EDTA) was added to a final concentration of 0 01 M, and 
the contents of the tube was rechromatographed gn the 
same column (Fig 2) A second peak of radioactivity 
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Fig 1 ‘Sephadex G-25’ chromatography of a thalassemic sample 
incubated with 1 uc iron-59 As tube 1 1s recorded the tube collected 
immediately prior to the emergence of the hemoglobin -——, Counts 
per mm per tube, —— —, absorbancy at 540 mz 
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Fig 2 Chromatography of tube 4 of Fig 1 on ‘Sephadex G-25', follow- 


ing the addition of EDTA As tube 1 1s recorded the tube collected 
immediately prior to the emergence of hemoglobin Counts 
per mm per tube, ——-—, absorbancy at 540 mu 
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Fig 3 ‘Sephadex G-100' chromatography of a non-thalassemuc sample 
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appears associated with a low molecular weight com- 
ponent (EDTA apparently) A similar picture 15 obtained 
when non-thalassemic hemolysates are chromatographed 
When ‘Sephadex G—50', 1s used which retains compounds 
of higher molecular weight than ‘Sephadex G-25', all 
radioactivity again appears with the ‘hemoglobin’ peak, 
a second peak appearmg only on addition of EDTA 
An obvious conclusion from this 1s that, m the soluble 
portion of the immature erythrocyte, even the non- 
ham iron 1s associated with high molecular weight com- 
pounds Figs 3 and 4 are typical chromatograms of a 
non-thalasssemic (post-hemorrhagic anemia) and thalas- 
semic hemolysates respectively, chromatographed on a 
column of ‘Sephadex G-100' It 1s apparent that ın the 
thalasseemic sample, prior to the emergence of hemoglobin. 
an iron-bearmg non-hemoglobin component, or com- 
ponents, appear, only traces of which are present in the 
non-thalassemic hemolysate Similar results were ob- 
tained with three additional thalassemic and two non- 
thalassemic samples 

With regard to the nature of this iron-bearmg non- 
hemoglobm peak, the following properties are so far © 
known when hemoglobin is added as a carrier, 16 precipi- 
tates on rendering the solution 5 per cent in respect to 
TCA, from the point of emergence on the ‘Sephadex 
G-100 column, one may safely conclude that 16 consists of 
molecular species larger than hemoglobin, the radio- 
activity cannot be iemoved by EDTA Itshould be noted 
that there 1s no proof that the radioactivity emerging with 
the hemoglobin 1s due entirely to hem iron It may also 
be mentioned that when a portion of the unchromato- 
graphed sample of Fig 4 was treated with TCA according 
to Tishkoff’s method, 89 5 per cent of the radioactivity was 
found in the ‘hemoglobin’ fraction, while by the present 
method only 48 7 per cent of the radioactivity emerged 
with the ‘hemoglobin’ peak 

Two reports have already appeared from this depart- 
ment concernmg the distribution of radioiron in normal 
and thalasssemic erythrocytes*® The method of precıpı- 
tating the ‘hemoglobin’ by means of 5 per cent TCA was 
used m these.investigations, and relevant conclusions were 
drawn from them In view of the results presented here; 
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we feel that at least part of these conclusions may not be 
correct, necessitating a re-examination of the entire 
problem 

This work was supported by grant No 8 of the Inter- 
national Atomic Energy Agency 
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Serological Demonstration of Antigenic 
Heterogeneity of Individual Human 
Y,-Macroglobulins 


DIFFERENCES 1n the serum proteins of humans ascribed 
to a genetic basis have been well established for Ys- 
globuhns??, transferrms and haptoglobins?, B,-hipoproteins?, 
an «,-globulm referred to as the Gc system’, and 
choline esterases* It appears that all the serum protems 
will eventually be found to show genetic variations So 
far no such differences among individuals appears to have 
been noted which are unique to the y,-A or the y,-macro- 
globulins (y,-M), the other antibody active protems of 
serum 

The y,-M protems offer a unique system for such 
investigations It 1s known that most Rh saline agglu- 
tinins are y,-globulins sedimenting at 18 S whereas the Rh 
blockmg antibodies sediment neai 7 S (ref 7) The 18S 
type antibody molecules lose their activity when treated 
with mercaptans, whereas the 7 S blockmg antibodies and 
the relatively rare 7 © saline agglutmins retam their 
activity after such treatment®® Any anti-Rh serum with 
salme agglutinin activity that 1s completely destroyed on 
treatment with 01 M mercaptan overnight at 2? and 
neutral pH and, furthermore, that is devoid of antibody 
detectable m high protem media afte: such treatment may 
be presumed to contam only the 18 S sahne agglutmins 
Four such human sera were available to us Antibodies 
to the salme agglutinms ın these sera were piepared in 
thesus monkeys by the followmg method 

Washed erythrocytes from 10 ml of blood of a rhesus 
monkey were added to an aliquot of human serum con- 
taming saline Rh antibody The mixture was meubated 
for Lh at 37°, cooled to nea: 1? and centrifuged The cells 
were resuspended and washed five times by centrifugation 
m approximately 10 volumes of isotonic saline at 1° — The 
coated erythrocytes were then returned to the donor 
monkey by intiaperitoneal mjection 10-25 ml of saline 
agglutmm contaming serum was used to coat the erythro- 
cytes in each of the initial three to five mjections, which 
were given at weekly mtervals The subsequent appear- 
ance of antibodies in the monkeys was evidenced by the 
ability of thei sera to inhibit strongly the agglutmation of 
Rh* O erythrocytes by the serum used as the source of 
saline agglutinins One of the four Rh saline agglutanm 
eontammg sera used failed to stimulate significant 
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Table 1 INHIBITION OF HUMAN Fh AGGLUTININ BY RHESUS MONKEY 


ANTISERA 


Human Rh antisera 


Monkey antisera to 
Serum Antibody Titres of 


Saline Rh agglutinins Waldenswóm's 








No macroglobulins 
B C 
Salme Bloching* 1 2 3 1 2 
1 1 16 = + — + + — 
2 1 32 = + + — t + 
3 160 — ES — T T — 
4 11238 — T — — + — 
E c 1[ v Oe 
7 1 64 — + — = à hs 
8 1 104 — — + — + + 
9 (1 104 — — - + T — 
10 1 32 $ — 
11 1 128 m + -E => zs NE 
12 1 128 — — + = + x 
13 1 32 — t — = + x 
14 18 — — + = = = 
15 1 16 = T = = = — 
16 14 = + + — + = 
17 18 — -— -— = + = 
1 d 1.26. I2 fc X El a 
1 1 2 — T ~ + + 
20 1 8 1 256 m T T i sed 
21 — 1 256 — - sex + — 
22 — 1 256 — — — — = 
23 — 1 256 — — — — + 
24 — 1 128 == — — T —— 
25 — 1 512 — — — 


* Absence of Rh blocking antibody titre demonstrated by loss of albumin 
titre after mercaptan treatment 
t Blocking antibody was also inhibited 


antibody in the monkey mmunized — Following the 
appearance of antibodies, weekly bleedings were taken to 
accumulate the antibody, the mmunization bemg con- 
tinued at the time of bleeding with admunistration of 
5-10 ml serum equivalents of the saline agglutmin This 
schedule was maintained until the supply of Rh antiserum 
was exhausted  Bleedings were contmued at 5-7-day 
intervals until the antibody titres had diminished suff- 
ciently to obviate the use of the serum 

Monkey antisera to three purified Waldenstrom macro- 
globulins!’ were also prepared Immunization to soluble 
antigen (5-10 mg given subeutaneously at 7—10-day 
intervals) produced only weak precipitin titres Three 
subcutaneous injections of 5 mg of protem in complete 
Freund’s adjuvant stimulated antibody production 
Immunizations were continued at weekly mtervals with 
approximately 5 mg of soluble antigen bemg given sub- 
eutaneously immediately after withdrawal of blood for 
antibody collection. These mnmunizations have been 
continued for more than 18 months and the antibody 
titres have remained high 

Sera from control and 1mmunized animals agglutinated 
Rh+ O cells but usually failed to do so ata 1 5 dilution 
The antisera were used at this dilution or absorbed with 
the test erythrocytes  One-tenth ml of monkey antiserum 
was added to 0 1 ml of various serial dilutions of & given 
anti-Rh serum This mixture was incubated for 1 h at 
37°, 0-1 ml of & 2 per cent suspension of Rh+ O cells was 
then added to ıt ‘This mixture was incubated for 1 h at 
37°, the tubes centrifuged and read for agglutmation A 
titre of three or more 2-fold dilutions less than the control 
was taken as indicative of inhibition A two-tube reduc- 
tion was recorded as + The mhibitory activity of the 
monkey antisera was determmed on a series of 25 Rh 
antisera 

The results ın Table 1 show that a given monkey anti- 
serum can inhibit the serologic activity of some Rh saline 
agglutinins but not others Sera from 10 normal monkeys 
failed to exhibit any activity The results do not suggest 
any simple antigenic relationship which 1s indicative of a 
small number of serological types of Rh saline agglutinms 
It ıs possible that the 160,000 mol wt sub-units of an 
individual y,-macroglobulin™ may be of different serologic 
or genetic types This would complicate the genetic oi 
serologic patterns of these molecules This possibility, 
however, must be considered in contimnumg studies of 
18 S antibodies 

The monkey antibodies to Rh salme agglutmins do not 
mbhibit 7 S anti-Rh bloclang antibodies It has been 
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previously shown that Rh salme agglutmms and blocking 
antibody can be distinguished by rabbit antibody? The 
antibodies to the Waldenstrom macroglobulins, however, 
showed some activity agaist the blocking antibody One 
of the three latter antisera failed to mhibit any of the Rh 
antibodies tested even though ıt formed a specific precipi- 
tate with normal human serum 

The monkey antisera were also tested for therr ability to 
inhibit the activity of other 18 S human antibodies 
Activity agamst g- and 8-isohemagglutimins, cold agglu- 
timins and heterophile agglutimms was noted and other 
known high mol wt antibodies are being tested. The 
inhibitions of these antibody activities by the monkey 
antisera were again variable, dependent on the serum 
source Family investigations of the 18 S y,-globuhns 
are bemg initiated to determine whether the differences 
noted here have a genetic basis 

The monkey antibodies to the Rh salme agglutmins and 
Waldenström macroglobulins are resistant to the action of 
2-mercaptoethanol and thus appear to be 7 S molecules 
They form specific precipitates with all human sera tested 
but not with pooled normal human y,-globulns Im- 
munoelectrophoresis and other investigations indicate 
that the factor ın serum with which the monkey antibody 
reacts 18 a y,-macroglobuln 

This work was supported 1n part by grant C-1786 from 
the US Pubhe Health Service 
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Haptoglobin and Transferrin Differences in 
some Iranian Populations 


PREVIOUS studies of ABO blood groups and glucose-6- 
phosphate dehydrogenase (G-6-PD) distribution m Mos- 
lems, Zoroastrians and the Ghashghai tribal group m Iran 
showed absence of G-6-PD deficiency and a B gene 
frequency of 0 341n Zoroastrians as compared with G-6-PD 
deficiency of 8 per cent and a B gene frequency of 0 28 in 
Moslems, ABO blood group studies of the Ghashghai 
tribe were comparable with that of the Moslem group, and 
11 per cent of males examined had G-6-PD deficiency? 

Haptoglobm and transferrm patterns m these groups 
are described in this communication Blood was col- 
lected m ACD solution, and plasma was run according 
to the vertical starch-gel electrophoresis techmque of 
Smuithies? The frequency of the Hp! gene in the Zoro- 
astrians (Table 1) was significantly lower than that of the 
Moslems (x? = 105, P < 0005) and the Ghashghai 
(x = 133, P < 0005)  Haptoglobms of the latter two 
groups did not differ (y? = 13,05 > P > 025) Hapto- 
globm negative and other variants were not observed 
Transferrin results are shown in Table 2 TfB was only 
found in the Moslem group , however, the size of the other 
samples may have been too small to detect this rarer 
transferrm 

Zoroastrians, the ‘origmal’ Iranians, are historically 
distinctive from Semitic and other peoples in the Middle 
East? They are one of the most restrictive of religious 
groups they do not proselytize, outsiders are not 
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Table 1 DISTRIBUTION OF HAPTOGLOBINS 


Hy! gene 
Population No Hp 1-1 Hp2-1 Hp2-2 frequency 
Moslem 429 Obs 34 176 219 0 28 
Exp 35 175 220 
Zoroastrian 145 Obs 6 43 96 019 
Exp 5 44 95 
Ghashghai 117 Obs 16 46 56 033 
Exp 12 51 53 
Table 2 DISTRIBUTION OF TRANSFERRINS 
Phenotype frequencies 
Population No BC co cD 
Moslem 429 0 007 0 953 0 040 
Zoroastrian 145 0 000 0 986 0014 
Ghashghai 117 0 000 0 940 0 051 


accepted into the religion ; and rf one marries mto another 
group, neither he nor his children are considered Zoro- 
astrian 

Smee the Islamic conquest ın the seventh century A D, 
vast areas of Iran have been overrun by Arabs, Turks, 
Mongols and Afghans? These peoples arrived as Moslems 
or were afterwards converted to Islam Large numbers of 
the invaders remained and their descendants to-day form 
the tribes ın Iran , however, many of their progeny are 
now mixed with the Moslem population 

The Ghashghai may be classified as a federation of 
tribes One must depend on legend for their origins 
They were brought to Iran by Shah Abbas m the seven- 
teenth century A D from what is now the USSR, west 
of the Caspian Sea Their language is Turkish , however, 
the tribal leaders do not consider themselves of Ottoman 
or Seljuk Turkish orig. They believe that ther language 
was acquired within the past 300 years In any event, 
ABO blood groups, G-6-PD studies and haptoglobm and 
transferrm patterns m the Ghashghai are not distinctive 
from that of the Moslems 

The Zoroastrians are, however, separable from the 
Moslems by ABO blood groups, G-6-PD assays and hapto- 
globms. Whatever the Zoroastrians were before the 
Islamic era, there 1s no doubt that they are a separate and 
genetically different breedmg group from that of the 
present Moslem majority. There ıs no question of their 
cultural distimctiveness 

This investigation was conducted at the Shiraz Medical 
Centre, Nemazee Hospital, Shiraz, Iran I thank the 
Khans of the Ghashgha: tiibe for their co-operation and 
Dr Manouchehr Mavendad for facilitatmg the collection 
of blood from the Zoroastrians and for his clarification of 
Zoroastrian customs 
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Histochemical Localization of Amines in 
Hydra and in the Sea Anemone 


SEVERAL investigators utilizmg chemical techniques 
have identified neuropharmacological substances within 
ceelenterates Welsh? has presented evidence for the 
presence of 5-hydroxytryptamine (5-HT) and a number 
of quaternary ammonium compounds in the sea anemone 
and Hydra, 5-HT occwrmg m greatest concentration 
within the tentacles and acontia Methias et al 34 1denta- 
fied 5-HT, histamine and other amines ın the sea anemone 
as well as m Physalia This worker found the highest 
concentration of 5-HT m the ccelenteric tissues, mcluding 
the acontia, with relatively low concentration m the 
tentacles These compounds were discussed as possible 
agents responsible for the toxicity withm nematocysts of 
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sea anemone tentacles; however, the exact histological 
localization of the substances was not presented. The 
present investigation concerns the histochemical localiza- 
tion of epinephrine, norepinephrine, and 5-HT in Hydra 
and the sea anemone. 

Recently, histochemical techniques were developed 
which will differentiate epinephrine, norepinephrine and 
5-HT in the same histological section** and a more 
sensitive technique was developed for the histocyto- 
chemical detection of norepinephrine’. These techniques 
were used for localizing 5-HTT, epinephrine and norepin- 
ephrine in both Hydra and the sea anemone. 

Intact Hydra littoralis, fixed in 10 per cent formalin or 
6 per cent glutaraldehyde*, were subjected to the histo- 
chemical tests and mounted in glycerol jelly. These whole 
mounts were studied with light microscopy for the 
observation of the epidermis. The results of the histo- 
chemical tests on the gastrodermis were observed on 
Hydra which were turned inside out®. Frozen or paraffin 
sections of fixed sea anemones, Metridium senile, were 
stained and observed by light and phase microscopy. 

All three substances were localized to the nervous 
system in Hydra. Activity was present within ganglion 
cells, sensory cells, and their neurites. Granular accumu- 
lations adjacent to cnidoblasts were active as were a few 
neurites connecting these accumulations and ganglion cells. 
No reaction was seen in the nematocysts themselves. 
These three substances were present in all body regions 
of Hydra, but most concentrated in the hypostome which 
contains most of the neural elements (Fig. 1). Epithelio- 
muscular cells contained a few intensely reactive granules. 
The nature of these granules is unknown. Digestive cells 
of all regions possessed a few small vacuoles showing 5-HT 
activity. 

The argentaffin reaction'? clearly demonstrated 5-HT 
in cells of the tentacles, peristome and the pharynx of 
sea anemones, while little reaction was seen in those of 
the body wall. Sections studied with the method of 
Wood** demonstrated 5-HT in the same areas and within 
the nematocysts. The most intense 5-HT reaction, how- 
ever, was in the area of the peristome and pharynx, where 
it was associated with nematocysts as well as within 
gland cells. The function of these last cells is unknown, 
but they may be analogous to the argentaffin cells of the 
mammalian intestine. 

Epinephrine staining appeared in the neurones of the 
mesentery as illustrated in Fig. 2. When stained for 
epinephrine’ *, these cells contained stained granules and 
when viewed unstained* with phase-microscopy they also 
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. 2. Neurones of the mesentery of the sea anemone showing epin- 
ephrine characteristics, Bipolar type a and (pseudo) unipolar type b. 
Scale representa 204 





Fig. 3. Cells of the epidermis (arrows) indicating the Itive norepin- 
Scale bo posf 


ephrine reaction. represents 

possessed large dense granules characteristic of norepin- 
ephrine storage. Two types of neurones were seen in these 
mesenteric chains, a bipolar type (a) and a (pseudo) 
unipolar type (b). The latter type stained more intensely. 

In addition to the large granules in the mesenteric 
neurones, already mentioned, small neuronal elements in 
the epidermis (Fig. 3) possessed large dense granules 
characteristic of norepinephrine storage and when stained 
these cellular elements demonstrated the yellow colour 
for norepinephrine*7, None of the techniques demon- 
strated mesogleal nerve cells or fibres, supporting the 
original position of the Hertwigs". 

All three reactions demonstrated dark granules within 
the gastrodermis especially in the tentacles. These re- 
actions might be non-specific and indicate the presence 
of a related substance not yet identified. 

The most surprising aspect of these investigations was 
the presence of epinephrine, norepinephrine, and 5-HT 
within the nervous system. The histochemical localization 
of these substanees and the previous identificati n of 
acetylcholinesterase'* within the nervous system suggest 
that an elementary nervous system possesses both 
adrenergic and cholinergic mechanisms. Furthermore, 
5-HT may be of relatively greater importance as a neuro- 
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humour in eclenterates than in higher forms. Previous 
investigations have provided evidence that the ecelenterate 
nervous system acting through chemical trangmitters may 
play à part in nematocyst discharge and regeneration. 
cy uud norepinephrine, 5-HT, and acetylcholine 
were found to augment nematocyst discharge!?. Reserpine, 
which depletes cells of both norepinephrine and 5-HT, was 
a potent inhibitor of regeneration in Hydra and various 
parasympathetic blocking agents had a similar effect". 
Thus, the presence of these neurohumours within the 
nervous system and their effect, on physiological processes 
indicate that the cclenterate nervous system is indeed 
highly specialized and functions via a variety of neuro- 
humours. 

We thank Dr. Russell J. Barrnett for his advice. 

This work was supported by grant CRT-5055 from the 
National Cancer Institute, U.S. National Institutes of 
Health. 
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Histochemical Demonstration of a C-esterase 
Activity in the Metrial Gland Cells of the 
~ Rat Placenta 


THERE are previous reports on the histochemical 
demonstration of non-specific esterase activity in the rat 
placenta!-*, but these have been mainly restricted to the 
findings obtained with the naphthyl acetate technique. 
There is no detailed account of the distribution of the 
decidual activity, nor has there been any attempt to 
characterize the different types of enzyme which may bo 
responsible. ` 

In the work recorded here, naphthyl acetate and 
naphthol-AS acetate were used as substrates, in association 
with a series of differential inhibitorst. Organophosphorus- 
sensitive (type B) esterases were inhibited by pre- 
incubation of the tissue sections with 10- M ‘Mipafox’ 
(N,N’-di-isopropylphosphorodiamidie fluoride) in acetate 
buffer at pH 5-3. After the pre-treatment with ‘Mipafox’ 
the distinction between types A and C of the organo- 
phosphorus-resistant enzymes was made by the use of 
either 10-* M phenylmercurie chloride or 10-* M p-chloro- 
mercuribenzoate. All the work was carried out on frozen 
sections of placenta of albino rats, fixed for 16 h at 4° C 
in the formalin-suerose mixture of Pearson’, 

The reaction in the mesometrial decidua of the fully 
developed placenta, at 13-16 days, differs somewhat with 
the two substrates. With naphthyl acetate there is intense 
and inereasing activity in the degenerating decidua 
basalis, while this is much less marked with naphthol-AS 
acetate. With the latter substrate, however, there is a 
strong and precisely localized reaction in the granulated 
metrial gland cells which are scattered through the decidua. 
In the mesometrial triangle there is a rather diffuse reaction 
with the naphthyl acetate technique, but this is consider- 
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Fig. 1. C-esterase activity in metrial gland cells. Naphthol-AS method, 
using 10? M ‘Mipafox’ and di. ee chloride as inhibitors 
x 


ably weaker than the decidual reaction. With the 
naphthol-AS method the metrial gland cells are very 
strongly reactive, and the granular deposit of the final 
reaction product frequently appears to coincide with the 
morphological granules of the cells. 

The use of the inhibitors with the naphthol-AS technique 
shows that the metrial gland cell enzyme is predominantly 
a C-esterase (Fig. 1), though a small amount of a type B 
enzyme is also present. The metrial gland cell esterase 
is much more satisfactorily demonstrated with naphthol- 
AS acetate, but the use of inhibitors with the naphthyl 
acetate technique does demonstrate a weaker and less 
uniform type C reaction. The metrial gland cells appear 
to be the only significant site of C-esterase activity in the 
rat placenta. In the visceral layer of the yolk sac and the 
cells of the decidua basalis the marked esterase reaction 
is almost completely abolished by pre-treatment with 
"Mipafox'. 

C-esterases have been demonstrated histochemically in 
a variety of situations, and it has been suggested*:* that 
they may sometimes be due to the presence of cathepsin 
C—an enzyme which is associated with lysosomes. In 
this connexion it may be pointed out that the metrial 
gland cells also show a granular distribution of acid 
phosphatase aetivity. It is interesting too that while the 
degenerating decidua basalis is rich in acid phosphatase®:’, 
which may be associated with the lysosomal autolysis of 
the decidual cells, it does not contain a C-esterase. On 
the other hand, the C-esterase of the metrial gland cells is 
not significantly affected by 10-? M lead nitrate, a sub- 
stance which at this concentration inhibits cathepsin 
C (ref. 4). Moreover, while the metrial gland cell enzyme 
is still demonstrated with the naphthol-AS technique at 
a pH of 5:3, the reaction is less intense than at the usual 
incubation pH of 7-3. It is possible, however, that this 
is due to less effective coupling with the diazonium salt 
(fast blue BB) at the lower pH rather than an indication 
of the optimum pH of the enzyme. 

The function of the metrial gland cells is not understood, 
though it has often been suggested that they may be 
concerned with endocrine secretion. They are capable of 
ingesting intravital dye, but only during the last few days 
of gestation*, Phagocytic cells frequently display C- 
esterase aetivity*. It may also be mentioned that mast 
cells are rich in a chymotrypsin-like esterase, which 
hydrolyses naphthol-AS esters?. The possibility of a 
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relationship between mast cells and metrial gland cells viable cells to produce local tumours in the mice were 


demands further investigation. 
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PATHOLOGY 


Growth of a Reticulum Cell Sarcoma Variant 
of Friend Disease in the Embryonated 
$ Hen’s Egg 

BrNcE the pioneer work of Murphy! the embryonated 
hen's egg has been widely used for the propagation of 
tumours of heterologous origin. Although murine lympho- 
mas generally do not propagate well when transplanted in 
this manner, some of them not known to be associated 
with a virus are capable of limited growth. Karnofsky 
et al.* showed that lymphosarcoma P3269 was capable of 
slight growth and survival for two passages on the 
chorioallantoic membrane, while six other leukzmias gave 
negative results. Clarkson and Katz? found that P388 
leukemia would not grow on the chorioallantoic mem- 
brane, but they did observe multiple small cellular 
deposits in various organs, notably the brain. These 
persisted for up to one month after hatching. 

We have been unable to find a report of a virus induced 
or associated murine leukemia grown in the embryonated 
hen's egg. This communication reports the growth, in 
this host, of a reticulum cell sarcoma derived from the 
tissues of a BALB/c mouse infected with Friend leukemia 
virus‘. 

The tumours used were in the 4th to 11th passages in 
BALB/c mice and the eggs were from Heisdorf and 
Nelson Leghorn hens mated with California Grey roosters. 
Three methods of inoculation were adopted: (1) 2-3 mm 
pieces of tumour were placed over the bifurcation of a 
large vein on the chorioallantoie membrane of 8.day 
embryos. (2) A coarse suspension of tumour cells in 
egg-white and phosphate-buffered saline was inoculated 
in 0-5-ml. amounts into the yolk sae of 4-day embryos. (3) 
Ten-day embryos were injected intravenously with single 
cell suspensions containing 1-5 x 10*-6 x 10* viable cells in 
0-05 ml. phosphate-buffered saline. All embryos were 
incubated at 37-5? C and killed when they were 18 or 
19 days old. 

To test for the presence of Friend virus or viable tumour 
cells in the embryos, 6-8-week-old BALB/c mice were 
inoculated subcutaneously with coarse suspensions of 
E brain or implanted nodules from the 
[ toie membrane. 

For the chorioallantoie membrane experiments, 63 
embryos were inoeulated. Although the original implant 
could be detected grossly at the termination of the 
experiment, definite growth was apparent in only 5. 
Mieroscopie examination revealed a central necrotie core 
to many of the nodules which probably represented the 
remains of the original explant. Apparently viable cells 
similar to those of the original tumour and showing 


i — frequent mitotic figures were present in 42 of the explants. 


To prove the viability of these explants 28 of them were 
_ in turn implanted into a like number of mice. Sufficient 


present in 20 of the nodules. Twenty-one of them con- 
tained enough virus to produce generalized Friend 
disease as judged by the microscopic changes in the spleen. 
Three of the mice with tumours did not show changes in 
the spleen, and 4 showed splenic changes but did not 
develop tumours. The microscopic appearances of the 
tumours and the changes in the spleens of the mice were 
identical to those described when the tumour was first 
isolated*. 

Histological examination of the brain, liver, lungs and 
heart, of embryos implanted on the chorioallantoic 
membrane did not reveal metastatie tumour. However, 
on bioassay of the organs of 6 of these embryos local 
tumours and Friend disease were produced with suspen- 
ue of the brains of 2 embryos and with spleen from a 
After inoculation of tumour cells into the yolk sac of 
86 embryos, 45 survived. Local tumours developed in 
only 3 of the latter. These ranged in size from 0:3 to 0-5 
em in diameter. Microscopically metastases were seen in 
the brains of 2 embryos, but not in any other organs. 
Bioassays revealed that tumour cells and;or virus was 
present in the spleens of all 3 and in the liver of 2. The 
brains were not assayed. 





Fig. |. Metastasis in brain 9 days after intravenous inoculation of a 
single cell suspension of a reticulum cell sarcoma variant of Friend 
disease (haematoxylin and eosin, x 135) 


No gross tumours were observed in any of the 86 out of 
207 embryos which survived intravenous inoculation. 
However, microscopic examination revealed that 33 (38 
per cent) had metastatic deposits in the brain. These 
consisted of small clusters of dividing cells identical with 
those seen when the tumour is passed in mice (Fig. 1). No 
histological evidence of tumour was seen in the liver. 
spleen, heart, or lungs of these embryos. Bioassay, on 
the other hand, revealed that 11 of 21 (52 per cent) of the 
embryos had metastases to the liver as evidenced by the 
development of tumour at the site of inoculation, and/or 
Friend disease in the mice. None of the spleens from the 
same embryos showed the presence of metastases on 
bioassay. It is of further interest that although the 
brain from 9 of 11 (82 per cent) of the embryos produced 
tumours by the bioassay method, 4 of these did not reveal 
metastatic tumour when single sections were examined 
microscopically. 

One group of 5 embryos was allowed to hatch and was 
killed at 32 days of age. Three of the chickens showed 
microscopic deposits of tumour in the heart, liver, lungs 
and spleen, but not in the brain. 

The results indicate that a reticulum cell sarcoma 
variant of Friend disease is capable of surviving, and 
growing, in the embryonated hen’s egg. Either implanta- 
tion of fragments of tumour on the chorioallantoie mem- 
brane or intravenous injection of tumour-cell suspension 
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was successful in many instances. The rate of growth was 
insufficient for serial passage in the chick embryo to be 
possible. 

Tumour cells injected intravenously showed a marked 
predilection for the brain of the embryo. Although 
tumour deposits were not seen microscopically in other 
organs, some suspensions of liver and spleen gave rise to 
local tumours and/or Friend disease when injected into 
mice. Since cell-free Friend virus does not induce reticu- 
lum cell sarcoma at the site of inoculation, deposits of 
tumour must have been present. This stresses the relative 
inadequacy of microscopic examination of random 
sections in the detection of small metastases. 

Dawson et al.* found it difficult to be certain on histo- 
logical grounds whether the changes in the spleens of 
animals bearing subcutaneous tumours were due to 
tumour metastases or to reticulum cell hyperplasia 
induced by Friend virus released from subcutaneous 
tumour. In the present experiments such reticulum cell 
hyperplasia was seen in the spleens of some mice used in 
the bioassay, although there was no concomitant develop- 
ment of local tumours. Since there was no evidence that 
virus alone could either multiply or survive in the tissues 
of the chick embryo it suggested that the injected tumour 
cells exerted either a protective effect on the virus, or 
that the virus continued to multiply within them. 

This work was supported in part by a cancer research 
grant from the National Institutes of Health, W.S. Public 
Health Service. 
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Second Hippocampal Zinc-rich Synaptic System 

Awoxa ‘peculiarities of uncal hippocampus’ revealed by 
silver-sulphide impregnation I have elsewhere! reported 
the presence of zinc-rich synaptic bags, of a smaller order 
of magnitude than in the main hippocampus, extending 
from CA4 into the inner molecular stratum of the fascia 
dentata and within the ‘tail’ of the end-bulb of the mossy 
fibre system in the guinea pig. There is one further hippo- 
campal region, remote from the uncus and from the mossy 
fibre system, that exhibits similar smaller-order zine-rich 
synaptic bags. It extends as a narrow zone, readily seen 
in well-impregnated transverse sections under medium 
magnifications (Fig. 1), from the apex of the subiculum 
along the junction of alveus and stratum oriens over the 
whole length and breadth of CA1. Higher magnifications 
show that, whereas in subiculum proper lighter brown 
synaptic entities outline alveo-perpendicular apical den- 
drites, in the alveo-oriens zone darker-impregnating 
entities outline dendritic processes that are multipolar 
and weave a loose alveo-parallel network, ‘The somata of 
origin of these skeining dendrites can be ascertained by 
counterstaining, rather indefinitely in most normal 
preparations, but confidently in certain pathological 
circumstances (to be described elsewhere). They lie 
within the network, leaving little doubt that they are the 
somata of the ‘horizontal neurones’ displayed in this zone 
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by Golgi methods. Golgi preparations reveal no con- 
spicuous axonal swellings or dendritic spines in this neigh- 
bourhood and show most of the horizontal dendrites to 
lie distal to the terminal bushwork of the basal dendrites 
of the CA1 pyramidal cells. Hence, the zine-rich entities 
here would seem to be most probably axo-dendritic 
synapses with 'axon terminals' of the intermediate type 
defined electronmicroscopically by Blackstad?, the axons 
concerned being presumably CAL pyramidal ones before 
they are myelinated, or collaterals thereof, since the 
synaptie entities are shrunken here after 'selective abla- 
tion’ of CAL pyramidal cell somata by hypoglycemic 
seizures, much as in the end-bulb?. Further electron- 
microscope, as well as enzyme, investigations are obviously 
needed in this realm. 





. 1, Transverse section of guinea pig hippocamy , impregnated 
I5 ler sulphide, showing the h yee eben on e synaptic 
entities extending from the subiculum along the alveo-oriens function 

zone of CA1 (between the arrows) 


According to Cajal and to Lorente de Nó, the axons of 
most of the polymorphic neurones in stratum oriens are 
pyramidopetal. Montreal neurophysiologists* find this 
fact to fit their microelectrode analysis of post-activation 
potentials around the pyramidal cells in CA1/3 mischzone 
levels of the cat. The Montreal functional schema in turn 
fits my earlier postulate* of ‘superset-subset suppressor’ 
organization in this region (within a classification mechan- 
ism which would equally utilize the other reflexive inhibi- 
tory circuit deduced by Canberra neurophysiologists* and 
involving the basket cells of stratum pyramidale). If at 
the same time the skeining dendrites of the alveo-oriens 
zone relay ephaptic influences’, then this system of 
neurones might also function as collector of a first crude 
derivative of CA1 axonal outputs, to be signalled to basic 
homeostatic mechanisms (somewhat after the fashion 
suggested* for CA4’s rather similar ‘horizontal neurones’ 
vis-a-vis the output of the granule cells of the fascia 
dentata). The near-blending of the alveo-oriens network 
rostrally with the synaptically zinc-rich nucleus septo- 
fimbrialis might tend to support such an interpretation. 

An alveo-oriens zinc-rich synaptic system such as 
described here is identifiable, according to my observa- 
tions, in CAI of the rat, rabbit, hamster, cat, dog and 
macaque (though not in small bats); but; as with most 
hippocampal morphological features, it is most readily 
delineated in the guinea pig. It is just perceptible in good 
intravital dithizone preparations. It is not evident in von 
Euler's* published autoradiographs of zine-65 preparations 
displaying the mossy fibre system in the mouse; but his 
technique gave avowedly poor definition, so that these 
radiographs afford no ent against the heavy metal 
displayed by silver-sulphide and by dithizone in this 
second, other than mossy fibre, system being also zinc (or 
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RADIOBIOLOGY 


e-utilization of Thymidine during Death of 
pem a Cell 
death of cells offers a situation by which salvage 
ays can be studied. Thus, following large doses of 
diation, death of a murine ascites lymphoma cell 
urs by a rapid intermitotic mechanism!. The deoxy- 
ibonucleic acid (DNA) of these cells was labelled with 
ritiated thymidine, the cells killed by X-irradiation, and 
jected intravenously into recipient mice with growing 
ascites tumours. Label appeared in the DNA of the 
imour and bone marrow cells of the recipient mice, with 
the radioactivity being present as thymine. This 
licates a salvage and conservation mechanism for these 
sea. 
e tumour is an ascites lymphoma of C57B1/Ka mice 
4 ascites tumour), and all mice used in these experi- 
ere syngeneic. After direct intraperitoneal instil- 
of tritiated thymidine, rapid incorporation into the 
of the tumour cells occurs*?. With a single injec- 
f 50 ue. (7-5 myM) of tritiated thymidine (specific 
‘ity 6-7 c./mM) in vivo, followed in 2 h by an in vitro 
ation for 2 h with additional tritiated thymidine 
| uc./ml.), highly labelled cells have been obtained. 
Uptake was terminated by the addition of unlabelled 
thymidine (5 uM/ml.), the cells washed twice and resus- 
ided in Hanks’s medium supplemented with unlabelled 
dine (5.yM/ml.). 
"These labelled cells were then irradiated with 5,000 rads 
Of 250-kVp. X-rays in vitro (a dose known to permit less 
than 10-1 survival) and 1-73 x 107 cells injected intra- 
-venously into mice bearing actively growing LSA ascites 
ours inoculated intraperitoneally one week previously. 
o minimize degradation and re-utilization at the base, 
icleoside, nucleotide, or higher nucleotide-level for one 
up of animals, unlabelled thymidine was administered 
the following routes beginning one day before the 


Fig. 1.. Radiochromatogram of DNA hydrolysate following 
ivent fronts are indicated, the single radioactive peak moved 
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Table 1. RATE OF APPEARANCE OP LABEL IN THE DROXYRIBONUCLEIC 
ACID OF THE ASCITES TUMOUR AND BONE MARROW CELLS* 
Time after injection Unlabelled thymidine 
of cells ( ex yu ) ( NA) 
€.p.m./mg c. p.m. img 
Tumour cells 
248 126 
6 407 879 
10 501 874 
20 677 528 
30 — 630 
44 970 847 
68 — 711 
Bone marrow cells 
2 1,822 1,481 
x 6 2,849 2,549 
10 2,626 2,400 
20 2,7 2,238 
30 — ,946 
44 2,120 2,037 
68 oma! 
No. of cells injected 1-73 x 107 


Activity of cells injected 2-97 x 10*e.p.m, 

* All results represent the means of 2 animals except the 68-h sample 
which represents 1 mouse, 
labelled cells: (1) daily intraperitoneal injections (10 uM/ 
dose); (2) an intraperitoneal injection 15 min prior to the 
labelled cells; (3) continuously in the drinking water 
(5 uM/ml.) Preliminary experiments had shown that a 
10 uM quantity given parenterally would promptly dilute 
the endogenous pool such that any radioactive thymidine 
would not be taken up. In addition, it would be expected 
that the autolysis of the irradiated cells and the action of 
deoxyribonucleases and phosphatases on the nuclear 
degradation products would liberate additional thymidine 
at various levels of degradation, further diluting any 
existing pools of thymidine. A second group of mice 
received isotonie saline in equivalent volume by. direct 
intraperitoneal injection, and was maintained on routine 
laboratory water. 

The tumour cells éf the recipient mice were collected at 
intervals by washing of the peritoneal cavity, and bone 
marrow cells obtained from the shafts of the femora and 
tibix. A total of 23 mice were used. DNA was extracted’ 
by the method of Ogur and Rosen‘, and the label observed 
to appear in the DNA of both the tumour and bone 
marrow cells on serial samples obtained for 68 h after the 
injection of the labelled and killed cells (Table 1). The 
appearance of the label was partially inhibited by the 
thymidine treatment indicating that small molecular 
transfer occurs. The DNA was then degraded to its bases, 
using concentrated trifluoroacetic acid in a sealed bomb* 
and the hydrolysate subjected to descending paper 
chromatography in n-butanol-glacial acetic acid—water 
(80 :12:30)*. By strip scanning (Vanguard Autoscanner 
880), all radioactivity was identified with thymine (Fig. 1). 
In autoradiographic investigations it was possible to show 
that the injected cells are intensely labelled, whereas the 
labelling which appears in the cells of the recipient mice 
rather than being an occasional intensely labelled cell 
(of the type injected) is, instead, a population of many 
labelled cells with relatively few grains per cell. 





n-butanol-glacial acetic acid-water. The origin and the 


in 
e ge a corresponded exactly with the ultra-violet absorbing spot 
ie, 


m, observed with the four bases were as follows: thym 
e, 0 
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: Dependence of the Electrical Conductivity of 
Barley Seeds on Temperature 
Uo Recent work on the induction of photoconductivity in 
c barley seeds (Hordeum vulgare) by ionizing radiations! has 
|| involved the measurement of the electrical conductivity of 
. normal unirradiated seeds at different temperatures. 
A single seed, with a water content of about 9 per cent 
of its weight, clamped firmly between metal plates at 20° C 
has a resistance of about 10° ohms. When a seed is 
‘heated from 20° C to 90° C the conductivity increases by a 
< factor which is generally between 200 and 300. Fig. 1 
_ is a typical curve which illustrates the growth of the con- 
| ductivity to a maximum value as the seed is heated, 
- followed by a slow decline. The decline is probably 
caused by loss of water vapour during the heating, as seeds 
generally lose about 3 per cent of their weight during this 
process. To: test this, seeds were dried. under vacuum. so 
4. that samples were obtained which had lost 1, 2, 3... up to 
6 per cent of their weight. A graph like Fig. 1 was 
measured with a seed from each class, and the maximum 
. eonduetivities attained at 90" C are plotted against the 
weight lost in the vacuum drying process in Fig. 2. The 
maximum conductivity increases markedly with the 
moisture content. Nevertheless, there is as great a multi- 
- plication of conductivity from 20° C to 90° C with a very 
- dry seed as with one less dry. _ a nts de he 































- The conductivity is reduced by chilling. my 
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Fig. 1. Ordinate scale, electrical conductivity of a barley seed in 
units of 10-* amp/V; abscissa scale: period of heating at 90° C (mín) 
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Fig. 2. Ordinate scale, maximum conductivity. attained in a curve 


like Fig. 1; abscissa scale, percentage of weight lost im a vaeuum 
drying process before the conduetivity measuremerit 
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A curve somewhat similar to Fig. 1 has been obtained 
with a pellet of filter paper in placo of the barley seed. 
Presumably the change in conductivity arises from a 
redistribution of moisture under the influence of the tem- 
perature increase, perhaps from strings of minute globules 
along fibres to a more continuous distribution. 

It seems possible that this dependence of conductivity 
on temperature in a readily available material may find 
practical application. 
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Effect of Post-irradiation Incubation Conditions 
on Recovery between Fractionated Doses 
of X-rays ; 
ErxrND! first demonstrated the ability of mammalian 
cells to recover rapidly from sub-lethal X-ray damage so 
that a second radiation dose delivered after an interval 
was less effective in reducing cell survival than the same 
total dose delivered as a single exposure. The recovery 


“had a clearly defined structure with a rapid decrease in 


No 4914 January 4, 1964 


HeLa S 3oyr [human, ca cervix] 


1.1 4 t asa] 





100 





m 
eo 


Surviving cells (per cent) 


m 
iil, sof ib ea el 








014 ae, ae 
0 500 1,000 
Rads 
Fig 1 


the effect of a second dose delivered 1-3 h after the first, 


followed by a 1eturn towards full efficacy 
1f the interval was 5-8 h, and a second more 
permanent recovery (called ‘repan’ by 
Elland) which was completed prior to the 
first post-urradiation cell division This 
18pid recovery has been confirmed «n vitro 
and n vwo m a wide vanety of mam- 
malian cell types? and a similar process 
has been observed in at least one plant 
System? The experiments described here 
were designed to test whether recovery was 
dependent on the metabolic state of the 
cell and hence subject to alteration when 
the conditions of incubation between 
radiation exposures were altered 
HeLa S-3or cells obtamed from Dı 

C E Ford (Medical Research Council 

Harwell), were grown m clonal culture 
as originally desciibed by Puck et al? 

‘TC medium 199’ (Glaxo) was supple- 
mented with 10 per cent human AB serum 
from mdividual donors bled ınto dry, sterile 
glass bottles, and 5 ug/ml of *Ampho- 
terem B’ (‘Fungizone’, Squibb) The cells 
grow asynchronously with an average 
doubling time of 40 h, although we have 
occasionally observed doubling times not 
lower than 26 h with a rather wide spread 
of rates of growth of indrvidual clones 

Control and inadiated plates prepared 
from trypsmized single-cell suspensions 
were incubated for a mmimum of 14 days 
at 37° C in a humidified 5 per cent carbon 
dioxide-air atmosphere and average clone 
size exceeded 2 mm diameter All clones 
contaiming more than 50 cells were scored 
as reproductively intact Cells were allowed 
to attach to the ‘Faleon TC’ polystyrene 
plates (5 em) for 12 h prior to the first 


NATURE 


interval between 
radiation doses 
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irradiation, plates wee imiadiated individually from 
below with 75-kVp X-ays, TSD 15 em dose-1ate 
130 rads/mm, while 5 per cent carbon dioxide-air was 
circulated over them within the leaded irradiation 
box Actual irradiation was at room temperature regard- 
less of pre- and post-mradiation treatment ‘The results 
of single irradiations are shown m Fig 1 At all radiation 
doses, numbers of cells per plate were adjusted to provide 
approximately equal numbers of surviving colonies per 
plate It was felt that this was appropriate, as adding as 
many as 10° radiation-killed (10,000 rads) ‘feeder’ cells 
failed to produce any significant change in the platmg 
efficiency of small numbers of viable cells Survival curve 
parameters are extrapolation number (n)=1 6, D,=161 
rads They were determmed by weighted least-squares 
regression omitting all data at survival values greater than 
30 per cent (the shoulder region of the curve) and were 
computed on the University of Oxford high-speed digital 
computer These data are in good agreement with the 
dose-response under aerobic conditions of other HeLa lines 
in other laboratoris?, although the extrapolation number 
of our line is relatively low 

The change in surviving fraction, which results when 
the same total dose (400 or 600 rads) 1s given ın two equal 
fractions rather than as a single dose, ıs shown in Fig 2 
The survival after such a single dose is arbitrarily set at 
10 and survival followmg separated doses expressed as 
ratios to ıt If the cells are kept at 20° C, rather than 
37° C between irradiations, the first recovery ‘peak (in- 
creased survival to second dose) 1s considerably delayed, 
but full recovery supervenes within 24 h Recovery at 
24 h cannot be ascribed to morease in the total number 
of cells per plate by division, as the same total dose 
delivered ın à single exposure after the 24-h incubation 
(36 h after plating) Showed an increase ın survival barely 
Sufficient to account for the excess of recovery above the 
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expected full recovery calculated from the extrapolation 
number for single doses (Fig 2) 

If meuba&on between irradiations is at 5°C (with 
suitable alteration m pCO, of the gaseous environment 
to mamtam proper pH) there 1s no evidence of recovery 
within 24 h. That this failure of recovery at 5°C is 
reversible ıs shown by an experiment 1n which the initial 
dose (200 rads) was given, the cells were kept at 5° C for 
24 h, then at 37° C for a second 24-h period, followed by 
a second dose of 200 rads, full recovery was then seen. 

6-Fluorouracil (Roche) added to the medium in con- 
centrations which did not markedly depress survival 
(0 0025 mg/ml for 24 h) did not affect the pattern of 
recovery, but higher concentrations of this drug enhanced 
the effects of smgle radiation doses, making interpretation 
of recovery patterns mpossible 

Kallman’ has recently suggested that the phenomena 
of post-irradiation recovery can be explamed by changes 
in cell population kmeties induced by the first (or con- 
ditioning) dose of radiation It 1s unlikely that the first 
peak of recovery is attributable to population changes due 
to 1ts rapidity, but m addition the data of Elkimd! and Till 
and McCullough? fail to support this hypothesis They 
determmed complete dose-response curves, rather than 
giving a single, fixed second dose, at both the recovery 
peak and the no-recovery trough which were sumiler in 
slope (but varied m extrapolation number) to the origmal 
dose-response of previously unirradiated cells This does 
not show the marked change in radiosensitivity necessary 
to support Kallman’s theory Also, the magnitude of 
recovery and time-to-peak recovery seem unrelated to the 
absolute radiation dose used so long as the mutial (con- 
ditioning) dose 1s sufficient to bring survival down to the 
straight-line portion of the dose-response curve 

We feel that the fine-structure of rbcovery of sub-lethal 
radiation damage is a real, though yet unexplaimed, 
phenomenon and are attemptmg to elucidate further its 
mechanisms by combined studies of RNA synthesis 
mhibitors (5-FU), protem synthesis mhibrtors (‘Puro- 
mycin’) and by uncoupling of oxidative phosphorylation 
with DNP between fractionated radiation doses 

We thank the Damon Runyon Memorial Fund for thew 
support of this tissue-culture laboratory and Dr Frank 
Ells, chairman, Department of Radiotherapy, for his 
advice. 5-Fluorouracil was kindly provided by Roche 
Products, Ltd. One of us (R J.B ) is Helen Hay Whitney 
Fellow m radiobiology m the University of Oxford 
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Genetic Effects of Cosmic Radiation in 
Drosophila melanogaster 


Sruprxs on the genetic effects of cosmic radiation have 
become increasingly important since the advent of regular 
space research programmes  Earher investigations on 
Drosophila'-* showed discrepant results m the production 
of recessive lethals Recently, Pipkin e£ ai? exposed 
Diosophila larve to a height of about 78,000—82,000 ft for 
16 h and found no breakages of the X-chromosome or gene 
mutations at specific loci In the experiment reported 
here, dominant lethality was used as the measure of gene- 
tical effect 
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Two-threo days old Drosophila males of the wild-type 
Oregon-K strain were sent m plastic food cups mito the 
stratosphere m a pressurized alummium gondola at 8? N 
geomagnetic latitude to a height of about 20 miles (105,600 
ft ) by the help of balloons which remained at that height 
for 6-12 h From previous balloon fhghts!? 1b 18 known 
that the total mtensity of cosmic radiation at 10 g/em? 
atmospheric depth is about 5 times as great as at sea-level 
Hence the flux is taken as 0 05 particles/em? Sr, which 
would give a dose of 05 mr /day provided all singly- 
charged particles are present The composition at that 
height was found to be 85 per cent protons, 14 per cent 
a-particles and about 1 per cent heavier charged particles 
Thus the dose would be 0 7-0 8 mr /day/unit volume For 
the duration of 6 h of fight, a dose of 0 18-0 20 mr /umt 
volume would have been received 

Soon after descent, one lot of males was tested for 
dominant lethals ın sıx successive broods of 3 days each, 
while the other lot was screened for sex-linked recessive 
lethals and translocations Dominant lethals were determ- 
ined by hatchability tests Each male was mated indi- 
vidually so that failure to mate—which would result 1n zero 
hatchability—could be distmguished from 1educed hatch- 
ability ın rolation to simultaneously tested controls A 
dual-purpose tester stock, y soSI In 49 sc*, bw, st, was used 
1n the experiment to test lethals and translocations 

There was no evidence for an mereased frequency of 
either recessive lethals or translocations im the treated 
series The frequency of lethals was 058 per cent 
(26/4,500) ın the treated group against 033 per cent 
(14/4,300) in the controls The Z valueis 1 82, which ıs not 
significant at the 5 per cent level No translocations were 
obtained ın 5,100 treated and 4,200 control chromosomes 


Table 1 RESULTS OF HATCHABILITY TESTS 


Brood No ofeggs No ofeggs Percentage of Z value P 

4 checked hatched. hatchability 

Control 5,650 5,565 98 49 23 35 P«001 
Exp 7,500 6,620 88 26 

Control 6,600 6,397 96 92 23 29 P«001 
Exp 8,590 7,420 86 37 

Control 8,500 8,299 97 63 20 10 P«001 
Exp 7,850 6,885 90 00 

Control 7,300 7,163 98 12 105 not sig- 
Exp 6,020 6,479 97 87 nificant 
Control 4,200 4,086 97 28 409 P«001 
Exp 3,480 3,432 98 62 

Control 4,000 4,532 98 52 379 P«001 
Exp 5,200 5,007 97 44 


The hatchability tests (see Table 1), on tho other hand, 
showed a consistent reduction in the first 3 broods of the 
treated series as compared with the controls, while in the 
later broods the difference became less significant and in 
one brood (E brood) evon reversed 1ts direction 

The most hkely explanation for this reduced hatch- 
ability 1s the induction of dominant lethals by chromosome 
breakage, although other mechanisms, for example, via 
damage to the centrosome—cannot be excluded without 
a cytological check-up The absence of translocations 
does not argue against this interpretation, for the reduction 
in hatchability, although statistically significant, was not 
large enough to lead one to expect a noticeable increase in 
two-break rearrangements The fact that there was no 
significant increase m recessive lethals 1s consistent with 
Muller’s hypothesis that cosmic radiation can cause 
chromosomal breakages but not an increased mutation 
frequency 
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BIOLOGY 


Polar Transport of a Kinin, Benzyladenine 


From hmuited experimental evidence 1t has been assumed 
that kimns are relatively immobile in plants? When the 
synthetic kımın, kinetin, 1s apphed to the surface of a leaf 
its effects ın reterdmg senescence or acting as a locus for 
the accumulation of metabolites are restricted to the 
treated parts? A direct investigation of the movement of 
isotopically labelled benzyladenme within petiole segments 
of Phaseolus vulgarts now reveals that this kmin is not 
only transported readily through the tissues, but that the 
movement is also basipetally polar Furthermore, the 
total amount transported 1s enhanced by the addition of 
indolyl-3-acetic acid (IAA) 

The methods of studying the movement of the kımın in 
segments cut from elongating petioles of young primary 
leaves of P vulgaris were simular to those described by 
McCready’, and are based on the classical methods of 
Went* The linm used was adenine-8- 4C-labelled benzyl- 
adenine (BA-1C), of specific activity 6 05 pe /mg, and was 
a gft from Dr J van Overbeek of the Shell Development 
Co, Modesto, Calfornia Agar gels of 1 5 per cent con- 
temung either BA-MC at 37 mg/l or a mixture of the 
BA-*C together with IAA at 2 mg/l were sectioned into 
blocks of 23 pl volume A donor block contammg the 
BA-“C or BA-C with [AA was apphed to one end of a 
petiole segment of length 54mm A plain agar receiver 
block was apphed to the othe: end A segment from the 
petiole of one primary leaf was used for basipetal transport, 
and the appropriate radioactive donor block was apphed 
to the physiologically apicalend For acropetal transport, 
. the radioactive donor block was applied to the physio- 
logically basal end of a comparable segment from the 
petiole of the second primary leaf Each treatment com- 
prised 16 segments, and at the end of the experimental 
period the 16 donor or recerver blocks were pooled for 
radioactive assay by the method described by McCready" 

The results m Table 1 show that when BA-“C 1s 
supplied alone in the donor blocks, the transport of radio- 


Table 1  BASIPETAL AND ACROPETAL TRANSPORT OF THE KININ, BENZYL- 
ADENINH, ALONE AND IN COMBINATION WITH ÍNDOLYI-3-AOCETIO ACID, IN 
PETIOLE SEGMENTS OF P vulgaris 





Distribution of radioactivity 
after 24 h (counts/min) 








Direction | Counts/ 
Treatment 0 mun Donor Recerver 
transport | supplied | blocks | Uptake blocks 
37 mg/] BA?* C | Bastpetal jas 3,688 6,099 229 
Acropetal ! 4,180 5,607 61 
37 mg/l BA-*C | Basipetal 4,390 5,554 524 
plus 9,944 
2 mgjl IAA Acropetal 4,378 5,566 46 
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activity through a segment ın the basipetal direction 18 at 
least three times greater than that m the aciopetal 
direction after 24h When BA-C 1s supplied together 
with JAA in the donor blocks, the total basipetal transport 
is mereased more than 2-fold, with no accompanying 
increase in acropetal transport The radioactivity m the 
receiver blocks has been recovered by suitable extraction 
procedures and has been shown by electrophoretic separa- 
tion to be mdistmguishable from the BA-“C orgimally 
supphed 

It must be concluded, therefore, that the transport of the 
synthetic kinm, benzyladenine, 1s basipetally polar m the 
young petioles of bean The fact that the amount of kun 
that 1s transported 1s mereased by the concomitant 
appheation of mdolyl-3-acetic acid, the movement of 
which is itself polar, suggests that the transport of these 
substances may be mterdependent 

These new facts concerning the movement of growth 
regulatory substances in plant tissues have important 
ımpheatıons 1n the interpretation of the hormonal control 
of growth processes m the plant 

We thank Prof G E Blackman for encouragement, and 
Dr C € McCready for providing facilities 
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M Kay Brack 
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Decreasing Transpiration of Field Plants by 
Chemical Closure of Stomata 


CHEMICALS which close stomata have been described by 
Zelitch! When sprayed on leaf surfaces, the compounds 
decrease transpiration and photosynthesis of detached 
leaves? and of maize plants in soi? by increasing the 
diffusion resistance of stomata When sprayed on intact 
tobacco plants in the greenhouse? or on sunflowers growmg 
1n. bins of soil outdoors’, the compounds reduced the loss of 
water from the soil It remamed to demonstrate the 
effect of chemical closure of stomata on transpiration by & 
population of plants m the field 

Two field balances of the type described by Mornst 
wero installed in a level 20-acre field at Rothamsted and 
are distinguished as ‘east’ and ‘west’, about 30 and 90 m 
respectively from the eastern and western boundaries. 
Thoy are about 180 m from each other and 180 m from the 
southern boundary Each balance carmes a soil pan, 
60 cm deep and 2 m? 1n area, sunk m a brick-lined pit to be 
flush with the field In 1961 the pans were filled with soil 
from the surroundings, and ın April 1963 they were sown 
by hand with barley (var Proctor) when the whole area 
was machine drilled Compound fertihzer (20 10 10) 
was apphed at 3 cwt /acre Weight changes of the soul-pan 
contents were recorded continuously and mterpreted as 
evaporation, rainfall, or dew by reference to a recordmg 
ram-gauge Dany totals of evaporation E, and Ew from 
the east and west balances were measured to 30u, except 
when the record was confused by rain 

The behaviour of stomata was observed with a small 
portable porometer? Essentially, as air escapes from the 
porometer and through the leaf, pressure falls logarith- 
mically with time From the slope of the logarithmic 
decrease ıs subtracted the slope of 0 008 sec"? observed 
with an impervicus film m the meter The reciprocal of 
the corrected slope 1s considered the sum of resistances S, 
and S, of two porous epidermuses and the resistarce M of 
the mesophyll M was estimated as 5 7 sec, the mmimum 
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Table 1 (Sı + Sz) SFO MEASURED IN THE First LEAF BELOW THE FLAG 
LEAF—MEAN OF THREE OR MORE OBSERVATIONS 
(Measurement on balances 1n parentheses) 


Date Hour Unsprayed Sprayed 

37 63 8 22 180 400 
11 20 500 150 0 

14 00 130 (26 0) 

16 30 320 1500 

47 63 753 54 210 
9 60 34 (210) 

1120 110 760 

13 35 180 22 0 
57 63 8 52 26 (18 0) 
9 45 42 280 

11 20 73 61 

15 25 110 200 

6763 8 30 29 92 
8763 8 40 110 76 
14 45 120 300 

9 7 63 8 04 46 (14 0) 
9 20 {5 2) (15 0) 

12 10 (10 0) (7 5) 
10 7 63 8 35 (22 0) (36 0) 
9 00 (2 4) (24 0) 

13 26 (17 0) (17 0) 

11 763 812 (20 0) (10 0) 
12 7 63 817 (10 0) (12 0) 
11 05 (63) (68 0) 

15 27 81 190 

13 7 63 10 00 130 (18 0) 
147 63 12 40 (13 0) (69 0) 
15 7 63 9 55 (81) (81) 


value of (S, + S, + M) observed between June 25 and 
July 20, and was assumed unaffected by spray Although 
estimates of (S, + S) are not expected to be proportional 
to diffusive 1esistance, they demonstrate the effectiveness 
of the sprays 

After ear emergence at the end of June, the crop stood 
about 55 cm high and the area of leaves was five times the 
area of land they covered At 05 30 on July 3, 70 m? of 
the field including the west balance were sprayed with 14 
litres of 10-3 M half methyl ester of nonenyl succinic acid 
(NSA) The NSA was synthesized by Humphrey- 
Wilkinson, Inc , North Haven, Conn , Zelitch had dis- 
covered that it closed tobacco stomata The NSA was 
dissolved in tap-wate1, accepting the risk that its great 
calcium convent might mterfere with the action of the 
compound As subsequent stomatal closure was negligible, 
NSA dissolved in distilled water with a wetting agent 
(‘Triton’) was sprayed on the same plants at 1530 The 
closure of stomata 1s reflected ın the behaviour of (S, + Sa) 
(Table 1) and ın the sudden increase of E,[Ew (Fig 1) 

When the spray was repeated on July 8, the results 
were simular 

Finally, the east balance was sprayed at 08 30 on July 
12, reversing the earlier result Stomata closed on the 
eastern area (Table 1) and H./Hw decreased 

The ratio H./Hw was about 11 before spraymg began. 
and 1 2-1 3 after July 16, when the effects of the third 
spray were assumed negligible An explanation for this 
increase 18 still bemg sought, but for the eight days shown 
by full pomts in Fig 1, daily mean evaporation rates were 
E, = 37 mm, E, = 31 mm and the mean value of 
E,E, was 118 Assuming this iatio for the whole 
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Fig 1 Ratio of daily evaporation from the east balance Ee to evapora- 

tion from the west balance E, (left-hand scale) Right-hand scale 1s 

percentage difference from mean ratio 1 18 for days shown by full points 

Spraying with NSA shown by arrows, west area, 15 30 G8 M T July 3 
and 12 00G MT July 8, east area, 0830 G x T July 12 
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period, the evaporation decrease attributable to spraying 
was about 20-30 per cent on the west balance and about 
13 per cent on the east balance The smaller ratio foi 
the thud spraymg can be attributed to rainfall between 
July 12 and 15 obscurmg possible transpiration differences 
by keeping the leaves wet It can also be attmbuted to the 
depletion of soil moisture in the western balance, this 
depletion ıs evident ın the increase of E,[E, on July 15 
and after 

These experiments demonstrate both the effectiveness 
of evaporation control by the chemical closure of stomata, 
and the meteorological importance of stomatal resistance 
ımplıcıt in the analyses of Penman’ and Monteith* 

Durmng this work, one ofus (P E W ) wasa Guggenheim 
Fellow 
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New Haven, Conn 
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Relative Activity of the Gibberellins in the 
Antheridium Induction in Anemia phyllitidis 


Dara on the comparative effectiveness of gibberellins 
have recently been published by some authors'-5 A. 
further very sensitive reaction caused by these plant 
hormones has been found in our laboratory? If gibbe- 
rellin ıs apphed to germinating spores of Anemia phyllitidis 
or Lygodwum japomcum antheridia are formed at an early 
developmental state of the prothallia The effect 1s very 
sımılar to that observed by Dopp? and Naf! with an 
isolated natural factor 

While analysing this interestmg morphogenetic effect, 
the activity of 7 gibberellins (A1, 43, A4, A5, AT, A8, A9) 
was compared ‘The prothalha were cultivated floating 
on a modified White's medium? in continuous light at 
21 + 05°C and an average light intensity of 3000 lux 
(Phihps TL 67 W/32) Decreasing concentrations of the 
hormones were added while preparmg the medium At 
24-h intervals 100 prothallia each were sampled at random 
and the ratio of prothallia with and without antheridia 
was determined 

The results are summarized in Table 1 None of the 
different gibberellins used was entirely ineffective This 18 
1n contrast to the effects of the natural factors which are 
reported to be highly selective®?° 


Table 1 


Concentration (g/ml ) 
8x107* 5x107° 5x107! 








Gibb 5x10- 5x10-5 5x107" 5x107: 

Al & 8 7 7 11 >28 — -— 
b 100 100 100 . 100 20 = 

A3 a 8 11 18 — — — — 
b 100 100 59 — — — — 

At a 7 7 7 8 14 — — 
b 100 100 100 100 54 — — 

A5 a 9 — 
b 100 — 

AT a 7 7 7 8 8 28 = 
b 100 100 100 100 100 54 — 

A8 a 12 — — — — — — 
b 100 — — — — — — 

A9 a 7 9 24 — — — — 
b 100 100 64 





B 


a, Time elapsed until 50 per cent of the prothallia have 
antheridia (in day) 

b, Final ratio of antheridia-bearing prothallia to sterile prothallia 

Each number is the average of at least 4 experiments 
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As with other gibberellin reactions, the mmimmum active 
concentration for the mduction of antheridia m Anema 
depends greatly on the type of gibberellm applied So 
gibberellin 47 is still active in a concentration of 5 x 10-10 
g/ml which 1s 10-5 of the mmimum active concentration of 
gibberellin 45 or 48 

The order of activity for the induction of antheridia m 
Anemia phyllitidis was found to be 


AT > A4 Z Al > 43 2 49> AB SAB 


This sequence is different from those described for 
gibberellm reactions known so far Details of these 
results, icludmg results on the effectiveness of anther- 
dium formation ın polipodiaceous ferns, will soon be 
published 

The gibberellm 43 used was obtamed from Bohringer 
and Sohne, Mannheim, gibberellin 41 from Abbott Labora- 
tories, North Chicago Samples of gibberellin A4, A5, 
47, A8 and A9 were given by Imperial Chemical Industries, 
Ltd , Welwyn, through the good offices of Dr P W Brian 
and Dr J Macmillan 

This work was supported by grants from the Deutsche 
Forschungsgememschaft and the Bundesmmuster fur 
Wissenschaftliche Forschung 

HELMUT ScHRAUDOLF 
Botanisches Institut, 

de: Universitat, Giessen, Germany 


? Halevy, A H, and Caithey, H M, Bot Gaz , 122, 63 (1960) 

* Hashimoto, T , and Yamaki, T , Bot Mag (Tokyo), 78, 64 (1960) 

* Brian, P W, Hemming, H G , and Low e, D , Nature, 193, 946 (1962) 
! Michmewicz, M , and Lang, A , Planta , 58, 549 (1962) 

> Wittwer, H H , and Bucovac, M J , Amer J Bot , 49, 524 (1962) 

* Sehraudolf, H , Biol Zentralbl , 81, 231 (1962) 

“Dopp, W , Ber deutsch botan Ges , 68, 139 (1950) 

* Naf, U , Growth, 20, 91 (1956) 

° Naf, U , Nature, 184, 798 (1959) 

1° Naf U, Pioc Soc Exp Biol Med, 105, 82 (1960) 


Accelerated Release of Ethylene by Cotton 
following Application of Indolyl-3-acetic 
Acid 

PREVIOUSLY we reported that 2,4-dichlorophenoxy- 
acetic acid (2,4-D) stimulated the ielease of ethylene by 
the cotton plant (Gossypium hirsutum)! The maximum 
stimulation occurred during the mitial period of growth 
responses to 2,4-D and before chlorosis or necrosis was 
visible This report presents evidence that the response 
was not peculiar to the highly phytotoxio 2,4-D, but that a 
native auxin, mdolyl-3-acetie acid (IAA), also accelerates 
the release of ethylene 

Deltapme-TPSA cotton plants, 35 days old, were 
divided mto two groups and one lot was sprayed with 
14 x 10 mmoles IAA per plant Since previous 
experiments 1evealed that the carrier solvent (aqueous 10 
pei cent ethanol with 1 per cent "Tween 20’) would not 
significantly mfluence ethylene production by cotton, the 
control plants were not sprayed — L:ightmg, plant cham- 
bers, aw flow, ethylene collection and measurement 
followed the earlier procedures! The temperature m the 
plant chambers was maintained at 22 + 1° C at night 
and 24 + 1° C durmg the hght period 

The data show that IAA does stimulate the release of 
ethylene by cotton plants (Table 1) This conclusion was 
verified by a subsequent expermment with shghtly older 
plants The first expermnent was continued for three 
additional 48-h periods durmg which the treated plants 
produced small, but detectable, amounts of ethylene 
The amount of IAA apphed was sufficient to cause 
epinasty, twisting and declination of the apical stem and 
puckering of most of the leaves The severity of symptom 
expression declined during the second collection period 
after treatment At the end of this period most of the 
plants had straightened up to them orginal height 


NATURE 99 


Table 1 EFFECT OF IAA ON THE RELEASE OF ETHYLENE BY COTTON 
ul Ethylene/24 h/kg fresh weight 
First collection Second collection 
Treatment period (48 h) period (54 h) 
IAA 128 26 
Control* 0 0 


* Any ethylene produced was below the limits of sensitivity of the method 


Durmg the second period the release of ethylene declined 
sharply, apparently bemg correlated with the visible 
recovery There was no visible chlorosis, necrosis or other 
toxic effects from IAA durmg the experiments 

The “present experiments will not allow a critical 
comparison of the relative activity of TAA and 2,4-D m 
stimulating ethylene synthesis by cotton The applica- 
tion of TAA was 54 times greater than the previous 
applications of 2,4-D! On this basis, IAA appears less 
effective for a shorter period of time than 2,4-D This 
apparent lower activity of IAA could mdicate ın vwo 
activity of TAA oxidase in cotton? as compared with the 
relatively slow breakdown and complexing of 2,4-D in the 
same species? 

It 1s significant that an exogenous application of a 
naturally occurring auxin stimulates the synthesis of a 
physiologically active gas (Table 1) which will also 
induce auxin-like symptoms*5 This suggests that some 
responses previously attributed solely to auxin may 
actually be due to abnormal tissue levels of ethylene and/or 
that both regulators have parallel modes of action m 
several plant systems 

This work was supported by the National Cotton 
Council of America 

Pace W Morcan 
Wayne C Harp 
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Texas A and M University, 
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Nucleotide Synthesis in Hazel Seeds during 
After-ripening 


SEED dormancy of the type shown by sour cheny 
(Prunus ceasus L) and hazel (Corylus avellana L) 
appears to be a widespread phenomenon Before such 
Seeds can germunate at room temperature they have to 
undergo a process of after-ripening at a low temperature 
(for example, 5° C) in the presence of an adequate supply 
of moisture Olney and Pollock have demonstrated that 
during after-rrpening in sour cherry seeds there is an 
increase in the concentration of phosphorus, mainly in the 
nucleotide and nuele:e acid-contaming fractions, m the 
cells of the potentially growing organs of the seed! They 
have suggested that cherry seed dormancy may be 
associated with a block m the phosphate metabolism of 
the cells, although they quahfy ther conclusion by 
stressmg the difficulty of distmguishing the primary 
reaction responsible for the breaking of dormancy from 
the many secondary reactions 

In experiments with hazel seed, we have obtamed 
evidence which supports the conclusion of Olney and 
Pollock and which gives further insight mto the mechan- 
ism of after-rpenmg Adenime-8-%C was supplied to 
cotyledon shees and embryonic axes taken fiom hazel 
seeds after various periods of after-ripenmg at 5? © In 
each case the labelled adenme was supplied at 5° C foi 
24 h, after which the distribution of label was determmed 
Adenine, adenosine, adenosine-5’-monophosphate (AMP) 
and adenosine-5’-diphosphate (ADP) accounted foi most 
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Fig 1 Effect of chilling on the distribution of carbon-14 from adenine- 
8-MQ (2 uc and 0 40 „moles m 2 mi at pH 5) supplied to 1 g hazel 


cotyledon slices for 24 h at 5° O O, Adenme, 6, AMP, +, ADP, 
A, adenosine 
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Fig 2 Effect of chilling on the subsequent germination of hazel seeds 
at room temperature (approximately 17° C) 


of the 80 per cent ethanol-soluble label im cotyledon 
shces Less than 1 per cent of the incorporated label was 
released as “CO, and no other products of adenine 
degradation were detected As shown in Fig 1, the 
percentage distribution of label m one-day after-ripened 
cotyledon shees was markedly different from that ın the 
eight-day after-ripened sample, chiefly with respect to 
adenosine and AMP labellmg We have not yet estab- 
hshed whether adenosine 1s an intermediate in the adenme 
to AMP pathway in the cotyledons or whether the 
mereased accumulation of labelled AMP represented an 
increased synthesis of AMP However, it seems reason- 
able to make the provisional assumption that chillmg has 
caused a metabolic change ın hazel cotyledons m that their 
abihty to synthesize AMP has been promoted 

Durmg the first eight days of chilling the abihty of 
hazel cotyledons to accumulate labelled ADP mcreased 
shghtly and then continued to rise over the followmg 26 
days of chilhng In the case of hazel embryonic axes, 
three labelled nucleotides, AMP, ADP and an unknown, 
were found As these three compounds have not yet been 
completely separated, only the total nucleotide radio- 
activity ıs known However, the embryonic axes also 
showed a fall m adenosme labelling and a rise 1n nucleotide 
labelling between the one-day and the eight-day after- 
ripened samples 
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As these changes m AMP synthesis by cotyledons and in 
nucleotide synthesis by embryonic axes were completed 
before after-ripenmg had ceased (Figs 1 and 2), it 18 
suggested that they may play a comparatively early part 
in the process of after-ripenmg It 18, therefore, proposed 
that part of the mechamsm of low-temperature after- 
ripening may involve a stimulation of nucleotide synthesis 
in both embryome axis and cotyledons, which results m 
the previously reported! accumulation of nucleotides and 
nucleic acids ın the embryonic axis Further mvestiga- 
tions on nucleotide metabolism of after-rpening hazel 
seeds ale 1n progress 
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Feeding of Zooplankton in Diluted Sea-water 


Tue production of fecal pellets ın the sea can be used 
as evidence that the phytoplankton 1s bemg grazed down 
by zooplanktonie herbivores: In the laboratory, results 
obtained from the copepods Calanus*-* and Acartia‘ 
suggest that fecal pellet production may be taken as an 
approximate measure of the amount of food which 1s 
eaten, a larger number of pellets being voided by animals 
with the greatest feeding activity The number of fecal 
pellets rises with increasmg food concentration, but the 
relationship 18 not hnear, as copepods appear unable to 
ingest excessive quantities of food and void waste material 
beyond a certain rate? Fecal pellets consist of waste 
material surrounded by peritropbic membranes’ and vary 
m both shape and size depending on the food? Preliminary 
observations on Calanus helgolandzcus Claus indicate that 
major changes ın the grazing rate of copepods exposed to 
sea-water of reduced salimty contaming food cells can be 
detected by measurmg the rate of fecal pellet production‘ 
Similar conclusions have since been made from prelimmary 
experiments in which the green flagellate Dunalella was 
fed to Acartia bifilosa (Giesbrecht) and A discaudata 
(Giesbrecht) 

Dunahella cells cultured ın full strength sea-water after 
the method of Gross* were centrifuged and suspended in 
culture media of varymg salmity After acclimation to 
these dilutions for 1 month, the cells were recentrifuged, 
resuspended 1n fresh culture media of appropriate salinity 
and finally used as food m experiments conducted 4 days 
later Provided the plant cells were acclimated in this 
way, they did not settle to any marked extent on the 
bottom of expermmental vessels Copepods collected from 
Southampton Water were starved m membrane-filtered 
sterile full-strength or diluted sea-water for 12 h and then 
transferred to dishes, each contamung 200 ml of diluted 
sea-water to which a known number of Dunalella cells 
had been added The grazing rates of these filter-feeding 
copepods were compared with those of animals which had 
been treated m a similar manner, except that they were 
kept ın full-strength sea-water throughout the experiment 
Females of both Acartia bifilosa and A dascaudata were 
present in the vessels ın varying proportions, no attempt 
being made to separate the two species The dishes were 
kept in the dark at 10:50 1? C for 24 h and the fecal 
pellets produced durmg this period were counted The 
dark, compact pellets were approximately 0 2 mm long 
and 0 04 mm broad except ın the greatest dilution (28 per 
cent sea-water) where they were shorter Salmities lower 
than 28 per cent sea-water were not used, as the deaths 
which occur in such dilutions would have complicated the 
estimation of feeding activity 

Feeding activity in full-strength sea-water progressively 
decreased as the time elapsmg between collection of 
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AVE OF FEACAL PELLET ‘PRODUCTION. AT 100°C. (Foop Cox- 
CENTRATION = 60,000 Dunaliella CELLS/MD.) 


"UNo. of copepods placed in Rate of fecal 

es water of different salinities pellet production 

95 Ren. “Acartia Acartia No. of pellets/ 

BS ‘bifilosa  disaudata ‘Total copepod/24 h 

i00 62 16 18 18-7 
90 59 12 71 17-6 
80 58 15 13 19-6 
70 58 15 78 197 
60 49 18 67 19-6 
50 55 18 68 138 
43 33 38 171 12:3 
38 29 32 61 RO 
| 35 25 7 122 
261 17 T 12-2 
68 16 78 128 
$63. 749 82 12-1 
"X 5 76 i124 
68 18 87 83 
` 40 „22 92 68 
68 .23 91 26 
-53 27 80 13 

a = E^ s A }mean 8-4 
46 16 62 59 
48 21 69 52 
43 8 51 a9 
i44 27 ri 43 
< 52 13 65 44 
E 5 62 48 
vi 16 86 3-9 


: dn the. sstüsty and commencement of experi- 
'ame longer (Table 1). 

pepods transferred. from full-strength. sea-water 
utions ranging from 90 per cent to 60 per cent 
ter (Table 1; Exp. 1, 2), the rate of fecal pellet 
ion ‘fluctuated both above and below that of 
s retained in undiluted 100 per cent sea-water. 
ions below 60 per cent sea-water, however, fewer 
were produced, especially in media of lowest 


'climation for 12 h to dilutions ranging from 
per cent sea-water (Table 1; Exp. 3), copepods 
d fewer pellets than did animals retained in 
100 per cent sea-water. The rates of fiecal 
duetion in the different dilutions ean be ex- 
percentages of the rate recorded in full-strength 
r (Fig. 1). Acclimated and non-acclimated 
showed similar rates in both 50 and 40 per cent 
| whereas in 35 per cent sea-water, salinity- 
n caused an increase in the rate at which fecal 
ere formed. 
» results imply that the grazing rate of Acartia is 
lepressed in dilutions below 60 per cent sea-water and 
t such an effect is still apparent after a 12-h period of 
climation.. As dilution appears to depress the rate at 
ich food is filtered from the surrounding medium, the 
mber of food cells obtained may be insufficient to meet 








50 40 


Sea-water (per cent) 


i. i Rate of feeal pellet production in diluted sea-water. For each 
riment the rates in diluted sea-water are expressed as percentages 
rate tate recorded in ee h sen water, x, Exp. 1; O, Exp. 2; 

* Exp à 
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the metabolic demands of copepods attempting to main- 
tain themselves in brackish: water. Acartia shows an 
increase in oxygen consumption when exposed to water of 
reduced salinity+, and this suggests that copepods entering 
estuaries will dev elop larger food requirements. Inability 
to obtain an adequate food supply could be an important. 
factor determining the extent to which different; copepod 
species are able to penetrate into estuaries and propagate 
successfully. In marine waters, Acartia has higher respira- 
tory and lower grazing rates than most copepods; it 
often dominates in brackish waters where s. i i 
exelude& the oceanic species with their hij 
metabolic efficiency’... When euryhaline: 
Acartia become acclimatized to estuarine conc 
is probable that salinity changes will have less 
on metabolism. Clearly, more detailed investigation is 
needed to supplement the preliminary évidence presented 
here; several of the methods devised for estimating the 
feeding activity of copepods? could be applied profitably 
to the investigation of dilution effects. 
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A Criterion for Tolerance Investigations in 
Marine Sponges 


Ir has been known for some time that disease 
sponge cells will aggregate if submitted to the proper 


iH 


conditions'-*, Wilson»? and later Galtsoff* ca ed out 
experiments using dissociated cells of Mieroci 
and Hymeniacidon heliophila and they described the 
of aggregation and the effects of various factors on the 
process. Later, de Laubenfels* found this regenerati de 
power in other species of sponges. : 

The selection of an end-point for comparison presents a 
difficult task in carrying out tolerance investigations. 
Different eriteria have been used by others in studying the 
effect of a number of environmental factors on marine 
sponges. De Laubenfels* used odour and colour as end- 
points in his work on the effect of variations of several 
environmental factors on the sponges. These two criteria 
have been found to be misleading in determining the 
survival of these organisms. During an examination of 
tolerance to salinity, Candelas* found that the dissociated 
cells of a number of odorous colonies retained their ability 
to aggregate. whereas pieces removed from colonies sub- 
mitted to salinities of three per thousand, where no odour 
was detectable. failed to aggregate after dissociation. 

Colour was found to be equally misleading, especially 
when pieces from both the periphery and the centre of the 
colony were tested. Hartman’ also mentions the fact that 
colour by itself is not indicative of the survival ability of a 
sponge colony. On the basis of studies on Cliona he has 
set up several levels of survival based on the conditions 
of the ostia, the oseulum and the tubules to supplement 
colour. He defines three survival-levels: complete 
recovery, partial recovery, and lack of recovery. 

In our experience, this system does not establish clear 
boundaries between the different levels, requires quite an 
amount of handling of the tissue and also needs detailed 
microscopic examinations. 
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In the work recorded here we tested a number of 
colonies of Microciona prolifera and Hymeniacidon helio- 
phila which were exposed to a variation of salinities of 
3-40 per thousand. Pieces were removed at intervals 
from the experimental colonies from both the centre and 
the periphery of these. The pieces were then dissociated 
by gently squeezing the tissue through bolting silk into 
small Stender dishes containing ‘Millepore’-filtered sea- 
water of the environmental salinity (32 per thousand). 
The water was filtered to remove extraneous particles, 
since it was shown by Galtsoff? that these will interfere 
with normal aggregation. The dishes were allówed to 


stand at room temperature. The samples were examined 
at a series of intervals in order to ascertain whether forma- 
tion of aggregates had occurred. 'They were examined 
under a cycloptic microscope, although colonies, when 
formed are easily seen with the naked eye. The formation 
of the colonies in Microciona occurred within a shorter 
period of time than in Hymeniacidon under the same 


Fig. 2. Reconstitution bodies formed from the dissociated cells of 
M. prolifera after standing for 24 h at room temperature and 32 per 
thousand salinity 
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Fig. 3. The same preparation as shown in Fig. 2 after standing for 72 h 


conditions. This difference in the period of time in aggre- 
gation was also observed by Wilsont, 

The failure of dissociated cells to form reconstitution 
bodies was used as end-point in comparing the tolerance 
to different salinities in these two species. This phenom- 
enon, indicating the loss of regenerative power of the 
cells, is clear cut, well defined and very easy to recognize. 
(Figs. 1, 2 and 3.) 
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A Cure for the Ulcer-like Skin Disease of 
the Electric Eel 


Electrophorus electricus, or Gymnotus electricus, is a teleost 
of the family of Gymmnotid:, popularly known as the 
electric eel, and lives in the shallow waters of the South 
American equatorial rivers. It is the most powerful 
fresh-water electric fish ; mature specimens can discharge 
trains of pulses of more than 600 V and 1 amp**. 

Sometimes in captivity it develops a skin disease called 
the ulcer-like electric eel skin disease’. It is noted as a 
fatal disease, and, until now, no cure has been indicated. 
Three electric eels, two approximately 2 ft. in length from 
Belem, Brazil, and a third 1:5 ft. in length from another 
part of Brazil, were received between January 25 and 
March 10 in our laboratory. These are to be used for 
experiments regarding their direction-finding ability 
through electrical impulses. After receiving each electric 
eel, the fish was kept for four days in an aquarium filled 
with aged tap water to which was added aeromycin 
(250 mg/gallon water); methylene blue (0-01/mg/gallon 
water) and acriflavin (0-1 mg/gallon water). After this 
time the water was gradually changed for two days ; aged 
tap water was added, and the pH of the water was adjusted 
to 6-8 by the addition of monobasic sodium phosphate. 
The eels were kept in aquaria with adequate filtration and 
aeration, aged tap water, and at a temperature of 
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76° + 1° F They were fed daily one medium-size, live 
goldfish The eels always located the goldfish, stunned 
them with their electric discharge, and then swallowed 
them whole 

After about a month one of the bigger eels developed 
the skin disease The first noticeable symptom was a loss 
of appetite. After 5-6 days a whitish patch, l cm m 
diameter, appeared on the skm (dorsal part) and also on 
the edge of the ventral fin It had the appearance of a 
fungal disease of tropical fish Al the recommended and 
available tropical fish remedies were used m the dose 
recommended by the manufacturers of the drugs ‘Bacti- 
cide’ (streptomycin sulphate and erythromyem thio- 
cianate) was used without any good results The disease 
advanced, and more patches appeared on the body and on 
the edge of the fin We then tried tetracycline m a dose of 
250 mg/gallon water after the first water was gradually 
replaced with fresh We touched the patches on the skin 
with a solution of 1 part per thousand thymerosal after 
removing the eel from the tank We also tried a salt bath 
(sea-salt 1 spoon per gallon) with the same negative 
results After seven days the eel died. A mucroscopic 
exammation of a biopsy failed to show anythmg other 
than epithelial cells and mucus After two months from 
death of the first eel, the other two eels also developed the 
same disease with the same symptoms 

This tune we decided to use another treatment We 
used ‘Mysteclin-F’ conteiung per capsule 250 mg tetra- 
eychne hydrochloride and 50 mg amphotericin B, in the 
proportion of 1 capsule/5 gallons water and water-soluble 
acromyein 50 mg/5 gallons of water This stopped the 
disease from advancing further, and the fish were m a 
sort of equilibrium status with it We then started paint- 
mg the affected areas of the eels with a paste made of 
(per cent) salicyhe acid 1, benzoic acid 1, thymol 1; 
zme oxide 5; zme bacitracm 400 units, neomycin 
sulphate 0 5; borax 1, vıtamıns A (1,000 units), D (5,000 
units) and E (100 units) , hexachlorophene 0 5 , benzocame 
05, phenol undecylene 05, thyrothricin 3, aerosporm 
polymixm sulphate 5,000 units, and 30 mg of ampho- 
terien B m a 30-g mixture of neutral ‘Vaseline’, lanolm and 
silicone fluid After two weeks some of the patches began 
to disappear and a general change toward recovery was 
noticed After another week the medicated water was 
replaced gradually over two days with aged water with 
green algae One day after the water was changed the 
patches on the skm disappeared completely and the 
electric eels regamed their normal appetite 

More than two months have passed since the eels were 
cured and they present no disease symptoms and they are 
healthy 

This work was supported in part by the Office of Naval 
Research, Biology Branch, under contract Nom 3993(00) 


EUGENE ÁGALIDES 
JORGE BERNARDINI 


Research Department, 
General Dynamics/Electronics, 
Rochester, New York 


1 Grundfest, H, m Progress in Brophysics and Biophysical Chemistry, 7 
(Pergamon Press, New York, 1957) 

? Keynes, R D, in The Physiology of Fishes, by Brown, M E (Academic 
Press, New York, 1956) 

? Herald, S E , Inmng Fishes of the World (Doubleday and Co, Inc, Garden 
Cıty, New York, 1961) 


ENTOMOLOGY 


Breeding of the Rabbit Flea (Spilopsyllus 
cuniculi (Dale) ) controlled by the 
Reproductive Hormones of the Host 

Tue rabbit flea (S  cumcul)) 1s a host-specific parasite 
of the rabbit Before the outbreak of myxomatosis m 
Britain all populations of rabbits examined from the mam- 
land were mfested and the flea mdex was hight? The 
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first hmt that the breeding cycle of the flea was linked 
to the hormone cycle of the host came from Allan's! 
observation that shortly before the breeding season com- 
menced, female rabbits carried an extra load of fleas 
Further observation enhanced this view, and Rothschild? 
suggested that the breeding cycle, especially copulation, 
was under the influence of the sex hormones of the host 
This suggestion was followed up by Mead-Briggs*, who 
proved that (a) maturation of the ovanes of female 
rabbit fleas could only take place on & pregnant female 
rabbit, (b) that mmmediately after parturition the fleas 
from the does were to be found ın the nest contammg 
the young rabbits, where they fed on the young and 
laid eggs 

The factor which stimulated and sustamed ovarian 
development was not then known, although Mead-Briggs* 
postulated “a factor, perhaps nutritional, present only 
1n the blood of pregnant rabbits” It can now be demon- 
strated that this factor 1s one of the hormones secreted 
by the anterior lobe of the pituitary gland It has been 
possible to mduce full maturation and egg production in 
laboratory-reared fleas feeding on (a) doe rabbits not 
previously mated, undergomg pseudo-pregnancies after 
pairmg with vasectomuzed bucks, (b) virgin doe rabbits 
injected with daily doses of 2 ml ‘Ambmon B’ (Organon 
and Co, London, serial No 12961, 10 US.P (100 Heyl 
Laquer) units thyrotrophin and gonadotrophie factors), 
(c) castrated buck rabbits mjected with daily doses of 
2 ml ‘Ambmon B’ No development of the ovaries of 
female rabbit fleas occurred on virgm doe rabbits and 
castrated buck rabbits fed with (a) 12 mg ‘Norlutm A’ 
(norethisterone acetate, Parke Davis and Co, No 894) 
daily by mouth for the period of normal pregnancy, 
that 1s, 30 days, (b) 0 2 mg of cestriol dissolved m 1 ml 
olive ol by mouth’ for 30 consecutive days, (c) m- 
jected with 2 ml ‘Progestin’ (B D.H. progesterone Nos 
68900/1009/2204 and 94119/1010/2304) mtradermally fo: 
30 consecutive days Fleas from the same source sub- 
sequently matured ther ovaries on the same rabbits 
myected with 2 ml daily of ‘Ambmon B’ 

If the dosage of ‘Ambinon B’ was reduced or the 
mjections stopped altogether, development of the fleas’ 
ovaries was arrested and rapid regression followed 

One of the earliest visible manifestations of the onset 
of maturation m the rabbit flea 1s an accelerated rate of 
defecation In Nature, larve in the nest feed on the 
feecal pellets of the adult flea, thereby obtaining a supply 
of blood which they require for satisfactory development? 

In species hke JEch»nophaga gallacea (Westwood) 
which remain more or less permanently attached to the 
host, a very rapid rate of defecation is frequently 
observed (one blood-red pellet may be passed out of the 
anus every mmute when feeding has just commenced’) 
In the rabbit flea, which 1s only a semi-sedentary species 
the defecation rate ıs apparently greatly accelerated only 
at the onset of maturation, this ıs about a week before 
parturition of the rabbit at a period when the doe 1s 
making her nest, and it ensures that the fecal pellets 
will be available m the nestmg material when the larve 
hatch Withm 24-48 h of the mjection of 2 ml of 
‘Ambion B’ fleas can be observed with blood-red fecal 
pellets adhermg to the anus and accelerated defecation 
commences Sections of the abdomen of female fleas at 
this stage reveal an enormously enlarged rectal ampulla 
gorged with blood, whereas the mid-gut itself may be 
almost empty 

Throughout these experiments no pairing was observed, 
nor have fleas been seen to pair on & naturally pregnant 
host, furthermore, the spermatheca of female fleas before 
parturition of these hosts 1s empty, and 16 1s assumed that 
a factor other than the hormone from the anterior lobe 
of the pituitary and the separation from the host 1s 
required to stimulate the male to copulate Copulation 
of the rabbit flea was first observed by Mead-Briggs’ on 
young rabbits m the nest 
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The rabbit flea is extremely sensitive to changes of 
mood 1n the host, and the associated physiological changes 
which presumably occur Thus, even the act of paumg 
between rabbits may agitate the fleas, which mse to the 
surface of the fur, and frequently an exchange of fleas 
takes place between the rabbits duimg copulation The 
agitation of the doe at parturition could, in itself, be 
sufficient to account for fleas leaving the bost and enter- 
ing the nest In the early stages of pregnancy the doe 1s 
particularly attractive to fleas and infested bucks lose 
ther infestations—or, if not all, the majority of theu 
fleas—to pregnant does if the two are confined together 
in hutches 

It 1s believed that the rabbit flea ıs the fist recorded 
instance of a parasitic insect in which the reproductive 
cycle ıs under the control of the ieproduetive cycle of 
the host 

We thank Prof G W Harr, who planned and duected 
the expermnents which showed that secietions from the 
anterior lobe of the pituitary control maturation, and 
who performed the necessary surgical operations on the 
expelmmental rabbits We also thank Dr Deryk Fiazer for 
supplymg hoimones for the prelhmmary expermnents mn 
1959, Mı F G A M Smit for dissecting the reproductive 
organs of male fleas at that tame, Dr John Parsons and 
Dr John Godfrey for their assistance with the experi- 
ments with ostio] and ‘Norlutm A’, and Mr Ronald 
Allan for his continued mterest ın this work and for cutting 
serial sections for us during the three-year period of these 
experiments We thank Parke Davis and Co for the 
gift of ‘Norlutm A’ Work on this life-cycle has been 
greatly hampered and constantly interi upted by & short- 
age of material and we would hike io record our special 
gratitude to H R H The Duke of Gloucester, the Earl of 
Fitzwilliam and Mi J Chudley for coming to our assist- 
ance on inumorable occasions with permission to collect 
rabbit fleas at Barnwell, Milton and Brigstock 
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Feeding of Dry Chemically Defined Diets, 
and Egg Production in the Adult House-fly 


AccompING to West, the adult house-fly, Musca 
domestica L , must mgest 1ts food ın liquid form Probably 
because of this fact, and because ıb 1s easier to feed large 
numbers of insects with a single dietary preparation, most 
investigators have used liquid diets when studying the 
nutritional requirements of the house-fly and other adult 
Diptera?-? A few mvestigators have presented dry diets 
and water separately, but simultaneously, to the adult 
house-fly and promoted egg production’-*° 

Generally m all these tests, both the liquid and the dry 
diets contained one of many basic, refined natural products 
supplemented with various chemucals*®§1 Recently 
more specific terest has been directed towards the 
significance of nutrition m insect reproduetion*9t 
Some investigators have fed anti-vitamms with natural 
products? , others have added varying levels of chemical 
supplements to semi-synthetic diets and determined their 
effect on fecundity, survival or fertility" Until now, 
only one adult dipteran (Aedes aegyptr L ), 1n addition to 
the house-fly, has been successfully fed a chemically 
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defined hquid diet that resulted m egg production®’ 
There have been no reports on ovarian maturation or 
fecundity when flies were fed on a chemically defined dry 
diet 

In all the investigations ın which liquid diets have been 
used techniques have been devised to munimuize the 
chance of dietary changes brought about by contammating 
mucro-organisms®® Although m such investigations 
sepsis can be kept to a mmimum by adding antibacterial 
agents", or by presenting a fresh diet daily, ıt has long 
been recognized that dry diets are less subject to con- 
tammation over long periods of feeding! Consequently, 
if at all possible ıt 1s 1mportant to develop and feed dry 
chemically defined diets ın the study of insect nutrition 
and reproduction 

Tn our work on nutrition and 1eproduction in house-flies, 
a liquid chemically defined diet was developed which, 
when fed to adult females, resulted m a fecundity com- 
parable with that of adults fed liquid miki The 
question aiose— Would this diet when piesented to the 
adult as a dry powder support egg production ? 

Tt was evident from the literature that a source of liquid 
should be provided m addition to the dry diet!" Our 
preliminary tests established that, for adults to survive 
for long periods, water must be supphed as sugai-wate1 
although some investigators have fed only water, confining 
the sugar to the dry diet® In the tests discussed here 
sucrose was presented to the adult flies in two ways 
simultaneously, as a 0 1 M. solution on an absorbent cotton 
wick, and in the dry diet to encourage aggregation and 
feeding 

The house-fly larve used m these experiments were 
reared by standard techniques on CSMA (Ralston Purina 
Co, St Louis, Mo) Dried brewers’ yeast was the only 
supplement added to the medium Twelve females and 
three males were separated rmmediately after pupation 
1nto a clean glass cylinder (180 mm high by 150 mm out- 
side diameter) All cylmders were topped with nylon 
screening and placed on aluminium. trays covered with 
filter paper Dry test diets and sugar-water were re- 
newed daily , fes were allowed to feed ad lb Fresh milk, 
fed as a ‘control’, was also renewed daily Although 
fecundity was recorded daily, dissections were also made 
of the developing ovaries 

Our prmeipal interest ın these tests was two-fold, to 
determine whether the adult house-fly would feed on a 
completely synthetic dry diet, and, 1f so, whether this diet 
formulation was nutritionally adequate foi ovarian 
maturation The results are a summary of five 1epheates 
foi each test diet 

From the observation recorded in Table 1 1t 1s evident 
that both diets A and B were acceptable and supported 
ovarian maturation This was substantiated by dissec- 
tions which revealed many mature eggs in the ovaries 
However, with both synthetic diets, the fecundities, though 
low, were not significantly different over the period of the 
test It 1s unhkely that the low fecundities arose from 


Table 1  FEOUNDITY AND SURVIVAL OF ADULT HOUSE-FLIES FED A DRY 
SYNTHETIC DIET (PLUS 0 1 M SUGAR-WATER SEPARATELY) COMPARED WITH 
THAT OF FLIES FED LIQUID MILK 


After 7 days After 17 days 
" Mean Mean Mean Mean 
Experimental No No No No 
diet eggs/ eggs/ Survival eggs/ eggs/ Survival 
cylinder exp? (%) cylinder exp? (%) 
Diet A 176 15 83 235 20 20 
Diet B 130 11 87 188 16 30 
Fresh milk 725 60 83 1208 101 28 


The chemically defined diet A contained the following l-argımne 0 38 g, 
Lhistidine 0 15 g, Isoleucine 025 g, l-leuane 075 g, Llysme 075 g, 
L-methionme 015 g, i-phenylalanine 120 g, L-threonme 015 g, L-trypto- 
phan 030 g, i-valme 050 g, L-glutamie acid 100 g, salt mixture ‘TY’ 
(Nutritional Biochemical Corporation) 0 16 g, sucrose (Fisher reagent) 
342g Diet B contamed the same amount of the above basic components 
of diet A, but was supplemented with ribonucleic acid (yeast) 0 4 g, and 
the following B vitamins folic acid 0 34 mg macn 0 30 mg, calcium panto- 
thenate 0 44 mg, pyridoxal 0 90 mg, riboflavin 0 16 mg, thiamine 012 mg, 
biotin 0 05 mg, inositol 5 95 mg, cholme chloride 2 00 mg Both diet A and 
diet B were ground to a fine powder and stored at 5° C until fed 
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the quality of the dry diets It is possible that the flies 
were unable to liquefy and mgest the food at asuffiaientrate, 
so that egg production was spread over a longer period 
than with milk, and thus survival became a greater limiting 
factor However, at least part of the low fecundity may 
be due to a lowered oviposition, because many mature 
eggs were present in the ovaries of dissected flies From 
our observations and those of Monroe’, 1t appears that 
unless & suitable oviposition site is provided eggs are 
retamed by the female In this case, then, an adequate 
oviposition site should have been provided 1f full fecundity 
was to be recorded However, the mterest in these tests 
was that ovarian maturation took place and some eggs 
were deposited 

It 1s hoped that this preliminary report on the feeding of 
dry chemically defined diets and subsequent ovarian 
maturation mm the house-fly will assist m definmg the 
nutritional factors mfluenemg reproduction or survival in 
adult Diptera 

This mvestigation was supported by research grants 
from the National Research Council and the Ontario 
Research Foundation 
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Nocturnal Activity of Black Flies (Simuliidae) 


IN 1957, m conjunction with Dr Lewis Davies, I 
published a communication on the occurience of large 
numbers of blood-sucking flies of the family Simuludae in a 
light trap m Inverness-shire! Trappmg was continued 
for just over four years and a total of 17,500 flies belong- 
ing to ten species were captured Some of the results of 
the work have since been discussed? 

As previous observations had not suggested might 
activity in Simuludae on such a scale, criticisms were made 
that the fies captured m the tiap were merely late indi- 
viduals m a dusk flight, and that real activity did not 
oxtend for any long period during darkness 

Trapping ın Inverness-shire ceased ın 1959, but I have 
1ecently been able to resume trapping im a new locality— 
Selkirk, ın south-east Scotland The trap with a 150-W 
ordinary bulb, mstead of the previous 200-W bulb rich in 
ultra-violet light, is yn my garden within the limits of this 
small town and about 200 ft above the Ettrick Valley 
Simuludae have agam come in numbers, more than 1,000 
being captured durmg August 1963 

Fiom mid-August to the end of October an attempt 
was made to settle the question of the period of activity 
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during the night Regular mechanical soitmg of the 
catch, such as I used some years ago at Rothamsted, was 
not available, but on a number of nights I was able to 
change the collecting bottle in tho trap after about 
one quarter of the night"had passed 

On thuty-nme nights when Simuludae were present, 
a total of 449 were captured of which 96 (or 21 4 per cent) 
came in the first quarter of the night This proportion 1s 
less than (though possibly not significantly so) what would 
be expected with an even distribution through the might 
Thus there ıs no support for the theory that the main 
catches were made shortly after dusk 

On the night of August 27 the trap was changed three 
times No flies appeared between sunset (about 7 20 
GMT) and 830 pm, 10 between 830 and 930, 14 
between 930 and midnight, and 9 after midnight 

On September 2, three flies were captured before 9 30 
pm, 6 between 930 and3am, and 6 between 3am 
and suniise (about 5 am) Both these distributions 
suggest a contmuity of activity throughout the night when 
conditions are favourable 

It 1s also of terest to note that on 37 of the foregoing 
nights the catch of all Diptera, except the Simuludae, 
was sorted in the same time periods This gave a total of 
19,198 of which 5,408 or 28 2 per cent came in the first 
quarter of the night Thus, even in relation to other 
accepted night-flymg Diptera, the Sunuludae show less 
activity in the early part of the night 

On 38 nights the flies were sexed separately for each of 
the time divisions The results were as follows males, 
total 165, in first quarter of night 23 (139 per cent), 
females, total 269, in first quarter 71 (264 per cent) 
Thus the males, which constituted 38 per cent ofithe catch, 
appeared in a considerably smaller proportion in the fist 
quarter than the females Even the females alone were, 
however, not 1n as high a proportion as were all the night- 
flying Diptera 
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Vectors of Sub-periodic Bancroftian Filariasis 
in the Samoa-Tonga Area 


So far only two species of mosquitoes, both members of 
the day-biting scutella3s group, have been considered to 
be involved in the transmission of sub-periodic Ban- 
croftian fllariasis in Samoa and Tonga Aedes (Stegomyza) 
polyneswnsw Marks, 1951 (=pseudoscutellaris or vai 
pseudoscutellaris of varwegatus or of scutellaris of authors) 
has been definitely estabhshed as an efficient vector m 
Western Samoa and American Samoa thiough natural and 
expermnental mfections by several workers!" The’ 
merimination of A (S) tongae Edwards, 1926 as a vector 
has been entirely circumstantial and based on the simi- 
larity of this species with polynesiensis, which 1t appears 
to replace m Tonga where a high medence of filariasis has 
been reporteds-19 

As a renewed effort at the control of filex1asis was about 
to begm m American Samoa, an attempt was made during 
January 29-July 29, 1963, to re-examme the vector 
propensity of all the members of tho scutellarıs group 
known to occur 1n the area and to pay particular attention 
to the possible role of the mght-bitmg koche group of 
Aedes (Funlaya) The latter gioup has been demonstrated 
to be involved m filariasis transmission 1n some areas in 
Fip by Symes!'? and Burnett, and has been shown by 
Bolkin?*:4 to be composed of at least two species m the 
Samoan area 
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To determme natural infection rates, collections of 
mosquitoes were made on human bait, out of doors m the 
day-time for members of the scutellarıs group, and inside 
native houses at night for members of the koche group. 
The mosquitoes were usually dissected within a few hours 
of collection, but on several occasions were kept refriger- 
ated overnight Those harbourmg only muicrofilarie were 
considered negative, smee the mucrofilarie may have been 
derived from a blood meal on the bait and since they 
could not be identified as to species In addition to 
Wuchereria bancroftv (Cobbold, 1877), only Duofilaria 
ummutis (Leidy, 1856) was recognized m the developmental 
stages found in the mosqutoes The followmg criteria 
were used to separate the two species m the various stages 
In the first mstar (sausage) and the second instar, the 
site of development was the sole criterion bancrofti 
occurrmg in the muscles of the thorax and vmmatos n the 
Malpighian tubules of the abdomen The mature third 
instar larva of bancrofti was distinguished by the presence 
of three or four anal papille mstead of only one, and by a 
greater length (about 1,600. versus 1,0000) Sluggish 
larve about the size of mature «mmats larvo but nob 
showing one definite anal papilla and found only im the 
thorax were considered to be early third mstar bancrofti 
Early third instar «mmats were never found outside of 
Malpighian tubules 

The conventional method of obtammg experimental 
infections was used with A (S) tongae. Adult females 
3-7 days old, reared fiom immature stages collected in 
the field, were given a single blood meal from mucrofilana 
carriers, one with a count of 11 per 20 mm? and the other 
with 19 They were then held m the laboratory on daily 
feedings of sucroso Of the 12 surviving mosquitoes, 3 
were dissected on the 14th day, 4 on the 15th, and 5 on 
the 16th : 

With the kocht group it was not possible to obtain 
vigorous females from field-collected 1rmmature stages for 
feeding on microfilana carriers Experimental data were 
obtamed for this series from wild females which were 
allowed to engorge fully m a native house on microfilana 
carriers with counts of 7, ll, and 115 per 20 mm?, and 
which were afterwards held in the laboratory on a diet of 
sucrose Of tho 10 surviving mosquitoes, 4 were dissected 
on the 10th day and 6 on the 11th The latter method of 
determmung mosquito vectors of filariasis seems by far 
the most reliable and practical one and we strongly recom- 
mend that ıt be used routinely If desired, both natural 
and experimental infection rates may be obtamed from 
the same collection, the natural rate by 1mmediato 
dissection of that part of the catch which 1s not allowed 
to feed on the infected bart, and the experimental rate by 
dissection of fully blooded females after a holding period 
of 10 days or more We also suggest that the females held 
for experimental infections be allowed to oviposit in 
individual holding tubes and that the eggs from females 
found to be infected be subsequently reared to obtam 
immature stages and adults of both sexes This would 
establish beyond any doubt correlations between all stages 
for the proved vector and would be particularly important 
m groups m which the adults of different species are 
difficult to differentiate 

Table 1 summarizes the prmecipal results obtained by 
us on the definite mormunation of mosquitoes other than 
polyneswns:ws as vectors of sub-periodic Bancroftian 
filariasis m Samos and Tonga In addition, on the basis 
of natural infections, polyneswensis was found to be in 
general a good vector on Savan, Upolu, and Tutuila of 
the Samoa group, as reported by previous workers, but 
its relative rmportance varied from locality to locality 

Aedes (Stegomywa) tongae Edwards, 1926, was definitely 
established as a vector m Tongatabu on the basis of 
expermmental and natural mfections, which appear to be 
lower than those for polyneszensis m Fiji, Samoa, and the 
Society Islands However, the rates obtamed may have 
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Table 1 NATURAL AND EXPERIMENTAL INFECTIONS OF MOSQUITOES WITH 
Wuchereria bancrofti IN SAMOA AND TONGA 


Type Mosquitoes Mosquitoes posi- Mosquitoes positive 
Locality ofin- dissected tive all stages* third stage only 
fection No No (96) No (96) 
Aedes (Stegomyi) tongae 
Tongatabu N 274 16 (5 8) 1 (0 36) 
Tongatabu ER 12 8 (66 7) 6 (50 0) 
Aedes (Stegomyra) upolensis 

Tutuila N 47 3 (64 1 g 13) 
Upolu N 56 6 (10 7) 1 179) 
Savan N 3 1 0 

Total Samoa N 106 10 (9 4) 2 (1 89) 

Aedes (Finlaya) samoanus 

Tutua N 371 19 (5 1) 7 (1 89) 
Upolu N 179 12 (6 7) 1 (0 56) 
Sava N 201 5 (2 5) 0 " 00) 

Total Samoa N 751 36 (4 8) 8 107) 
Tutuila EW 10 10 (1000) 10 (1000) 

Aedes (Finlaya) South Pacific sp 25 

'Tutuia N 2 1 1 
Tutuila EW 1 1 1 


* Exclusive of microfilarice 
N, Natural infection, ER, experimental infection with reared adults, 
EW, experimental infection with wild adults 


been affected by the relatively low temperatures prevalent 
at the time of the survey. . 

Aedes (Stegomyia) upolensis Marks, 1957, æ bush 
mosquito found only in Samoa, was frequently heavily 
infected m nature but appeared to be restricted m. distri- 
bution and abundance It may play an important part 
im transmission in some interior and coastal villages 
closely surrounded by bush, and m bush plantations 

Aedes (Funlaya) samoanus (Grunberg, 1913), as recently 
restricted by Belkm™, was an exceedingly abundant 
nocturnal species 1n Samoa m interior villages and m some 
coastal villages closely surrounded by bush Both natural 
and expermental mfoctions with wild mosquitoes demon- 
strate beyond any doubt that this 1s a very important 
vector, probably equal to or even more important than 
polynesvensis m some areas As suspected by Belk’, 
the closely related and wide-ranging A (F) oceanscus 
Belkin, 1962, proved to be free of infection in nature and 
1s undoubtedly the species which was misidentified as 
samoanus in previous epidemuologieal investigations!” 
An undeserbed third member of the koche group dis- 
covered ın Samoa, Aedes (Fimlaya) South Pacifie sp No 25 
(U CL A collection), was found to bite man occasionally, 
and two spoernens were found mfected with third-stage 
larvs of bancrofti There are indications that other species 
of this complex may exist m Samoa and therefore addı- 
tional investigations are needed on this group 

This report 1s based on field work carried out primarily 
by the semor author as a tramee under a grant from the 
US Pubhe Health Service (TI-AI-132-03) directed by 
Dr John F Kessel We thank members of the staff of 
Medical Departments of the Governments of American 
Samoa, Western Samoa, and Kingdom of Tonga for their 
co-operation 
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Identification of Methyl Nitrite in the Reaction 
Product of Nitrous Acid and Lignin 


Iw a recent communication, Stevenson and Swaby! 
reported the presence of a heretofore unobserved mitro- 
genous gas in the product obtained by reacting nitrous 
acid with lgnins The identity of the gas was not estab- 
lished, the compounds ehmmated as possibilities included 
nitric oxide, nitrogen dioxide, nitrogen peroxide, dinitro- 
gen tetraoxide, nitrogen pentoxide, nitromethane, and 
hydrogen nitrate 

We have now established the identity of the unknown 
gas A prehmmary investigation showed that the gas 
contamed carbon, for example, carbon dioxide was 
liberated by oxidation with permanganate, and carbon 
monoxide was produced by thermal decomposition The 
evidence indicated that the gas was methyl nitrite 
(CH,;—O—N=0) Inspection of the mfra-red Spectra 
of the unknown! shows that two bands are present at 
frequencies of about 1,685 cm-! and 1,625 cm-!, these are 
characteristic of the N=O stretching vibrations (frans- 
and czs-forms) of nitrites? 

Positive confirmation that the unknown gas 1s methyl 
nitrite was obtained by comparison with a known sample 
of methyl mitrite To obtain the reference gas, 10 ml of a 
2 per cent (v/v) solution of methyl alcohol in 0 3 N sul- 
phurie acid was added to the reaction chamber of a Van 
Slyke manometric apparatus, followed by 1 ml of an 80 
per cent (w/v) solution of sodium nitrite The methyl 
nitrite thus produced was separated from nitric oxide 
(formed by self-degradation of nitrous acid) by absorption 
of the latter in an Na, HPO,-KMnO,-NaNO, solution The 
unknown gas was obtained by reacting nitrous acid with 
‘Meadol MRM’ lgnin, usmg the procedure described 
eaiher! The analytical procedures used for the com- 
parisons included gas chromatography, infra-red spectro- 
photometry, and manometry 

Without exception, the gas obtamed from hgnin 
behaved similarly to the prepared sample of methyl 
nitrite Some of the more perünent observations are 
hsted here 

(1) Both gases were absorbed slowly by the Na,HPO,~ 
KMnO,-NaNO, solution used to remove nitric oxide from 
the nitrous acid reaction mixture, and, 1n each case, trace 
amounts of earbon dioxide and nitrous oxide were detected 
in the residual gases 


Frequency (cm-!) 
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Fig 1 Infra-red absorption spectra of (A) gaseous product obtained 

by reacting nitrous acid with lignin, and (B) methyl nitrite The 

spectrum of the gas obtained from lignin also shows the presence of 

nitrous oxide Nitric oxide had previously been removed by absorption 
1n permanganate solution 
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(2) Thermal degradation (T > 100? C) of both gases 
resulted in the production of equimolar amounts of nitric 
oxide In addition, trace amounts of carbon monoxide 
were produced 

(3) Both gases were capable of bemg reduced with 
aqueous sulphite, and acidification of the resulting mixture 
resulted in the production of considerable quantities of 
nitrous oxide 

(4) The infra-red absorption patterns of the two gases 
were identical (Fig 1), and they were very similar to the 
spectra Tarte*:* reported for methyl nitrite 

Thus, 1$ 1s evident that the hitherto unknown gas is 
methyl nitrite 

We thank Prof W Luttke, University of Gottingen, 
for providing information on published infra-red patterns 
of methyl nitrite 
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Role of Iron Oxides in the Bonding of 
Soil Particles 


THE presence of significant amounts of iron oxides in 
Soils 1s generally considered to exert important effects on 
their physical properties, but no satisfactory experimental 
evidence exists to substantiate this view <A series of 
experiments has therefore been carried out to determme 
what effect the removal of irom oxides from natural 
aggregates has on their stability In addition attempts 
have been made to ımprove the aggregation of soils by 
precipitation of iron and alummium oxides on the soil 
particles 

Aur-dry aggregates 1-0-2 0 mm ın size from samples of 
Buchanan’s laterite from Kerala, Southern India, a 
Krasnozem from northern New South Wales, various 
Rendzmas, Terra Rossas and Red Brown Earths from 
South Australia and a Lateritic Red Earth from Katherine, 
North Austraha, were separated by sieving The aggre- 
gates were wet successively at 100 cm and 8 cm suction 
before they were ummersed in water They were then 
treated with 0 3 M. sodium dithionite either alone or with 
sodium citrate and sodium bicarbonate to remove free iron 
oxides! The stabilities of the treated aggregates were 
compared with those of controls, which had received the 
same reagents except that dithionite was replaced by 
sodium sulphate The effect of the treatment on aggre- 
gate stability was measured by the change m permeability 
of a bed of the sodium saturated aggregates to 0 05 N 
sodium chloride? and also by wet sievmg 

All these soils contamed relatively large amounts of iron 
oxides (2—15 per cent), but for none of them did the stability 
of the dithionite-treated sample fall below that of the 
corresponding sample treated with the control reagents 
Particle size analyses were also carried out Organic 
matter was first destroyed by peroxidation, and the souls 
were then treated with sodium dithionite and the citrate— 
bicarbonate buffer or sodium sulphate and buffer The 
dithionite treatment failed to increase the proportions of 
clay or silt above those of the control treatments In fact, 
when the results were expressed on the basis of original 
weight of untreated soil, decreases m the proportion of clay 
were observed corresponding approximately to the amount 
of iron oxide removed 

These results showed that m the soils studied the 
stability of the macro-aggregates was not dependent on the 


108 NATURE January 4, 1964 vo. 201 
Table 1 SWELLING OF SOIL CORES AFTER DITHIONITE AND ACID TREATMENTS AND ALUMINIUM OXIDE PRECIPITATION 
Description of samples Water content g/100 g of sodium saturated* cores at pF 11 
Origin and soi grow Depth Free Fe CaCO; Untreated After After After After With Al 
S ene aches expressed (%) deferration 005 N bubbling OLN oxide 
as FesOs with HCl CO; Cl precipitated 
(%) Na$,0, + only through the only} on material 
005 N HClt suspension of previous 
column§ 
Griffith, NS W 5 
(Red brown earth, B horizon) 48-54 14 24 27 64 74 nd 78 37 
Yooroobla, N S W 
(Brown soul of heavy texture) 0-4 12 40 31 67 91 96 138 65 
Colchester, N 5 W 
(Grey soil of heavy texture) 2-6 11 32 34 65 80 84 110 54 
Axdale Creek, N S W . 
(Buried soil, Katandra layer) 120-132 10 11 52 nd nd nd 73 49 
Swan Hill, NS W 
(Grey soil of heavy texture) 0-4 05 00 34 33 40 nd 90 49 


* All samples were sodium saturated after peroxidation and application of the desired treatment 


ing against distilled water 
T Ex pressed as g/100 g original, untreated soil 


Excess salt was removed by washing and finally dial; s- 


ilg samples were shaken with 20 ml of 01 N HCl overnight at 25° C on an end-over-end shaker 


81 per cent by weight of soul of alummium as ‘pseudo 


to settle for 24 h, sodium saturated and washed free of excess salts 


presence of iron oxides Removal of bonds between 
individual particles of fine clay size would not necessarily 
have been recognized by the techniques used, and to de- 
teimme whether iron oxides were important at this miero- 
aggregate level swelhng of the same (peroxidized) soils, 
which had and had not been treated to remove iron 
oxides, was examuned by the technique of Aylmore and 
Quirk? In this ease the ron oxides were removed by the 
method of Mackenzie! in which the dithionite treatment 18 
followed by 0 05 N hydrochloric acid The acid treatment 
was preferred to citrate—-bicarbonate since ıt brought 
considerably less aluminum into solution No increase 
m swelling of the samples was ufduced by single or 
repeated treatments (up to six were used) 

However, when the technique was applied to a number 
of soils from other great soil groups ıt was found that the 
treated samples swelled considerably more than the un- 
treated soils This merease was not due to removal of 
1ron since 1t also occurred in the samples treated with acid 
alone (Table 1) For some of the soils the increases were 
due to removal of caleum carbonate, since the same 
increase could be induced by bubbling carbon dioxide 
through the soil suspension For these samples as well as 
those not contamimg calcium carbonate a further morease 
m swellmg occured when they were treated with 010 N 
hydrochloric acid mstead of 005 N This could be due 
to removal of alummium oxides, since significant amounts 
were brought mto solution by the acid 

The treatment with decmormal acid did not change the 
uptake of water m the samples containing relatively large 
amounts of iron oxide, but ıt cannot be concluded that 
alummium oxides do not restrict the swelling of these 
samples, since only a fraction of the alummium oxide was 
removed 

In other experments mon and aluminium oxides were 
precipitated, by a variety of methods, on the samples 
which showed increased swellmg Precipitation of iron 
oxide in amounts up to 10 per cent by weight of the soil 
failed to reduce the swelling, whereas precipitation of 
‘pseudo-boehmute’ caused a much reduced uptake of water 
This confirmed that alummium oxide can cement the soil 
particles 

From the results of the permeability, wet sieving, 
mechanical analysis and swelling determunations, 1t 18 
concluded that iron oxides in the soils examined are 
present as discrete crystals and do not cement the soil 
particles The widespread belief that iron oxides are 
important in aggregation of soils has arisen because 
(1) none of the currently used methods for the removal of 
iron oxides js specific as they also remove appreciable 
amounts of alummium oxides and organic matter and 
suitable controls have not been used to distinguish the 
effects of the different materials removed, (2) the lage 


-boehmite' was precipitated by adding stoichiometrically equivalent quantities of aluminium 
chloride and sodium hydroxide solutions to the sou suspensions while they were bemg vigorously stirred 


The complexes were shaken overmght, allowed 


amounts of iron oxides in many lateritic soils suggest 
obvious correlations with their physical properties 

Since 16 18 well known that aluminium oxide forms mter- 
layers with clay munerals’, it 1s not surprising that 16 should 
bond clay particles together Ferric oxides are not known 
to form such interlayers, although chlorites contammg high 
proportions of ferrous jron in the brucite layer are well 
known The formation of mdurated laterite contaming 
high proportions of won must be associated with the 
growth of continuous crystals of the iron oxide throughout 
thesollmass A recent detailed analysis of the hardenmg 
of laterite has attributed 1t to this process of growth of 
continuous crystals through the soil 

We wish. to thank Prof E J Vergheese for providing 
the sample of Kerala laterite 
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PSYCHOLOGY 


Flocking of Domestic Chicks 


Nzewrv hatched nidifugous birds do not behave as if 
they recognized their own kmd as such On the contrary, 
they react m the same way to a very wide range of stimulus 
objects by approachmg them and by giving ‘pleasure’ 
notes when near them Thus the birds become attached to 
the stimulus objects Such mmprimtmg normally occurs to 
parents or parent-substitutes However, Collas! sugges- 
ted that simultaneous mprinting to siblings could account 
for the socialization of young birds This suggestion was 
also made later by Weidmann? and by Gray?, and has 
been implied by other students of mprmtng 

If the flocking of young birds depends not on an mnate 
mutual recognition mechanism but on early exposure to 
ther own kind, then the birds’ early experiences should 
result m their tending to return to familar companions, 
be they similar young birds or any other stimulus object 
This we set out to investigate, using domestic chicks 
hatched m the laboratory The chicks were removed 
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from the incubato1, one at a time, to one of two circular 
runways In one of these the neonates were reared in 
paus In the other, they were 1eared smgly, but with a 
cardboard box which was suspended from a rotating aim 
so that ıt moved round the runway After a day in these 
conditions, the subjects were isolated for 15 mun to ım- 
prove then subsequent responsiveness‘, and were then 
tested for 10 mm in a rectangular runway This runway 
was divided by two mesh screens into three parts One 
end-compaitment contammed a chick which had been 
reared socially, while the othe: end-compartment con- 
tamed a rotating cardboard box identical with the one 
mentioned here, each subject was placed in the middle 
part which was 3 ft long Cumulative stop-watches were 
used to 1eco1d the times a chick spent within 1 ft of each 
mesh screen 

Enght of the ten subjects which had been 1cared socially 
spent moie than half the test period near the sereen which 
separated them fiom the stimulus chick, and the other two 
subjects stayed mainly in the neutial region of the middle 
compartment The ten subjects reared with a moving 
box, however, were attracted m the opposite duection 
One of them remained in the neutral 1egion, but the other 
nine spent most of their time within a foot of the compart- 
ment containing the moving box Table 1 gives the mean 
times spent in the different regions of the central com- 
paitment, and shows a clear contrast between the 
behaviour of the two groups of chicks 


Table 1 
Mean times (sec) spent in different regions of the 
runway 

Within 1 ft of In neutral Within 1ft of 

stimulus chick region moving box 
10 subjects reared 
socially 449 (c = 156) 147 (c = 155) 11 (c = 24) 
10 subjects reared with 
moving box 7 (c = 18) 181 (a = 171) 462 (c = 171) 


The most striking feature of the behaviour of the chicks 
being tested was then tendency to try to ‘break through 
the mesh screen separating them from their earlier com- 
pamon Many iepeatedly pushed then heads thiough the 
mesh, and struggled energetically to approach the familiar 
object Nme of the ten socially 1ea1ed buds tied to get to 
the stimulus chick eight of the ten box-impimted buds 
attempted to 1each the box, and none of the birds tried to 
break thiough to the unfamihar stimulus-objeot 

We also tested some chicks of the same age, but without 
any previous experience either of another chick or of a 
moving box, foi preference between these stimulus- 
objects As Table 2 mdicates, these birds failed to display 
any consistent behaviour, except that generally they 
favowed the neutral region Fow of the ten subjects 
spent the major part of the test period, there, four otheis 
stayed mainly near the moving box, and the 1emaming 
two subjects spent most tume near tho stimulus chick 
Attempts to bieak through one of the mesh screens were 
observed m only half these trials, three subjects tiying 
to reach the stimulus chick and two to reach the moving 
box 

Table 2 
Mean times (sec) spent 1n different regions of the 
runway by inexperienced birds 


Within 1 ft of In neutral Within 1 ft of 
stimulus chick region moving box 


255 (c = 197) 201 (c = 203) 


10 subjects reared m 
isolation 


144 (a = 157) 

It 1s quite clea: that the chicks’ preferences observed m 
the fist experiment must have been acquired thiough 
experience One way of acquirmg them could have been 
through instrumental conditioning to the companion when 
associated with a remforcmg agent This might have 
happened, as food and water were available ın the circular 
1unways m which each chick was kept in the company 
either of another chick or of a moving box But chicks as 
young as these 1arely eat or drmk, and the troughs were 
left undisturbed ın most cases Moreover, 1b 1s doubtful 
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whether such young chicks can be conditioned by positive 
remforcement? 

In order to decide whethei the attachments were, in 
fact, acquired by mmprmüng fiee from remforcement, 
18thei than by instrumental conditionmg, we ieared six 
more newly-hatched chicks in the circular runways as in 
the first experiment but without any food or water These 
animals were in no way adversely affected They weic 
tested for choice between a chick and a moving box 
exactly as m the original experiment, the iesults are set 
out in Table 3 

. Table 3 


Time (sec) spent in different regions of the runway 
by birds reared without food or water 


Within 1 ft of In neutral Within 1 ft of 
stimulus chick region moving box 
3 subjects reared} EM a = 
socially j 514* 80 E 
à subjects reared =! VER a D 
with moving box ) pus 78 529* 


* S attempted to break through mesh serecn 


Oui findings indicate that flocking or socialization of 
domestic chicks may well depend largely on the learnmg 
process of impiinting 

K F TAYLOR 
W SLUCKIN 


Department of Psychology, 
University of Leicester 
1Colhas, N E , Auk, 69, 127 (1952) 
2Weidmann, U , Z Trerpsychol , 15, 277 (1958) 
SGray,P H, J Psychol , 46, 155 (1958) 
i Sluchın, W , and Taylor, K F, Brt J Psychol (m the press) 
» James, H , and Binks, C , Scence, 189, 1293 (1963) ' 


Effects of Strychnine Sulphate on Maze 
Learning in Rats 


Hesp’s newophysiological theory! assumes that learn- 
ing involves the formation of diffuse networks, termed 
‘cell assemblies’, as a consequence of 1everberatory neural 
activity which continues afte: the stimulation of specific 
ieceptors has ceased According to his ‘dual trace 
hypothesis, the ieverbeiatory neural activity leads to 
structural or perhaps biochemical changes at the synapse, 
and it ıs these changes which p1ovide a neurophysiological 
basis for ‘permanent’ memory or leaning 

Hebb’s use of ieverberatoiy neural activity is quite 
sımılaı to the classical perseveration-consolidation theory 
advanced by Muller and Pilzeckei? m 1900 This theoiv 
suggested that the neural activity involved in leaning 
persists for some time afte: the cessation of formal piac- 
tice, and as a 1esult of this contmumg activity, the neural 
pattein becomes ‘set’ or moie firmly fixated They also 
suggested that a period after leaining, freo of mterpolated 
stimulation, 1s necessary 1f consolidation 1s to occult 

There are two implications of the perseveration-consolid- 
ation hypothesis (1) interference with neural activity will 
impair learnmg or ietention, (2) faciltation of neural 
activity without mereasing interference, should result m 
better retention 

Dunean?, Geiraidi, Leukeb, and Thompson® have 
mvestigated the mhibitory effects of neural interference 
following learning, and while these studies are not con- 
sistent 1n establishmg the duiation of the perseveration 
period, all investigators agree that interference, pi oduced 
by electroconvulsrve shock, anoxia, or drugs, mhibits or 
mnpanus retention Also they all use some form of the 
perseveration or consolidation hypothesis to explam then 
results 

On the other side of the ledgei, very little has beon done 
concerning the facilitatory effects of neural stimulation 
following learnmg It has been demonstrated that 
strychnine has strong excitatory effects on the central 
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nervous system, and investigations of the physiological 
effects of strychnme have shown that ıt lowers synaptic 
thresholds at low concentrations while mcreasing them at 
high concentrations It has also been suggested that 
strychnine has facilitative effects on performance, since 16 
mereases visual acuity 

The work recorded here was undertaken to provide a 
test of the hypothesis that injectmg rats with strychnine 
after each trial will facilitate maze learnmg Evidence of 
retroactive facilhtating effects would strengthen the 
hypothesis that strychnine facilitates learnmg rather than 
performance and further support the perseveration 
hypothesis of learnmg 

At the time of this report, 40 animals have completed 
the testmg procedure Twenty were from the Sl stráin 
and twenty were from the S3 stram Both these strains 
are descendants of the Tryon maze-bnght (S1) and 
maze-dull (S3) strams All animals were 70-82 days 
old at the beginning of the experiment The animals were 
first pretramed for 9 days, and were put on a food-depriva- 
tion schedule so as to reduce their body-weights 15 per cent 
below normal On the mnth day of pretrammg the 
animals were assigned to four groups which were matched 
on the basis of pretrammg running times and body-weights 
They were then run 1 trial a day on a 14-untt automatically 
recording alley maze, and myected mterperitoneally 1 mm 
or l h after each daily tmal with either a strychnine 
sulphate or a normal saline solution 

The results of the examination support the origmal 
hypothesis that injections of strychnine administered after 
each daily trial did facilitate the rate at which rats learn a 
l4-unib maze However, a moie detailed analysis of the 
data revealed a strain difference The maze-dulls when 
injected with strychnine 1 mm after trial made significantly 
fewer errors than did the maze-biights receiving strychnine 
l mm after trial Furthermore, a strain difference was 
also observable at the l-h mterval, whereas the maze- 
brights were facilitated when injected with strychnine at 
both the 1-mm and 1-h intervals, the dulls were facilitated 
only at the l-mm interval No facilitative effects of 
strychnine were found with the dulls at the 1-h mterval 

A possible interpretation of these findings 1s provided by 
the hypothesis that leainmg efficiency depends on the 
ratio of acetylcholine (ACh) to cholinesterase (ChE) m the 
central nervous system Neural transmission involves the 
1elease of ACh by presynaptic nerve endings ACh is a 
neural stimulant when rt 1s present ın small amounts, but 
paralyses transmission when ıt accumulates beyond a 
critical level Consequently, ACh must be mactivated 
rapidly after i6 1s released The enzyme ChE has been 
shown to perform this mmportant function by hydrolysing 
the ACh almost mstantaneously The injections of strych- 
nine, which is an anti-cholmergic drug, should allow a 
functionally greater amount of ACh to be present ın the 
central nervous system 

Thus ıb ıs hypothesized that efficient learning 1s pro- 
duced by a ratio of ACh-ChE which 1s optimal for efficient 
neural reverberation If the amount of reverberatory 
neural activity depends on the ratio of ACh-ChE, then, 
within Immts, the higher the ratio the more reverberatory 
activity and the longer the perseveration period 

The results also suggest that the maze-dulls have a 
ratio of ACh-ChE which 1s less than optimal for neural 
reverberation, sinco injections of strychnine at the 1 mm 
interval produced significant facilitation while no facilitat- 
ing effects were found at the l-h interval Presumably 
this ıs because the reverberatory neural activity under- 
lying perseveration 1s rapidly dissipated due to a low ratio 
of ACh-ChE In other words, the ChE hydrolysed the 
ACh too quickly, thereby shortenmg the perseveration 
period This hypothesis also suggests that differences m 
perseveration tune found by other mvestigators might be 
due to stram or species differences n ACh-ChE ratios 

Finally, ıt should be pointed out that these are pre- 
hmuinary results and that a more detailed analysis of the 
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data when all the animals have been run may shed more 
hight on the stiam difference already noted 


Department of Psychology, Rriczarp B Ross 
University College, London 


1 Hebb, D O, The Organization of Behari (Wiley, New York, 1949) 
2 Muller, G E, and Pilzecker, A , Z Psychol, 1 (1900) 

3 Duncan, C P, J Comp and Physiol Psychol , 42, 32 (1949) 
“Gerrard, R W , Sewnce, 192, 225 (1955) 

ê Leukel, F, J Comp and Physiol Psychol, 50, 300 (1957) 
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HISTORY OF SCIENCE 


An Observation of the Interference of Light 
of Higher Orders in 1646 and its Response 


During 1599-1660 there lved, ın Bohemia, Balthasar 
Conrad, a professor m the Universities of Prague and 
Olomouc Under his leadership several candidates 
defended their theses on diverse physical subjects 

In 1646 such a thesis entitled ‘De natura imdis’ was 
defended by Balthasar Melchior Hanél (1627-89) This 
dissertation 1s interesting ın that it describes an observa- 
tion of the interference of light of higher orders 

At that time astronomers used a camera obscura foi 
measurement of the fictitious diameter of the Sun Those 
measurements were intensively carried out by Christofor 
Schemer (1575-1650), who also made his observations in 
Prague 

Scheiner’s experiments with a moie suitable camera 
obscura were repeated by Comad and Hanél While 
Scheiner made his observations with an open camera 
obscura ın a more or less obscured room (Rosa Ursina, 
Braccianum 1626-30, Figs on pp 150, 353), Conrad 
constructed a special long hollow prism Through a small 
aperture m 1ts front side he mapped the Sun on & sheet of 
paper or observed ıt with his head inside the prism 
Making these obse1 vations, he noticed multiple ‘rainbows’ 
around the Sun as described ın the dissertation “Itaque 
observaturus diametrum Solis praecrpue, feceram muiht 
paralleleprpedum cavum, facile 10 pedum Idque undique 
bene communiveram contra lucem ineidentem, summas 
enun tenebras volebam itus habere Tamen versus 
Solem modicissimo foramine aperui et sic coepi, 1mmerso 
etiam capite in 1llud cavum, observare diametrum Solis 
Cum ergo transpiciendo per tale foramen appareant 
Indes cirea Solem 

But Conrad observed this phenomenon also without 
its long prism ‘‘Accipio orichalceam laminam, eamque 
1n foramen rotundum, mmimum, alicubi pertundo tum 
per id foramen adspicio Solem Et ecce Solem cireum- 
datum Iride primaiia conspicor Imo aliquando plures 
quam unam circa Solem Iridem deprehendi ? 

The phenomenon was also shown to Scheme, who, as the 
authors of the dissertation mention, was surprised at 16 

The authors explain this phenomenon by the refraction 
of sunbeams in drops of water present ın thear “ — non 
videtur posse esse haec emphasis reflexio a crasso foraminis 
sed debet esse refractio Solis per guttas vapidas aer 
innatantes ” 

Ioannes Marcus Marci de Cronland (1595-1667), pro- 
fessor m the University of Prague, responded to Hanél’s 
dissertation by a disputation of the same title "De natura 
indis' ın 1650 Earher Mare: published a book entitled 
Thaumantias (Prague 1648), which dealt with the ram- 
bow and colours m which he described observations of the 
diffraction of hght on a wire; edge, aperture and through a 
lattice! In the disputation Marci accepts without 
comments the existence of the described phenomenon, but 
he disagrees with the authors concerning rts explanation 
According to Marci the phenomenon has its origi in the 
refraction of sunbeams m the eye hquors of the observer 
and not ın drops of water in the air J MAREK 


Institute of Metallurgy, Prague 
1 Marek, J , Nature, 190, 1092 (1961) 
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FORTHCOMING EVENTS 


Monday, January 6 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 p m —Mr D G Jones "Operational 
Experience with Wide Band Radio Links" 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
London, 8 W 1), at 630 p m —Mr M W Perrm “From ihe Ivory Tower 
to the Market Place" 


Monday, January 6—Thursday, January 9 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY (m the Old and New 
Halls of the Royal Horticultural Society, Vincent Square, London, S W 1) 
—Forty-eighth Annual Exhibition. of Scientific Instruments and Apparatus 


| Tuesday ,fJanuary,7 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 5 30 p m —Mr P G Mott “Aenal Methods of Surveying 
for Civil Engineermg” 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 5 30 pm—Mr G F Bryant and 
Mir M H Butterfield "Simulation Assessment of Tandem Cold Rolhng 
Mill Automatic Gauge Control Systems” 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westmmster, London, S W 1), at 6 p m —Discussion 
on ''Passenger Comfort” 


PLASTICS INSTITUTE {at the Wellcome Building, Euston Road, London, 
NW 1), at 6 30 pm—Dr Z Makowskı “Trends and Developments 
m Prefabricated Plastics Houses” 


Wednesday, January 8 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint meeting 
with the SOCIETY FOR APPLIED BACTERIOLOGY and the INDUSTRIAL WATER 
AND EFFLUENTS GROUP, at the Royal Societv of Medicme, 1 Wimpole 
Street, London, W 1), at 215 pm—wMeeting on “Fresh Water Bacteria 
m Relation to Industrial Problems” t 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 5 p m —Mr M Black, Dr M N Hill, Dr A S8 Laughton 
and Dr D H Matthews “Three Non-Magnetic Seamounts Off the Iberian 
Coast", Mr W R Riedel and Dr B M Funnell) “Tertiary Sediment 
Cores and Microfossils from the Pacific Ocean Floor” 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINES GROUP gt 1 Bırdcage Welk, Westmmster, London, S W 1), at 
6 pm—Mr N Whitehouse, Mr A Stotter and Mr M S Janota 
‘Estimating the Effects of Altitude, Ambient Temperature and Turbo- 
Charger Match on Engme Performance”, Mr Dicksee “The In- 
fluence of Intake Pressure and Temperature Upon the Air Consumption of 
High-Speed Four Stroke Compression-Igmtion Engmes, with particular 
reference to Super-Cbarged Engines" 


SOCIETY OF INSTRUMENT TECHNOLOGY, CONTROL TECHNOLOGY SECTION 
(at Manson House, 26 Portland Place, London, W 1), at 7 p m —Symposium 
on "Process Control—Applications” 


Thursday, January 9 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
at 530 pm—Mr D W Fry “Nuclear Energy for Power Generation” 
(Sixth Hunter Memorial Lecture) 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
{at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Diseussion 
on “The Limitations of Mild Steel in Low-Temperature Process Plant” 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANOH (in Lecture 
Theatre C 4, King’s College, Strand, London, W C 2), at 6 30 p m —Surgeon 
Captain S. Mules “Some Medical Aspects of Diving” 


Saturday, January 11 


BOROUGH POLYTECHNIC (at Borough Road, London, S E 1), from 10 50 
am to 430 p m —Conference on **Robbins and Regional Colleges” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
ihe dates mentioned 

ASSISTANT LECTURER (with a good honours degree and preferably some 
experience of, and an interest in, the application of statistical methods in 
geography) IN GEOGRAPHY—The Registrar, The University, Hull (Janu- 
ary 10 

RESEARCH ASSISTANT (with a degree in zoology and an interest in ecology, 
freshwater biology, or pollution studies) IN THD DEPARTMENT OF ZOOLOGY, 
to undertake taxonomic and ecological work in the aquatic Oligocheata— 
The Registrar, The University, Liverpool 3, quoting Ref No CV/482/N 
(January 10) 

RESEARCH FELLOW (with a first degree m biochemistry, chemistry or 
botany and research experience in biology) IN PLANT BIOCHEWISTRY IN THE 
DEPARTMENT OF BOTANY—The Registrar, Queen Mary College (University 
of London), Mile End Road, London, B1 (January 10) 

BACTERIOLOGIST (with an honours degree in bacteriology or equivalent) 
FOR THE AGRICULTURE LABORATORY—The Secretary, The Edinburgh School 
of Agriculture, West Mains Road, Edinburgh (January 11) 

PRINCIPAL OF THE EAST RIDING INSITUTD OF ÁAGRIOULTUAE, Bishop 
Burton, near Beverley—The Chief Education Officer, County Hall, Beverley, 
Yorkshire (Jenuarv 13) 

ANIMAL PHYSIOLOGIST (with an honours degree in agricultural science, 
veterinary science or science (with physiology as a major subject), and 
preferably research experience m anima} physiology) IN THE ANIMAL PRO- 
DUCTION Drvislon—The Director, An Foras Taluntais (The Agricultural 
Institute), 33 Merrion Road, Dublin 4, Republic of Ireland (January 15) 
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SENIOR TECHNICIAN (with experience zn electrontes) in the Department 
of Psychology—The Registrar, University College of North Wales, Bangor, 
North Wales (January 15) 

ASSISTANT LECTURER IN CHEMISTRY (Organic)—The Secretary, Queen's 
University, Belfast, Northern Ireland (January 17) 

LECTURER IN CHEMICAL ENGINEERING—The Registrar, Untversity College 
of Swansea, Singleton Park, Swansea (January 18) 

LECTURER or ASSISTANT LECTURER (experienced m one or more branches 
of modern electronics) IN ELEGTRONICS— Ihe Secretary and Registrar, The 
University, Southampton (January 18) 

RISEARCH ASSISTANT (with a first degree in chemistry or biochemistry, 
research experience is not essential) IN BIOCHEMISTRY, to Join a research 
group studymg the synthesis of natural products—The Registrar, The 
Umveraty, Southampton (January 18) 

LECTURER or an ASSISTANT LECTURER and an ASSISTANT LECTURER IX 
SocroLocy—The Registrar, The University, Hull (January 23) 

LECTURER (graduate mn science or agriculture) IN AGRICULTURAL CHEM- 
ISTRY IN ¥HE DEPARTMENT OF AGRICULTURE, University of Sydney, 
Austraha—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S W 1 (Australia 
and London, January 24) 

LECTURER (Clinical) IN THE DEPARTMENT OF VIROLOGY AND BACTERIO- 
LOGY—The Assistant Registrar, Medical School, The Umversity, Birmung- 
ham 15 (January 25) 

PROFESSOR OF PHYSICAL CHEMISTRY—The Secretary, The University, 
Exeter (January 25) 

ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, The Univeisity, 
Hull January 27) 

CHAIR OF CIVIL ENGINEERING—The Registrar, The University, Sheffield 
(January 27) 

CHAIR OF NATURAL PHILOSOPHY—The Secretary, The University, Abei- 
deen (January 931) 

LECTURER IN EDUCATIONAL PsycHoLogy—tThe Registrar, The Univermty, 
Manchester 13 (January 31) 

LECTURER IN PHYSIOLOGICAL CHEMISTRY—The Registrar (Room 22, 
ORB), The University, Reading (January 31) 

LECTURER or ASSISTANT LECTURER (with a good honours degree and 
interests mn either space physics (with particular reference to cosmic rays 
and corpuscular radiations), elementary particle physics, or low tempera- 
ture physics) IN Puysics—The Secretary and Registrar, The University, 
Southampton (January 31) 

READER (with high academic qualifications, teaching experience and 
extensive research experience in mechanical engineering, and preferably 
some admmustrative experience) IN MECHANICAL ENGINEERING at the 
University of Queensland, Brisbane, Australia—The Secretary, Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (London and Brisbane, January 31) 

LEOTURERS or ASSISTANT LECTURERS IN THE DEPARTMENT OF MATHT- 
MATICS (one mn pure mathematics, one 1n applied mathematics, and one in 
Statistics)— Tbe Registrar, The University, Leeds 2 (February 4) 

SCIENTIFIC OFFICER (Zoologist) IN THE DEPARTMENT OF INSECTIOIDYS 
AND FUNGICIDES, to study*the mode of action of insecticides using 
histochemical and radioactive-tracer techniques—tThe Secretary, Rotham- 
sted Experimental Station, Harpenden, Herts (February 5) 

SENIOR LECTURER (preferably with senior surgical qualifications) IN 
ANATOMY at the University of Sydney, Australia—The Secretary, Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (Australia and London, February 7) 

ASSISTANT EXPERIMENTAL OFFICER (entomologist or botanist) IN THE 
PLANT PATHOLOGY DEPARTMENT, for work on insect tiansmission of viruses 
to planta, including cereals and grasses—The Secretary, Rothamsted Experi- 
mental Station, Harpenden, Herts (February 14) 

POST-DOCTORAL FELLOW, for work in the field of physical-organie chem- 
istry with particular reference to studies of enzymic oxidations (work in 
the first year will be carried out in the University of Oxford and m sub- 
sequent years in the University of York)J—Dr R O Norman, Dyson Perrins 
Laboratory, South Parks Road, Oxford (February 28) 

ASSOCIATE PROFESSOR or ASSISTANT PROFESSOR (preferably with interests 
in low energy nuclear physics, radiofrequency spectroscopy, or atomic 
collision phenomena) IN EAPLDLRIMENTAL PHYSICS, to instruct 1n undergrad- 
uate and graduate courses and to undertake some research—Dr L Krause, 
peat, Department of Physics, University of Windsor, Windsor, Ontario, 

anada 

BIOCHEMIST (Basic grade)—Dr D N Rame, Children's Hospital, Birm- 
ingham 16 

BIOCHEMIST (Basic grade)—The Area Pathologist, Area Laboratory, West 
Park Hospital, Epsom, Surrey 

BOTANIST (with a good honours degree 1n botany, agricultural botany 
or horticulture, and preferably postgraduate experience), for studies in 
the development, growth and variability of fruits, especially apple, from 
flower muitiation onwards m relation to environmental, positional and 
internal factors within the individual tree—The Secretary, East Malling 
Research Station, Maidstone, Kent 

CHEMIST (with a PhD or RIC Research Diploma), to study mono- 
layers of protems and other organic substances on solid and liquid surfaces— 
Dr P F Holt, Department of Chemistry, The University, Reading 

ELECTRON MICROSCOPIST (preferably graduate in a biological science and 
experience yn electron microscopy research) to be responsible for the con- 
trol of a Plubps EM 200 high resolution electron microscope—Prof RÈ L 
de C H Saunders, Dalhousie University Medical School, Halifax, Nova 
Scotia, Canada 

EXPERIENCED ELECTRON MICROSCOPY TECHNICIAN or GRADUATE ASSIST- 
ANT, for research on immunologic aspects of placental morphogenesis and 
homograft mechanisms—Dr M Galton, Department of Pathology, Dart- 
mouth Medical School, Hanover, NH 03755, USA 

FEMALE LABORATORY TECHNICLAN—The Headmistress, 
County School for Girls, Parkshot, Richmond, Surrey 

GRADUATE RESEARCH ASSISTANT (preferably with trammg or previous 
experience in exfoliative cytology), for work on cancer cell detection—The 
Dean, Guy's Hospital Medical School London Bridge, London, 8 E 1 

LABORATORY TECHNICIAN (male, with experience m media/tissue culture) 
—The Chief Technician, Med:a Department, Medical Research Council 
Laboratories, Woodmansterne Road, Carshalton, Surrey 

PHYSICIST IN THE BIOPHYSICS DIVISION of the National Institute fer 
Medical Research for work with radioactive isotopes involving respon- 
sibility for counting methods in the Institute generally—The Durector, 
National Institute for Medical Research, MRC, Mil Hil, London, 
NW7 


Richmond 


PosT-DOCTORAL RESEARCH ASSISTANT, for the operation of a research 
mass spectrometer for detection of unstable reaction intermedintes— Dr 
J W Lmnnett, FRS, Inorganic Chemistry Laboratory, The University, 
South Parks Road Oxford 
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SCIENCE GRADUATE TO WORK IN THE METABOLIO UNIT under the Pro- 
fessor of Psychiatry, doing full-time research m biochemical aspects of mental 
disorder—The Secretary, Institute of Psychiatry, Maudsley Hospital, 
Denmark Hill, London, S E 5, quoting Ref PSY/MHRS 

SCIENTIFIC INFORMATION OFFICER (Abstractor) (with a degree in agri- 
culture or natural science and a knowledge of Janguages)—The Director, 
Commonwealth Bureau of Pastures and Field Crops, Hurley, Berkshire 

TEMPORARY CONTRACT ASSISTANT (experienced with transistorized cir- 
cuitry), to construct and test electronic equipment for satellite mstrumenta- 
tion--The Secretary and Registrar, The University, Southampton 

VETERINARY RESEARCH OFFICERS (ER C V S8. or equivalent, preferably 
with postgraduate experience in bacteriology, or parasitology, a Diploma 
in Bacteriology would be an advantage) with the Government of Kenya, 
to work in paiasitology, cluding diagnosis survey and research on helm- 
inthological problems, to undeitake diagnosis, applied research and vaccine 
production in the case of pacteriologists—The Director of Recruitment, 
Department of Technical Co-operation, Eland House, Stag Place, Victoria, 
London, S W 1, quoting Ref Ci/RC217/80/03 . 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


Annual Report of the Ordnance Survey for 1962-63 Pp 11+12 appendi- 
ces and 9 plates (London HM Stationciy Office, 1963) 7s net [3010 
Committee on Higher Education Higher Education Report of the 
Committee appointed by the Prime Minister under the Chairmanship of 
Lord Robbins Pp wi14-338 (Cmnd 2151) (London HM Stationers 
Office, 1963 ) 15s net [3010 
Committee of Enquuy into the Organisation of Civil Science Pp 59 
(Cmnd 2171) (London HM Stationery Office, 1968 ) 4s net [3010 
Department of Scientific and Industrial Research Waren Spring 
Laboratory Register: of Research in the Human Sciences, 1960-63 Pp 
YXi4-226 (London HM Stationery Office, 1963 ) 20s net [3010 
Proceedings of the Royal Tsh Academy Vol 62, Section A, No 9 On 
a Nonlinear Differential Equation Arming mn Nuclear Physics By Zeev 
Nehar Pp 117-135 3s 6d Vol 68, Section A, No 1 The Hamiltonian 
Method and Its Application to Water Waves By J L Synge Pp 1-34 
"s 6d Vol 62, Section B, No 14 The Metamorphic Rocks of North-West 
Mayo By A F TrendallandR W D Elwell Pp 217—247 -- plates 9-12 
5s Vol 62, Section B, No 15 Some Dı- and Tri-Peptide Derivatives By 
J F O'Sullivan Pp 249-254 1s Vol 62,Section B, No 16 The Structure 
and Relationship of the Namurian Outcrop between Duntryleague, Co 
Limerick and Dromhm, Co Tipperary By P H Shelford Pp 256-2664 
plate 18 2s Vol 62, Section B, No 17 The Carboniferous Limestone 
Succession in North-West County Limerick, Ireland By E R Shephard- 
Thorn Pp 267-294--plate 14 3s 6d Vol 62, Section D, No 18 Some 
Observations on the Irish Pleistocene By J && Chailesworth Pp 295-322 
2s 6d (Dublm Hodges, Figgis and Co , Ltd , 1903 ) [11i 
Systematies, Vol 1, No 1, (June, 1963) (The Jounal of the Institute for 
the Comparative Studv of History, Philosophy and the sciences ) Pp 
1-103 Annual Subscription 428 non-members, 30s members Separate 
issues 11s 6d non-members, 8s 6d members (Xingston-upon-Thames 
Coombe Spiings Press, 1963 ) [111 
Ambassade de France—Service de Presse et d'Information French 
Agriculture Pp 21 (London Ambassade de France—service de Presse 
et d'Information, 1963 ) 111 
The Nuffield Foundation ¥nghteenth Report, 1962-1963 Pp x+ 192 
(London ‘The Nuffield Foundation, 1963 ) [511 
Department of Scientific and Industrial Research Road Research 
Laboratory Road Note No 35 A Guide for Engineers to the Design of 
storm Sewer Systems, prefaced by the Report of the Joint Committee on 
Rainfall and Run-off of the Road Research Board and the Ministry of 
Housing and Local Government Pp vir-20 (London HM Stationery 
Office, 1063 ) 2s 511 
Development of Day Release Evidence Submitted to the Henntker/ 
Heaton Comnuttee by the Association of Teachers in Technical Institutions 
EAT a (London ` Association of Teachers in Technical Institutions, 
The Hand of Man Bv Prof J D Lever (An Inaugural Lecture delivered 
at University College, Cardiff, 13th February, 1963) Pp 24 (Cardıft 
University of Wales Press, 1963 ) 33 6d 511 
Cement and Concrete Association Training Courses in Concrete 
pects and Programme for 1904 Pp 15 
Association, 1963 ) 


Pros- 
(London Cement and Concrete 
[511 


Bulletin of the British Museum (Natural History) Zoology Vol 11, 
No 1 A Revision of the Genus Hspposuleros By J E Hil Pp 1-129 
(London British Museum (Natural History), 1963 ) 35s [511 


The Institute of Linguists Annual Report and Accounts for the year 
ended 31st July 1963 Pp 16 Prospectus Pp 12 (London ‘The Institute 
of Linguists, 1963 ) [611 

British Commonwealth Scientific Committee Thiid Specialist Conference 
on Fuel Research, Sydney, Australia, October 1962—Report of Conference 
Pp 16 (London HM Stationery Office, 1963 ) 1s 6d net 

Building Research Station Digest, (Second Series), No 40 
Disposal in Blocks of Flats 
1963) 1s 6d net 

Agricultural Research Council .Ditton and Covent Garden Laboratories 
Annual Report January 1962—May 1968 Pp 36 (London H M Stationery 
Office, 1963 ) 2s 6d 

Mimstry of Education Programme of One Yeas Courses and One Term 
Courses for Qualified Teachers, 1964-1965 Pp 28 Programme of Short 
Courses for Teachers and Otheis Engaged in the Educational Service of 
ARE and Wales, 1964 Pp 35 (London Ministry of Education, 

The International Nickel Company (Mond), Ltd Nickel Alloy Permanent 
Magnetsin U K Electron» Pp 12 (London The International Nickel 
Company (Mond), Ltd , 1963 ) [1111 

Department of Scientific and Industrial Research Automation at Low 
Cost—4 Simple Automation of Machme Tools Pp 12 (London Depart- 
ment of Scientific and Industrial Research, 1963 ) [1111 

Self-Help for I earned Journals Notes compiled for the Nuffield Foundation 
by Dr Frank Morley Pp 45 (London Oxford University Press, 1963 
Published for the Nuffield Foundation ) 3s 0d net [1111 

University of Bristol Annual Report of the Long Ashton Agricultural and 
Horticultural Research Station (The National Fruit and Cider Institute) 
for 1962 Pp x--198--7 plates (Long Ashton, Bristol Long Ashton 
Agricultural and Horticultural Research Station, 1963 ) 15s [1111 
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Scottish Marine Biological Association Annual Report, 1902-63 Pp 43 
(Millport, Isle of Cumbrae Scottish Marre Biological Association, Wey 
4 


s 

Procter and Gamble, Ltd Financial Statement for the year ended 30th 
June, 1968 Pp 16 (Neweastle-upon-Tyne Procter and Gamble, FOR 
1963 ) 


Other Countries 


OECD Halden Reactor Project —Fourth Annual Report, 1962 Pp 222 
(Paus Organization for Economic Co-oper ation and Development, European 
Nuclear Energy Agencv, 1963 ) {5 

A Bibliography of Fossil Man, Part 1 1845-1955 Compiled by Prof 
George E Fay Pp 145 (Magnolia, Arkansas Department of Sociology 
and Anthropology, Southern State College ) [511 

Institut Royal Météorologique de Belgique. Observations Tonospher:ques— 
station de Dourbes Aout 1963 Pp 26 Publications, Série A, No 41 
Ray onnement Solaire a Uccle, Année 1954 Pp v+60 (Bruxelles Institut 
Royal Météorologique de Belgique, 1963 ) {511 

Eighteenth Annual Report of the Council of the Queensland Institute of 
Medical Research for the year ended 30th June, 1963 Pp 16 (Brisbane 
The Council of the Queensland Institute of Medical Research, 1963) [511 

Canada Department of Mmes and Technical Surveys Geologica} Survey 
of Canada Bulletin No 94 Upper Cretaceous Floras of the Dunvegan, 
Bad Heart, and Milk River Formations of Western Canada By W A Bell 
Pp 76+42 plates 3dollars Paper 62-22 Copper, Lead, and Zinc Content 
of Stream Sediments in Southeastern New Brunswick (Parts of Westmorland, 
Albert, Kings, Queens, and Saint John Counties) By A Y Smith Pp 19 
50 cents Paper 63-14 Geology of Tweed, Kaladar, and Bannockburn 
Map-Areas, Ontario, with Special Emphasis on Middle Ordovician Strati- 
graphy By B A Liberty Pp 15 (Ottana Queen's Printer, 1963 ) [611 

Canada ‘Department of Mines and Technical Surveys Publications of 
the Domimon Astrophysical Observatory, Victoria Vol 12, No 4 Line 
Tdentufications on the Spectrum of Y Canum Venaticorum By Yoshio Funta 
and Yasumasa Yamashita Pp 117-150 Vol 12, No 5 The Motion of the 
Echipsing System Algol AB in the Triple System By E G Ebbighausen and 
J J Gange Pp 151-158 Vol 12, No 6 Radial-Velocity Observations of 
ight Short-Period Visual Binaries By Anne B Underhll Pp 159-171 
(Victoria, BC Domimon Astrophysical Observatory, 1963 ) [011 

Food and Agriculture Organization of the United Nations Indo-Pacific 
Fisheries Council] Proceedings, 10th Session, Seoul, Republic of Korea, 
10-25 October, 1962 (Section 1) Pp 1v +355 (Bangkok IPEC Secretariat 
FAO Regional Office for Asia and the Far East, 1963 ) 5s , 1 dollar [611 

Canada Department of Mines and Technical Surveys Geological Sui vey 
of Canada Geological Maps—Pielimmary Series Map 183—1963 Duistni- 
bution of Iron Deposits—Rividie Gatineau Map 14—1963 — Distribution of 
Tron Deposits—Broadback River Map 15—1963 Distribution of Iron 
Deposits—l’ort George River Map 16—1963 Distribution of Iron Deposits 
Montreal River (Ottawa Director, Geological Survey of Cua 


1963 ) 

World Health Organization Specifications for Reagents Mentioned in 
the International Pharmacopocia Pp 267 18 Sw francs, 30s , 6 dollars 
Air Pollution a Survev of Existing Legislation (Originally published in 
the Internahonal Digest of Health Legwslatwn, 1968, 14, 187-229) Pp 45 
2Sw francs, 3s 6d 0 60dollas PublicHealth Papers, No 20 Preparation 
of the Physician for General Practice By R Berfenstam and 7 other authors 
(Papers prepared for a European Conference on the Training of the Doctor 
for his Work ın the Community, Edinburgh, 1961) Pp 114 4 Sw franes 
6s 8d , 125 dollars Technical Report Series, No 261 Expert Committec 
on Health Statistics—Eighth Report Pp 34 2 Sw francs, 3s 6d , O 60 
dollars (Geneva World Health Organization, London HM Stationers 
Office, 1963 ) [1111 

United States Department of the Interior Geological Survey Bulletin 
1098-C Comparison of Geological Geophysical, and Geochemical Pios- 
pecting Methods at the Malachite Mine, Jefferson County, Colorado By 
Lyman C Huff Pp _1v+161-179+plate 8 Bulletin 1122-B | Bedrock 
Geology and Asbestos Deposits of the Upper Missisquo1 Valley and Vicinity, 
Vermont By W M Cady, A L Albee, and A H Chidester Pp v+78+ 
plate 1 Bulletin 1144-D — Melting Transformation Temperatures of Mineial , 
and Allied Substances By F C Kracek Pp iv--81. (Washington, D C 
Government Printing Office, 1963 ) [1111 

United States Department of the Interior Geological Survey Bulletin 
1156-B  Phvsical Properties and Mineralogy of Selected Samples of the 
Sediments fiom the Vicinity of the Brookhaven National Laboratory, Long 
Island, New York By George T Faust Pp 1v+34 Bulletin 1158-A 
Bedrock Geology of the Coventry Center Quadrangle, Rhode Tsland By 
George E Mooie, Jr Pp 11+24+plate 1 Bulletin 1181-A Fluvial 
Sediments—a Summarv of Source, Transportation, Deposition, and Measure- 
ment of Sediment Discharge By Bruce R Colby Pp vi+47 (Washington 
DC Government Printing Ofhce, 1963 ) {1111 

Unted States Department of the Interior Geological Survey Water- 
Supply Paper 1610-B Waterpower Resources 1n Trask River Basin, Oregon 
By L L Young With sections on Geology of Sites by R G Wayland and 
D L Gaskill Pp 1v+44+plates 1 and 2  Water-Supply Paper 1760 
Ground-Water Levels in the United States, 1956-60—Northwestern States 
Prepared under the direction of O M Hackett Pp v--222 Water-Suppls 
Paper 1770 Ground-Water Levels m the United States, 1956-60—South- 
western States Prepared undei the direction of O M Hackett Pp v+160 
60 cents (Washington,DC Government Printing Office, 1963 ) [1111 

Alfred P Sloan Foundation Report for 1961-1962 Pp «+147 (New 
York Alfred P Sloan Foundation, 1963 ) [1111 
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GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 











‘AGLA: 


MICROMETER 
SYRINGE 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy 


@ MIRRORS—back silvered and front A BESEISIORE. UASeraMent 


surface aluminised, etc capable of measuring 


@ BLOOMING of optical components very small volumes of 


fluid with an accuracy 


C. J. WHILEMS, LTD. of + 0:00005 mil. 


ILFORD OPTICAL WORKS 


FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone HAlnault 5454-5 





Consider: isn't this just 
plain common sense? 


We're talking about life assurance We're talking, 1n fact, about 
the oldest mutual life office the Society that laid the foundations 
of life assurance as it 1s known today The ‘Old Equitable’, 
founded two hundred years ago, has this about ıt 

It has no shareholders It pays no commission for the intro- 
duction of business This 1s how life assurance was originally 
conceived, and ın preserving these co-operative principles, the 
‘Old Equitable' provides life assurance at cost price 

The ‘Old Equitable’ 1s friendly and helpful, and 1t does a good 
job for your money For example, a quarterly payment of 
£17 12 6 secures a man of 25 an assurance of £3,000 sharing in 
major profits and payable at death whenevér that should occur 
Such a policy taken out 50 years ago would this year yield over 
£10,000 on the death of the life assured If you would like to 
know more about the many kinds of assurance that the ‘Old 
Equitable’ offers, please fill in the coupon below 


get in touch with the 


OLD EQUITABLE' 


| The EQUITABLE Life Assurance Society SU 


19 COLEMAN STREET, LONDON, ECz 


BURROUGHS WELLCOME & CO. 


(THE WELLCOME FOUNDATION LTD) 


LONDON 


Immediate Annuities [1 Personal Pension [7] 
] School Fees O Income for Dependants [J 
Life & Endowment [O Children's Policy [] 





| NAME DATE OF BIRTH | 
(Block Letters Please) 


| ADDRESS N/D | 
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GLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line and 
6s per line thereafter Lines in capitals or 
containing words im capitals 12s per line 
Semr-displayed. £4 16s per single column 
inch Colour (orange) £15 extra ls ıs 
charged for the re-directon of replies to 


advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limued, 1 Clement's Inn, Strand London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 





APPOINTMENTS VACANT 


REPUBLIC OF THE SUDAN 
MINISTRY OF AGRICULTURE 
AGRICULTURAL RESEARCH DIVISION 


Apphcations are invited from those suitably 
qualified to fill a vacancy for Senior Statistician 
and Statistician in the Gezira Agricultural Re- 
search Statton at Wad Medan: 

Qualifications Honours degree in Mathematics 
or Statistics with postgraduate qualifications in 
Mathematical and Experimental Statistics 

Experrence Sentor Statistician (post. a)—con- 
siderable experience in the Design and Analysis 
of Experiments is essential — Expenence of re- 
search in more than one branch of Biometry is 
desirable, and knowledge of sample Surveys 
would be an advantage 
Statistician (post b)—experience of research and 
application of Biometric methods is desirable 

Duties The Senior Statistician would be in 
charge of the Statistical Unit. at the Geztra Re- 
search Station and is responsible for the design 
and analysis of the more complicated experi- 
ments, the planning of surveys, etc He will be 
expected to advise other units on experimental 
techniques and on data analysis and processing 
The Staustician will be responsible for the pro- 
jects and investigations allocated to him ky the 
Semor Statistician 

Terms Appointment will be on Short Term 
Contract for a period of five years in the salary 
range—Post a £S 1,225 to £82,210 with bonus, 
or £S,1 306 to £S 2,360 without bonus Post b— 
£S 1,225 to £S 1,900 with bonus, or £S 1,306 to 
£82,026 without bonus (£S1=£1 Os 6d) The 
Starting rate will be fixed according to age, quali- 
fications and experience In the case of special 
qualifications a rate of pay higher than the maxi- 
mum may be considered A cost of living. allow- 
ance of approximately £S 187 per annum and 
outfit allowance of £S 5D ıs also payable At 
present there :s no income tax in the Sudan 
Home leave accrues at the rate of seven days 
per month, with free air passage Government 
housing 3s provided at low rentals, or if not 
available a housing allowance will be granted 
A system of hire of basic furniture is being 
introduced 

Requests for further details and apphcation 
forms should be made to Appointments Section, 
Embassy of the Republic of the Sudan, 3 Cleve- 
Jand Row St James's London, S W 1, quoting 
reference 7-4/432 a or b Closing date January 
15, 1964 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the post of 


UNIVERSITY LECTURER IN 
BIOCHEMISTRY 
from April I, 1964 
Duties mclude teaching and research Prefer- 
ence will be given to applicants with qualifica- 
nons in medicine and biochemistry The stipend 
is on a scale of £1,490 to £2,310 a year  Sentority 
may be given to determine the initial stipend 
A non-pensionable allowance of £50 a year is 
paid for each dependent child There ss a grant 
towards removal expenses 
Ten copies of applications, together with the 
names of not more than three referees, should 
be sent to TD Kellaway, Secretary of the Ap- 
pointments Committee, Department of Pathology, 
Tennis Court Road, Cambridge, to arrive not 
later than January 9, 1964 


NEW HALL 
CAMBRIDGE 


The Council invite applicatrons for the post of 
Lecturer in one of the subjects commonly studied 
by undergraduates other than English, Trench, or 
chemistry 

Further particulars may be obtained from the 
Tutor, New Hall, Silver Street, Cambridge, to 
eg applications should be sent by January 27, 




















AUSTRALIAN ATOMIC ENERGY COMMISSION 
RESEARCH ESTABLISHMENT, SYDNEY, NEW SOUTH WALES 


CHEMICAL ENGINEERS 


SENIOR RESEARGH OFFICER £A2,622/£A2,982 or PRINCIPAL 


RESEARGH OFFICER £A3,301/£A3,873. 

POSITION R 72 

Diities + To take charge of a Group working on aqueous chemical processing research 
and development for recovermg uranium, plutonium, and beryllium from dispersion- 
type nuclear fuels based on berylluum oxide A small active pilot plant ts at present 
being constructed which will be used for this project The work will involve process 
development to arrive at costs of recoyery and reconversion 


SENIOR RESEARCH OFFICER £A2,622/£A2,982 or PRINCIPAL 


RESEARCH OFFICER £A3,301/£A3,873. 
POSITION R 25 
Duties To take charge of a Group working on high temperature research and 
development on fuel and moderator materials for a high temperature gas-cooled 
reactor The activitics of the group include development of techniques for coating 
fuel particles and fuel shapes with beryllium oxide by vapourphase hydrolysis , 
production of spherical particles of urania and thoria , evaluation of halogenation or 
urama-thoria berylha fuels in a fluidised bed as a means of recovering valuable 
material from spent fuels , study of gas phase mass transfer of BeO in moist carbon 
dioxide at high tempera ures in a dynamic system , development of sol-gel processes 
for berylla systems 
Qualifications The qualificauons for appointment to the Research Officer grades are 
PhD or post graduate research experience of equivalent standard and duration sup- 
ported by satisfactory evidence of research ability Position R 72 requires a graduate 
in chemical engineering with extensive experience in the engineermg development of 
radiochemical processes Position R 25 requires a graduate in chemical engineering with 
experience in fluidised bed techmques or high temperature process development and 
research 

Application forms may be obtamed from the Atomic Energy Adviser, A AEC 


ome Australia House, London, W C2 The closmg date for applications 1s January 
» 1964 





M S E 


have been retained to adyise on this appointment 


DIRECTOR M.LR.A. 


for the Motor Industry Research Association at Lindley, 
Nuneaton, which is supported by the Society of Motor Manu- 
facturers and Traders Limited, the Department of Scientific and 
Industrial Research, and by mdividual subscribers The Director 
takes complete charge, under the Council, of the Association’s 
work The present Director has been appomted to an important 
post in industry 


Candidates, aged preferably 40 to 45, must be British. scientists, 
and must have both academic and industrial experience (not 


necessarily ın the motor industry) in addition to first-class 
degrees, and higher degrees They should preferably also be 
members of a related professional institution A man ıs sought 
who has made his mark, and who 1s accepted as an authority 
in a relevant field 


Salary £4,000 to £4,500 to start, and possibly higher for an 
exceptional person, FSSU superannuation arrangements ; 
three-year agreement initially 


Please write ın confidence, showing how the specific require- 
ments are met, to D M H Evans, quoting U 6416 In no 
circumstances will a candidate’s identity be disclosed to our 
client unless he gives permission after a confidential mterview 
at which he will be given details of the appointment 


MANAGEMENT SELECTION LIMITED 
17 Stratton Street, London, W.I 
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AUSTRALIAN ATOMIC ENERGY COMMISSION 
RESEARCH ESTABLISHMENT, SYDNEY, NEW SOUTH WALES 


CHEMISTS 


GENERAL NUCLEONICS DIVISION 
RADIOCHEMICAL ANALYSIS GROUP 


RESEARCH OFFICER £AI,66! —£A2,498 

SENIOR RESEARCH OFFICER £A2,622—£A2,982 

POSITION R 129 

The work will involve research and development in the field of neutron activation 
analysis This ıs a rapidly expanding field with numerous scientific applications 

Excellent radiochemical laboratories with comprehensive counting equipment are avail-* 
able The MOATA and HIFAR reactors provide irradiation facilities 


RESEARCH OFFICER £AI,66I —£A2,498 
SENIOR RESEARCH OFFICER £A2,622 —£A2,982 
POSITION R 17 
To be Officer in Charge of a self-contamed and well equipped labora ory for the 
determination of very low levels of radioactivity in a wide variety of materials The 
work will involve research and development of low level radiochemical methods and 
the use of advanced counting equipment 
Qualifications (both positions) PhD or postgraduate research experience of 
equivalent standard and duration supported by satisfactory evidence of research ability 
A degree m chemistry with radiochemical and analytical experience desirable Publica- 
uon of research work 1s encouraged Research Officers salaries are at present under 
review 

Application forms may be obtamed from the Atomic Energy Adviser, A AEC 
et UR House, London, W C2 The closing date for applications ts January 


PHYSICIST 


The AEI RESEARCH LABORATORY, RUGBY, 
1s carrying out extensive investigations into the 
understanding of semiconductor materials and the 
use of these materials in new devices A physicist 
1s required for investigations of semiconductor thin 
films and the correlation of their electrical properttes 
with crystalline structure 
Applicants should have a good honours degree or 
Dip Tech and relevant postgraduate academic or 
AE! industrial research would be advantageous Applica- 

tions should be addressed to 

RESEARCH Director of AEI Research Laboratory, 

Rugby, Warwickshire. 


UNIVERSITY OF NIJMEGEN 


Department of Biochemistry, School of Medicine, 
Kapittelweg 40, Nijmegen, The Netherlands 


Applications are invited for the post of semor investigator at the 
Department of Biochemistry, School of Medicine, University. of 
Nimegen in the Netherlands Applicants must have a Ph D degree 
in chemistry or biochemistry and must be willing to work in the 
specific projects currently under investigation in the department 
These projects are developmental biochemistry (induction processes), 
growth—and metabolic control and oxidative phosphorylation 


The laboratory is excellently equipped and is housed in the new 
buildings of the medical school Salary will be 1n agreement with 
the importance of this position, in the range of Dutch fl 15 000,—to 
fl 20000, annually 


Letters of application should be addressed to Prof Dr F W Zilliken 
or Dr F A Hommes at the postal address given above 











AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 


THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 


Applications are invited from chemists (Organic, 
Physical and Physico-Organic) for appointment to 
two Research Fellowships in the Department of 
Medical Chemistry (Head of Department Profes- 
sor Adrien Albert) The successful applicants will 
each be required to work in one of the follow- 
ing fields (1) Synthesis and reactions of nitrogen 
heterocycles , (11) Quantitative studies of the bind- 
ing of metal ions, 1n solution, by organic ligands , 
(u) Kinetics of the reactions of heterocyclic 
substances , (iv) Ultraviolet, infrared and Raman 
spectroscopy of N-heterocycles, and tautomers 
The senior investigators concerned are, for Q) 
Professor A Albert and Dr D J Brown, for 
(à) and Gu) Dr D D Perun, for Qv) Dr E 
Spinner Applicants should hold the Degree of 
Doctor of Philosophy or have had equivalent re- 
search experience The salary range for Research 
Fellows 1s £A1,781 to £A2,450 per annum , initial 
salary depends on qualifications and expenence 
Appointment 1s for three years in the first m- 
stance with a possible extension to five years 
Superannuation is on the FSSU pattern 
Reasonable travel expenses are paid and assist- 
ance with housing 1s provided 

Further particulars are available from the Sec- 
retary, Association of Commonwealth Universi- 
ties (Branch Office), Marlborcugh House, Pall 
Mall, London, SW1 Applications close in 
Australia and London on January 15, 1964 





REPUBLIC OF THE SUDAN 


MINISTRY OF AGRICULTURE 
AGRICULTURAL RESEARCH DIVISION 
Applications are invited from those suitably 

qualified to fill a vacancy as Senior Agronomist 
(Sugar Cane) 

Qualifications and Experience A degree in 
agricultural science, preferably BSc honours, or 
MSc, and qualifications in Sugar Technology 
Practical experience of cane cultivation and 
agronomy are essential, with knowledge of design 
and anglysis of field experiments 

Duties The Senior Agronomist (Sugar Cane) 
will be in charge of the running and organization 
of a Sugar Cane Experimental Unit which is be- 
ing established at the Guneid Sugar Scheme in 
the Sudan The Umt will be a sub-station under 
the direction of the Chief of the Agricultural 
Research Division and includes other scientists 

Terms Appointment will be on Short Term 
Contract for a period of five years in the salary 
range £81,750 to £$2210 with bonus, or 
£S 1,866 to £52,360 without bonus (£S1= 
£1 0s 6d) The starting rate will be fixed accord- 
ing to age, qualifications and experience In the 
case of special qualifications a rate of pay higher 
than the maximum may be considered <A cost 
of hving allowance of approximately £S 187 per 
annum and Outfit allowance of £S 50 is also pay- 
able At present there is no income tax in the 
Sudan Home leave accrues at the rate of seven 
days per month, with free air passage Govern- 
ment housing is provided at low rentals, or if 
not available a housing allowance will be granted 
A system of hire of basic furniture 1s being intro- 
duced 

Requests for further details and application 
forms should be made to Appointments Section, 
Embassy of the Republic of the Sudan, 3 Cleve- 
land Row, St James’s, London, S W 1, quoting 
reference 7-4/433 Closing date January 15 
1964 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ZOOLOGY 


Applications are invited for a post of Research 
Assistant, sponsored by the United States Public 
Health Service, to undertake taxonomic and eco- 
logical work in the aquatic Ohgocheata — Candi- 
dates should hold a degree 1n zoology and should 
have an interest in ecology, freshwater biology, 
or pollution studies The salary scale will be 
£750 by £25 to £850 per annum The possibility 
of working for a higher degree is not excluded 
Laboratory and field work wil be involved 

Applications, stating age, academic qualifica- 
tions and experience, together with the names of 
two referees, should be received not later than 
January 10, 1964, by the Registrar, the Univer- 
sity, Liverpool 3, quoting reference number CV/ 
482/N 


THE DEPARTMENT OF ZOOLOGY, UNI- 
versity of British. Columbia, wishes to entertain 
applications for both current and future faculty 
openings in cell and developmental biology 
Rank and salary wil be commensurate with 
academic experience — Curriculum. vitae should 
be sent to Dr C V Finnegan, Faculty Com- 
muttee, Department of Zoology, Vancouver 8, 
Canada 
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RESEARCH 
CHEMICAL ENGINEER 


DUTIES To study reactions in batch and con- 
tinuous stirred reactors, the recovery and purifica- 
tion of compounds by precipitation, leaching and 
Jarge scale 10n-exchange, chromatography The 
objective will be to design a process and plant for 
commercial production of the compounds 





CONDITIONS : New Research Laboratories with 
excellent facilities for bench and pilot scale work are 
located ın a first-class residential area Library and 
service facilities are good, and the successful applicant 
will have the opportunity to publish and attend 
scientific conferences 


Subject to satisfactory probation, the successful 
applicant will be eligible to jom the company's 
provident fund and to participate ın its libera] house 
advance scheme. 


Tourist class air fares to Sydney, Australia, will be 
provided for the successful applicant and family 
together with an amount of £A200 for tiansfer of 
effects 


QUALIFICATIONS Honours or higher degree 
with research experience 


SALARY Not less than £42,250 but according to 
experience 








Ref RL/30 


Mr. B. Dowling, 






OPPORTUNITIES IN AUSTRALIA 


THE COLONIAL SUGAR REFINING CO. LTD. 


invites applications for the following positions m its Research Laboratories at SYDNEY, AUSTRALIA. 








Applications in writing, quoting the appropriate Reference Number, and enclosing copies of references, should 
be made by 31st January, 1964, to the company’s representative in Great Britain :— 


Plantation House, Mincing Lane, London, E.C.3. 








RESEARCH ENGINEER 


DUTIES To undertake research into the crushing 
and flow of liquid from sugar cane The work 1s aimed 
at an understanding of the principles and may have 
some analogies to the rolling of metals Opportunity 
will be given to choose the direction of the work and 
to define other important engmeering problems ın the 
Company It 1s expected to build up a small team of 
research engineers over the next few years 




















CONDITIONS New Research Laboratories with 
excellent facilities for bench and pilot scale work 
are located in a first-class residential area Library 
and service facilities are good, and the successful 
applicant will have the opportunity to publish and 
attend technical conferences 
















Subject to satisfactory probation, the successful 
applicant will be eligible to join the company’s 
provident fund and to participate ın its liberal house 
advance scheme 













Tourist class air fares to Sydney, Austraha, will 
be provided for the successful applicant and family 
together with an amount of £A200 for transfer of 
effects 


















QUALIFICATIONS Honours or higher degree 
with research experience 







SALARY Not less than £A2,250 but according to 
experience 
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high aperture microscope objective lens 
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tion of surfaces bv reflected light 
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show the contour on a wide range of sur- 
faces by monochromatic or white light The 
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thread, converting the instrument into a 
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orientation and spacing of the interference 
fringes can be adjusted to suit any par- 
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which will cut off the interferometer for 
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has been completely re-styled, and now 
makes ıts debut as a handsome companion 
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design incorporates a shutter to cut off the 
interferometer 
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thicknesses, for evaluating the smoothness of finely lapped or polished 
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INDUSTRIAL TRAINING 


HE long-overdue Industrial Traming Bill passed its 
second reading m the House of Commons on Novem- 

ber 19, 1963 From the debate 16 would seem that neither 
the Minister of Labour nor many of the speakers have yet 
grasped the full significance of trammg m industry or the 
contribution 16 can make to national productivity 

The maim. provision of the Bul ıs that the Minister of 
Labour will be empowered to set up mdustrial training 
boards which will be given certam responsibilities for the 
promotion of trammg These boards will function on 
behalf of an entire mdustry and will make recommenda- 
tions about the kind and duration of trammg for occupa- 
tions within the industry. Courses may be arranged by 
suitable outside organizations to support the treinng 
provided by mdustry itself, while, to ensure that tramng 
is effective, the boards will be empowered to establish 
tests to ensure that certam standards are reached before 
an individual ean be recognized as bemg proficient in 
hus job 

The boards wil be authorized to make levies on 
employers withm the particular industry and, where 
traimmg 18 considered to be adequate and satisfactory, 
rexmbursements can be made to employers to cover costs 
Other features of the boards are that the members will 
be drawn. from representatives of employers’ and employ- 
ees’ organizations and other mterested bodies, and that 
the chairmen shall be paid In addition, a Central Trammng 
Council will be established which will be empowered to 
advise the Minister on any aspect of mdustrial and com- 
mercial trammg 

Durmg the debate, reference was made to a number of 
structural defects m the Bill Chief among these is the 
fact that, although reference 1s made to the powers of the 
Central Trammg Council to promote traming for com- 
merce as distinet from mdustry, the Bill contains no 
provision for the settmg up of statutory commercial 
traming boards along the same limes as the industrial 
traming boards Yet, m retail mdustry, 16 1s only in the 
past year or so that any lund of awareness of the need 
to tram retail staff has oceurred and, at present, any 
significant advance has been confined to two or three lead- 
mg companies Probably the worst offenders m the com- 
mercial world, however, are to be found m the fields of 
insurance, accounting and simular busmess where, for 
the higher grades, the pattern of trammg has changed 
httle ın the past fifty years, while, in the lower grades, 
employers seem unable to recognize them respons- 
bilities 

Local government 1s little better, and ıt would need all 
the skull of the Minister of Education to explain the zeal 
of local education authorities m promotmg day-release 
faciltties for young people m industry with ther seemmg 
reluctance, or inability, to provide simular facilities for 
their own clerical staffs The explanation as to why the 
Government does not propose to include provision for 
systematic education and trexung for all grades of ervil 
servants or local government employees m the Bill 15, 
to say the least, extraordinarily evasive 

Other defects in the Bill are the vagueness about the 
system of levies which will be enforced on industry, the 
relatwe contributions to be made towards trammg by 


Government and employers, and the way m which ‘small’ 
firms are to be excused any participation im traimmg and 
any mvolvement m the provision of money through 
levies Smee the majority of small firms are the biggest 
offenders m their lack of provision for industrial traming, 
and smoe they so frequently rely on obtaining trained staff 
from bigger firms to fill ther vacancies, many employers 
in the bigger and more progressive organizations are bound 
to feel that the Mimster of Labour, Mr Godber, has failed. 
to grasp the nettle As the industrial trammg boards get 
under way, he 1s likely to learn with some force that the 
majority of small firms use their smaliness as an excuse for 
maction, that m a few cases some of the most significant 
tramimg carried out m mdustry 15, m fact, bemg done m 
very small firms and that big concerns are largely made up 
of parcels of small units and find 16 as difficult to provide 
facilities for education and tramimg as the smaller firms 

Many years have already been wasted m falmg to 
tackle the problem of mdustrial traimmg seriously, and 
Mr Godber should think again about the exemption of 
small firms 3 

It was m the debate, however, that greater weaknesses 
revealed themselves All who spoke welcomed warmly a 
Bill which has been a long time evolvmg ‘There could 
be no dissident voice .agamst proposals which would help 
to improve the quality and skill of mdustrial workers. 
The emphasis on apprenticeships, however, and the lack 
of any sense of urgency made 1:5 unfortunately only too 
elear that, to the Minister and many members, the Indus- 
trial Traming Bull will achieve 1ts objective 1f ıt leads to an 
expansion of facilities for trammg so-called skilled workers 
m vocational trammg or modified apprentice traming 
centres Although fleetmg reference was made to the 
traming of managers, foremen, technologists, technicians 
and clerical workers, the concept that trammg m any 
organization will be ineffective unless the tramung of all 
grades proceeds simultaneously and ıs interlinked was not 
discussed 

Reference was made to certain well-known firms which 
have an mternational reputation for traiung engineers, 
no mention was made of the fact that, until comparatively 
recently, the efforts of both professional engmeers and 
craftsmen im ab least one of these companies had been 
munmuzed by the lack of tramimg provided for managers, 
supervisors, semi-skilled and office workers Industrial 
tramung to-day 1s largely provided for engmeermg orafts- 
men, hike fitters and turners, who form a small proportion 
of the total work-force of most mdustrial organizations 
Too little attention has been directed to the needs of other 
craftsmen, like electricians and welders, and, very often, 
they have been left to learn their jobs as they go along 
For semi-skilled and ancillary workers m many industries 
the amount of systematic trammg provided is almost 
neghgible and largely explams their lack of status and 
responsibility. Few have done more to direct attention 
to this fact than the general secretary of the "Transport 
and General Workers’ Union, Mr. Frank Cousms To- 
gether with responsible employers he has consistently 
argued that the worker’s attrtude towards a job 18 in 
direct proportion to the demonstrated effort which has 
been made in preparmg him for 1b 


114 


The contmuous natwe of traming received. hitle atten- 
tion, despite the fact that a marked shift 1s occurrmg in 
the content of all Jobs and that most trammg of the future 
will have to be based sufficiently broadly to provide for 
jobs not yet mvented In all mdustries, despite Parkin- 
son’s Law, the number of administrative and supervisory 
posts 1s mereasing at the expense of manual jobs Job 
knowledge 1s increasingly becoming more important than 
Job slall, even 1n the so-called skilled trades 

For this and other reasons the actual membership of 
the industrial trammg boards will need careful scrutiny 
The Industrial Trang Bill has only become necessary 
because requests for voluntary efforts by employers made 
by Mr Robert Carr and other members of the Government 
have met with httle response By and large, the Trade 
Unions are not aware of what ıs involved in industrial 
tremmg and their efforts over the past decade have been 
generally to say ‘no’ to any attempts to shorten periods of 
apprenticeship The fact that trammg provided durmg 
apprenticeships 1s often illusory and that apprenticeships 
themselves form but one small part of the total pattern of 
industrial trammg has not concerned them Nevertheless, 
the mdustrial trammg boards are to be largely made up 
of representatives of employers’ organizations and of 
organizations representing the mterests of large numbers 
of participatmg employees, which means the Trade 
Unions Although there may be a small number of other 
members, effective power on the boards has already been 
vested in the employers’ and employees’ representatives 

In private mdustries, like steel, wool and chemicals, the 
industrial trammg boards should soon get to work In 
nationalized industries lke coal, electricity, gas and the 
Post Office, similarly constituted boards will seek to 
develop facilties which have already been well begun 
What of machine tools, large sections of the engineering 
indusines, shipbuilding and ship-repairing, the construc- 
tion industries and various non-ferrous mdustries*? The 
men who are elected to the boards may well be the very 
men who have turned deaf ears to all exhortation over the 
past fifteen years and who, ın no small part, are responsible 
for the sorry plight that some of these industries find 
themselves in to-day 

The Muuster of Labour has already said that, on 
some industrial trammg boards, he would retam the 
prerogative to see that the paid chairmen were drawn 
from other spheres of activity In some cases this pre- 
rogative will need to be used from the begmnmg The 
Minister should also give considerable prominence to 
Clause 9, which enables him to “amend or resolve an 
industrial trammg order and to provide for the wmding 
up of a board’s affairs” 

All with direct experience of training, however, will 
realize that even with an mterested and mformed Central 
Trainmg Council and industrial trammg boards, the new 
mnpetus will come from the quality of the men and women 
appointed as paid traming directors by the boards Many 
of these will be drawn from existing industrial traming 
officers and, ıt must be conceded, the number of senior 
management with actual experience of developmg indus- 
trial trammg schemes is not excessive Such men will 
need considerable acquaintance with the main functions of 
the dustry they are trymg to serve—production, finance, 
sales and personnel They will need to be well aware of 
management techniques hke work study, organization 
and methods, and various facets of operational research 
as well as essential systems and procedures like budgetary 
and cost control They must have a general knowledge of 
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the national educational system and detailed knowledge 
and acquamtance with further education The latter will 
involve building up the closest hnks with local schools 
and technical institutions Above all, they will need actual 
experience of admimustermg various aspects of mdustrial 
trammg, from longer mduction courses for young people 
to shorter ones for adults, from the o1gamzation of system- 
atc operator trammg to the admmustration of apprentice 
tramung centres for all so-called skilled trades, for the 
devising of contmuous courses of traming for technicians 
to the establishment of ad hoc courses for technologists, 
and for the launchmg and running of suitable residential 
and non-residential trammg for supervisors and managers 
In addition, they must possess awareness to realize when 
no suitable trainmg courses exist to meet ther mdustry’s 
needs, as well as the force to persuade educational organ- 
izations and examining bodies to provide them, the latter 
can be as conservative as many Trade Unions and 
employers 

Al this will demand considerable skill as teacher and 
administrator The need for diplomacy is even greater 
For education m mdustry differs from that m formal 
institutions m that production 1s paramount, and effective 
traiming arrangements can never be made if sales demands 
are to be met It ıs not easy persuading production 
management that firms may go out of business even more 
surely if the human needs of to-morrow are completely 
ignored because of the material needs of to-day No 
successful mdustrial trammg officer has failed ın his 
persuasions, and he 15 the kind of man who mdustrial 
training boards should appomt to direct and mspire its 
full-time staff 

We suspect that the Mmustry of Labour has already 
shown itself to be too conservative (not m the political 
sense) 1n its appomtment of the first adviser for national 
trammg Why not leave the Services and even the politi- 
cians to their own specialized jobs and appomt someone 
who has already proved himself in industrial traming ? 
To guide him he should also recruit men and women direct 
from industry and commerce, the chief of whom should 
have status not less than that of the Chief Education 
Officer to the London County Council, his duties, responsi- 
bilities and influence will be no less great He, and all 
those responsible for directing trammg when the Act 
comes into force, must ensure that the ultimate responsi- 
bity for trammg remams with hne management and 
that the performance of the management be judged 
to a considerable extent by the attention ıt directs to 
traming all those ın its care 

It 1s about time that this Government, hke previous 
ones, began to recognize that mdustry, science and other 
facets of human endeavour are becoming irritated, to say 
the least of 1t, when so-called ‘advisers’ are, presumably, 
automatically selected from ‘professional’ politicians and 
retired Servicemen The days of ‘back-room’ boys should 
go, we hope never to return 

The greatest task facing the Mumuster 1$ not, therefore, 
simply the setting up of suitable administrativo machinery, 
or, as he implies, the traming of more instructors at Letch- 
worth for his mereased number of vocational trammg 
centres This, alone, would lead Britain only to the 
mechanical repetition of mechanical traming arrangements 
which are already in bemg While the principles of training 
will not change, the kmd of trammg provided in five 
years’ tume should differ radically m content and mechanics 
from that of 1968 The key men and women will be the 
paid members at the Ministry, those who serve the 
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industrial trammg boards, and the mdustnel trammg 
ofüeers This is no time to lament the mabihty of a 
voluntary organization, lke the British Association for 
Commercial and Industrial Education, to recruit enough 
members for its second mdustrial traming officers! course 
Such men are essential and the Mmusters of Labour and 
Education should at once get together to launch a full- 
scale traiming course along the lines so successfully carried 
out for youth employment officers With the night condi- 
tions and appeal there should be no shortage of recruits 
A national lead of this sort would find such a response m 
mdustry and education that, m one decade, the workers’ 
readmess to accept and even initiate change could surprise 
all who are unfamuhar with existing tramung schemes m 
iron and steel and chemical companies ‘Traming will 
come mio its own when it 1s recognized as the hand- 
maiden of productivity Science will only be applied m 
industry and commerce when men and, women are pre- 
pared to receive 1b, the ways of science have to be taught, 
but there are some m authority who cannot, or will not, 
learn 


CHRISTIANITY AND SCIENCE 


Faith and Reason 
By Nathaniel Micklom Pp 196 (London Gerald Duck- 
worth and Co, Ltd , 1963) 16s 


fees problem of communication between various 
disciples of learmng 1s by no means easy to solve 
A man ought to be fully briefed in both if he has some- 
thmg to say to those on one side or the other If not be 
must have a real sympathy with what others are trying 
todo Dr Micklem1s not a man of science in the accepted 
sense of the word, but he 1s a man of the kind of sympathy 
required At least he 1s aware of what men of science are 
domg and of the importance of thew work He has 
philosophical learning and a long experience of dealng 
with human beings, and he writes with lucidity and charm 
His book is an attempt to present an mterpretation of 
Christian thinking to mtellectual men and women, recog- 
nizing the notable advances in science, the new knowledge 
of non-Christian religions, the rise of Marxism, the resurg- 
ence of cruelty and violence, and the thnkmg within 
Christianity itself about its meaning and message Hm- 
self a poet, he also quotes most effectively from poetry 
and literature to illustrate his themes 

The first part of the book ıs a study of Nature, of values 
and of religion and truth Dr Micklem concludes that 
Nature 1s series of inter-connected patterns of unmmagin- 
able range and complication It 1s meoncervable that all 
this occurs by chance It 1s equally inconceivable that 
rational creatures should emerge from a umverse that 1s 
itself irrational -Pattern ıs correlative to intelligence 
There 1s reason to believe ın an Intelligent Ground to all 
that ıs It ıs rational man that also ascribes values as 
well as recognizing patterns He then shows that some- 
thing new has emerged in the planet, like the emergence 
of hfe or that of man This 1s what he calls the Christ- 
event 

What was the truth of thus event ? What does tt mean ? 
This raises questions of history and of faxth, and as well m 
our own time those of language ‘“The use of language not 
really 1ntelhgible or convinemg to the mmds of our con- 
temporaries 1s very serious hindrance to the acceptance of 
the Christian faith", and later '"Tbe Christian doctrine 
of the Godhead must not be unmtelligible to all except 
professionals” “God ıs personal Love embracing His 
creation If this were made plain to the ordinary Christian 
and to the world outside the understandimg and presente- 
tion of Chnistianity would be much simpler? Dr Micklem 
would be the first to admit that even when so presented 
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Christianity does not necessarily convince many mntelhgent 
men who cannot bring themselves to conceive that 1b can 
be trae, but at least his book does make a brave attempt 
to present it m such a way that some who are rejecting a 
false image of ıt may take a new look at what 1s mvolved 
m 16 and perhaps find 16 less irrational than at first they 
thought ıt to be 

There are hard demands on the reader m the examuna- 
tion of Christology—+the doctrme of the person of Christ 
The reference to Tehard de Chardin on pp 120-121 
shows one way 1n which a man of science understood the 
meaning of Christ m the long evolutionary development 
of mankind In the same way as he discusses the Christ- 
event Dr Micklem explams the meanmg ôf reconciliation 
“The Biblical and theological phrase ‘to be in a state of 
grace’ can most readily be understood as the opposite 
of being in disgrace " But when allis said and done to 
communicate the Christian religion intelligently the entry 
into the Kingdom is still not easy It is peculiarly hard 
for intelleetuals, he says “The Gospel ıs very simple 
1t 1s apprehended by the wlummated Reason not by 
reasoning Faith ıs an unmediate perception, not the 
conclusion of a syllogism ” 

In view of the fact that so many intellectuals reject 
Christianity owing to the weight of the evil and pam in the 
world 15 1s satisfymg that Dr Micklem looks at this whole 
problem, as he calls 16 “tho great enigma" In the end 
he has no simple solution except that what we do not know 
must somehow be consonant with what we know We 
cannot judge of the pattern until 1t 1s completed On this 
and on many other questions which cannot find obvious 
answers Dr Miücklem writes with a kmd of reverent 
agnosticism which typifies one aspect of the Christian 
religion, for on some matters we seo through a glass 
darkly, and not yet face to face In the end we have to 
move from the "finite, speculative and transient into the 
dimension of the infinite, the real, and the eternal God 
1s 1n heaven and thou upon earth, therefore let thy words 
be fow” 

This 15 not à book for those who like everything ‘cut 
and dried’ This is because Dr Micklem knows that one 
cannot cut and dry the ultimate reality with which he 1s 
m contact It 1s not unlike the Bishop of Woolwich's 
book Honest to God 1n spt, but 16 18 the book of an old 
man reflecting on a long experience and thmking aloud 
One hopes 1t will be read by some of those intelligent 
people who do not dismiss religion as an illusion, but 
have not so far found what they can call a reasonable faith 
Let them at least consider what Dr Micklem has to say 

Marcus KNIGHT 


SEEING CAUSAL EVENTS 


The Perception of Causality 

(Methnen’s Manuals of Modern Psychology) By Prof A 
Mochotte Pp xxn+425 (London Methuen and Co, 
Ltd, 1963) 458 


ROF and Mrs T R Miles are to be congratulated 
on ther excellent translation of this classical work, 
previously svailable only m the French editions of 
1946 and 1955 This new edition 1s not only a translation 
nto clear Enghsh (a very difficult task), but 16 also con- 
tains a summary and critical essays by Prof Miles, as 
woll as a really helpful mtroduction by Prof R C Oldfield, 
who has known the author durmg the period of these 
researches, and manages to convey something of the 
atmosphere of Michotte’s laboratory at Louvam 
What Michotte has done ıs to pomt out that we see 
some events as causal. This is not so for all the things we 
beleve to be causal—if wheat ıs planted we know that 
thig causes the crop to come up some months later, but 
the connexion between these events 18 not apparent m 
direct perception On the other hand (and this 1s what 
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Miehotte 18 concerned with), when one billard ball strikes 
another, we see the second ball move off as a result of the 
blow We seo this not mtellectually, but as a direct 
perception, like seemg the colour or shape of an object 
"His basic demonstration 18 simple and elegant it involves 
pairs of coloured patches, arranged to move so that the 
first approaches and touches the second, which then 
moves In a long series of experiments, the velocities of 
the two coloured patches are varied, and a delay is 
sometimes introduced before the second patch moves off 
The effect with some velocities and delays 1s truly striking 
—one could swear the first patch pushes the second In 
other conditions 1t seems to ‘launch’ the second patch, 
or again to ‘project’ rb. Indeed, a language for describing 
the effects has grown up, and in this we see something 
of the strength and the weakness of the experiments If 
there were no clearly different perceptual effects under 
the various conditions, 16 would scarcely have been pos- 
sible for such a language, commanding reasonable agree- 
ment from naive observers, to have developed, but just 
because ıt has developed, there ıs probably a tendency 
for the language to over-classify and modify the perceptual 
experiences 

Whenever experiments mvolve various conditions of 
stimulus but rely on descriptive reports, we are somewhere 
1n an uneasy hinterland between science and art criticism, 
and ıt 1s extremely difficult to evaluate the results or 
place much confidence m the details This does make 
one wonder whether Michotte was altogether wise in 
pursuing his first elegant demonstration with quite the 
thoroughness evident m T'he Perception of Causality 
Would he not have done better to abandon verbal reports 
of this descriptive kind, m favour of getting his observers 
to compare their perception of hus moving patches with 
other thmgs? In particular, one*would hke to know 
whether the time and velocity relations over which eausahty 
18 ‘seen’ 18 the same for the neutral patches as for real 
bihard balls Would the critical conditions be the same 
for expert bilhard players, or engineers, as for those naivo 
im matters physical? Such comparisons might give a 
more convinemg answer to the question of how far the 
perception of cause 18 learned 

We are subject to Michotte’s causal effects whenever we 
see & cartoon film: Are we subject to them watchmg 
normal films, and dealmg with the physical world? 
How far do we tolerate queer behaviour in real objects, 
and still seo cause? It should be possible to find out, 
and who better than the workers at Louvain to tell us 

R L GREGORY 


A MONUMENTAL 
PSYCHOPATHOLOGY 


General Psychopathology 

By Karl Jaspers Translated from the German 7th 
Edition by J Hoemg and Marian W Hamilton Pp. 
xxxu--922 (Manchester The Universtty Press, 1963 ) 
758 net 


HIS book has been regarded as one of tho classic 
texts of German psychiatry, a reputation 16 acquired 
soon after 1ts first edition was published fifty years ago. 
Re-reading 16 after many years, one 18 again struck by 
the wealth of material presented, the clearness with 
which individual problems are seen and the beauty of 
the chnical descriptions 
The author divides his book mto seven paris  iniro- 
duction, individual psychic phenomena, meaningful 
psyche connexions (verstehende Psychologie); the causal 
connexions of psychic hfe (erklarende Psychologie), the 
conception of the psychic hfe as a whole, the abnormal 
psycho m society and history, the human bemg as a 
whole 
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To me 1t seems that there are three maim ways in which 
tho author's work can be classified phenomenology; 
methodology, philosophy 

In psychiatry ho has probably been best known for 
the phenomenology This ıs partly due to the outstanding 
description of patients’ experiences and behaviour, but 
of even greater importance 1s the differentiation of the 
observed phenomena As an example of this I should 
liko to quote his dealing with feelings and affective states 
He describes the changes in bodily feehng, changes m 
feehng of capacity, apathy, feeling of having lost feeling, 
changes im feeling tone of perception, unattached feehngs 
and, finally, the growth of private worlds from unattached 
feelings 

‘In the same way he deals with a large number of 
psychological items, be they delusions, hallucinations, 
speech, use of symbols, mtelhgenee, memory or others 
Probably the best are his descriptions and classification. 
of hallucmations and delusions Concepts lke the ‘primary 
delusion’ o: ‘delusional perceptions’ are oxemplified and 
described Linguistic difficulties may m the past have 
been responsible for the fact that these 1deas were rathor 
ignored by British and American psychiatrists 

Constitution and heredity, physiognomy and hand- 
writing are among the numerous aspects described by 
Jaspers, but among the most impressive 1s the author’s 
way of dealmg with the individual's personal world, 
especially the world of the schizophrenic, of the obsessional 
and of the mame patients 

Methodology 1s frequently discussed His errticisms 
of authors lke Freud and Kretschmer on grounds of 
faulty method are often ilummatmg, although not 
always original About 25 pages are devoted to the 
nature of theories, ther formation and his own critical 
attitude to theorzmg His view that theories have only 
a hmuted value as they tend “to suffocate real insight, 
lively observation and all scientific progress" makes him a 
true phenomenologist, although he disagrees with this 
view of himself in the preface of the seventh edition 

The author's philosophical stand 1s existentialist and 
this pervades the book m spite of his warning that 
existential philosophy cannot be used “as a means of 
acquiring psychopathological knowledge” 

In the introduction written in 1959, Jaspers admits 
that durmg the past two decades his book has not been 
brought up to date and yet claims that 1b 1s not out of 
date While this 18 ın essence true, ıt seems regrettable 
that most research done outside Germany 1s 1gnored and 
that there is an almost complete absence of references 
to work done m the past twenty years Kretschmer’s 
theories are discussed on 18 pages, but Sheldon 18 not 
mentioned In the chapter on heredity Mendelian theories 
are summarized, but Kallmann, Slater, Penrose and the 
Seandinavian School are not referred to The treatment 
of general paralysis of the insane 18 stated to be 1noeulation 
with malara These are blemishes on a great work 
They should not be regarded as detracting from its 
exceptional value We owe a debt of gratitude to the 
Department of Psychiatry of the University of Man- 
chester for this translation, which 1s a remarkable render- 
mg m Enghsh of an extremely difficult German text 
This ıs a very commendable achievement, as Jaspers’s 
writing 1s fer from easy and he often mvests some words 
with a rather special meaning One error surprised me 
The German term Amenta 1s rendered as ‘amentia’ m 
the Enghsh text, but Amenia m German means an 
extreme state of confusion, while ‘amentia’? m Enghsh 
means mental deficiency or sub-normahty 

I myself thnk that an.abridged version contam- 
mg mainly the phenomenology would be of immense 
value, as the size of this book as well as the philosophical 
parts will cause some potential readers to shy away from 
one of the more important fundamental contributions 
to psychopathology and to psychiatry 

S L LasT 
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GODEL’S THEOREMS IN ENGLISH 


On Formally Undecidable Propositions of Principia 
Mathematica and Related Systems 

By Kurt Godel ‘Translated by Dr B Meltzer Pp 

vin4-72 (Edmburgh and London Oliver and Boyd, 

Ltd, 1963) 12s 6d net 


"pus appearance of this slender manual, possessing 
an importance out of all proportion to its shght build, 
1s a major event in the field of meta-mathematics Kurt 
Godel announced his discovery to the Vienna Academy 
of Sciences ın 1930, and published 15 ın the Monatsheften 
fur Mathematik und Physw, 38, Leipzig (1931) This 
contribution carried the somewhat mvolved ttle, trans- 
lated into Enghsh, which forms that of the present book 
In support of the Enghsh rendermg of the origmal 
German, we are provided with an introduction by Prof 
R B Braithwaite, which 1s m the nature of a com- 
mentary and paraphrase combined Its presence adds 
greatly to the value of the transliteration, and 1s m itself 
a noteworthy addition to the hterature of the subject 
Taken together, therefore, the student of mathematical 
logic can have before him everythmg that 1s essential 
to a grasp of what competent judges are melined to regard 
as the most important discovery in this sphere of learning 
since the time of Aristotle 

Ths bemg so, the aim of a reviewer 18 presumably 
two-fold to exemune Dr Meltzer’s translation, and to 
offer one or two observations on the introduction With 
regard to the former, the altogether admirable practice 
has been adopted of giving margmal page numbers (in 
square brackets) throughout the text of the origmal paper 
Taking advantage of this, ıt has been easy quickly to 
compare tho German and English at several crucial 
pomts, and the reader can rest assured of how accurately 
the task has been accomphshed And not only so, 
Gódel's theorems—there are really two—are works of art 
as woll as of science, and the esthetic content remains 
invariant As occasionally happens, Enghsh 1s sometimes 
the neater For example, the phrase ‘w-consistent’ 18 
fundamentally an improvement over ‘w-widerspruchfrein’, 
and 16 only remains to notice that (as indicated on p 34) 
c 18 used from p 57 onwards m place of Gédel’s x, for 
class. 

To turn to more general matters, and to Prof Braith- 
waite’s troduction mn particular, Godel's major discovery 
was to the effect that “every system of arithmetic contains 
arithmetical propositions concerned solely with relations 
between whole numbers which can neither be proved or 
disproved within the system”. ‘This statement shows the 
universality of Godel’s theorem compared with, say, 
Presburger’s work of 1930, m which he established & 
decision procedure for an arithmetic restricted to addition, 
and excluding multipheation In proposition XI (p 70), 
Godel states his Unprovabihty-of-Consistency theorem for 
a system P as follows “If c be a grvon recursive con- 
sistent class of formule, then the propositional formula 
which states thet c is consistent 1s not c-provable." 
Alternatively, m Brasthwaite’s simplified form (class c 
bemg null)—‘If the formal system P is consistent, its 
consistency is unprovable within P" Godel mitended to 
develop this further in Part 2, which has never been 
published 

The power and depth of Godel’s theorems are immense, 
and the introduction brings out these unique qualities, 
an achievement of the human mind perhaps without 
parallel m the modern diserphne of the meta-sciences, 
and a product, historically speaking, of the Vienna Circle, 
disbanded before the Second World War 

At this stage we can be quite clear as to what Godel 
accomplished, after which the attendant methodology 
becomes apparent He showed how it was possible to 
construct a formula to convey the mathematical precept 
that the formula is not demonstrable, and established that 
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this formula is demonstrable if, and only if, 1ts negation 
is demonstrable Next, though this formula 1s not form- 
ally demonstrable, 16 ıs nevertheless a true arithmetical 
formula Lastly, this formula bemg true and undemon- 
strable, the axioms of arithmetic are mcomplete This, in 
short, 1s the structure of the whole grand edifice 

Finally, for the methodology of this truly remarkable 
aproeess of reasoning, Prof Brathwaite’s discussion 19 
bnefly as follows Whitehead and Russell’s Principa 
Mathematica forms a deductive system (which includes 
arithmetic), operating with a lunited numbor of rules of 
inference In ordei, however, to show that these rules 
wil result m every theorem followmg from the axioms, 
one must consider the formule 1 the light of what Godel 
calls ‘mechanical rules’ by obeying which another formula 
can be obtamed by symbole manzpulation There 1s 
therefore a certain correspondence between such a calculus 
and the deductive system Godel succeeded m mapping 
statements ‘about’ arithmetic as expressions ‘in’ arith- 
metic, not unlike the method of Descartes 1n his algebraic 
geometry Syntactically, Godel’s theorem amounts to 
ihe discovery that arrthmetic 1s basically, and in its very 
nature, mcomplete 

Scholars owe a debt of gratitude to the Edmburgh 
Philosophy of Science Group which stimulated the trans- 
lator to undertake the work of making these great 
advances ın meta-theory available to Enghsh-speaking 
readers F. I. G RAWLINS 


GEOPHYSICS OF THE 
ATMOSPHERE 


Exploring the Atmosphere 

By Dr G M B Dobson Pp x+188 (Oxford Claren- 
don Press, London Oxford University Press, 1963) 
21s net 


R G M B DOBSON, who until recently was reader 
m meteorology m the University of Oxford, 18 well 
known for his investigations mto the upper atmosphere 
and especially for his measurements and studies of ozone 
This book, he tells us, was written because audiences at 
semi-popular lectures given during the International 
Geophysical Year had, m ther questions, expressed a 
need for non-specialist books on geophysical subjects 
The result ıs a small volume that surveys the whole scene, 
from sea-level through the troposphere, stratosphere and 
sonosphere to the frmges of the atmosphere, the regions of 
aurora, airglow and the radiation belts 
In the opening chapters, Dr Dobson discusses, among 
other things, one of the historic problems of meteorology 
—why the temperature of the air first falls with height, 
then becomes constant, then rises and falls agam and, 
finally, mses once more ‘The discussion covers not only 
direct measurements by radiosondes and rockets but 
also the earher (and m some respects more fasemating) 
indirect deductions of high upper-air temperatures from 
observations of meteor trails and the anomalous propaga- 
tion of sound Then follow chapters on precipitation 
mechanisms and thunderstorms, and a clear and suceinct 
account of the subject that Dr Dobson has made his 
own, the omgm, maintenance and distribution of atmo- 
sphere ozone The accounts of ionospheric physics, 
aurora airglow and the Van Allen radiation belts are 
preceded by a short chapter on the Sun, and the book 
concludes with a description of the Earth's magnetzc field 
and its fluence on the high atmosphere 
To cover such a wide range of topics m a book of less 
than two hundred pages without making it a mee 
catalogue of phenomena is something of a feat Very 
wisely, the author has resisted the temptation to include 
and explam everythmg It 15 not a connected account 
of the atmosphere but a collection of essays on some of 
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the main topics of present-day geophysical research, and 
clearly 18 intended for a reader who knows some basic 
physics and would lke to learn more about his environ- 
ment As such ıb can be recommended for the sixth form 
and the university, for 1t 1s accurate, clear and furnished 
with good diagrams There ıs only one feature that I 
found mildly uwritatmg. that, with very few exceptions, 
proper names are avoided But surely 16 1s a disadvantage 
for the reader not to be told, for example, that the mode 
of formation of ram described m this book 18 always called, 
in meteorological literature, the ‘Bergeron—Findeisen 
process’, or that the imitial discovery of the high-level 
warm layer from observations of meteors was the work of 
Lindemann and Dobson ? GRAHAM SUTTON 


PRINCIPLES AND APPLICATIONS 
OF TRANSISTORS 


Fundamental Principles of Transistors 
By Dr J. Evans. Pp. xu+332. (London. Heywood and 
Co , Ltd , 1962 ) 505. net 


Physical Principles and Applications of Junction Tran- 
sistors 

By J. H Simpson and R S Richards (Monographs on 

the Physics and Chemistry of Materials) Pp xiv+519 

(Oxford Clarendon Press, London Oxford University 

Press, 1962) 63s net 


LMOST all authors of books on the transistor began 
their scientific lives before 1948, the year transistor 
action was discovered They have therefore come to this 
subject by way of others, such as the thermionic valve, 
computer design or network theory Many of the readers 
of the books may be much younger, but again ther 
interests and background knowledge are diverse, some 
view the device as a product of the physics of semi- 
conductors and some as the starting pomt for new 
electromic circuits and systems This spread of both 
authors’ and readers’ points of view and the rapid advances 
m technology, electrical performance and applications 
combine to increase the difficulty of choosmg most suitably 
- the approach, coverage and attention to detail m a new 
book 
Certainly we have yet to repeat, for the transistor, the 
happy position reached by the early '40's m books on the 
thermionic valve For then we had several, mostly 
coming from the United States, which were notable for 
being balanced m content, soundly based scientifically 
and well written While the inference that all books on 
the transistor ean be lightly dismissed must not be drawn, 
none has chosen a coverage and approach which have 
marked 16 as an obvious example for others to follow, with 
depth of detail as the only variable However, the task of 
authors may be easing for the subject 1s now acquirmg 
some inertia 
The first edition of Dr Evans’s book, published six 
years ago, was well received, 16 was a descriptive effort 
which did not tax newcomers, but stimulated thought with 
provocative comments The second edition seems less 
lively m style but otherwise much m keepmg with the 
first Some topics, particularly the diffused-base transistor, 
are much expanded, and there 1s more quantitative detail 
The main themes are unchanged as the physics of sem1- 
conductors and p-n junctions, the prediction of the 
properties of transistors, and transistor technology A 
chapter on the basic theory of semiconductors, part of the 
first theme, makes some tellmg points, but one must have 
some reservations about such an abbreviated account of 
the bedrock of the subject Readers who have investigated 
fuller accounts may be apt to undervalue the book 
because this chapter so lightly skips over complications 
The p-n junction 1s dealt with at shghtly greater length, 
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here mention could have been made of the curient/voltage 
relationship when generation m the depletion layer 
predomunates, and the capacitance of a junction should 
have been calculated as dQ/d V without reference to the 
parallel plate capacitor, which 1s a poor analogy The 
chapters on the internal operation and electrical properties 
of transistors give attention to most key features, but the 
reason that a graded base introduces a drift field might 
have been given more convmemgly The account of 
transistor technology covers many processes, with fair 
comment on them Unfortunately the planar technique, 
announced ın 1960 and soon recognized as a powerful 
competitor to many others, escapes attention. 

The second book 1s based on a course of lectures, given 
to electrical engineers working for a master’s degree, by 
two of the staff of Canada’s National Research Council 
It might almost be said to start where the other leaves off, 
for ıt concentrates on applications Only the first sixth deals 
with principles, largely by description rather than analysis 
except for three appendices Key formule are given with 
occasional comments on their less-obvious features, but 
more enquiring readers must turn elsewhere for the under- 
lying physics The next third of the book deals with what 
threatens to piove one of the least tractable parts of the 
subject—the representation of the electrical properties of 
the transistor If ıb 1s done without attention to prediction 
based on the physics of junctions, the purpose of any 
account of the physics 1s largely lost, but the physics 
reveals an electrical behaviour not easily simulated by any 
simple network of conventional generators and passive 
elements so that users turn to empirical representations 
which are more compatible with ther methods of network 
design and analysis The authors fluctuate between 
equivalent circwts and two-port parameters without 
sufficient comment, and allow description of the structures 
of several types of tiansistor, common and rare, to mtrude 
Noise and bias stabihzation are dealt with more neatly 
Switehmg properties are described by the approach of 
Ebers and Moll rather than that of Beaufoy and Sparkes 
The second half of the book describes and analyses the 
commoner transistor circuits It will help many newcomers 
to an understanding of past design for 16 1s very 1eadable, 
a lengthy chapter on negative feed-back justifies itself 
particularly by the variety of methods of application 
considered But more emphasis on designing to accom- 
modate tolerances and some attention to transistor logic 
circuits might have been expected ın a book of this 
length 

Both books have sufficient appeal ın price and presenta- 
tion that they may well be widely read, and they deserve 
to be, as part of any introduction to the large branch of 
electronics depending on the transistor 

J R TILLMAN 


PHARMACEUTICAL STANDARDS 


British Pharmacopoeia 1963 

Published under the direction of the General Medical 
Council Pp xxvni+1210 (Published for the Council 
by the Pharmaceutical Press, London, 1963) 100s 


British Pharmaceutical Codex 1963 
Pp xxxvi+1433 (London: The Pharmaceutical Press, 
1963) 105s 


HE publication of the tenth edition of the British 

Pharmacopoeia and the eighth edition of the Brotzsh 
Pharmaceutical Codex on the same day and, of even more 
significance, that they should officially supersede all 
previous editions on January 1, 1964, 1s one more tangible 
sign of the increasing co-operation which 1s developing in 
the essential but ancillary services that support general 
medical practice m Britam This double pubheation 
modifies a pattern whieh was estabhshed with tho first 
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post-war edition of these two works The seventh edition 
of the Pharmacopoeia appeared in 1948 and was followed 
by the fifth edition of the Codex m 1949 The mtention 
was in each case to produce new editions at five-yearly 
intervals Consequently, according to plan, the eighth 
and ninth editions of the Pharmacopoeva were published ın 
March of 1953 and 1958 respectively and the sixth and 
seventh editions of the Codex appeared m October 1954 
and 1959 respectively 

The logic of this pattern followed from the reason for the 
existence of two such standard works The General Medical 
Council 1s charged with the responsibility to produce from 
time to time standards relating to the most mmportant 
medicmes, preparations, materials and articles used 1n the 
practice of medicine, surgery or midwifery, and these 
standards are embodied 1n the Britzsh Pharmacopoews It 
will be fully appreciated that melusion in, or omission of, a 
substance from the Pharmacopoera follows a critical 
assessment of each monograph by the British Pharma- 
eopoera Commission When such selection has been made 
there remain many substances ether which were included. 
in the previous edition of the Pharmacopoeia and still 
enjoy the confidence of medical practice but are now less 
important than they were, or which are new and becoming 
imereasingly important The number of substances 
coming withm these categories 1s large and are suitably 
selected for inclusion in the Brittsh Pharmaceutical Codex 
Thus editorially, ıt 1s reasonable that the publication of a 
new edition of the Codex should follow a new edition of the 
Pharmacopoea with a sutable tmue-mterval of, for 
example, eighteen months However, the mfluenco of the 
post-war Health Service and the complications of mter- 
national trade have warranted an admumustrative change m 
this scheme Products listed m the present editions of both 
the Pharmacopoew and the Codex enjoy well-estabhshed, 
privileges, such as labelling and purchase concessions when 
prepared for use ın Britam, and export and import ease- 
ments in the international field For example, m 1958 
products which were omitted from the Britesh Pharma- 
copoea became overmght unprivileged substances and 
eighteen months had to elapse before that privilege could 
be restored by acceptance in the 1959 British Pharma- 
ceutical Codex By careful co-ordination and co-operation, 
the two bodies have succeeded ın ensuring that of more 
than a hundred deletions made m substances in the British 
Pharmacopoew 1958, ninety of these will remain official 
by the inclusion in the new edition of Bribosh Pharmaceu- 
t«cal Codex 

It 1s interesting to note that out of the 211 new mono- 
graphs m the new edition of the British Pharmacopoeia, 
there are at least 62 substances (and their preparations) 
that had already been sufficiently well established by 1959 
to be included in the seventh edition of the Codex The 
great activity m the search for new medical substances 1s 
reflected in the fact that more than 120 new monographs 
have been meluded in the British Pharmaceutical Codex 
even though only 3$ years have elapsed since the publica- 
tion of the seventh edition 

The format of the British Pharmacopoe follows the 
same pattern as that established ın the 1958 edition A 
new small addition 1n appropriate monographs 1s a heading 
“Action and Use", under which brief information on the 
principal pharmacological action is gwen While this 
addition 1s to be welcomed as an aude memowe when using 
the Pharmacopoeia, the more useful reference books in 
such cases will contmue to be the Codex or the Extra 
Pharmacopoera 

In both the Pharmacopoera and the Codex, the process of 
conversion from the mperial to the metric system con- 
t&inues; and on this occasion imperial units for dosage 
have been deleted It 1s recognized, however, there must 
be an mtermm period before all reference to imperial units 
can be eut out altogether The present stage of conversion 
has resulted ın the Codex having some apparent anomalies 
which should be resolved when the change over 1s com- 
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plete For example, 4 ml ıs accepted m the Codex aa the 
metric equivalent of a dose of 60 minums (one teaspoonful) 
However, the Codex Revision Committee has decided that 
when hquid preparations are reformulated in the metric 
system, 5 ml will be regarded as equivalent to the volume 
of the domestic teaspoon Suitable mterm measures are 
suggested to surmount the rmmediate practical difficulty 
I am full of praise for these two new editions of familiar 
works, produced to the traditionally high standards we 
have come to expect of the publishing bodies They will 
do much to maintain and uphold the prestige and integrity 
of standards of British medicme and pharmaceutical 
practice throughout the world D TRAW 


HUMAN EMBRYOLOGY FOR 
MEDICAL STUDENTS 


Medical Embryology 

Human Development—Normal and Abnormal By Prof 
Jan Langman Pp 335 (London Baulhére, Tindall and 
Cox, Ltd , 1963) 708 


HERE ıs no such subject as “medical embryology” 
But there are special ways of presenting human 
embryology to the medical student in the hopes that he 
may grasp its essentials without being too over-burdened 
with detail This ıs the arm of Langman’s book, which 
ought to have been called “An Outline of Human Embry- 
ology for Medical Students" In 1t he has made copious use 
of simple diagrams and has successfully abstracted the 
straightforward and uncontroversial elements from what, 
m embryology ın particular, 1s often a most cryptic and 
controversial fund of Rnowledge The book 1s disappomt- 
ingly small for its price, but provides a reasonably brief, 
simple yet not over-simplified account of human develop- 
ment, much easier for the student to assimilate than the 
accounts m most text-books m common usage to-day 
Langman’s clear, sumple style ıs particularly refreshing 
after the effort usually required to follow detailed topo- 
graphical descriptions and medical terms in other text- 
books But there is one danger in such srmpheity To 
learn, one needs to be stimulated to a certain level of 
mental effort Easy language 1s easy to ‘skim’ through, 
and the facts may be less firmly retamed as a result The 
sequence of puzzlement, struggle. then eventual cataclys- 
mic clarification experienced with a ‘stiff? text has far 
more lasting results than effortless absorption of informa- 
tion which 1s all at a more simplified level and may there- 
fore be bormg Langman ıs to be congratulated on the 
precision and correctness of the information he presents 
This 1s no mean achievement, as those of us who struggle 
daily to explain things sumply without loss of accuracy 
will realize But one does feel that lack m his book of 
extra stimulants For example, he provides no real 
evidence (such as in the form of actual photographs of 
human embryos or of their organs and tissues) to support 
the facts which he states so firmly to make them sound 
clear It 1s surely an essential part of the tramung of a 
medical student that he should make at least some 
observations from original material rather than accepting 
dogmatic statements uncritically An occasional dip 
into structural or even ultrastructural detail is desirable, 
besides perhaps one or two allusions to experimental work 
or theoretical controversy It would be wrong to believe 
that the medical student cannot cope with this on the 
contrary, thmkmg about such problems could reheve the 
mental stram that he may otherwise experience from 
continual memorizing of facts 
Langman’s subdivision of this book into, first, a general 
account of development and, secondly, more detailed 
consideration of each organ system 1s good in prmeiple 
But he makes his dividing line unsuitably the account 
of somites and of basic axial structure would fit better 
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into the mtroductory first part, while the chapter on 
congenital malformations would be better placed at the 
end of the book, to be read after the normal development 
has been understood It 1s surprising that so notable an 
experimentalist does not bring into his introductory 
chapters more mention of expermnental approaches to 
embryology He also says too little about general events 
from the second month onwards Growth, nutrition, 
motility and general physiological features of later develop- 
ment might be mentioned and a section describing the 
events at birth should be included 

The chapters on individual organ systems, mM the second 
part of the book, are generally of Ingh standard The text 
is always brief and sumple, leaving extra details to be 
shown by means of the diagrams and their captions There 
are only a few non sequaturs, for example, 1n the chapter 
headed “Skeleton”, pharyngeal cartilages are not included 
as part of the vescerocranium, nor 1s any reference made 
to the chapter (*Foregut") where they are described 
Then, descriptions of the buccal cavity and mouth, 
together with the face, are left until the last chapter, 
instead of being treated as the cranial end of the foregut 
(which they are) The description of the development of 
the midgut 1s perhaps a httle difficult to follow because 
many details are omitted, and that of the ccelom fails to 
explam clearly enough how the pleural cavities form, or 
the exact relationship of the early pericardial cavity to the 
1est of the ecelom One strange name, “‘chorzoid fissure", 
appears in description of the development of the eye, and 
one over-sweeping claim, that all sympathetie sensory 
neurones arise from the neural crest, 1s made with reference 
to the developing nervous system But otherwise these 
particular chapters are good and give just the right amount 
of detail In one respect they fail, as does the rest of the 
book, to pander to the needs of the medical student events 
which lead to a pecuhar.adult topography are not suffi- 
ciently emphasized It should be one of the aims in 
teaching embryology to medical students to help them to 
relate some of their topographical anatomy to a rational 
background of events, rather than memorizing 1b all 
bhndly 

Visual memorizing, on the other hand, 1s an accomplish- 
ment to be fostered ın the future doctor, and simplified 
diagrams help this process Langman’s diagrams would 
be far more effective, though, if they were coloured ıt 1s 
difficult to see why they are not, in this relatively expen- 
sive book ‘The diagrams of blood vessels, particularly, 
can only be poor substitutes for the many 1n brillant reds 
and blues seen m other books For example, although 
Langman by a welcome simplification omits mention of 
some of the complex “venous lines” from which the adult 
venous system develops, his resulting black-and-white 
diagrams of the fewer elements are much less easily grasped 
than the brilliantly coloured, more complex diagrams m 
other texts In contrast, his diagrams of the heart and of 
the origins of the great vessels, where colours would not 
normally be used, are particularly helpful The chapter 
on the vascular system could, hke many other chapters in 
Langman’s book, be made really excellent by the inclusion. 
of one or two photographs of specimens No scientific 
learnmg, at however elementary a level, 1s adequate if 16 
consists only of diagrammatic abstractions The material 
itself must occasionally be examimed, at an appropriate 
level of detail It would not have come amiss, ın a book by 
this particular author, to have some reference to such 
minute detail as the protem molecules, or antigens, on 
which he has himself worked so extensively University 
students neod to be brought at least to the gateways to 
research fields, even in elementary text-books Langman 
does, indeed, mention the most outstanding recent work 
1n each topie, in his bibliographies to the chapters He even 
includes references to unpublished doctoral theses but 
this, as well as his failure to quote many comprehensive 
reviews, means that the bibhographies are not balanced 
guides to further readmg but serve only as documen- 
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tation of the facts already stated in the text So the 
student 1s not lured to read outside the range of the book 
Tf 1t 1s assumed that he will not want to do so, this 1s & 
complete misyudgment both of the medical student and 
of what university-level teaching of him should be 
Langman’s book 1s emmently suitable for the freshman, 
but could be passed on as soon as he has a reasonable 
grasp of its contents Then its next owner, obtaimng 16 
second-hand at half the price, could justifiably call ıt the 
most valuable introductory text-book on human embry- 
ology in existence at present E M DEUCHAR 


RECOGNITION OF 
COMPARATIVE ENDOCRINOLOGY 


Comparative Endocrinology 

Edited by US von Euler and H Heller Vol 1. Glandu- 
lar Hormones Pp xm+543. (New York. Academic 
Press, Inc; London Academic Press, Ine (London), 
Ltd, 1963) 143s 


(E MT endocrmology ıs a burgeoning, 
exciting field which has not, in Britam, been accor- 
ded e:ther requisite recognition or deserved respect The 
subject has been slow to enter the syllabus of many a 
British department of zoology and has remamed a special- 
ism of but modest respectabihty The appearance of this 
volume epitomizes the value and status of this approach 
to endocrinology, long established outside Britam, par- 
ticularly ın the United States, France and Japan 

The study of mternal secretions origmated during the 
later years of the nmeteenth century, and in the early 
years of the present one the terms ‘hormones’ and ‘endo- 
erme' glands were comed Endocrinology grew firm roots 
in the 1930’s and now, 1n this post-war epoch, flourishes 
with abundant blossoms, ıt 1s now the concern of legions 
of scientists whose numbers must equal or outstrip those 
m any other field of biology or medicine In the emergence 
of endocrinology, the natural disorders of man were a 
focal pomt Increasing use of convenient mammals for 
experiment in the laboratory produced a division of the 
subject mto ‘chmecal endocrinology’, which 1s concerned 
with man, and ‘endocrmology’, which 1s concerned with 
other eutherian mammals, particularly rodents, the dog, 
cat and cow There was only sporadic interest in other 
vertebrates, though among invertebrates the sects were 
rewardingly studied. Now, comparative endocrinology 
sweeps across the animal kingdom, not only contributing 
m its own right but also ilummating further the research 
on eutherian mammals which comes to form an integral 
part of the comparative subject 

It 1s mevitable, in view of the history of the subject, 
that investigators m comparative endocrinology took 
mammahian researches as their reference pomt This 1s now 
less true m some areas than m others Glandular Hormones 
1s à valid reflexion of the position, of the thirteen sections, 
only two are of necessity confined to the Eutheria ‘In one, 
Li gives an account of the composition of adenohypo- 
physial* hormones as known principally for domestic 
species from which pituitaries are available in large 
numbers However, methods are now available for 
determinmg on a wide scale the identity of protein hor- 
mones m lower vertebrates, and a start has been made with 
birds In the other, Berthet succinctly considers the 
enigma of glucogon where knowledge 18 confined to a few 
species of laboratory mammals 

In the remaming eleven chapters, a panorama of 
endoermology throughout the vertebrates 1s clearly 
unfolded by distinguished scientists In two areas, par- 

+ “The spelling ‘hypophysial’ 1s correct, the alternative ‘hypophyseal’ 
was introduced as a result of an unhappy misprint in Dr Harvey Cushing’s 
monograph, The Piwiary Body and its Disorders, Phia, J B Lippincott 


and Co , 1912 ” Quoted from Rioch, D McK , Wislock, G H , and O'Leary, 
J L, Res Publ Assoc Nerv Ment Dis , 20, 3 (1940) 
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ticularly, growth has been rapid and, indeed, the frontiers 
have already advanced since the sections were written 

In the first, Heller gives a thorough and masterly survey of 
neurohypophysial hormones In the second, Phillips and 
Bellamy give an excellent account of the adrenocortical 
hormones throughout the vertebrates Both chapters 
show the real value of comparative endocrinology and the 
insight gained by mvestigatmg many species of verte- 
brates, and thus correcting the myopia mduced by 
restricted studies of the laboratory rat Enormous labour 
has gone into the elucidation of the mode of action of 
insulin and naturally much of ıt was expended on labora- 
tory mammals However, here, too, F G Young shows, 
m an authoritative section, how other species, for example 
amphibia and the toadfish, contribute to the problem 
about which, as he says, so disappomtingly litle is 
known. 

Other subjects have been firmly established, ın the 
comparative sense, for many years These are covered by 
the sections on thyroid hormones by Gorbman, on female 
gonadal hormones by Velle, on male hormones by van 
Oordt, on chromaffin cell hormones by von Euler, and on 
chromatophoric principles of the pituitary by Karkun and 
Landgrebe This last area lay fallow for some time, but 
the recent elucidation of the structure of melanocyte- 
stimulating substances from the pig pituitary has again 
brought ıt to the forefront In the section on the physi- 
ology of adenohypophysial hormones, Knobil and Sandler 
faced the task of compressing a wealth of mformation into 
a short space ‘This part thus suffers, as does Fortier's 
on the hypothalamic control of the anterior pituitary, by a 
compactness which does not allow of full development of 
the comparative pattern 

At the other end of the scale, Greep’s paper on the 
parathyroid shows that here the comparative field has been 
almost completely neglected and such work that has been 
done rests too heayily on the mammals In a thorough 
historical survey, Greep covers the whole of the hterature, 
and his essay should provide an admirable starting point 
for those who, for example, wish to find out more about the 
calc1um metabolism of fish, for 16 seems that parathyroids, 
as such, only appear with the tetrapods 

Von Euler and Heller, the editors, are to be congratulated 
for bringing together, in this first volume of Comparatwe 
Endoermology, an. excellent group of endocrmologists who 
have shown that both excitement and rewards can result, 
not so much from leaving the laboratory mammals, but 
by extending investigations throughout the vertebrates 
Placed on the shelf with three recent text-books on com- 
parative endocrinology, the proceedings of the three inter- 
national symposia and the Journal of Endocrinology and 
General and Comparatwe Endocrinology, this volume testı- 
fies that the field of study has arrived I CHESTER JONES 


ORIGINS AND EVOLUTION 
OF CATTLE 


A 


Man and Cattle 
Proceedings of a Symposium on Domestication at the 
Royal Anthropological Institute 24-26 May 1960 (Edited 
by A E Mourant and F E Zeuner) Pp. 166 (London 
The Society, 1963) 638 


HE object of this symposium was to bring together 
facts derived from a wide variety of sources— 
prehistoric, archeological, social background, geographical 
distribution and modern biochemical genetic techniques— 
bearmg on the domestication and development of cattle 
Exammations of bones from Neolithic to Bronze, Iron 
and Middle Ages as compared with those of modern times 
show that considerable changes have occurred These are 
illustrated by diagrams which show decline in size to the 
Iron Age and increase thereafter Evidence bearmg on 
the domestication of cattle 1s found m drawings, ornaments 
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and figures made through the ages, although few of these 
are illustrated, references are given of where they can be 
found. 

The social background of cattle varies greatly m different 
parts of the world In the modern world cattle are valued 
for utility purposes, for milk and meat, but this 1s often 
a minor consideration among other peoples and primitive 
tribes Being sacred to the Hindu, ın India they are used 
for draught and milk only although tribes ın the Himalayan 
area used them for meat and sacrifice It has been said 
that m Africa the native attitude to cattle ıs “‘cowmania 
but not cowdolatry” in that they are used as a bank to 
purchase wives or other things required rather than for 
meat or draught In ancient Crete they were valued for 
sport as they are m Spain to-day. An interesting paper, 
well illustrated by plates, 1s that on the exploitation of 
the mulk-ejection reflex by primitive peoples when the 
semi-domesticated cows would not otherwise let their 
milk down to the milker It ıs remarkable how their 
methods have been confirmed by recent scientific research 
While the sight of the calf, or of a boy dressed ın its skm, 
would cause the let-down of milk they found that ın the 
absence of these milk could be obtamed by blowing up 
the vagina with air by mouth. Research has shown that 
dilation of the vagina by the calf at parturition causes by 
neural stimulation the release of oxytocm fiom the 
posterior pituitary into the blood-stream and so causes 
not only contraction of the uterme muscles but also the 
basket cells surrounding the alveoli of the mammary gland, 
so causing the ejection of milk 

Two papers deal with the geographical distribution of 
breeds ın both ancient and modern times Relationship 
and movements of breeds are suggested by similarities in 
colour, shape of horns and other such Mendehan-imherited 
characters these are illustrated by photographs It 1s 
clear that the polled mutation has occurred 1n many places 
at different times but that ıt has only been used to c1eate 
breeds ın those areas where cattle have not been used for 
draught purposes Of interest to those engaged m the 
development of the emergent African countries 1s the 
opmion that many of the native breeds have a good 
potential for meat production, but for milk production ıb 
will be necessary to cross them with European types to 
produce new breeds This has already been done for beef 
breeds to suit tropical conditions, breeds such as the 
Santa Gertrudis, Bonsmara, Beefmaster, etc , combining 
the heat-tolerance of native breeds with the production 
qualities of European breeds It 1s suggested that the 
hybridization of breeds and the crossing together of strains 
of the same breed developed in different parts of the world 
hold out promise for mereasmg production in both beef 
and mik As examples of this the mtroduction of the 
Charollais and Red Danish breeds and importation of 
Friesians from Holland, South Africa and Canada into 
Britain are cited 

The possible contribution of biochemical genetics to the 
problem of the origin and relationship of breeds 1s discussed 
m several papers and is well ilustrated by diagrams 
extensive hterature 1s also quoted Just as blood grouping 
has been used to check pedigrees in cattle so the frequency 
of different blood groups, or better still the gene frequen- 
cies, are being used to indicate origins of breeds 1n various 
countries Cattle hemoglobm genotypes for different 
European and African breeds, as well as for the Jersey 
breed m different countries and for different levels of 
butter fat, are listed Hemoglobin patterns are also 
illustrated for different species and ages Papers are also 
presented on milk protem polymorphisms for the lacto- 
globulms and lactalbumm m various breeds of British 
and African cattle 

The editing leaves somethmg to be desired, simular 
subjects are not grouped, addresses of some of the authors 
are not stated, and figures quoted m the text do not 
always correspond with those on the plates 

JoHN HAMMOND 
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Wool 


An Introduction to its Properties, Varieties, Uses and 
Production By W J Onions Pp xvi+278 (London 
Ernest Benn, Limited, 1962) 55s 


OOL and its mdustries are so varied that many years 
may pass before an entrant to this field of activity 

becomes aware of all its ramifications Mr Onions has 
written a book that will greatly shorten this apprentice- 
ship The structure, chemistry and physical properties 
of wool and hair are sketched m two chapters Their 
growth from follicles is considered m a chapter thatincludes 
a survey of Mendelian principles as applied in progeny 
testing and breeding policies Wool ‘quality’, which 
might be defined as ‘fitness for purpose’, 18 discussed in 
considerable detail, meluding recent attempts to add 
precision to the craftsman’s tactual and visual judgment 

The book then turns to the marketing of wool, including 
briefly such financial aspects as the wool futures market 
Wool production and types is the longest chapter in the 
book It emphasizes the great variety of wools available to 
manufacturers, and the importance of wool 1n the econo- 
mies of many countries, mcluding the US S R, which is 
now the second largest wool producer Skin wools, remanu- 
factured wools and speciality hairs provide three short 
chapters The book 1s rounded off with short descriptions 
of wool-processing systems and the man-made fibres used 
by the mdustry 

Wool has an enviable history among world commodities 
and much specialist hterature is available on different 
facets of 1ts production and use Mr Onions is the first 
author to attempt a comprehensive survey, and he has 
succeeded admirably ın this difficult task Has book is a 
sketch of wool and 1ts mdustries, and readers seeking more 
detailed mformation will find help m the references and 
lists of further reading provided at the end of each chapter 
A list of books on the history of wool would have been a 
stimulating addition, for wool has a place in history that 1s 
both fasemating and unique 

The book is excellently produced and can be recommen- 
ded without reserve to students and to anyone seekmg 
knowledge of wool and its industries in the 1960’s 


Elementary Chemical Thermodynamics 

By Bruco H Mahan (General Chemistry Monograph 
Seres) Pp x+155 (New York and Amsterdam W A 
Benjamm, Inc, 1963) 215 dollars paper-back, 435 
dollars cloth-back 


HIS book 1s divided mto four sections, namely, an 
introduction, the First Law of Thermodynamics, the 

Second Law of Thermodynamics and, finally, appheations 
of principles In the mtioduction there 1s a very good 
description of what thermodynamics 18 about, its useful- 
ness 18 discussed and its limitations made clear The laws 
of thermodynamics are presented as stemming from 
observation; generalizations aie stated clearly m words 
and in mathematical terms Mathematical development 1s 
clear and interesting and most conclusions are reinforced 
with verbal description Diagrams to illustrate the text 
are timely and very well presented 

So often, students find thermodynamics difficult, not 
simply because ıt contains a number of abstractions, but 
because they fail to see why the abstractions need to be 
created at all The strength of this book hes n 1ts attempt 
to justify the difficult notions Reasons are given for 
proposing the ideas of heat, work, internal energy, 
enthalpy, bond-energy, entropy and free energy These 
ideas are also remforced by giving tables of values for 
common substances in their Standard States Lists like 
this are mteresting and thought-provoking Clarity is 
further attempted by giving molecular interpretations of 
the ideas—an approach not without 1ts dangers 

Ideas are illustrated by worked examples and a number 
of interesting problems are given at the end of each 
section It 1s a pity that answers are not provided 
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The chapter dealing with applications touches on phase 
equilibria, ideal solutions, and the ionization of weak acids 

This 1s a most attractive book, and will make a useful 
contribution to work m the third-year sixth form or in the 
first year at university D C Ferm 


The Shape of Carbon Compounds 
An Introduction to Organic Chemistry (The General 
Chemistry Monograph Series) By Werner Herz Pp 
xu+152 (New York and Amsterdam W A Benjamm, 
Inc , 1963 ) 2 15 dollars paper-back, 4 35 dollars cloth-back 

T 1s difficult to be enthusiastic about The Shape of 

Carbon Compounds Its title and the high standard 
set by this Benjamin Series promised an exciting account 
of one aspect of organic chemistry at university-level 
The author, however, does not regard this as a text-book 
for a single course within an academic year, but has in 
mund students who would not later be given a formal 
course 1n organic chemistry 

The chapters of the book, which cover the shape of 
organic compounds, discuss atomic and molecular orbitals, 
single and multiple bonds, the de-locahzation of x-electrons 
im resonance systems and optical activity. The treatment 
18 entirely theoretical and could be lifeless to a student 
who was not followmg a parallel practical course These 
chapters could be read by a student m the first-year 
after the Advanced Level examunation of the General 
Certificate of Education However, almost half the book 
is on the making and breaking of bonds, and one wonders 
if these topics are within the scope of the title The over- 
all effect of the book ıs one of disjomtedness and purpose- 
lessness. Subjects lke the relation of the shape of large 
molecules (rubber, protem, nucleic acids, ete) to ther 
physical properties are absent, and would have given 
more meaning to this geometrical treatment Organic 
chemists have a keen awareness of the geometry of 
molecules and the interaction of groups withm them, and 
a discussion of this 1s surely the duty of this book 

There are, m addition, more misprints than one would 
expect D M. RUSSELL 


Advances in Applied Microbiology 
Vol 5 Edited by Wayne W ' Umbrei Pp 1--385 
(New York Academic Press, Ine , London Academic 
Press, Inc (London), Ltd , 1963 ) 93s 

HE fifth volume m this series contams ten articles 

covering the usual broad range of topics The article 
by S A Waksman, who summarizes the published htera- 
ture on actinomycetes and their antibiotics durmg the 
early 1960's, 1s little more than a useful catalogue, but the 
other contributions cover less crowded fields and make 
readable review articles A Albert discusses ways m which 
selective toxic agents act on bacteria, fungi, viruses and 
protozoa, G F Gause considers the possible uses of 
mutants of micro-organisms as model systems simulating 
the metabole disturbances characteristic of malignancy 
m tumour cells, G V Levin provides persuasive argument 
for the increased use of isotopes for the rapid determmation. 
of microbial contamination m the spheres of public health, 
medicine and bacteriological warfare, W R Lockhart 
and R W Squires discuss the value of controlled aeration 
in fermentations, S K Long and R Patrick deseribo 
microbial methods for the pioduction of 2,3-butylene 
glycol, F Reusser contributes an excellent discussion of 
the factors tending to cause degeneration of microbial 
cultures during repeated transfer, A D Webb and J L 
Ingraham describe the composition and biosynthesis of 
the fusel oil formed during yeast fermentation; R T Ross 
shows that the durability of paint films can be seriously 
impaired by microbial action, and J B Davis speculates 
about the possibilities, seemingly rather remote, of using 
microbial action to generate electricity 

This ıs one of the better volumes of the series It 1s 

worth noting that the editors vite suggestions for topics 
to be covered m future volumes J W Q PORTER 
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NOISE AND OSCILLATIONS IN JET ENGINES 


Substance of a Friday evening discourse delivered before the Royal Institution on November 15 


By S L. BRAGG 
Chief Scientist, Rolls-Royce, Ltd , Derby 


NIS of the advantages of jet engmes—both gas 
turbino and rocket—stem from the fact that they 
are basically what are called steady flow machmes This 
18 n contrast to the piston engine, for example, where the 
flow is unsteady For in the normal four-stroke piston 
engine @ charge of gas 1s sucked into the cylinder as the 
piston moves down and compressed as 1t comes up, then 
1t 18 ignited by the spark and moves the piston down 
agam, being finally exhausted on the fourth. upward 
stroke of the piston each part of the cycle 1s separate 
and distmot, taking place at a different moment In the 
gas turbine, on the other hand, although all the same 
processes occur, they do so contmuously Aur 18 drawn in 
steadily by the compressor, which 1s in effect a series of 
fans, flows steadily through the combustion chamber, 
where fuel 1s continuously burned with 15, expands steadily 
through the turbine, which 1s the windmill which drives 
the compressor fans, and finally exhausts from the Jet as a 
continuous stream The flow processes in a rocket engine 
are basically similar, except that, ınstead of compressing 
air from the atmosphere, a liquid oxidant 18 pumped from 
tanks m the vehicle into the combustion chamber 

Having said that jet engines are steady flow machines, 
I must now contradict myself and say that the flow 1s 
never quite steady There are the obvious changes when 
the engines are started and stopped But even when the 
unit ıs running at nominally constant speed, all sorts of 
subtle variations are superimposed on the flow pattern 
These phenomena are usually characterized by noise and 
vibrations, and many of them have come to be known by 
descriptive names lke ‘howling’, ‘screammg’ and ‘chug- 
ging’ Others make themselves known in more drastic 
ways, as when pieces of the fan blades fail due to vibration 
and fatigue It is these noisy and oscillatory processes 
which form my mam theme here 

Since the simplest form of jet engine 1s the rocket, let us 
start there A rocket engme ıs essentially a cylinder 
filled with gas under pressure, and with a hole at one end 
The gas pushes on the front end and so thrusts the whole 
affar forward But the compiessed gases also escape 
through the hole at the back and so must be contmuously 
replemshed by a fresh supply In the Guy Fawkes rockets 
with which everyone is familar this replenishment 18 
provided by the combustion of an explosive powder 
In the more sophisticated products of this Space Age, 
the gases come from the steady combustion of propellants 
injected into the chamber as hquids—usually a fuel and 
an oxidant such as the lamp paraffin and hquid oxygen 
used on the Blue Streak engines In & large rocket vehiclo, 
such as an American Atlas, or the British Blue Streak, 
which 1s some 10 ft ın diameter and 60 ft long, nearly all 
of what you seo 18 tank Tho actual rocket engmes which 
drive the vehicle are the relatively small units occupying 
the 8 ft or so at the base 

What sort of oscillations or unsteadinesses are possible 
im a rocket engine ? One fruitful source ıs the natural 
acoustic resonance of the gases mside the combustion 
chamber It is well known that if we have a long tube, 
such as an organ pipe, the gases can be excited to oscillate 
up and down its length and give off a characteristic note 
If we have a short and fat tube, such as a rocket combus- 
tion chamber, other forms of oscillation are possible 


It 1s not very easy to illustiate these in a gas, but the 
equations governing surface waves on water are just the 
same The longitudinal organ-prpe made of gas vibration 
corresponds to a standmg wave system in a long tank, 
such as a child produces m his bath In a encular con- 
tainer there 18 also the possibility of a side-to-side (sloshing) 
oscillation, a round-and-round (swashing) oscillation, or à 
radial oscillation i which the liquid flows ın and out of 
the centre, to form alternately a peak and a hollow there 


(Fig 1) 
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Fig 1 


If you examine what an element of the liquid is doing 
during the oscillation, by watching a tea leaf on the surface 
as a cup 1$ swashed about in a railway dining car for 
example, you find that the element ıs always moving 
towards the pomt where the peak of the wave 1s going to 
be a quarter of a cycle later In more sophisticated terms 
we may say that the velocity perturbation leads the 
pressure perturbation by a quarter of a cycle 

Is there any evidence that these rather exotic types 
of oscillation, which were described mathematically by 
Rayleigh, ever occur? The answer is a definite Yes. 
Every now and again, perhaps only once in two hundred 
tests, mstead of the reassurmg rumble of a steadily 
burning rocket engine the engmeer hears a high-pitehed 
scream In a large engino 1$ may last for a second or so 
and may be followed by explosions, fires, the impacts of 
large chunks of metal and such phenomena as are gener- 
ally grouped together under the descriptive title of 
expensive noises Pressure measurements taken in the 
split second before the engine dismtegrates usually show 
that 1t 1s the rotating wave node that has been stimulated 
How has this happened ? 

The injector through which the hquids are pumped 
into the combustion chamber resembles the rose of a 
gigantic watering-can—one capable of disposing of about 
50 gallons of liquid per second! Alternate rmgs of holes 
pass fuel and oxygen The outside rng is always a fuel one, 
the idea bemg that soot from the fuel should be deposited 
on the wall of the chamber, providing an insulating layer 
that shields ıt from the hot combustion gases The jets 
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of liquid coming ın through the holes are made to impinge 
on each other, so that they atomize mto tmy droplets, 
which are vaporized by the hot surrounding gases, mix, and 
burn 

Without at the moment saying how the oscillation starts, 
I can suggest a mechanism by which it could be kept 
gomg I should emphasize that what I am saying here 
18 my own private opmion, which ıs not universally 
accepted the subject 1s by no means settled, and huge 
sums are being spent, m the United States in particular, 
in trying to clear ıt up ‘You will remember from the 
demonstration that associated with a rotating wave there 
18 a cross velocity the gases near the mjector are rushing 
across its face towards the pomt where the peak pressure 
i8 going to be a quarter-cycle later Of the two pro- 
pellants, the oxygen 18 the more affected by this cross- 
wind than the fuel, since ıt has the lower boihng-point 
and ıs the more easily evaporated As a result, oxygen 1s 
blown into the fuel-rich outer region, and mereases the 
burning rate there just as the pressure 18 coming up to 1ts 
peak On the other hand, oxygen 1s simultaneously blown 
away from the fuel-rich zone on the opposite side of the 
chamber, reducing the burning rate there just as the pres- 
sure 18 coming up to its nunmum Variations in the 
burning rate, therefore, tend to be m phase with the 
pressure variations, and this 1s just the condition for 
driving an oscillation (Fig 2) 
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The result of the oscillation 1s that hot gases swash 
about m the combustion chamber and not only cause large 
mechanical stresses and vibration, but also mcrease the 
rate at which heat 1s transferred from them to the injector 
and chamber walls The temperature of the metal rises 
quickly to its melting or even its burning point, and the 
whole affair disintegrates. As a partial safeguard, most 
large chambers are fitted with a seismographie monitor 
which records any sudden increase in the accelerative 
force on the chamber, and cuts off the supply of propel- 
lants to the engine In this way the test stand 1s saved, 
even 1f not the engine. 

It 1s not easy to see how to cure this affliction, which 18 
the most fatal disease of large rocket engines A brute 
force method would be to divide the whole chamber into 

-small compartments with a sort of mternal honeycomb, 
but ıt would be difficult to prevent such a structure from 
melting in the intense heat Fortunately ıt appears that 
the oscillations do not begin unless the flow is given an 
initial jolt This can happen durmg starting, for example, 
1f propellants flow out of one side of the injector before the 
other Thus most preventive efforts are concentrated on 
making sure that when the engine itself 1s started tho 
sequence 18 absolutely smooth, without any triggermg 
bangs or backfires 

The frequency of ‘screaming’ on a large rocket 1s usually 
of the order of 1.000 cycles per second—2 octaves above 
middle CO on the piano. Another instabihty, called 
‘chuggmg’, occurs at about 150 c/s, which 1s about D m the 
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bass clef This 1s & rather different phenomenon, and I 
would like to start my explanation of ıt with an analogy 
Let us think of the way a learner driver starts a car from 
rest He, or may I say sho, lets the clutch ın suddenly 
and the car surges forward our novice 1s thrown back 
on to the seat and the car stops abruptly our learner 
then rebounds from the cushion on to the accelerator 
so that the car again surges forward and the whole cycle 
1s repeated Now driving a car ought to be a stable process 
—a shght inerease m acceleration should lead to a slight 
decrease in throttle pressure as the driver settles back 
on his seat, so that steady conditions should be restored 
What leads to mstability 1s the delay between the error 
and its correction the acceleration of the car depends 
on the position of the driver; this 1s half & cycle out of 
phase with her acceleration, so 1t 18 possible for the driver 
to be pressmg hardest on the throttle when the car 1s 
moving forward, and the oscillation 18 reinforced (Fig 3) 
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Now let us consider the rocket case, where we have a 
nominally steady flow of liquid into the combustion cham- 
ber, where 1t burns, with a corresponding steady outflow 
of gas Suppose by chance the chambor pressure is momen- 
tarily higher than usual. Then the rate of inflow of pro- 
pellants is immediately reduced by the Ingher back 
pressure, while the rate of outflow of gases 1s immediately 
increased both these effects, one would think, should 
return the chamber pressure to its steady condition 
But the processes of atomization, vaporization, ignition 
and combustion of the liquid propellants take an appre- 
ciable time Thus, although the mflow of propellants alters 
immediately, the rate of production of gases ıs delayed, 
and lags the pressure change that brought ıt about 
This delay was just the same as that which aggravated 
the discomfort of our poor learner driver, and continuous 
oscillation can be set up m the same way 

A process analogous to that of chugging occurs in a 
singing flame If we take a long tube and provide a gas- 
supply pipe which opens just below mid-height and is 
tuned to the same frequency, a resonance can be produced 
What happens 1s that as the pressure ın the pipe varies, 
so does the flow of fuel gas With the gas outlet below the 
point where the pressure has its largest amplitude, the 
flow ıs highest just before the pressure reaches its maxi- 
mum Because of the time taken for the fuel to mix with 
the air, however, the fluctuations of burning rate and 
pressure are in phase, and once again the oscillation 18 
driven 

The amplitude of chugging oscillations 18 usually limited 
by dissipative losses to about + 10 per cent of the pressure 
inthe chamber The resulting vibration 18 not devastating 
but merely uncomfortable, provided that the high-fre- 
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quency screaming mstabihty is not triggered Chugging 
1s most likely to occur at low operating pressures, when 
the mjection pressure drop 1s small so that the inflow of 
propellants ıs most affected by variations m back pressure 
Since most rocket engines run at top speed all their lives, 
this means that chugging 1s only likely during starting. 

At this pomt we might consider what is mvolved in 
starting & large liquid propellant rocket system The 
natural way would be to start the propellants flowmg 
slowly into the chamber, to hght them and then slowly 
to open the taps as ıt were, gently taking the engine 
up to full thrust But from what I have said about 
chuggmg you will realize that ıt 18 dangerous to run the 
engine slowly Also, of course, if your engine only has 
enough fuel for three minutes’ running, you cannot afford to 
waste any So you would hke to start your engine up as 
quickly as possible However, a limit to the rate of 
build-up of thrust 1s set by the flimsmess of the structure 
of most rockets 

In reading the biographies of great engineers who have 
built structures lasting until the present day one often 
encounters the phrase “They built better than they knew” 
This statement 1s only partly true What usually happened 
was that they estimated the stresses to which their struc- 
ture would be subjected and then made 1t twenty, forty 
or even one hundred times as strong as 16 needed to bo 
They reasoned that ıt was cheaper in the long run to uso 
an extra million tons of concrete and be absolutely sure, 
than to have to calculate exactly every conceivable 
adverse circumstance to which the structure might be 
subjected This philosophy 1s inappheable to any machine 
that 1s mtended to defeat the law of gravity  thero is 
no point m having an aircraft or rocket 100 per cent reliable 
if ib 18 too heavy to get off the ground Thus a typical 
mussile 18 designed with a factor of safety of, say, 1 5— 
that 1s, the various components are made 15 times as 
strong as calculations show to be absolutely necessary, 
the extra 50 per cent margin having to cover errors m 
calculation and variations m material, manufacture and 
environment In fact, the mussile 1s a very flimsy affair 
The tanks of Blue Streak are about one-fiftieth of an mch 
thick, so that the whole affair has to be kept under pressure 
like a big balloon to prevent ıt crumpling and all the 
other parts are just sufficient for the task m hand 

The structure is thus just capable of carrying the steady 
thrust of the engine but suppose the engmes are started 
so suddenly that the full thrust 18 apphed almost instan- 
taneously In that case the stresses are hable to oscillate 
between nothing and twice the steady value You can 
illustrate this effect quite simply with a pair of undamped 
bathroom scales If I mount slowly I register 123 stone 
But if I jump on, my apparent weight, which 18 the actual 
force applied to the scales, oscillates between 0 and 25 
stones Obviously if the structure can only stand 15 
times the thrust, the engine must be started gently 
Fig 4) 
Actually, when you look at the number of actions which 
must be synchronized, ıt 18 quite a wonder that the start 
can be controlled at all and ıt must be admitted that an 
enormous amount of development 1s usually necessary 
before a reliable system 1s evolved In tho arrangement 
shown (Fig 5), the starting sequence 1s begun by igniting 
a large firework ın the mam combustion chamber When 
this 1s proved to be alight, by burning through a piece of 
fuse wire embedded ın it, the main oxygen valve opens and 
simultaneously a small flow of fuel ıs admitted to the part 
of the injector near the igniter This burns with the 
oxygen to form a pilot flame When this 18 gomg, as 1s 
proved by burning out a piece of fuse wire strung across 
the bottom of the chamber, a cartridge 18 fired ın the gas 
generator where propellants are burned to drive the httle 
gas turbine that provides power for the pumps As soon 
as this is alight the maim fuel valve opens and, after a 
suitable delay, so do the valves letting propellants into 
the gas generator These burn and accelerate the turbme 
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and pumps if the timing has been properly arranged, 
the maim fuel flow starts to reach tho mjector when the 
pumps are running at about two-thirds full speed The 
thrust comes up from nothing to about two-thirds xts full 
value in a twentieth of a second and then the whole engine 
runs slowly up to full speed The whole process takes less 
than two seconds in all 

Bemg so critical, the timmg has to be most carefully 
controlled, and 18 all completely automatic Too slow [an 
acceleration and the engine chugs Too high a prime speed 
and the sudden load ‘rings’ the missile, while any prop 
or bang, due for example to oxygen vapour having got 
trapped somewhere in the supply system, may trigger off a 
disastrous fit of screammg It ıs because the allowable 
margm error 18 so small, of course, that the rehabihty 
of rocket engines—measured as the chance that the engine 
will start when required, and run stably up to full speed— 
18 not always exactly 100 per cent But before condemning 
the rocket designer as incompetent I hope you will now 
realize how difficult a task he has set himself 

Stopping a rocket engine 18 also a tricky business, since 
it has to be done at exactly the nght moment if you are 
to inject your vehicle into the correct orbit, or land it on 
the right spot on the Earth's surface - On the Blue Streak 
missile, for example, a single extra second's running of the 
mam. engines would have taken the rocket 150 miles 
beyond its target Thus, not only must one stop the engme 
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at exactly the night millisecond, but one must predict 
how much impulse 16 gives on running down 

Let us suppose, however, that we have stopped our 
rocket successfully so that we may now direct our attention 
to ordinary gas turbine engines As I said before, this 18 
fundamentally a steady-flow machine, with air flowing 
smoothly and contmuously through the compressor, 
combustion system and turbines, and so into the jet pipe 
But, lke the rocket, most of its problems arise from 
unsteady conditions or changes 1n conditions 

The first problem I want to consider, since 16 ties up 
with the rocket work discussed earher, 1s a characteristic 
oscillation called ‘howl’, which has occurred m the jet 
pipe of some engines, causing them to overheat and split 
The type of engine involved 1s one that 18 reheated, extra 
power bemg obtained by burning fuel im the jet pipe 
Since the gases are moving very fast down the pipe the 
flame has to be stabihzed in a sheltered region behind 
an obstacle—rather as a match must be sheltered in a 
high wind—from which ıt can spread to the surrounding 
gases 

Now let us see what would happen 1f our old friend the 
swash oscillation started ın the pipe As well as flowing 
steadily downstream the gases would also be moving 
from side to side To an observer sıttıng on the nose of 
the flame stabilizer, the wind would appear to be veering 
round and round—now coming from 12 o'clock, now from 
one, now from two and so on Behind the stabilizer there 
1s & vortex, hke the smoke ring that can be produced 
with a cigarette ın fact ıt 18 the recirculation of gases 
associated with this ning that keeps the flame gomg 
If the flow 1s steady, the ring stays put But if the flow 
revolves, the ring gets unwound and streams off as a spiral 
As & result combustion does not qecur evenly, and if 
conditions are right there may be a greater rate of burning 
where the pressure 1s high, which 1s, once agam, just the 
necessary requisite for driving the oscillation (Fig 6) 


AFTERBURNER HOWL 






PERTURBATION 


HOWL 
SHIELD 


Fig 6 


As in the rocket case, a high-frequency swash oscillation 
does a lot of damage I remember one American report 
on full-scale howl investigations which contained the 
telling sentence “Some of the results may not be directly 
comparable to others, as thirteen different engmes were 
used durmg the test series” Perhaps this shows why 
engine development can be so expensive 

Various ways of preventing howl have been suggested, 
but the one most frequently adopted 1s to fit & corrugated 
inner lining to the wall of the jet pipe This provides 
sufficient dampmg to the swashing velocities to prevent 
the ‘oscillation buldmg up A possibly analogous case 
occurs with Crown Derby tea-cups the dented form of 
which makes slopping more difficult, though I have no 
ideas whether they have evolved m this form for this 
reason 
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Up to now I have been dealing mainly with combustion 
oscillations, and I can summarize the position by stating 
(1) the most mmportant oscillations in gas turbines and 
rockets (and, incidentally, ramjets too) are the swashing 
modes, (2) the oscillations are driven by variations in the 
(nominally steady) burnmg rate, usually caused by 
variations m mixmg, which must be in phase with the 
pressure fluctuations, (3) the oscillations are potentially 
destructive because of the high rate of heat transfer from 
hot gases to metal surfaces, which become overheated 

It 18 now necessary to consider other forms of oscillation 
and noise that are not directly driven by the combustion 
system So let us turn to the compressor ın a typical 
engine this 15 made up of a dozen stages of rotating fan 
blades, mterspersed with rows of stationary vanes to 
straighten the air out between stages There are usually 
about 20 blades m the first row, but the numbers get 
greater towards the back of the compressor, as the air gets 
denser and shorter blades are needed To be aerodynamuc- 
ally efficient and not produce fat wakes the blades are 
long and thm ın order to compress as much air as pos- 
sible they are moving very fast—up to 700 mph near 
the tips Thus we arem the vulnerable condition of havmg 
a collection of maybe over a thousand thm and flimsy 
strips, subjected to high centrifugal and serodynamic 
loads even when running steadily. To these stresses must 
be added the occasional shocks caused by the ingress of 
hail, birds (vultures are particularly mdigestible), stones 
and other debris, smce a modern jet engme has the capa- 
city of many thousand vacuum cleaners But the difficul- 
ties I want to discuss now are all associated with regular 
oscillation and damage by fatigue: this ıs the sort of 
failure that occurs when quite a low stress, not nearly 
enough to break the piece ummediately, 1s applied again 
and again, perhaps several milhon times It 18 often met 
in reciprocating engines, where the forces on the crank- 
shaft, for example, fluctuate throughout each stroke, 
but one would hope that steady-flow engmes were free 
of them This hope is vain 

Normally, 1f you apply an oscillatmg load to a system 
it has very little effect. But if the oscillation 1s apphed 
at the frequency at which the system likes to vibrate 
naturally you get a resonance, and a high amphttdoe 18 
bult up Picture, for example, & child on a swing His 
natural frequency 1s about 20 swings a minute If now 
I give him a push every second he will sometimes be 
coming towards me when I push and sometimes be going 
away. The net result 1s that a steady oscillation will never 
buildup But ifI give pushes at just the right frequency— 
one every three seconds—then he will always be moving 
the same way when I push, energy will be fed mto the 
system, and a good oscillation will build up Since a high 
amplitude of oscillation of a part umphes a high stress, 
we must start by finding out the possible resonances of a 
compressor blade then we must see how they are excited 

The simplest mode, called first flap, 18 just what its 
name implies. It ıs the oscillation you see ın a diving 
board after the diver has left ıt The maximum stress 
occurs where the blade (or board) 1s fixed, and this 1s 
where breakage occurs At a rather higher frequency one 
can excite a ‘second flap’ in which the two-thirds of the 
blade nearest the fixing point moves in the opposite 
direction to the end third, there is a node, where the 
blade does not move at all, about one-third from the end 
In a similar way one could get third and higher flaps at 
even higher frequencies 

Another form of oscillation 1s torsional This could be 
excited in a strip by twisting ıt and letting ıt go Then 
one side goes up while the other goes down, the centre 
line being the node which does not move, and which has 
the highest stresses Agam we can get higher modes of a 
‘tramline’ type with two parallel nodal hnes along the 
length of the strip 

A long thm strip has a relatively low flap frequency 
and a relatively high torsional frequency a short wide 
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strip has a high flap frequency and a low torsional At 
some intermediate shape the two frequencies should be 
about the same The two types of oscillation can then 
combine to form coupled modes with diagonal nodal hnes 
At the higher frequencies this coupling often occurs, and 
all sorts of delicate modes, such as those with a lyre-shaped 
nodal line, are formed In fact, when you mvestigate all 
the possible modes of vibration of a strip you find an 
infimte number of resonatmg frequencies The actual 
blade 18, of course, not a &mple strip, but a twisted aero- 
foul of varymg thickness. ıb 18 thus a much more com- 
pleated matter to calculate 1ts modes of oscillation, but 
it still has just as many The frequencies are affected 
when the blade 1s bemg whirled around in a compressor 
due to centrifugal effects and when ıt 1s attached to a 
flexible disk, but there 1s still one for every occasion 
(Fig 7) 

How are these resonances excited ? There are three 
mam causes (a) circumferential variations in airflow, 
(b) rotatmg stall; (c) self-excitation (Fig 8) 
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As a blade goes 10und 1$ moves through the wakes of 
the preceding row of stationary vanes Like a motor- 
cychst driving past a succession of lorries on tho M1 
road in a strong side-wind, ıb experiences a fluctuating 
force which tends to make 1t wobble If the number of 
wakes is small, low frequencies, such as first flap, are 
excited Ifthe number of wakes 1s high, the high-frequency 
coupled modes are excited 

The low-frequency resonances are easily calculable, and 
an engine is usually designed to keep them, so far as 
possible, out of the running range We ourselves usually 
mount pur blades on pm fixings so that they are loose 
and can roll The natural frequency under centrifugal 
loads then increases with blade speed, so making 1t possible 
to avoid resonance over a wide range 

At the design engine speed the air 1s four times as 
dense at outlet to the compressor as 1$ 18 at mlet, so the 
blades are only a quarter as high But at low engine 
speeds the density ratio 1s much less As & result the air 
18 travelling relatively slowly at the front of the com- 
pressor and relatively fast at tho back The moving 
blades at tho front find that the am is coming towards 
them at a much steeper angle than usual, and they stall, 
just as an aeroplane wmg does if it tips its nose up too 
far when 1t 18 trying to fly slowly 

However, the blades do not stall together, for when 
one stalls 15 tends to make conditions easier for its noigh- 
bour ın front and more difficult for rts rearward neighbour 
The latter then stalls and the first blade 1s reheved As 
a result, a ‘coll’ of the turbulent air produced by a stalled 
blade moves around the compressor at a speed rather 
lower than engine speed Remembermg Gumperson's 
statement of the uncooperativeness of Nature— uf a 
phenomenon can occur, it will do so ın such & way and 
at such a time, as to"maximuze the inconvenience’’—one 
can see that the rotational speed of the stall cells may 
well lock on to a natural resonance of the blade The 
result is a fatigue failure 

Various ideas have been suggested to avoid this— 
differential spaemg of the blades 18 one—but the only 
reliable method seems to be to avoid the stall region 80 
far as possible either by using & two-shaft engine so that 
the front and rear onds of the compressor can be run at 
different speeds, or by varying the setting of the stator 
blades, bleeding air away from tho middle of the com- 
pressor, or other ‘crutches’ High-frequency resonances 
are usually escaped by quite minor modifications to the 
form of the blade 

Self-oxeitation occurs under a number of conditions 
which all have the common feature of negative dampmg 
if the blade starts to move or twist in one direction, then 
under certain conditions the aerodynamic forces encourage 
the movement instead of opposing it. It 1s a bb lke 
pushing a walking-stick along & rough floor at a high angle 
of meidence—im that caso, if the end of the stick goes & 
little more slowly the friction mereases, making ıt go 
more slowly still and a squeal or judder results 

In general, there are so many blades, each with so many 
possible modes of vibration and such an abundance of 
excitmg forces, that one 1s left mn some surprise that the 
blades are stable under any conditions at all The happy 
fact 1s that dampmg, both material and aerodynamic, 
exerts a generally benign influence and seems to lmit 
dangerous vibrations to a few cases m each design these 
aro usually picked up quickly on ground testing long 
before an engine has entered airline service 

At this stage, with vibrating blades singing ın our ears, 
I would hke to turn to noise—a form of oseillation which - 
18 rarely destructive, but which has a profound nuisance 
value 

The simplest source of sound 1s the go-called monopole, 
which may be thought of as a Little balloon rhythmically 
inflating and deflating, 50 as to send out a reguler train 
of spherical waves Tho same sort of effect 18 produced 
by & siren, which emits httle puffs of air 1n regular suc- 
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cession If we put two such balloons close together, and 
arrange for them to be 180° out of phase, so that one 
contracts when the other expands, we would get a dipole 
source This would still send out waves, but the effects 
of the two sources tend to remforce along the line jommng 
ther centres, and cancel m the plane at right angles to 
this This produces a directional effect—more noise 18 
heard at one point than another A smgle balloon oscil- 
lating from side to side produces the same sound dis- 
tribution as our dipole pair In this case 1b 18 evident 
that the balloon imposes an oscillatmg force on the air 
And, m fact, at reasonable distances away from tho source 
tho same field would be produced by any oscillating force 
of that frequency and magnitude A typical case in 
point ıs the well-known humming of telephone wires, 
which suffer an oscillating force due to the regular shedding 
of vortices ın a high wind (Fig 9) 
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Fig 9 


If we go one stage further and add two dipoles we get 
‘quadrupole’ source This corresponds to two adjacent 
oscillating forces that are 180° out of phase—that 1s, an 
oscillating couple This is the only sort of reaction that 
can be produced m a gas away from a sold boundary 
the turbulent eddies m the mixing zone between the jet 
itself and the atmosphere provide just such quadrupole 
sources These produce the nome you hear from the jet 
of a high-powered engine 

It can be shown that at low jet speeds the proportion 
of the kinetic energy radiated as noise 1s approximately 
equal to the fifth power of the jet Mach number divided 
by ten thousand This sounds quite a small fraction, 
until one remembers that the jet energy of & typical 
modern gas turbme may be measured in tens of moga- 
watts, so a lulowatt of noise can easily be radiated This 
kilowatt must be compared with the smgle watt from the 
wireless in the flat upstairs which 1s often quite enough 
to cause considerable annoyance 

When you get to rocket sizes of jet, which may have 
500 MW of jet energy, the noise output really 1s formid- 
able The noise of a large rocket taking off 1s not often 
heard m Great Britain, but a comparable sound 1s pro- 
vided by the escape of steam from a power station when 
the breakers are tripped I myself happen to lve 
a mile away from Willington ‘A’ power station, on the 
Trent, the output of 240 MW of electricity of which 1s 


NATURE 


January H, 1964 vor. 201 


simular to the energy output of one of the Blue Streak 
rocket engmes ‘The steam flow required to produce this 
power 18 about the same as the flow of propellants m the 
rocket and 1s used at only shghtly higher pressure Thus, 
when a breaker blows, and the full steam flow must 
suddenly be exhausted into the atmosphere, the noie 18 
simular to that of a rocket launchmg Fortunately, most 
of the noise 18 radiated upwaids mstead of downwards, 
but ıt is quite noticeable for all that. 

Returmng to the turbo-jet, although one can reduce 
the noise a httle by usmg corrugated nozzles, or multi- 
nozzle arrays which shield each other, or by using ejector 
nozzles which reduce the mtensity of mixing, tho really 
paying factor m noise reduction is reducing the jet 
velocity This also leads, of course, to an economical 
engine—though ıt also mereases its weight a little for a 
given power—and accords woll with tho philosophy of 
by-pass engmes which we have followed for some time 

As a result of these developments ıt 18 now landing 
noise which 1s becoming the main problem Modern 
aeroplanes are becoming so highly powered that they can 
usually lift off well before the end of the runway, they 
then accelerate as rapidly as possible, and throttle back 
just when the cone of mtense sound would reach the first 
dwellings beyond the airport permeter In this way 
noise-levels lower than those of present-day jets can be 
contemplated for the future At landing, on the 
other hand, the slope and position of the path of the 
mcoming plane are fixed by navigational considerations, 
and largor engmes must mean more noise Tho higher 
frequency noise 1s physiologically more objectionable, 
and I also think that the fact that the aeroplane 1s still 
approaching as the engine noise reaches its crescendo 
makes ıt a more worrying sound than the jet noise the 
maximum of which oceurs after the plane has safely 
landed The design of modern planes, such as the Trident, 
has therefore been studied carefully to mmumize approach 
noise, nearly all of which comes from the compressor 
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The problem of compressor noie 1s by no means 
solved, but one can make some general observations It 
1s dipole noise, associated with oscillatmg forces on the 
blades and varying roughly as the sixth power of the 
blade speed. Besides the characteristic high-pitched 
whine, which occurs at the blade passing frequency, there 
is a background of aperiodic broad-band noise The 
whine 1s associated with the interactions as the blades 
pass through the pressure and velocity fields associated 
with the vanes m adjacent rows (Unlike a propeller m 
the open, blades by themselves m a duct radiate no 
sound, as the air 1s, as 16 were, set oscillating locally and 
forewarned of the arrival of the next blade) The back- 
ground noise 1s associated with the inevitable general 
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turbulence in the meident stream and boundary layer 
instabihty which produces a randomly fluctuating force 
between blades and gas 

It 18 interesting to note that smce the blades ın suc- 
cessive moving rows are generally parallel to each other, 
they tend to reflect back the sound produced by the 
followmg stages That.s, most of the noise radiated comes 
from the first stage In fact, 1f we knew how to quieten 
the first stage the others would probably not worry us 

The subjects considered here seem at first sight to be 
rather unrelated, and each is & bit unfinished One 
unifymg factor, however, ıs that they are all problems 
that are still with us If the subjects look unfinished ıt 
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18 because the riddles are still unsolved, and serious 
difficulties are only kept at bay by development pallia- 
tives The second unifymg factor ıs that they all relate 
to unsteady flow I myself thunk that we are approaching 
a Stage ın the development of jet engmes where it 15 no 
longer worth while to spend huge sums of money to 
produce ever-dimmushmg improvements m steady flow 
cycle efficiency. It 1s the unsteady problems hke control, 
vibration, fatigue and noise which give us the really 
tough nuts to crack, and which provide the blend of 
aerodynamics, combustion, materials technology, and 
acoustics which contmue to make the jet engine such a 
fasemating study 


NATURAL HISTORY OF AGGRESSION 


SYMPOSIUM on “The Natural History of Aggres- 
sion", arranged by the Institute of Biology, was held 
at the British Museum (Natural History) during October 
21-22 Prof G E Blackman, president of the Institute, 
was 1n the chair at the opening session 
The emphasis of the contributions was on intraspecific 
aggression, but at the outset Mr James Fisher reviewed 
the subject of mterspecific aggression Except for the 
relationship of predator to prey, which does not fall 
within the definition of aggression, animals are usually 
tolerant of other species even 1f they share the same food 
spectrum An example of mterspecific aggression men- 
tioned by Phny the Elder was his observation that small 
birds go to war with cuckoos. That natural selection 
has produced highly specific releasers of such behaviour 
is now clear from the fact that birds of North America, 
where there is only one parasitic cuckoo, do not react 
aggressively to European cuckoos Some forms of inter- 
specific aggression may arise as an overspill of the mtra- 
specific aggressive drive in the defence of terntory, 
perhaps mistaken identity, as ın the recorded attacks of 
robins on red erossbills, might play a part On the other 
“hand, small taxonomic differences between closely related 
swb-species might be releasers of aggressive behaviour, 
and Mr Fisher went on to suggest that the major racial 
divisions of man might provide an analogous situation, 
posing the question whether human aggression could 
be released by such taxonomic differences In the ensuing 
discussion this view was disputed by Dr W M S Russell, 
who believed cultural factors to be much more important, 
citing, among other examples, the continuous warfare 
between early Greek communities of identical racial 
background 
Dr D I Walls, m his paper on “Aggression m Social 
Insects’’, considered that aggressive behaviour was part 
of the mechanism by which the colony was maintained, 
and such behaviour could be directed to other colonies of 
the same or different species Dr Wallis described the 
various components of aggressive behaviour in the ant, 
Formica fusca | Aggressive responses are not normally 
shown towards members of the same colony, though they 
can be induced 1f the colonies are divided and the two parts 
fed on different diets Members of other colonies, however, 
provoke aggressive behaviour, 1t seems that the aggression 
is released by the characteristic colony odour of the 
foreign ant Ants appear to learn the collective odour of 
their colony soon after emergence from the cocoon, 
thus pups, even of other species, can be transferred to 
new nests, as they are by slave makers such as Formica 
sanguinea, and the adults which emerge then show allegi- 
ance to the nest 1n which they find themselves 
Dr L Harrison Matthews reviewed the occurrence of 
mtraspecifie fighting in mammals, which could be divided 
mto two kinds, ritual and overt, the first a formalized 


sparring match with strict rules and the second a fight to 
the death with nothmg barred Very few examples of 
intraspecific overt figbting occurred in mammals and ıt 
was doubtful whether ıt was ever normal in Nature 
Weapons such as teeth, claws, nasal horns and antlers 
would be very dangerous if turned against members of 
the same species Thus, fighting 1s ritualized into display, 
threat and submission or appeasement, and such fights 
are generally no more than trials of strength followed by 
disengagement and rapid withdrawal by the weaker 
animal True overt fighting which results ın the death 
of the loser only seems to oecur when population numbers 
have overtaken the resources of the environment so that 
serious overcrowding 1s brought about For example, 
m wild deer fightmg ıs usually ritualistic, but when the 
animals are confined ın parks and their numbers reach a 
high density the stags will fight in season and out and 
lull both calves and strange hmds Apart from these 
conditions, there must be an extremely strong mhibition 
which restrams the victor m a fight from giving the death 
blow when the rival submits Thus violent aggressive 
behaviour within a species does not bring about the death 
of a large number of animals 

In the afternoon session on October 21, Sir Julian 
Huxley took the chair for the presentation by Dr Konrad 
Lorenz of a paper on ‘“‘Rituahzed Fighting m Animals” 
Dr Lorenz summarized the function of fightmg between 
fellow members of one species 16 ensured equal distribution 
of mdividuals over the available habitat, selection of the 
strongest male to defend the family or herd, and establish- 
ment of the social rank order ensuring the beneficial rule 
of an experienced leader Such functions were sufficiently 
important to the species to outweigh the sacrifice of a 
few individuals However, sacrifices could be rendered 
unnecessary by the ritualization of fighting Threatenmg 
behaviour, mergmg into non-damaging forms of fightmg 
which achieve a decision through mtimidation or ex- 
haustion rather than wounding, tended to eliminate 
damaging fights Dr Lorenz showed films of such fighting, 
in fish, biting of scales from the rival’s side was shown to 
give way to ritualistic circling and tail-beating movements, 
and male snakes contending for females were seen to 
struggle for hours until one of them gave up and retreated 

Prof K R L Hall then described hi^ mvestigations of 
aggression in non-human primate societies The expres- 
sion of aggression in apes and monkeys ranges from 
threats by sound, grimaces or movements to full-scale 
attack Within any group there 1s a complex of relation- 
ships among the adult males which determines priority of 
access to females in cestrus The aggressiveness of these 
males appears not only to protect the group from preda- 
tors, but in the general way to prevent aggressiveness 
within the group reaching a stage where real fightmg 
occurs There ıs much noisy chasmg and display of 
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thients, but rarely any physical contact between animals 
Prof Hall concluded not only that no primate group 
characteristically engages m actual fightmg with another 
group, but that real fighting within a group 1s of very rare 
occurrence in any species, even the most overtly aggressive 

The physiological background to aggression was con- 
sidered by Dr Arnold Klopper, who reviewed the various 
endocrine mechanisms concerned Most reactions were 
mediated through the adrenal gland, but a major problem 
was how far the hormones of the adrenal medulla caused 
the emotional state and how far they were an effect of 
conditions arismg withm the central nervous system 
Both adrenaline and noradrenahne have a variety of 
effect on cerebral arteries; some, but not all, of these 
effects can be accounted for on the basis of changes m 
the cerebral blood flow It was found that an ice hockey 
player when active had increased excretion of noradrens- 
hne, while the more passive, anxious goalkeeper had an 
increased adrenaline output Steroid hormones of the 
adrenal cortex and of the gonads are also probably in- 
volved in the physiology of aggression Both male and 
female chicks form peck-rights and a peck-order earlier 
when they are treated with gonadal hormones, androgens 
Increase aggressiveness whereas cestrogens cause chicks 
to become moie submissive ‘The role of the thyroid 
must also be considered, ıt 18 well known that hyperthy- 
roid patients exhibit a state of agitation, while hypo- 
thyroid patients are torpid 

On the second day of the symposium, the morning session 
was chaired by Dr John Bowlby In the absence of Dr. 
Cecily de Moncheaux, her paper on 'Hostihty m Small 
Groups" was mtroduced by Dr Thelma Veness Dr de 
Moncheaux stated that a person can respond to a quarrel- 
some attitude by someone else m one of four ways by 
turning the other cheek, by returnmg blow for blow, by 
becomung cool, or by complete withdrawal. From 
mvestigations on these forms of behaviour n small groups 
of ten or twelve people, it appeared that for aggressive 
feelings to be resolved ıt was important for contact to be 
continued Otherwise, hostile attitudes became per- 
sistent and even delusional She referred to experiments 
m which students were msulted, prevented from replymg 
and then invited to write character sketches of the 
aggressor These proved far more abusive than they 
were m a control group where an mmediate reply had 
been permitted Dr Veness stressed that ıt would be 
naive to extrapolate from such small groups to nations 

Prof Denis Hill, ın a paper on "Aggression and Mental 
Tilness", demonstrated how an mvestigation of nervous 
disorders and cerebral disease throws hght on the pathways 
aggression may follow The aggression aroused by frustra- 
tion can take one of three courses, 1t can be directed openly 
at the frustrator m the form of anger, verbal hostility or 
physical violence, ib may suffer displacement to a non- 
aggressor or inanimate object (tho scapegoat), or 15 may be 
inhibited with possible adverse consequences for the 
person frustrated ^ Cerebral] disease can give rise to overt 
aggression, for example, destructiveness, includmg mur- 
derous attacks on others and self-mutilation, had been. 
shown to follow the occurrence of encephalitis lethargica, 
& disease in children affecting the basal ganglia, hypo- 
thalamus and part of the grey matter of the brain stem 
Prof Hill pointed out that the overt expression of ageres- 
sive behaviour is greatest during early childhood and at 
adolescence, but thereafter declines Displacement of 
aggression, that 1s to say, the selection of a scapegoat, 
seen particularly in paranoid mental illnesses, becomes 
commonest in late middle age, and the tendency to self- 
destruction, typrfied by swerde, increases with advancing 
age and reaches a peak at the age of seventy He pomted 
out that the brutal and eruel treatment of the mentally 
ul m past centuries showed that they were themselves 
& group of scapegoats for an aggressive, frightened and 
insecure society But we had now learnt the lesson 
that to the extent to which the mentally sick are treated 
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with aggressiveness, to that extent they have difficulties 
m coping with their own aggressive tendencies 

Mr James Laver put forward some interesting theories 
on "Costume as a Means of Social Aggression” He said 
that the wearmg of clothes gave rise to agreeable mental 
reactions They enhanced the feehng of importance for 
the wearer and enabled him to establish himself in a system 
of rank, thus he postulated a ‘hierarchical prmeiple' 
which still makes 1t seem natural that the red band round 
the hat of the general ıs out of place around the hat of 
the private, With women, however, 16 was different, they 
dress to attract the most mfluential man and thus the 
‘merarchical principle’ becomes expressed as the ‘seduction 
principle’ Costume established a firm distmetion between 
those engaged m manual toi and those who were not. 
When upper-class male costume ceased to be actively 
muihtary, 1b became designed to show that if the wearer 
was not actually fighting he certamly was not workmg 
Mr Laver concluded that costume 1s an expression of 
aggressive dominance withm society 

Dr Derek Freeman, viewmg human aggression m 
anthropological perspective, referred to the history of 
man’s destructiveness as the “unimagmed strata of 
mahgnity m the human heart”. He quoted Lewis 
Richardson’s calculation that between 1820 and 1945, 
59,000,000 human beings were killed m wars, murderous 
attacks and other deadly quarrels, and proceeded to 
unravel an appalling catalogue of human cruelty through- 
out the ages There was, he said, no adequate scientific 
compilation of the essential facts of human cruelty because 
those who observe ıb readily repress much of the horror 
they have experienced Until the realities were appre- 
ciated ıt would not be possible to achieve a scientific 
understandmg of them nor be able to evolve ways of 
controlling them 

In Dr Freeman's view, the ancestors of men were 
formidable beasts of prey mdulgmg m cannibalism, and 
he cited the archzeologieal evidence for the employment of 
lethal weapons by Australopitheomnes, eoneludmg that 
man has mherited a carnivorous psychology and enjoyed 
inflicting suffermgs on other human bemgs 

Dr Freeman’s facts on human cruelty could scarcely 
be disputed, but there was much discussion about his 
interpretation Sir Juhan Huxley rose to defend the 
carnivores Lions, he said, were not aggressive towards 
other lions, carnivorous animals were not cannibals, 
aggression was much more marked m non-carnivores such 
as buffaloes Man was an omnivorous animal which had 
invented weapons, but had none of the mhibitions of a 
carnivore Dr Kenneth Oakley questioned Dr Freeman’s 
interpretation of the artefacts associated with Australo- 
pithecus and asked whether the reasons why man ate man 
could, in fact, be mferred from the evidence 

The last session dealt with the origin and nature of 
warfare, Sir Solly Zuckerman took the chair Participants 
were able to read a contribution on “The Orign of War- 
fare” which Dr S Andreski was unable to deliver in 
person As there was no evidence on which argument 
could be based the omgm of war was in the strict sense 
insoluble, according to Dr Andresla, only speculation was 
possible Human bemgs were not, 1t seemed, endowed 
with an innate proclivity for war, otherwise 15 would not 
be necessary to indoctrmate them with warlike virtues to 
make them fight Moreover, if man had an mnate pro- 
pensity towards war, similar to his desire for food or 
sexual satisfaction, then there could be no mstance of 
numerous nations remammg at peace for more than a 
generation To explam why man became involved in 
kilbng, Dr  Andreski mvoked Malthus The human 
population 1s biologically capable of doubling itself every 
generation, and this cannot happen because there is a 
limit to the amount of food any given territory, or the 
Earth as a whole, can produce Kullmg one another could 
not have remained one of the chief occupations of men if 
there had been no surplus of men available Warfare 
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came mto existence when the advance in material culture 
enabled man to defend himself better agamst the beasts 
which preyed on him, and thus to disturb the natural 
balanee which keeps the numbers of any species stationary 
in the long run After the beasts had been subdued, 
another man became the chief obstacle m the search for 
food, and mutual killmg began 

The historians! view was 1epresented by Prof Norman 
H Gibbs, who evoked some sympathy from the biologists 
when he stated that history must be based on an examuna- 
tion of facts and rejected some of the metaphysical axioms 
of Dr Andreski He appeared, too, to reject the view 
that the causes of war are to be sought m over-population 
But at this pomt a crevice seemed to be widening between 
the disciplmes ‘‘Historians accept war as a component 
of human behaviour", said Prof Gibbs “I do not know 
whether aggression in animals js related to aggression in 
man, and I am not quite sure of my purpose m this 
symposium I cannot bridge the gap between the biologist 
and the historian, I can only analyse the historical reasons 
why States go to war It ıs a fact that the growth of 
political democracy has been accompanied by an expan- 
sion of warfare, 1b 1s now more bloody than before". So 
the problem of whether warfare can be regarded, on one 
hand, as a rational activity of States for the achievement 
of certain ends or, on the other hand, as a fulfilment of 
some subconscious urge remained, unsolved 

“Possible Substitutes for War’’ were discussed by Dr 
Anthony Stotr, who pointed out that, in the past, war had 
provided men with a number of satisfactions Dr Storr 
did not accept the view that man’s aggression 1s merely a 
response to frustration, ib 1s a deep-seated drive which 
had to be satisfied War had, on one hand, increased the 
sense of identification with others and, on the other hand, 
provided & means for man to find his own identity by acts 
of heroism To find one’s full potential, struggle and 
opposition were absolutely necessary ‘Our mistake”, 
said Dr Storr, “is to thmk that anythmg ıs achieved by 
destroymg our enemies On the contrary, we ought to 
struggle to preserve them" If we can succeed m avoiding 
the holocaust the problem of our own aggressiveness 
must be solved and we ought to consider possible substi- 
tutes for war Some examples of the substitution of 
ritual struggles could already be found, the English now 
no longer fought the Scots, they played them at football 
Perhaps the space race performed a similar valuable func- 
tion and expenditure on ıt should not be grudged But 
if ritual and other forms of struggle were to become sub- 
stitutes for war, one vital step was necessary, namely the 
“assumption of sumuarity” We must think of our enemy 
as a man like ourselves and not as an alien who must be 
destroyed “What I want to destroy n my enemy is 
what I cannot stomach m myself, and to kill him is to 
commit suicide It 1s only when we can fully realize this 
truth that we can learn to value our enemy, and learn to 
fight bim without destroymg him” 

In a paper on “The Nature of Aggression as Revealed 
m the Atomie Age", Dr John Burton put forward the 
alternative theses either that there was no theoretical 
foundation for the notion of aggression by sovereign States, 
or that even if there were there 15 at present no evidence 
of such aggression While agreemg that the notion of 
aggressiveness ın animals might be valid, and accepting 
the psychologists’ understanding of aggression in terms of 
frustration, fear, displacement, seapegoatmg and so on, 
he did not believe that human aggressiveness was thereby 
established as normal In one sense, indeed, Dr Burton 
seemed to be takmg the biologist to task ‘When the 
biologists and the psychologists assert that there are 
aggressive tendencies among mdividuals within nations, 
and imply that nation-states tend to act aggressively, 
then they are encouraging every state to have an expecta- 
tion of aggression, even though there 1s no discernible 
enemy”, he said “The defence policy of the State will 
tend to produce just the result 16 seeks to avoid" Aggres- 
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sion, according to Dr Burton, was a term most commonly 
used by those who are satisfied with the status quo and 
who resist any attempt to upset the existmg order If 
social and political change could be understood and 
accepted, national tensions need not arise The extension 
of the findmgs of biology and psychology mto the mter- 
national relationship was probably false, but as an 
analogy 1b could be useful to pomt out that, in animals 
and m man, aggressiveness 1s à non-passive response to 
& frustration Pohtıcal leaders of States who accused 
other States of bemg aggressive would then know where 
the responsibility for aggression finally hes 

“I wondered", said Sir Solly Zuckerman m a sucemnet 
summary, “whether we were all discussing the same 
subject In the first session the views expressed were 
commonly held, but m this last session matters are open 
to almost any number of interpretations Is there innate 
ageression among States ? Can we relate the unpredictable 
behaviour of man to the predictable behaviour of animals ? 
I must remind you that as men we have to work within an 
environment—there ıs no isolated moment of time when 
you are starting afresh” 

If no clear answers could be given to the questions posed 
by Sir Solly, 1t seemed, m the hght of what we had heard, 
equally difficult to deny any connexion whatsoever between 
the aggression of States and the subconscious springs of 
human aggression Moreover, certain tentative generaliza- 
tions ean be made The irrefutable and ternfymg history 
of overt aggression appears to be essentially human, 
animals display aggressive attitudes which may have a 
survival value, but under natural conditions they do not 
fight to the death with members of their own species, 
aggression 1s rituahzed so that little damage is done 
Man's beastimess 1s not of the beast, to the anthropologist 
and the historian haman, overt aggression may seem 
normal, but seen agamst the background of the anımal 
kingdom, from a pomt of view which cannot be avoided 
by the biologist, 15 appears pathological. The comparative 
study of animal behaviour suggests several explanations 
why it occurs Furst, 16 is possible that m the rapid 
development of weapons, by power of bram and hand, 
man’s potentiality for destructiveness has far outstripped 
any mmhibitions against fratricide or even genocide which 
might, as m carnivorous animals, develop under the 
influence of natural selection Secondly, the use of weapons 
at a distance could, ın any event, vitiate such inhibitions, 
it may be psychologically easier to kill a man with a gun 
than with a knife, or to exterminate m mass by a hydrogen 
bomb than with a gas chamber ‘Thirdly, man’s environ- 
ment is unnatural, he 1s a prisoner within ıt Though 
the crude Malthusian argument that war is directly 
caused by population pressure may be rejected on histori- 
cal evidence, the position of man, who has destroyed his 
own natural environment, may be analogous to that of 
animals lvıng ın overcrowded and artificial surroundings 

That aggression m mdividuals 1s not merely a response 
to frustration but a deep-seated urge appears to be estab- 
hshed on psychiatrie evidence Even if we have no direct. 
knowledge that wars are caused by the upwellmg of such 
aggression from the subconscious, we can have little doubt 
that the practice of warfare, however much its causes 
and aims ean be rationalized by historians, releases such 
aggression on a horrific scale It is no longer possible to 
circumvent this issue If the addiction to war is a direct 
effect of subconscious aggressive drives, we may, by 
understandmg them, seek to remove the causes of war 
If, on the other hand, States are not mnately aggressive 
and the problem of war ıs purely political, or 1f—as seems 
possible—we are mutually deterred to keep the peace, then 
new outlets for aggression may need to be explored The 
techniques of sociological and psychiatrie research might 
now be apphed on an increasing scale to direct observation 
of the etiology of wars or the tensions which lead to wars. 
What 1s now needed 1s evidence J D Carrey 

F. J Esrma 
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CONTRIBUTION OF EXPERIMENTAL HORTICULTURE TO A LIBERAL 
EDUCATION FOR BIOLOGY TEACHERS AND OTHERS 


By Pror. O V. S. HEATH, FRS 


Department of Horticulture, University of Reading 


NEED searcely argue m Natwe the importance of 

giving as many young people as possible some under- 
standing of what science ıs It 1s becommg a truism that, 
while most scientists have at least some mterest m and 
knowledge of one or more arts subjects, the converse 18 
seldom the case The reason 1s not that persons tramed 
i) the arts are necessarily more narrow in outlook, but 
that science can only be understood by actually domg 1t. 
Popular books and articles on science, by concentrating 
on findings and achievements rather than on methods, 
often do more harm than good ‘They merely substitute 
new superstitions for old and have become a modern 
form of miracle-mongermg Physics, m the popular view, 
18 not concerned with discovermg the propeities of matter 
but with causmg atomic explosions or putting satellites 
in orbit Biochemistry becomes, m its medical applica- 
tions, a new witchcraft or at best a mystic circle-dance of 
molecules with names too long to be remembered except 
as initials, how this information 1s obtained 1s largely a 
closed, book even to some biologists who have been through 
courses of biochemistry Popular accounts of biology 
itself tend to concentrate on biochemistry or ecology 
with the latter presented as glorified natural history 

It seldom occurs to the average man, or even to a good 
many scientists, that the methods of experimental science 
are available to anyone for the solution of practical 
problems and the discovery of new information ın every- 
day hfe, but ıt 1s only when he has been taught to realize 
this and act on 16 that he will have any real understanding 
of the potentialrties and limitations of science (The 
methods of observational science are also available to 
anyone, but here the delays between the formulation of a 
hypothesis and the combination of naturally occurrmg 
events which will test the predictions based on 1t make 
progress too slow for all but the very patient ) 

Teaching of experimental science should begm im the 
schools, but ıt will not suffice merely to work through 
experiments out of a book in which the ‘night’ result is 
given In fact, 1b1s only when the master as well as the pupil 
18 not sure of what will happen that the latter can savour 
the stimulus of discovery and also come to realize that 
although every experiment yields the ‘right’ answer to 
the question asked, the question 1s never a simple one and 
the interpretation of the answer never final 

The necessity for original experimentation rules out 
chemistry and physics for this aspect of teachmg—the 
prospects of new findings m these subjects at school, or 
even at university undergraduate-level| are remote 
mdeed In the biological subjects the possibilties are 
much greater, but even here if the work 1s confined to the 
laboratory ıt will be found difficult to devise a constant 
succession of new experiments of a kind which can be 
carried out with the hmited equipment normally available 
and also arouse and hold the interest of the pupils 

From both points of view there are advantages m taking 
the work out mto the school garden and greenhouse 
These provide manifold opportunities for new expermmenta- 
tion, and though this may often be ata somewhat empirical 
level ıt ean nevertheless allow of making and testmg 
hypotheses and gammg new knowledge. Such experi- 
mental horticulture has the further advantage that it 
should be possible for pupils even of extremely limited 
mathematical abihty to acquire some understanding of 


the logie of experrmentation Most pupils could calculate 
arithmetic means for the treatments, mspection of histo- 
grams or other diagrams plotted separately for each 
replicate of an experiment provides a good substitute for 
more conventional tests of significance and gives a 
much better idea of the meanmg of variation Such 
manipulation of results also emphasizes the umportance of 
drawing and lookmg at diagrams as the first step m 
considermg data—ait 18 not for nothing that R A Fisher's 
classical book! starts with a chapter entirely devoted to 
diagrams 

This type of school traming can, of course, only be 
cared out by teachers who have themselves been appro- 
priately tramed The degree courses in horticulture and 
horticultural science which we have developed m this 
Department over the past few years seem to have merits 
for the production of school teachers of biology and rural 
science (especially if followed by a diploma course in 
education), though this has not been the primary aim in 
view. The mmportance of practical work m trammg for 
any experimental science or technology can scarcely be 
over-stressed but ıt must be of the right kid The 
uncritical repetition of standard expermments and tech- 
niques or traditional methods results m an excessively 
conservative conviction, m both teacher and student, 
that they are better than any others, for thmgs learned 
with the hands are the best remembered Such an 
attitude 1s best prevented by experience of the unexpected 
results that turn up in original experimentation Here a 
good proportion of the practical work 1s organized in the 
form of simple experiments (meludimg factorial designs) 
mamly on questions of technique to which the answers 
are unknown Each student carries out each of the 
methods or treatments (once or the same number of times) 
im random order, and the results can be averaged over all 
the students in a class—each student, m fact, comprises 
a block m a randomized block expermnental design 
So far as possible, attempts are made to interpret the 
results m terms of the relevant sciences at the level 
reached Most of the experiments are essentially apphed 
plant physiology, entomology or pathology The students 
are dehghted to find that they are obtammg information 
which is new to their teachers as well as to themselves 
and sometimes of real value to horticulture This gives 
them increased interest so that they pay more attention 
to how they carry out the operations, thus their hands 
benefit as well as their heads 

Such trammg^n experimentation starts as soon as the 
students enter the Department, m their first post-inter- 
mediate year, but they recerve no formal mstruction m 
statistical design. and analysis of experiments until the 
beginning of the second year I then give a short element- 
ary course on these subjects, in which the practical work 
includes analysis of the data from a permanent manumal . 
field experiment sampled by the students themselves the 
previous summer 

By the time they come to this course they have already 
some feehng for expermnentation, which they have 
acquired much as a language 1s learnt by conversation 
before the grammar is taught More experiments are 
carried, out in this second year, and durmg the course each 
student 1s grven a small problem to investigate unaided— 
they respond to this with enthusiasm Thus those who 
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graduate m horticulture at the end of this second year 
should have some idea of what original investigation means, 
of the necessity for the highest standard of honesty and 
truthfulness, of the umportance of basmg opinions on 
evidence and of the fact that the scientific method ean be 
used to obtain information at all levels They also have 
had a good groundmg m an unusually wide range of 
sciences, both taught m other departments and 1ntegrated 
here mto the technology which 1s horticulture, these he 
beyond the scope of the present article, but they add much 
to the merits of the course for the production of teachers 
A number of our horticulture graduates have become 
teachers of biology, rural science and other science subjects, 
and I should lıke to see the proportion inerease 

The honours students in horticultural science stay for a 
further yea, this mcludes a more advanced course of 
statistics (given by the Unit of Biometry), and for each 
student a small mdependent experimental investigation 
with analysis of the data and their discussion, together 
with the 1elevant literature, m a short dissertation 
This last 1s a feature common to the final year of many 
honours courses, but I should like to record my opmion 
that ıt does more to enable a student to think mde- 
pendently and teach himself than any other part of the 
course By the end of his second year (post-intermediate) 
he should have a fair store of factual knowledge, and we 
devote a large part of the final year to trying to help him 
to use this and make furthei advances for himself 

These honours horticultural science graduates would, 
of course, be even more suitable for teaching, and I hope 
that m future some may be attracted to the profession; 
so far most have proceeded to research and the others 
have entered the National Agricultural Advisory Service 
o1 become technical experts to large growers 
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In the “Nuffield Biology Teaching Project"? the impor- 
tance of more quantitative and expermental work m 
school biology 1s emphasized It 1s proposed to provide 
“A book of projects intended for the most gifted students 
and those who show particular aptitude and enthusiasm 
for expenrmental work"? It 1s, of course, entirely right 
that the most gifted students should be given every 
opportunity to extend their abilities, but I am suggesting 
that all students should take part in some original experi- 
mentation m the hope and behef that 16 will stimulate 
more of them to discover m themselves an “aptitude and 
enthusiasm for expermnental work” It 1s asking a great 
deal of the teachers that they should organize a pro- 
portion of origmal experiments year after year unless 
they have themselves had experience of origmal work in 
experimental science For this reason, 1f for no other, the 
financial support given by the Royal Socrety to research 
by school teachers 1s most important If, m the biological 
departments of universities, the staffs are to increase 
over a long term m the manner foreshadowed by the 
Robbins Report, the schools must piovide human material 
of the best possible kmd—it 1s necessary and only fair 
that the univeisities should give very serious thought 
to the best methods of pioviding teachers for the 
schools 

Smee wnting this article I have seen the mteiesting 
account of the Gulbenkian-sponsored enquiry into practi- 
eal work ın school science’ I consider that expermental 
horticulture provides the opportunity for the type of 
teaching that the enquuy team 1s seeking 


1 iier p À , Statistical Methods for Research Workers (Edinburgh, 1925- 
2 Dowdswell, W H , Kelly, P J , and Perrott, E , Inst Biol J ,10, 71 (1963) 


3 Kerr, J F, Boulind, H F, Rolls, M J, Scott, D W, and Stafford, E , 
Practical Work tn Schapl Scrence (Leicester, 1963) 


OBITUARY 


Prof. R. K. Morton 


Ox Septembei 27 occurred the tragic death, at the age 
of forty-three, of Robert Kerford Morton, professor of 
biochemistry in the University of Adelaide, as a result of 
an explosion in his laboratory It appears that the 
collapse of a filter flask under vacuum produced a spray 
of acetone which was ignited by a spark from an electric 
fan, Morton caught the full force of the explosion, was 
severely burned, and died three days later without re- 
covering consciousness That this brilhant and dis- 
tinguished  biochemust and enzymologist should be 
suddenly cut off at the height of his powers 1s a tragedy 
for Australian science and mdeed for the whole scientific 
world 

Morton was born in Austraha m August 1920 and was 
educated at Sydney Boys’ High School and later at 
Hawkesbury Agricultural College, New South Wales, 
where he took the diploma m dairying In 1940 he 
entered the University of Sydney to read agricultural 
science, but broke off bis course to enlist in the Royal 
Australan Navy In 1941 he was transferred to the 
Royal Navy. where he had a distmguished career as an 
anti-submarine officer He was demobilized in 1945 with 
the rank of leutenant-commander and immediately 
1esumed his university course, graduating m 1947 with 
first-class honours and a University Medal  Durmg this 
time he also organized a testing laboratory for the New 
South Wales Milk Board, and with Prof J M Vincent 
carried out an mmportant survey of the factors affectmg 
the quality of milk supphes, publishing the first of a series 
of jomt papers with Prof Vincent before he graduated 
He was awarded a research fellowship ın the University 
of Sydney 


In 1949 he became the first holder of the Gowrie 
travelhng scholarshp This enabled him to come to 
work 1n the Department of Biochemistry of the University 
of Cambridge, where he jomed my Sub-Depariment as a 
research student, takmg his PhD degree m 1952 Durmg 
this period he developed an intense interest in enzymes, 
and this greatly mfluenced the whole subsequent course 
of his work His outstanding abilities for research quickly 
became apparent  Withm a shoit time he had obtamed 
several very highly purified phosphatases and carried out 
work with them which did much to clear up the phos- 
phatase field At the same time, he discovered the butanol 
method for extracting so-called ‘msoluble’ enzymes from 
intracellular particles, which opened. up many possibilities 
and has smce been widely and successfully used He also 
did important work on the group-transferring abilities of 
hydrolysmg enzymes 

In 1952 he accepted an invitation from Prof V M 
Tuikoyus to become senior lecturer in biochemistry m the 
University of Melbourne, where he was soon made a 
reader and m 1956 associate piofessor of plant bio- 
chemistry Here he began what was probably his most 
brilliant work, namely, the study of the lactate dehydro- 
genase of yeast, on which he was still working at the time 
of his death He succeeded ın obtaming the pure enzyme 
in the form of large red crystals and showed that 1t was 
identical with the hemoprotem, cytochrome b, It was, 
in fact, the first cytochrome to be crystallized, but he 
found surprisingly that 1t was also a flavoprotem, con- 
tammg one flavin group for each hem group This was 
the first example of a protem contaimmg two different 
coloured. prosthetic groups, both essential for enzyme 
activity But m addition Morton showed that the enzyme 
was present m the crystals m combmation with a new 


134 


land of deoxyribonucleic acid (not necessary for activity) 
which was of special interest because ıt was of com- 
paratively low molecular weight and because it was 
situated outside the cell nucleus He prepared a beautiful 
series of crystalline derivatives, each lacking one or more 
of the three groups, and with these he carried out elegant 
mvestigations of the mechanism of the enzyme 

Not all this work was done at Melbourne In 1957 he 
accepted a pressmg invitation to become professor of 
agricultural chemistry m the Waite Agricultural Institute 
at Adelaide Here he rapidly built up a first-class research 
group Under his dynamic and inspirmg leadership his 
department burst mto activity on a number of different 
fronts, quickly acquiring an international reputation and 
attractmg distmguished research workers from other 
countries His next five years were meredibly productive 
His own work included mvestigations, not only on cyto- 
chrome b, but also on the activities of microsomes and 
mitochondria of plant cells, on the biosynthesis of coen- 
zymes, on the free energies of some important biochemical 
reactions, on the chemical control of cell division m 
relation to tumours, on protein synthesis wm vuro by 
particles from plant cells at the expense of phytic acid, 
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and on many other subjects of great biological interest 
In addition, he mspired much work by others m Ms 
department 

He spent most of 1962 m England with a professorial 
fellowship m the University of Nottingham under the 
Commonwealth Interchange Scheme, travellmg a good 
deal ın order to give a fascmating series of lectures 
Durmg this time he received an mvitation to the chair 
of biochemistry ın the University of Adelaide, which he 
accepted At the time of his death he had only been a 
year m his new department, but he had already left the 
mark of his mvigorating influence on 16 

Bob Morton will be remembered with affection for his 
endearmg qualities by a large circle of friends throughout 
the world He was a delightful companion, full of zest 
for life, gay, humorous, unselfish, humble, keenly mter- 
ested ın a wide variety of things and able to inspire the 
same mterest ın others Hos fine character was founded 
on high Christian principles I count it a privilege to 
have known him N ! 

He was very happy m his home life, and his untimely 
death 1s especially tragic for hus wife and two young sons 

MALCOLM Dixon 


NEWS and VIEWS 


Inorganic. Chemistry and the Agricultural Research 
Council's Unit of Nitrogen Fixation at Queen Mary 
College, London. Prof. J Chatt, F.R.S. 


“Dr J Cuarr has been appomted to the new chair of 
inorganie chemistry at Queen Mary: College, University 
of London He will also continue as director of the 
Agricultural Research Council’s Unit of Nitrogen Fixation, 
which 1s now bémg established at Queen Mary College to 
mvestigate both the chemical and microbiological sides of 
the mechanism of nitrogen fixation A separate building 
18 to be constructed for the Unit close to the new buildmg 
now being started for the Chemistry Department of the 
College Dr J R. Postgate, previously at the Micro- 
biological Research Establishment, Porton, 1s m charge 
of the Unis microbiological side, and 1s at present 
working at the Royal Vetermary College of the University 
of London Dr Chatt was educated at Nelson School, 
Wigton, and Emmanuel College, Cambridge, where his 
first research work was supervised by Dr F G Mann 
Since then he has gamed an international reputation for 
his work on the co-ordination chemistry of the transition 
elements, bemg particularly associated with synthetic 
and structural problems of organo-metallic complexes 
and complexes contamung as hgands alkenes, alkynes, 
hydride 10n and the organic derivatives of arsenic and 
phosphorus. Apart from a year as an Imperial Chemical 
Industries Research Fellow at the Imperial College of 
Science and Technology ın 1946-47, his career has hitherto 
been mamly m industry, though he has held temporary 
appointments as visiting professor m the United States at 
Pennsylvania State University m 1959 and at Yale 
University m 1963 After short periods with Woolwich 
Arsenal and Peter Spence, Ltd, he jomed Imperial 
Chemical Industries, Ltd, and from 1947 until -1963 he 
was successively head of the Inorgame Chemistry 
Department of the Butterwick (later Akers) Research 
Laboratories, group manager m the Research Department 
of the Heavy Organic Chemicals Division, and finally 
group head and research consultant m the Petrochemical 
and Polymer Laboratory He was elected a Fellow of 
the Royal Society m 1961, and 1s vice-president of the 
Chemical Society and a member of the Commission on 
Nomenclature of Inorganic Chemistry of the International 
Union of Pure and Apphed Chemistry. Among such 
previous work for scientific societies, 16 15 notable that he 
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orgmated the present bi-annual series of International 
Conferences on Co-o1dimation Chemistry by a symposium 
which he organized at Welwyn m 1950. 


Physics at the University of Edinburgh: 
Prof. W Cochran, F.RS 


Dr W Coonran has been appointed to a newly n- 
stituted additional chair of physics m the University of 
Edinburgh Dr Cochran was born m Newton Mearns, 
Renfrewshire, m 1922, and educated at Boroughmuir 
School, Edinburgh, and at the Universities of Edinburgh 
and Cambridge In 1943, he graduated BSe in the 
University of Edinburgh, with honours m physics, and, m 
1946, he graduated Ph D in the same University Later, 
he graduated M A in the University of Cambridge From 
1943, he was for three years assistant lecturer m the 
Department of Physics m the University of Edmburgh, 
and from 1948 until 1962 he was demonstrator and 
lecturer m physics in the University of Cambridge Dr 
Cochran 1s a Fellow of Trinity Hall, Cambridge, and has 
been University reader since 1962, m which year he was 
elected a Fellow of the Royal Society of London During 
periods of academic leave from Cambridge, he has held 
fellowships from the Rockefeller Foundation and from 
Atomic Energy of Canada Dr Cochran’s research m 
Cambridge has been concerned with the structure of 
molecules, particularly of those related to deoxyribo- 
nucleic acid (DNA) More recently, his mterest has been 
in the use of neutrons to investigate interatomic forces in 
crystals, and the electrical properties of crystals Much 
of his research in this field has been done m collaboration 
with scientists at Atomic Energy of Canada, and at 
Harwel Dr Cochran will take up his appointment to 
the additional chair of physics on October 1 


Sociology at the University of Manchester 
Prof P M. Worsley 


Dr P M Worstey, senior lecturer in sociology m the 
University of Hull, has been appomted to the chair of 
sociology im. the University of Manchester from a date to 
be arranged Dr Worsley was educated at St Francis 
Xaviers College, Liverpool, and Wallasey Grammar 
School, and in 1942 was awarded an Exhibition to 
Emmanuel College, Cambridge, where he read the English 
Tripos He entered the Services in 1943 and served in 
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East Africa and South-East Asia, returning to Cambridge 
in 1946 to read social anthropology He graduated m 
1947 and was awarded an Emmanuel College scholarship 
Durmg 1948-49 he was education officer of the Overseas 
Food Corporation, Tanganyika He then became a 
research assistant in the Faculty of Economie and Social 
Studies at the University of Manchester and was awarded 
an M A (Econ ) in 1951 In the same year he became a 
research scholar in the Department of Anthropology and 
Sociology at the Australan National University at Can- 
þerra, and durmg 1953-54 carried out field work in 
Northern Austraha He was awarded the degree of Ph D 
(Australian National University) on 1954 He then 
returned to Manchester as a research assistant foi the 
next two years, and while m this University was awarded 
the Curl Bequest Essay Prize of the Royal Anthropo- 
logical Institute (1955) In 1956 he became lecturer m 
sociology in the University of Hull and was promoted to 
the grade of senior lecturer m 1961 During the session 
1960-61 he was director of northern research at the 
Centre for Community Studies in the University of 
Saskatchewan Di Worsley’s recent ieseareh interests 
have been concentrated mainly on work and power as 
themes for sociological research m Britain, and m this 
latter field he has concentrated on the trawling industry 
around Hull and on mstitutional éltes 


Psychology at the Royal College of Science and 
Technology, Glasgow. Prof G Jahoda 


Dr Gustav Janop4, at piesont senior lecturer m 
social psychology at the University of Glasgow, has been 
appointed to a professorship m psychology withm the 
Faculty of Arts and Social Studies, at the Royal College 
of Science and Technology, Glasgow, as from January 1, 
1964 He graduated B Se Honours m Economics at the 
University of London m 1945 and was awarded the degrees 
of M Se and Ph D m social psychology at London m 1947 
and 1952 respectively He 1s a Fellow of the British 
Psychological Socioty Dr Jahoda served m the French 
and British Armies during the Second World War and was 
released from service due to mywy m 1943 In 1946, he 
was in charge of social research at “Common Ground” 
Educational Film Strips before jommg the University of 
Oxford Extra-Mural Delegacy as staff tutor m psychology 
in 1947 In 1949, he was appointed lecture: in social 
psychology in the Unrversity of Manchester, and, m 1952, 
became lecturer m social psychology 1n the then University 
College of the Gold Coast (now University of Ghana) He 
took up his appointment at Glasgow m 1956 Among 
Dr Jahoda’s research interests 1s a concern with problems 
of occupational choice facing adolescents in. which he has 
carried out several studies, the most recont one leading 
to a fundamental cirtique of the present structure of tho 
Youth Employment Service Both m Africa and m 
Britain, he has been concerned with research into the 
development of thought-processes m children, especially 
tho early ongins of ideas about social class and nationality 
and their mfivence on adult attrtudes, and 18 interested ın 
the possibihty of explormg this approach as an aid to the 
understanding of international attitudes and conflicts. 
Dr Jahoda 18 at present engaged jomtly with a colleague 
at Oxford on an imternational study of this problem 
supported by American funds 


Veterinary Pathology at the University of Edinburgh 
Prof A. Buxton 


Dr A BUXTON, at present senio1 lecturer in veterinary 
bacteriology in the University of Liverpool, has been 
appomted to the newly established chair of veterinaly 
pathology m the University of Edmburgh Dr Buxton 
was educated at the Leys School, Cambridge, and the 
Royal Vetermary College, London, where he qualfied 
MRCYS m 1941 After a short period m general 
practice, Dr Buxton served as a research officer in the 
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Centaal Vetexmary Laboratory ab Weybridge from 1943 
until 1948, where he started a Salmonella Reference 
Centre In 1948 he was appointed research officer with 
the Anmal Health Trust at Houghton, Huntingdon, and 
from 1950 he worked in the University of Cambridge 
where he obtained a Ph D m 1952 for his work on immun- 
ity m the ehieken's egg In the same year, Dr Buxton 
was appomted lecturer 1n vetermary bacte1iology at the 
University of Liverpool and m 1957 was promoted senior 
lecturer In 1960 he obtained his Fellowship of the Royal 
College of Vetermary Surgeons for his work on the patho- 
genesis'of salmonellosis m poultry His particular research 
interests are in 1mmunopathology with special reference 
to the pathogenesis of enteric infections He 1s president 
of the Buitish Veterinary Poultry Association, and a 
member of the World's Poultry Science Association, the 
Butish Society for Immunology, and the Society for 
General Microbiology Dr Buxton will take up his new 
appointment ın August 


Molecular Sciences in the University of Warwick 


Dr V M Clark and Dr T C Waddington have 
recently been pre-elected to professorships m the School 
of Molecular Sciences m the new Univeisity of Warwick 
The term ‘molecula: sciences’ has been chosen to mdicato 
the whole field of chemistry, and thus to avoid emphasis 
on the customary subdivisions of the subject 


Prof V M. Clark 


Dr V M Cnarx was boin m 1925, and entered Gonville 
and Caius College in 1943, graduating with first-class 
honours m Parts I and II of the Natural Sciences Tipos 
in 1946 In 1948 he was elected a Reseaich Fellow of his 
College, and spent 1949-50 m the Department of Cyto- 
physiology at Copenhagen, and 1951-53 as a Rockefeller 
Foundation Fellow at Harvard, where he worked undei 
Piof R B Woodward He took hus Ph D degree in 
1949 at Cambridge, where he was afterwards appointed 
University demonstrator and then lecture: He has been 
a visiting lecturer at the Polish Academy of Science, and a 
visitmg professor at the Rockefeller Institute, New York, 
and the Technische Hochschule, Darmstadt He has been 
a member of the Couneil of the Chemical Society, and was 
appomted Tilden Lecturer of the Society m 1963 The 
greater part of Dr Clark’s research has been carried out m 
collaboration with Lord Todd The maim subject has 
been studies on phosphorylation, on which since 1949 
he has published about twenty papers A second branch 
of 1esearch has been concerned with the synthesis of 
corrins this has entailed a detailed preliminary investiga- 
tion of the preparation and reactions of A!-pyrrohnes, 
which has yielded novel and interesting results He has 
also collaborated m work on the structure and degrada- 
tion of vitamm B,,, and on the structure of the alkaloid 
calycanthme and its degradation product calycanine 


Prof T C Waddington 


Dr T C Wapprxeton was born in 1930, and was an 
Entranco Scholar of Gonville and Carus College (1949) and 
graduated with fiist-class honours in Parts I and IY of the 
Natural Sciences Trrpos (1952) His emly research was 
carried out with Di Peter Gray at Cambridge, and afto 
award of the Ph D degree and election to a Research 
Fellowship at his College, he worked during 1955-56 with 
Di W G Schneider at the National Research Laboratories, 
Ottawa On his zeturn to Cambridge ho was awarded an 
Imperial Chemical Industries fellowship and elected a 
University demonstratoi, a tuto: m his College and later a 
Univeisity lecturer He was awarded tho Meldola Medal 
of the Royal Institute of Chemistry ın 1959 His earlier 
research was on the structure, thermochemistry and 
reactivity of the inorganic azides, and led to his interest 
in the calculation of the latt:ce energies of 10m solids 
In Canada he worked on the photoconductivity of organe 
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semi-conductors His moie recent research interests have 
included work on the brhahde 10ns, as examples of symmet- 
rically hydrogen-bonded systems, on the chemustry of 
non-aqueous solvents, particulaily hydrogen chloride 
and sulphide, and on compounds containing ‘positive 
iodine’ 


Ministerial Responsibility for Science and Higher 
Education 


A LETTER dated December 6 from Sn W Mansfield 
Cooper, chairman of the Committee of Vice-Chancellors 
and Prineipals, to the Prime Minister affirms the Support 
of the overwhelming majority of the Committee for the 
1ecommendations of the Robbins Committee regarding 
ministerial responsibiity The Committee does not, how- 
ever, favour appointment of a Secretary of State for 
Education responsible both for the mstitutes of higher 
education and for the functions at present exercised by 
the Minister of Education, and believes that this would 
prejudice or iender impracticable the present close 
association between the Scottish and the English and 
Welsh universities and that insufficient weight would be 
given to the research functions of the universities The 
Committee suggests that responsibility for the Research 
Councils should rest with a minister responsible also foi 
the autonomous institutions of higher education as 
recommended by the Trend Committee The Vice- 
Chancellors Committee recognizes the great importance 
of adequate co-ordination between all branches of educa- 
tion but belheves that the establishment of the structure 
of ministerial responsibility advocated by the Robbins 
Committee 1s essential 


Teaching of Biology 


Tur Ministiy of Education has agieed to the Royal 
Society—Institute of Biology Jomt Committee being 
regaided as the National Committee for Britain available 
for consultation with the Organization for Economic 
Co-operation and Development over the reform of 
biology teaching At the suggestion of the Mimstry of 
Education, the Councils of the Royal Society and Institute 
of Biology have agreed to the addition of two persons to 
the Commuttee, one drawn from industry and the othe: 
from a university department of education Dr F R 
Winton (May and Baker Ltd ) and Dr Elizabeth Parrott 
(Department of Education, University of Keele) have 
accepted invitations to join the Committee The Joint 
Committee has appointed two full-time 1eseaich officers 
to undertake an investigation of the relations between 
sixth-form and university biology teaching The persons 
appomted ae Miss L M Lewis-White, who 1s at prasent 
employed by the Mimstiy of Education Research Umt 
studying programmed leaning. and T S Robertson, who 
has experience of teaching at Watford Technical College 
and, for the past five years, at John Lyon School 


Kennedy "Living Memorial’’ Project 


Forty-six Kennedy fellowships, one for each yoar of 
the late President John F Kennedy’s life, are to be 
established at the Weizmann Institute of Science, Israel 
They wil serve “as a ‘Livmg Memorial’ to the late 
American President's intense mterost m the furtherance 
of Scientific knowledge for peaceful purposes" The 
President of the State of Israel, Mr Zalman Shazar, 1s 
to be honorary president of the Israel Committee for the 
project, and the Deputy Prime Minister and president of 
the Weizmann Institute, Mr Abba Eban, 1s to be chan- 
man ‘The first official meeting of the Israeli Committee 
will be held some time ın February The late President 
Kennedy had agreed to be guest of honour, and sole 
speaker, at the eighteenth annual Weizmann dinner, 
which was to be held by the American Committee for the 
‘Weizmann Institute of Science in New York on December 
5 With the postponement of the event, afte: President 
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Kennedy's assassination, the "Living Memorial” project 
was announced and President Lyndon B Johnson agreed 
to be guest of honour and speaker at the dinner 

Actual contributions and pledges sufficient to cover 
one-half of the eventual 5-milhon-dollar endowment fund 
for the Kennedy fellowships have already been received 
though the American Committee It 1s expected that the 
2 5-milhon-dollar balance will be raised elsewhere in the 
world, of which 1 million dollars will be sought ın Israel 
Twenty-three of the research fellowships are to be assigned 
to Weizmann Institute scientists and the remainder to 
scientists from overseas Each will be tenable at the 
Rehovoth research centre for periods of up to two 
years 


Diploma in Pharmaceutical Analysis 


AFTER discussions which began early m 1962, the 
Couneils of the Pharmaceutical Society of Great Britain 
and the Royal Institute of Chemistry have agreed to 
establish a Diploma ın Pharmaceutical Analysis The 
new Diploma will be awarded to persons who are members 
of the Society or the Institute and who pass an examina- 
tion which will require a sound theoretical and practical 
knowledge of the analytical procedure used ın pharma- 
ceutical analysıs and of the chemistry and pharmacy on 
which these are based Those who enter for the examina- 
tion must have had comprehensive experience in the 
analysis of pharmaceutical materials usually of at least 
five years’ duration A joint examining board appomted 
by the Society and the Institute will ensure that the 
award of the Diploma will provide recognition of a high 
level of competence and understanding in the field. of 
pharmaceutical analysis The existence of this Diploma, 
sponsored as 1b 1s by two bodies vitally concerned with 
maintaming and improving the standards of practice in 
pharmaceutical analysis, should do much to advance the 
whole subject of the quality control of mediemes and 
pharmaceutical products Further mformation can be 
obtamed from the Secretary of either the Pharmaceutical 
Society of Great Britam, 17 Bloomsbury Square, London 
W C1. or the Royal Institute of Chemistry, 30 Russell 
Squaie, London, W C 1. 


Apartheid in South African Libraries 


A RESOLUTION carried by an overwhelming majority at 
the October meeting of the Council of the Library Associa- 
tion urged the Library Association of South Africa to 
reconsider its decision to set up a separate organization 
for non-European librarians Besides the Southern Trans- 
vaal Branch of the South African Association, the Cape 
and Natal Branches of that Association have protested 
against the Association's decision and, in September, the 
latter Board tred unsuccessfully to have the whole 
matter reopened at the Conference held at Pietermaritz- 
burg 


The South African Journal of Science 


The South Afiwan Journal of Scwnce for August 1963 
contains a tribute to Dr J. T Robmson, who 1s leaving 
the Tiansvaal Museum after sixteen years to go as pro- 
fesso. of anthropology at the Umversity of Wisconsin 
Prof Robinson is one of the foremost anthropologists 
m South Afiica, and he will certainly have an important 
part to play m the United States In the same issue of 
the Journal there 1s also a symposrum on present-day 
problems in the behavioural sciences in South Africa 
This symposium was origmally presented during the 
Diamond Jubilee Congiess of the South African Associa- 
tion for the Advancement of Science m Cape Town in 1962 
There aro also articles on the mdustriahzation of an 
indigenous people, and another on some social psycho- 
logical aspects of economie growth There 1s also a con- 
tribution to the study of physiological factors in the 
performance of moderately hard physical work 
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Science Films from France 


THE Service du Film de Recherche Scientifique has 
pubhshed a list of scientifie films which may be obtamed 
through French diplomatic posts in all countries—em- 
bassies, legations or consulates (Leste des Felms de la 
Cinémathéque Pp 41. Pars Service du Film de 
Recherche Scientifique, 98 Blvd Raspail, 1963) Classified 
generally into general biology, medicme, physics and 
chemistry, technology, ethnology, and documentary, the 
films are mostly 16 mm and sound, while many of them 
are coloured The large majority are of recent date, and 
information is also provided about films which will be 
appearmg shortly Details of all the films, which range 
from treatment of simple to most complex subjects, are 
provided in a carefully prepared index 


Information Scientists in India 


THE report of a Conference of Infoimation Scientists 
at Mysore, May 18-21, 1963, organized by the Council of 
Scientific and Industrial Research to assess the present 
position in the light of Indian needs and iesources and 
world trends, to pool experience as a basis for further 
development and to make recommendations, has now 
been issued by the Couned (Pp vii+76 New Delhi 
Council of Scientific and Industrial Research, 1963) It 
includes Dr S H Zaheer’s maugural address, notes on 
the discussions at each of the four sessions dealing, 
iespectively, with library and documentation services, 
research on information problems, industrial research and 
extension services, and with mformation dissemmetion 
services, and the recommendations of the Conference 
These include the establishment at New Delm of a 
National Science Library to serve as a basis for docu- 
mentation services, & means of co-operative acquisition 
of documents and location for & union catalogue The 
desirability of pubhshing Indian Scrence Abstracts 1s to 
be examined by a committees appointed for the purpose, 
and a scheme for tramung technical translators 13 to be 
worked out It was recommended that the Council’s 
laboratories should provide facilities for teaching Russian, 
French and German to research workers and that each 
national laboiatoiy should possess a competent opera- 
tional research team to assist in planning and following 
the progress of projects and allotting priorities The 
Council’s present publication pohey was endorsed, but 
the preparation of review articles on developmg areas of 
iesearch should be encouraged, and more attention given 
by the national laboratories to the preparation of tech- 
nical digests, data sheets, ete The Council's proposal to 
publish a popular science Journal rn English was welcomed, 
but creation of a pool of science writers in Indian languages 
was recommended as well as the organized and systematic 
undertaking of literature searches These and other 
recommendations are well designed not only to fill the 
existing gaps and remove present weaknesses but also to 
ensure that the facilities provided are appropriate to their 
purpose and continually brought under review 


Technical Services for Industry in Northern Ireland 


Some of the services provided for industry in Northern 
Ireland by the Depaitment of Industral and Forensic 
Science have been described in a booklet entitled Tech- 
nual Services for Industry wm Northern Ireland (Pp 24 
Belfast Depaitment of Industrial and Forensic Science, 
1963) The facilities include an advisory and mformation 
service as well as laboratories equipped for many kinds 
of scientific and technical investigations The booklet 
indicates the gieat variety of work undertaken by the 
Department and also the close haison which the Depart- 
ment has estabhshed with technical resources of the 
United Kingdom and other countries A considerable 
number of local firms are already familia: with the services 
offered and use them m connexion with technical problems 
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ofailkinds Many, however, are unaware of the assistance 
which is available, and efforts are bemg made to give 
greater pubheity to the work of the Department Direct 
visiting of firms has been undertaken as one measure, but 
this 1s necessarily hmuted m extent, and the pubheation 
of the booklet 1s mtended as a further means of estab- 
lishing a closer contact with a larger section of local 
industry Copies of the booklet are available free of 
charge from the Department of Industrial and Forensic 
Science, 5-11 Verner Street, Belfast, 7 


Principles of Classification 


During recent years an mcreasing interest in the basic 
pimerples of classification has been evident m a wide 
range of diseiphnes There 1s a growing realization that 
the logic and philosophy of classification are common to 
them all Many workers, however, have not known of 
the extensive work on classification in subjects other than 
their own, and a recent symposium sponsored by Aslib 
showed that the mterchange of ideas between workers in 
different diseiphnes was hkely to be of great value As a 
result, a group of those interested in the principles of 
classification proposes to found a new orgamation, the 
aims of which will be to arrange interdisciplinary meetings 
and facilitate communication in this field The following 
have agreed to act as pio tem officers of the new organ- 
wation Charman, Prof W S Allen, professor of com- 
parative philology, University of Cambridge, Secretary, 
J S L Gilmour, director, University Botanical Garden, 
Cambridge, Treasurer, P H A Sneath, National In- 
stitute for Medical Research, London, NW 7 The 
Association hopes to hold its first meeting soon Further 
mformation can be obtained fiom the secretary 


Archaeology of the Lake Superior Region 


A suorr 1eport of An Archaeological Survey along the 
North Shore of Lake Superi) appears m No 3 of tho 
Anthropology Papers of the National Museum of Canada 
(Pp 9 By J V Wright Ottawa Queen's Printei, 
1963) The survey yielded 55 sites, of which nearly half 
could be assigned to the Middle and Late Woodland 
complex A summary of the prehistory of the north 
shore shows that occupation extends back to an estimated 
6-7000 2c, although the first widespread industries 
belong to the later Old Copper Cultue From Middle 
Woodland times, the Rainy River Aspect 1s common 
over the entire area, from south-east Manitoba to the 
Bruce Peninsula of Ontauo, and homogeneity in the 
pottery 1s especially marked Late Woodland industnes 
are less common, but the stratified Pic River site has 
produced Blackduck/Manitoba cerarmes of 1000 + 8057», 
considered to represent prehistoric forerunners of the 
Assiniboine, mtruding into traditional Algonkian territory 


Cytoplasmic Particles of Egg and their Role tn Develop- 
ment 


Invirep by Prof G Reverber: (Palermo) more than 
twenty postgraduate students of developmental biology 
from eight different countries attended the first mtei- 
national summer couse on “Advances in Experimental 
Embryology” at the Zoological Station, Naples, during 
September 30-October 27 The course was sponsored by 
the scientific division of NATO The "Stazione Zoo- 
logica" was chosen as, from the days of Driesch and 
Bovert, 15 has been the home of much important embryo- 
logical research The lecturers m the course were B I 
Balmsky (Johannesburg), E J Boell (New Haven), J 
Brachet (Brussels), A M Daleq (Brussels), C de Duve 
(Brussels and New York), T Hultm (Stockholm), G E 
Pallade (New York), J Runnstrom (Stockholm) Addi- 
tional contributions were made by mvited specialists as 
well as by participants of the course in certam. phases of 
the topies considered The prmeirpal subjects discussed 
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included the structure, origin and functions of the fol. 
lowing cell constituents metagranules, multivesicular 
bodies, lysosomes, yolk platelets, cortical granules, ribo- 
somes, endoplasmic reticulum and, finally, mitochondria 
The schedule included formal presentations by the lec- 
turers followed by free discussion from the participants, 
the discussions bemg under the general guidance of Prof 
Runnstrom Some topies were supplemented by demon- 
strations and practical laboratory work The general aum 
of the course was to attempt to bring together the many 
different expermmental techniques apphed to cellular con- 
stituents m order to elucidate problems of developmental 
biology and hence enable embryological research to 
benefit from the newer conceptions of these cellular 
elements Moreover, the content of the mature presenta- 
tions included many important aspects of nucleo-cyto- 
plasmic relationships, such as mformation transfer and 
reahzation at the level of the egg cell and early embryo 
Tt 1s to be hoped that such cross-fertilization of diserphnes 
mvolving development will be continued m the future 
and that new ideas for research m embryology will ensue 
from this first venture 


Virus Disease of a Fungus 

Some of the disorders affecting mushroom crops can be 
corrected by altermg the conditions of cultivation, and 
others are known to be caused by pathogeme fungi or 
bacteria that have been identified There are, however, a 
number of disorders the causes of which have for many 
years been unknown It has now been shown that 
some, and possibly most, of these are different manifesta- 
tions of virus infection An article by M Hollings, 
Doreen G Gandy and Dr F T Last of the Glasshouse 
Crops Research Institute, published im a recent number 
of Endeavour, deseribes the isolation of these viruses, and 
the enteria by which they were identified and shown to 
cause disease—the first known case of a virus mfecting à 
fungus (22, No. 87, September, 1963) 


Advances in Medical Treatment 

A SPECIAL number of Phe JPractüoner deals with 
advances m medical treatment (191, No 1144; October 
1963) While theie is nothing sensational to report, 
progress 1s bemg achieved and 1s largely the result of 
co-crdimation and improvement in methods of treatment 
The keynote of the number is best deseribed as one of 
caution Potent drugs must be used with a full apprecia- 
tion of their hazards New surgical techniques must only 
be used provided there 1s good evidence that the patient 
will benefit This last point is well brought out m Prof 
Haagensen’s review dealing with "Advances in the Treat- 
ment of Cancer" In some ways the most important 
advances in treatment have been achieved m the field of 
psychiatry where the mtroduction of the so-called tran- 
quilizers has resulted in a marked amelioration in the 
lot of the mentally ull Even here, however, a note of 
caution 1s required These drugs may have done much 
to improve the outlook for the mdividual patient, but they 
have raised almost as many problems as they have solved 
There 1s still a long way to go before the processes which 
lead to such obvious psychoses as schizophrenia can be 
explained The overall picture, however, 1s one of sober 
optimism 


Animal Reproduction and Artificial Insemination 

Tue fifth international congress on “Animal Repro- 
duction and Artificial Insemination" will be held m 
Trento during September 6-13 Durimg the congress the 
following three prizes will be offered for original experi- 
mental work the Prof Antonio Prrocch Prize, for work 
concerning an aspect of the problem of animal reproduc- 
tion or artificial insemmation within the framework of the 
development of livestock production, the Prof Carlo 
del Bo Prize, for work concerning the technique of the 
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collection, msemmation by moculation, the dilution and 
the preservation of the spermatic material of any species 
of animal excluding the horse, the Giuho Galhor Prize, 
for work concerning the artificial reproduction or nsemuna- 
tion of horses Further mfo1mation can be obtamed from 
the General Secretary of the Congress, Vra Monte Ortigara 
35, Milan 


Fellowships at Churchill College, Cambridge 

CHURCHILL COLLEGE, Cambridge, i8 offering Junior 
research fellowships m arts, mathematics, science, OL 
engineermg Applicants must be under the ago of thuty 
on July 1, 1964, and not have spent more than four years 
in research work The fellowships aie for an imtial period 
of three years and are of the value of £700 a year An 
accommodation allowance of £200 and a children's allow- 
ance of £100 for each child 1s also paid to Fellows not 
resident ın College The College 15 also offermg a Gulben- 
lian fellowship which ıs open to giaduates of any univa- 
sity other than those m the United Kingdom who wish 
to carry out advanced work, and is of tho same value as the 
junior research fellowships The tenure 1s normally fo: 
one year but may be extended Applicants must be under 
the age of thirty on July 1, 1964, and not have spent 
more than four years in research work Details of methods 
of appheation, which must be made by Febiuary 1, can 
be obtamed from the Senior Tutor, Churehil College. 
Cambridge 


Announcements 

Dr R Spence, deputy director of the Atomic Energy 
Rescaich Estabhshment, Harwell, has been appointed 
director of the Estabhshment m succession to Dr F A 
Vick, who has been appointed a full-time member of the 
Atomic Energy Authority 


Dr Ugo Fano and Dr Richard C Mockler have boon 
awarded the 1963 Samuel Wesley Stratton Awards of the 
National Bureau of Standards Dr Fano 1s an assistant 
director and senio: Research Fellow and Dr Mockler 1s 
chef of the Atomic Frequency and Time Interval Stan- 
daids Section at the National Bureau of Standards 
(Boulder) The two recipients will each receive a bronze 
plaque and an honoraiium of 1,500 dollars Dr Fano 


receives his award for his "profound mfluence on the field 


of atomic physics through his personal scientific creativity 
and through ius stimulation of many others at NBS” 
Dr Mockler receives his award for “his outstanding 
achievements in leading the NBS atomic frequency and 
time standards program” 


Tue Autumn Foray of the British Mycological Society 
will be held m Belfast durmg September 3-10 Further 
information can be obtamed from Mr J C Taylor, 
Department of Mycology and Plant Pathology, Queen’s 
University, Elmwood Avenue, Belfast 9 


THe twenty-mnth annual general meeting of the 
Scottish Section of the Society for Analytical Chemistry 
will be held in Glasgow on January 24 Further informa- 
tion can be obtamed from the Society for Analytical 
Chemistry, 14 Belgrave Square, London, S W 1 


A SYMPOSIUM on ‘Surface Activity and the Microbial 
Cell”, arranged under the auspices of the Society of 
Chemical Industry, will be held m London during Septem- 
ber 24-25 Further mformation can be obtained from the 
Honorary Secretary, Symposium on Surface Activity and 
the Microbial Cell, 14 Belgrave Square, London, S W 1 


AxN ordmary meeting of the Midlands Section of the 
Society for Analytical Chemistry will be held m the 
University of Brmmgham on February 5 The programme 
will include a brams trust on “High Purity Chemicals” 
Further mformation can be obtamed from the Society for 
Analytical Chemistry, 14 Belgrave Squaie, London, 8 W 1 
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FUNGAL EPIDEMICS OF PLANTS 


INCE the autumn of 1958, when ib was first noticed 
m England and the Netherlands, the fungus Perono- 

spora tabacina Adam has been found attacking tobacco 
cops throughout Europe, in North Africa and deep into 
Asia The rate at which this ‘tobacco blue mould’ has 
spread and the damage it has caused have reminded 
aguculturists that fung: can cause epidemics among 
plants rivaling, both m extent and intensity, those caused 
recently in rabbits and man by the viruses of myxomatosis 
or Asian flu To Europeans, tobacco blue mould will prob- 
ably seem to merit a place with potato bight, wheat stem 
iust and coffee rust, diseases that have altered the course 
of agriculture and of history During recent decades, 
interest in the epidemiology of such fimgal diseases has 
dechned This may partly be the result of changing 
fashions in science, but the success of plant breeders m 
producing disease-1esistant varieties and chemists m pro- 
ducing effective fungicides 1s probably the maim reason 
The difficulty of mamtammg disease resistance and an 
increasing awareness of the ecological complications of 
using plant-protective chemicals now seem likely to re- 
awaken interest m the biology, multiplication and spread 
of the epidemic fungi 

The moment was therefore oppoitune for about fifty 
plant pathologists and meteorologists from twelve coun- 
tales to meet at Pau, France, durmg the first two weeks 
of September to discuss the “Epidemiology and Bio- 
meteorology of Fungal Diseases of Plants" "Ther meet- 
ing, made possible by a generous grant from the Pwe 
Science Bureau of the North Atlantic Treaty Organiza- 
tion, was held in conjunction with the third International 
Congress of Biometeorology Although under the joint 
charmanship of Prof R D Schem, of Pennsylvania 
State Umversity, and myself, Prof Schem and the Con- 
ference Center of his university were chiefly responsible 
for the successful executive arrangements A twelve- 
member committee helped to select a programme starting 
with an examunation of the orgun of epidemics, the 
infection requrements of pathogens and how best to 
make the needed biological and meteorological measure- 
ments, and proceeding from these foundations to consider 
the theory of epidemics, and how to forecast their 
development and issue spray warnings This programme 
and the contributions of participants were circulated 
before the meeting in a 350-page book, so that much of 
the 56 hours of meetmgs could be spent in discussion 

Although fungi can be placed ın broad groups according 
to ther modes of perennation, almost every pathogen 
has some singular habits whereby 16 manages to survive 
the absence of hosts or their resistance during dormancy 
Because the origin of each disease must be separately 
investigated the opportunity to exchange experience was 
particularly valuable, but makes ıt very difficult to sum- 
marize progress Work described on diseases of perennial 
fiuit crops showed how decreasmg pathogen ‘carry-over’ 
facilitated and improved control, even when the disease 
was far from ehmunated Close study of the ecology of 
such pathogens has revealed how carry-over may be 
affected by important and quite unsuspected factors 
The tume seems overdue for a quantitative re-exammation 
of factors controlling the survival of the relic sources from 
which many diseases of annual crops arise 

Quite different problems need solution to prevent 
annual introductions of diseases from a distance Despite 
improvements in spore-trapping methods and many 
additions to our knowledge of how spore concentrations 
change with the weather end the time of day, ib 1s still 
impossible to predict the chance and range of effective 


dispersal Several theories have becn proposed for 
estimating the track of the centre of an mmaginary spore 
cloud or how its density declines with creasing distance 
from a source Discussions of the relative merits of these 
theories and their present usefulness showed that, although 
enlightenmg, they are still far from comprehensive, and 
emphasized, the need for experimenta] evidence illustrating 
the complexities of transport m the ar We must learn 
how to relate periodic spore hberation with changing 
turbulence, to estimate the frequency of trajectories 
allowing dispersal and the chance that spores will be 
prematurely deposited by precipitation 

Estimating spore concentrations 1s an 1mpiovement on 
recording catches without reference to the volume of au 
sampled or trap efficiency, and may be adequate for 
investigations related to respuatory allergies, but 16 was 
agreed that the plant pathologist must strive eventually 
to measure the concentration of viable spores and to 
relate this to deposition and mfection of susceptible 
plants No one believed that this will be easy, or that 
present-day methods are adequate At present the best 
evidence of long-distance transport of viable spores comes 
indirectly from the observed distribution of physiologie 
races of cereal rusts Even 1f a high efficiency non-selective 
spore trap 1s developed to allow the routine culture of its 
catch at different times of day ıt will still be inadequate 
for obhgate parasites The complex deposition patterns 
of vanous-szed pariycles on such simple structures as 
mucroscope slides, and thew possible redistribution by 
ram, suggest that this will not be easy Furthermore. 
detailed microscopy of spores on leaf surfaces shows that 
the growth of those that penetiate 1s often nothing like 
that on the mert surfaces commonly used in germination. 
tests 

Students of dispersal envied the precision and environ- 
mental control possible in studying the infection pro- 
cesses of fungi, even though several artefacts reported 
showed that this also is difficult However, refined 
methods of applying test moculum were described that 
allow precise examinations of the effects of dosage on the 
ratio of spores deposited to resulting lesions, of the mter- 
actions between crowded spores, and the mtractable 
problem of the mteraction, between ontogeny and sus- 
ceptibilty Similarly, mproved controlled-environment 
chambers have allowed experiments to be so amplified 
that minimum optimum and maximum, the traditional 
cardinal points of growth iesponse curves, are giving 
place to much more complete mvestigations of inter- 
acting factors, which, with the help of computers, will 
find them best expression m mathematical equations 
Nevertheless, 1t was encouraging to find that, even before 
these constant-temperature rooms have yielded all their 
secrets, some participants alieady dissatisfied with the 
lumitations they impose were determined to find better 
ways of estimating the response of organisms to various 
amplitudes of temperature cycles about the same average, 
and also the effect of erratically fluctuating temperatures 
and whether the changes themselves have any significance 

Moisture probably limits the development of fungi that 
infect fohage more often than temperature does Cer- 
tamly this 1s true of most germinating spores, which need 
wet leaf surfaces on which to grow and penetrate their 
hosts The duration of wetness on leaves or test surfaces 
1s @ parameter which has not concerned meteorologists 
but 1s important to plant pathologists Various methods 
of measurement that have been used were discussed, and 
15 was agreed that surfaces exposed freely, or even among 
the branches of orchard trees away from the steep mois- 
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ture gradients near soil surfaces, remamed wet for nearly 
the same time as standard climatological measurements 
mdieated that relative humidity was at least 90 per cent 
Among annual crops with dense fohage extending down 
to the soil, large differences occur in the persistence of 
water films at different heights and depend partly on 
whether the deposits result from ram or dew. A third 
source of water deposits is ‘guttation’, its possible 
importance was much discussed followmg a suggestion 
that water exuded at stomata was often the site of spore 
germination Although this remains to be fully estab- 
lished, there was general agreement that guttation 18 too 
seldom measured and, on plants, 1s difficult to separate 
quantitatively from dew 

The biological foundations having been laid, the 
nieteorologists played an mcreasing part in the discussions 
Usually thew approach had to be scaled-down to meet 
the biologists, who often started from the mucroscopic 
size of the pathogens, an exercise probably good for both 
groups The biologists were guided through the intricacies 
of instrumentation, with many warnings of common 
maccuracies, reminded of the wealth of past weather 
records and the mformation waiting m this treasure chest 
for anyone who can pose the right questions The dis- 
cussions ranged from the microscopic seale of radiation 
effects at all stages of the dispersal and mfection processes, 
through mucroclimatology and the effect of local topo- 
graphy on air movement m calm conditions, to the 
characteristics and importance of various synoptic 
weather situations in favourmg disease development 

Meteorologists, like biologists, are exponents of a stili 
inexact science m which experience 1s important, but at 
this meeting their traming helped them to guide biologists 
towards an understanding of the mathematical approach 
to the theory of epidemics Despite their efforts, a gap 
still remamed between mathematicians bent on wholesale 
mtegration and biologists still m the phase of patient 
analysis In Nature, success 1s so often exceptional that 
many think attempts to define the average behaviour of 
a hypothetical pathogen are of muted usefulness while 
they still depend on so many reckless assumptions How- 
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ever, none seemed to doubt that the two schools must 
eventually be umted and that such meetings are the best 
means of doing so 

The section concerned with the techmealities and 
practice of plant-dusease forecastmg provided a netuzal 
opportunity to synthesize most of the previous discussions 
Contrastmg the criteria used m various countries for a 
single disease stressed how different was the weather 
limiting fungal development in hot, cold, damp or and 
chmates and explamed why meteorological forecast 
eriteria are seldom applicable in all countries Usually 
the development of diseases is predicted from recent 
weather The feasibihty of giving earlier or more precise 
spray warnings by using weather forecasts was considered 
but seemed lhmited, both by their maccuracy and the 
time required to take action, to sounding an ‘alert’ when 
particularly careful spray timing 1s required 

There can be few,examples where the ‘end justifies the 
means’ so often as when forecasts of plant diseases are 
accurate Usually the forecasts are partly subjective, 
sometimes purely empirical or depending on associated 
but otherwise quite unrelated phenological happenings 
Damage can be avoided by forecasting seed infection and 
then selecting stocks from healthy areas, or even by 
accelerating the development of symptoms on many 
harvested samples so that the least affected can be 
selected for longest storage Most forecasters experienced 
difficulty ın communicating with the public and m assess- 
ing the acceptance or the value of their predictions There 
was therefore much admiration for the success attributed 
to warnings of vine mildew m North Italy, where the 
alarm given by rmging church bells had caused the 
wholesale abandonment of political meetmgs m favour 
of spraying machines 

It would be improper for me as one of the organizers 
to comment on the success of the meeting Nevertheless, 
it was encouraging that a lively mterest persisted to 
the end of the long programme and that participants 
left hopmg that progress withm the next five years 
would justify holding another meeting, probably in the 
Netherlands J M Hms 


THE FAUNA PRESERVATION SOCIETY 


N December 16, the Fauna Preservation Society 
celebrated its diamond jubilee with a dinner in the 
rooms of the Zoological Society of London. During the 
sixty years of its existence the Society has been closely 
identified with most of the efforts which have been made to 
preserve and conserve the dimunishing fauna of the world 
In recent years the Society sponsored the survey of the 
Serengeti National Park ın Tanganyika, ıt largely financed 
“Operation Noah”, the animal rescue project at Kariba 
on the Zambesi and ıt sent an expedition to southern 
Arabia in what promises to be a successful effort to save 
the Arabian oryx from extinction 
Under a shghtly different name, the Fauna Preservation 
Society was founded in 1903 In that year a number of 
people heard that the authorities m the Sudan were 
proposing to convert an important game reserve north 
of the Sobat on the Upper Nile into a huntmg ground for 
serving officers Protests were lodged Thanks largely 
to the exertions of Mr Edward Buxton, a deputation of 
distinguished men went to see the Colonial Secretary 
They meluded the Duke of Bedford, Lord Avebury, 
Sır Edward Grey, Prof Ray Lankester, Mr P L Sclater 
and Mr F C Selous The reserve wassaved In acirculer 
issued shortly afterwards, the members of the deputation 
said that their intervention seemed to be “a good example 
of bringing the publie opinion of persons at home who are 
interested in the preservation of the fauna of Africa to the 


notice of officials on the spot It seems desirable”, they 
said, ‘‘that those who have taken an interest in the 
matter should continue to act together" They thought 
that “a small association should be formed for the purpose 
of disseminatmg among its members mformation which 
1s to be found scattered 1n a great number of official reports 
and rn other sources, dealmg with game reserves, game 
laws, the amount of game killed, the gradual disappear- 
ance of species, ete ” 

The association became the Society for the Preservation 
of the Wild Fauna of the Empire, and eventually, the 
Fauna Preservation Society In many ways the Society's 
records reflect the changmg history of man’s attitude 
towards the rest of Nature In 1906 Lord Cranworth 
reported that the Boers were slaughtermg game on a 
prodigious scale, exporting the sun-dried flesh (biltong) 
and selling the hides and horns Efforts were made to 
stop the ling The Society was equally concerned 
about the threat to shoot wild animals to feed workmen 
engaged on the construction of the new railway to the 
Victoria Falls Men of the calibre of Sir Harry Johnston 
and Major Stevenson-Hamulton, founder and later warden 
of the Kruger National Park, were quick to note danger 
to wild hfe, and the Society acted on ther reports. Early 
in its existence (m 1906) the Society became deeply con- 
scious of the significance of trypanosomiasis. the diseases 
of men and animals transmitted by tsetse fhes, and urged 
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that the matter should be investigated and the results 
submitted to a scientific journal It has taken more 
than half a century to convince the authorities that game 
destruction 1s a totally deplorable method of controlling 
the fly 

Throughout the years the Society inereased in stature 
It investigated the rvory trade, 1t sought for a codification 
of all game laws, m 1914 ıt strove to prohibit the use of 
silent, automatic weapons m hunting, 16 pointed out that 
rhinoceros hoin had no aphrodisiacal quahties ıb cam- 
paigned for more and more national parks, ıt suggested 
how reserves could be fenced off, 16 encouraged biological 
surveys, helped the surveyors and published their reports, 
ensuring that they were brought to the attention of the 
authorities concerned Many famous naturahsts and 
travellers were m constant touch with the Society Some 
of their reports might have been written yesterday 

There are regrets about increases ın cases of poaching, 
over-grazing, the destruction of forests and the reckless 
‘development’ of land As Mr Buxton said more than 
half a century ago m one of his visits to the Colonial Seere- 
tary “We are here in the interests of the preservation of 
species at large The experience of the past shows that 
unless strong measures are taken m time, that happens 
which those who come after us can never restore i 

In more recent years, under the guidance of its present 
president, Lord Willingdon, the Society has striven for 
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the protection of mnumerable animals They meludo 
the giant panda, European bison, African and Asiatic 
species of rhmoceros, sea otters, seals m the Kerguelan 
Islands, gorilla ın Congo and Uganda, the relic fauna of 
Madagascar, marsupials in Australia, threatened species 
everywhere It has sent deputations to East Africa, where 
Prof W H Pearsall mvestigated conditions in the 
Serengeti National Park of Tanganyika, a case which 1s 
regarded as the ‘Crichel Down’ of conservation 

The Fauna Preservation Society mamtains a library of 
films which are lent to allied societies and to schools and 
institutions It holds regular meetings, publishes the 
journal Oryx and acts as a clearing house for information 
from many parts of the world This information includes 
threats to British species such as the red deer, the grey seal 
and the badge Until recently, the Society’s secretary, 
Lieut -Colonel C L Boyle, supervised the hsts of en- 
dangeied species of anxmals for the Survival Service 
Commission of the International Union for the Conserva- 
tion of Nature, an organization with headquarters in 
Switzerland The Society also works in conjunction with 
the World Wildhfe Fund Present-day projects clude 
help for the orang-utan ın Sumatra and North Borneo 
and the leopard which 1s threatened with extinction by fui 
traders 

The address of the Society ıs c/o The Zoological 
Society of London, Regent’s Park, London, NW 1 


THE INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY 


“HE busmess of the third annual general meeting of 
the Institute of Physics and the Physical Society, 
which was held on July 9, 1963, at the organization’s 
headquarters, 47 Belgrave Square, London, consisted of 
the consideration and adoption of the report of the Council 
and the accounts and balance sheet for 1962 , the declara- 
tion of the election of the honorary officers and other 
members of the Council, the election of auditors, and 
proposals for amendments to the Bye-Laws to increase 
membership fees and the retail prices and members’ 
special rates of subscription to the Institute and Society’s 
publications 
The annual report*, which covers the period ending 
December 31, 1962, refers to the convention of the Insti- 
tute and Society held at Harrogate durmg May 23-26, at 
which some 400 members and guests were present, and 
during which meetings and functions to mark the second 
anniversary of the amalgamation of the two bodies in 
May 1960 were held In addition to the second annual 
dinner and soirée at the Majestic Hotel on May 24 and 
the second annual representative meeting on May 23, the 
1962 Guthrie Lecture entitled ‘““Physics in the Research 
Programmes at Jodrell Bank” (Proc Phys Soc, 81, 385, 
March 1963) was delivered by Si Bernard Lovell, and 
lectures on Fermi surfaces, the physics of space research 
and the retrieval of information were given by Prof A B 
Pippard, Sir Harrie Massey and C W | Hanson respec- 
tively A special lecture for local sixth-form pupils 
entitled "Seeing the Very Small" was given by Dr V E 
Cosslett before an enthusiastic and appreciative audience 
of 850 boys and girls Symposia on X-ray micioanalysis 
and on devices based on superconductors and an exhibition 
of material to illustrate the lectures and symposia, to- 
gether with & number of social functions and visits to local 
laboratories and beauty spots, also formed part of the 
eonvention 
The Rutherford Memorial Lecture on March 26, 1962, 
was delivered by Prof D H Wilkmson ın London. He 


* Report of the Council of the Institute of Physics and the Physical 
Society for the year 1962 Pp 24 (London The Institute of Physics and 
the Physical Societv, 1963 ) 


took as his subject, ‘High Energy Nuclear Physics", and 
the text of an extended version of his address entitled, 
“Some Interrelations of Nuclear Structure with Element- 
ary Particle Physics’, has simnee been published (Proc 
Phys Soc, 80, 997 , November 1962) Dr P B Hirsch 
was the recipient of the Charles Vernon Boys Piize foi 
his work on X-ray spectroscopy and electron microscopy, 
and the first Maxwell Medal and Prize was awarded to 
Prof A Salam for his contributions to the theory of 
elementary particles The Holweck Medal and Prize 
was presented durmg the Harrogate convention to M 
Jean-Frangois Denisse for his outstanding contributions 
to radio astronomy, and the Simon Memorial Prize of the 
Low Temperature Group, which was awarded to Dr I M 
Lifschitz m 1961, was presented to him at the British 
Embassy m Moscow by the British Ambassador, Sir 
Frank Roberts, on June 14, 1962 

Durmg the year under review, 1,101 applications for 
election or transfer to the various grades of membership 
were considered by the Membership and Education Com- 
mittee The total membership rose by 472 to 9,591, and 
m addition 358 persons were registered as Group Sub- 
scribers by the various specialist groups of the Institute 
and Society Sixty-two technical colleges presented 
1,038 candidates for the Ordinary National and thirty-five 
colleges 473 candidates for the Higher National Certificate 
m applied physics Of the fifty-five candidates who 
entered for Part 2 of the graduateship examination, 
fifteen were successful, one with honours, and of the 
exghty-two candidates for Part 1 only eight were success- 
ful Seven technica] colleges applied for recognition or 
contmuation of recognition as institutions having courses 
of study approved for the purpose of the membership 
regulations, and five were accepted The two recognized 
for the first tame were Rutherford College of Technology, 
Neweastle upon Tyne, and Watford College of Tech- 
nology. The award of Bradford Institute of Technology 
was accepted as qualifying for exemption from the whole 
or part of the graduateship exammation 

A new booklet contaming selected question papers set 
in recent examinations for the Ordmary and Higher 
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National Certificates m Appled Physics was published 
during the year The Monographs for Students series, 
which was originally associated with the Higher National 
Certificate courses, has been broadened to extend to 
undergraduate and postgiaduate students, and two 
volumes, Automate Control, by A E DeBarr, and 
Viscosity and uts Measurement, by A Dinsdale and F 
Moore, together with a third edition of Errors of Observa- 
tion and Their Treatment, by J Toppmg, were published 
In October, Edward Arnold (Publishers), Ltd , issued for 
the Institute and Society the sixth compilation fiom the 
Journal of Screntyfic Instruments by Dr Ruth Lang of 
Laboratory and Workshop Notes 1959-61 As formerly, 
the royalties from this volume are donated to the Institute 
and Society’s Benevolent Fund 

A large portion of the annual report 1s devoted to the 
discussions and recommendations of the Pubhcations and 
Finance Committees m relation to the three monthly 
periodicals, Proceedings of the Physical Society, British 
Journal of Applied Physics and Journal of Scientific 
Instruments, published by the Institute and Society 
Certam changes were recommended, details of which have 
been noted (Nature, 200, 523, 1963) The annual volume 
of Reports on Physics for 1962 was not published until 
July, mainly because the articles received were somewhat 
longer than had been requested The Bulletin contamed 
33 main articles and 143 book reviews At the invitation 
of the Royal Society’s British National Committee for 
Physws, the Institute and Society organized an mter- 
national conference on “The Physics of Semiconductors” 
This was held at the University of Exeter during July 
16-20, and the international conference on “The Iono- 
sphere" to which the Physical Society had agreed before 
amalgamation was held at the Imperial College of Science 
and Technology, London, duung July 2-6 The Proceed- 
wngs of both these conferences have now been published 
and were ready for distribution by Chapman and Hall, 
Ltd , early m 1963 

The activities of the Australian, New Zealand, Malayan 
and nme Great Britam branches, together with those of 
the ten specialist groups of the Institute and Society, 
are summarized in the report With the support and 
encouragement of the Council, the Austrahan branch 
became the independent Australian Institute of Physics 
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during the year The maugural meetmg was held on 
August 21, 1962, and the Institute was duly incorporated 
on February 21, 1963 The Australan branch was dis- 
solved on February 28, 1963, and its assets were handed 
over to the Australian Institute Followmg a 1equest by 
members of the Institute and Society resident in New Zea- 
land, the Council approved the formation of a New Zealand 
branch The Liverpool and North Wales Bianch jomed 
with the Education Group ın arranging a two-day confe1- 
ence on “The Teaching of Solid-state Physics" during 
Easter at the University of North Wales, Bangor ‘The 
Group also held a one-day symposium on ‘“The Teaching of 
Medical Physics” The Electronics and Optical Groups 
collaborated in a jomt two-day conference on “Optical 
Masers” at University College, London, and m November 
the Electronics and Low Temperature Groups held a half- 
day meeting devoted to solid-state masers The Electron 
Microscopy Group changed its name to that of Electron 
Microscopy and Analysis Group to take mto account 
increased. interest m election probe microanalysis Con- 
sideration was given to the trainmg of electron miero- 
scopists and in consequence two summer schools on 
electron microscopy have been planned The Materials 
and Testing Group meluded m its programme four one- 
day symposia and the Spectroscopy Group held a two- 
day conference m July at Buxton on ‘Spectroscopy in 
the Metallurgical Industry" with eight mvited speakers 
This was followed by an October meeting on “Space 
Spectioscopy” with two of the invited speakers coming 
from the United States 

The forty-sixth annual exhibition of scientific mstru- 
ments and apparatus was held m the Royal Horticultural 
Society’s Halls, London, durmg January 15-19, 1962 
It 1s hoped, by refereemg exhibits submitted for future 
exhibitions, to ensure that the exhibition 1s an mpor- 
tant scientific occasion rather than a commercial dis- 
play It has been arranged to hold the exhibitions 
from time to time outside London, and the first of these 
will be m 1965 when the exhibition will be m Manchester 
Durmg the year under review the Council decided to 
dispose of its collection of scientific periodicals, and 
the offer made by the University of Leicester foi 
the whole eollection was accepted 

S WEINTROUB 


. RESEARCH AND DEVELOPMENT IN AMERICAN INDUSTRY 


HE US National Science Foundation has evolved a 
programme to obtain annual data on the volume of 
research and development as measured in terms of funds 
and manpower These surveys cover all major sectors 
of the economy—aindustry, Government, universities and 
other non-profit-makmg institutions A bulletin reports 
the findings of the latest survey of industrial firms (Reviews 
of Data on Research and Development, 40, September 1963) 
The employment of research and development scientists 
and engineers in industrial firms, on a full-time-equivalent 
basis, totalled 339,400 ın January 1963 This represented 
a 6 per cent increase over the comparable total of 319,800 
m January 1962 Neaily all the mdividually reported 
industries showed increases m the employment of research 
and development scientists and engineeis from January 
1962 to January 1963 
In 1962, funds for mdustiial research and development 
amounted to 11 6 billion dollars, which [also represented 
a 6 per cent increase over the 10 9 billion dollars reported 
for 1961 The 1962 total was moie than three times as 
great as the 3 6 bilhon dollais total for 1953 Industrial 
firms accounted for nearly thiee-quarters of the nation’s 
total research and development performance of about 
16 billion dollars in 1962 


Federally financed reseaich and development performed 
by industrial firms amounted to 6 7 billion dollars in 1962, 
almost five times the 1 4 bilhon dollars for 1953 These 
funds were 58 per cent of the total funds for mdustrial 
research and development performance m 1962 Federal 
funds for mdustrial research and development performance 
in 1962 were 7 per cent higher than the 6 3 billion dollars 
reported for 1961 The Federal Government, however 
was expecting to increase its funds for research and 
development work performed by industrial firms at a faster 
rate during 1963 A substantial merease m Federal 
obligations for research and development to mdustry in 
the fiscal year 1963 over the fiscal year 1962 was envisaged 
The Federal Government was also expecting to contmue 
its heavy expenditures on research and development 
projects related to space exploration and defence through- 
out the remamder of the decade A main portion of this 
Federal research and development would be conducted by 
industrial firms 

Of the separately reported mdustries, the aircraft and 
missiles mdustry and the electrical equipment and com- 
munication industry continued to play the predominant 
part in federally financed industrial research and develop- 
ment peiformance, although the professional and scientific 
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instruments industry and the chemical mdustry and 
apphed products reported greater relative increases in 
the federally financed portion of their research and 
development performance between 1961 and 1962 The 
3 8 bilhon dollars for Federal research and development 
projects ın the aircraft and mussiles industry and the 
16 bilhon dollars m the electrical equipment and com- 
munication industry together accounted for 80 per cent 
of federally financed industrial 1esea1ch and development 
performance m 1962 

Research and development performance by company 
funds totalled 48 bilhon dollars in 1962, or 6 per cent 
lugher than the 46 billion reported for 1961 Company 
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funds for mdustrial research and development perform- 
ance more than doubled between 1953 and 1962 Company 
funds as & percentage of total research and development 
performance funds, however, declined from 61 per cent 
in 1953 to 42 per cent in 1962, reflecting the large creases 
in Federal funds during this period 

Funds for basic research performance in industry 
amounted to 361 milhon dollars ın 1962, an increase of 
14 per cent over the 1961-level  Durmg 1962, mdustrial 
basic research comprised 4 per cent of total mdus- 
trial research and development performance Basie re- 
search funds increased 205 per cent between 1953 and 
1962 


EXPLORATORY DRILLING FOR OIL IN SUSSEX 


ATURAL gas was first observed m a water well at 
- Hawkhurst, just across the border m Kent, m 
1836 It was met with m the two sub-Wealden boreholes 
put down by the Sub-Wealden Exploration. Committeo of 
the British Association for the Advancement of Science 
near Mountfield, ın 1872-76 These classic explorations 
meidentally led to the discovery of gypsum in the Purbeck 
beds in Sussex, the freshly broken mimeral m many 
mstances then, and as mined to-day, smelling strongly of 
petroleum In 1896 a borehole foi watering the then 
London, Bughton and South Coast Railway locomotives 
was made at Heathfield Station, it was 377 ft deep, 
penetrating 38 ft of Purbeck beds, and resulted in no 
worth-while water-supply, to compensate there was a 
strike of natural gas which at the time issued at a pressure 
of 140-200 Ib Am ?, ıt was of sufficient volume to ignite 
to a flame 16 ft high, but ın 1922 the best 16 could do was 
3-4 ft high, although still at that time bemg used for some 
station ightmg It was this Heathfield strike which first 
directed public attention to natural gas possibilities ın Sus- 
sex During 1897-99 the origmal deep Penshurst borehole, 
near Tonbridge, Kent, also proved Purbeck gypsiferous beds, 
and it 1s recorded that ‘“The shales associated with the 
gypsum were often bitummous, and all the beds smelt 
strongly of petroleum" (Lamplugh and Kitchen, 1911) 
Prospecting ın a commercial sense in Sussex may be said 
to have started in 1902 with trial boreholes put down in 
the Heathfield-Mountfield-Battle area, during the 1907-9 
phase of operations by the South Eastern Development 
Syndicate, Ltd , near Battle Natural gas was discovered 
in many of these attempts, but nowhere m commercial 
quantity "Thereafter, further exploration for this purpose 
was abandoned and ıt 1s only within comparatively recent 
years that oil and gas potentialities of the sub-Wealden 
rocks of the south-coast counties, in particular, Sussex, 
Hampshire and Dorset, have been prominent in the 
exploration programmes planned for Great Britain by oil 
companies Among the deep boreholes constructed during 
1936-38 was another at Penshurst, one at Grove Hill, 
Helhngly, one at Henfield, another deep-well site near 
Brightling was explored in 1957, and now in 1963 there 
has been completed the 8,000-ft borehole at Bolney, near 
Cuckfield 
This Bolney well was only ‘spudded in’ in May 1963, 
its completion, actually to a depth of 8,006 ft, withm a 
few months, 1s ın 1tself a tribute to the efficiency of modern 
oil-well drilling equipment and especially to the highly 
skilled engmeers concerned with this project “By md- 
August the well at Bolney had already passed a depth of 
7,000 feet and was drillmg through the remams of the 
world of more than 300 million years ago It was cutting 
through what the geologist called a marme formation of 
the Devonian period, which means that it had reached. 
the bed of what had once been a Paleozoic ocean” This 
1s the only official hint of what geological formation was 


actually penetrated at 7,000 ft, and ‘is contained m a 
brief article published recently in the Esso Magazine 
(autumn issue, 12, No 4, 1963) This exploration woll, 
actually at Broxmead Lane, 14 miles north-east of Bolnoy 
village, was drilled by the Esso Petroleum Co, Ltd, to 
confirm results of geological and seismic surveys conducted. 
in this part of Sussex durmg the past two years Unfor- 
tunately, ıt appears to have resulted ın a dry hole, only 
gas shows at a comparatively shallow depth, as might 
have been anticipated from previous knowledge, bemg so 
far reported However, what this venture may have lost 
in money and commercial oil results, the information it 
must have provided will piove of the greatest valuo m 
ultumate stratigraphical and, 16 1s hoped, tectonic mter- 
pretations of the vertical section here deep m the heart 
of the central Weald ‘That the results of this borehole 
will lead to a re-assessment of oil and gas possibilities in 
Mesozoic and Palzozoie rocks lymg beneath Sussex, if 
not of farther afield, is a safe guess 

In due course we may hope that the detailed log of the 
Bolney well will be published These sort of pioneer 
adventures may understandably be treated as highly 
confidential at the time, especially when competitive oil 
interests ın southern England are considered But results 
are apt to remain in these cucumstances buried m the 
archives, then forgotten for long afterwards, until a future 
generation has reason to seek to dismter vital data m 
appropriate geological investigations None the less, how- 
ever, there are some intriguing deductions, 1f not ‘pomters’, 
stemming from the clue of marine Devonian strata at 
7,000 ft, as affecting the stratigraphical succession and 
structure of the rocks below Bolney, even if actual or 
potential oil and gas horizons yet 16main elusive Writing 
on the “Concealed Strata—Palaeozoic Systems" of the 
Weald, F H Edmunds (1954) says “At the present day 
the general surface of the Palaeozoic rocks 1s that of an 
melined plane, with a slope southward of about 1 in 50, 
1e a little over one degree, Palaeozoic rocks beneath 
London occur at about 1,000 ft below sea-level, at 
Helhngly about 3,250 ft, at Penshurst about 4 550 ft, 
and at Henfield 4,850 ft, respeotrvely below sea-level’. 
Again, "It 1s noteworthy that at Penshurst, Jurassic rocks 
rest on Carboniferous Limestone, whilst at Hellngly and 
Henfield, the Palaeozoic surface 1s probably composed of 
Upper Coal Measures, these facts pomt to an eroded 
surface of folded rocks” The north-east-south-west 
streight-hne distance between Penshurst and Henfield 1s 
about 26 miles, Bolney site is 6 miles along this hne 
north-east of Henfield The Paleozoic floor (surface) 
would on the basis of the foregomg data be anticipated 
at around —4,780 ft op Thus mterpreted, ıt would 
appear that, finishing at a depth of more than 8,000 ft , 16 
presupposes a determined minimum penetration of some 
3,000 ft of Paleozoic rocks here in the search for oil, a 
most hazaidous venture unless purely geological informa- 
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tion be the motive. If this deduction 1s not vahd, then 
the probabilities can only be explained by some com- 
pletely unsuspected, major change ın structure beneath 
this part of the central Weald with a corresponding 
dramatic thickening of the Jurassic formations overlymg 
the Paleozoie sequence, meluding the much-sought-after 
Kimmeridge Clay oi-bearmg horizons 

It is not difficult to undorstand the selection of the 
Bolney site for deep exploration as such The location 18 
on Cretaceous iocks (Hastings Beds Tunbridge Wells 
Sand), here influenced by a strong anticlmal (plus much 
faultmg), traceable at mtervals from near Fernhurst 
(west Weald), eastward beyond Cuckfield, then from 
Heathfield to just north of Battle, agam near Crowhurst 
east-south-east to the coast, thence if prolonged m the 
same direction across the Straits of Dover mto the Bas 
Boulonnais region of France, a total distance of approx- 
imately 125 miles This ıs tectonically the central Weald 
axis, the Bolney site 1s m much the same position struc- 
turally as a1e the rocks responsible for the shallow-gas 
showings at Heathfield, Brightling and Battle , 

The delineation of buried anticlinal structures in the 
Mesozoic rocks of Sussex, equally ın their counterparts m 
Hampshire and Dorset, 1s to-day largely the outcome of 
modern geophysical techniques, and many such surveys 
by the oi] companies have in recent years produced most 
exciting and impressive geological indications, but, 1t must 
be generally admitted, little more than that so far as com- 
mercial oi-pools are concerned (perhaps one exception 
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may be at Kımmerıdgo itself, Dorset, m 1960, British 
Petroleum Exploration Co) In the long run, ıt 18 the 
existence of adequate source and reservoir rocks co- 
madent with optimum structures which determines the 
location of commercial oilfields Of all geological forma- 
tions involved ın this region, particularly ın Sussex, the 
Kimmeridge Clay shales and sandy beds offer the best 
prospects and this formation has hitherto been in the 
forefront of oil-finding projects, although potentialities of 
other Jurassic (? Paleozoic) rocks have not escaped con- 
sideration In the Heathfield district, my own work 
strongly pomted to Kimmeridge Clay shales as source of 
the natural gas, with overlymg Portland sandy beds as 
primary contamer (Milner, H B, “The Geology of the 
Country around Heathfield”, Proc Geol Assoc, 33, 
1922) Little has apparently happened to disturb this 
theory I have long held the view that the Weald, as a 
geological and structural entity, 1s barren as regards 
commercial oil supphes, 1ncludmg gas, extendmg even to 
offshore drillmg, at least along this part of the south coast 
The Esso Magazine article quoted here begins on this 
chastening note “There are some sad facts that haunt 
the dreams of oil men eight out of every nime wells ever 
drilled have proved dry, and only one well in forty has 
ever tapped a major source of oil or gas" From a purely 
geological pomt of view, may ıt be that Bolney has not 
proved a nightmare and that more explorations of this 
scope and calibre are 1n store for us m more likely places 
H B MirNER 


A THREE-COMPONENT RADIO SOURCE CONTAINING A 
WELL-ALIGNED MAGNETIC FIELD 


By Dr, F F. GARDNER and Dr. R D DAVIES* 
CSIRO Division of Radtophysics, University Grounds, Sydney 


ILLS, Slee and Hill! have suggested that the source 
13-38, the subject of this article, may be identified 
with the galaxy IC 4296 Thus is an elliptical galaxy the 
photographic magnitude of which is given by Becvar? as 
11 9 and the angulai dimensions of which are 0 6’ x 0 6’ 
Assuming the absolute magnitude of elliptical galaxies 
which are strong radio sources is —204 as found by 
Maltby, Matthews and Moffet? and correcting for 04 
magnitudes of interstellar absorption the distance of 
IC 4296 ıs 24 Mpe The source was found to be extended 
by Muls, Slee and HJI using a 50’ beam at 85 Mc/s 
With the 210-ft reflector of the Australian National Radio 
Astronomy Observatory operating at a wave-length of 
11 3 em the source 1s resolved into three clearly disting- 
wished components It consists of two extended com- 
ponents and a central one conteimung 30 per cent of the 
flux which 1s barely resolved with the 7 35/ beam Details 
-of the 113-em positions, fluxes and observed angular 
widths of the sources are given ın Table 1 and are illustrated 
u Fig 1 The absolute positions are believed to be accur- 
ate to 0 5' m each co-ordmate and the relativo positions of 
the components are accurate to 02’ The position of the 
central source 1s in close agreement with the position of 
IC 4296 (x = 13h33m48», § = —33? 43’ (1950)) The 
source structure 1s simular to that of Centaurus A (NGC 
5128) Ata distance of 24 Mpc the overall extent of 13-33 
18 240 kpe, somewhat smaller than that of Centaurus A but 
still large compared with the average source Also the 
11 3 em brightness temperatures of the outer components 
of both sources are low, 10? K for 13-33 and 3° K for 
Centaurus A, whereas that of the central sources 1s high, 
bemg of the order of 100° K for both objects 


* On leave from Nuffield Radio Astronomy Laboratories, Jodrell Bank 


The lnear polarization of the radio emission from 
13-33 was measured at wave-lengths 113, 213, 296 
and 31 2 cm as a part of a programme in which the polariza- 
tion of 150 sources was investigated The percentage 
polarization and the position angle found at each wave- 
length are given in Table 1. The 118 cm polarization 
data for each of the three components could be obtained 
with the narrow beam at this wave-length As the 21 3 cm 
beam-width 1s 14 0’, the flux and polarization data for the 
closely spaced components (a) and (b) which are separated 
by 10 8" were obtained by making observations at the 


Table 1 11 8, 21 3,29 6 AND 81 2 om DATA FOR THE RADIO SOUROB 13-33 


Component Component Component 
(a) (b) (c) 
Right ascension (1950) 18h539m5gs 13h33m44s 13h34m47s* 
Declination (1950) —33°37 9’ —33°48 0’ —33°64 2’ 
Observed angular 
widthinR A 87'+0 1’ 747401’ 8 6x01 
Observed angular 
width n Dec 8 b' c0 1' 7 6°+0 1’ 9 6’+0 1’ 
11 3 cm Peak intensity 27fu 28fu 20fu 
Integrated intensity. 3 7fu 29fu 30fu 
Per cent polariza- 
tion 73241096 2084+10% 240415% 
Position angle of 
polarization 92 5°4+3° 103° 42° 94° 42° 
Intensity b9fu 48fu 42fu 
Per cent polariza- 
213 om tion 8 741% 12 241% 19 94.1% 
Position angle of 
Polarization 39? 4-4? 49 5° 42° 81 3° 42° 
Per cent polariza- 
10n 9 4415% 
29 6 cm* } Position angle of 
L polauzation 129° -43° 
Per cent polariza- 
31 2 cm* J tion 7 0410% 
Position angle of 
polarization 125 4-8? 


* Includes contributions from components (a) and (e) 
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Fig 1 The structure of 13-33 derived from 11 cm Observations the 
contours are the half Intensity levels of a gaussian distrihuticn fitted to 
the observations The position of 4C 4296 which ıs identified with the 
radio source 1$ also shown The position angle of the electric vector of 
the intrinsic polarization (that 1s, corrected for Faraday rotation) and 
the 11 3 em percentage polarization 1s indicated for each ccmponent 


13h 33m 008 


positions derived at 11 3 cm and correcting for the con- 
tribution of each source at the position of the other, 
assummg the 21 3-cm positions are the same as those at 
113 em The 29 6- and 31 2-cm polarization data were 
taken to confirm the trend of Faraday rotation and de- 
polarization observed between 11 3 and 21 3 cm. 

A high level of polarization at 11 3 em was found m 
all three components with values exceeding 20 per cent 
ım components (b) and (c) The position angles of all 
components are closely aligned and he withm 5° of 98? 
at 113 em The total Faraday rotation between the 
source and the observer can be estimated from Fig 2m 
which the observed position angle is plotted against 
(wave-length)? The position angle for each of the three 
components 1s shown as a separate point at 11 3 and 21 3 
cm, whereas the pomts at 29 6 and 31 2 cm represent the 
mean polarization of all three components which are 
included m the larger beam-width at these wave-lengths 
The rotation measure 1s closely similar for all three com- 
ponents and has an average value of —33 radians per 
metre*, A previous mvestigation*: of the rotation measure 
of & number of radio sources showed that the Faraday 
rotation is largely galactic m origin, decreasing on the 
average from about 100 radians per metre? at galactic 
latitude 10° to almost zero at 60° latitude and higher. 
The nearest source hsted m the previous survey was 
Centaurus A (I1 = 310°, bii = 19°) with a rotation 
measure of —60 radians per metre? The value found 
for 13-33 (1u = 313°, b11 = 98) then has the magnitude 
expected for its latitude and longitude, thus suggesting 
that very little of the total Faraday rotation occurs m 
the source itself 

The percentage polarization of the individual com- 
ponents falls between 113 and 213 cm, as does the 
polarization of the integrated emission which falls from 
16 per cent at 11 3 cm to 11 per cent at 21 3 cm and then to 
8 per cent at 30 em This slow variation m polarization 
suggests that the differential Faraday rotation withmn 
the components of the source 1s small 

The position angles of the mtrinsic polarization ın com- 
ponents (a), (b) and (c) computed from the 11 3 and 213 
cm data are 114°, 125? and 120? respectively and are 
shown m Fig 1 These values are closely parallel to the 
hne joinmg the components which 1s at a position angle 
of 126° 

The most remarkable feature of 18 -33 1s the high degree 
of order in the magnetic field m both the individual 
components and the source as a whole At 113 cm the 
integrated polarization of the components varies between 
7 and 24 per cent and for the whole source 1s 16 per cent 
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On the other hand, m Centaurus A, the other triple radio 
source, the #-vector and thus the magnetic field direction 
remain sensibly constant over large regions of the source 
and the percentage polarization m places reaches ~ 40 
per cent at 11 3 em, yet the integrated percentage polariza- 
tion over one of the extended components would only be 
of the order of 5 per cent’ and the value for the whole 
source about half this Also outstandmg ıs the close 
agreement between the position angle of the line of centres 
of the source components and the position angle of the 
E-vector In other sources 1t has been found that sources 
with higher polarization have H-vectors roughly parallel 
to the line of centres 

It 1s of terest to discuss these results ın relation to two 
plausible theories of the nature of double radio Sources 
According to the first theory an explosion m the parent 
galaxy ejects cosmic rays and magnetic fields in two 
opposite directions defined by the directions of least 
resistance of gas or magnetic field within the galaxy, fora 
galaxy with a magnetic field or a gas layer ın the plane of 
rotation the ejection would be perpendicular to this plane 
As the expansion continues the magnetic field in the source 
region may become aligned perpendicular to the direction 
of ejection as a result of compressing the magnetic field m 
the galactic halo or m intergalactic space This is the 
direction of magnetic field needed to give the observed 
direction of polarization with the synchrotron emission 
mechanism In the early stages when the irregular 
magnetic fields produced in the explosion are likely to have 
a dominating influence, the polarization may be randomly 
oriented relative to the magnetic field m the parent 
galaxy or to the direction of ejection Ultimately in the 
final states of expansion when the compression will be 
weak and the brightness temperature low, irregularities 
in the intergalactic gas density and magnetic fields may 
destroy the uniformity of the expanding front and reduce 
the observed average polarization The outer components 
of Centaurus A would appear to be at this stage 

It 1s also tempting to think that the central components 
of 13-33 and Centaurus A with brightness temperatures 
at least 10 times that of the outer components are more 
recent explosions similar to those which gave rise to the 
outer components In the case of 13-33 1% 1s suggested 
that the explosion has proceeded far enough to produce 
alignment by interaction with the halo or intergalactic 
magnetic fields, whereas m Centaurus A this stage has not 
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Fig 2 The frequency dependence of polarization position angle for the 

three components of 13-33 The dashed lme passes through the mean 

position angle observed in the three components at 11 3 and 21 3 cm, 

and through the position angle measured at 29 6 and 31 2 cm witha 
broad beam located near the centre of the object 
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yet been reached, judging by the irregular alignment of 1ts 
magnetic field 

The second theory supposes that a double source is 
produced by cosmic ray electrons trapped m a dipole- 
like magnetic field origmatimg ın the parent galaxy In 
& theoretical development origmally directed towards a 
description of the decimetre radiation from Jupiter, Chang 
and Davis’ have shown that with suitable choice of para- 
meters such a model can give rise to double sources with 
the electric vector parallel to the hne of centres How- 
ever, this model would require trapping fields extending 
more than 100 kpc from the parent galaxy and ın the case 
of 13-33 the electrons. would need to be m impiobably 
flat helices to explain the source shape and polarization 
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Smce the dipole model would also predict a far greater 
symmetry than observed in 13-33 and since ıt cannot 
directly explain the existence of the central components 
of 13-33 and Centaurus A, ıt ıs thought to be the less 
hkely of the two theories 

We thank J G Bolton and J A Roberts for helpful 
discussions on possible source mechanisms 
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TRITIUM CONTENT OF ANTARCTIC SNOW 
By C. B TAYLOR 


Institute of Nuclear Sciences, Department of Scientific and Industrial Research, Lower Hutt, New Zealand 


N a recont ceommunication!, Shen, Korff and Neuburg 
have reported the tritium contents of three Antarctic 
snows collected near Ross Island durmg 1960-61 The 
concentration, 82 + 8 T U , for surface snow representing 
September-early December 1960 they hold to be remark- 
ably high compared with other tritum fall-out data for 
the southern hemisphere In view of data obtained at 
this laboratory this result 1s seon to be of the correct order 
of magnitude 
Libby* has shown that the average tritium concentra- 
tions in precipitations at differont localities have tended 
to remain in the same ratio despite periodic mereases m 
the amount of tritium injected into the stratosphere due 
to bomb testing (This ratio balance ıs affected for short 
periods m the northern hemisphere by tropospheric fall- 
out immediately following thermonuclear tests ) Tritrum 
measurements at this laboratory show that the ratio of 
the average tritium concentration of Ross Ice Shelf 
snows to that of New Zealand rainfall has remained 
virtually unchanged since the period before thermo- 
nuclear contamination Tritium in the snow sample of 
Shen et al probably represents the Antarctic spring leak 
of 1960 In New Zealand during 1960 a substantial spring 
leak of tritium was detected in ram-waters collected at 
Kaitoke (near Wellington) and Wairaeke1 At both stations 
the September-October mean concentration was greater 
than 20 TU, or double the yearly average Over this 
period the Antarctic snow concentration from the foregomg 
data was thus 4 times greater This result conforms 
with earher comparisons of New Zealand river water with 
-Antarctice snows^* Comparisons at this laboratory of 
Akatarawa River water with Kaitoke ram-water show that, 
‘on the yearly average, the river reflects the rain-water 
woneentration very closely (Details will be pubhshed 
‘shortly ) Extrapolation of the 1956-59 Akatarawa River 
data back to 1953-55 mdicates that ram-water in New 
Zealand at this period had average tritium concentiation 
about 4-5 times lower than the Antarctic snows reported 
by Begemann and Libby* Only one earher rain-water 
measurement for New Zealand has been reported’, 
indicating a concentration of 1-7 ru for Wellington rain, 
October 1953 Tho present estimate of pre-bomb average 
concentiation in New Zealand iain, based on the global 
fall-out pattern deduced by Lal and Peters®, 1s 2-3 T U 
The concentration (17 + 3 tu) obtamed by Shen et ai 
for 1941 Antarctic snow is perhaps a little hgh by com- 
parison with this estimate for tritium ın New Zealand 
rainfall, but is not unduly high since only a single sample 
i8 involved Individual results can vary considerably, 
as evidenced by other work on Antarctic snows? 


There seem to be two plausible explanations for the 
higher tritium concentrations reported for Antarctic snow 
The fist explanation is based on the expected global 
fall-out pattern for natural tribium deduced by Lal and 
Peters®é This was derived from consideration of strato 
spheric and tropospheric natural tritium production, and 
from the use of fall-out patterns for artificial radioactivity 
A comparison by Libby? of pre-bomb and post-bomb 
tritium-levels in different localities, and the constant 
relationship shown by him to exist between average 
monthly tritium fall-out at a single locality and average 
monthly strontrum-90 particulate fall-out over the 
northern hemisphere, together point strongly to the 
conclusion that the global pattern for stratospheric bomb 
tritium fall-out remains very similar to that which existed 
for natural tiitium (However, bomb tritium has sub- 
stantially incieased the total global fall-out of tritium, 
much more so in the northern than m the southern hemi- 
sphere) On this basis the total annual tritium fall-out 
on the Ross Ice Shelf should be approximately three 
times lower than that over New Zealand Assuming an 
annual mean equivalent water precipitation of 20 em for 
the Ross Ice Shelf? and a 4-5 times ratio for the average 
tritium concentration of Ross Ice Shelf snows to that of 
New Zealand rainfall, the total annual tritium fall-outs 
are found to be 1n the predicted ratio 

The second explanation for the high tritium content of 
Antarctic snow could be connected with the height of 
formation of the snow Some tritrum measurements 
cariied out at this laboratory of snow samples collected 
at differing altitudes are hsted in Table 1 together with 
relevant sea-level rainfall comparisons 


Table 1 TRITIUM CONCENTRATIONS OF SNOWS SOUTH PACIFIC AREA 
Altitude 
Date of of Tritium Sea-level 
deposition Location collection concentra- rainfall 
point(ft) tion(TU) (TU) 
September 1958 Campbell Island 0 122-13 11 941 3* 
Summer 1958-59 Mt Cook, N Z 5,000 127414 10 Of a 
June 1959 Mt Cook, N Z 6,800 211423 pprox 
April 1961 Mt Cook, N Z 6,800 436+48 1601 


Errors correspond to 1 standard deviation over entire process 


* Rainfall collected on same day as snow 
t Deduced from tritium concentrations of Akatarawa River (Wellington) 
by comparison of later values with rain-water concentrations 
ih "ir Ed measurements at Kaitoke and Wairakei (to be published 
shortly. 


The dependence of t11t1um concentration of the snow on 
the altitude of formation 18 obvious from these few results 
It seems likely that isoconcentration surfaces, of the form 
predicted by Lal and Peters for global natural tritaum?, 
could also be envisaged for bomb tritium in the tropo- 
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sphere withm a regular vertical and merıdional circulation 
pattern for each hemisphere Removal of tritium by 
precipitation at each latitude could constitute pait of this 
regular global pattern The spring leak through the 
tropopause gap in each hemisphere could constitute an 
annual perturbation on the global scale, while local per- 
turbations of the pattern could arise due to tropospheric 
fall-out from new weapons tests, and to local meteoro- 
logical and topographical conditions — Preciprtations 
forming at high altitudes could yield high tritium concen- 
trations becauso of higher tritium concentration of vapour 
at that level, or, alternatively, because precipitation at 
high altitude samples a layer of vapour previously rel- 
atively unaffected by tropospheric washout Earher 
results reported by Begemann for Greenland snows 
collected at 7,500 ft8 could also 1epiesent an altitude 
effect by comparison with sea-level snows and rains 
Rains of higher tritium concentration at Chicago during 
1956, reported by Begemann as due to northerly a- 
streams, could be due to a latitude or altitude (o1 both) 
concentration difference at the pomt of origin of such 
noitheily airstreams It does not seem hkely that tropo- 
spheric tritium from the Soviet tests of 1955 was in any 
way responsible for this phenomenon since the Arctic snows 
reported by Begemann do not show any ‘excess’ tritium 
in 1955 over and above that already present due to the 
‘Castle’ tests of 1954 These rains of high tritium concen- 
tration could alternatively reflect a spring leak from the 
stratosphere, perhaps of tritium from the Soviet tests of 
1955, perhaps also of stratospheric ‘Castle’ tritrum 
Climatological data for Scott Base, 1957-58 (ref 9), 
show that katabatic blizzard winds m the Ross Island 
area occur mainly during the winter months and from a 
southerly direction off the polar plateau Durmg winter 
a large part of the precipitation on the Ross Ice Shelf 
could result from snow blown off the polar plateau 
By virtue of its higher altitude of origin this snow could 
be significantly higher in tritium concentration than snow 
falling m summer, which comes predominantly from 
low-level clouds and under low-wind conditions®!° The 
careful and revealing isotope mvestigation carried out by 
Picciotto, de Maere and Friedman! on samples of snow 
collected durmg 1958 at King Baudouim Base (70° 26’S , 
24° 19’ E ) also throws some hght on the question of the 
‘seasonal variations of coastal Antarctic precipitation 
By the use of radiosonde data combined with deuterium/ 
hydrogen ratio measurements on isolated snowfalls 
durmg April 1958-February 1959, they were able to show 
that an abrupt change in deuterium and oxygen-18 
isotopic concentrations of precipitation comcides with an 
abrupt seasonal change in middle tropopause temperature 
characteristic of the Antarctic climate as reported by 
Wexler"? Although the number of precipitating clouds 
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measured at King Baudoum duung summer was only 
four, the average height of such clouds m winter appears 
to be roughly double that durmg summer Because of 
this, winter snow could be expected to be considerably 
enriched in tritium with respect to summer snow 

Durmg the months November—February inclusive the 
net flux of mcoming radiation in the Ross Island area 
becomes positive’, and durmg December-February sub- 
stantial subhmation of suface snow takes place Data 
from snow-pib analyses! suggest that tho deuterium/ 
hydrogen vairation between ‘isotopic summer’ and ‘iso- 
topic winter’ may be partially smoothed out m the lower 
layers, although the variations have been reported as 
being present m a Greenland iceberg as far back as several 
hundred years!'* Subhmation could lead to fractionation 
of surface snow while isotope migration may take place 
m lower layers The variations in the concentrations of 
Antarctic snows collected by Begemann and Libby during 
1955 (ief 3), together with the foregomg considerations, 
suggest that trruum and stratigraphic analyses of snow 
should proceed hand m hand An mvestigation of tho 
tritium concentrations of individual snows, combined with 
radiosonde temperature data and cloud height measure- 
ments, would be most revealing 

A comprehensive investigation of tritium and other 
fall-out products m snows 1s at present bemg undertaken 
at this laboratory in conjunction with stratigraphic 
Investigations at the New Zealand Antarctic Station at 
Scott Base Surfaco snows are also bemg collected from 
various locations on the polar plateau 

I thank the members of the staff of this laboratory who 
co-operated in the production of the results quoted 
in Table 1. 


1 Shen, S P , Korff,S A, and Neuburg, H A C., Nature, 199, 60 (1963) 

"Tabby, W F,J Geophys Res , 66, 3767 (1961) 

? Bainbridge, A E, and O'Brien, B J, in. Trin in the Physical and 
-Bwlogwal Scwnces (I A E A Vienna), 1, 33 (1962) Many of the data 
presented ın this review have been revised 1n view of recent experimental 
knowledge and recalibration of the tritium reference standard The data 
will be republished shortly 


` Bopomain, F , and Libby, W F, Geochwn ef Cosmochim Acta, 19, 277 


vor patan H , and Libby, W F, J Inog and Nuclear Chem ,1, 75 


‘Lal, D , and Peters, B , Progress «n. Elementary Particle and Cosme Ray 
Physws, 6, 1 (1962) 


1 Rubm, M J, Scr Amer ,207, 84 (1962) - 


*Begemann, F , Proc Sec UN Conf Peaceful Uses of Atomw Energy, 
UN Geneva, 18, 545 (1958) 


*Hatherton, T, NZ IG Y Antarche Expeditions, Scott Base and Hallett 
Station, D S I R Bull ,140 (1961) 


10 Taylor, C B (personal experience, Cape Hallett, Antarctica, 1961-2) 

n Picciotto, E , de Maere, X , and Friedman, I , Nature, 187, 857 (1960) 

7 Wexler, H , Quart J Roy Met Soc , 85, 196 (1959) 

38 Lorus, C, Ann Geophys , 17, 378 (1961) 

^ Gonflantinl,R Toghatt:, V , Tongior1, E , De Brueck, W ,and Piceiotto, E , 
J Geophys Res , 68, 3791 (1963) 


15 Dansgaard, W , Nuef, G , and Roth, E , Nature, 185, 232 (1960) 


ORIGIN OF ICE AGES: AN ICE SHELF THEORY FOR PLEISTOCENE 
GLACIATION 


By Dr A. T. WILSON 
Victoria University of Wellington, Wellington, New Zealand 


NY theory of the origin of ice ages should explain 

(1) Why the Earth, m the peak of an ice age where 
an appreciable fraction was covered with 160 and snow with 
consequently increased albedo, did not remam m a perman- 
ent state of glaciation. and why, ın fact, ıt emerged quite 
rapidly from the glacial stages (2) The oscillatory nature 
of the glacial advances and recessions during the Pleisto- 
cene (3) Why these phenomena occurred ın the Pleisto- 
cene, yet there appears to be no major period of widespread 
glaciation between the Permian and the end of the 


Tertiary 


Recent geochemical work m the McMurdo Oasis area 
of Antarctica suggests that the last major glacial retreat 
was about 50,000 years ago!, and that this area was not 
extensively glaciated during the last northern hemisphere 
glaciation 

There 1s considerable evidence from glaciated nunataks 
and moraine that the Antarctic 1ce sheet has been consider- 
ably larger at some time in the past?-* Investigations 
of the mass budget of the Antarctic ice sheet? suggest 
that ıt 1s growing at present The stability of large ice 
sheets has been studied by Robm’, and it seems clear 
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Fig 1 Schematic diagram of the temperature distribution m a simplified 
ice sheet and a plot of the temperature difference between the base and 
other levels near the centre of such an ice sheet (after ref 7) 


from his calculations (Fig 1) that an ice sheet larger 
than at present would approach imstability Its base 
would approach the pressure melting point In a recent 
paper, Robin considers that the central part of the Antare- 
tic ice sheet to already be at 1ts pressure melting point® 

An example of an ice mass becoming unstable was afford- 
ed by the Kutiah Glacier m Ladakh (north India) in 1953 
when ıt became unstable and for a fime advanced at the 
rate of 47 m/h (ref 9) Accordmg to Ahlmann” this 
may not be an uncommon phenomenon in ice masses of 
glacier size 

In the Antarctic, when ice flows on to the sea, 1ce- 
shelves are formed Some of these are very large, for 
example, the Ross Ice Shelf, which extends 600 mules 
from land and ıs 800 ft thick at its seaward edge? These 
shelves are quite stable and are to some extent nourished 
by the snow which falls on their surface? 

The new theory which 1s proposed 1n this article takes 
into account the facts Sot out here and postulates that the 
Antarctic ice sheet 1s inherently unstable and that when 16 
reaches instability ıt generates a large ice shelf which 
increases the Earth’s albedo sufficiently to 
mduce extensive glaciation in the rest of 
the world Consideiing the effects of 
instability m more detail In the mter- , 
glacial periods, as at present, the ice sheet 
buids up on the Antarctic contment As Pa 
the bottom of the ice, heated by normal South America 
geothermal heat flow, reaches 1ts pressure Me 
melting point ıt ıs able to flow not only ~< 
by plastic yield but also by the much more 
effective thaw-freeze process Once flow 
begins, a large quantity of gravitational 
energy 1s released which 1s dissipated by 
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the ice flows out from the sheet and over the surrounding 
sea, forming a great ice shelf The extent of the shelf 
would be hmited by the Antarctic convergence (about 
lat 50? S) (Fig 2) 

(The Antarctic convergence 1s the boundary between 
the relatively warm 87-10? C south-flowing water of the 
Southern Ocean and the much colder surface water flow- 
ig away from Antarctica ) This huge ice shelf would 
increase the albedo of 10 mulhon square miles of ocean 
from 8 to 80 per cent!?, thus decreasmg the heat mput 
to the Earth as a whole by 4 per cent Tho zero 1s0- 
therm on the whole Earth is depressed Water which 
once flowed from North America and Europe now 
remains as ice; the northern ice sheet begins to form 
This reduces the albedo of the Earth still further 
Eventually the ice sheets of the northern hemisphere 
grow until they occupy 8 milion square milest Pluvial 
conditions are mduced in the arid areas of the Earth! 
The total albedo of the Earth 1s thus moreased so that 
the heat input is 8 per cent lower and the temperature 
reduced by 6? C 

This situation would become the new steady state if 
the flow of 1ce off the Antarctic continent could be main- 
tamed However, this could not be the case as 1ce which 
flows from the 1ce-rock interface under the Antarctic 1ce 
sheet ıs replaced by colder 1ce (below pressure melting 
point) from the centre of the 1ce sheet, cooling the 1ce-rock 
interface until rapid flow eventually ceases Since the 
ice shelf is no longer supplied with 1ce from behind, the 
calving rate exceeds forward movement and the ice shelf 
breaks up rapidly The solar energy which was being 
reflected by the ice shelf now warms the Southern Ocean 
Some of this heat is transferred to the oceans of the 
northern hemisphere which, m turn, warm the northern 
hemisphere land ‘The 0? C isotherm in Europe and 
North America rises and their ice sheets melt The Earth 
emerges from an ice age 

Thus formation and eventual break-up of an ice shelf 
around Antarctica provides the ‘flip-flop’ mechanism to 
drive the Earth mto and out of an ice age To drive this 
mechanism a vast amount of ice is required This 1s 
accumulated durmg the inter-glacials on the Antarctic 
continent 

The mimumum size of the ice shelf 18 errtical—it must 
lead to a sufficient cooling of the Earth to induce the 
formation of ice sheets m the northern hemusphere so 
that they may make their contribution to increasing the 
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friction m a thin layer near the base of 
the ice sheet To a first approximation, 
the amount of heat generated at any pomt 
will be proportional to the velocity at that 
pomt. According to Bull! this is given 
by 

24 x k x Lealfem*/yr 


where k 1s yield stress m bars (— 1) and 
L 1s the lateral movement m metres per 
year A movement of 300 metres per 
year would supply 720 eal/em?[yr, to the 
bottom of the sheet This is 18 times 
normal geothermal gradient Thus once 
movement starts ıt gains momentum and 
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Fig 2 Map of Antarctica and the surrounding ocean showing the Antarctic convergence 
which it is postulated limited the extent of the ice shelf (Prepared from a map by the 
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albedo of the Earth as à whole. For this condition to be 

fulfilled the Antarctic ice sheet must be large enough and 
the ice sheet must be symmetrical with respect to the 
South Pole. It is suggested that this condition has only 
been fulfilled during the Pleistocene. Before that time 
ese conditions are postulated as not being fulfilled, so 
that smaller ice shelves were generated. "These shelves 
of ice flowed off the Antarctic continent but were not large 
enough to induce extensive glaciation in the northern 
hemisphere. Sea-level would rise by approximately 60— 
00 ft. due to the relatively rapid transfer of ice from the 
Antarctic continent into the oceans. This phenomenon 
"would have occurred with the same oscillatory period as 
the glacial stages of the Pleistocene. "This mechanism is 

)osed as the origin of cyclic sedimentation or cyclo- 
ems) On this treatment cyclothems are aborted ice 

. These occurred in the Tertiary. The Tertiary 
into the Pleistocene when the Antarctic ice sheet, 
continental drift or other reasons, became capable 
inducing extensive glaciation in the northern hemi- 










































From Fig. 2 it can be seen that the stability is very 

pendent on the precipitation at the centre of the ice 
sheet. It is considered that the ice sheet grows until it 
becomes so large that its base rises to the pressure melting 
int and it becomes unstable. Alternatively, a decrease 
net precipitation on the centre of the ice sheet might 
ice a premature catastrophic instability after an 
ropriate time lag (== 5,000 yr. (ref. 15),. Such an effect 
ht be induced by a decrease in solar insolation. This 











‘Na. recent publication by Boliet.on the biological 
dielectric. ‘paradox’ it was shown that the excessively 
rh dieleetrie constant for biological tissues excited at 
‘frequencies, as reported by other investigators, is 
tributable to the erroneous assumption of electric field 
ogeneity in the presence of membrane-generated dis- 
tinuities in the various ion mobilities. The mathe- 
proof of this point is derivable from a more general 
which includes numerous other special cases of 
erable interest in chemical electrodynamics. A 
jeular case of importance in the investigation of the 
lamental origin of muscle contractile forces is a 
tical relationship. governing a transient imbalance 
en local osmotic pressure and local dielectric tension 
ctrolytes of physiological interest. Tho equations 
rerning this phenomenon will be presented here for the 
plest case, that is, for a 1,1-clectrolyte such as 0-1 M 
ium chloride in which the cation and anion mobilities 
are nearly equal... The conceptual difficulty of overlooking 
o essentially granular character of discrete ion charges 
| assuming uniform charge distributions down to atomic 
limensions is similar to that encountered in the Debye- 
_ Huckel-Onsager theory of electrolyte conductivity?. 
her simplifying assumptions, such as neglecting self- 
ad” etie fields, will be evidenced in the course 









of Table 1 is applied to the standard 
diffusion laws and note is made of the 
ualities of the cation and anion 
ple water solution of a 1,1-electro- 


juations are: 
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would account for ice ages being. of varying severity and 
for the broad correspondence of minima between Emiliani's 
150/1*0 temperature data and Milankoviteh's ealeulated 
plot of solar insolation versus time (if a lag of 5,000 yr. 
is allowed)!*. It explains why their agreement is not per- 
fect, why there is no correlation in amplitudes, and why, 
although there must have been similar variations in the 
solar insolation in pre-Pleistocene times, there was no 
extensive glaciation in the Tertiary. 

I thank Professor R. H. Clark and members of the 
Department of Geology, Victoria University of Welling- 
ton, for their advice. 


! Wilson, A. T., Geochemical Studies in the Wright Valley (in the press). 
* Scott, R. F., Voyage of Discovery, 2, 225, 387, 894 (London, 1905). 


? David, T. W. E., and Priestley, R. E, Brit. Ant, Exp. (1907-09), Rep. Sei. 
Invest. Geol., 1, 788 (1911). j 


* Charlesworth, J. K., The Quaternary Era (London, 1957); 


* Loewe, F., Glaciologie en Terra Adelie, Act, Sci. Indust., 1247 (1951-52): 
Exp. pol. franc, Missons Paul-Emile Victor, 9 (1956). 


* Wexler. H., J. Glac.. 8. 867 (1961). 

* Robin, G. de Q., J. Glac., 2, 523 (1955). 

* Robin, G. de Q., Sci. Amer., 207, 182 (1962), 
* Desic, A., J. Glac., 2, 383 (1054). 


? Ahlmann, H., “Glacier Variations and Climatic. Fluctuations”, Amer. 
Geog. Soc., Bowman Mem. Lect.. New York (1953). f 


1 Crohn, P. W., Austral. Nat. Antarctic Res., Exp. Ber. A, 9, 100 (1959), 
2 Bull, C., J. Glac., 8, 21 (1957). ! 


13 Handbook of Meteorology, edit, by Berry, F. A., Bollay, E., and Beers, N. 
(MeGraw Hill, London. 1945). ES 


M Wells, A. J., Geol. Mag., 97, 389 (1960). 
75 Nye, J. F., J. Glac., 8, 498 (1959), 
Emiliani, C., J. Geal., 66, 264 (1958), 









THEORETICAL FINDING OF TRANSIENT UNBALANCE OF OSMOTIC 
PRESSURE AND DIELECTRIC TENSION 
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Chairman, Department. of Bioengineering, Oregon Regional Primate Research Center, Beaverton 
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V-(cH) = (a — Bf oU 
B = »v-[5 Va-— «E | (2). 
: . 
= 00° ve + ez] 


which govern the throe dependent variables g, 8 and E. 
The activity coefficients are assumed to be nearly unity, 
the cation and anion mobilities p and q are assumed to be 
independent of concentration. and. position, and. the 
solvent permittivity will be assumed. independent of the 
field strength E in these simplified basic equations. - 
Equation (1) shows that the electric field strength is 
very sensitive to any local differences in the concentrations 
of the positive and negative ions. For example, in an 
aqueous 0-1 potassium chloride solution, a local excess 
of K+ ion by only 10-* of its average value will result in 
a value for V - E of 1-36 x 10! V/m*. This indicates 








Table 1. PRIMARY NOMENCLATURE 
Symbol Definition Dimension 

t Time sec 
p Gas eonstant (8-3) joules/mole/deg 
T Kelvin temperature eg E 
x Faraday constant (00,500) — coulombs/univalent mole 
E Permittivity of medium farads/m 
p Mobility (magnitude) of 

positive ion Vpmn*-sec 
g Mobility (magnitude) of 

negative lon Ti*/ V-sec 
a Concentration of positiveion moles/m* 
B Concentration of negative 

j ion : taoles/m* 
E . Electric field strength ^ 
tor) Vim 





(vec! 






(3), i5 
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that local concentration differences between the positive 
and negative ions will probably be too small to be experi- 
mentally detectable by conventional chemical methods. 
Nevertheless, any theoretical assumption that « = p 
will give the trivial result of a uniform electric field. 

The foregoing equations can be simplified for electro- 
lytes, such as potassium chloride, which have nearly 
equal anion and cation mobilities. By introducing the 

Is r and y to represent, respectively, the common 
mobility and the local arithmetic mean of the two ion 
concentrations, that is: 


p=q=r EES 
and: 
Y = (a + 92 (5) 
equation (1) may be substituted into the sum and diffor- 
ence of equations (2) and (3) to give: 


apsyty — ŽI X Lev DE] (6) 
. and: 
E 2rf(vE) + ex = re V(V-E) - U (7) 
where: 
VU-0 (8) 


two dependent variables y and E. 
equations (7) and (8) the veetor U having zero 
divergence is the total electrie current density passing 
— through the electrolyte solution in identity with the 
t leaving or entering any eleetrodes in contact 
th the solution (one of the boundary conditions associ- 
ated with the foregoing equations for the case of an ideally 
~ polarizable electrode is that U = e0H/dt at the electrode 

surface). 


s (non-linear) partial differential equations governing 
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If the problem is reduced to the case of a single co-ordin- 
ate x, with £ and representing the z-componente of 
E and U , equations (6), (7) and (8) become: 


ot E? 2 
mler- $] - 73 e 
and: x £ 
S etos 
aye + ex — nt usc u (10) 
where u (t) does not vary with position. 

In equation (9) it is at once clear that the (position- 
dependent) term 29«y represents the local osmotie pressure 
at an arbitrary point in the (convection-free) solution, 
while the term £%?/2 is the corresponding local dielectric 
tension. Hence, in the general case in which £(z, t) 
and y(x, t) vary with both time and position the bracketed 
term in equation (9), representing the difference between 
local osmotie pressure and local dielectric tension, also 
varies with time and position. 

liv the neighbourhood of polarized surfaces in only 
moderately concentrated electrolytes the field strength 
E is of the order of 10* V per metre, so that the magnitude 
of the local dielectric tension at a polarized surface 
approaches a value comparable to the solution osmotic 
pressure. Consequently, when à rapid depolarization of a 
sharply curved surface occurs, as in the case of a sudden 
oxidation or reduction reaction at a highly localized 
point, an actual mechanical force can be expected to act 
momentarily on the surface. The equations derived here 
provide an initial model for later computations of the 
resultant force transients. It is hoped that such a model 
might contribute to further research on the mechanisms 
of muscle contraction. 


1 Boun W., Proc, Sixteenth Ann. Conf. Engr. in Med, and Biol., 5, 158 
? Onsagar, L., Phys. Z., 27, 388 (1926). 


LASER LESIONS AND SPIDER WEB CONSTRUCTION 
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PART from its intrinsic biological interest, the web- 

building of spiders provides a useful test of the 

activity of pharmacological agents’. Particular substances 
affect wob-building in particular ways’. 

Knowledge of spider histology, let alone the relationship 
of body structure to behavioural function, is scanty?'*, 
A means of objective analysis and correlation would 
advance knowledge of the spider, but also increase the 
utility of the web test. The site of the drug action ultim- 
ately might be specified because of its consequences in 
particular of web construction. 

Unfortunately, the traditional procedure of producing 
discrete lesions in the central nervous system to observe 
behavioural consequences is particularly difficult in most 
arthropods because of the small size and rigid cuticle of 
the animals. A cut in the exoskeleton permits out- 
flow of body fluids and consequent fatal fall in body 


In the experiments reported here, the intense and 
directional radiation of a laser beam was used to produce 
lesions in spiders. ‘The examination of web-building before 
and after the exposure, together-with subsequent histo- 
logical analysis, promises a means for the functional 

mapping of the central nervous system of spiders. This 
article deals with preliminary results of the procedure. 


Altogether 20 adult female spiders of the species 
Araneus diadematus Cl. were exposed once to the beam of a 
laser. The target in 4 of this number was the abdomen 





Fig. 1. view of Araneus diadematus Cl., the black 


arro mone to the ent; f the laser beam in bod 
w po! entrance o| m into the on the 
cephalothorax. The original length of the animal's body was stg flowed 
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rather than the cephalothorax, in order to 
assess the effect of lesion production in a 
region of the body not containing central 
nervous system. Thirteen control spiders 
were handled and treated the same way 
except that the laser flash was left out. The 
web-building was measured from photo- 
graphs of sprayed webs. The spiders re- 
renewed these webs daily in a 20-30-min 
period at a time determined by a controlled 
light and temperature source in the labora- 
tory. The method of keeping spiders 
singly in cages, photographing and measur- 
ing their webs, and the variation in ‘normal’ 
web pattern have been discussed earlier?:^, 
All spiders used in this investigation had 
been in the laboratory for at least 4 weeks; 
some had been raised and their webs had 
been observed from the time of hatching. 
After exposure to the laser beam the 
animals were either observed until they 
died or were killed for histological prepara- 
tion. The follow-up time varied between 
one day and 6-5 months with a mean of 65 
days. 

A pulsed ruby laser operating at a wave- 
length of 6943 À was used to produce lesions 
in spiders. The laser provides a well- 
collimated light beam with an energy of 
about 1 joule. The beam is focused by 
means of a 32-mm Bausch and Lomb 
microscope objective on to the back of the 
spider. The focus can be adjusted and 
located visually on any place of the spider's 
body by means of a collimated monitoring 
light beam passing through the ruby laser 
erystal. The procedure used for the 
present experiments results in the forma 
tion of a light spot with a diameter some- 
what less than 100p, with an available 
power density of 10’? W/cm? for a 1-msec 
laser pulse; it is possible to produce a 
focus down to lu. Passage of the beam 
through the tissue produces cauterization. 
The animal is held in position on a watch 
glass through the pressure of a piece of 
wide-meshed gauze. A micromanipulator 
permits movement of the holder relative to 
the laser beam. 

Each spider is photographed so that the 
entrance of the beam can be located on the 
body surface (Fig. 1). For histological 
sectioning the cephalothorax or abdomen 
is fixed in aleohol-acetic acid and embedded 
in paraffin and bees-wax. Serial sections 
6u thick are stained with h:matoxylin 
and eosin and inspected under the micro- 


scope. There is, to our knowledge, no 
recent description of the anatomy and 
histology of Araneus diadematus Cl. and 


NATURE 





Fig. 3. 





a b 


Temporary multiple change of web measurements in spider with lesion outside 


the central nervous system, (One interval between white, vertical lines at right upper 


corner corresponds to 20 mm) 


a, Two days after laser exposure the web shows reduced size, irregular angles and spiral; 
b, Ten days later web measurements are not different from control values; web-building 


was completely recovered 





Fig. 4. 


a b 


Permanent multiple change of web measurements in spider with lesion in the 


central nervous system (compare with Fig. 3) 


a, Web built six days after laser exposure shows irregular angles and spiral in smaller 
web built with a shorter thread; b, 33 days later the same spider still built a web with 





Fig. 2. 
with permanent multiple disturbances, The black arrows point to the 


large unilateral lesion in the central nervous system, 
killed 43 days after exposure 


Cross-section of cephalothorax of a spider which built webs 


The spider was 


multiple disturbances 


its variations. This presents some difficulty in estab- 
lishing the location particularly of older lesions. The 
shape and location of the central nervous system as 
observed in our sections were—as ean be expected—not 
always in agreement with the anatomy of 'the spider' as 
described by Savory? and Comstock*. We have therefore 
started to map the body of several individuals of Araneus 
diadematus, but the results are not yet available. An 
example of a large central nervous system lesion is shown 
in Fig. 2. 

All 13 control spiders survived and built webs. Inspec- 
tion and measurements of photographs revealed no 
abnormalities in the webs. Five of the treated spiders 
died within a week after exposure, one having suffered 
fluid leakage, the others lesions in the csophagus and 





apparently 
191 webs of surviving spiders rovealed alterations warrant- 
D atistical analysis to compare them with pre-radiation 







-. Four parameters of the webs seem important to consider 
d àre readily quantified : 

_ Area of the web and length of thread are related but not 
dependent relations (two webs of identical area might 
differ in tho number of radii and spiral turns composing 
the web). Using a t-test, the mean area and thread length 
of an individual spider's pre-laser webs were compared 
with the mean area and length of webs built during one 
month after exposure. 

‘Two measures denote the structure regularity of the 
eb. The normal web of Araneus diadematus consists 
spiral with intervals decreasing regularly from the 
eriphery to the centre, covering sectors of approximately 
qual angles. However, the angles of the segments of the 
upper half are larger than those of the lower half, and one 
or two sectors with markedly larger angles are normal in a 
web. The regularity of the webs was expressed as the 
distribution of differences between adjacent sectors (in 
) and as the distribution of differences between 
t turns of the spiral (to an accuracy of 0-5-mm). 
nal webs the distribution of differences is skowed 
with a larger number of small differences between adjacent 
rs and spiral turns. The y? test was used to compare 
red pre- and post-laser distributions in those 
for individual spiders. Testing of a single web 
controls, as in the caso of thé first web made after 
laser exposure, required grouping of the measures into 
: ld tables... Table 1 lists the fate of the radiated 
rs and the results of tho statistical analyses of their 
changes listed were significant at the 0-01 level 


le 1, FATE OF SPIDERS AFTER LASER EXPOSURE AND RESULT OF 
: STATISTICAL EVALUATION OF WEB MEASUREMENTS 


Permanently disturbed webs 


Death Un- Tempore Area 
(few or changed — arit or Angles Spiral Multiple 
. Jo webs webs disturbed length only only disturb- 
built) webs only ances 
0 2 0 0 0 0 
5 2 2 1 Q 1 5 





nor 
































Figs. 3 and 4. 

Tt is to be noted further that the webs may be disturbed 
in distinetive ways. Apparently the web is the rocord of 
the operation of a number of discrete functions of the 
central nervous system of the spider. Particular dis- 
turbances of the architecture of the web are symptoms of 
defects involved in partieular functions. For example, 
different patterns of movement are required in spiral as 
opposed. to radius construction. They can be affected 
separately: two treated spiders produced irregular spirals 
on radii bounding sectors with regular angles, while three 
produced irregular spirals on irregularly spaced radii. 

While our technique is relatively simple and exact. (a 
laser is no longer a rare and very expensive instrument, the 
1-msee exposure time permits work with unanesthetized 
animals, the wound is immediately closed by coagulation, 
and the beam can be focused as narrow as lp), the results 
expressed as survival rate and change in behaviour seem 
to compare favourably with those obtained by Vowles*’ 
and Huber?. 

We conclude that analysis of the structure of the wob 
permits an objective measure of behavioural consequences 
of lesions. Coupled with the ability of the laser to produce 
small and non-fatal lesions in the body and particularly 
in the central nervous system of the spider, a means seems 
to be at hand for objectively relating spider (and other 
arthropod) behaviour to the results of histological 
analysis. 

This work was supported in part by grant PR 2097 
from the U.S. Public Health Service. 
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ELECTRON TRANSPORT PARTICLES FROM BEEF-HEART 
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UB-MITOCHONDRIAL preparations capable of oxida- 
tivé phosphorylation have been widely used over the 
past few years in investigations of the mechanism of 
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respiratory chain-linked energy-coupling. More recently 
it has been found possible to restore oxidative phosphoryla- 
tion in non-phosphorylating sub-mitochondrial particles by 
the addition of soluble ‘coupling faetors''-**, The postula- 
tion!! and subsequent: demonstration" that inorganic 
phosphate does not partieipate in the formation of the 
primary high-energy intermediates generated by the 
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det CAFACITIRS FOR OXIDATIVE PHOSPHORYLATION, SUCCINOXIDASE- AND ATP-SUPPORTED NADH-LINKED N. ADP* REDUCTION, AND ATP-SUPPORTED 
MINATE-LINKED NAD+ REDUCTION OF ELECTRON TRANSPORT PARTICLES OBTAINED AFTER SONICATION OF BEEF-HEART MITOCHONDRIA IN VARIOUS MEDIA 































mymoles pyridine nuclectide/min/mg protein 
vut | | NADH + NADP* — NAD+ + NADPH | Succ. + NAD+ — fum. + NADH Ratio 
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ted in the presence of EDTA and P, as indicated, 


Jiratory chain raise the question as to whether such 
-phosphorylating electron transport partieles indeed 
. the entire energy-coupling mechanism, including 
t required for the formation of the non-phosphorylated 

“energy intermediates, or whether they are devoid 
ly of the terminal part of the energy transfer system, 

is, the phosphorylating mechanism proper. The 
lution of this problem may be of considerable importance 
efore assessing the role of soluble ‘coupling factors’. 

‘The recent realization” that the non-phosphorylated 
igh-energy intermediates of the respiratory hain can be 
ilized directly for energy requiring processes in mito- 

ndria, without the participation of the phosphorylating 
mechanism, has opened an approach for attacking this 
blem.. A suitable process of this type is the energy- 
dent reduction of NADP* by NADH recently 
ribed by Danielson and Ernster'. This reaction has 
shown to occur with electron transport particles 
ed after sonication of mitochondria of both rat liver 
f heart, and to proceed at the expense either of 
. ATP or of high-energy intermediates generated by 
spiratory chain. In the former ease, the reaction was 
igomycin-sensitive, involving the phosphorylating sys- 
tem, whereas in the latter it was insensitive to oligomycin, 
utilizing directly non-phosphorylated high-energy inter- 
In the work recorded here the energy-dependent NADH- 
iked NADP+ reduction was used as a tool for deciding 
whether, and to what extent, various typos of non- 
. phosphorylating electron transport particles from beef 
heart are still capable of generating non-phosphorylated 
igh-energy intermediates. The results to be presented 
monstrate that electron-transport particles may exhibit 
iderable activity of respiratory chain-linked energy 

eyen though the phosphorylating capacity as 

h is practically lost. 
Beef-heart mitochondria were prepared 
cording to the method of Crane, Glenn 
id Green" as modified by Low and Valin”. 
ib-mitochondrial: particles derived from 
eart mitochondria were prepared by 
mication. The general procedure used 
was. as follows: A frozen suspension of beef. 
heart mitochondria, in 250 mM sucrose, 
which had been stored at —10? C for at 
east 3 days, was thawed and diluted with 
250 mM sucrose to. contain about 30 mg 
ein/ml. Depending on. the type of 
eparation to be investigated, various 
gents were added in final concentrations as 
ted in the legend of Table 1. The 
ion was then saturated with nitrogen 
subjected to sonic oscillation for 2 min at 

naximum output (1:25 A) in a. 10 KC 
n sonicator cooled with running tap- . — 
8° C). The suspension was diluted 








Beefheart mitochondria were sonicated in the presence of: (1) 10 mM Mn**, 5 mM Mg** and 1 mM succinate; (2) 15 mM Mg** and LmMATP; 


ioe (3.3mm) 


@ 





: LEDTA; (4) 2 mM EDTA and 2 mM P,*; (5) 1-2 M urea; (6) 0-02 M NH,OH. ae 
Beef-heart mitochondria. were frozen and thawed several times and washed twice with 5 volumes of 2 mM phosphate buffer, pH 47:5, then 


with an equal volume of 250 mM sucrose and centrifuged 
at 12,0009 for 10 min. The supernatant fraction was . 
decanted and centrifuged at 105,000g for 40 min. The: 
sediment was washed by homogenizing with 10 volumes 
of 250 mM sucrose and centrifuged at 105,000g for 40 
min. The sediment was finally suspended in 250 mM 
sucrose to give a protein concentration of about 20 mg/ml. 
About 25-35 per cent of protein recovery was us 
obtained. zs 
Oxygen uptake was measured manometrically iü 
Warburg apparatus by the conventional techniqü 
Phosphate esterification was determined by the disappear- 
ance of inorganie phosphate in presence of ATP, glucose 
and hexokinase. The ATPase activity was determined by 
measuring the liberation of inorganie phosphate. In- 
organic phosphate was measured by the procedure of _ 
Martin and Doty as described by Lindberg and Ernster. ° 
Pyridine nucleotide transhydrogenase activities were 
measured, spectrophotometrically by following the change 
of absorbancy at 340 my. For the NADH-linked NADP+ 
reduction, either glutathione reductase (we thank Prof. P. 
Reichard, Uppsala, for kindly supplying us with samples 
of purified glutathione reduetase from E. coli) + gluta- 
thione was used to regenerate NADP*, or alcohol dehydro- 
genase + ethanol to regenerate NADH; for the NADPH, 
linked NAD+ reduction, lactic dehydrogenase + pyruvat 
was used to regenerate NAD+.  Succinate-hnked D 
reduction was measured as described .previously'*. 
Protein was determined by the biuret method". | 
Fig. 1 shows a typical experiment with phosphorylating 
particles. The particles were incubated in a buffered, 
Mg*+-containing medium with NADH. and NADP+. 
Glutathione + glutathione reductase were added to regener- 
ate NADP+, and rotenone!? to block the NADH oxidase. 
Either ATP or succinoxidase was used as the source of 
energy for the NADH-linked NADP* reduction. Without 
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“Fig i Effect of urea treatment on oxidative phosphorylation, succin- 
elem: and ATP-supported NADH-linked NADP* reduction, succin- 
< oxidase, ATPase and non-energy-dependent NADPH-Lnked NAD+ 
“seduction of electron transport particles obtained after sonication of 
beef! heart mitochondria in the presence of EDTA and phosphate 











ese à additions, the transhydrogenase activity was very 
low (usually not more than 10 per cent of the energy- 
upported, rate). In agreement with previous results’, 
oligomycin inhibited the ATP-supported reaction whereas 
it slightly stimulated the suecinoxidase-supported one. 
In Table 1 a comparison is made of the ATP- and suc- 
vinoxidase-supported NADH-linked NADP+ reduction 
activities of various types of phosphorylating and non- 
phosphorylating particles. As an additional parameter, 
the succinate-linked. NAD reduction was measured. In 
the sub-mitochondrial particles (in contrast to intact 
mitochondria) this reaction is entirely dependent on. ATP 
and cannot proceed, at the expense of aerobically generated 


high-energy intermediates because of the lack of respira- | 


«tory control. Preparations made in a Mn**-Mg**-sucocin- 

-ate-containing medium exhibited relatively the highest 
P/O ratio, 1-0-1-5 with suceinate, in accordance with 
Smith and Hansen!*. These preparations exhibited 
approximately equal capacities for. ATP- and suecinoxid- 
ase-supported NADH-linked NADP+ reduction. The 
latter was not stimulated by oligomycin. The succinate- 
linked NAD+ reduction was slightly higher than the 
‘energy-dependent pyridine nucleotide transhydrogenase 
activities... Essentially similar results were obtained with 
another type of phosphorylating preparation, the widely 
used ATP and Mg** particles (or ETPg; P/O with sue- 
cinate, 0-0-0-8) except that the succinoxidase-supported 
NADH. inked ‘NADP? reduction was slightly stimulated 
by oligomyein and the activity of suceinate-linked NAD+ 


reduction was relatively low. In contrast to these results. 
were those obtained with non-phosphorylating electron 





Es transport partides, including preparations 
EDTA, EDTA +P, NH,OH or urea; P/O with succinate 
^in all these preparations was below 0-2: None of these 





A malonate. 





January un, 1964 











made in 


preparations exhibited any succinate-linked NAD+ redut- 
tion, and the ATP-supported NADH-linked NADP+ 
reduction was consistently much lower than the succin- 
oxidase-supported one, particularly when the latter was 
measured in the presence of oligomycin. The oligomyein 
stimulation of the suceinoxidase-supported activity was 
especially striking in the case of the particles derived 
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Fig. 34. Competitive inhibition by malonate of the succinoxidase- 
supported. NADH-linked NADP+ reduction 
The reaction mixture consisted of 50 mM tris-buffer, pH 7-5, 200 mM 
sucrose, 10. mM MgSO,, 3:3 uM NADH, 130 uM NADP+, ‘0-66 mM 
glutathione and an amount of glutathione reductase capable of oxidizing 
0-5 umoles of NADPH/min, and particles (prepared in the presence of 
EDTA and P;) containing 0-58 mg protein, Various concentrations of 
malonate as indicated. For curve a, 0-66 mM succinate, and curve b, 
1-67 mM succinate were added to start the reaction. Final volume. 
3ml Temperature,30°C. (K; = 1:3 x 10M) 
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=. volume, 8 anl, Temperature 307€ à 






results, it “sould be wise NE that no correlation exists 
etween the aetual phosphorylating capacity (forward 
nd backward) of various sub-mitochondrial particles on 
one hand, and their capacities for the formation and 
‘utilization of aerobically generated high-energy inter- 
| mediates on the other. 
_. Racker’ has shown that oxidative phosphorylation and 
: related activities ean be abolished very efficiently if sub- 
| mitochondrial particles from beaf-heart mitochondria are 
| further treated with urea. It was therefore of interest to 
investigate the capacity of such particles for succinoxidase- 
supported NADH-linked NADP* reduction. 
.. 2-ml. aliquots of a 126 mM sucrose suspension of sub- 
tochondrial particles (10 mg protein/ml.) prepared in 
| presence of P, and EDTA were incubated with 
‘various concentrations of urea at 20° C for 6 min. 5 ml. 
of cold distilled water was then added and the incubation 
was continued for another 6 min at 0? C. The reaction 
nixture was diluted with 5 ml. of 250 mM sucrose and 
centrifuged at 105,000g for 40 min. The sediment was 
rashed by homogenizing with 10 volumes of 250 mM of 
sucrose and re- centrifuged. at 105,000g for 40 min. The 
sediment was finally suspended into 1 ml. of 250 mM 
ierose. 
As shown in Fig. 2, treatment with up to a concentration 
of 2-5 M urea had virtually no effect on the activity of the 
uccinoxidase-supported NADH -linked NADP+ reduction 
as measured in the presence of oligomycin). The same 
atment: completely abolished the ATP-supported 
reaction, and the ATPase activity of the particles was 
wered by more than 80 per cent. The P/O ratio with 
iiceinate was less than 0-03. The non-energy-dependent 
ADPH-linked NAD*-reduction activity was also strongly 
diminished, indicating that the pyridine nucleotide 
anshydrogenase was not rate-limiting for the suecin- 
idase-supported NADH-linked NADP+ reduction. 
'atment with concentrations of urea higher than 2-5 M 
| gradually abolished the succinoxidase-supported 
ADH-linked NADP+ reduction, presumably because of 
destruction of the organization required for the suecin- 
xidase-linked energy-coupling mechanism. The succin- 
oxidase activity itself was remarkably stable towards 
‘the urea treatment. 
The participation of high-energy intermediates in the 
5 suecinoxidase-supported NADH-linked NADP+ reduction 
of the non-phosphorylating particles was further supported 
“by the following evidence: (1) The reaction was abolished 
"by malonate, antimycin A, and cyanide, in concentrations 
rhieh blocked the succinoxidase activity. The malonate 
hibition was of the competitive type as shown in Fig. 34. 
2) The reaction was abolished by 2,4-dinitrophenol and 
dieumarol (Fig. 3B). (3) Experiments, reported else- 
here**, carried out in the absence of an NADH- and 
ADP*-regenerating system, have revealed that succinate 
t only enhanees the NADH-linked NADP+ reduction 
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but also shifts its equilibrium (the equilibrium constant, 


— [NAD+][NADPH] 
[NADH][NADP*] 
500 or more). Thus, high-energy intermediates derived 
from the oxidation of succinate must be componente of 
the net reaction. 

From the evidence presented here, it appears safe to 
conclude that high-energy intermediates are indeed 
involved in the sueeinoxidase-supported. NADH-linked 
NADP+ reduction of non-phosphorylating | sub-mito- 
chondrial particles, and, hence, that these particles, 
although incapable of carrying out oxidative phosphoryla- 
tion, are still capable of performing respiratory chain- 
linked energy coupling. 

This work was supported by the Swedish Cancer Society, 
the Swedish Medical Research Council, and the Jane 
Coffin Childs Memorial Fund for Medical Research. 
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COMPUTER ANALYSIS OF ELECTRICAL ACTIVITY IN THE 
OLFACTORY SYSTEM OF THE CAT 


By Dr. JAMES C. BOUDREAU* 
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y PTIMAL description of the electrical signals emitted 
eep brain structures of chronically implanted 
res: (1) that the electrodes be placed to 
undistorted representative signal from the 
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structures; (2) that some method be utilized to deseribe 
quantitatively the recorded EEG activity. The evoked 
potential method of implantation originated by Freeman! 
and extended by Boudreau and Tsuchitani* meets the first 
requirement. 'The recent introduction into electrophysio- 
logy of the powerful analytical tools of time series 
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re ES Simultaneous bipolar recordings of the spontaneous electrical activity in the olfactory bulb (OB) and prepyriform cortex (PP) of two 
: chronically implanted cats (C64 and C66) 


alysis* allows the presentation of results in numerical 
and graphic form. 
_In the work reported here time series analysis was 
ipplied to the electrical signal recorded from the olfactory 
bulb and prepyriform cortex of chronically implanted cats. 
Adult animals were used. The methods of implantation, 
recording and data reduction have been detailed else- 
. where’. Briefly, bipolar wire electrodes (1-2 mm tip 
pus separation) were implanted into the olfaetory bulb and 
. ipsilateral prepyriform cortex by means of the evoked 
_ potential technique. Electrical stimulation of the lateral 
factory tract evoked a potential in the olfactory bulb 
-and prepyriform cortex. Observation of changes in this 
. potential during implantation enabled the experimenter 
to straddle with the electrodes the mitral cell layer in the 
‘bulb and the pyramidal cell layer in the prepyriform 
cortex. 
Following recovery from the operation, the spontaneous 
electrical activity was recorded while the cats performed 
-a simple learned food response consisting of orientation 
to a light to obtain a milk reward. Records were taken 
Tues during the waiting period when the light was on and 
afterwards while the animal was lapping. These records 
C: were digitized and fed into an IBM 7090 computer for 
detailed analysis. The computer programme used per- 
. mitted calculation of the power spectra, phase compari- 
sons, and coherence measures for two simultaneously 
recorded signals. The computer programme was similar 
to that described by Munk et al.*. A discussion of the 
“ise of coherence measures. can be found in a paper by 
ER Adey et. al. 
T E "us electr ical oi. in the olfactory system " 
: -characterized by high-am litude bursts of Fig. 2. og power spectra of the spontaneous electrical activity recorded 
sinusoi dal activity (about i 4o e fe) synchronous. with birolaay D two: BP planted eats sites in two chronically 
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respiration Fig 1 shows simultaneous 
recordmgs from two animals in which 
electrodes were implanted m both the 
olfactory bulb and prepyriform cortex 
The activity of the prepyriform cortex 
has been examined extensively!+% The 
dommant frequency component of the pre- 
pyriform signal has been found to be identi- 
cal from most parts of the cortex 
Examination of records of olfactory bulb 
activity also disclosed great similarity m 
the signals recorded from different areas 
of the bulb Log power spectra of the 
activity from two different bulb placements 
are presented in Fig 2 The high degree 
of correspondence in these records, particu- 
larly with respect to the modal frequency 
band, does not agree with the work of 
others? who have reported wide disparity 
in the electrical signals recorded from 
adjacent electrode pans In this work, the 
sunuarity of wave-forms from separate 
electrodes might possibly be accounted 
-for by the fact that the electrodes were 
primarily antero-ventral placements, but 
1618 more probably a tribute to the superior- 
ity of the evoked potential technique of 
implantation, which enables precise loca- 
tion of the electrodes with respect to the 
electrical field structure of the bulb 
Samples of spontaneous activity from 
the bulb and prepyriform cortex were 
collected from four cats while they pei- 
formed the learned food 1esponse already 
described The log power spectra from 
these four cats appears m Figs 3 and 4 
The agreement between the spectra from 
the bulb and the prepyriform 1s nearly as 
good as that between two records from the 
same structure One difference occurs in 
the 0-6 c/s range A peak at this range 
would represent the contribution of the 30 
inspiratory slow wave!, a wave-form con- 
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sistently found to be greater in magnitude 5 
m the olfactory bulb A difference of 37°), 
perhaps greater significance 1s the larger a 
amount of spectral energy often seen in " 


m 
e 


the prepyriform spectra ım the 10-30 e/s 
1ange Spectral energy was estimated up 
to 100 c/s in every cat except C65 No 
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Tig. 3 Log power spectra of the spontaneous electiical activity of the olfactory bulb 
(—) and prepyriform corte, (---) in 2 cats recorded while they performed a simple 


learned food response Left, waiting, nght, lapping 








lugh-frequeney peaks were evident in the 
iecordings from either structure 

Exammation of the power spectra 
in both ‘waiting’ and ‘lapping’ behaviours 
discloses that the dommant frequency 
bands are practically identical m all 
cases EHarhe: investigation? had de- 
termmed that the major change occurrmg m the pre- 
pynform during ‘lapping’ was an mcrease m frequency 
of the dominant frequency band coupled with a decrease 
1n amphtude In thus mvestigation these amplitude and 
frequency changes were seen to oceur also m the bulb 
when they could be measured The marked attenua- 
tion of the dominant frequency seen in the records 
from 066 and C68 was unusual, ın that the signals from 
these two animals were characterized by short bursts 
of the 40-c/s component rather than sustamed bursts 
as found m most anmals These short bursts stopped 
durmg "lappmg', resultmg ın no measurable peaks around 
40 c/s 

i dun to these changes m the dominant frequency 
band, often the mmor peaks of the spectra comeided m 
a truly remarkable fashion For example, the bulb 
*apping! spectra from C66 and C68 can almost be super- 
mnposed on the prepyriform ‘lapping’ spectra despite 








eis 


Fig 4 Log power spectra of the spontaneous electrical activity of the olfactory bulb 
(—) and prepyriform cortex (---) in 2 cats recorded while they performed a simple 


learned food response Left, waiting, right, lapping 


the many regularities in the graphs Such spectral agree- 
ment between the signals from two separate neuro- 
anatomical entities 1s quite remarkable 

When the signals from the bulb and prepyriform were 
viewed simultaneously on a dual beam oscilloscope, 1t 
appeared that the activity was primarily in phase Phase 
and coherence measurements of the two signals at each 
frequency band are plotted m Figs 5 and 6 These 
measurements were calculated from the same records 
analysed in Figs 3 and4 Measures above 80 cjs are not 
presented because of the low power residing in these 
regions 

In the broad frequency range from 20 to 60 c/s, 16 can be 
seen m Figs 5 and 6 that there was little, if any, phase 
difference between the two signals m either behavioural 
condition The coherence measure reached a value 
greater than 0 8 at the dominant frequency band in fom 
of the eight recordings and was 0 95 at the dommant 
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mtermittent and short-lasting, were 
scrutmized in an effort to detect a 
possible phase lag greater than 180° 
Although ıt was often difficult to assess 
the exact phase relationships due to 
shght differences between the records, 
it appeared that there was almost a 
wave-form for wave-form correspond- 
ence of the dominant rhythms from the 
two structures No large phase lag in 
the prepyriform signal was detectable. 
Since separate leads from the pre- 
pyriform cortex record signals of m- 
creasmg phase-lag with longitudimal 
separation of the electrodes!’ (repre- 
sentative of a spread of lateral olfactory 
tract activation m an anterior to pos- 
terior duection), and smce the prepyri- 
form placements used in this study were 
not located m the most anterior portion 
of the cortex, 15 must be presumed that 
the signal from much of the prepyriform 
cortex leads that from the olfactory 
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Fig 5 Phase angle and coherence measures of prepyriform and olfactory bulb signals 
simultaneously recorded while the cats performed the learned food response A negative 
phase indicates that the signal from the olfactory bulb lags that from the prepyriform 
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The findings detailed here, particu- 
larly the near identity of wave-forms 
from the olfactory bulb and the pre- 
pyriform cortex and the absence of a 
prepyriform phase lag, mvite specula- 
tion One possible explanation for the 
spectral similarity of the two signals can 
be formulated with the assistance of 
Adrian’s observations on olfactory bulb 
activity", ‘ simultaneous records 
from the surface and the deeper layers 
show that the waves do not develop 
until some time after the mitral cell 
discharge has started, and when they 
have developed the impulses occur m 
groups with the frequency of the waves 
instead of ın a number of independent 
sequences" 

Adrian’s observations suggest the 
following speculative conceptual scheme. 
The anatomical and physiological pro- 
perties of the two cortices are approxun- 
ately the same An incoming burst of 
impulses from the primary olfactory 
fibres sets the olfactory bulb into oscilla- 
tion at its natural frequency Come- 
dental with bulb activation, bursts of 
spikes go out along the lateral olfactory 
tract in a frequency corresponding to 
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Fig. 6 
---, lapping 


40-c/s band in the ‘waiting’ record from cat C68, magnı- 
tudes mdicative of a highly stable phase relationship 
between the two signals In general, however, the co- 
herence measures tended to fluctuate quite widely from 
band to band and record to record It 1s believed that 
the primary source of this random phase component 1s 
variability m the bipolar recordmgs from the olfactory 
bulb, where the monopolarity recorded signals from a 
bipolar electrode showed phase instability with respect to 
one another!? 

Since a phase lag of greater than 180° would be esti- 
mated as a phase lead by the computer programme, the 
photographie recordings from these anmals, particularly 
the recordmgs from C66 and C68 where the bursts were 





Phase angle and coherence measures of prepynform and olfactory bulb signals 
simultaneously recorded while the cats performed the learned food response —, waiting , 


the frequency of the olfactory bulb 
wave activity These spikes activate 
the prepyriform cortex to produce wave 
activity at the frequency of the bursts 
of spikes Thus, the prepyriform signal 
represents a driven oscillation In the 
absence of mformation on the relation- 
ship of the phase of the slow wave to unit 
activity m either the bulb o1 prepyriform cortex, specula- 
tion on neural mechanisms underlying ‘phase locking’ 1s 
deemed futile 
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INFLUENCE OF THE TENDON MEMBRANE ON SWELLING AND 
THERMAL STABILITY 


By Miss D. 5. KWON 
Ewha Women's University, Seoul, Korea 
AND 


P. MASON and B. J RIGBY 
CSIRO Wool Research Laboratories, Division of Textile Physics, Ryde, Sydney 


| esr diim investigations of swelling in collagen 
are frequently earned out on the fibre bundles from 
tendon, which is probably the purest and most highly 
ordered foim of collagen in the body However, Jordan- 
Lloyd and Marriott! directed attention to the restriction 
on swelling 1mposed by the reticular tissue investing each 
fibre bundle These workers found that, unde: suitable 
acid conditions, differencos in diametral swelling as mgh 
as four- or five-fold could be obtained depending on whether 
or not this membrane was intact, they concluded that 
swellmg phenomena m collagen should not be interpreted 
on a purely physico-chemical basis 

Nevertheless, whatever the actual equilibrium swelling 
achieved by a particular structure, the normal laws of 
polymer-diluent behaviour should then apply Thus the 
work of Flory et al 2-4 has shown that the equwhbrium 
melting temperature varies m. the correct theoretical 
manner with the degree of swelling It thus follows that 
m situations where the reticular membrane restricts the 
swellmg of the fibre it will also have an effect on the 
thermal stability. 

We have recently obtained direct evidence of this 
contention ın the course of experiments on teil tendons 
from kangaroo and rat From the tail of the kangaroo 
numerous tendon ‘cords’, each some 30 em long and 2-3 
mm in diameter, may be removed and a collagenous 
sheath can then be slid off each cord quite easily with the 
fingers This sheath has shghtly different properties 
from the tendon fibre, mcludmg æ higher shrmkage 
temperature, and contains a small proportion of sulphur 
(about 1 per cent on the dry weight) so thet the higher 
stabilty may result from sulphidie cross-hnkmg The 
remaining structure has the normal appearance of a 
bundle of silvery white collagen fibres with the character- 
istic lateral striations 

The presence of the reticular membrane was shown 
when a length of the stripped tendon cord 
from the kangaroo tail was taken from 
the sahne working medium, washed and 
placed m distilled water An increase in A 
swelling ensued, and a new equilibrium 
was reached withn 24 h Two distinct 
levels of swelhng were then apparent 
Parts of the specimen had swollen so that 
the diameter had mereased by about 
50 per cent above its value in the sahne B 
solution, the remamaing sections were very 
highly swollen, sometimes by as much as 
400 per cent, evidently where the mem- 
brane had been spht perhaps durmg 
removal of the sheath 

A typical illustration of this behaviour 
is shown m Fig 1 The main sheath was 
removed from a length of tendon which — ¢ 
was then cut into two sections One 
section was allowed to reach equilibrium 
n. 0 9 per cent salme solution, and thus 1s 
shown in Fig 14 The other was washed 


and placed m distilled. water and 1ts equili- pes 





brum condition 1s shown by Fig 1B In this case there 
was high swelling at the ends and 1n tho middle, examina- 
tion of these highly swollen regions revealed the presence 
of a thin, distended membrane which had spht over 4 
short distance m the middle of the specimen, allowing 
the internal fibrous material to swell out through the 
openmg To confirm this mpiession, the ught-hand 
narrow section in Fig 1B was hghtly cut along its length 
with a razor blade to a depth of a few tenths of a milli- 
motro There was no immediate reaction to this treat- 
ment, but over a period of hours the cut section swelled 
similarly to the end and middle sections, the equilibrium 
state 18 shown ın Fig IC This iesult demonstrates 
conclusively that thero 1s a restriction on swelling caused 
by a thm membrane in the form of a sheath surrounding 
the fibro bundle 

Rat-tail fibre bundles were all removed from a single, 
envelopmg sheath m the normal way Summar behaviour 
to that described hore was observed in rat-tail tendons 
which had been stored for several days, although fresh 
tendons when washed and immersed m distilled water 
did not swell boyond the first stage even after meisions 
had been made ın the surfaco with a scalpel Elden and 
Feldmann’ reported the existence of alternate regions of 
gross and limited swelling in rat-tail tendon swollen in 
water for 24 h These differmg observations may arise 
from differing ages of the rats from which the tendons 
were obtained, the reticular tissue becomes weaker with 
increasing age! and this would encourage the tendency to 
swell to the second stage ‘Tho situation where an intact 
elastic sheath umformly restricts the swelling of a fibre 
1s analogous to that of a single wood cell in water, and an 
analysis of the elastic stresses and straims involved bas 
been given by Barkas*. 

It appears that the restricting tissue in the rat tail 
permeates the fibre bundle more than in the kangaroo 
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Swelling of kangaroo-tai tendon A, m 09 per cent silme, B, in water, 
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Thus a highly swollen tendon will often show neighbouring 
bloated sections separated by a tightly constricted iing, 
referred to descriptively by Jordan-Lloyd and Marriott: 
as a ‘garter’. If a garter on a kangaroo tendon 18 cut, 
the tendon swells uniformly, but the constriction in the 
rat tendon remams even after the visible garter 1s cut 
through Jordan-Lloyd and Marriott suggested that the 
garter was formed by a damaged sheath-hke membrane 
rollmg back This could possibly be true for the kan- 
garoo, although the stability of the garter, for example, ın 
formic acid solutions, would indicate that the membrane 
has a different composition from the fibrils, perhaps 
bemg sulphur-eross-hnked as discussed ın the case of 
the main sheath Alternatively the restrictions could be 
biologically functional entities such as elastic fibres tying 
the collagenous fibre bundles together, as indicated by 
Sharpey-Schafer? 

The thermal stability of the specimens ın these diffeiing 
states of swelling was examined by measuring the shrink- 
age temperature T, A conventional force-temperature 
measurement at constant length was made, the force 
being indicated by a transducer of high stiffness The 
temperature was increased from 20° C at the constant 
rate of 30° C/h 

Mean values from tests on five tendons each of red and 
grey kangaroo tails (KIT) and of rat tals (RTT) are 
given in Table 1 For the measurements in water, ‘thin’ 
and ‘fat’ sections were selected corresponding to the two 
stages of swelling described here 


Table 1 SHRINKAGE TEMPERATURE OF TAIL TENDONS 


°C 
KTT (red) KTT (grey) RIT 
Saline (0 9 per cent) 57 60 60 
Water {gm section 49 50 515 
fat section 42 e 41 (47) 
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The results on ‘fat’ sections of rat-teil tendon were very 
variable perhaps associated with the difficulties of pro- 
ducing this stage of swelling as discussed above Never- 
theless, the successive reduction in T, as the restriction 
of the membrane decreases and the swelling increasos 18 
apparent for each type of tendon it 1s noteworthy that 
the shrinkage temperatures of the highly swollen tendons 
are approaching the ‘denaturation temperature’ of colla- 
gen ın solution, which for these particular materials would 
he close? to 40? C 

The great differences in thermal stabihty found here 
between tendon in 0 9 per cent saline and in water should 
perhaps be emphasized because in the hterature Ts (for 
mammahan collagen) 1s generally taken as approaching 
60° C as the salt concentration tends to zero It ıs 
not entirely clear how this view has arisen It may 
be related to the time of mmersion of the specimen 
ın water before testing as well as to the age of the animal 
providing the collagen We have, in fact, observed foi 
tail tendon from one paiticular grey kangaroo (of unknown 
age) that washing and immersion in water at room 
temperature for periods up to one week produced no 
appreciable change in swelling or ın T, Specimens from 
many othe: kangaroos and rats, however, showed the 
behaviour described here 
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SPONTANEOUS FIBRILLARY ACTIVITY OF DENERVATED MUSCLE 
By Dr. W C. BOWMAN and C RAPER 


Department of Pharmacology, Schoo! of Pharmacy, University of London 


FTER section and degeneration of their motor nei ves, 
skeletal muscles begin to fibiillate? and to exhibit 
corresponding electrical changes which may be recorded, 
with a concentric needle electrode, as an irregular series of 
diphasic action potentials? (Fig 1) The cause of the 
spontaneous fibrillations in chronically denervated muscles 
is unknown However, denervated muscles are super- 
sensitive to the action of acetylchohne, and injection of 
very small amounts markedly increases the frequency of 
the fibrillary discharge? Some workers?-? have therefore 
attributed the state of contmuous fibrillary activity to 
small amounts of acetylcholine normally present ın the 
blood or in the denervated muscle itself The experiments 
to be described were carried out partly to test this possi- 
bility and evidence has been obtained, from the use of 
tubocurarine, which indicates that acetylcholine ıs not 
responsible for mitiating the fibrillary activity This 
conclusion supports that of others? 

Recordings were made from the denervated tibialis 
anterior and soleus muscles of 17 cats under chloralose 
anesthesia, 8-21 days after section of the sciatic nerve 
The nerve was sectioned aseptically under pentobarbitone 
sodium, anesthesia The muscle under investigation was 
separated from other muscles and bathed in a pool of 
warm medicmal hquid paraffin formed from the skm 
flaps The tendon of msertion was attached to an RCA 
5734 transducer valve strain gauge and tension was 
recorded on an oscilloscope ("Tektronix', type 502) The 
fibrillary potentials were recorded by means of a concentric 
needle electrode (26 standard wire gauge) mserted into 


the belly of the musclo, and afte: suitable amplification 
they were displayed on the othe: beam of the oscilloscope 
simultaneously with the tension 1ecord In addition, the 
frequency of the fibrillary discharge was continuously 
counted by connecting the output from the oscilloscope 
preamplifier to a second preamplifier (‘Panax’, typo 
4250H) and thence to a ‘Panax’ scaler (type 100 C) 
Muscle temperature was recorded by means of & small 
copper-constantan thermocouple inserted either into a 
neighbourmg muscle, o1 under the sw face of the paraffin 
pool in which the muscle was submerged Drugs wero 
injected imtravenously through a cannula in a jugular 
vem, or intra-arterially through a cannula inserted retro- 
giadely into a branch of the femoral aitery 

On insertion of the needle electrode into the muscle, a 
brisk discharge of fibrillary potentials was immediately 
evident and this gradually subsided over several minutes 
to a lower frequency which, provided the muscle tempera- 
ture was maintained, usually remained approximately 
constant for several hours Fig 1 wlustrates a typical 
record of the fibrillary potentials from a denervated soleus 
muscle 2 h after inserting the needle electrode Irregular 
small and continuous variations m the gross muscle tension 
are also evident Exact correlation between muscle 
tension and electrical activity was not always evident 
since the needle electrode recorded potential changes from 
only a sample of muscle fibres while the strain gauge 
recorded the algebraic sum of the contractions and 
relaxations of all the constituent fibies With the method 
of recording used, the negative deflexion of the fibrillary 
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Fig 1 Spontaneous fibrillary activity from denersated soleus muscle 
Upper trace, fibrillary potentials, lower trace, isometric tension 
Calibrations action potentials, 0 2 mV , tension, 1 g, time, 1 sec 


potentials varied in amplitude, up to 0 3 mV, presumably 
according to the proximity of the active fibres Throughout 
the expermments similar 1ecords were obtained from both 
muscles examined, except that, under identical conditions 
of temperature and tension, the fibrillary activity of the 
soleus muscle was usually more vigorous than that of 
tibialis anterior and the duration of the negative deflexions 
of mdividual fibrillary potentials was shghtly longer m 
the soleus muscle (2-3 msec compared with 1-2 msec foi 
tibialis anterior) 

The frequency of the discharge was dependent on 
muscle temperatwe and on the tension applied to the 
muscle A fall in muscle temperature of 1° C caused a 
mean reversible reduction of 11 5 psi cont in the frequency 
of the dischaige A marked fall in temperature could be 
seen to be accompanied by a fall m the tone of the muscle 
The effect of applied tension was determined by suspend- 
ing weights from the muscle tendon Each weight was 
used 5 times and they were suspended in a 1andomized 
order Fig 2 1s a graphical representation of the results 
of such an experiment on the soleus muscle Each pomt 
represents the mean of 5 randomized frequency determina- 
tions The frequency of the discharge mereased with 
increase in the applied tension up to a maximum after 
which further increase m tension depiessed the discharge 
Langley and Katot, who studied the fibiillation simply 
by direct visual observation, also found that strong 
stretching of the muscle had an inhibitory effect On 
the other hand, Skorpil and Hnik!? reported that muscle 
stretch was without effect on the discharge 

If the spontaneous activity of denervated muscle were 
initiated by mtrinsic acetylcholine, injection of the anti- 
cholinesterase drug physostigmme should exert a powerful 
effect on it In fact, the effect of physostigmme was found 
to be shght and clearly disceimble only by 
the use of the counting apparatus In 
doses up to 015 mg/kg mtravenously, 
physostigmme caused a slight increase in the 
frequency of the fibrillary potentials which 
in different experiments amounted to only 
10 5-19 per cent at a time when the maximal 
indirect twitch of the contralateral muscle 
was maximally potentiated This effect was 
insufficient to cause a detectable increase in 
the tone of the muscle Thus even after 
inhibition of cholinesterase the quantity of 
erculatmg mtrmsic acetylcholme ıs too 
small to exert much effect on the deneivated 
muscle 

The well-known effects of acetylcholine 
on denervated muscle were first described 
by Brown? Small doses (0 1-05 pg mtra- 
aiteually) produced an merease on the 
discharge frequency and contraction of 
the muscle (Fig 3b) Larger doses pro- 
duced a biphasie effect consisting of an 
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Fig 3 Spontaneous flbiillary activity fiom denervated soleus muscles Records as 
im Fig 1 a, Biphasic contraction-contzacture response produced by the intravenous 
injection of 1 mg/kg tubocurarine Note that the electrical silence outlasted the 
tension change ‘The last part of the record was taken 10 mun after the first 5, 
Effect of 0 3 ug acetylcholme injected mtra-2rtemally before (on the left) and after 
(on the right) the intravenous injection of a total dose of 5 mg/kg tubocurarine 
"l'ubocurarine was injected in divided doses ın such a way that, although 1t blocked 
the response to acetylcholine, 1t did not depress spontaneous activity Calibrations 
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mitial pronounced increase in fiequency followed by a 
period of ‘electiical silence’ durmg which all propagated 
electrical activity disappeared The mutial merease in 
frequency was accompamed by a quick contraction of the 
muscle and ths was followed by a more prolonged 
contracture occurrmg during the electiical sence The 
electrical silence frequently outlasted the increase m 
tension 

The effect of tubocurarme on the denervated muscle 
depended on the magnitude of the dose and on whether 
the animal had received a previous myection of this drug 
The effect of an mmtial dose of tubocurarine 1esembled that 
of acetylehohne When the mrtial dose was small (0 05— 
02 mg/kg intravenously) a prolonged increase both 
m the f£equeney of the fibnilary potentials and in the 
muscle tension was produced, and when the initial dose 
was large (1 mg/kg) & biphasic contraction-contracture 
iesponse occurred (Fig 3a) The abihty of tubocurarme 
to mimic the effects of depolanzing substances in denerv- 
ated muscle has been desenbed before!t:? With a large 
dose of tubocurarme, the electrical silence long outlasted 
the tension response (Fig 3) Tubocurarme 1s & powerful 
antagonist of acetylchohne, and the abolition of spontan- 


4,000 


3,800 


3,600 


3 400 


3,200 


3,000 





2,800 
0 20 40 90 80 i00 


Fig 2 The effect of alterations in the resting tension on the frequency 

of the spontaneously occurring fibrillary potentials Abscissa, applied 
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eous fibrillary activity by a large mitial dose of this drug 
forms part of the evidence which has led to the suggestion 
that intrmsie acetylcholine 1s responsible for the spontan- 
eous fibrillations However, only the first dose of tubocu- 
1arine regularly produced evidence of a depolarizing action 
When the spontaneous activity had returned to its normal 
level, subsequent mjections of tubocurarine, made even 
up to 2 or 3 h after the first, were usually completely 
without effect both on the frequency of the discharge and 
on the muscle tension By &dmunistering tubocurarine in 
a series of small doses 16 was possible to ject a very large 
total dose (3-5 mg/kg) without producmg even the slightest 
depression of the spontaneous activity of the muscle 
Such doses were well in excess of those required to abolish 
completely the effect of injected acetylcholine (Fig 35) and 
these results strongly suggest, therefoie, that the spon- 
taneous activity 18 not initiated. by intrinsic acetylcholine 

In normally mnervated muscle tubocurarme 18 con- 
sidered to be devoid of stimulant action, but the receptor 
sites ın denervated muscle are presumably altered m such 
a way that the mitial combmation of tubocurarme with 
them results ın depolarization After denervation, the 
receptive area spreads all over the muscle cell membrane 
and 18 no longer confined to the original motor end-plate 
region!?: When the depolarized area 18 extensive, as 
after a large mitial dose of tubocurarme, all propagated 
electrical activity must be abolished no matter what its 
origin, and it 18 this depolarizing action of tubocurarme 
which accounts for the abohtion of spontaneous activity 
Any other means of depolarizing the membrane produces 
the same effect As the depolanzation produced by an 
initial injection. of tuboeurarine diminished, spontaneous 
activity reappeared, but the receptor sites to acetylcholine 
iemained blocked The contmued cembmation of tubo- 
curarme with the receptors therefore accounts for the 
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absence of depolarizing effect of a second injection of 
tubocurarme. Depolarizing drugs such as acetylcholine, 
sucemylehohne and decamethonium apparently dissociate 
from the receptor sites much more rapidly, since injections 
of these, repeated at intervals of a few minutes, continued 
to be effective 

Elucidation of the mechanism responsible for fibrillation 
in denervated muscle ıs important since 16 may aid 1n the 
understandmg of the trophic influence of the nervous 
system on skeletal muscles In some recent experiments 
we found that intravenous or intra-arterial mjeetions of 
hexosephosphates markedly increased the frequency of 
the fibnllary potentials and initiated fibrillation in 
previously quiescent fibres, glucose itself and morgan 
phosphate were without effect. The membrane potential 
of denervated muscle fibres undergoes spontaneous rhyth- 
mie oscillations which trigger propagated spikes when- 
ever the depolarization reaches & critical value’ It may 
be that these membrane potential changes are connected 
with an altered carbohydrate metabolism, and further work 
1s continuing along these lines 
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ORGANIZATION OF THE DEOXYRIBONUCLEIC ACID REPLICATING 
SYSTEM IN MAMMALIAN CELLS AS REVEALED BY THE 
USE OF X-RADIATION AND BROMURACIL 
DEOXYRIBOSIDE 


By Dr 


ROBERT B PAINTER and Dr 


RONALD E RASMUSSEN 


Exobiology Division, National Aeronautics and Space Administration, Ames Research Center, Moffett Field, California 


I5 previous work!, the action of X-radiation on synthesis 
of deoxynibonucleie acid (DNA) was shown to result 
in & dose-dependent depression of rate, as measured by 
meorporation of tritium-labelled thymidine ‘The dose- 
response curve consisted of two components, one showing 
a very steep slope, the other a much shallower one In 
those investigations incorporation of the tracer material 
was allowed to occur for 5-6 h, so that not only cells m 
the process of DNA synthesis (S period) at the timo of 
irradiation ineorporated tbe tracer, but also those cells 
in the pre-DNA synthesis (G,) phase durmg the irradiation 
that entered S during the tracer incubation In most of 
the work reported here, meubations for 1 h with tracers 
wore used, so that predommantly S cells were labelled, 
and the contribution from cells in. G, can be ignored 

Among these experiments are ones m. which the analogue 
of thymidine, bromuracil deoxyriboside (BUdR), was 
incorporated into the DNA of the cells before the irradia- 
tion Tho results of this treatment have suggested an 
interpretation of the dose-dependent depression of DNA 
synthesis rate by X-radiation and also permitted us to 
put forth a hypothesis concerning the sub-chromosomal 
orgamzation of DNA 


Two kinds of cell culture were used ın these investiga- 
tions, HeLa S3 and the Chinese hamster line, DFA F-33, 
lundly supphed by Dr George Yerganian The HeLa S3 
culture was cultured routmely m Eagle’s medium and 
transferred weekly, the DFAF-33 was cultured either in 
Eagle’s or in the *HU-15' medium of Elkind’, and trans- 
ferred twice a week For experiments, HeLa S3 cells were 
transferred, ın Eagle's medium, at about 2-4 x 104 cells/ 
ml, mto any of 3 different kmds of culture vessels 
T-30 flasks (5-ml /flask), Leighton tubes (1-ml /flask), or 
square centrifugible flasks (Belleo Glass, Vineland, New 
Jersey, 3-ml /flask) DFAF-33 cells for experiments 
were always transferred mto Eagle's medium, using the 
same array of culture vessels incubations of HeLa S3 
prior to the irradiations varied from 3 to 5 days; for 
DFAF-33 they were 2 or 3 days In 3-day experiments, 
the media were changed on the second day, m 5-day 
experiments they were changed on the third day. 

Trradiations were performed with two different units 
The first, used ın the earher experiments, was ® 4-m amp, 
250-kVp umt, with no external filtering; the dose rate 
was 100 r/mm The other was a 20-m amp, 300-kVp 
unit, also operated without external filtermg, the dose 
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rate, measured inside a tissue culture vessel, was from 200 
to 300 r /mm, depending on the number of cultures irradi- 
ated All imadiations occurred on a rotating turntable, 
under conditions of rumimal scatter, at room temperature 

Immediately after radiation, the cultures, meluding 
the sham-rradiated controls, were returned to the 
laboratory, the media on them removed, and Eagle’s 
medium contammg the tracer added The tracer used 
1n most of the work was tritiated thymidme at 1 pe jml, 
but the total thymidine of the medium was changed 
according to experimental requirements by the addition 
of unlabelled thymidme ‘Tritinmm-labelled uridine at 
1 o /mM and 4C-guanine at 3 me /mM were also used at 
various times All compounds were obtamed from New 
England Nuclear Corporation After the 37° meubation 
period (generally 1 h with exceptions as mdicated later), 
the medium was rapidly removed from all cultures, and 
ad ^ dm processed to determine the specific activity of 

Three different methods for DNA extraction were used 
One method, previously described by ust, was essentially 
that of Ogur and Rosen? using perchlone acid to hydrolyse 
both RNA and DNA The second was the Schmuidt— 
Thannhauser methodi, usmg overnight meubation with 
1 N sodium hydroxide at 37° to hydrolyse RNA and 
perchloric acid at 70° C for 1h to release DNA The third 
was an adaptation of the method of Scott et aj ^ which 
uses 1 N sodium hydroxide for 1 h at room temperature 
to obtam RNA, hydrolysis with perchloric acid at 60° C 
for only 7 mm to obtam the DNA fraction All methods 
gave quahtatively the same results, but the latter method 
gave the best reproducibility, that 15, the lowest variabihty 
among similarly treated cultures In all cases the DNA 
of each flask was estimated by reading the optical density 
of the DNA fraction at 267 mM, using a Beckman DU 
spectrophotometer and semi-muicro (volume about 1 5 ml ) 
cuvettes (Pyrocell Corp, New York) The radioactivity 
of the fractions was determined by dissolving 0 5 or 1 0 ml 
of the sample ın 10 or 15 ml of counting solution (13 g 
2,5-diphenoloxazole, 025 g 1,4-bw-2-(b-phenyloxaezolyl)- 
benzene and 130 g naphthalene m a mixture of 11 toluene, 
1 L dioxane and 600 m] ethanol) and counting m & 
Packard Tri-Carb hquid scintillation spectrometer When 
tritium and earbon-l4 were m tho same samples, the 
efficiency of each isotope for each channel was determmed 
using *H- and ™C-toluene standards and the separate 
contributions of each isotope to the final counts caleulated 
by means of simultaneous equations’ 

In experiments with bromuraeil deoxyriboside (BUAR), 
expermnental cultures were set up as usual, three days 
later the medium of one-half of the culture tubes was 
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Fig 1 Dose-response of HeLa 53 DNA synthesis to X-radiation A com- 
posite of fourteen experiments, using tritiated thymidie of various 
gpecifie activities Each pomt 18 average of either two, three or four 
individual determinations Data plotted as percentage of sham-irradiated 
controls, based on tritium counts per min per microgram DNA 
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removed and replaced with Eagle's medium contemmg 
5 pg/ml BUdR (16 x 10-5 M), and the medium of the 
other half of the tubes was replaced with Eagle's contam- 
mg an equimolar amount of thymidine (4 ug/ml) After 
two additional days’ incubation, these media were 
iemoved, the cells washed once with Hanks’s balanced 
salt solution and this solution was added to the flasks 
and gassed with 5 per cent carbon dioxide and 95 per cent 
ar mixture The flasks were then irradiated, returned 
immediately to the laboratory, the Hanks’s balanced salt 
solution removed from them and replaced with Eagle’s 
medium contaiming the radioisotope(s) 

The results of 14 experiments usmg 1 pe jml tritiated 
thymidine as the tracer for DNA synthesis m HeLa $3 
cells are plotted m Fig 1 The concentration of thymidine 
varied from 1 5 x 10-5 to 4 x 10-3 M, that 15, the specific 
activity of the tritiated thymidine m these experiments 
varied from 24 mc /mM to 6,700 me /mM There 1s no 
consistent effect of specific aet»vity The vanabilty 
that is avident from the scatter 1s much more the result 
of dose-response differences between experiments than 
from heterogeneity within an experment The maximum 
and minimum total mhibitions are plotted by extrapolation 
to zero dose, 16 appears that the fraction of the total 
inhibition due to the steep component varies between 
roughly 25 and 55 pei cent Two experiments with 
DFAF-33, shown in Fig 2, demonstrate a similar varı- 
ability, which i8 comparable to that 1eported by Lajtha 
et al for bone marrow m cultures Results with low 
specific activity “C-guanme at 10 ug/ml, used m double- 
labellmg experments with tritiated thymidine, arc 
practically identical with those obtamed with tritiated 
thymidme, and assure that the steep component 1s nof 
due to a release of pool materials that compete with 
tracer for sites in DNA 
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The D, of the shallow component of the curve varies 
as much as two-fold 1f values of individual expermments are 
plotted However, the range of values from about 18 
to 4 x 10‘y affects the estimated size of the hypothetical 
target only by approximately two On the other hand, 
although 1t 1s rather difficult to measure exactly the 
average D, of the steep component, 1b 18 80 small cer- 
tamly less than 500 r, that the resulting target volume 
must be very large 

The apparent extent of depresmon of DNA synthesis by 
X-radiation mereases as a function of time of incubation 
with tracer This 1s illustrated in Table 1 and 1s simular 
to the results reported previously! This observation 
madxeates that cells that are ın the G, compartment durmg 
radiation and enter the S period durmg the next 3-4 h 
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Table 1 EFFECT OF POST-IRRADIATION INCUBATION TIME ON THE RADIATION- 
DEPRESSED INCORPORATION OF H?IdR INTO DNA 


Specific activity c p m jug DNA 


Exp Dose 1h Depression 30r4h* Depression 
No (r) incubation (percent) incubation (per cent) 
0 377 — 1,090 — 
i 100 342 9 808 26 
800 295 22 602 45 
0 332 — 1,062 — 
2 500 274 17 634 42 
5,000 177 47 346 68 


* TUE ME time following irradiation in Exp. 1 was 4h, m Exp 2 1b 
was 3 h 


Tabie 2 EFFECT oF LOW DOSES OF X-RADIATION ON UPTAKL OR TRITIATED 
THYMIDINE INTO DNA OF THYMIDINE-GROWN CELLS AND BROMURACIL 
DEOXYRIBOSIDE-GROWN CELLS 


Dose Sp act of Change Sp act of Change 
(r) thymidine- (per cent) BUdR- (per cent) 
grown cells grown cells 
0 (control) 1,112 + 44 — 678 x 27 — 
52 1,008 + 50 -9 685+ 18 +1) 
—10 6* +32* 
162 980+60  —12 716442 +5) 


* Pooled means change in thymidine-grown cells differs significantly 
from that of BUdR-grown cells, tasa t)=3 06, P(3qan- guar) «001 


are affected roughly the same, in terms of rate of DNA 
synthesis, as cells in S at the time of irradiation 

A typical result of the effect of BUdR incorporated into 
DNA on the dose-response of DNA synthesis 1s shown m 
Fig. 3, the dose-response curve shows an increased incor- 
poration of 1sotope into DNA over control values at low 
doses, followed by a dose-response practically identical 
to that observed with thymidme-grown cells In order to 
establish further the reality of this difference, an experi- 
ment was performed usmg 6 replicate flasks per treatment, 
with controls and only two low doses, 52 and 162r The 
results (Table 2) show that these smgll doses shghtly but 
significantly depressed the meorporation into DNA of 
thymidme-grown cells, but had no effect on the BUdR- 
grown cells It ıs mmportant to note that the effect of 
BUdR m sham-control cultures 1s to very markedly 
decrease the rate of DNA synthesis Tho enhanced 
incorporation of tritiated thymidme into DNA by low 
doses of X-radiation occurred in about one-half the 
experiments and, m every instance except one (among 10 
experiments), the effect of BUdR was to decrease the 
extent of depression of incorporation by small doses We 
have never observed enhanced incorporation under any 
other circumstances At higher doses the results paralleled 
those of normally grown or thymidme-grown cells so 
that there ıs no apparent effect on the second component 
of the dose response It ıs possible that a subtle effect 
exists in this area, but, 1f so, 16 1s hidden ın the variability 
of the response 

The two-component dose-response curve is simular to 
those reported by Lajtha and co-workers for bone marrow 
in culture’, for bone marrow and ascites tumour cells by 
Jasinska and Michalowski’, and for rat thymus by Ord 
and Stocken® A number of theories have been proposed 
to explam these result; In thymus, Ord and Stocken 
attııbute the steep fall (corresponding to the steep oi 
S, component of the two-part curve) to mhibition of 
nuclear phosphorylation, but this explanation, even if it 
were a general one (which 15 appears not to be), still does 
not explain the site of the damage Although damage to 
an enzyme has been suggested, this seems highly unlikely 
m terms of target theory, which would indicate that the 
molecular weight of the hypothetical enzyme would be 
im the order of 10°, clearly much greater than molecular 
weights of known enzymes 

Our results with BUdR lead us to an alternative explana- 
tion This competitor of thymidme for DNA thymine 
sites depresses the rate of synthesis of DNA, and since it 18 
no longer available for meorporation from the medium 
at the time of this inhibition, 1t 1s the BUdR m the DNA, 
and presumably ın those areas acting as templates for 
new synthesis, that contributes to this rate depression 
A small dose of X-radiation, m many instances, partially 
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1ieverses this mhibition We propose that the incorporated 
BUdR distoits the organization of a large organized 
component of the DNA replicating system that is neces- 
sary to mamtain the maximal rate of replication of DNA 
The size of this 1s estimated to be ın the order of 10°-10", 
since a small dose (500 r) of X-rays can affect ıt The 
effect of a sigle hit on the BUdR-substituted DNA. 15 
sometimes to make a new site available for synthesis so 
that a stimulation of rate may be observed On the whole, 
however, the effect 1s to further the disorganization of this 
‘super molecule’, and so larger doses result 1n depression of 
rate 

The concept of very-hgh-molecular-weight DNA 18 not 
new The work of Davison’, showing the effects of shen 
on molecular weight determinations, has stimulated a 
great deal of 1ecent work im this area In general, the 
concept has evolved that the molecular weight of native 
DNA is very much larger than the often-quoted 1-8 x 10° 
found in the olde: literature The researches of Canns!* 
and of Kleinschmidt e£ al 1! have led to the concept that 
all the DNA in a bacterium like Escherichia cols (at least 
all the DNA ın one nucleus therein) 1s in the form of a 
single large molecule Interestingly, the molecular weight 
of this DNA 1s about 10° 

According to Loo and Puck", the average content of 
DNA of the HeLa cell ıs 17 pg, or a total molecular 
weight of DNA per cell of about 10° This 1s distributed, 
probably unequally, among 78 (on the average) chromo- 
somes ‘Takimg one of the smaller chromosomes to contain 
roughly 1/100 of the total DNA of the cell, its total 
DNA would be about 10 The target estimate of the 
large molecule of DNA involved m regulating rate of 
DNA synthesis ıs 10°-10'°, so the chromosome would con- 
tam 10-100 of these components That chromosomes do 
contain several ‘replicating units’ 18 borne out by auto- 
radiographic investigations that have shown DNA 
synthesis occurring simultaneously at two or more sites 
1n & chromosome, while other parts of 1t show no evidence 
of repheation?*—* 

Even if the integrity of this large umit 18 completely 
destroyed (as by mactivation with X-rays) DNA synthesis 
continues, but at a considerably dimimushed rate (shallow 
component), and only very large doses of radiation, capable 
of inactivating that DNA acting as a ‘template’, can 
significantly depress the rate further These results 
indicate that DNA of molecular weight of about 107 1s 
‘activated’ for 1epheation at any one time 

Our interpretation is strengthened by the results of 
Lehnert and Okada}*, who have shown that an effect of 
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Fig 3 Effect of bromuracil deoxyriboside (BUdR) on dose-response 
of HeLa S$ DNA synthesis to X-radiation BUAR cultures grown in 
presence of 5 ug/ml BUdR, controls m presence of 4 ng/ml thymidine 
(TAR), for 48 h prior to irradiation All data plotted relative to specific 
activity of TdR-grown control 
(EI? TdR = tritiated thymidine) 
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X-radiation on DNA synthesis rate ın nuclei of regenerat- 
ing rat liver can be observed so long as protem is still m 
association with DNA, but no effect 18 found with purified 
DNA alone Walwick and Main?" have also reported no 
effect of 1omzing radiation, up to 10,000 r , on the rate of 
DNA synthesis m a cell-free system using purified DNA 
as primer These kinds of mnvesiigations point out the 
limitations of «n vuro biochemical methods, wherem 
maximum, mixing of components and completely un- 
organized systems are used, as a means for determmmg 
effects on the highly ordered state of subcellular organiza- 
tion It 18 probable that when purified ‘primer’ DNA 1s 
used in 2 vitro reactions 15 1s at a much lower molecular 
weight than in the cell Moreover, ıt ıs removed fiom 
restrictions on ite reaction probability by bemg free of 
protem, now greatly mphecated in the function of DNA 
as a template for RNA (particularly ‘messenger’ RNA) 
synthesis!i9-*9 Jt 18 not surprising that 1omzing 1adiation 
cannot reduce the efficiency of DNA as & primer undei 
these conditions where thero 1s at all times a maximum 
likelihood of its interaction with the enzyme and pre- 
cursors Indeed, if the action of 1onizmg radiation is 
primarily to reduce the size of the primer umt, 1t could 
conceivably take enough radiation to reduce the average 
molecular wexght to somewhere less than 10,000, which 
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is the molecular weight of yeast lactic dehydrogenase- 
associated DNNA?^?3, shown to act as a primer for wm 
vitro DNA replication? 
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PROLIFERATIVE CAPACITY OF 
MOUSE BONE MARROW 


By Dr G. CUDKOWICZ, Dr A. C UPTON and G M SHEARER 
Biology Division, Oak Ridge National Laboratory*, Oak Ridge, Tennessee 
n AND 


Dr. W. L. HUGHES; 


Medical Research Center, Brookhaven National Laboratory, Upton, Long Island, New York 


"as competence of bone marrow cells to promote 
the survival and hemopoietic recovery of lethally 
irradiated mice decreases markedly with serial transplanta- 
tion! Protection of the recipients against radiation 
death, nevertheless, can be achieved by inoculation of 
lymph node cells in addition to the re-transplanted marrow 
cells’, although this does not correct the reversal of the 
mononuelear/polymorph ratio in the blood of such chm- 
eras? Ths reversal has been found to persist as long as 
75 days after the last of several successive transfers of 
marrow? The purpose of this investigation was to 
mvestigate changes in the cellular composition of the 
marrow on seral transplantation, m. relation to the 
capacity of the marrow to promote survival and to re- 
populate the spleen in lethally irrachated recipient mice 

Previous experiments have suggested that the ability 
of tiansplanted marrow cells to repopulate the spleen of an 
irradiated recipient may depend on the number of small 
lymphocytes contamed m the injected marrow* Such 
cells are capable of meorporating tritiated thymidme m 
response to flash-labelling but are otherwise mdistinguish- 
able from small lymphoeytes, as visuahzed with the 
Wright-Giemsa staming procedure‘ We reasoned that 
these cells nught decrease 1n number on serial transplanta- 
tion of marrow 1f thew role was that of stem cells or primi- 
tive hemopoietic precursors, and if the progressive 
loss of marrow function resulted from depletion of the 
stem cell pool The results are consistent with this 
possibility 


* Operated by Union Carbide Corporation for the US Atomic Energy 
Commission 


+ Present address Department of Physiology, Tufts University School 
of Medicine, Boston, Massachusetts 


Marrow cells from adult (BALB/c x A/He)F, female 
donors were suspended m Tyrode’s solution and injected 
into adult isogente recipients of the same sex exposed 
withm several hours earlier to 850 r whole-body X-radia- 
tion (LDyo 30) Each recipient received 5 x 10° eosin- 
non-staming nucleated donor cells by tail vem The marrow 
was re-transplanted at 35-day mtervals mto secondary, 
tertiary and quaternary irradiated recipients, respectively 
This interval was chosen because rb was adequate for 
recovery of the marrow proliferative capacity and of the 
marrow cellular composition m primary recipients when 
10? cells were transplanted‘ If it 18 assumed that the 
donor marrow persisted and was carried over in each 
successive tiansfer, then it was passaged through a total 
of four transplant generations Half (20) of the quaternary 
recipients received in addition to the marrow cells 107 
lymph node (mesenteric, inguinal and axillary) cells from 
normal, isogeme female donors The lymph node cells 
were injected intiaperitoneally a few hours after tho 
infusion of the marrow 

Excellent protection against mortalty was afforded by 
the marrow in the first, second and third passages, about 
90 per cent of the reopients surviving more than 80 days 
after rradiation (a total of 20 recipients were inoculated 
in each of these passages) In the fourth passage, however, 
only 2 out of the 20 marrow recipients survived 30 days, 
both of them showing persistent weight loss By econ- 
trast, 14 of the 20 mice injected m the fourth passage 
with both lymph node and marrow cells survived, although 
a mild wasting syndrome also occurred among these 
survivors 

Thirty days after each transplantation and 150 days 
after the primary transplantation, 2 or 3 chimeras of 
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Table 1 EFFECT of SERIAL TRANSPLANTATION ON THE ABILITY OF 
MARROW CELLS TO PROMOTE as ea IN THE SPLEEN OF IRRADIATED 
CE 
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* The uptake values for spleens of marrow-injected mice are given 88 
percentage of the total 131] Jd R radioactivity administered, above percentage 
retention 1n spleens of uninjected radiation control animals 

+ Each value denotes results for a single donor (number of test-recipient 
mice indicated in parentheses) é 


each transplant generation were killed to assay the com- 
petence of their marrow to repopulate the spleens of 
irradiated, isogenic recipients These test recipients were 
exposed to 700 r of whole-body X-rays and were given 
108 nucleated, eosimn-unstamned chimera marrow cells by 
tail vem The marrow of each chimera was infused into 
groups of 2-10 test-muice, and 5 days later 0 5 uc. of !*!I- 
labelled 5-10do-2’-deoxyuridme (IUdR), a thymidine 
analogue, was injected intraperitoneally mto each of the 
recipients This was done to label the newly formed DNA 
in these mice, which provides & quantitative mdex of the 
growth of the transplanted marrow m hemopoietic sites 
such as the spleen*5 Tho test mice were killed 6 h after 
injection of ! TUdR, and retention of the !3ITUdR in the 
spleen was estimated by erystal-semtüilation counting 
Further details of the use of !IUdR for assessment of 
hemopoietic cell proliferation are reported elsewhere* 
The technique 15 simular to the use of 1 ITUdR in assaying 
radiosensitivity® 
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As judged by 1ts ability to repopulate the spleen (that 
18, to promote incorporation of radioactive DNA precursor 
in the spleen), marrow that had been transplanted only 
once appeared to be subnormal, and its potency declined 
further with successive passages (Table 1) Furthermore, 
the abnormality, detectable 30 days after marrow infusion, 
persisted as long as 150 days after transplantation, & 
porod presumably ample for marrow repopulation and 
regeneration The persistenco of the abnormalty con- 
trasts with the short duration of reduced prohferative 
capacity noted in an earher experiment? when 10" or more 
marrow cells were inoculated mto primary recipients, as 
opposed to the 5 x 105 cells injected 1n thus 1nvestigation 

The additive injection of lymph node cells by the ntra- 
peritoneal route did not correct the mabihty of the 
marrow to repopulate the spleen (Table 1), although 16 was 
instrumental ın preventing death of the recipients m the 
fourth passage This result 18 consistent with other 
evidence that isogenic mouse lymph node cells repopulate 
the lymphoid structures of wradiated recipients without 
seeding the marrow’ 

One can mfer on the basis of these and earher results!-* 
that the reduced competence of serially transplanted 
manow to induce hemopoietic recovery 1n irradiated mice 
18 due to smpairment of its proliferative capacity and that 
the addition of lymph node cells might have improved 
the survival of the recipients by correcting & deficiency 
m lymphoid elements specifically, but not by &mehorating 
the marrow per se Our results indicate, moreover, that 
the abihty to repopulate the spleen was detectably 
decreased on serial transplantation before any apparent 
loss of abihty to promote survival of the recipients It 
must not be forgotten, however, that the dose of marrow 
cells injected was relatively large* and that the survival- 
promoting ability of the re-transplanted marrow was not 
fully evaluated by the use of graded cell doses. The 
magnitude and reversibilty of the impairment of prohfera- 
tive competence appear to depend on the total number of 
marrow cells transplanted and on the number of successive 
transplantations Our findings verify that ın some circum- 
stances colls responsible for hemopoietic repopulation do 
not possess the capacity for self-renewal commonly 
attributed to stem cells 

To determine whether the deterioration of the marrow 
on transplantation was related to systematic changes in 
its cellular composition, smears and imprints of femoral 
marrow prepared from each donor were stained by the 
Wrght-Giemsa technique, and exemuned microscopically 
In each of two representative oul-immersion fields selected 
in every specimen, & total of 100 nucleated cells were 
counted and scored as to hematologic type In accordance 
with earher observations‘, there appeared to be a close ' 
correlation between the number of cells morphologically 
indistinguisbable from small and medium lymphocytes ın 


Table 9 EFFECT OF SERIAL TRANSPLANTATION ON THE RELATIVE FREQUENCY OF DIFFERENT CELL-TYPES IN MARROW 
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Controls Transplant generation 
(100-120 (200-250 Second Third 
days old) days old) 
Interval (days) 
A Since original passage — — 
B Since last passage — — 
Number of cells counted * 600 600 
Frequency distribution of all types 
(per cent) 
Myeloblasts and promyelocytes 1 2 
Myelocytes and metamyelocytes 12 14 
Granulocytes 30 27 
Erythroid cells 26 29 
Monocytes and reticulum cells 5 2 
Lymphocytes 
Large | 2 2 
Medium and small 21 22 
Other cellst 3 2 




















* 200 cells per donor mouse 


t This category includes megakaryocy tes, mast cells, plasma cells, histiocytes, and cells damaged beyond identification 
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the marrow (Table. 2) and proliferative potency (Table 1). 
ite the fact that the repopulating cells in the recipient 
pleen were predominantly erythroeyte and granulocyte 
"preeursorss, the numbers of erythroblasts and myeloblasts 
^ an the donor marrow bore no consistent relation to the 
=< extent of induced splenic repopulation. Moreover, the 
-injection of lymph node cells in addition to re-passaged 
- marrow cells failed to increase the lymphocyte-levels in 
the marrow of recipients, although it enhanced their 
"survival. These observations support the interpretation 
‘that the marrow lymphocyte is a primitive precursor of 
other types of hemopoietic cells, functionally different 
= from the lymph node lymphocyte, and probably not 
(s derived from the lymph node lymphoblast. They are 
also consistent with the evidence presented by Harris 
et aL* that guinea pig marrow lymphocytes can be pro- 
duced in situ. 
_ Although these findings do not prove that the marrow 
lymphocyte i is a hemopoietic precursor cell, and although 
they do not.exclude the possibility that these lymphocytes 
exercise instead some trophic function necessary for 
hemopoietic cell production, they are compatible with, 
and strengthen, other evidence suggesting that a small, 
mononueleated marrow cell, lymphocytic in appearance 
in the mouse, is the progenitor of the hemic cellst: 10-12, The 
marrow lymphocytes probably are not, however, a homo- 
eneous population; in fact, differences among them have 
been established on the basis of differential staining 
properties and nucleolar characteristics in guinea pigs? 



























EOPLASMS are parasitic: the diversion of nutrients 
; and oxygen is accomplished through the creation of 
=e new vascular bed, which siphons blood from the organ- 
‘ism into the tumour. The neo-vascular architecture 
^; differs from the old; and it has been suggested that its 
response to conventional neuro-humoral stimuli differs 
from that of normal vessels. The evidence, however, is 
; | Fragmentary at best. 
.. Recently, I have investigated the effect of epinephrine 
on the tumour vessels in malignant hypernephroma in 
man, an effect which is of interest and perhaps of some 
importance. I am reporting here the initial investigation, 
although I have now made additional observations on this 
_ Problem. 
5 Olinical problem. -The patient was a 69-year-old man 
who had his first bout of painless, gross hematuria two 
months prior to admission. This subsided spontaneously. 
Two days before admission, he again had gross hematuria 
: jated with minimal left flank pain. 
|. On admission, physical examination demonstrated no 
gross abnormalities. The blood pressure was 158/88. 
"The patient was obese and weighed 213 Ib. 
v Laboratory data included a blood urea nitrogen of 22-5 
_ and the finding of grossly bloody urine. 
4 -On intravenous urography, contrast concentration in 
the collecting system was poor on both sides. The right 
kidney was thought to be normal, the left possibly 
enlarged, but with inadequate definition of calyces and 





























3 stoscopy revealed a slightly oedematous and erythem- 

left ureteral orifice, with a small fragment of foreign 

rotruding from it. A single spurt of blood was 
ladder from the ureter. 

yelography demonstrated a normal right 

ft side, there was some distortion of the 

pole calyces and their infundibula. The 
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and in rats?, In the mouse differences setting them apart 
from the immunologieally competent lymphocytes haye 
been established on the basis of differential incorporation 
of tritiated thymidine*. Isolation of the marrow 
lymphocytes and characterization of their structural and 


functional properties are, therefore, objectives toward 

which further effort should be timely and rewarding. 
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ALTERED DRUG RESPONSE OF TUMOUR VESSELS IN MAN 


By Pror. HERBERT L. ABRAMS 
Diagnostic Division, Department of Radiology, Stanford University School of Medicine, Palo Alto, California 


pyelogram was considered abnormal, but not conclusive 
as to the diagnosis. ] 
As a consequence, the patient was referred to me for "Ww 
renal arteriography. 
The clinical problem, then, was sharply defined: 
What was the cause of the hematuria ? Was there, in 
brief, a surgical lesion such as carcinoma in. the left 
kidney ? Could a diagnosis specific enough to warrant 
surgery in this obese, 69-year-old man be established ? 





Experimental problem. If a carcinoma was present, as ` 


seemed likely, a comparison of the response of tumour 
vessels and normal vessels to a specific pharmacological 
agent might be feasible. Because of prior experience with 
epinephrine*, I decided to examine this drug initially, 
using a dose which would not produce significant systemic 
disturbances. An initial dose of 0-25 ug/kg was chosen 
arbitrarily, with full cognizance of the possibility that it 
might be too small to produce macroscopie changes in 
the renal arterial bed. I was certain, on the basis of previ- 
ous investigations, that such a dose injected into. the 
renal artery would produce only minimal changes in the 
heart rate and blood pressure. 

Thus, interest was focused not only on the similarity 
or difference in response of normal and tumour vessels 
in the kidney, but also on a dose low enough to obviate 
a significant systemic response, but high enough to affect 
the renal vessels. 

(1) Initial control study. Transfemoral percutaneous 
aortic catheterization was performed utilizing the Seldin- 
ger technique. The tip of a precurved yellow Kifa eatheter 
was placed in the left renal artery. With the patient. in 
the anteroposterior projection, an injection of 8 6.0. of 
60 per cent ‘Renografin’ was made, with simultaneous 
serialographie roentgen recording on an Elema roll film 
changer. The exposure rate of the films was 2/sec for 4 
sec, 1/sec for 4 sec, and 1/3 sec for 15 sec. 
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(2) Epinephrine study. Thirty min after the control 
arteriographic examinations, a total of 25 ug of epinephrine 
(0-25 ug/kg) was injected in 1 c.c. of saline through the 
yellow Kifa catheter into the left renal artery. The 
catheter was flushed with 3 c.c. of saline. Fifty sec after 
the injection of epinephrine, 8 c.c. of 60 per cent ‘Reno- 
grafin’ were delivered into the left renal artery through 
the selective catheter. Filming was identical in all 
respects with the programme followed during the control 
examination. Blood pressure and pulse rate were followed 
before and after the investigation. 








Fig. 1B 


January ll, 1964 


VoL. 201 





Fig. 1C 


Fig. 1. Selective renal arteriography. Carcinoma of the kidney. 
Control study. (4) l-sec film, The catheter is in the left main renal 
artery. The branches of the ventral renal artery (VRA), which overlap 
those of the dorsal renal artery (DRA), are normally distributed to the 
upper segments of the kidney, Multiple tumour vessels may be seen 
arising from the dorsal renal artery. Its branches to the lower pole are 
normal. (B) 3-sec film, The cluster of tumour vessels is now more 
prominent, and capsular branches (lateral arrows) supplying the tumour 
may be seen extending beyond the projected margin of the kidney. A 
nephrographic effect is beginning to be visible, (C) 6-see film. In the 
nephrographie phase, relatively homogenous opacification of the upper 
and lower polesis apparent. The tumour extends laterally, and is opaci- 
fled in less uniform fashion 
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Fig. 2B 


Fig. 2C 





Fig. 2D 


Fig. 2. Selective renal artericgraphy. Carcinoma of the kidney. Epinephrine study. Thirty minutes after the contro] study (Fig. 1), 
25 ug (0°25 pg/kg) of epinephrine were injected into the left renal artery, Selective renal arteriography was performed 50 sec after the admin- 
istration of epinephrine. (4) 1-sec film. Contrast material fills the main renal artery and its branches, the ventral renal artery (VRA) and 
the dorsal renal artery (DRA). A small branch of the dorsal renal artery supplying the tumour is faintly opacified, but other branches are 
not filled (compare with Fig. 14). (B) 3-sec film. The main trunks of the ventral and dorsal renal arteries remain opacified, and a cluster of 
tortuous tumour vessels originating from the dorsal renal artery is now visible, (C) 5-sec film. Further filling of the tumour vessels is apparent. 
The vessels to normal renal parenchyma show no evidence of contrast filling. (D) 7-sec film. Contrast remains in the tumour vessels but has 
also begun to disperse throughout the capillary bed of the tumour. (E) 10-sec film. There is mottled opacification and staining within the 
tumour, The normal parenchyma in upper and lower poles is devoid of contrast material and hence does not demonstrate a nephrographie phase 





170 





Fig. 3. P ng of removed kidney. A sagittal cut has been made 

through the kidney, separating the ventral from the dorsal half. The 

tumour can be seen projecting well beyond the capsule of the kidney 

into the adjacent soft tissues. linear white streaks represent residual 
micropaque in the blood vessels 


Results 

(1) Control study. A single large main renal artery was 
visible, dividing into the usual ventral and dorsal branches 
about 3 em beyond its origin. The ventral renal artery 
branch subserved all the ventral renal segments, including 
the upper and lower poles. The dorsal renal artery branch 

. supplied all the dorsal segments, and in addition gave rise 

= to- multiple large, irregular, randomly arborizing vessels 

_-to a large tumour in the mid and lower portions of the left 
kidney, laterally placed. The tumour extended beyond 
the margin of the kidney, and had a rich capsular supply 
arising partially from the lower polar branch of the renal 
artery. At 1 sec after injection, the major branches were 
filled (Fig. L4). At 3 sec, excellent delineation of tho 
tortuous tumour vessels was attained (Fig. 1B). At 6 
see, a good nephrogram was visible, with moderate stain- 
ing of the tumour (somewhat obscured in Fig. 1C by the 
large amount of overlying gas). The clearance time of 
contrast from the normal renal arteries was about 4 sec, 
whereas it persisted in the tumour vessels for about 5 
sec. All the foregoing findings were confirmed on a 
repeat left posterior oblique control examination. 

Thus, the clinical problem was solved: the diagnosis of 
a large, highly vascular, malignant neoplasm of the left 
kidney was established and presumably was the eause of 
the patient’s hematuria. Subsequent surgical exploration 
and removal of the tumour confirmed the diagnosis. 

(2) Epinephrine study. The injection of 25 ug of 
epinephrine directly into the renal artery produced only 
a slight rise in blood pressure and pulse rate. Contrast 
injection at the height of the epinephrine effect—50 sec 
after its administration—demonstrated obstruction to 
flow in the ventral renal artery for at least a 5-sec period. 
Branches of the dorsal renal artery to normal parenchyma 
also failed to fill; but the branches to the tumour were 
clearly filled by 3 sec (Fig. 2B), although at a somewhat 
slower rate than on the control examination. Even at 
1 sec, some contrast agent had begun to enter the tumour 
vessels (Fig. 24). By 5 sec, the difference between 
tumour vessel opacification and normal vessel failure to 
fill was striking (Fig. 20). The irregular, tortuous tumour 
vessels were the only branches delineated by the contrast 
agent. At 7 sec, continued filling of tumour vessels was 
apparent, with contrast deposition 1a the small vessels 
throughout the tumour producing a generalized opacity 
or blush (Fig. 2D). By 10 sec, virtually all the contrast 
agent had left the arteries and entered the tumour bed, 
which was dense in comparison with the adjacent non- 
opaque normal renal tissue. The 10 sec film should be 
compared with Fig. 1C, in which both tumour and normal 
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parench are opacified, as well as with Fig. 3, which 
preng ira Mov weh the contrast in the tumour re- 
flected the actual pathologie extent of the neoplasm. 

Thus, the experimental question was answered: the 
response of the neovaseular bed of the tumour to epin- 
ephrine clearly differed from that of the normal renal 
vessels. 

Discussion 


The present article contains the first clear demonstra- 
tion in man that the blood vessels supplying a renal 
tumour respond differently from normal vessels to a 
specifie pharmacological agent. 

We have already demonstrated the difference in response 
to epinephrine in three other patients with hyper- 
nephroma using similar dose-levels, and in the future 
I shall report in detail additional observations on this 
problem. It is clear from the investigations analysed 
so far that renal arterial branches larger than arterioles 
are affected by epinephrine, as well as the artorioles 
themselves, in the doses which I have used. 

Over and above the need for further results indicating 
the difference in response, an evaluation of dose is highly 
important. Having started with a dose which I originally 
assumed would be too small to demonstrate a clear-cut 
effect, and one which produced only a minimal systemic 
response, it will now be of interest to determine whether 
smaller doses may bo utilized to advantage. At the samo 
time, analysis of the PAH clearance and tho PAH extrac- 
tion ratio in patients with renal neoplasms would permit 
an estimate of renal plasma flow and possibly of the volume 
of blood diverted to the tumour, as well as the magnitude 
of arteriovenous shunting in the tumour. 

The observations on hypernephroma recorded here aro 
similar to those made by Bierman et al. in the investiga- 
tion of hepatic neoplasms'^*, although their observations 
have not yet been presented in detail. Contrary findings 
were reported by Kligerman and Hensel, examining the 
miero-cireulation of a transplantable hepatoma. They 
found that tumour vessels responded in the same way as 
small somatic arteries, following intraperitoneal instilla- 
tion of epinephrine*, Perhaps the difference was related 
to their use of a transplant tumour in another species, 
whereas Bierman et al. and I were working with spontan- 
eous tumours in man. 

If further investigations of renal neoplasms provide 
conclusive evidence of the differing response of normal 
and tumour vessels, this may have important therapeutic 
implications. In inoperable patients, selective chemo- 
therapeutic perfusion of the tumour may be accomplished 
by pharmacological blockage of adjacent normal vessels. 

From the point of view of diagnosis, pre-treatment with 
epinephrine may permit better demonstration of tumour 
vessels. It may also be that the failure to respond 
normally to epinephrine may become a useful criterion 
indicating a developed neo-vasculature, and thus permit 
the diagnosis to be made when it is in doubt. 

In summary, utilizing selective renal arteriography. 
the normal vessels and the vessels supplying a hyper- 
nephroma of the kidney were delineated in vivo. Follow- 
ing the administration of 25 ug of epinephrine into the 
renal artery, there was cessation of flow through the 
vessels supplying normal parenchyma, while the tumour 
vessels were densely opacified, although at a slower rate 
than during the control investigation. This constitutes the 
first evidence in man that neoplastic renal vessels respond 
to humoral stimuli differently from normal vessels. 

This work was supported by grant HE 0343 of the 
National Heart Institute, U.S. National Institutes of 
Health. 


1 pomi H. R., Kelly, K. H., and Singer, G., J. Nat. Cancer Inst., 12, 701 


* Abrams, H. L., Boijsen, E., and Borgström, K.-E., Radiology, 79, 911 (1962). 

* Bierman, H, R., Kelly, K. H., and Byron, jun., R. L., ‘Hepatic Arterio- 
graphy”, in Angiography, edit. by Abrams, H. L., 641 (Little, Brown 
a ©., Boston, 1961). 

* Kligerman, M. M., and Hensel, D. K., Radiology, 76, 810 (1961), 
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LETTERS TO THE EDITOR 


RADIOASTRONOMY 


Polarization of 16- Mc/s Radiation from 
Jupiter 

Ir has recently been reported by Dowden! that, for 
101-Me/s radiation fiom Jupiter, the relative pro- 
portion of bursts of opposite sense of polarization appears 
to vary with the Jovian System HI central meridian 
longitude (Arr) Bursts recorded when Air was close to 
240° (International Astronomical Union revised System 
III) were found to be almost exclusively eluptically 
polanzed in the right-handed sense whereas bursts 
recorded when Arr was close to 55° were as much as 
83 per cent left-handed The purpose of this communica- 
tion 18 to report that a sumilar tendency was noted at 
16 Mc/s for a few events recorded at the Florida State 
University Radio Observatory m 1962 

A series of polarization observations has recently been 
commenced at 16, 18, 22 and 26 Me/s using azimuthally 
mounted crossed five-element Yagi aerials Some of the 
equipment was installed durmg 1962 and various pre- 
hminary observations were undertaken at that time, 
consistent with the availabihty and development of the 
complete system From June 7 until August 27 polariza- 
tion observations were made at 16 Mc/s using the simple 
two-recetver and hybrid circurt arrangement previously 
described elsewhere?  Durmg this period 15 events were 
recorded, identification bemg by the aural monitormg 
tochnique Interference can be troublesome at this 
froquency, but eight of the events were good enough, 
with respect to intensity, duration and reception con- 
ditions, to be roughly equivalent to the Class I and IL 
events specified by Douglas and Smith? Of these eight 
events, seven occurred during periods when Ain was 
somewhere withm the range 215°<)m<280°, the 
noise bursts m these events were 99 per cent right- 
handed The other event occurred when 116° < Anr< 
134° ; the noise bursts in this event were 42 per cent left- 
handed 

A detailed study of polarization ıs now in progress 
and the results of this will be reported m due course 

This work was suppoited by the National Aeronautics 
and Space Administration 
C H Barrow 
Department of Physics, d 
Florida State University, 

Tallahassee, Flonda 
1 Dowden, R L, Austral J Phys , 16, 398 (1963) 


‘Barrow, C H, Astrophys J , 195, 847 (1902) 
2 Douglas, J N, and Smith, H J, Astron J, 68, 163 (1963) 


Absorption of Radio Radiation in M 82 and 
Other Galaxies 


Tur galaxy M 82 (NGC 3034) has recently been exam- 
med by many observers using different techniques, and 
some of the peculiarities of this object have now been 
explained Here we shall try to answer one of the 
remamung questions, namely, why the radial velocity of 
this galaxy as determined from 21-em hne measures does 
not agree with the optically derived velocity 

Optical spectra have been obtained at several observa- 
tones Radial velocities have been published by Humason, 
Mayall and Sandage! (Table 1) The rotation of the 
galaxy around an axis perpendicular to the major axis 
has also been mvestigated by Mayall? 


Table 1, RADIAL VELOOITY OF M 82 RELATIVE TO THE SUN 


Velocity 
Method (km/sec) Ref 
Optical spectra 263 + 75 1 (Table 1) 
Optical spectra 275 1 (Table 5), 2 
21-cnr line profile 185 + b 3 
Same corr for abs 250 + 25 This communication 


A 21-em lme mvestigation of M 82 was carried out by 
Louise Volders and J A Hogbom? They derived the line 
profile shown 1n Fig la, where each pomt represents the 
average of 6 h observations From this profile they 
derived the radial velocity of the centre of gravity of 
M 82, 190 km/sec relative to the local standard of rest 
This velocity corresponds to the maximum. intensity of 
the observed radiation The whole profile 1s not sym- 
metrical around this velocity, however The authors 
pomt out that this asymmetry may not be significant, 
because of the geat uncertamby in the mtensity values 
near zero velocity, where radiation from nearby gas in 
the Milky Way tends to confuse the picture They make 
the interesting remark, however, that the line profile 
covers the same velocity range as the opticel measurements 
by Mayall (+ 100 to +400 km/sec), although the velocities 
of the centre seem to differ greatly They suggest the 
explanation that the centre of rotation 18 displaced about 
1 min of arc towards south-west from the apparent centre 
of the optically observed body, so that the optically 
determmed veloaty contains a rotational component 

After the pubheation of the paper by Volders and 
Hogbom, ıt has been shown by C È Lynds* that M 82 
also contains a source of continuous radio radiation This 
source has since been examined by several mvestigators, 
especially in wave-lengths near 21 cm’-* Some radio data 
are collected m Table 2 Three facts should be stressed 
here (1) The radiation in the continuum around 21 cm 1s 
stronger than m ‘normal’ galaxies (2) The corresponding 
source 1s concentrated to a small region near the centro* 
(3) The RA of the high-frequency radio source differs 
from the R A of the low-frequency radio souree by more 
than the estimated errors These data now lead me to 
suggest the following picture 

The radio source observed m the continuum around 
21 em and at shorter wave-lengths 1s approximately 
coexistent with intense H II regions m or near the nucleus 
of the galaxy This source will influence both the 21-cm 
Ime profile and the continuum observations at longer 
wavo-lengths In both cases we must consider the possible 
absorption of part of the radio radiation The absorption 
will, however, take place in different ways in. the two cases 
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Fig 1 21-emhne profile for M 82 (m) Profile observed by Volders and 


Hogbom? Each point represents the average of 6 h observations, 
(b) same profile with correction for absorption 
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Table 2 OBSERVATIONS OF M 82 (30231) IN THE RADIO CONTINUUM 
Frequency RA Flux density S Ang diam 
mm Me/sec (1950) Dec ın 10-3 K8  secofarc Ref 
159 09h 51m20s + 70° 05’ 12 5 
t 5 + 15 
178 09 51 20 70 05 130 <90 6 
+ 10 + 15 
750 09 51 46 69 54 80 4 
3,000 x 20 + * 615 4 
1,423 — — 86 7 
1,420 09 51 44 69 655 80 45 8 
+ 4 + 8 
1,430 09 51 42 — 90 4 9 
+ 3 


As ıs well known from the investigation of the Milky 
Way, the 21-em lno radiation may be found either ın 
emission or m absorption In most cases the line is seen 
mnemission Only in the few casos where tho cold hydrogen 
clouds are seen projected against a hotter radio source of 
21-em continuum the line 3s seen ın absorption This 1s, 
for example, the case for the well-known '3-kpo-arm' 
seen against the radio source Sagittarius A 1n the centie of 
` our Galaxy Now the same phenomenon might be expected 
in other galaxies, contamung a strong radio source m the 
centralregions M 82issuchagalaxy Thus we can expect 
all H I clouds, seen projected against tho mtense central 
source, to absorb rather than emit the 21-cm line This 
absorption will distort the observed line profile An 
attempt has now been made in Fig 1b to restore the hne 
profile to the shape 1t would have had without absorption 
The result 1s, of course, very uncertain It will, however, 
very probably give a better approximation to the tiue 
velocity distribution and neutial hydrogen content than 
did the original curve 

The restored line profile mdieates an average radial 
velocity of about 250 km/sec, which 1s m much better 
agreement with the optical determmations The estimated 
mass of neutral hydrogen ıs also incieased by approxi- 
mately 40 per cent (indicating absorption in 15 per cent of 
the gas) It also seems reasonable to reduce slightly the 
total mass of M 82 computed by Volders and Hogbom on 
the assumption that the centie of rotation was displaced 
l min of are towards south-west The ratio of neutral 
hydrogen to total mass 1s thus much increased over that 
given by Volders and Hogbom The exact value of this 
ratio also depends on the distance of the galaxy, however, 
which 1s not well known 

Several other galaxies with stiong sources of 21-cm 
continuum radiation are known In these objects we must 
expect absorption as well as emission of 21-cm hne 
1adiation In many cases the balance between absorption 
and emission will reduce the net effect to such a low value 
that the 21-em lne radiation cannot be detected This 
might, at least partly, explain the negative correlation, 
found by M Roberts’, between the detection of 21-cm 
line radiation and 2l-cm continuum radiation fiom 
galaxies To Roborts’s list of 9 galaxies several more 
objects can now be added, confirming this conclusion 

The nature of the source of 21-em continuum radiation 
1s of no mmportance for the possible absorption of the 
21-em line in the cold hydrogen clouds in front of this 
source The nature of the high-frequency radiation souice 
18 of great importance, however, for a possible absorption 
of low-frequency continuum 1adiation Only 1f the source 
1$ thermal, we expect 16 to absorb low-frequency radiation 
Concerning the source in Jf 82, Lynds and Sandage!! have 
suggested that ıt 1s non-thermal I have suggested}? that 
a considerable part (maybe 50 per cent) of the radiation 
at 21 emis thermal] If this ıs true, the absorption in the 
central parts may be considerable, so that most part of 
the low-frequency radiation emitted in and behind the 
central source will be absorbed Recent polarization 
measures at 106 cm showed only 35+13 per cent of 
polarization"*, which ıs lower than might be expected, for 
ap entirely non-thermal (synchiotion radiation) source in 
M 82 It thus seems plausible that a considerable absorp- 
tion of low-frequency radiation takes place in the central 
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parts of M 82 Such au absorption could paitly explain 
the unusual flatness of the radio spectium It may also 
explain the observed difference in right ascension between 
the high-frequency and low-frequency sources, demon- 
strated m Table 2 Asin most galaxies, the low-frequency 
1adiation 18 probably emittod from a laige: volume than 
18 the high-frequency radiation If in M 82 the two sources 
are not concentric, but the low-frequency source is 
centred slightly to the west of the other, the absorption in 
the hot source will make the drift curve of the low- 
frequency radiation asymmetric 1n such a way that the 
maximum radiation ıs found to be displaced even moro to 
the west 
Aina Ervius 
Astionomical Obsorvatoi y, 
Uppsala, Sweden 
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PHYSICS 


Distribution of Particle Size in Dust 


CONSIDERABLE use has beon made of the following 
power law for oxpressing tho size distiibution of pa- 
ticles!-3 

dN/dD = KD (1) 


where N 1s the numbei of particles below diametei D The 
distributions have been displayed as plots of dN/dD 
against D on logarithmic axes which givo stiaight lines of 
slope — y The positions of the lines have been arbitrarily 
adjusted m the belief that K was merely a concentration 
factor? This supposition 1s erroneous with the result that 
distributions which have been publishod m this form 
cannot be interpreted by a 1eader 

If Nm is the total number of particles up to the largest 
size, Dr, integration of equation (1) gives 


NINp = 1 — K(Di» — Di liy — 1)Nm (3) 
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Power law distributions plotted as cumulative curves on 

logarithmic probability paper for y = 2, K = 100 50, 20 and 10 

The minimal values of D are approximately equal to K/100, the 
maximal ts 1004 1n each ease 
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Similar curves for y = 3 and K = 200, 100, 50 and 20 
D,£2 +/(K/200) 


when N = 0 the right-hand side of this expression 1s also 
zero, hence 


D = D; = {No(y — 1)/K + Dy-y)-1t-» (3) 


where D; 1s the smallest particle present 

The distribution thus depends on K as regards its shape 
and is curtailed at each end, the smallest particle size 15 a 
function of K and the largest particle size 1s arbitra y 

Some distibutions having Dz = 100p are plotted. with 
different values of K on logarithmic probability paper for 
Y = 3 andy = 2 These give lines which are nearly 
stiaight fo. sizes which are not too close to the lmits 
Dr and D, One is tempted to wonder if the power law, 
the shape of which ıs heavily restricted by these limits, has 
any advantages over the logarithmic probability distii- 
bution with 1ts convenient mathematical relationships and 
great flexibility 


C N Daviss 


London School of Hygiene and T: opical Medicine, 
Keppel Street (Gower Street), 
London, WC] 


*Hamilton, R J, and Kmght, G , Mechanical Properties of Non-metallic 
dl Matenals, edit by Walton, W H , 365 (Butterworth, London, 
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Flow-stick Transition in Powders 


GREGORY! has defined two types of flow in powder 
agglomerates, ‘stick and slp’ flow and free flow It is 
well known that fine particles tend to stick and that large: 
particles flow more easily Adding large: particles to a 
very fine powder 1s one method of causing i6 to flow? 
Some experments have been cared out with sand 
flowmg under gravity through a circular orifice in an 
attempt to determine the particle size at the transition 
point from stick and slip flow to freo flow 

Iram? and Tanaka‘ have described the changes in flow 
behaviour with variation of particle size Irani, using 
glass spheres with a size range 28-470u, found that flow 
did not occur until a mmimum particle size was exceeded 
The rate of outflow then increased, went through a 
maximum, and then decieased with increase in particle 
size He gives no data on the actual transition point 
Tanaka, using sand, found the flow-stick transition to 
occur at about 2504 particle size The transition point 
was not well defined but appeared to be independent of 
the diameter of the orifice Brown’ has suggested, from 
consideration of angles of repose, that particles less than 
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100%}. tend to stick, and particles largor than 100u tend to 
flow 2 

In the experiments, quartz sand was allowed to escape 
under gravity from a glass funnel through a 12-mm long, 
3-mm diameter outlet, the amount escapmg m 1 min was 
measured Fig 1 shows the variation of flow rate with 
particle diameter The sand used was Lower Greonsand 
with rounded grams and a mode grain size of about 400p. 
This was separated by sieving with British Standeids 
sieves, the intervals between adjacent sieves m the series 
giving the separate fiactions Fine particles were produced 
by ball-milling or crushmg Tho particles m the 25-30 
fraction (average diameter 550p) wore tho largest which 
flowed consistently As the size was decreased the flow 
18te mereased steadily until a maximum was reached at 
72-85 (average diameter 190g) , the flow rate then decreased 
until, with the 300-350 fraction (average diameter 50u), 
the flow stopped due to prpmg A. tendency to piping was 
observed in the shghtly larger sizes The movement of 
sand m the funnel was not continuous in nature, the 
steep-sided prpe would form and then the surrounding 
sand would collapse mto it, this was repeated, allowing 
the output to be continuous The pipe was stable m the 
300-350 fraction Tanaka suggested that flow failure in 
the sticky region was due to arching This is presumably 
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Fig 1 Variation in flow rate with particle diameter 
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the phenomenon described as domung by Jenike® He 
defined two flow failure mechanisms, the other was 
pipmg The two types are shown in Fig 2, ıt was found 
that ‘flow and stick’ flow stoppages were due to pipmg and 
free flow stoppages due to dommg Fig 2a shows piping 
in a small head of powder , m a larger head the prpe may be 
closed at the upper end 

The ball-milled particles were produced from particles 
of 800 diameter and larger m order that there should be a 
sufficient range of particles of similar surface condition to 
define the flow-stick transition at about 2002 In Fig 1 
the ranges of particle size are indicated for the results with 
ball-milled sand Gregory mentioned the pronounced 
tendency to stick of particles less than 80u and this was 
observed with the sand tested, particularly if there was a 
delay ın testing He also noted that matenals with a 
narrow size range flow best, wider size ranges exhibit an 
increasing tendency to stick This was also observed the 
150-170 fraction flowed fairly easily but the complete 
pass 150 fraction did not flow at all 
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Curve Fitting using a Digital Computer 


In the course of some recent mvestigations m. experi- 
mental physics we have processed a great deal of data 
with a digital computer using a variety of weighted least- 
squares fittmg programmes All these programmes, 
regardless of the specific problem, have the followmg 
feature m common After the best values of tho fitted 

arameters have been obtained a test of each data point 1s 
made If the data pomt lies more than a specified interval 
from the best curve, the experimental and fitted values of 
the ordinate, and the associated uncertamty 1n the experi- 
mental value are punched out We would like to empha- 
size the great value of this feature As a criterion for 
punch-out a deviation equal to three standard errors was 
chosen This corresponds to the well-known 99 3 per cent 
confidence limit, and eliminates nearly all statistical 
fluctuations from bemg punched Within two months of 
adopting this procedure we had already experienced 
several resulting benefits 

(a) The programme reveals when the theoretical fit 1s not 
appropriate, and also just when and where it 1s not 

(b) If the theory 1s appropriate, but only 
over a limited range, and too extreme o 
experimental pomts have been included, I 
these are often detectable after a careful 
scrutiny of the punched-out mformation 

(c) Previously unsuspected faults m the 
functioning of the apparatus may be 
revealed, for example, if the fault caused 
an intermittent and spurious lowermg of 
readings 

(d) Numerical errors ın the preparation 
of data for the computation are often 
revealed 

(e) Inappropriate weighting of the data 
points can be apparent In this last cate- 
gory, mappropriate relative weights are 
revealed and so also 1s an overall under- 
estimate of expermental uncertainty, 
which results m consistently high weightmg 
of all pomts 
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(f) Our procedure frequently obviates the need for a 
detailed graphical plot 
We consider that the test could be made to yield more 
information on the borderline of statistical significance by 
changing the criterion for punch-out, say, to two standard 
errors 
We thank Mr L M Macdonnell and Dr C D McKay, 
for their advice and help in the use of the IBM 1620 
computer This work was supported by the Defence 
Research Board of Canada under grant No 9510-25 
D A L Paun 
Royal Miltary College of Canada, 
Kingston, Ontario 
W D Sawyer 
University of New Brunswick, 
Fredericton, New Brunswick 


GEOLOGY 


Fossils from the Ellsworth Mountains, Antarctica 


Tse Ellsworth Mountains are centred at 79? 8, 85° W 
in West Antarctica south of the eastern Pacific Ocean (see 
Fig 1) They extend about 220 miles m a noith-north- 
west direction and are divided into a northern Sentinel 
Range and a southern Heritage Range Widespread rock 
exposure and critical location make these mountains 
important in seekmg an understandmg of the structural 
evolution of West Antarctica One of us (C C) visited 
the Ellsworth Mountains briefly m 1959 during an airborne 
traverse, and University of Minnesota expeditions worked 
there during the 1961-62 and 1962-63 summer seasons 
Few fossils were found by the first expedition!, and none 
has proved identifiable even to genus Significant 
palzontological discoveries were made, however, durmg 
the 1962-63 season when one of us (G F W ) led a party in 
the Heritage Range and the other a party an the Sentinel 
Range Although the new material was only briefly 
examined and the field work ıs contmumg, it seems 
desirable to make available a summary of the fossil 
discoveries so far 

Outlmes of the geology of the Ellsworth Mountains have 
been presented by Anderson et al! and Craddock e£ al ? 
Bedrock consists almost exclusively of intensively de- 
formed and shghtly metamorphosed sedimentary rocks 
with a mimimum thickness, based on measured sections 
and field estimates, of 40,000 ft No definite unconform- 
ities have been established, and this entire sequence may 
prove to be conformable The stratigraphic units recog- 
nized at present are m ascending order (1) & poorly 
known lower group, (2) the Crashite Quartzite, (3) the 
Whiteout Conglomerate, (4) the Polarstar Formation 

The lower group consists mamly of clastic sedimentary 
rocks ranging from pelite to boulder conglomerate Total 
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muumum thickness 1s estimated, at 24,000 ft , and about 
3,000 ft. of carbonate beds occur near the base Although 
a few problematical objects exist ın these older carbonate 
rocks, the only definite fossils ın the lower group occur in a 
40-ft limestone no more than 500 ft stratigraphically 
below the transitional basal contact of the overlying 
Crashite Quartzite At one locality m the northern 
Heritage Range this limestone 1s abundantly fossiliferous 
and has yielded trilobites, gastropods, articulate and 
marticulate brachiopods, echmoderm columnals, archeo- 
eyathid-hke organisms, and other forms of unknown 
affinities  Prelmunary investigations of this fauna indicate 
a late Cambrian age, probably Dresbachian or Franeonian 

The Crashite Quartzite 1s at least 10,000 ft thick and 1s 
composed of predommant quartzite and mmor slate, 
argilhte, and pebble conglomerate This formation 1s 
almost barren of fossils, but a few organic impressions 
have been found in the lower part Tubes as much as 
025m m diameter and 2 1n. long perpendicular to bedding 
may be bormgs made by worms or other animals Fucoidal 
impressions probably are the smuous trails of unknown 
organisms Three paleontologists have identified one 
speermen from the south-western foothills of the Sentinel 
Range as a probable incomplete orthoconice cephalopod 
Dr Rousseau Flower exammed this material and con- 
cluded it was probably a cephalopod but that 1t could not 
be identified beyond probably belonging to the order 
Michehnoceratida It was his opmion that this specimen, 
if a fossil, is no younger than Permian 

The Whiteout Conglomerate is a massive formation 
about 3,000 ft thick Almost the entire formation 
consists of conglomerate, but rare local mterbeds of 
sandstone or black slate as thick as 38 ft occur The 
matrix of the conglomerate 1s typically a fine- to coarse- 
grained, mueaceous graywacke Large rock fragments 
make up 5-10 per cent of the volume of the formation and 
consist of mamly rounded or sub-rounded pebbles, 
cobbles, and boulders as much as 3 ft long About I per 
cent of these rock fragments are limestone, and about 3 
per cent of the limestone pieces contam definite or possible 
fossils. Much of this material consists of famt, minute 
impressions of unknown classification visible on weathered 
surfaces, but some fragments contain archeocyathid-hke 
forms It 1s possible, but definitely not established, that 
these fossihferous limestone boulders were ongially 
derived from the bed near the top of the lower group that 
bears archzocyathid-like forms im place 

The youngest known bedrock formation m the moun- 
tains 1s a distinctive thin-bedded, dark grey unit about 
3,000 ft. thick The Polarstar Formation consists of mter- 
bedded slate, argilhte, 1mpure quartzite, and graywacke 
Only a few poorly preserved fossils have been collected 
from the lower and middle parts of the exposed section of 
the Polarstar m the northern Sentinel Range Curved 
fucoidal trails reach dimensions of 0 5 in. wide and 6 m 
long  Twig-hke impressions occur within 25 ft of the 
lower contact mm a basal black slate unit, but this material 
1s probably madequate for identification A slate and 
argilhte unit near the top of the section on the north flank 
of Mount Weems contains smooth arcuate trails up to 1 in 
wide and 18 m long on bedding surfaces Several speci- 
mens of probable plant stems or twigs were collected 
from the same bed, the largest measures about 1 im by 
10 m Cell structure is visible on some of these plant 
specimens, and a few preserve traces of carbonaceous 
matter 

In summary, a late Cambrian fauna is now known from 
near the middle of the Ellsworth Mountams stratigraphic 
section The oldest sedimentary rocks exposed there 
could also be Cambrian, but are more probably late 
Precambrian The youngest exposed bedrock formation, 
the Polarstar, ıs probably no older than middle Palzozoic 
and may be considerably younger The deformation, 
metamorphism, and uplift of the rocks of the Elsworth 
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Mountams post-date the deposition of the Polarsta: 
formation 
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Synthesis and Properties of Piemontite 


THE simplest member of the epidote group, the calcium, 
alummium end-member, has the structural formula 
Ca,Al AIOH. AIO 81,0; 810, (ref 1), common epidote 
forms through the replacement of part of the alummium 
by ferric iron, and in the piemontites manganese 18 also 
present The alummium, iron and manganese end-mem- 
bers will be written Cz, Ps and Pm 1espectively Common 
epidote ıs approximately Cz;jPs,, and piemontites range 
from Cz,,Ps,,Pm, to Cz, 9Ps,;Pm,, 

Piemontite and a manganiferous clinozoisite have been 
synthesized from oxide mixes and from glass at tem- 
peratures of 550°-650° C, and pressures of 2 1-4 0 kilobars 
The syntheses were carried out in cold seal bombs with an 
internal MnO,-Mn,0, buffer, and all runs were seeded 
with common epidote The best yield of premontite was 
obtained when coarse fragments of glass were used, 
these rapidly reacted to an aggiegate of piemontite 
crystals, which later, recrystallized to give large single 
crystals up to 100p m length Most crystals were 10—40y. 
long, and lay on well-developed (001) or (100) faces The 
crystals showed the characteristic piemontate pleochroism, 
and contamed up to 40 per cent (Ps+Pm) Rapid 
recrystallzation of Mn,O; occurred when oxide mixes 
were used, with consequent immobilization of the man- 
ganese, and formation of epidote or clinozoisite In one 
ease both epidote and clinozoisite formed from an won- 
poor mixture at 610°C and 21 kilobars All runs were 
made for an imitial period of 12-17 days, and the products 
of some runs were ground and 1e-run fo: similar periods, 
piemontite increased in proportion as the length of the 
run was incieased, and ıt appears to be a stable phase 
throughout the P-T region investigated The early 
disappearance of piemontite in regional metamorphism 
is probably attributable to reduction of oxygen partial 
pressure with increasing temperature, rather than to 
P-T conditions outside its stability field 

It has been shown! that the first position to be filled 
by iron ın the Cz—Ps series 18 the between-chain aluminium 
(Al) site, and that the AIOH and AIO sites in the chains of 
Al0,(OH), and AlO, octahedra which run parallel with the 
b-axis of epidote are comparatively free of iron Sinco a 
maximum of 33 3 per cent Ps can be accommodated in the 
alummuium site, epidotes with more than 33 3 per cent Ps 
must contain significant amounts of iron in other positions 
In fact, there 1s a pronounced break in the optical 
variation curves at about 275 per cent Ps, which may 
reasonably be correlated with the point at which substitu- 
tion into another site becomes predominant, this second 
site 1s tentatively identified with the AIOH site from a 
consideration of Ito’s! structure The optical variation 
curves show 2 second break at about 50 per cent (Ps+ Pm), 
which probably correlates with the onset of significant 
substitution into the AlO site The effects of Fe*+ or of 
(Fe,Mn)** on the optical and physical properties of 
epidote minerals have been estimated for the ranges 
0-27 5 per cent Ps, 275-50 per cent (Ps--Pm) and 50- 
60 per cent (Ps+ Pm), corresponding to substitution into 
the Al, AIOH and AIO sites respectively 
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Table 1 

Al AlOH AIO 
a 4- 0 0008 + 00034 — 00027 
B 0 0019 0 0031 — 00017 
y 0 0026 0 0032 0 0008 
ó 0 0018 — 0 0002 0 0019 
Density (g/cm?) 0 0038 0 0051 — 00035 
Volume (cm?/mole) 0 325 0 054 105 

Figures given are for merements of 1 per cent (Ps + Pm) Volume and 


density changes for the range 0-50 per cent (Ps + Pm) were calculated 
trom Sekrs data (ref 2), and for 50-60 per cent (Ps + Pm) from the 
observed density and analysis of the Langban muneral (ref 3) 


The results ın Table 1 imply that minerals of identical 
bulk composition ean exhibit & wide range of physical 
properties, depending on the manner m which iron and 
manganese are distributed between the sites Zambonini* 
has sought to explain the extreme variability of the optical 
properties of zoisite and chnozoisite m this way 

In epidote or piemontite formed at high temperatures, 
the iron and manganese will tend to be more evenly 
distributed between the sites, since the sites have very 
different volume characteristics, the distribution will also 
be pressure sensitive Epidote 18 thus one of the few 
minerals capable of simultaneous application as & geo- 
thermometer and as a geopiezometer Application of the 
phase rule shows that any observed distribution of won 
or manganese uniquely determines the presswe and 
temperature of formation, and is independent of the 
composition of the fluid phase 


Table 2 
Al AIOH AlO 
Tron 0 400 nil nl 
Manganese 0 425 0 675 0 285 
Aluminum 0125 0 325 0715 


A direct determmation of the uon contents of the 
Al, AlOH and AIO sites in the won-rich (47 per cent 
Ps) King Island epidote* 1s now being made by single 
crystal methods, the Langban piemontite?, with 59 6 
per cent (Ps+Pm), 18 also under investigation, but in the 
latter case rough estimates of the site populations are 
possible from the optical data, and are presented m 
Table 2 It has been assumed that all on entered the 
Al site, and that this site contained a total of 27 5 per cent 
(Ps+ Pm) 

I thank the University of Texas for a fellowship 
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GEOPHYSICS 


Rapid Advance of Glacier in Northern 
Ellesmere Island 


Orro Fror, on the north-west coast of Ellesmere Island, 
extends for about 100 km eastward and north-eastward 
from Nansen Sound The tide-water glacier at 1ts head m 
81° 20’ N , 84° 40’ W drains the 1ce cap between Tanquary 
Fiord to the south and Phillips Inlet on the north coast 
of the Island This 10e cap constitutes one of the most 
extensive, unbroken areas of land ce in the Canadian 
Arctic, and maintains a general elevation of 1,800 m over 
an area of about 2,000 km?, the Otto Fiord glacier 1s by far 
its largest outlet on the west side The glacier flows down 
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from the elevation of about 1,800 m to sea-level m & 
straight valley 35 km long and 4-6 km wide between 
rugged mountains and nunataks Neither glacier nor 10e 
cap has been visited on the ground 

In June 1963, on a fight from Emma Fiord near the 
mouth of Nansen Sound to the Defence Research Board’s 
field station at the head of Tanquary Fiord, I passed over 
this glacier and was impressed by 1ts very highly disturbed 
appearance with which very few glaciers in northern 
Ellesmere Island offer any comparison, In the lower 
25 km of 1ts course, the surface showed the intense crevas- 
sing of a fast-moving 1ce stream Subsequent exammation 
of air photographs taken m 1950 and 1959 showed a very 
remarkable change both of the surface and m the terminal 
extent of the glacier m the nme-year period All the 
crevassing had occurred during this period, all the surface 
melt streams so typical of glaciers in this region 1n summer 
had been obliterated, and stagnant marginal 1ce had been 
overridden The termmus of the glacier, grounded near 
soa-level m 1950, had by 1959 advanced about 3 km as a 
floating tongue with calving of many icebergs Consider- 
able breakaway of the tongue occurred m the period 
July 7-August 17, 1959, as shown by air photographs of 
these dates 

There 1s no doubt that the Otto Fiord glacier advanced 
catastrophically between 1950 and 1959 Unfortunately 
there ıs no photography or observation durmg the inter- 
vening period to mdicate when ths advance may have 
started, except for the observation by Dr. R Thorstemsson 
of the Geological Survey of Canada that there were very 
few icebergs m the outer 50 km of Otto Fiord m the 
spring of 1956 Tho cause of this advance 18 & matter of 
speculation, although similar advances have been recorded 
in Alaska, Svalbard, the Karakoram, Chile and elsewhere 
Previous catastrophic advances have been associated with 
a high annual accumulation, whereas measurements in 
northern Ellesmere Island mdicate a mean annual accumu- 
lation not exceeding 20 g cm It could reasonably be 
supposed that sudden glacier advances would be even 
more uncommon ın this area of low accumulation than 
elsewhere, in fact I have been unable to find any previous 
record of such an advance in the Canadian Arctic Robin? 
has shown that these advances may be cycle events, and 
that a rise from temperatures below melting pomt at the 
base of a glacier may provide the essential key to tho 
mechanism The deduction by Muller? of a temperature 
close to melting pomt m the lower half of a glacier m Axel 
Heiberg Island serves to emphasize the plausibility of the 
Robin hypothesis for sub-polar glaciers A further report 
on the Otto Fiord glacier, illustrated with photographs, 1s 
in preparation The likelihood of similar reactions by 
other glaciers in northern Ellesmere Island and elsewhere 
m the Canadian Arctic cannot be overlooked 
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GEOCHEMISTRY 


Evidence from Chemical Diffusion of a 
Climatic Change in the McMurdo Dry Valleys 
1,200 Years Ago 


LAKE VANDA (77° 35’ S, 161° 39’ E ) is 5 mules long, 
1 mile wide and occupies the lowest part of the Wright 
Valley, an ice-free valley m Victoria Land, Antarctica 
This lake has no outflow and 1s supplied from the east with 
melt water from the Wilson Piedmont Glacier via the 
18-mile-long Onyx River This River, under present 
climatic conditions, flows for only about sixty days every 
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A brief summary of the physical chemical structure of 
the lake 1s given m Fig 1. The top 1s covered by 12 ft of 
ice The region 11-55 ft and 125-160 ft has a salt 
gradient and must be weakly density stratified The 
region of 55-125 ft has a uniform temperature and uniform 
chemical composition, and 1s believed, from heat transfer 
considerations, to be a layer of strong convection The 
lower region of the lake below 160 ft ıs strongly density- 
stratified saline water which 1s considered, from heat flow 
considerations, to be non-convective? Detailed chemical 
analysis of the water m this region showed that ıt was 
principally a solution of calcium chloride The detailed 
chemistry of the lake 1s published elsewhere? 

It 1s interesting to speculate on the origin of the salt 
concentration gradient m the lake The only reasonable 
explanation seems to be that at some period in the past the 
climate was such that the Onyx River did not supply 
appreciable water to Lake Vanda Under these conditions 
the lake-level would have dropped until only a few feet of 
concentrated calcium chloride remamed When the 
climate changed, the Onyx would flow durmg the summe: 
and fresh water would have flowed on top of this stiong 
salt solution Since that time the calcium chloride has 
been diffusmg upwards If such a model ıs assumed, 1t 1s 
possible to calculate the time m the past when this 
climatic change occurred 

If 16 1s assumed that Lake Vanda has a flat bottom and 
vertical sides and that at zero time all the calcium chloride 
is concentrated in a layer of neghgible thickness on the 
bottom, then the concentration profile at time £ 1s given 
by? 

c M M 
= (Dn: ? àpt 
where C ıs the concentration of calcium chloride at 
distance À from bottom after an elapsed time t, A = dis- 
tance above bottom, D = diffusion coefficient of calerum 
chloride = 068 em?/day at 10? C (ref 5), M = total 
mass of calcium chloride per unit area The calculated 





















































Fig 1 profiles for ¢ = 500, 1,000, 1,500 and 2,000 years are given 
in Fig 2, together with the experimental 
5 data No corrections have been made foi 
bathometry The bottom of the lake 1s 
3 iemarkably flat, and the depression which 
E a D^ "n the lake occupies has very steep sides? 
z Bathometiie corrections would raise the 
g | values in the upper part of the lake It is 
E] T N | quite clear that the climatic change occurred 
$ s : F=f} e- —-—e  Expenmental Data about 1,200 years ago Accwate bathometric 
3 a she catio: Tonceni raten data could ineresse the precision of this 
2 Up ; ! Brofies calculation 
g s RY RT In the calculation the initial depth before 
a 2 ee ee S E a VM an the mflow is taken as bemg negligible If 
* B = | | | 2000 Yers this had been taken as any significant depth 
P= eS | the gradient near the bottom of the lake 
3 A A rm ] 2. would have been flatter The experimental 
à EA TRA | : results suggest that the lake was indeed of 
l | ee RI Qoi i small volume at the tıme of change in chmate 
| | Oe Ei. | and also that this change was ielatively 
0 | yin at esse) — sharp and definite 
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 I thank Mr J Sharman foi assistance, the 
Feet above bottom US Antarctic Research Piogram for tians- 
Fig 2 port, and the Victoria University of Welling - 
ton Grants Committee for financial assist- 
summer The lake ıs 218 ft deep, but there are old lake- ance 
levels suggesting that the lake was 370 ft deep at some A T WirsoN 
timeinthe past In the summer of 1960-61 Armitage and Victoria Umversity of Wellington, 
House discovered that the bottom waters are warm and Wellington, 
highly saline? New Zealand 


Wilson and Wellman studied the heat balance? and 
chemistry of the lake and the geology of the surrounding 
area during the first half of December 1961. This com- 
munication deals with the paleochmatic mplheations of 
the chemical gradients found m the lake 


1 Armitage, K B , and House, H B , Lwunnol and Oceanog , ?, 36 (1962) 
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METEOROLOGY 


Variations in Ozone associated with the 
Oscillations of Equatorial Stratospheric Wind 


THE recent discovery by Ebdon and Veryard*? and by 
Reed et al? of a biannual oscillation in the equatorial 
stratospheric winds has aroused considerable mterest m 
the physics and dynamics of the stratosphere It is now 
well established that the zonal winds in the stratosphere 
over the equatorial regions of the entire globe alternate 
m direction between east and west, one cycle of reversal 
taking a period of about 26 months An oscillation of a 
sunilar period has been observed ın the equatorial strato- 
spheric temperatures also Further, there 1s evidence from 
available aerological observations that the biannual wave 
IS propagated slowly downwards from a level at about 
30 km or perhaps even higher 
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a limited series of ozone observations The concept of a 
short-period normal appears to be justified 1n view of the 
fact that the pattern of annual variation at each of the 
stations under study followed more or less the same trend 
from year to year Such an analysis was made in the case 
of four stations, namely, Abu/Ahmedabad and Kodaikanal 
in the northern hemisphere and Brisbane (27 5° S) and 
Aspendale (38? S ) m the southern hemisphere The results 
for the Austrahan stations covered the five-year period 
1957-61 The results in respect of Kodaikanal and 
Brisbane are shown ın Fig 1 wherem the 3-month over- 
lapping means of anomalies have been plotted The most 
strikmg feature of the diagram 1s the mutually inverse 
nature of the long-period variations at the two stations 
Durmg epochs when the ozone content (corrected fo: 
annual variations) mncieased in the northern hemisphere 16 
appears to have decreased in the southern hemisphere 
The quasi-period of approximately 25 months 1s discernible 
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Fig 1  Year-to-year variation of ozone in the two hemispheres (after correcting for seasonal variation) 








1960 1961 1962 


x, Kodaikanal 


0°N), O, Brisbane (27 5°S ) 


The region in the equatorial stratosphere which 1s most 
affected by the oscillation (25-30 km) happens to be one 
where the absolute concentration of ozone 1s also high 
As vertical motion in this region can affect the total ozone 
content, 1t 18 only logical to examine whether there are 
any systematic variations in ozone parallel with the 
26-month wind oscillation Funk and Garnham* have 
very recently reported a 24-month cycle in the total ozone 
content at Brisbane (23 5? S) and Aspendale (38? S ) in 
the southern hemisphere Evidently this ozone oscillation 
and the equatorial stratospheric wind oscillation, which 
have nearly identical periods, are inter-related 

With the view of detecting a similar ozone oscillation in 
the northern hemisphere, the ozone data of Kodaikanal 
(10° N ) and Abu (24° N )/Ahmedabad (23? N ) for the 
period 1958-62 were analysed The biannual oscilla- 
tion could be clearly traced at Kodaikanal but has been 
found to be considerably distorted at Abu/Ahmedabad 
Far more significant than the oscillation itself is the new 
result that the year-to-year fluctuations of ozone at 
Kodaikanal (coriected foi annual variation) are almost 
exactly out of phase with those at Brisbane m Austraha 
(27 9*8) 

The analytical procedure adopted for this investigation 
was briefly as follows Since each station has its own 
distinct pattern of annual variation dependmg on its 
location, it was considered necessary to elimmate this 
effect fiom the observational serres From the monthly 
mean ozone amounts foi the five consecutive years 1958— 
62, short-period &aveiages or ‘normals’ were calculated 
for each month With respect to such normals, the 
departure or anomaly for each month of each year was 
obtained This procedure was all that could be done with 


at both the stations with mverse phases Dung the 
period September 1959-February 1960, there have been 
some anomalous changes, too, but these have also been of 
opposite signs in the two hemispheres ‘To express the 
relationship more quantitatively, correlation coefficients 
between the contemporaneous smoothed monthly anom- 
ahes at each pair of stations were worked out, each 
coefficient bemg based on 48 pars of values covering four 


yeais These are given m Table 1 
Table 1 
Aspendale Brisbane Kodaikanal 
Abu/Ahmedabad - 039 — 068 + 053 
Kodaikanal — 086 — 086 m 
Brisbane + 088 = = 


The ozone variations between Kodaikanal on one hand 
and Brisbane and Aspendale on the other are significantly 
correlated negatively Those between Brisbane and 
Aspendale are also significantly correlated positively, as 18 
to be expected These results indicate that the variations 
in ozone at all the three stations are mutually connected 
and seem to suggest the existence of large-scale intei- 
hemispherical circulations m the stratosphere In the 
northern hemisphere, the 26-month ozone oscillation does 
not seem to extend beyond 20° latitude whereas in the 
southern hemisphere ıt extends at least as far south as 
latitude 40? Further details of this investigation will be 
published elsewhere S RANGARAJAN 


Meteorological Office, 
Poona 5, India 
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CRYSTALLOGRAPHY 


Crystal and Molecular Structure of N-Methyl 
Cytosine 


In the nucleic acids, cytosine 1s connected to a sugar 
residue through N, of the pyrrmdme rmg Here we 
describe the results of an X-ray diffiaction analysis of 
crystals of N,-methyl cytosme The presence of the 
methyl group makes ıb likely that the molecule has the 
same tautomeric form as m the nucleic acids This 
molecule crystallizes m hydrogen bonded pairs, as 1s 
commonly found for purmes and pyrimidines, but the 
structure 1s unusual m that the two bases do not he in the 
same plane 

The molecule crystallizes from water as triclmic crystals 
m space group Pj witha = 6 09 Å, b = 6 82 Å, c = 701A, 
a = 95 47°, B = 8448? andy = 10000° The observed 
crystal density 1s 1 450 gm/em?, the calculated crystal 
density is 1455 g/em® assummg two molecules per unit 
cell Duffraction data were collected about the b and c 
axis with copper Ka X-rays using the Weisenberg camera 
with and without mtegration Some of the c-axis data 
were collected by R Poljak The mtensities were estim- 
ated visually and 880 non-zero reflexions were recorded 
out of the 1,300 possible m the copper sphere All com- 
putations were carried out on an IBM 7090 

The structure was solved by means of a three-dimen- 
sional Patterson function which showed prominent six- 
membered rmgs ‘The relative positions of the two centro- 
symmetrically related molecules were determmed from 
the largest interatomic vector peak m the Patterson 
synthesis, and a three-dimensional trial Fourier was 
calculated phased only on six equal rmg atoms This 
revealed the other three atoms, and the structure was then 
refined by the method of least squares Isotropic refine- 
ment was carried out until the residual factor E was 
reduced to 0 156, following that, hydrogen atoms as well 
as anisotropic temperature factors were mtroduced and 
R dropped to 0 115 

The unit cell contains two N-methyl cytosme rings 
more or less on top of each other, separated by a spacmg of 








~~ sna 











Fig 1 A bounded Fourier projection down the b-axis through one-third 

of the unit cell Molecules in four unit cells are shown to illustrate the 

network of hydrogen bonds ‘The heavier lines on the right are 15 
closer to the reader than those on the left 
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Fig 2 A projection down the c-axis showing the van der Waals out- 
line of the hydrogen bonded pairs of molecules The planar pyrimidine 
ring 1s seen end-on Solid lines represent the covalent bonds, solid 
circles are carbon atoms, open circles are nitrogen and oxygen atoms 
Hydrogen bonds are shown by dashed lines It can be seen that the 
two flat hydrogen bonded molecules are on planes displaced by 15 À 


3 4 A, and oriented approximately perpendicularly to the 
b axis The b axis ıs 6 82 A, and thus all the pyrmidme 
rings are separated by a 34 A spacing along the b axis 
Each molecule m the unit cell ıs connected by two hydro- 
gen bonds across a centre of symmetry to a molecule mn an 
adjomung cell along the a axis The two molecules liked 
by hydrogen bonds he on planes which are parallel to each 
other but which are separated by a distance of 1 5 Á along 
the b axis The two hydrogen bonds between the mole- 
cules are from the amimo-group to the ring nitrogen 
atom (N,) and are 304 Along In addition, the amino- 
group 1s also connected by a hydrogen bond to the 
oxygen atom of the next molecule related by a tianslation 
along the c axis This is seen m Fig 1, which shows a 
bounded Fourier projection perpendicular to the b axis. 
The heavier atoms on the right side indicate that those 
molecules are 1 5 A closer to the reader than those on the 
left The molecule itself ıs planar with all non-hydrogen 
atoms lying close to the least squares plano 

Fig 2 shows a projection down the c axis In this view 
the hydrogen bonded pair 1s seen end-on Sold lines 
represent the covalent bonds and circles show the positions 
of the atoms Hydrogen bonds connecting the two rings 
are indicated by dashed lines, and the molecules are out- 
lined by the van der Waals radu of the atoms This 1s an 
unusual molecular packing for planar heteiocyche mole- 
cules which are held together by two or more hydrogen 
bonds In most crystal structures where purmes, pyrimud- 
ines, or ther intermolecular complexes crystallize together 
m hydrogen bonded pairs, both molecules he m the same 
plane This has been observed m the hydrogen bonded 
pyrimidines N-methyl uraci!, N;-methyl thymine’, 
uracil’, cytosine-5-acetic acid’, as well as m the purmes, 
adenine hydrochlonde* and guanine hydrochloride’ 
Purie-pyrimidine mtermolecular complexes are also 
coplanar or nearly so, as m N,-methyl adenine + N,- 
methyl thymme’, N,-ethyl adenme + N-methyl uracil, 
N,-ethyl guanme + N,-methyl-5-bromocytosme® and 
N,-ethyl guanme + N,-methyl cytosme! In addition it 
is beheved that the nucleic acids have only coplanar 
hydrogen bonded base pairs 

In order to learn more about the hydrogen bondmg m 
this structure, a difference Fourier was calculated and all 
the hydrogen atoms were located Thus revealed that the 
amuno-group was not in a planar trigonal configuration 
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One hydrogen atom attached to the ammo nitrogen 1s m 
the plane of the rng, and the N-H. bond points towards tho 
carbonyl oxygen (O+) of the next molecule along the c axis 
In contrast, the other hydrogen atom of the ammo-group 
18 situated ın a position such that the N-H bond makes an 
angle of about 30? with the plane of the molecule How- 
ever, this N-H bond points to within a few degrees of the 
ring nitrogen (N,) 3 04 A away m a neighbouring molecule 
Thus the proton 1s m a normal position for formmg a 
hydrogen bond between the two nitiogen atoms Although 
the amino-group 1s not m a planar trigonal configuiation, 
the bond length C,-N, 1s none the less shortened to 1 35 A 
+ 0005 A, as had been predicted for cytosme m the 
nucleic acids!! and found m N,-methyl cytosine hydro- 
bromide!” 

The molecules are closely packed m this crystal, and 
there are van der Waals contacts between methyl groups 
which can be seen in Fig 2 It is quite likely that this 
arrangement arises from optimizing the stabilizmg energy 
obtained from the packing of molecules even if ıt does not 
mmumize the energy associated with the configuration of 
the amimo-group 

This work was supported by grants from tho US 
National Institutes of Health and the National Science 
Foundation 
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Unit Cell and Space Group of 
Seleno-urea 


A PRELIMINARY X-ray investigation of the crystal 
structure of seleno-urea has been made The crystals are 
hexagonal white needles, elongated along the c axis The 
values found for the unit cell dimensions are a = 15 34 + 
002 Å, c = 1299 + 002 Å The number of molecules 
per umt cellis N = 27, calculated value 27 08, for a 
density of 2 1 gje e 

The lattice constants were determined from Wessen- 
berg photographs, on which tho diffraction pattern of a 
copper wire was superimposed for calibration While the 
reflexions give an apparent D, symmetry, careful 
examination of the intensities showed the symmetry to be 
consistent with the space group C$ — Ps, 
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Chemiluminescence from Dissolved Oxygen 


RED chemilummescence corresponding to about 40 keal, 
mol, and attributable to the forbidden transition 
x —- 3X, of the oxygen molecule, has been observed in 
three recent imvestigations!, but no explanation of the 
effect has been presented These involve organic hydio- 
peroxides or oxidations with hydrogen peroxide and also 
the reaction of hydrogen peroxide with HCIO In contrast 
with this, decompositions of hydrogen peroxide catalysed 
by copper ions or by platinum show no trace of the effect 
and in the photochemical decomposition of ozone ground 
state oxygen molecules are formed with vibrational 
energies up to 70 kcal/mol (ref 4) The state of newly 
formed oxygen molecules ıs evidently not determined 
solely by energy factors Since m the thermal decomposi- 
tion of an organic peroxide to a ketone (or quinone) 


H 
P 
o 
H o^ O 
NA —— l + H,O 
ZN Z/N 


about 70 kcal/mol is liberated it ıs very possible that the 
ketone (K) 1s formed ın its triplet state The spin-allowed 
reaction * + ?O4, — 1K + 10, would then account for 
the formation of singlet excited oxygen molecule 
E J Bowen 
Physical Chemistry Laboratory, 
Oxford 
1 Khan, A u , and Kasha, M, J Chem Phys , 89, 2105 (1963) 
* Bowen, E J, and Lloyd, R A, Proc Roy Soc, A, 275, 465 (1963) 
3 Bowen, E J, and Lloyd, R A, Proc Chem Soc , 805 (1968) 
‘McGrath, W D ,and Norrish, R G W , Proc Roy Soc , A,254,317 (1960) 


A Lithium - Scandium - Molybdenum(IV) Oxide 


THE structure of compounds 4,Mo,VO,, where Alf 
may be Mg, Mn, Fe, Co, Ni, Zn, and Cd, has been reported! 
In this structure the divalent cations occupy both tetra- 
hedral and octahedral holes The arrangement leads to 
fairly large deviations from Pauling’s electrostatic valence 
1ule Sums of strengths of the electrostatic bonds to 
oxygens range from as low as 13 to as high as 24, though 
the high figure apphes to only two of the sixteen oxygens 
in the unit cell 

The two different kinds of sites fo: the divalent ions 
suggest the possibility of testing for site preference on the 
basis of cation charge and/or size The charge distribution 
could be changed by usmg a monovalent ion and a tri- 
valent 10n rather than two divalent ions If the tetra- 
hedral holes were occupied by the monovalent ions and the 
octahedral holes by the trivalent ions, the charge distri- 
bution would beimproved the electrostatic bond strength 
sums would then range from a low of 1j to a high of 2] 
(If the monovalent ion were tho smaller 10n, the relative 
sizes should also favour the occupancy of the tetrahedral 
sites by the monovalent ions and the octahedral sites by 
the trivalent ions ) 

Although several combmations of mono- and tri-valent 
1ons were tried unsuccessfully, a product was obtained 
with the reagents Li,O, Sc,0,, and MoO, m the mole 
ratios of 1 1 6 The sm!0 values for the low-anglo 
powder diffraction lines of the compound are listed in 
Table 1 Interestingly, the les of this pattern can almost 
be indexed on the basis of a simple cubic cell with a= 4 9A 
However, the cubic 211 Ime is rather abruptly missing, 
and a hne corresponding to the forbidden value 7 for 
h? + k? + R (=N) 1s present Doubling the values of 
h? + k? + I mn order to avoid the number 7, by using a 
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Table 1 
Cubic Cubict Hexagonal 

lutensíiby — sin?0 (obs) sim*0 (cale)  A*-- At Akl hkl T 

vs 0 0236 0 0241 1 100 100,001 

ts 0 0480 0 0483 2 110 101 

m 00727 00724 3 111 110 

73 0 0905 0 0966 4 200 200,002 

v8 0 1204 01207 5 210 261,102 

m- 0 1687 0 1690 7 — 210 

vg 0 1927 0 1931 8 220 11 

ni 0 2175 0 2173 9 800,221 300,003 

mr 0 2413 02414 10 310 301,103 

wt 0 2661 Q 2655 11 911 212 

mt 0 2901 0 2897 12 222 220,113 

8 0 3143 0 3138 13 320 302,203 

w 0 3375 0 3380 14 321 $11 

mt 0 3870 0 3862 16 400 400,004 
*a=49Å 


Ta=574,c=49Å 


Table 2. PARTIAL COMPARISON OF POWDER PATTERNS FOR ZN,MO,0, AND 
LrS8c-Motv OXIDE 


Zn4,MojO, Ti-Se-Mor* oxide 

hki* Intensity sin70 Intensity sin*8 
100,002 v8 0235 v8 0236 
10i m 0293 — 
102 vs 0479 vs 0480 
110 w 0705 m 0727 
103 m 0773 aa 
200,004 v6 0950 v8 0965 
201 ve 1007 ba 
202,104 m 1186 v8 1204 
203 vs 1489 — 
210 w 1660 mo 1687 


*g 58,c= 99 for ZnsMo,0, 


body centred cubic cell, leads to another forbidden line 
at N= 28 

A comparison of sin*0 values for the new compound 
with those of Zn,Mo,0, 1s given ın Table 2 It :s obvious 
that the similarity ıs very strong, except that certain 
important Imes of Zn,;Mo,0, are missing on the pattern 
of the new compound ‘The indices for these missing lines 
have odd values for! The clear 1mphieation 1s that the 
new compound ıs very similar to Zn;Mo;O,, except that 
the c axis for the new compound ıs only half aslong Since 
the Zn,Mo,0, compound 1s hexagonal and repeats ın four 
oxygen layers m the c direction, the new compound should 
also be hexagonal (or trigonal) but should repeat in only 
two layers 

We are thus led to postulate the formula LiScMo;O, for 
the new compound, and to postulate for 15 the structure 
shown m Fig 1 As in Zn,Mo,0,, the figure shows rings 
of three molybdenum tons with thew oxygen octahedra, 
sharing edges However, there 1s no screw axis operation, 
but rather a simple repetition after two layers 





0, @ «S, Os, Su 


Fig 1  Postulated stiucture corresponding to Li$cMO,0, 
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One may ask why, if this postulate is correct, & four- 
layer repeat sequence should be used in the A,JIMo,0, 
compounds A possible explanation would be that, through 
the operation of the screw axis, there 1s obtamed a better 
distribution of the oxygens with large excess electrostatic 
bond-strength, that 1s, these oxygens are distributed more 
uniformly, with greater separations, throughout the unit 
cell It should be pointed out, however, that there 13 no 
change m the local charge balance picture 

Our present 1ntention 1s to prepare a larger, and purer, 
sample of this compound for analysis, density determina- 
tion, and structure proof So far, smgle crystals have not 
been obtained One difficulty with chemical analysis 1s 
the tendency to get back the analysis which corresponds 
to the mitial reaction mixture The starting composition 
does correspond to LiScMo,0,. The possibility of site 
preference on bases other than charge will also be mvesti- 
gated To this end the compound (Mg,Cd).Mo,0, has 
been prepared 

This work was supported by the National Science 
Foundation 

PavnL C DonoHvuE 
Lewis Karz 
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(Re;Cliip- Anion and Other Trinuclear 
Complexes of Re(HI) 


Tue nature of the chloroanion of trivalent rhenium has 
been of interest for several years m. view of a possible spin- 
paired tetrahedral stereochemustry!. However, recent 
studies of the crystal structure of the compound of com- 
position CsReCl, have established the existence of an 
anion (Re,Cl;;)?- with a triangular arrangement of strongly 
bonded rhenium atoms’? (The most recent communica- 
tion? of the configuration of the (Re;Cl,,)?- anion reports 
bond-lengths and angles which agree with our own refined 
values withm experimental error As these results have 
been derved from more complete experimental data and 
refined further than our own (R = 78 per cent for 580 
reflexions, compared with R = 14 7 per cent for 453 reflex- 
1ons) they have been quoted in this communication) An 
earlier investigation by one of us (J E F), using a 
range of cations, led to the isolation of the complex 
(Ph,As),Re,Cl,, We have now made an X-ray analysis 
of this compound and obtained results which complement 
those from the cesium compound in à most interesting 
way 

Crystals of (Ph,As),Re,Cl,, are trielinie with the centro- 
symmetric space group PI For convenience in indexing 
the X-ray reflexions we have chosen a non-reduced umt 
celi of dimensions a = 1201, b = 2622, c = 987 A, 
a = 886°,8 = 66 2°, y = 105 4° The measured density 
> 195 g em-? and for two formula units per cell the caleu- 
lated density 1s 210 g era? Ehenium atom positions 
were established from projections of the Patterson function 
on (001) and (160) Arsenic and chlorine atoms were then 
located by three-dimensional electron density difference 
functions The positional and isotropic thermal para- 
meters of the three rhenium, two arsenic and eleven chlor- 
me atoms were then adjusted by means of one cycle of 
full-matrix least squares refinement using 2,495 observed 
X-ray reflexions The R-factor for all these reflexions 1s 
020 and the mean standard error m an individual 
chlorine coordinate is 0 03 Å A difference map evaluated 
followmg the least squares refinement showed no residual 
peaks higher than would be expected from mdrvidual 
carbon atoms except in some regions within 2 A of 
rhenium atoms where the highest spurious peak corie- 
sponds to about two-thirds of the height of a chlorme 
atom. 
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The structure of the (Re,Cl,,)?- anion 1s shown m Fig 1 
with the (Re,Cl,,)*- structure for comparison It is 
clear that the two structures are essentially the same 
except for the lack of one termmal chlorine atom m 
(Re,Cl,,)?- and a consequent reduction in its symmetry 
from D,, The space group PI does not require any 
symmetry of the (Re;Cl,,)?- 10n but ıt does show Cov 
symmetry within limits of error AH mteratomic dis- 
tances ın this 10n are crystallographically independent m 
contrast with the situation in the (Re,Cl,.)?-10n Lengths 
and angles relevant to the subsequent discussion are listed 
ın Table 1 All are mean values 





(ResClis)*- 


(ResCly)*- 


Fig 1 

There 1s evidence of considerable strain in the (Re;Cl,,)?- 
amon ‘Thus the angle between Re—Cl (out of plane) and 
the rhenium plane deviates significantly fiom 90°, and the 
terminal in-plane chlorine atoms make significantly 
longer bonds with rhenium than do any of the other 
chlorines It mght have been anticipated, therefore, that 
the loss of one chlorme would have been accompanied by 
a change to give a symmetrical anion with a consequent 
reduction ın the strain That such a change has not 
occurred strongly suggests that the stability of both 
anions 1s due mainly to the bonding system within the 
Re, triangle which 1s strong enough to outweigh con- 
siderable strain in the bonds external to ıt The loss of 
one terminal chlorme atom, which results in some signifi- 
cant change m bond lengths and bond angles (Table 1). 
would seem to be a consequence of the packing 1equire- 
ments of the large (Ph,As)* cations in the crystal lattice 

The persistence of the trmuclear rhenium arrange- 
ment is indicated by the close sumiarity of the visible 
absorption spectra for the solid-state and solution for the 
compounds ReCl,, Cs;Re;Cl, ,, Rb;Re;Cl;;, (Ph,As),Re;Cl,;, 
ReCl,Ph,P, (Ph,MeAs);Re;Cl;, and Co(en);Re;Cl,; 

Variation in the number of bonded chlorine atoms oi 
replacement of chlorine by triphenylphosphine in the 
anion does not affect the spectra significantly These 
observations suggest that the essential framework is of 
composition Re,Cl, with three bridging chlorines and also 
three terminal chlormes on each side of the rhenium plane 
With suitable choice of conditions 1t should therefore be 
possible to prepare salts of the as yet unobserved anion 
(Re;Clo)- 

The bonding in both (Re4Cl1,,)?- and (Re,Cl,,)*- and also 
ın the hypothetical (Re,Cl,,)- and Re,Cl, can be simply 
explained in terms of seven-fold co-ordmation about Re 
as distinct from the six-fold octahedral basis proposed by 
Bertrand etal? Each rhenium atom would direct seven 
dsp? hybrid orbitals to the corners of a distorted pent- 
agonal bipyramid Two of these orbitals would be singly 


Table 1 (Be,01 
Clr)? — (ResClig)*= 

Re-Re 246 Å 247À 
Re-Cl (bridging) 241 239 
Re-Cl (terminal in plans of Re atoms) 253 252 
Re-Ci (terminal out of plane of Re atoms) 

On Re (1) and Re (2) 230 

On Re (3) 219 } 236 
C1-C1 (non-bonded out of plane atoms) 319 328 
Cl (bridging) —Re—Cl (bridging) 

On Re (1) and Re (2) 183° o 

On Re (3) 176° | 1 
CI (terminal)—Re—Cl (terminal) 

Out of plane of Re atoms 158° 158° 
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Table 2 VISIBLE ABSORPTION SPECTRA 


Compound Solution Solid-state 
Amax, M4 Emax? Amox MH 
ReCl, 5134 1,334 500 
750 613 7504 
Cs,Re;Cl;s 515^ 1,284 530 
150 348 7804 
Rb;Re;Ch; 530 
7804 
(Ph,As)sResClir 510¢ 1,630 530 
760 590 7804 
ReCI;Ph,P 5104 1,998 530 
[Co(en);]Re;Cl. de as D 
€n)5] X65 Ud1a 
7904 
(Ph;MeAs),ResClis 530 
7804 


(a) In ethanol, (b) m hydrochloric acid, (c) extinction coofficients caleu- 
lated using trimeric formula, (d) the band at 750-790 mg 18 very broad 


occupied and would overlap with similar orbitals in the 
adjacent 1henium atoms to form c-bonds The remaining 
five vacant hybrid orbitals would be available for the 
formation of dative o-bonds from chlorine atoms Where 
there ıs a deficiency of chlorme one of these rhenium 
hybrid orbitals may remam vacant This leaves two 
electrons on each Re atom in two orbitals which can form 
x-molecular orbitals and accommodate the total of six 
electrons, thus accounting for the short Re-Re distance 
Calculations were carned out on the University of 
Canterbury IBM 1620 computer and on the IBM 7090 
computer at the Weapons Research Estabhshment 
Adelaide, South Australia We are grateful for pro- 
grammes supplied by other 1620 users which complement 
those we have written here We also thank Miss J H 
Gainsford and Mr B H Robison for determining visible 
absorption spectra, and the New Zealand Universities 
Research Commuttee for grants for equipment and a 
research fellowship (to W T R) 
J E FERGUSSON 
Bruce R PENFOLD 
Warp T ROBINSON 
Chemistry Department, 
University of Canterbury, 
Christchurch, 
New Zealand 
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2 Robinson Ward, T , Fergusson, J E , and Penfold Bruce, R , Proc Chem 
Soc , 116 (1963) 
? Bertrand, J A ,Cotton,F A ,and Dollase,W A ,J Amer Chem Soc ,85, 
1349 (1963) 
4 Fergusson, J E ,Ph D thesis, Univ London (1960) 


Carbonate Substitution in the Apatitic 
Lattice 


Ir has recently been demonstrated in our laboratories 
that pyrophosphate groups, which are formed on heating 
between 100° and 600? C in hydrated tricalerum phosphate, 
disappear at a higher temperature’?; the transformation 
of one P,O,!- group into two PO4?- groups 1s accompanied 
by the departure of a water molecule, and the apatitic 
crystalline lattice ıs transformed into a rhombohedric 
lattice 


Cay(PO,)s OH Os. 
O — H,O + 2 Ca (PO,)s 


rhombohedric 
lattice 


(1) 
Ca,(PO,), OH 0,P/ 
apatitic lattice 


When hydrated trieglerum phosphate 1s associated with 
an alkaline—earth metal, either as carbonate or hydroxide, 
another mechanism through which pyrophosphate groups 
disappear has also been described’, ıt corresponds to a 
direct oxidation of the P,O,'- into PO,?-, as follows 


Ca,(PO,), OR. O.P 
O + 2X0 — 2C84,,(PO,), (OH), (2) 


Ca,(PO,), OH 0,2” 
&y(PO,), OH O; X = Ca, Sr, Mg 
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This reaction occurs even at temperatures below the tem- 
perature of decomposition of the alkaline—earth compounds 
associated with hydrated tricaleium phosphate and always 
at a temperature lower than that at which the transforma- 
tion of the apatitie lattice into a rhombohedric lattice 
occurs (1). In particular, this reaction has been found to 
occur for strontium carbonate already at 300° C. The 
temperature of decomposition of strontium carbonate is 
1,350° C. 

The efficiency of reaction (2) is demonstrated by the fact 
that a system (hydrated tricalcium phosphate + strontium 
oxide) with a molar ratio equal to 1-66, contains only 0-10, 
0-70, 0-04 per cent pyrophosphate respectively at 300°, 400° 
and 500° C. After thermal treatment at 500° C, the per- 
centage of pyrophosphate in systems (hydrated tricalcium 
phosphate + strontium carbonate) and (hydrated trical- 
cium phosphate + strontium hydroxide) is respectively 
8-92 and 7-44 per cent versus 15-64 per cent in tricalcium 
phosphate heated alone at the same temperature. Above 
600° C, the reaction described by Winand and Duyckaerts 
(1) should occur in these systems and infra-red absorption 
bands comparable with the phosphate bands of p-trical- 
cium phosphate (rhombohedric lattice) should appear. 


"T 


Table 1 
Phosphate bands Carbonate bands 
c wave numbers (cmt) wave numbers (cm-!) 
P4,0; after thermal after thermal 
500°C treatment at 900°C treatment at 900°C 
Hydrated tricalcium 
hate + stron- 
ium oxide 0-04 1,090, 1,040, 962 — s — 
Hydrated tricalcium 
+stron- 744 1,117, 1,085, 1,040, — — — 
ium hydroxide 965, 943, 938 
H ted tricalcium 
phate + stron- 
tium carbonate 892 1,090, 1-040, 962 1,449, 1,402, 871 


Infra-red spectrophotometry indicates that reaction (1) 
occurs in the system (hydrated tricalcium phosphate + 
strontium hydroxide) but does not occur in the system 
(hydrated tricalcium phosphate + strontium carbonate), 
as shown in Table 1. Actually one finds, after treatment 
at 900° C, absorption bands comparable with the bands 
characteristic of §-tricalcium phosphate only in the 
spectrum of the system (hydrated tricalcium phosphate + 
strontium hydroxide); the system (hydrated tricalcium 
phosphate + strontium carbonate) does show such bands; 
on the contrary, the phosphate bands are identical with 
the bands found in apatitic phosphates. In this latter 
case, the carbonate bands are comparable with the bands 
of a type II earbonate-apatite*, indicating that the CO, 
group has been introduced within the apatitie lattice of 
hydrated tricalcium phosphate, and not only at the 
surface (type I carbonate-apatite). 

Because the incorporation of CO, groups within the 
lattioe of hydrated tricalcium phosphate prevents its 
transformation into a rhombohedrie lattice, one can then 
propose in this ease the hypothesis of a substitution 
of hydroxyl by carbonate groups. It will be necessary 
to determine the value of the a and c parameters of the 
apatitie lattice by X-ray diffraction to confirm or disprove 
this hypothesis. 

'This work was supported by grants from the National 
Institutes of Health (DE-00878-03 and —04), and the 
School of Aviation Medicine through the European Office 
of the Air Research and Development Command (contract 
AF EOARDC-61-26). 
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BIOPHYSICS 
Transverse Markings in Strained — — 
Fibres 


EviDpENCE has recently accumulated showing that when 
fibres of materials as chemically diverse as cellulose, 
polyamide, polyester, polyethylene and polypropylene are 
submitted to tensile strain, transverse lines, visible under 
the microscope, are produced!. These were at one time 
thought to be due to fissures, but the formation of trans- 
verse fissures in structures built up of axially oriented 
long chain molecules seemed improbable, nor is their 
formation associated with any marked loss of stress- 
sustaining power in the materials. 

The position is clarified, for polypropylene, by evidence 
recently submitted? that the transverse lines are formed by 
transversely stacked, axially attenuated voids. Fig. la 
shows a line structure developed by straining undrawn 
polypropylene filament at a rate of 8 x 10-* soc-! at 65 
per cent relative humidity to about half its breaking 
extension. Higher magnification (Fig. 15) suggests that 
the lines are formed by transverse rows of discrete voids. 
The production history of the filament and its condition 
during straining, and particularly the rate of strain, 
materially affect the spacing and intensity of the markings. 
Fig. le shows a drawn polypropylene filament strained to 
the breaking point at a rate of 1-6 x 10-* sec-! in water at 
95° C. The transversely arranged voids are on à much 
coarser scale, but we believe that the mechanism of void 
formation may be similar in each instance. 

We consider that each transverse row of voids represents 
a strain band somewhat analogous to those in crystal 
specimens except that here, in a partially crystalline 
polymeric substance, a series of alternate necks and voids 
has propagated across the structure; there is, however, 
no evidence to suggest that this structure is present in the 
unstrained fibre. The surface of the filament in Fig. le and 
the surfaces of strained filaments from several other 
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. a(x c. 160); b(x c, 670); ¢ (x c. 885) 
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polymers, including polyamides, polyesters and poly- 
ethylene, are found to be corrugated, with depressions 
Slice the transverse bands moet the surface; we explain 
corrugation as the result of micro-neck regions 

` iately adjacent to the surface. 
The variation in lateral dimension of the filament from 
place to place provides, moreover, a clue to a possible 
ism of the formation of void stacks. Tt is reason- 
able to associate increase in axial orientation in a filament 
with lateral contraction and, conversely, lateral con- 
traction with increase in axial orientation. It is unlikely, 


~ because of local variation in bond strengths, that a filament 


undergoing strain will achieve uniformly higher orientation 
in all parts of its molecular structure. If, therefore, we 
suppose that a region at A in Fig. 2 becomes more axially 
oriented than the surrounding mass, tensile stresses, due to 
restraints on the lateral contraction in region A imposed 
by the less-oriented material at B and B’, will be set up on 
neighbouring planes /-1 and m-m as depicted. If these 
stresses result in cleavage, voids will be formed at C and D. 


- The displacement of those surfaces of the voids which are 


we 


remote from A will in turn lead to increased axial orienta- 
tion in the regions E and F. In this way voids will, with 
inereasing axial strain, tend to propagate across the 
filament. If the resultant stack of voids proceeds as far as 
the surface, a 'half-void' will be formed there (Fig. 3), 
thus accounting for the observed corrugations that 
accompany the internal cavitation. 





Fig. 2 


The formation of voids in transverse stacks is, moreover, 
an indication of lower tensile strength in the transverse 
than in the axial direction, for the transverse stresses must 
be less than the axial stress imposed by straining. In 

— fact, polypropylene film strained at a low rate with result- 
produetion of voids shows a marked tendency to 
cleave and fibrillate in the axial direction. 

The markings when fully developed ean induce con- 
siderable delustring in fibres, and although the drawing 
conditions necessary for their formation are generally far 
removed from those used for commercial fibre produetion 
or treatment, the structural implications are important. 
A form of spatially localized plastic flowing has been 
noted in films?, and there is much evidence that polymeric 
substances can develop random cavitation on stressing, 
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but the effect considered here is apparently little 
known. 
B. Farrow 
J. E. Forp 
Cotton Silk and Man-Made Fibres Research Association, 
Shirley Institute, Didsbury, 


e Manchester 20. 
*Cumberbirch, R. J. E., Ford, J. E., and Dlugosz, J., J. Text. Inst., 52. 
7513 (1961). 


* Ford, J. E., J. Text. Inst., 54, T484 (1963). 
* Kauffman, J. W., and George, W., J. Colloid Sci., 6, 450 (1961). 


Acetylcholine Quanta 


Ir has been suggested’ that the vesicle-like structures 
inside the axon near the neuromusc junction contain 
acetylcholine, but that “it would be practically impossible 
to pack 10° molecules of acetylcholine inside". This is the 
order of the quantity of acetylcholine thought to be neces- 
sary in the foregoing work to produce the spontaneous 
miniature endplate potentials. 

The production of inside organic cells is a well- 
known process and therefore it would not be unreasonable 
to assume that acetylcholine chloride crystallizes inside 
the vesicles. Since the observed diameter of the vesicles 
is 500 A and the volume of four molecules of acetylcholine 
chloride in the solid state unit cell? is about 950 A, each 
vesicle could theoretically contain about 62,000 acetyl- 
choline chloride molecules. Even subtract- 
ing the volume due to the thickness of the 
vesicle wall and allowing for bad packing, 
we can still reach the figure of between 
10*-10* cations needed for an acetylcholine 
quantum. For example, if we consider a 
wall thickness of 50 A and a wall area of 


fibre axis 0-785 x 10° Á?*, the number of acetyl- 
and of choline chloride molecules per vesicle would 
applied stress — still be about 45,000. 


It might be postulated that the operating 
mechanism is an enzyme of high molecular 
weight which also acts as the wall. Thus, 
the area of the walls of vesicles of different 
size will be proportional to the number of 

units used in it; an idea of the 

molecular weights involved can be given 

by the molecular weight (of the order of 120,000) of a 

single polypeptide layer covering the surface of a vesicle 
of 500 A diameter, when R = H. 

Sórum's postulate, of the presence of two types of acetyl- 
choline chains in the unit cell of acetylcholine bromide’, 
may have some relevance to the foregoing mechan- 
ism. He claims that the extended form with N*—0O, 
distance of 4-47 À is predominant in polar media. whereas 
the planar ring form with N+—O, distance of 3-51 A 
would be more suitable in non-polar media such as tho 
water-lipoid interfaces. These conclusions must be 
treated with caution at this s because the only 
evidence available is the reliability factor of the structure 
of acetylcholine bromide, which decreases from 0-204 if 
only extended chains are present to 0-182 if a mixture of 
ring and extended chains is postulated. 

The relevance of Sérum’s findings to the hypothetic 
process of crystallization inside the vesicle is that tho 
ring form of acetylcholine has the same four-fold ionie co- 
ordination as the extended form and, therefore, a van der 
Waals forces crystallization of positively charged ring chains 
only without the accompanying Cl- must be ruled out. 

Greater certainty of the existence of the two types of 
chains postulated by Sórum could be obtained if a new 
X-ray determination of the acetylcholine cation structure 
were carried out when it is bonded to carboxylic anions. 
This would serve a dual purpose: (1) a moro precise valuo 
of the atomie co-ordinates would be obtained if heavy 
atoms were not present in the structure; (2) information 
on the bonding of the N* group to carboxylic 
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groups present in the membranes at the ganglion synapses 
and neuromuscular junctions might be obtained. These 
sults could conceivably be used to show that solid-state 
reos can be applied in the adsorption state. 

- [I thank Dr. D. P. Young of the Distillers Co., Ltd., 
_ Research Department, Epsom, and Dr. N. Singer of the 
Chemistry Department, Northern Polytechnic, London, 
for advice, and Dr. R. Miledi of University College, 
London, for directing my attention to this problem and 

“providing me with his paper. 
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BIOCHEMISTRY 


Reduction-potential of Glutathione 


Tue values of the reduction-potential of GSH (Em, at 
H 7-0) measured with different methods (indicator dyes, 
electric measurements'-*, equilibrium with the NADPH,/ 
ADP-system**, mixed disulphides*? range from — 0-35 V 
+ 0-04 V. The GSSG-reductases catalyse the reaction: 
GSSG + NADPH, (NADH,) = 2GSH + NADP (NAD) 
lier attempts to demonstrate the back-reaction by 
irophotometrie estimation of the NADPH,-formation 
e unsuccessful**. Rall and Lehninger* calculated that 
Em; gsn cannot be more negative than — 0-13 V (with 
e new value of Emy NADPH: (rof. 10) — 0:17 V); Mapson 
id Isherwood® found with the very sensitive fluoro- 
rio method the formation of very small amounts of 
ADPH, (0-9 x 10-* ymol./ml.). 
‘From their equilibrium constant which is 1/K in our 
otation and the value of — 0-315 V for Es, NADPH: (ref. 
0) one can calculate an Em, asu of — 0:16 V. The data of 
`- Mapson and Isherwood and their calculations as well as 
“those of Rall and Lehninger are based on the assumption 
that the GSH used is free of GSSG (more precisely, con- 
tains less than 10-* parts GSSG). If the GSH were to 
contain GSSG in appreciable amounts, less NADPH, 
would be formed than corresponds to the true equilibrium; 
eonsequently the concentrations of NADPH, found would 
not be equal to those of GSSG. In fact, we have found in 
all GSH preparations investigated 0-5-1-0 per cent GSSG. 
Therefore, we proceeded in the following fashion to 
| determine the true equilibrium constant. First the 
UC amount of GSSG contaminating the GSH. was determined. 
“A ealeulated amount of NADPH, was then added in the 
;euvette of the spectrophotometer in the presence of 
NADH,-GSSG reductase!! in order to reduce the GSSG. 
fter. completion of this reaction a measured large excess 
of NAD was added and the ensuing formation of NADPH, 
was determined. The experiments were carried out under 
robie conditions ab 40^ C, the temperature optimum 
he enzyme, with a recording spectrophotometer. 
t the beginning the solution (0-125 M phosphate-buffer 
|. T0, contained 20 umol./ml. GSH and as found by 
stermination 0-16 umol./ml. GSSG. After addition of 
16 umol./ml. enzymatically oxidizable NADH, 80 min 
psed until equilibrium was reached. At this time 
r cent of the added NADH, and, therefore, of the 
G had reacted. After the addition of 20 pmol./ml. 
the optical density showed an increase of 0-260 E 
hin 10 min. corresponding to the formation of 84 x 10-? 
[ml NADH, ‘The enzyme was found still to be 
in tested by addition of 2 mol. GSSG. 
uilibrium concentrations were then as follows: 
'H, formation 84 x 10° M 
per cent ‘remain’ 0-5 x 10-5 M 
$€-90x105M 
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Therefore [NADH,], [G88G] = 9 x 10-5 M 


and [GSH], [NAD] = 2 x 10-* M (neglecting tho minor 
changes caused by the reactions described). 


The equilibrium constant is: 
[GSH]? [NAD] 
[GSSG] [NADH,] 
With the equation: : 
Em; G8H = Em NADH: + 0:03 log K’ 


and Em, NADH: = — 0:33 V (at + 40° C) (ref. 10) thee 
reduction potential of glutathione is calculated to be 
— 0-24 V (Em, at + 40°C), It may be assumed that the 
error of this estimate does not exceed +.0-01 V. 
Since the reduction potentials of NADPH, and NADH, 
are identical, the results apply also to a system mediated 
by the NADPH,-GSSG reductase. The different values 
of Mapson and Isherwood are presumably due to & small 
GSSG-content of their GSH. 
In investigations of the formation of mixed disulph 
idest? it has been shown that the reduction potentials of 
cystein and GSH differ only by about 0-01 V... Therefore, 
it may be assumed that the reduction potentials, at least 
of some of the SH-groups of proteins, are also in the same 
range. Do ME 
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Locus of Biochemical Change in Mice dying 
from Staphylococcal infection , 


Recent advances in investigating the mechanism of 
staphylococcal infection in mice indicate that host 
carbohydrate metabolism is profoundly involved. When 
measurements are made in the blood of mice close 
death from an intraperitoneal challenge with staphy-. 
lococei there is a rise in inorganic phosphorus, alkaline 
phosphatase and transaminase and a fall in sodium, Less 
definite falls occur in sugar, cholesterol and serum carbon 
dioxide!. The validity of these findings was further teste 
by comparing the chemical composition of the carcass 
death from intraperitoneal staphyloeoceal infection. with, 
normal controls. A profound fall in glucose with a rise in 
inorganic phosphorus was found. There was also a fall in 
total protein and cholesterol and a rise in transaminase’. _ 

In order to examine the mechanism of these changes it^. 
was decided to determine the fate of glucose, total protein. 
cholesterol, inorganic phosphorus, alkaline phosphata 
and transaminase in different organs of the mouse earei 
These determinations were selected as they were the m: 
deranged values in our previous blood and carcass surveys. 
Values were determined for normal and intraperitoneally 
infected animals at death after challenge with 10" 
Staphylococcus aureus (Smith). They are shown and 
compared statistically in Fig. 1. Glucose was only found 
in the liver, where it fell significantly at death. Significant 
changes related to carbohydrate metabolism were a fall 
in liver glucose, a rise in inorganic phosphorus in the liver 
and adrenal and a rise in alkaline phosphatase in the 
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Fig. 1. Mean values for a variety of chemicals in the organs of normal and infected mice, The lines with feet indicate the standard deviations. 
: Significant. differences (p < 0-05) are indicated by arrows. The values are shown as @ percentage of volume. When recalculated as a percentage 
of weight there is no change in the results except the changes in total protein in the heart and cholesterol in the brain are no longer significantly 
: different from normal values 


heart, adrenal and brain. Other findings were a loss of from the kidney was found and has also been described in 
protein in the lungs and heart, a loss of cholesterol in the endotoxin shock. — It was thought to be secondary to 
adrenal and brain and a fall in transaminase in the liver, anoxia of the kidney* and in our experiments it may well be 
spleen, adrenal and brain. The transaminase rose in the non-specific. We speculate that the loss of protein might 
kidney. heart and muscle. A loss of alkaline phosphatase - be related to gluconeogenesis. The cholesterol may be 
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used up in the formation of other steroids or it might be 
metabolized by the bacteria. We need a hypothesis for 
the loss of transaminase and it is noted that this is an 
opposite change in quantity from that noted in the car- 
casses?, One explanation for this apparent contradiction 
might be that the transaminase rise in the total mass of 
muscle was enough to swing the balance in favour of a 
rise in carcass transaminase. 

It appears unlikely that these results are secondary to 
starvation as the animals were fed until the beginning of 
the experiment, which lasted 4-5 h. The mice do not 
eat during the infection period. Other studies by us show 
that in contradistinetion to the expected fever a profound 
hypothermia develops. Therefore, these results cannot 
be explained on the basis of an elevated metabolic rate 
secondary to fever. 

This new approach lends itself to adaptation to the 
examination of the organs of men dying from staphylo- 
coccal infection. 

Note added in proof. Experiments completed since this 
manuscript was submitted indicate a significant loss of 
glycogen from the liver, brain and muscle and a sig- 
nificant gain of glycogen in the kidney, lung. spleen and 
heart at death from staphylococcal infection when com- 
pared with values for normal mice. Values have not 
been determined for adrenal tissue. The method used was 
a colorimetric one using sulphuric acid and phenol*. 
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Evidence of Fibrinogenuria in the Nephrotic 
: Syndrome 


DunrxG 1959 I had the opportunity of examining in the 
urine of a case of nephrotic syndrome the development of a 
large fibrin thrombus, following the addition of thrombin 
(Fig. 1). This fact was repeatedly affirmed and therefore 
there was no doubt that the proteinurie urine of the 
patient Maria A. contained a significant amount of 
fibrinogen. This observation attracted my interest 
particularly, because the investigation of fibrinogenuria 
following the addition of thrombin in urine, after correc- 
tion for pH (pH 7-0-7-5) at a temperature of 37° C, had 
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been previously tried in 30 cases of nephrotic s 
during the years 1956-59 and had been always negative’: = 

The investigation of fibrinogenuria was repeated in 50 — 
new cases, by a more precise technique, as follows: 4-0-8-0 
ml. of recently collected urine, previously dialysed in a 
100-fold amount of a borate buffer (pH 7-5) during a 2h 
period, are placed in a test-tube. 50 units from a throm- 
bin solution (1,000 v./ml) are added per ml. of urine 
and the test-tube is placed in a water-bath at 37° C 
for about 20 min. The content of the test-tube is then 
turned over a glass filter, in the bottom of which a 
filter paper disk (Whatman No. 50) of equal size had 
been placed. With the aid of a vacuum (Fig. 2) the liquid 
phase of the coagulation system passes through the double 
filtering surface, whereas the fibrin is firmly attached to 
the disk. The isolation of fibrin is obtained by the drain- 
ing of 50-0 ml. of isotonic saline solution. After interrup- 
tion of the vaeuum, the disk is earefully taken and placed 
in the bottom of a test-tube. On it are placed 2-0 ml. 
N/10 sodium hydroxide. ‘The test-tube is then placed in a 
boiling water-bath for 5 min and, after cooling to roo 
temperature, the fibrinogen content is determined by 
colorimetrie estimation of the tyrosin set free after 
hydrolysis of the fibrin, aecording to Folin and Ciocalteu's 
method!, which has been adjusted to the conditions of 
the present procedure. The blank consists of an equal 
amount of the same urine, without thrombin. - 

The previous dialysis of the urine in a multiple quantity 
of borate buffer brings them in the optimum pH of 7:2-7-4 
for the thrombin-fibrinogen reaction and in the same time 
it eliminates certain factors (high osmotic pressure, in- "m 
creased concentration of certain substances in the urine 
which may, in certain circumstances, have a suspensive 
effect on the thrombin-fibrinogen reaction*. On the other 
hand, in order to exclude from the beginning the destrue- 
tion of the fibrinogen, due to the very low pH, which we 
have often seen in patient Maria A.’s urine, after acidi 
tion in vivo and in vitro, the determination of fibrin 
genuria has always been made in urine samples coll 
within 2 h; the collection started 0-5 h after administration 
per os of 0-5-1-0 g of acetazolamide. This procedure has 
allowed in almost all cases the collection of urine with a .. 
pH 6-5-8-0. Last, we have used for the transformation of 
fibrinogen in fibrin relatively large quantities of thrombin, 
according to a previous observation of myself and Rie 
who found that the nephrotic urine shows an in 
antithrombinic activity®. 

The following conclusions arose from the relative study 
of multiple urine samples of 51 patients, suffering from 
nephrotic syndrome of varying intensities. 

(1) The existence of fibrinogenuria was noted in 5 cases. 
In almost 40 per cent of the examined urine samples of 
these cases, the presence of the thrombus was perceptible 
when searched for under suitable light and after addition 
of a drop of cresyl-blue solution (1 part per thousand) 
(Fig. 1). All five positive cases represent nephrotic 
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syndrome due to chronic glomeru! The diagnos 

based on the history of former acute illness and on the 

findings of the histological study, realized on a kidney 

‘specimen, obtained by open renal biopsy according to 

burger’s technique’. 

(2) The intensity of fibrinogenuria fluetuated in the 
examined samples between 0-040 and 0-16 mg/min, that is, 
0-0576-0-230 g/24 h. In these same samples the amount of 
total proteinuria was always more than 4-0 g/24 h. The 
fibrinogen clearance, often estimated, was two to ten times 
smaller than the total protein: clearance. 

(3) In four of the five positive cases, a marked decrease 

¿of the plasma fibrinogen was repeatedly noted (1-75- 
3-5 g/L). Since the plasma fibrinogen is usually increased, 
the noted diminution in our cases gives one more proof 

that the urinary loss of proteins constitutes the main cause 
of the development of hypoproteinzmia in the nephrotic 
syndrome. . 

(4) Any relationship between the existence of fibrino- 
nuria and the possible presence of blood was excluded. 

e red blood cell count in these same urine samples, 

according to Hamburger's et al.* technique, proved that in 
most urine samples with a considerable amount of fibrino- 

gen, the red blood cells were within normal limits (1,000— 















1,500/min), whereas in many of the negative samples a 
remarkable degree of microscopic hematuria was noted 
(up to 100,000/min). 

The presence of fibrinogenuria can therefore beexplained 
in some cases by the loss of the plasma fibrinogen through 
the suffering glomerulus. 
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Possible Presence of Lipid Peroxides in 
Tissues of Tocopherol-deficient Animals 


‘TE possible presence of organic peroxide-like sub- 
stances in animal cells has been considered in relation to 
the biological function of tocopherol!, the mechanism of 
action of damaging radiation*, and the swelling of mito- 

-chondria in the presence of various agents*:*. In addi- 
tion to application of these problems, the existence of such 
peroxides would pose questions related to their in vivo 
formation. 

‘Dam and Granados* first claimed that extracts of 
tissues from animals deprived of tocopherol oxidized 
- to I, and this was apparently confirmed by other 
hors by the. determination of malonaldehyde*’, & 
uet of breakdown in the process of lipid peroxida- 
on*?. However, investigations from this and other 
aboratories!*-!? revealed that most of the malonaldehyde 
found in those tissues is produced in vitro. 
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Since the measurement of malonaldehyde is.an un- 
reliable method for determining peroxides in tissues, a 
direct measurement is desirable. This communication 
reports attempts to find peroxides in organs of tocopherol- 
deficient animals by different methods under rigid 
anaerobic conditions. The measurement of conjugated. 
diene by ultra-violet absorption at 232-5 my. is useful for 
examining lipid peroxidation in well-defined systems**, 
but is not specific. 
violet absorption of butanol extracts of liver and muscle 
were measured, for any difference between extracts of 
tocopherol-deficient and control animals would provide 
leads for further studies. The spectra of 33 tissue extracts 
from tocopherol-deficient. animals were compared with 
their respective controls between wave-lengths 210 my and 
280 my; but no consistent differences were observed. 

For the direct determination of peroxides three methods 
were selected: (a) the oxidation of brilliant cresyl blue 
(BCB), which is very sensitive and consequently, even if 
it is not specific, is suitable to reveal indications of the 
presence of peroxides; (b) the method of Loftus Hills and 
Thiel’, in which the oxidation of Fe** to Fe*** ions is 
observed. 'This method is considered specific since no 
biological material, but peroxides, is known to effect this 
oxidation. Fig. 1 shows that it is less sensitive than the 
BCB method; (c) the oxidation of I- to I; this method is 
not suitable for small quantities of peroxides but is highly 
specific. It was carried out to investigate the discrepancy 
between the results reported here and those of other 
authors. It was found that the recovery of peroxides by 
aerobic and anaerobie methods was equally satisfactory 
when pure peroxides were measured but not when bio- 
logical materials were investigated. 


Table J. DETERMINATION OF Lirm PEROXIDES IN EXTRACTS OF TISSUES OF ANIMALS FED TOCOPHEROL-DEFICIENT AND CONTROL Diets 





Peroxide-like substances 








lodide method | 






































~ Tissues "were extracted with butanol except for the lodide method, where chloroform was used. -. 








Brilliant cresyl blue method Thioeyanate method 7] 
Tissue studied * 7 Diet Diet | Diet 
f a No, of GE aap No. of No. of — =~ 
i animals | Tocopherol- Tocopherol- | animals | Tocopherol- Tocopherol- |. animals | Tocopherol- Tocopherol- 
| sufficient deficient sufficient deficient sufficient defleient 
b nit: O.D. at 620 my uequiv. O,/g tissue pequiv./g lipid 
| Rabbit liver & 0-008 0-002 0-028 0-017 8 0-000 4 79-000 
|j Ratliver o 2 0-005 0-002 : 2 0-000 0-000 
“Rabbit: muscle 0-006 0-006 n 0-028 0-026 3 0-000 0-000 
Rat testis ——— 2 0-000 0-000 
“| Rabbit subentanenus fat ; 3 0-002 0-003 
| Rat subcutaneous fat. Wem 2 0-001 | 0-002 








Despite its non-specificity, the ultra- _ : 


No 49:15. January 1l, 1964 


Table 1 shows that ın every case in which the determ- 
mation of peroxides was made anaerobically no difference 
was found between the animals which received tocopherol 
and those deprived of ıt By contrast, if the organ 1s 
reduced to small fragments under aerobie conditions, lipid 
peroxides accumulate in the preparations from tocopherol- 
deficient anrmals. 

Since the search for n vwo peroxides gave negative 
results, a functional approach was attempted There is 
evidence that hpid peroxidation 1s responsible for the 
accelerated decay of in vitro synthes:s of ascorbic acid 
which occurs m the presence of tissues fiom animals 
deprived of tocopherols? An evaluation of the «n vwo 
synthesis of ascorbic acid m tocopherol-deficient and con- 
trol rats was made to find out if the striking differences 
found ın vio are paralleled ın vwo For this purpose, 
urinary ascorbic acid, the ascorbic acid body pool and the 
reaction to a possible increased demand for ascorbie acid 
after tyrosme feeding, were studied For these experi- 
ments, the rats were fed the diet previously described** 
and the urme collected m the presence of oxalic acid 
The method of Burns et al *° was followed for the determ- 
ination of ascorbic acid pool 

To increase the demand for ascorbie acid the possibility 
was considered that the rat could manifest a phenomenon 
lıke that of guinea pig receiving an overdose of tyrosine, 
namely, that an excess amount of ascorbic acid 1s required 
to avoid the elmmation of p-bydroxyphenylpyruvic 
acid?! Provided that in the rat ascorbic acid has a similar 
function, this could be used to show whether or not 
tocopherol-deficient rats were able to produce the required 
excess of ascorbic acid To this effect, rats were fed 0 488 g 
of tyrosine, and urine collected during the following 5 and 
12h  p-Hydroxyphenylpyruvie acid was determined 
according to La Du and Zannoni?* 

Table 2 shows that there ıs no difference m the daily 
excretion of ascorbic acid and the same was found for the 
ascorbic acid pools (4 89 and 4 78 mg/100 g of, respectively, 
tocopherol-sufficient and-deficient rats) Also the attempts 
to increase the requirements for ascorbic acid showed no 
differences In an experiment with 6 pars of rats, the 
animals received tyrosine after 5 weeks durmg which they 
were fed experimental diets The 6 rats which recerved 
no tocopherol eliminated 175 + 94 ug/100 g body-weight 
of p-hydroxyphenylpyruvie acid in the 5 h which followed 
the admimstration of tyrosme against 156 + 56 ug/100 g 
body-weight elummated by the control group 


Table 2 ASCORBIC ACID EXCRETION OF TOCOPHEROL-SUFFICIENT AND 


TOCOPHEROL-DEFICIENT RATS 


Tocopherol-sufficient Tocopherol-deficient 
Davson No of Ascorbicacid* + SD No of Ascorbic and* + SD 


diet animals (ug/100 g body-wt /24 h) (ammals ug/100 g body-wt.j24 b) 
13-16 20 138 + 39 20 121 + 38 
30 16 213 + 113 15 263 + 240 


* Ascorbic acid was determined by the method of Roe and Kuether (ref 19) 


The results reported here show that by using the most 
sensitive methods available, no significant increase of 
peroxides m the organs of tocopherol-deprived rats and 
rabbits was found It occured to us that the idea that 
these animals accumulate peroxides apparently arose from 
determmations in which wn vitro peroxidation occurred 
These results do not support the hypothesis that an 
accumulation of peroxides produces toxic effects respon- 
sible for the consequences of deprivation of tocopherol, 
but they do not rule out the possibility that transient 
intermediates mav be the responsible agents In conflict 
with this possibility, however, 1s the finding that the 
synthesis of ascorbie acid 1s not impaired en vwo, while 
impairment of this synthesis 1s one of the most sensitive 
known consequences of the peroxidation which sets m 
preparations from tocopherol rats or rabbits!* Other 
consequences of enm vitro peroxidation, namely, sucemo- 
oxidase inhibition?’ and lability of red cells?*, also are not 
affected 2 vwo Provided that the anti-peroxidation 
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theory for the action of tocopherol 1s eventually confirmed, 
1b 1s expected that damage of reactions more susceptible 
to peroxides than those known at present will be respon- 
sible for the symptoms of deprivation 

S Er-Kuarrs 

U A CEENAU 

M P CARPENTER 

R E Tnooco 

R Carvurro 


Departamento de Quimica Biológica, 
Ciudad Universitaria, Cordoba, Argentina 
2? Dam, H , Ann NY Acad Sea , 52, 105 (19040) 


2 Horgan, V J,and Philpot, J St L,J Radwl ,21, 63 (1954) 


3Neuhert, D, Wojtezak, A B, and Lehninger, A L, Proc US Nai 
Acad Ser, 48, 1951 (1902) 


t Hoffsten P E, Hunter jun, F E, Gebicki J M, and Wemstem, J, 
Biochem Biophys Res Comm. 7, 276 (1902) 


* Dam, H , and Granados, H , Acta Phys Scand , 10, 162 (1945) 
t Tappel, A L, and Zalkm, H , Arch Bickhem Biophys , 80, 333 (1959), 
? ueri, J G , and Anderson, A A , Arch Biochem Biophys , 90 105 (1960) 


* Bernheimm, F , Bernhern, M L C,and Wilbur, K M, J Bwl Chem, 
174, 257 (1941) 


?Dahle, L X, Hill, E G, and Holman, R T , Arch Biochem Biophys , 
98, 253 (1962) 


? Carpenter, M P, Kitabehi; A E, McCay, P B , and Caputto, R, J 
Biol Chem , 234, 2814 (1959) 


n Caputto, R , McCay, P B , and Carpenter, M P , Amer J Chn Nutr ,9, 
61 (1961) 


1? Krishnamurthy, S, and Bien, J G, J Nutr, 77, 245 (1902) 
? Farmer, E H , Koch, H P ,and Sutton, D A ,J Chem Soc , 541 (1943) 


44 Horgan, V J, Philpot, J St L, Porter, B W , end Roodyn, D B 
Buchem J , 07, 551 (1957) 


3 Loftus Hills, G , and Titel, C C, J Dary Res , 14, 340 (1040). 


Y Kitabehl, A E , McCay, P B , Carpenter, M P , Trucco, R. E , and Cap- 
utto, R, J Biol Chem , 235, 1951 (1980) 


17 Caputto, R , Trucco, R E , and Kitabeh, A E, Ann NY Acad Sa, 
92, 79 (1961) 


18 Caputto, R , McCay, P B, and Carpenter, M P, J Biol Chem , 288, 
1025 (1958) 


1 Roe, J H,and Kuether, C A, J Bwl Chem , 147, 309 (1943) 


? Burns, J J, Mosback, E, H , and Schulenberg, S, J Biol Chem , 207, 
679 (1954) 


21 Sealock, R R , and Silberstem, H B,J Bol Chem ,185, 251 (1940) 
2 LaDu, B N, and Zannoni, V G, J Bol Chem , 217, 777 (1955) 
23 Horgan, V J., and Philpot, J St L , Intern J Rad Biol , 5, 167 (1952) 


“ McCay, P B, Kitabehi, A E , Caputto, R , and Trucco, R E , Biochem 
Biophys Res Comm , 4, 469 (1961) 


Urinary I!-Deoxy-I7-oxosteroids in British 
and Japanese Women with Reference to the 
Incidence of Breast Cancer 


Wynder, Bross and Hirayama found that the incidence 
of breast cancer m Japan is only one-eighth of that m 
white women in North America or Great Britam As a 
result of an mvestigation of suspected setiological factors 
they came to the conclusion that 1t might be profitable to 
examine the possibility of basic endocrinological differences 
between the two races 

It ıs conceivable that endogenous androgen levels 
might affect the ineidence of breast cancer on the basis that 
exogenous androgens can bring about regression of the 
estabhshed disease We have therefore compared the 
urinary excretion of 11-deoxy-17-oxosteroids in 59 British 
women, and 24 Japanese women hvmg m Tokyo Ex- 
pressed in terms of the 24 h urine specimen, the excretion 
of this group of steroids 1s significantly lower m Japanese 
women than m British women (1 79 mg/24 h compared 
with 3 41 mg/24h) However, the Japanese women were 
shorter and hghter than ther British counterparts and :f 
this is taken mto account by expressing the steroid 
results in terms of creatinine excretion, the strking 
difference 1n. 11-deoxy-17-oxosteroid excretion disappears 
Thus, the difference in incidence in breast cancer does not 
appear to be explicable ın terms of differences of androgen 
metabolite excretion 

There ıs, however, one interesting difference between the 
two populations which might be worth further explora- 
tion The Japanese women excrete more androsterone 
(5a) relatzve to wztiocholanolone (58) than do the British 
women The mean 5a/58 ratio 1n the former 1s 1 3 and in 
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the latter 10, and these means differ significantly (t = 
325, P < 001) This ratio 19 markedly affected by 
thyroid function? and our results may indicate that 
thyroid function is greater ın Japanese than m British 
women Since thyroid disease 1s reported to affect the 
ineidenoe of breast cancer*+ the difference mn. 5/58 ratios 
between the populations may be relevant to the difference 
1n ineidence 
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Effect of Norleucine on the Synthesis of 
Demethylchlortetracycline by Streptomyces 
aureofaciens 


A NUMBER of recent reports have dealt with inhibition of 
methylation in Streptomyces aureofacwns Strains of this 
organism which normally synthesize chlortetracycline can 
be directed toward the production of the 6-demethyl 
analogue by adding a number of compounds to the 
medium Such compounds have included a variety of 
sulphonamides?? and aminopterm? which act as inhibitors 
of folic acid mediated C6-methylation In addition ethio- 
nine?-, and to some extent p-methionine’, when added to 
the medium have also caused 6-demethylchlortetracycline 
production presumably by acting as antagonists of 
L-methionine, the normal source of the 6 methyl group® 

Norleucme, a methionine antagonist m Escherichia 
coli!-?, was tested against S aureofaciens BC—41, a strain 
which produces only chlortetracychne and tetracycline 
Usmg the paper chromatographic system previously 
deseribed and a device to scan the chromatograms?, 8 
small but consistent amount of the 6-demethyl analogue 
could be detected on addition of norleucme to the medium 
This 18 illustrated in Table 1 Only the p-1somer of nor- 
leucine was found effective The effect of norleucine 
could be fully reversed by methionine and to a much 
lesser extent by leucme and isoleucine A. sumilar effect 
has been noted in E col? 


Table 1 EFFECT OF NORLEUCINE ON BIOSYNTHESIS OF CHLORTETRACY CLINE 
AND 6-DEMETHYLOHLORTETRACYCLIKE 


DL-Norleucine Chlortetracycline 6-Demethylchlortetracy cline 
(ppm) (ug/ml ) (ug/ml ) 
0 6,340 0 
350 4,605 175 
500 3,050 120 
1,000 1,390 70 


A number of compounds related to norleucine were also 
tested for thar ability to cause 6-demethylchlortetra- 
cyclme biosynthesis The unsaturated analogue of nor- 
leucine, czs-crotyl glycine, was reported by Skinner et al 1? 
to be a potent methionine antagonist m. E coh Through 
the courtesy of Dr Skmner an authentic sample was 
obtained and tested ın our system It was without effect 
on growth or biosynthesis of tetracyohnes Similarly, 
norvaline’? and its dehydro analogue, allyl glycine, were 
without effect in causmg 6-demethylchlortetiacycline 
biosynthesis, though both compounds did result ın a 
decrease ın growth and total tetracychnes production 

All methylation inhibitors thus far reported ın the 
literature to be effective against S aw eofaciens cause & 
severe depression in total tetracyclines production, and, as 
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ean be seen from Table 1, norleucme ıs no exception 
Compared with the sulphonamıdes™?, 1$ causes the produc- 
tion of only a low proportion of demethylated to methyl- 
ated antibiotic For large-scale production of 6-demethyl- 
chlortetracycline, the use of mutant strains?! remains tho 
method of choice 
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Extraction from Human Skin of Soluble 
Collagen Molecules containing only Beta 
Components 


SOLUBLE collagens have been extracted from connective 
tissue with various mediat? One type of molecular 
species consisting of « components has been obtained by 
extracting with neutral salt solutions, and enother type 
consisting of varying proportions of « and B components 
has been obtamed by extraction with buffered acid 
solutions This communication describes the extraction 
of a different molecular species of collagen which 1s 
composed of 8 components only 

Specimens of human skin of the new-born were acquired 
as previously deseribed? The connective tissue was 
treated (repetitively) with each of the following m succes- 
sion’ 015 M, 045 M, 10 M, and 20M sodium chlonde, 
followed by 0 2M citrate buffer (0 1M eitric acid and 0 1M 
sodium citrate, pH 4 3) These extractions removed both 
the neutral salt-soluble and the citrate-soluble collagens 
The resulting tissue paste was then repeatedly treated with 
0 15 M citrate buffer (0 1 M citric acid and 0 05 M sodium 
citrate, reduced to pH 15 with hydrochlorie acid) for 
24 h The yield decreased progiessively with each 
successive extraction which was precipitated by dialysis 
with 0 01 M disodium hydrogen phosphate The precipi- 
tate was collected and dissolved by dialysis against 
formate buffer, pH 3 75, 10me strength 0 15 AM these 
procedures were done at 5? C 

Each collagen fraction from successive extractions with 
citrate buffer at pH 1 5 was heated to 40° C for 20 min and 
1un mm the ultracentrifuge at 35°C The patterns exhibited 
mereasing P content until finally B alone was seen after 
several extractions (Fig 1) The ultracentrifuge patterns 
of this collagen, which was denatured m 2 M KSCN, were 
identical to those observed following heat denaturation 
By this preparative procedure using extraction at low 
pH, molecules have been isolated that are made up of only 
B components From these results, 15 may be concluded 
that the molecular weight of the undenatured collagen 
must be a whole-number multiple of the molecular weight 
of the P chain, 

The undenatured collagen contaming @ chams had the 
same physical parameters which have been recorded 
previously* of citric acid soluble collagen prepared by 
extraction with citrate at pH 4 3 with no prior neutral salt 
extraction Sw, 81, mtrmsic viscosity, 13 5, optical 
rotation, — 414°, and temperature of denaturation, 36° C 
From the sedimentation and viscosity data, the molecular 
weight of the collagens obtained by the different extraction. 
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Fig 1 Sedimentation pattern of heat denatured human skin collagen 

Conc , 0 35 per cent, citrate (pH 1 5) extracted, sodium formate buffer 

(pH. 3 75, 10116 strength 0 15), 128 min at 50, 740 r pm, 35°C, 30mm 

aluminium cell, 65° bar angle, sedimentation from left to nght ‘The 

base line 1s provided by a second cell containing the same amount of 

solvent The faster moving larger peak 18 the 8 component ‘The slower, 
diffuse, smaller peak represents a contaminant 


methods would be expected to be the same, that 1s, about 
320,000 

Insummary, at low pH, collagen molecules are extracted 
which contain 6 chains only Furthermore, only « chains 
ale seen in denatured extractions at low salt concentrations 
(0 15 M sodium chloride) Extractions obtamed by increas- 
mg salt concentrations and with citrato buffer at pH 43 
show varying proportions of « and B components on 
denaturation These may actually represent combinations 
of different populations of molecules which have only pure 
« or pure f chains 

This work was partly supported by US Public Health 
Service grants 2G—125 and 43440 
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Isolation of Finback Whale Oxytocin and 
Vasopressin 


Tae chemical examination of neurohypophysial hor- 
mones of a dozen species belonging to four classes of 
vertebrates have revealed the existence in each case of 
two peptide hormones having parental structures These 
structures appear rather stable in a given class but vary 
from one class to the othe: Thus one finds the same 
oxytocm and the same arginine-vasoplessin in four 
mammalian species and the same isotocm and the same 
vasotocin ın three species of maune bony fishes! How- 
ever, among the mammals, the pig is an exception since, 
instead of arginime-vasopressin, lysme-vasopressm5 was 
found and some variations are therefore possible in other 
species of this class 

For a long time investigators have observed pharma- 
ecological anomalies ın the extracts of the posterior 
pituitary of cetaceans whereas in most mammals the 
gland possesses almost equal quantities of oxytocic and 
vasopressor activities, one knows, due to the work of 
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Geilmg* and MeClosky et al 7, that the posterior pituitary 
of the finback whale (Balaenoptera physalus) and of the 
sperm whale (Physeter megalocephalus) contains 2-10 
limes more vasopressor activity than oxytocic activity 
As this difference could be due to modifications in the 
structure of the hormones, it seemed interesting to 
isolate the active prmeiples of a whale species 

Through the efforts of Salvesen and Co (Leith), who 
were kind enough to take out the glands, 1t was possible 
to collect 110 posterior pituitaries of finback whales 
The glands furnished, after desiccation m acetone and 
pulverization, 18 g of powder titratmg to 0 5 oxytocie 
units/mg and 2 5 vasopressor units/mg The purification 
was undertaken m applying the protem complex pro- 
cedure? used earher m order to isolate human?, horset?, 
and sheep!! hormones However, the acetone-desiccated 
pow der has to be treated with ether to improve the yield 
of the extraction The dry maternal 1s extracted with 0 01 
N sulphuric acid and the hormones are precipitated at 
pH 39 m a protem complex by 65 per cent sodium 
chloride The precipitate 1s dissolved m a 0 5 M acetate 
buffer, pH 39, and precipitation was carried out again 
under the conditions described After sıx precipitations 
the complex ıs dissociated by trichloroacetic acid, which 
precipitates the protem support, the neurophysin, but 
leaves the hormones in solution The latter are thus sepa- 
rated by chromatography on ‘Amberhte CG—50’ by usmg 
a pH and ionic strength gradient made with ammonium 
acetate solutions? The results aie illustrated in Fig 1 


Arg-vasopressin 






Pressor activity (ru) 


e- w-- Folin determination (OD) ——————————» 
Oxytocic activity (10) 
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Fig 1 Chromatography of finback whale neurohypophysial hormones 
on ‘Amberlite CG-50' The hormones are absorbed on the top of a 
resin column in the H form (09 x 10 cm) ‘The column is then equ- 
ibrated with 0 1 M ammonium acetate buffer at 2H 5 0, and a gradient 
13 established by the successive addition of solutions of ammonium 
acetate, 05 M and 075 M, at pH 77 (mixmg chamber 50 ml) 


Two hormones were found one, having oxytocie 
activity, 1s on the chromatogram at the same place as beef 
oxytocin, the other, havmg vasopresso1 activity, 1s at the 
same place as beef arginme-vasopressin The purified pro- 
ducts were submitted to a quantitative analysis m ammo- 
acids according to the method of Spackman, Stem and 
Moore Similaily, oxytoem and argmine-vasopressin 
prepared from beef glands, were analysed The amino-aeid 
compositions of the two finback whale hormones were 
respectively identical to those of the beef hormones 
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The finback whale vasopressin has been compared. with 
beef vasopressm by electrophoresis on paper at different 
pH’s and by structural studies The amino-acid sequence, 
determined by the chemical and enzymatic methods used 
earlier ın the study of beef vasopressin”, 1s the same in the 
two peptides, the structure being 


Cys Tyr Phe Glu(NH,) Asp(NHs) Cys Pro Arg GIy(NH;) 


| | 


It seems, therefore, that the posterior pituitary of the 
finback whale contains the same oxytocin and argimune- 
vasopressin found for most other mammals, but the 
difference resides in the proportions of the two hormones, 
the argmue-vasopressn bemg in the whale gland about 
5 tumes more abundant than oxytocin 

This work was supported by a grant from the Fonds de 
développement de la Recherche Scientifique et Technique 
(Convention 61-Fr-110) 
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Inhibition of Dehydrogenases by Salicylate 


`, Euler and Ahlstrom! found that salicylate inhibited 
glucose and lactate dehydrogenases and that the inhibitory 
effect of the drug on the latter enzyme could be removed by 
adding cozymase Salicylate has also been shown to 
inhibit malate and isocitrate dehydrogenase activities vn 
vtro and the inhibitions were reversed by either NAD or 
NADP? 

The results m Table 1 show that salicylate mhibits the 
activity of several other dehydrogenases ın vetro The 
inhibitions were reversed by the further addition of the 
appropriate coenzyme Thus the drug appears to exert a 
general inhibitory action on dehydrogenase enzymes by a 
mechanism involving a reversible competition with the 
pyridine nucleotides required as co-factors An exception 
1s glutamate dehydrogenase, which ıs mhibited by salicylate 
by a mechanism not mvolvmg competition with either 
NAD or glutamate? 


Table 1 INHIBITION OF DEHYDROGENASES BY SALICYLATE 
Salicylate 

Dehydrogenase Coenzyme concentration Inhrbition 

(per cent) 
Glucose-6-phosphate NADP + 15 20 
Glyceraldehyde-3-phosphate NAD+ 10 29 
a-Glycerophosphate NADH an 
+ i 
Lactate NADH 20 37 
Alcohol NAD+ 10 19 
Malate (ref 2) NAD+ 5 40 
Tsocitrate (ref 2) NADP + 5 20 


The effects of salicylate on the transfer of radiocaibon 
from labelled substrates mto metabolic mtermediates 
suggest that the drug inhibits dehydrogenase activities 1n 
more complex biological systems The mcreased formation 
of radioactive malate and citrate m rat mitochondria 
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incubated with (1 4-C,) succmate m the presence of 
salicylate is explheable in terms of a direct inhibitory 
action of the drug on the mitochondrial malate and 150- 
eitrate dehydrogenases? Further work 1s m progress to 
determine if the en vitro mhibitory effects of salicylate on 
the other dehydrogenase enzymes contained in Table 1 
may also be demonstrated m preparations of animal 
tissues 
This work was supported by a grant from the Medical 
Research Council 
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2,6,10,14-Tetramethylpentadecanoic Acid, 
a Constituent of Butterfat 


In earlie: work in this laboratory, on the trace and 
minor fatty acid constituonts of butterfat, a Czo multi- 
branched chain fatty acid was isolated!»? which possessed 
physical and chemical properties corresponding with an 
acid afterwards isolated and conclusively identified by 
Bjurstam et al? and by Sonneveld et alt as 3,7,11,14- 
tetramethylhexadecanoie acid Continued investigations 
on the fatty acid constituents of New Zealand butterfat 
have now resulted in the isolation in trace amounts of 
a homologous C, saturated fatty acid with similar pro- 
perties and with four side-chain methyl groups Exam- 
mation of this fatty acid by techniques which included 
mass spectrometry, nuclear magnetic resonance, mfra- 
red spectrometry and gas-liquid chromatogiaphy has led 
to this previously unreported constituent bemg idontified 
as 2,6,10,14-tetramethylpentadecanoic acid 
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A Reaction between Glucose and Egg White 
Proteins in Incubated Eggs 


Recent work in this laboratory! showed that incubation 
of infertile chicken eggs or separated chicken egg whites 
resulted in changes in the starch-gel electrophoretic 
patterns We have now obtained results which show 
(1) The major deteriorative changes obsorved on 
incubation of egg white, as seen in starch-gel electro- 
phoretic patterns, can be prevented by dialysis of the egg 
white, the changes can be simulated by adding back 
glucose (2) Glucose reacts with most of the protems 
(3) The reaction occurs similarly ın the egg whites of the 
three species investigated m addition to chicken egg white 

The deteriorative changes previously seen in chicken 
egg white! were also found m the starch-gel electrophoretic 
patterns of egg whites from Japanese rice quail eggs 
incubated at 37? C and in the separated and blended egg 
whites of Japanese rice quail, Pekmg duck, and gumea 
fowl mecubated at 407-44? C as shown m Fig 14,B 
Horizontal starch-gel electrophoresis was performed with 


, 
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Fig. 1. Comparisons of deteriorative changes in egg whites and egg white proteins. 


Abbreviations used: 7, incubated; R, refrigerated at 4°; F, frozen; 


phoresis; G, guinea fowl; €, chicken; 


cubated for 4 and 6 s at 37^ C; C, starch- 


D, starch-gel electrophoretic pire of blended egg whites and shel 
in the presence and absence o 
was covered, reducing CO, loss and rise in pH); 


preparations incubated in 0:08 
indicated levels of glucose. 


the discontinuous buffer system of Poulik? as adapted in 
this laboratory!. 

When chicken, duck or quail egg whites were dialysed 
at 4? C against 0-08 M sodium chloride-0-01 M sodium 
bicarbonate buffer, pH 9-0, and then the dialysed whites 
wore incubated at 41°-44° C, only slight deteriorative 
changes were observed as compared to undialysed samplos. 
Fig 1C compares the starch-gel electrophoretic patterns of 
unineubated controls and thoso of incubated dialysed 
samples to which various carbohydrates had been added 
prior to incubation. Glucose was 
0-4 per cent, the approximate original concentration in 
egg white, and at 4-0 per cont, a 10-fold increase in concen- 
tration. Large changes were observed in the samples to 
which reducing sugars were added. From this and other 
experiments it was noted that the non-reducing substances, 
sorbitol and sucrose, caused little or no deterioration, 
while the pentoses, arabinose and xylose, were more 
effective than glucose. Dialysod “samples to which no 
carbohydrate was added showed little or no deterioration. 

Changes in the conalbumin were investigated by labelling 
the conalbumin with iron-59. Fig. 1D.E compares the 
stained starch-gel electrophoretic patterns with the corre- 
sponding autoradiogram obtained by adding iron-59 to the 
egg whites prior to electrophoresis and then exposing the 
centre slice of the starch gol. wrapped in 'Saran Wrap' 
(Dow Chemical Co.), to X-ray film at — 20? C for 3-5 days. 
Changes in the electrophoretic mobility of both conalbumin 
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+, iron-59 added 
prior to incubation or freezing; —, iron-59 added after Incubation and before electro- 
OVAL., ovalbumin; CONAL., 
A, Starch-gel electrophoretic patterns of chicken and guinea fowl eggs incubated 6 days 
~at 37? C; B, starch-gel electrophoretic patterns of Japancse rice quail egg whites in- 

y +1 electrophoretic patterns of chicken egi 

whites which were dialysed against 0-08 M NaCl-0-01 M NaHCO,, pH 9-0, for 48 h at 4 
before saning the sugars at the levels indicated, and incubating for 4 de at 41*-42* C; 
eggs incubated 


conalbumin. 


iron-59. Incubation was for 4 days at 43°-44° 
E, iron-59 autoradiogram corresponding 
to Fig. 1D; F, starch-gel electrophoretic patterns of purified ovalbumin and conalbumin 
NaCl-0-01 M NaHCO,, pH 9, in the presence of the 


Incubation was for 4 days at 43°-44° C need for great care in 


addod at two levels: 
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and ovalbumin incubated with different con- 
centrations of glucose are seen in Fig. 1F. 

The participation of glucose in a reaction 
with the egg white proteins was shown by 
experiments utilizing glucose-1-"C, After 
incubation with the labelled glucose, both 
starch-gel and paper electrophoreses were 
carried out on the incubated egg whites. 
Distribution of radioactivity in the starch- 
gel electrophoretic pattern was measured by 
eutting the frozen centre slice into sections, 
melting and drying the sections on planchets 
and counting the planchets in a Nuclear 
Chicago gas-flow counter. Paper electro- 
phoresis was performed using Spinco B-2 
veronal buffer, pH 8-6. The strips were 
counted with a Vanguard automatic strip 
counter. Low levels of radioactivity were 
found to be associated with all the protein ~ 
components. 

Although glucose has been observed to 
react with proteins in dried egg white’, the 
occurrence of the reaction in shell eggs has 
apparently not been observed previously. 
possibly because the Maillard reaction i 
recognized to proceed very slowly in dilute 
solution’. The alkalinity of egg white  . 
(» pH 9), however, should greatly increase | 
the rate of reaction. Recent investigations - 
have shown changes in the chromatographic 
elution patterns of chicken egg white from 
cellulose ion exchanger* and changes in the 
physieal properties of the ovalbumin*. The 
glucose-protein reaction could be responsible 
for these effects and may also be important 
in the deteriorative thinning of the white and 
the weakening of the yolk membranes durin 
the incubation of eggs. 

The genetic polymorphism of the proteins 
of chicken egg whites is at present being 
investigated in several laboratories by means 
of starch-gel electrophoresis'?-*. Chemical 
changes found in this work emphasize the 
the selection and 

handling of eggs for biochemical and genetic 

investigations and for the preparation of the 
individual proteins. The occurrence of the reaction 
between glucose and protein in egg white suggests that — 
glucose-amine reactions may occur more commonly than ~ 
heretofore suspected in other biological systems containing 
carbohydrate and amino compounds. that is, proteins, 
lipids or nucleic acids. » 

This work was financed in part by a grant Al-3434, | 
U.S. Publie Health Service. One of us (J. R. C.) was & 
predoctoral Fellow of the U.S. Publie Health Sorvigg c 
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Mec os E 
(0 PHYSIOLOGY >: 

Low-resistance Coupling between Gland- 
Cells. Some Observations on Intercellular 
Contact Membranes and Intercellular Space 


ALTHOUGH it is not possible at present to give a general 
definition of the cellular surface membrane, or even to 
define its spatial limits, the consensus now is that it is 
related to the structure which under the electron micro- 
scope appears as a three-layered complex, about 15 
thick!. "The physiologist generally assumes that this 
structure represents the barrier which he finds, by indirect 
means, restricting the flux of ions at the cell boundary. 
‘The general idea about this diffusion barrier is that its 
resistance is uniformly high over all faces of a given cell. 
‘This idea derives chiefly from electrophysiological work 
with a rather special group of cells which, like skeletal 
muscle and nerve fibres, have adapted to transmit electrical 
signals without appreciable cross-talk between cell neigh- 
pours; or which, like blood and gamete cells, are normally 
connected. Indeed, in these elements, except for special 
synaptic contact regions?! and certain neurogha 
contacts!, the surface resistance is in general high and. 
“within the limits of resolution of the methods, distributed 

rather uniformly over the cell surface. 
This, however, does not seem to be the general case in 
1 associations. We have recently looked into the 
permeability properties of membrane surfaces at cell 
junctions (contact surfaces) and have found that in à wide 
» Variety of non-nervous cells the resistance of the contact 
surfaces is much lower than that of the remainder of the 
"surface in direct contact with the cell exterior (outer 
surface). Wo report here the results obtained in gland cells 
n which both the electrophysiological and electron-micro- 
raphical work have been completed. In this type of cell, 
1e membrane resistance at the eontact surface between 
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Fig. 2, Attenuation of membrane voltage along a series of gland cells. 
Current pulses of 1-9 x 10-^amp are passed from a fixed electrode inside 
a cell (length zero on ordinates) to an electrode in the extracellular fluid 
and the resulting voltage drops are recorded between the latter electrode 
and a roving electrode inserted into cells located at varying distances 
from the current-passing electrode. Ordinates,, membrane voltage, 
logarithmic scale; abscissa, distance between recording and current- 
passing electrodes. Crosses on upper inset mark the cells impaled on a 
tracing from. & photomicrograph of the gland. Lower inset gives samples 
of membrane current and potential recorded at distances 0, 220. and 
540p. Duration of current square pulse, 27-5 msec 


adjacent cells is so low compared with the outer surface 
that movement of ions from one cell to the next must be 
relatively unrestrieted. 

The experiments were performed with salivary gland 
cells of Drosophila. flavorepleta larve (early third instar) 
isolated in Shen’s solution. These cells are large and 


: transparent. Typical dimensions of a good-sized cell are: 


length, 1502; width, 80u; depth, 100u. The boundaries 
of individual cells, including those at the contact areas 
of neighbouring cells, are clearly viewed in phase contrast 
or in a dark-field®. Cells are in close contact over their 
entire depth. Measurements of resistance were done with 
two or more intracellular microelectrodes (3 M potassium 
chloride), one to pass current and the others to record 
membrane potential!*. The cells give no sign of excitation 
to current; their membrane resistance is rather constant 
over a wide range of current. 

Fig. 1 illustrates tho results of an experiment in which 
square pulses of current of varying intensity aro passed 
with an electrode in one cell, and the resulting changes in 
membrane potential are recorded with electrodes placed 
inside the same cell and in an immediately adjacent one. 
The potential changes for any given current value, specially 
for outward currents, are nearly the same in the two cells. 
The slope of the membrane current-voltage curve, which 
for outward currents amounts to 54 kQ, decreases only 
slightly from one cell to the next. The slope is 2 orders 
of magnitude lower if the electrodes are in the cell 
exterior. 

Three things are immediately clear from this experiment: 
(1) The resistance across the surface membrane bordering 
the cell exterior (outer surface) is high. (2) The total 
resistance of the contact surface is much lower than that 
of the outer surface, since a large portion of the current 
must have flown through the contact surfaces to give so 
small an attenuation in potential. (3) The resistance along 
the intercellular space to the cell exterior is high, that is, 
at least of the order of magnitude of that of the outer 
surface, since evidently no appreciable current leaked 
through the intercellular pathway. 
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This 18 further illust1ated by the experiment illustrated 
m Fig 2 Here current pulses of constant intensity are 
passed with an electrode fixed in one cell and the resulting 
changes in membrane voltage recorded with another 
electrode from inside cells located at varymg distances 
along the cylindrical portions of the gland The voltege 
becomes progressively smaller as one records from more 
distant cells, but the decrement ıs only of an order one 
would expect if the gland with its 200 cells were to 
behave hke a cable conductor with a continuous core bound 
solely by an external membrane In fact, m those cases 
in which the gland diameter was small in relation to the 
length constant, the agreement with cable theory!* was 
fairly good. For example, m a representative case of a 
gland of 200p. diameter, the length constant, as obtamed 
from a hyperbole cosme expression for a short linear 
cable, was 1 2 mm, which 1s practically the same as that 
of squid giant axon at equivalent diameter m which, 
indeed, there are no core septa, and the outer surface 
membrane resistance was 10,000 ohm em? (The capacit- 
ance of the outer membrane calculated from the time 
constant of the isng and fallmg phases of the membrane 
voltage was of the order of 1 uF/cm? ) 

Another way the close electi1cal coupling between cells 
1s brought mto evidence 1s by puncturmg the outer cell 
membrane If the outer membrane of a single cell is 
ruptured and prevented from ‘healing over’, the cell will 
depolarize, and with delays depending on distance, all 
other cells of the gland follow suit 

Electronmuerographs of the contact regions between 
cells, kindly provided to us by Drs D Spiro and J 
Wiener, show the following relevant features (a) The 
surface membranes of neighbourmg cells are closely 
apposed, the width of the intercellular space 1s 100-150 
Å (b) Over about one-third of then area, the contact 
surfaces are aligned parallel m and mterconnected at 
1egular mtervals of 1000 A The remainder of the contact 
surfaces are imfolded and mtertwmed From measure- 
merits of the areas of the contact and outer surfaces’, 
and of their respective resistances, it 18 calculated that 
the specific membrane resistance at the contact surface 
1s, at least, 4 orders of magnitude lower than that of the 
outer surface The permeability of the contact surface 19 
so high that ions move through 1t almost as freely as 
through cytoplesm The resistance through a cham of 
cells (150 ohm cm), as measured directly with mtra- 
cellular electrodes, 1s only shghtly greater than that in 
extruded cytoplasm (100 ohm em) ‘The resistance along 
the intercellular space to the exterior, on the other hand, 
19 very lugh. Here there exists an 10n barrier of, at least, 
10* ohm em? (ref 17) 
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Histamine and Hyperemia of Muscular 
Exercise 


A NEW concept of w» vwo mobihzation of histamme™? 
may be capable of explaming the microcirculatory aspects 
of post-exercise hyperwenmua? 

A large amount of evidence suggests that an mdueible 
form of histidine decarboxylase 1s located m or near colls 
of the small blood vessels and that 1t continually catalyses 
syathesis of mmute quantities of fiee histammet This 
5nduced' histamine may be intrinsic, its dilator actions 
seem to be blocked by topical antihistammes but not by 
systemic antihisbamunes ın the usual doses? Although 
the mducrble form of histidine decarboxylase undergoos 
changes m activity, detectable by «n viro assay, these 
changes occur too slowly to be pertinenb to the present 
discussion However, increased production of mduced 
histamine might also occur rapidly In exercising muscle, 
the local rise 1n temperature may cause an almost immed- 
1ate inerease in induced histamme synthesis simply 
beeause histidine decarboxylase, hke other enzymes, 13 & 
moze efficient catalyst at mcreased temperatures within the 
physiological range Mhicrocireulatory dilatation should 
follow rapidly Presumably moderate warming of a 
tissue by any means might lead to the same result, 
while moderate coolmg, by reduemg mduced histamme 
synthesis, may permit the vasoconstriction which 15 
observed 

Because of experimental difficulties satisfactory means of 
testang the validity of this hypothesis have not been found 
One musi detect a small mcrease in local ın vwo synthesis 
of labelled induced histamine ım the presence of labelled 
histamme formed locally m mast cells, or transported from 
other parts of the body, under conditions which may 
mersase the rate of histamine destruction and dispersal 
Publication of these views without direct supporting 
evidence seems justified smce vntually every plausible 
candidate as mediator has beon elummated**, and since 
hustamme, an early candidate’, was dropped on the basis 
of tasts? which are unsuitable for evaluating induced 
histamine! 
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Correlations between Blood Sugar-ievels after 
Insulin Injection and Ordinary Meals 


Ir has been shown that correlations between successive 
blood sugar-levels throw some light on the regulatory 
process! They suggest, wer aha, that after ingestion of 
glucose, regulation tends to introduce a limited statistical 
orderliness, not necessarily to iestore the previous 
one 

Now, what happens 1f, mstead of increasing the blood 
sugar-level, we try to decrease ıt by an insulin myection 
(20 ru /kg body-wt) ? Table 1 shows that during the 
first 3 h there 1s no correlation between the fasting and the 
following levels ın the upper row coefficients are very low. 
partly negative and none ıs significant until the fourth hour 
when a positive correlation appears, the numerical value 
of which (0 72) approaches the short-term glucose reha- 
bihty (r = 079) (In my previous communication, the 
long-term relabihty of blood sugar-level was given as 
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Table 1 CORRELATIONS BETWEEN BLOOD SUGAR-LEVELS AFTFR INSULIN 
INJECTION YOUNG ADULT MEN, N = 18 

1 2 3 4t ^ UB 

1 Fasting — 019 —019 —032 072 

2 1h = 042 024 006 

3 2h — 0 67 —021 

4 3h — —0 04 

5 4h oes) 


r = 032 This value was obtained with an interval of 
2 weeks betweon the successive blood lettings New results 
show that with an mterval of 3 months, r = 0 04, young 
adult men, N = 30) 

A fairly high and significant correlation at the fourth 
hour means that at this time blood sugar variations 
become proportional to fasting variations and that from 
this particular pomt of view a kind of orderliness has been 
attained But this does not mean that blood sugar-level 
has reverted to fasting values As a matter of fact, 16 1s 
still abnormally low (fasting average 091 g/l; fourth 
hour 064 g/l) Proportionality, expressed by correla- 
pens 18 restored before the return of a more or less normal 
evel 

In the lowest diagonal, correlations between pairs of 
successive blood sugar-levels increase at first, and between 
the second and third hour we find a relatively high and 
significant coefficient (0 67) So far the picture 1s similar 
to that observed after a glucose meal m spite of longor 
time-intervals, chosen because of the long-lasting effect of 
msulin Nevertheless, at the end, between the third and 
the fourth hour, correlation disappears and this 1s the 
most strikmg discrepancy between the effect of glucose 
meal and that of msulin injection 

One may speculate that after msuli a new, perhaps 
‘abnormal’ organization 1s ın progress during the first 3 h 
and that thereafter ıb 1s superseded by the return of the 
previous orderliness which begins to manifest itself in the 
last figure of the upper row Of course, insulin effect 
cannot parallel exactly the effect of glucose ingestion 
because it 1s a very artificial and rather violent disturbance 
(and, to be sure, for other reasons also) But, properly 
speaking, oven a glucose meal, given by a physiologically 
normal route, 1s not physiologically normal 

I tred to follow blood sugar variations after small 
ordinary moals but did not obtain more than 3 successive 
blood samples with half-hourly intervals Even so, ıt 
appears that the timing of events 15 not the same as after 
glucose meals After a sandwich (biead, butter, cheese or 
ham) the *disordei? 15 moderate, the average blood sugar- 
levol increases slowly and after 1 h the maximum level 1s 
probably not reached (fasting 094 g/l, 30mm 098, 
60mm 099) Correlations between the fasting and the 
following levels are lower than tho short-term rehability, 
but, far from disappearing altogethe:, they attam almost 
0 60 

After bread and coffee (with sugar) the pietuie 1s more 
consistent with results usually observed after glucose 
ingestion thore 1s a peak after half an hour with a 
subsequent decrease (fasting 091 g/l, 30mm 114, 
60 mn 094) Correlations with fasting-level are still 
lower than in the provious experiment, but again they do 
not disappear completely, as ıt happens 1 h after a glucose 
meal (and practically, with a long-standing effect, also 
after an insulin injection) 

Higher postprandial values can be observed after more 
mnportant meals? During the day, blood sugar-level 
probably oscillates around 1 25 g/l , this figure 1s a rough 
estimate because current postprandial variations have 
been seldom investigated They are certamly influenced 
by local dietary habits We still ignore the degree of 
‘disorder’ produced ın day-time by ordinary meals This 
remark does not apply to blood sugar regulation only 

We need data concermng people waking, eating, working 
and people at leisure The ‘post-absorptive man’ 1s a 
useful, but arbıtrarıly chosen, term of reference If he 
18 taken as a 1eal being and as the sole criterion of norm- 
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alıty, lıke the old-fashioned Homo oeconomicus, this Homo 
physvologicus may become & misleading model 
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Failure of Menadione to affect Folate Utilization 
in Vitamin Biz-deficient Human Beings 


Ir has been suggested that vitamin B,,-deficiency in 
man may produce a defect im folate utihzation due to 
trapping of L caser folate activity! This suggestion has 
recently recerved support m the British hterature? The 
trapped folate ıs probably some form of N-5-methyl- 
tetrahydrofohe acid? Donaldson and Keresztesy* 
reported that N -B-methyltetrahydrofohe acid can be 
enzymatically oxidized to N-5,10-methylene-tetrahydro- 
fole acid in the presence of menadione (a synthetic 
preparation with vitamin K activity) as electron accepto: 
This raised the possibility that supplymg this electron 
acceptor might break the assumed block ın folate utihza- 
tion present in vitamin B,,-deficiency. 

The work 1ccorded here was undertaken to determme 
whether folate presumably trapped as N -5-methyltetra- 
hydrofolate m vitamin B,,deficient human beings could 
be released as functional folate «n vwo with a dose of 
menadione comparable with that Donaldson and Keresz- 
tesy found would catalyse the oxidation of N-5-methyl- 
tetiahydrofolate «n vitio 

In vitro menadione is effective at 2 x 10-9 M (ref 4) 
Assuming equal distribution of menadione throughout the 
body water, the 72-mg amounts of menadione sodium. 
bisulphite used in this work should have yielded final 
an vwo concentrations of approximately 5 x 10-5 M 

Four patients with untreated pernicious anaemia woo 
examined The diagnosis of peinicious anzmia was 
based on the presence of megaloblastic bone marrow and 
low serum vitamin B,,-level, and absence of intrinsic 
factor m gastric puce by gumea pig intestinal mucosa 
homogenate assay® 

Blood samples were obtained, an intravenous injection 
of 72 mg menadione sodium bisulphite was given and 
further blood samples were obtained at 15, 30 and 60 
min after injection, and also at 2, 4, 6, 24 and 48 h 
after injection. In two of the subjects, bono marrow was 
aspirated just before menadione injection and again 
24 h later 

The menadione was purchased from Abbott Laboratories 
as 10 cc ampoules of ‘Hykinone’ (72 mg menadione 
sodium bisulphite, U S P in an isotonic aqueous golution) 

Serum folate activity was determined by the 'aseptic 
addition method’ using L case? Serum vitamin By, was 
determined by usmg E gracihs var bacillarus by the 
method of Lear et al 7 with various trivial modifications 

Table 1 presents the results obtained Menadione did 
not significantly affect the serum folate-levels If any- 
thing, folate-levels were shghtly elevated 05 h after 
menadione injection Furthermore, m the two patients 
(S S and E S) who had bone mairow aspirations pel- 
foimed before menadione and again 24 h later, the marrow 
remained as megaloblastic 24 h after menadione as 16 had 
been before admunistration of this agent No reticulocyte 
response occurred in either of the patients (F C and 8 8) 
whose reticulocytes were followed 

Patient J C was not treated with vitamin B,, or folic 
acid afte. completion of the investigation mvolving 
administration of menadione Two months later, 14 4 mg 
menadione sodium bisulphite was injected mto the 
megaloblastic mght ihac crest marrow, in the hope that 
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E Table 1 EFELCT OF 72 MG MENADIONF ON SERUM FOLATE OF PATILNTS WITH VITAMIN B,,-DEFICIENCY 
i | ' ! i 
1 l | | 1 Serum folate T (ng/ml ) 

| | E. "enm Hours after administration of menadione 

Subject | Age j Sey | Wt (kg) (296) | (pg/ml ) ; 0 i i i 1 | 9 4 6 | 8 

FC 71 | M 638 99 | 125 | 157 E 224 158 2 Fe 

gC 75 | M 82 7 113 a3 | 57 75 78 os " is : a d — 
ES à , F 471 61 3 | 148 | 242 192 151 | 1 — 143 
$5 76 F 374 ' 88 | 124 | 6 6 57 62 72 61 63 

i 1 











* Normal levels are 200-900 pg/ml 
T Normal levels are 7-16 ng/ml 


the high local concentration of menadione might break 
the assumed block in folate utihzation and convert the 
mairow morphology to normal However, aspirates of 
marrow obtamed 24 and 48 h later fiom the site ot 
menadione administration showed no conversion 

Vitamin B,,-levels of all serum samples from F C were 
determined and found to be unchanged by admunistration 
of menadione 

Had the menadione lowered the serum L caser levels 
or had ıt produced reticulocyte responses, this would have 
supported the methylfolate trap concepti? However, 
since the findings were negative, the problem iemains 
unresolved Menadione reductase activity?! may have 
rapidly converted all the injected menadione to re- 
duced menadione, thus making ıt an imeffective electron 
acceptor for the oxidation of N-5-methyltetrahydrofolate 
Vitamin E and coenzyme Q,, which have been 1eported1?:1: 
to immprove megaloblastic anemia, may prove to be 
effective electron acceptors sn vwo 

Menadione, known to act vn vitro as an electron acceptor 
in the oxidation of N-5-methyltetrahydrofolic acid, did 
not lower the serum L case» folate-levels of 4 patients with 
pernicious anzmua nor did 1t produce reticulocyte response 
or bone marrow improvement 

This investigation was suppor ted ın part by a grant from 
the National Institute of Arthritis and Metabolic Diseases 
of the National Institutes of Health, US Public Health 
Service 
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Amino-acid Content of Antispermatogenic 
Antigen 


A SINGLE injection of homologous testicular homogenate, 
spermatozoa, or extracts thereof, m adjuvant, mduces 
aspermatogenesis in the guinea pig^? This mmunologi- 
cally induced cellular destructive response 1s specific in 


Values of 5 to 7 ng/ml are diagnostically indeterminate 


that only the germmal cells are exfohated Therefore, 
mmunologically induced aspermatogenesis provides a 
model system for investigations of auto-allergic diseases in 
general Moreover, the system affords an opportumity to 
examine problems 1elating to cell replication as well as the 
control of cell proliferation. It ıs important, therefore, to 
gam knowledge of the essential structure of the antigen(s) 
inducing aspermatogenesis This communication provides 
information iegarding the amino-acid content of tho 
antigen(s) and supplements previous reports of other 
characteristics of this material? 

The procedure foi extracting the antigenic materials 
has been modified from that pieviously described® Briefly, 
decapsulated testes were homogenized in an equal volume 
of 0 LN acetic acid The homogenate was stirred mechan1- 
cally overnight at 4° C and then centnfuged at 17,500 
rpm for 1h The supernatant was dialysed against 
running tap water for 24 h and the contents of the bag were 
filtered and lyophihzed The lyophilizate was treated 
with 20 per cent cold trichloroacetic acid m an ice bath 
and the precipitate removed by centrifugation The 
supernatant was dialysed and then lyophilized This 
lyophihzate was dissolved ın distilled water, the pH was 
adjusted to 4 b, and was extracted thrice with n-butanol 
and twice with chloroform, each time retaming the 
aqueous layer which was finally dialysed, filtered and 
lyophihzed Gumea pig spermatozoa were obtamed by 
flushmg the epididymides and were treated m the same 
manner ‘The guinea pig testicular and spermatozoal 
antigens were tested for antispermatogenic activity as 
described elsewhere‘ and the human material was tested 
as noted previously5 

Duplicate samples of the antigenic preparations weie 
dissolved ın 6 N hydrochloric acid and hydrolysed by 
refluxing m a sealed ampoule at 110° C for 22h The 
hydrolysate was evaporated to dryness in a rotary evapora- 
tor and dissolved in pH 2 2 sodium citrate buffer The 
amino-acid content of the hydrolysates was determined by 
ion-exchange chromatography using a Spmco model 120 
amino-acid analyse) è 

The results of analysis of two samples of guinea pig 
testis, ono sample of human testis and one sample of 
guinea pig spermatozoa have been averaged and summar- 
izedin Table 1 The content of tryptophan and hydroxy- 
proline cannot be reported with ceitainty because these 
ammo-acids are partially dest10yed durmg acid hydrolysis 
Table 1 AMINO-ACID CONTENT OF PARTIALLY PURIFIED ANTISPFRMATOGENIC 
ANTIGENS FROM HUMAN AND GUINEA PIG TESTES AND GUINEA PIG SPERM 


Amino-acid * Guinea pig testes Human testes Guinea pig sperm 


Aspartic acid 0 439 0 565 0 385 
Threonine 0 411 0 268 0 340 
Serine 0 351 0273 0 266 
Proline 0577 0 412 0378 
Glutamic acid 0 850 0 804 0 435 
Glycine 0 403 0512 0 292 
Alanine 0471 0 562 0 309 
Vahne 0 301 0 329 0214 
Half-cystine 0 048 0 026 0 149 
Methionine 0 019 0 056 0 027 
Isoleucine 0136 0177 0 105 
Leucine 0 286 0 356 0 225 
Ty rosine 0 026 0 050 0045 
Phenylalanine 0 093 0114 0075 
Lysine 0 308 0 353 0 199 
Histidine 0125 0118 0118 
Arginine 0120 0112 0 097 
Ornithine 0 004 0 004 0 002 
Tryptophan — 0 007 — 

Hydroxyprolme — 0019 — 


* Values expressed as umoles/mg antigen 
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The values of some othe: ammo-acids may require correc- 
tion when a more purified preparation of the antispermato- 
genic fraction 1s obtained 

As seen mm Table 1, analyses of hydrolysed gumea pig 
testicular and spermatozoal antigens reveal a close 
sumularity ın amino-acid content Injection of less than 
5 mg of these antigens in adjuvant mto a guinea pig 
duces aspermatogenesis lasting 6-8 months The human 
testicular antigen bears a strikmg sumularity to those from 
the guinea pig, but the same dose of material does not 
mduce complete aspermatogenesis im the guinea pig 
While these analyses support previously reported demon- 
strations of cross-reactivity botween guinea pig and human 
testicular antigens’, the differences in biological activity 
may be attributed to species specificity 

This work was supported by US Pubhe Health Service 
grant No AJ-04152 and by funds from the Ford Founda- 
tion and the US National Science Foundation 
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Changes in Activity of Transaminase in Dog's 
Serum due to Lymphoedema of the Liver 


Previousty! we examuned the changes in activity 
of transaminase after acute biliary obstruction This 
communication records observations regarding changes 
in serum glutamic-oxaloacetic transaminase (S-GOT) 
tod due to artificially produced lymphedema of the 

vel 

Tho experiments were cariied out on dogs of both sexes 
under ‘Nembutal’ anesthesia (0 04 g/kg body-wt , mtra- 
venously) After median laparotomy the portal lymphatic 
vessels and glands were ligated. Nothing else was done 
with the control animals except laparotomy Activity 
of GOT was determined ın the sera of all animals for 3 


Table 1 LYMPHATIC BLOCKADE 








S-GOT activity 












































| 
No Before intervention After mtervention 
o 
dogs Days | Days 
1 2 3 1 2 3 4 5 6 7 
1 55 45 — 62 148 150 155 155 — — 
2 114 — — 84 71 223 114 74 55 — 
3 14 — — | 150 185 223 174 74 05 = 
4 96 s5 96 | 130 155 155 148  — — 90| 
5 84 80 70 96 148 122 — — 84 — 
e Aa — — 106 110 122 45 21 21 18 
7 45 841 62 104 148 102 45 21 21 291 
D | 
P < 1 per cent 
Table 2 SHAM-OPFRATION 
S-GOT activity 
1 
No Before 
Bs sham-operation After sham-operation 
ogs 
Days | Days 
1 2 3 1 2 3 4 5 6 7 
1 68 110 — 71 55 64 62 == = — 
2 70 75 70 71 80 84 96 — — — 
1 3 21 71 "4 76 21 22 21 35 22 21 
4 79 81 82 86 84 40 35 2 








P > 40 per cent 
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days before and 7 days afte: intervention, according to 
Dubach's method? 

The values found m both groups are summarized in 
Tables 1 and 2 Compared with sham-operation, a 
significant rise of S-GOT activity 1s found m dogs the 
lymphatics of which have been. blocked 

In 1954 we pubhshed our observation on dilatation of 
lymphatic vessels m the periportal area and around 
branches of the vena hepatica produced by ligation of the 
portal lymphatics*+ These alterations are followed by 
extensive cedema around the v sublobulares As a 
consequence the hve: cell columns become compressed 
All these obviously affect thew metabolism, the changes 
manifest themselves in the rise of S-GOT activity also 
But, since the cedematous state due to disturbed lymph 
circulation 1s only temporary, the elevation of S-GOT 
activity 1s similarly transitional in these cases 
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Alteration in Size of the Heart of Late Chick 
Embryos after Incubation at Varied 
Temperatures 


Wr have observed a consistent alteration in the size 
of the heart of chick embryos following the exposure of 
11- or 12-day-old embryos to increased or reduced tem- 
peratures of mcubation for one week In one series, 
ninety ll-day-old embryos, which had been maintamed 
at the normal temperature of 37 5° C, were removed from 
thew incubator, candled, and divided into three groups 
of 30 each One gioup was placed in an incubator at 
32 5° C, the second returned to 37 5? C, and the third 
placed at 425°C On the eighteenth day of mcubation 
hive embryos were found as follows 26 at 325°C, 
29 at 375°C and 18 at 425°C All the embryos at 
42 5° C and 20 of the embryos from each of the other 
two groups were examuned The embryo was removed 
from 1ts extra-embryonic attachments and weighed The 
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Fig 1 Tabulation from one experiment of the weights of chick embryos 
and their hearts on the eighteenth day of incubation, the final week of 
this period being at the three experimental temperatures 
*The + values = 15 D 
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heart was removed with the great vessels cut close to 
the heart, and the organ weighed The weights of each 
embryo and 16s heart are seen tabulated m Fig 1 

The largest embryos were seen at 37 5^ C The hearts 
from the group at 32 5? O were largest, even though the 
embryos bearmg these hearts were smaller than those at 
the normal temperature On gross examination we saw 
that the merease in size at 32 5? C consisted of enlarge- 
ment of the chambers of the heart as well as thickening 
of their walls On microscopie section the increased 
heart tissue mass was found to be composed of heart 
muscle and supporting tissues, not of an mflammatory 
exudate or cedema 

Two other gross changes were consistently present In 
the low-temperature groups the mtra-abdominal vems 
of the embryos as well as veins of the extra-embryonic 
membranes were distended Also the kidneys were en- 
larged—both the mesonephrie and metanephric kidneys 

To see whether the variation ın the size of heart 
resulüng from the difference ım temperature of incubation 
would be observed ın heart fragments transplanted to 
the chorioallantoic membrane, we removed the hearts of 
several] 8-day-old embryos, pooled them, cut them into 
l-mm explants in Hanks's balanced salt solution, and 
transplanted them to the ehorioallantoic membranes of 
one hundred 8-day-old embryos These were meubated 
at the normal temperature, 37 5° C, for 3 days On the 
eleventh day of incubation 95 eggs were alive Eleven 
were fixed for mstological exammation The remainder, 
84 embryos, were divided into three groups, and incubated 
at the three test temperatures 

The largest transplants obtained after one week were 
ın the group at 375°C On microscopic exammation 
these were found to be well vascularized, with abundant 
heart muscle tissue The smaller transplants, at 32 5° C, 
contaimed heart muscle tissue similar imm appearance to 
that seon at 375°C The smallest transplants, found at 
42 5° C, showed many foci of calcification and degenera- 
tion, although areas of histologically normal heart muscle 
were also seen 

We think that the mfluence of environmental tem- 
perature on the sıze of the intact heart ıs not a direct 
reaction of heart tissue to the alteration m temperature 
of incubation, but results from other causes Perhaps 
15 15 a hemodynamic response to congestive failure or 
arterial hypertension, a response which may require an 
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PHARMACOLOGY 


Local Anesthetic Activity of the 6-Receptor 
Antagonist, Pronethalol 


Iw 1962 ıt was reported that pronethalol (I) (formerly 
‘Nethahde’), a derivative of isoprenalhne m which the 
catechol rmg is replaced by naphthalene, was able to 
antagonize the B-responses to sympathetic stimulation or 
sympathomimetic drugs! It was afterwards shown? that 
pronethalol approximately doubled the lethal dose of 
ouabain, completely prevented the onset of ventricular 
fibrillation durmg mtoxication by cardiac glycosides, and 
restored a regular rhythm to gumea pig hearts which had 
already been made to fibrillate by an overdose of ouabain 
Experiments on isolated rabbit atria’, from which action 
potentials were recorded with miracellular mucro-elect- 
rodes, indicated that pronethalol was an ant1-arrhythmic 
agent approximately twice as potent as quimidme, and 
with a &mular mode of action. Since many anti-arrhyth- 
mue agents are also local anaesthetics, 16 was of interest 
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to discover whether pronethalol also could produce local 
anesthesia 

Gumea pigs were hghtly anesthetized with sodium 
pentobarbitone (30 mg/kg mtraperitoneally) and local 
anesthetic potency determmed by the intradermal weal 
method of Bulbrmg and Wajda* It was found that 
pronethalol 13s 18 times as active as procame (log R= 
0270+005)  Pronethalol ıs very closely related to a 
series of compounds studied as local anesthetics by 
Macintosh and Work? They found that the compounds 
IIa and IIb were 0 5 and 1 5 times as active, respectively, 
as procaine Pronethalol and isoprenaline both have the 
same side-chain structure, but work on the sympatho- 
munetic amines has shown that ib is unwise to draw 
analogies between phenolic and non-phenohe amines 
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Interaction of Oxytocin and Vasopressin 
with @-Adrenergic Receptors in the Kidney 


THERE is evidence which suggests that oxytocm and 
vasopressin can interact with Q-adrenergie receptors in 
various tissues of several species For example, tho 
depressor effect of oxytocm in the chicken 1s blocked by 
diebloroisoprenalme (DCI) (ref 1) and that of vasopressin. 
by pronethalol*, a pure @-blocking agent? In the dog, 
the vasodilator action of adrenaline 1s abolished and 
the depressor effect of ethylnoradrenahne reversed by 
large doses of vasopressin* 

A recent investigation by Lees and Lockett' of renal 
function m the rat has revealed the existence of receptors 
in the kidney termed f-receptors as they are activated 
preferentially by low doses of isoprenaline and blocked by 
pronethalol It was suggested that there are two groups 
of B-receptors involved in the renal response to isopren- 
alne those associated with the “postganghonic sympa- 
thetic mnervation of the proxmal tubules" and those 
associated with “sympathetic vasodilator fibres” 

Both oxytocin and vasopressm have effects on ronal 
tubular function and, in suitable doses, on the ronal 
vasculature The work recorded here was undertaken to 
determme to what extent, if any, the dimetic or anti- 
diuretic actions of oxytocm and vasoplessin in ists are 
mediated through B-adrenergic receptors 

Prelummary experuments were carried out with oxytocin 
using the water-loaded rat under ethyl alcohol anesthesia 
with continuous monitoring of blood pressure? Prioneth- 
alol given intravenously m a dose as low as 01 mg/kg 
eaused no significant change in blood pressure or urme 
flow but reduced or abolished the antidiuretic effect of 
oxytoem This is Wustrated in Fig 1 Evidence for the 
blockade of 8-receptors was provided by the finding that 
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(17) (2) 
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4 mu 01 mg/kg 


Fig 1 Inhibition of the antidsurctic effect of oxytocm by pronethalol 

Urine flow from a water-loaded rat under ethyl alcohol anesthesia 

Output recorded by means of a drop counter, the height of the peaks 

reflects drops/min Three injections given at 15-min tervals, 

oxytocin (0) 4 mu before and after pronethalol (P) G1 mg/kg The 

numbers above the tracings give the percentage reduction in urine flow 
in the 5 min after the myection 


4mu 


pronethalol also blocked the depressor iesponse to 25 ng 
isoprenaline 

A frequently occuizing complication in these expert- 
ments was a long-lasting antidiuresis caused by the intra- 
venous admmustration of pronethalol rtself, which occurred 
without any change in blood pressure ‘This antidiuretic 
action of pronethalol has also been observed in conscious 
rats when large doses were injected intramuseularlys 
Therefore, when further experiments were carried out using 
conscious water-loaded rats, small mtramuscular doses of 
pronethalol were used which did not affect urme flow 
With this technique, the offeet of pronethalol on the renal 
response to oxytocin and vasopressin was examined 

Twenty-four male rats weighing about 250 g were 
divided into six groups, and a series of tests were conducted 
abt 2-3-day mtervals The rats were deprived of food and 
water for 16 h before each experiment They were then 
given an oral water load of tap water (5 per cent of body- 
weight) and rmmediately injected mtramuscularly with 
either saline or 0 5 mg pronethalol, followed 30 mun later 
by a subcutaneous injeetion of either oxytocm (30 mu), 
vasopressin (1 mu), or saline Al injection volumes were 
02 ml Each group of four rats received each experi 
mental treatment m a Latın Square design The different 
groups were housed m metabolism cages and tho urme was 
collected for 2 h after the subcutaneous mjections The 
volume of urme was expressed as a percentage of the 
water load 

Pionethalol in the dose used was found to have no 
antidiuretic action of is own, since the salmo-treated rats 
excreted 58 + 3 per cent and the pronethalol-treated 
62 + 5 per cent of the water load In contrast to the 
antidiuretic effect of oxytocm seen m the anesthetized 


rats, oxytocin caused diuresis m the conscious rats This 
effect has been described by various authors? Tho 
oxytocin diuresis was not altered by pronethalol Vaso- 


pressi caused a reduction im uüune flow and this anti- 
diuretic effect was reduced by pronethalol These results 
are shown m Table 1 

It has been reported that doses of pronethalol 3-10 
times larger than that used m the present investigation do 
not change glomerular filtration rate or renal plasma flow! 
Therefore it 1s likely that the blockmg action of pronethalol 
on the response to vasopressin is not the result of any gioss 


Table 1 
Treatment Urinary excretion (95) Difference (%) 

30 mu oxytocin 76 - 
30 mu oxytoem after 0+3 

0 5 mg pronethalol 76 
1 mu Vasopressin 27 
1 mu vasopressin after 93 

0 5 mg pronethalol 36 


Urine excretion in the 2 h following injection with oxytocm or vaso- 
pressin, with and without pretreatment with pronethalol Each value 
represents the mean from sm. groups of four rats  Exeretion 1s expressed 
as percentage of the water load ‘The right-hand column shows the mean 
and standard error of the paired differences m six experiments ‘The re- 
en ot the antidiuretic effect of vasopressin by pronethalol 1s significant 
a < 
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alteration m the 1enal distribution ofthe hormone Itisof 
interest that both vasopressin and isoprenalme® m low 
doses cause antidiuresis without changing glomerular 
filtration rate and renal plasma flow, and that the anti- 
diuretic effect of both drugs can be reduced by & B-adren- 
ergic blocking agent However, it 1s not yet clear whether 
these findmgs imply a vascular action of vasopressin as 
part of its effect on the kidney—for example, on renal 
medullary blood flow As the existence of ‘‘postgang-, 
honie sympathetic mnervation of the proximal tubules" 
and adrenergic “sympathetic vasodilator fibres" 5 15 any- 
thing but estabhshed, ıt would be prematuie to speculate 
about involvement of a sympathetic mechanism m the 
action of vasopressin on the kidney 

The diuretic effect of oxytoom was not altered by the 
B-adrenergie blocking agent, and investigations ın progress 
show that 1t 1s similarly unaffected by «-adrenergic block- 
ade, and thus differs from the diuretic effect of adrenaline! 
Therefore, the mechanism of the diuretic action of oxy- 
tocm m the 1at 1s still an open question 

I thank Dr S A Stephen, of Imperial Chemical 
Indusiries, Lid , for a gift of pronethalol and I also thank 
Di G W Bisset for his advice and Dr P B Medawar for 
the facilities to carry out ths work Ths work was 
supported by the Pubhe Health Service traming grant 
2M 6418 from the National Institute of Mental Health 
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PATHOLOGY 


Autoimmunity and Inflammation 


Tue local humoral and cellular events which occur 
m the skm following cell injury are vory smular to those 
which. follow the intradermal mjection of soluble antigen 
m an immunized animal which has antibodies in its cn- 
culation In both cases there 18 an mmmeodiate increase m 
the permesbihty of the small blood vessels, adherence of 
leucocytes to the vessel walls and migration of leucocytes 
into the surrounding tissue!-? The usual explanation of 
this similanty 1s that the antibody-antigen 1eaction causes 
a certain degree of cell damage, with consequent release 
of the pharmacologically active substances which are also 
hberated following injury to cells from othe: causes In 
this communication an alternative, and in fact opposite, 
view 18 put forward It ıs suggested that the reaction 
due to cell injury is similar to that due to antibody- 
antigen interaction because damage to cells causes the 
local formation of antibody-antigen complexes 

It 1s becomung mereasıngly evident that the natural 
unresponsiveness of the immune system to self-components 
apples only to autogenous substances which are normally 
exposed in the circulation Experimentally, ıt 1s now 
well estabhshed that autoantibodies to normally ‘m- 
accessible’ intracellular autoantigens can be produced 
by ummunization with tissue extracts and homogenates! 
While 1$ 1s true that, m order to produce high levels of 
such autoantibodies rb 1s often necessary to myect the 
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antigenic material together with adjuvant, this effect is a 
quantitative rather than a qualtatrve one ^ Another 
indication of the natural responsiveness to autogenous 
mtracellular components 1s the frequency with which 
autoantibodies are found in disease conditions which 
involve considerable tissue damage, as, for example, in 
tuberculosis®, syphilss, malaria’, infective hepatitis, 
and caremoma? 

There 1s, indeed, much to be said for the view that 
autommunty may represent a normal physiological 
process which has an important function in bringmg 
about removal of products of cell damage from the 
circulation?? It has also been suggested that autoanti- 
bodies, or perhaps autoimmunity of the delayed-type, 
against normally maccessible antigens may play a sigmfi- 
cant part ım rendering cell debris attractive to phago- 
cytes!?12, It 15 a debatable question whether the high 
levels of autoantibodies in many of the so-called auto- 
immune diseases are of pathogenic significance and the 
consequence of an abnormality in the immune system, 
or whether they merely reflect a normal ymmune response 
to an abnormal antigenic stimulus—an attempt on the 
part of the body, at least ın some cases, to cope with the 
effects of an unusual degree of cell damage or cell leakage 
Although majority opmion to-day tends to favour the 
former view!:, the matter can by no means be considered 
settled on the basis of evidence at present available 

Since the capacity to respond immunologically to ntra- 
cellular components appeais to be a normal state, we can 
expect to find a certam level of autoantibodies in all 
normal individuals, smce a certain degree of cell injury 
1s mevitable m daily hfe This should apply especially 
to the skm, in which cell damage must be relatively 
frequent as a result of scratching, bruising, msect bites 
and so on 

According to this reasoning, therefore, we should not be 
surprised to find autoantibodies to components of skm 
cells in the sera of all normal adult ammals Foi the 
moment, let us assume that such 1s the case What, then, 
would be the immediate ummunological consequences of 
skm injury m a normal individual? First, intracellular 
antigens would be lberated from tho injured cells and, 
because of the presence of the corresponding antibody 
m the surrounding fluid, there would occur an mmediate 
antibody-antigen reaction The formation of antibody- 
antigen complexes 1n the skin would activate components 
of plasma, with release of phaimacologically activo 
substances, and the usual consequences of an intradermal 
antibody-antigen reaction would follow That is to say, 
there would occur an moerease in capillary permeability, 
adherence of leucocytes to the walls of blood vessels, 
leucocyte migration into the tissues and so forth 

That antibody-antigen complexes do activate normal 
plasma or serum components with subsequent production 
of pharmacologically active substances 1s well established 
Incubation of mmmune precipitates im serum vm vtro 
108sults in. the formation of a substance which, on injection. 
into a normal guinea pig, causes anaphylaxis!i/15.18 
Interaction of antigen and antibody m serum 1s also said 
to activate serum proteasos’*, although some workors 
have failed to confirm this report!? 

As regards the migration of leucocytes, experiments 
an viro have shown that antibody—antigen complexes 
activate a heat-labile (56? C) system in normal serum 
causmg the production of a heat-stable principle which 
has a direct chemotactic influence on polymoiphonuclear 
leucocytes!® In some more recent work, m which a 
simular «n vitro technique was used, Hurley?" has provided 
evidence that the chemotactic effect of tissue homogenates 
for leucocytes ıs dependent on the mteraction of normal 
serum components with the cell debris 

Clearly, if the autoimmune concept of inflammation 18 
correct, 1t should be possible to demonstrate autoanti- 
bodies to components of skin cells m the sera of normal 
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animals Experiments have been set up to test whether 
thisisso Sahne extiacts of rabbit skm were prepared by 
homogenizing about 50 g of skm from a normal rabbit m 
100 ml of saline m a blender The homogenate was 
centrifuged and the supernatant fhud, whch was faintly 
opalescent, was filtered first through Whatman No 1 
filter paper, and then through 'Milhpore' filter membrane 
(type HA average pore size 0 45u) The filtrate was used 
as antigen in the serological tests 

Sera from twenty adult rabbits have been tested 
agamst autologous and homologous skm extracts in tanned 
cell hemagglutination and complement fixation tests 
All the sera have given positive results im both techniques, 
although complement fixation has been the more satis- 
factory method, due to an oceasional tendency for the 
skm extracts to agglutmate tanned 1ed cells The dilutions 
of the sera were commenced at 1/4, and titres m com- 
plement fixation varied from 1/16 to 1/256 All controls 
have been satisfactory, and there 1s no 1eason to suspect 
that these positive reactions alc not due to specific 
antibodies 

The reactions are not auto-specific The serum of any 
normal rabbit gives a positive serological test not only 
against its own skin components, but also against extiacts 
of skin from other 1abbits 

Sera of new-boin rabbits and of rabbits 1 and 2 weeks 
old were negative m these tests Sera fiom a proportion 
of 3-week-old rabbits were positive, although the titres 
were low (for example 1/4 and 1/8) Six-week-old rabbits 
had normal adult levels of antibody in their sera 

Tt 1s dufficult to avoid the conclusion fiom these 1egults 
that damage to skin cells 1n noimal rabbits, mvolving the 
ielease of cell components, will 1esult m the formation of 
antibody-antigen complexes in the inmediate vicinity 
of the jury It 3s also difficult to avoid the conclusion, 
from our knowledge of the consequences of antibody- 
antigen interaction m plasma, that this will result in the 
local production of pharmacologically active substances, 
including the chemotactic principle foi polymorpho- 
nuclear leucocytes 

These results are therefore entirely consistent with the 
suggestion that mflammation following cell injury is, 
at least ın part, the consequence of an autoimmune reac- 
tion They also support the view that a degree of auto- 
immunity 18 à normal state, perhaps of great importance 
in the mamtenanco of health 
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An Attempt to demonstrate Autologous 
Recognition of Malignant Cells by an in vivo 
System 


Iv is known that malignant cells can be removed from 
the circulation and disposed of by unknown mechanisms 
An attempt was made to demonstrate autologous sensi- 
tization to ectopically placed tissues'*, and so attention 
“was directed to the possibilty of autologous recognition 
of malignant cells 

Fibrosarcomas were mduced in Sheffield strain Wistar 
rats by the subcutaneous injection of 0 05 g 20-methyl- 
cholanthrene into the anterior abdommal wall of the host 
animals 

When a tumour: had grown to about the size of a hazel 
nut 16 was excised, and a small portion of the tumour was 
enclosed m a ‘Millipore’ chamber of 0 45u porosity which 
was mserted mto tho peritoneal cavity of each host 
animal The main bulk of the tumour was then kept at 
— 20° C until needed 

As Dempster? showed that a host has to be sensitized 
for a mmunum of 8 days with askin graft before a second 
sot, response can be obtained to & further skin graft, the 
rats were kept alive for between 8 and 13 days before 
they were killed Cell suspensions were made, by the 
method of Branster and Morton’, of both the spleen of the 
host and the stored tumour A cell suspension was made 
of anormal spleen from the same strain of rat Cell counts 
were done, and the sensitized and normal spleen suspen- 
sions were adjusted to equality Four to one volumes of 
spleen to tumour cell suspensions were injocted sub- 
eutaneously into one flank of guinea pigs, the other, 
contiol, flank receiving similar quantities of normal spleen 
cell suspension and tumour cells 

The guinea pigs were killed, and the flares under the 
skin were examined and photographed 3-4 days later 
Flares were assessed by the size and mtensity of reddening 
on the under surface of the skin at the site of the injection, 
and ıt was found that flares were predominantly larger m 
the expermnental as compared with the control side 
Owmg to the diversity of shapes ıt was not possible to 
measure them (Table I) 


Table 1 
Experimental side flare larger Control side flare larger Flare equal 
both sides 
Autologous tumour-sensitized Normal spleen and tumour 
spleen and tumour cells celle 
33 2/43 8/43 


Spleens had been sensitized by charged ‘Millipore’ chambers inira- 
peritoneally for between 8 and 13 days 


In case this was only a non-specific reactivity which was 
being demonstrated, a further series of expeiimments was 
designed Hero a rat spleen was sensitized by mtra- 
peritoneal mplantation of a “Millipoie’ chamber charged 
with a piece of autologous 20-methylcholanthrene-induced 
fibrosarcoma as before, and tested ın the guinea pig with a 
tumour cell suspension In this series, however, the 
control side was the autologous tumour-sensitized spleon 
cell suspension (the same as in the experimental side) and 
the antigen a cell suspension of autologous live: (Table 2) 


Table 2 


Control side flare larger Flare equal 


both sides 


Experimental side fiare larger 


Autologous tumour-sensitived_ Autologous tumour-sensitized 
spleen and tumour cells spleen and autologous liver 
2 3/34 7/34 


In case the ‘Millipore’ chamber itself was activating the 
spleen, an empty "Milhpore' chamber was inserted intra- 
pentoneally ın a rat for 12 days A piece of autologous 
hver tissue enclosed ın a ‘Millipore’ chamber was placed 
intraperitoneally in another rat for a sumilar number of 
days Cell suspensions were made of both spleens as 
béfore, and a cell suspension of hver was used as the 
antigen m both gumea pig flanks (Table 3) 
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Table 3 
Experimental side flare larger Control side flare larger Flare equal 
both sides 


Empty ‘Milhpore’-sensilized 


Autologous liver-sensitized 
spleen and chy cells 
1 


spleen and liver cells 
3/4 


The ‘Millipore’ chamber does not appear, therefore, to 
activate the spleen There is a predommantly larger 
flare in the side of the gumoa pig which received a sub- 
cutaneous injection of autologous (chemically induced) 
fibrosarcoma coll suspension and autologous spleen. cells 
(which had been sensitized by a piece of the autologous 
tumour ui a ‘Millipore’ chamber) than there ıs m the 
other (control) side of the guinea pig which received the 
same autologous tumour-sensitized spleen suspension and 
a suspension of autologous liver This appears to be a 
specific sensitization of the spleen to autologous tumour 
cells 

Such a recognition by autologous tissues presupposes 
some antigenic alteration of ectopically placed tissues: 

We know that mahgnant cells have lost & lypoprotem 
constituent, and we believe that this loss 1s associated 
with the loss of TSA which also occurs m caromogene- 
sis? Moreover, we also know that the mahgnant cell 
behaves differently from the normal cell m many ways, 
and that it has a higher negative surface charge than the 
normal cell Anthony and Parsons" have found, using 
& Coombs consumption test, a globulin on the surface of 
tumour cells from both animals and human beings which 
was not found on the correspondmg normal tissues, and 
others also have shown that mahgnant cells have an 
avidity for plasma protems which is not associated with 
ther rate of growth!? 

Billmgham et al 1 have shown by adoptive immunity 
that fixed and circulating cells of the immune mechanism 
can mediate different types of responses, and Goswami!* 
demonstrated an increased eosinophile response to hetero- 
logous fixed tissue cells which 1s not obtamed using circu- 
lating heterologous leucocytes It may be surmised 
therefore that fixed and mobile cells of the immune system 
are capable of different methods of action 

The mechanism of the reactivity ın the guinea pig has 
not been investigated as it was felt that the essential 
problem is whether or not a soluble antigen 1s commg 
from the ‘Milhpore’ implant which is capable of, m some 
way, sensitizing the autologous spleen to the tumour cells 

It 1s believed that ın the early stages of tumour growth 
part of the immune mechamsm of the host animal is 
capable of recognizmg and responding to an alteration in 
function, if not in structure, of the malignant cell, and that 
this can, in some cases, be demonstrated by PCA n gunea 


pigs 
Mary R ANDERSON 


Department of 
Expermmental Pathology and Cancer Research, 
School of Medicine, 
Leeds, 2 


1 Anderson, M. R , Nature, 199, 712 (1963) 

2 MC W J,Caman,J S,2and Kulatilake,A BE, Bret Med J ,1, 23 

? Branster, M V , and Morton, R K , Nature, 180, 1283 (1957) 

4Green, H N , Cancer, edit by Raven, R W , 8, 1 (Butterworth, London) 

5 Anderson, M. R , and Green, H N , Nature, 198, 861 (1963) 

"'Westrop, J W, and Green, H N, Natwe, 186, 350 (1960) 

7 Green, H N, Ann NY Acad Sei, 68, 268 (1937) 

* Naun, R C, Richmond, H G , McEntegart, M G and Fothergill, J E, 
Brt Med J ,n, 1835 (1900) 

* Nairn, R C , Fothergill, J E , McEntegart, M G , and Richmond, H G, 
Brit Med J ,0,1791 (1902) 

1 Baldwin, R W, Brt Assoc Cancer Res , Leeds (1963) 

4 Abercrombie, M , and Ambrose, E J, Cancer Res , 92, 1, 825 (1962) 

13 Anthony, H M, and Parsons, M, Dept Exp Path and Cancer Res 
Medical School, Leeds (personal communication) 

13 Ghose, T , Nain, R C, and Fothergill J E , Nature, 196, 1108 (1962). 

4 Billmgham, R E, Brent, L, and Medawar, P B, Proc Roy Soc , B, 
148, 58 (1954-55) 

18 Goswami, P, Dept Exp Path and Cancer Res , Medical School, Leeds 
(personal communication) 


No 4915. January ll, 1964 
IMMUNOLOGY 


Immediate Cutaneous Hypersensitivity in 
Mice: in vitro and in vivo Characteristics of 
Serum from Hypersensitive Mice 


INVESTIGATIONS of 1mmmediate-bype active cutaneous 
hypersensiiive reactions ın muee! led to the conclusion 
that the characteristic reaction consisted of two distinct 
phases A rapid phase (phase 1), consisting of an 1mmedi- 
ate cedematous response, could be detected within 6-9 
days of a single sensitizmg injection of egg albumen in 
adjuvant It continued to occur, at least transiently, 
throughout the period of testing (36 days after sensitiza- 
tion) A slower phase (phase 2) was first noticed approxi- 
mately 12 days after sensitization At first phase 2 
developed 2-3 h after the animals had been skm-tested, 
but as the time interval between sensitization and 
challenge increased ıt appeared moro rapidly Fuly 
developed phase 2 reactions were macroscopically and 
microscopically typical Arthus reactions 

The temporal dependence of the stage or degree of 
hypersensitiveness, considered in the hght of the hetero- 
geneity of antibody?, suggested a possible relationship 
between the two phenomena Accordmgly, experiments 
were undertaken which sought to explore this possibility. 
Actively sensitized mice were bled at various mtervals 
after a single sensitizing injection of egg albumen m 
Freund’s adjuvant On the same days, cage-mates of the 
serum donors were skin-tested to determme the degree 
of active sensitization at the time the various sera were 
obtained Sera from each bleeding date were pooled, and 
portions of each pool were fractionated by column 
chromatography on diethylammoethyl-cellulose? Hach 
unfractionated serum and each of the chromatographic 
fractions was tested for precipitms and for the presence 
of antibodies capable of agglutinat:ing specifically sən- 
sitized tanned sheep erythrocytes Each serum and 
chromatographic fraction was also tested for its an vivo 
activity m 2 ways (a) Normal mice were injected mtra- 
dermally with either antiserum or fraction and each 
animal was challenged intravenously 3 h later by a mixture 
of antigen and Evans blue Evidence of the passive 
cutaneous anaphylactic reaction was given by bluemg 
of the tissues at the site of mtradermal serum or fraction 


Table 1 Jn vitro AND ın mvo DETECTION OF ANTI-EGG ALBUMEN ANTIBODY 
FROM MICE SENSITIZED FOR VARIOUS PERIODS OF TIME 


Reactions of whole sera and fractions 




















Reaction Chro- 
Day fol- 1n donors mato- Passive 
lowing graphic} sensitization * 
sensit- Phase * frac- _ SS 
ization tion Micro- Precip- 
1 2 HAT Visible scopic PCAf itm 
6 + 0 + + + 0 0 
9 + 0 + + + 0 0 
12 T Ł + + + 0 0 
17 + + IV + + (—)8 0 0 
24 + + + (-) (2 0 0 
36 + + + 0 0 0 0 
HO + + + + + 0 0 
6 + 0 0 0 0 0 0 
9 + 0 0 0 0 0 0 
12 + + 0 0 + + + 
17 + + I 0 0 + + + 
24 + + + (-) (-) + + 
36 + + + 0 + + + 
H t + 0 0 + + + 
8 + 0 0 T + 0 0 
9 * 0 0 + + 0 0 
12 + + Unfrae-| O0, 0 + + + 
17 + + tion- 0 0 + + + 
24 + + ated + (-) (-) + + 
36 i4 t 0 0 T + + 
H * + 0 0 + + + 








* See text for explanation 

T Hemageglutinating antibody 

i Passive cutaneous anaphylaxis 

§ Data not obtained 

"i Hyperimmune serum obtained from mice which received 2 booster 
injections of egg albumen m Freund’s adjuvant m addition to the mıtıal 
sensitizing injection 


NATURE 


203 


injection’. (b) Serum or fraction was injected intra- 
venously into normal mice and each animal was challenged 
intradermally 18 h later by antigen This method will be 
referred to as passive sensitization Evidence of an antigen- 
antibody reaction by the passive sensitization technique 
was given by (1) a macroscopically visible cedematous re- 
action , (2) amucroscopically typical inflammatory response , 
(3) occasionally some microscopic mdication of mast cell 
degranulation, all at the site of antigen injection 

Qualhtatively, the results indicated the presence of 
differently reacting specific antibodies in two of the 
chromatographic fractions (Table 1) Chromatographie 
Fraction IV, which with the buffer system used has been. 
shown previously to contam anti-protem macroglobuln 
antibodies®, contamed hemagglutinins but did not at any 
time contain detectable precipitins or passive cutaneous 
anaphylactic antibodies Animals subjected to passive 
sensitization (b, above) with the various Fractions IV 
showed, rapidly developmg visible skin reactions compar- 
able with the active cutaneous hypersensitive reactions 
previously described? Microscopic examination of these 
reactive sites revealed a typical mflammatory response 
developing within the first 30 mun after challenge No 
increased mast cell degranulation was noted Fraction 
TV activity ın passive sensitization tests corresponded in 
time with the occurrence or non-occurrence of phase 1 
reactions m actively sensitized cage-mates of the serum 
donors 

Fraction I, which with the buffer system used has been 
shown to contain predommantly 7S antibodies?, contained 
no antibodies detectable by these methods until the 12th 
day after sensitization (Table 1) At this time, and with 
inereasmg intensity in all subsequent sera, Fraction I 
had both precipitating and passive cutaneous anaphylactic 
mduemg antibodies Hemagglutmins were detected only 
in the 24th and 36th day sera, and then m low titre The 
visible reaction to intradermal challenge ın mice passively 
sensitized with Fractions I was in most cases indistin- 
guishable from the reaction m control animals Possibly, 
the bleb resulting from injection was cleared even more 
rapidly than ın the controls However, beginning with the 
12th day Fraction I, and im all Fractions I thereafter, muero- 
scopie examination of the challenge sites revealed histo- 
pathological alterations characteristic of inflammation 
Mast cell degranulation occurred with noticeable fre- 
quency Fraction I activity, and its intensity, paralleled 
the occurrence and intensity of phase 2 reactions m actively 
sensitized cage-mates of the serum donors 

In general, the reactions of the various unfractionated 
sora reflected the properties of their two active fractions 
Until Fraction I activity was detectable, unfractionated 
serum in passively sensitized mice gave the same reactions 
as its component Fraction IV. When activity became 
demonstrable in Fraction I, the same activity was shown 
by the serum from which ıt was derived In mice passively 
sensitized with whole serum, the visible cedematous 
reaction of the component Fraction IV was apparently 
masked by the (actively 1) unreactive component Fraction 
I, once Fraction I antrbodies were demonstrable Hæmag- 
glutmins were found m unfractionated serum only 
on the 24th day, despite their occurrence in all Fractions 
IV Bref experments failed to reveal mhibritors on 
the other fractions, so the paradox remains unexplamed. 

The skin reaction evoked. by antigen m mice passively 
sensitized with Fractions IV resembled, both m their 
tıme of appearance and duration and m their macro- and 
miero-scopie manifestations, the phase 1 reaction m 
actively sensitized mice It was not possible to correlate 
so exactly the more slowly developing phase 2 active 
reaction with the activity of Fraction I antibodies m 
passively sensitized mice because of a slowly developing | 
non-specific mflammatory reaction m all the animals 
The non-specific reaction was at its height 1 h after 
challenge, even m the controls, and 1s believed to have 
been caused by the phosphates used to buffer the diluent, 
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Lf a mild phase-2-like reaction has occurred, 
it would have been obscured by the non- 
specific reaction 
Specifically, the results supported the 
thesis that the different phases of an active 
immediate local hypersensitive reaction are 
the expression of differently reacting specific 
antibody molecules More generally, atten- 
tion 1s directed to the need for a more 
comprehensive criterion of the combination 
of antigen and antibody ın vwo than the 
standard at present used, the passive 
cutaneous anaphylactic reaction The diffu- 
sion of colloids from blood vessels in an 
area of inflammation may actually be 
mbhibited if oedema formation is active and 
rapid® Since phase I reactions are charac- 
terized by rapid cedema formation, failure 
to detect the responsible antibodies by the 
passive cutaneous anaphylactic reaction may 
be due to such an inhibition Of course, 16 may, instead, be 
due to & lack of ‘fixation’ to the tissues of the responsible 
antibodies The mhibition theory 1s presented as a possible 
alternative explanation which requires substantiation 
This work was supported by research traming grant 
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Effect of Exposure of Very Young Calves to 
Virulent Brucella abortas on their Serological 
Response to Re-infection by the same 
Organism at 6 Months of Age 


In the course of a Brucella eradication programme 1n 
an adult vaccinated herd certain anomalies were noted m 
the mmmune responses of 6-months-old calves to Brucella 
abortus stram 19 vaccmation Calves were routinely 
tested for Brucella sero-agglutimins mnmediately prior to 
vaccination A proportion of these calves had positive 
titres at this stage, and after vaccination a few of them 
showed no, or very httle, rise in agglutinn titre On 
checking the clmcal status of the dams of such calves 1t 
was found that they were Brucella-infected animals It 
seemed likely that these calves had been exposed to 
Brucella abortus at a very early age and often for a pro- 
longed period Therefore ıt was decided to set up a 
preliminary experiment to investigate the immune res- 
ponse of calves which had been expermentally exposed 
to virulent Brucella abortus during the early days of life 

Three l-day-old heifer calves were exposed by the oral 
route to virulent Brucella abortus 544 (3-days-old culture 
grown on serum-dextrose agar) 

The first calf (77/3) received 1 x 10°, the second (£7'/1) 
2 x 10? and the third (77/4) 1 x 10" organisms (total 
count) daily for the first 15 days of hfe At six months 
of age they were injected, together with 3 control calves 
(3C) of the same age and sex but no previous Brucella 
experience, with 6 x 10% Brucella abortus 544 (total 
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Results of agglutination tests for Brucella sero-agglutinins 
1 x 10°, IT/1, 2 x 10°, and IT/4, 1 x 10" Brucella abortus 544 daily by the oral route for 


the first 15 days of life 
until 180 days old AN six calves were challenged with 6 x 10° B abortus 544 at 6 
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Days 


Calf IT/3 received 
30 represents 3 control calves which had no Brucella experience 


months of age marked O on the graph 


count) They were bled at regular intervals after chal- 
lenge and the sera tested within two days for Brucella 
sero-agglutins and complement fixing antibodies The 
agglutmation test was carried out in the conventional 
manner for the serological diagnosis of Brucella»? Serum 
dilutions started at 12, 15, 110, ete , and the end titre 
was taken as the highest dilution at which there was 
50 per cent agglutmation The complement fixation test 
was performed as described previously® starting at 15 
dilution of the serum 

The results of the agglutination tests are presented in 
Fig 1 

Tu ] shows that the 3 control calves (3C) gave & 
vigorous ummunological response following injection by 
Brucella and were still showing elevated agglutinin titres 
6 months after exposure The 3 calves which had previous 
experience of Brucella mfectıon showed a sumilar but less- 
pronounced serological reaction to exposure to Brucella 
The rate of decline of agglutinin titres was much greater 
ın the cases of neonatally mfected animals than m the 
controls 

The complement fixing titre of the 3 control calves 
became positive at 15 serum dilution 5 days after mfec- 
tion, reached 1ts peak titre of 1 40 by the end of the third 
week and 1s still 1.10 sıx months after infection 

The complement fixing titre of calf [7/3 1s comparable 
with that of the control calves, but the titre of the other 
two (IT/1 and IT'/4) never exceeded 1 10 and remained 
intermittently positive at 1 5 serum dilution for over a 
period of 6 months even when agglutinin tatres were <1 10 

Dimmished or changed immunological responsiveness to 
Brucella after either chronic infection or heavy experi- 
mental exposure to these organisms has been reported 
durmg the past years*$?" The present and previous 
findings? support these observations It 1s suggested that 
heavy exposure of the neonata to Brucella may alter their 
ability to grve normal serological response on re-exposure 
to these bacteria The possibility of such calves remain- 
ing mnfected until they are adults should be re-examined 
and the effect of re-infection in later life, both on immune 
response and m provoking abortion, should be studied 

This work was supported by a grant from Imperial 
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Chromosome Aberrations arising 
spontaneously and induced in Meiotic Cells 
at Low Levels of Radiation in Tradescantia 


It is of interest m this age of radiation hazards to 
understand more fully the various parameters of mutation 
and to partition the mutations mduced at low levels of 
radiation from the frequency arising spontaneously The 
work recorded here was initiated for this latter purpose 
and for the following additional reasons (1) To establish 
a rehable and quantitative biological system to detect 
genetic effects at low doses approaching or less than 1 r 
(2) Tradescantia was selected as the test organism because 
1ts Sensitivity 1s sımılar to that of human chromosomes}? 
Also Tradescantia has been exammed extensively from a 
radiobiological and biophysical point of view? (3) Spon- 
taneous chromosome breakage, which occurs during 
metosis, has been examined under a variety of physio- 
logical conditions in Tradescantia? The progeny of these 
cultures were examined for spontaneous chromosome 
mutations and the analysis is presented here (4) Cells 
irradiated im meiosis were considered most sigmificant to 
examine from a genetic pomt of view since the human 
female ‘stores’ immature ova at meiotic prophase stages, a 
state of meiotic arrest established in fostal development’? 
and maintamed throughout reproductive hfe  Meiotic 
prophase 1s known to be the most sensitive stage to 1adia- 
tion durmg the life-cycle m plants and animals® 

All plants of Tradescantia paludosa (clone 5 of Sax) 
were grown ın water culture using Hoagland's solution 
Some of the nutrient ion conditions were varied from 
complete Hoagland’s solution, and the results concerning 
chromosome breakage have already been reported? A 
further genetic exammation was made with the seed 
piogeny from these latter cultures The resulting F, 
plants were screened for pollen abortion greater than 10 
per cent Plants showmg abortion were then examined 
cytologically at meiosis for chromosome abnormalities 
It turned out that there were no significant differences in 
frequency or in type of spontaneous chromosome aber- 
1ations between any nutrient condition, so all the data 
were pooled and are presented ın Table 1 

The most frequent type of chromosome mutation was a 
deficiency—considered a deficiency because of the consis- 
tent 50 per cent pollen abortion, yet it exhibited six biva- 
lents at metaphase in the F, plants so detected Pachytene 
chromosomes m Tradescantia will not spread sufficiently to 
permit a more critical analysis of chromosome aberrations 
These putative deficiencies were female transmissible 
Aberrations of this kind are analogous to recessive lethals 
in Drosophila The frequency of sex-hnked lethals in 
Drosophila melanogaster 1s usually about 0 2 per cent If 
we consider the other 4 large arms of chromosomes II. and 
III, then the frequency fox the genome of Drosophila would 
be about 0 8 per cent, essentially that reported here for 
Tradescantia The remammg 4 mutant types m Table 1 
were determmed cytologically at metaphase I One 
translocation has been used ın further cytogenetic studies 
Most of the mutation events observed m F, individuals 
must have arisen from the female side smce only inversions 
and translocations are male transmissible * 

The data on merotically induced chromosome breakage 
were derived from three experiments and are given m 
Fig land Table 2 These results on X-ray chromosome 
breakage at meiosis were obtamed by scormg micronuclei 
(induced. 11—17 or 8-13 days previously) at the stage Just 
after the first microspore division Chromosome aber- 
rations m aborted pollen grams go undetected The 
highest frequencies of micronucle1 arising from acentric 
chromosome fragments occur between 7 and 20 days after 
uradiation depending on the temperature at which the 
plants are maitamed Buds at the post-microspore stage 
‘vere fixed after irradiation on alternate days over a 4-week 
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Fig 1 A dose-response curve for micronuclei, acentiic chromosome 
fragments, induced by X-rays during meiosis and scored at the stage 
of post-microspore division in Tradescantia paludosa 


period The results fiom two experiments were derived 
from cells which had been fixed between 11 and 17 days 
after inadiation The third set of data utilized cells 
fixed 8-13 days after irradiation because these buds 
developed at about 25° C instead of 21? C The mca o- 
sporocytes treated duimg these periods exhibited a 
plateau of high sensitivity The resulting averages for 
micronuclei durmg these periods are given in Table 2 and 
Fig 1 

The source of radiation utihzed was 280-kVp X-rays, 
filtered with 4 or 65 mm of copper The dosimetry was 
carried out with two recently cahbrated Victoreen dosi- 
meters In one experiment commercial film badges (R S 
Landauer, Jr, and Co, Matteson, Ill) were utilized m 
triplicate to corroborate the Victoreen roentgen values 





Table 1 CHROMOSOME MUTATIONS ARISING SPONTANEOUSLY AS DETECTED 
IN F, PLANTS OF Tradescantia paludosa (CLONE 5) 
- Percentage 
Mutant type Configurations at M y and No mutant 
other criteria plants 
Deficiencies 6 normal bivalents, 9 transmiss- 

(putative) ible and 50% aborted pollen 9 09 
Translocations 4 bivalents plus ring of 4 2 02 
Inversions bridge and small fragment 1 01 
Trisomies 5 bivalenta plus association of 3 

chromosomes 1 01 
Unmutated plants pollen viabihty 90% or greater 984 
Totals H 997 13 


Table 2 FREQUENCY OF MICRONUCLEI (ACENTRIC FRAGMENS) INDUCED 
IN MEIOTIC CELLS OF Tradescantia AT LOW DOSES or X-RAYS 


Percentage of micro- 


Dose of X-rays nuclei at post-microspore Total cells 

(r) division 

0 102 58 
0 0 99 11,039 
03 144 1,455 
05 174 7,297 
10 2 61 6,237 
10 2 37 4,072 
20 443 1,514 
32 470 1,755 
60 7 86 14,986 


The dosage curve in Fig 1 shows that a hnear plot to the 
origin (the spontaneous level) is the best fit to the data 
Obviously there is no threshold response The doubling 
dose, that 1s, the dose which doubles the spontaneous 
chromosome fragmentation-level, ıs about 0 75 r Itas 
worth notmg that the frequency of genetically trans- 
mussible chromosome mutations ın Table 1 compares wıth 
the value of chromosome fragment losses occurring spon- 
taneously (Table 2) It would not be surprising if the 
induced, viable chromosome mutations (translocations, 
inversions and deficiencies) were to follow the same dose- 
response curve shown in Fig 1, when cells are X-rayed 
durmg meiosis The possibility of unexpectedly high 
meiotic sensitivity should be taken into account m setting 
standards for radiation tolerance for man, particularly for 
the human female, where immature ova remain at rest in 
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meiotic prophase Previous estimates found 1n a United 
Nations Report? suggest that the representative doubling 
dose for human genes ıs ın the range of 10-100 rads If 
meiotic cells of human beings are found to have the same 
sensitivity as Tradescantia, then the latter estimate could 
be 10-100 times too high 

This work was supported by US National Science 
Foundation grant NS F-G17600 

Date M STEFFENSEN 
Department of Botany, 

University of Illinois, Urbana 
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Retention of Labelled Deoxyribonucleic Acid 
following Irradiation: a Statistical 
Consideration 

THE spleen is a highly radiosensitive organ showing an 
early and pronounced decrease m deoxyribonucleic acid 
(DNA) synthesis and extensive mvolution following rela- 
tively low doses of ionizing radiation!-? Although its role 
in modifying the radiation response of the animal ıs not 
completely understood, 1t has been shown to play an 
important part in the mmunological* and hemopoietic! 
mechanisms of mammals 

Nygaard and Potter* observed that durmg the first few 
days after irradiation the total activity of prelabelled, 
radioactive DNA m the spleens of rats dropped precip- 
tously m a fashion which agreed with their finding of a 
radiation-induced loss of DNA content In contrast, the 
decrease ın total activity for non-irradiated controls was 
gradual and biphasic over the same time-mterval Of 
special interest was the behaviour of the specific activity 
of the irradiated tissues, which appeared to show no change 
from the specific activity of the unirradiated controls The 
only apparent explanation for such behaviour 1s that after 
irradiation the loss of all cells from the spleen 1s a random 
process, that 1s, there iseno selective loss of cells which 
synthesize DNA as compared with those which do not 
By prelabellng DNA 3 and 24 h prior to irradiation, 16 was 
shown that this process was independent of the life-cycle 
of the cell Other tissues, cluding the epithelium of the 
small intestine and the thymus, exhibited responses 
similar to the spleen 

A note of reservation was added to this finding, however, 
because the results did not lend themselves to unam- 
biguous interpretation For this reason, a similar investi- 
gation, which 1s reported here, was conducted m our 
laboratory under conditions which allowed statistical 
consideration of the data This work was part of a 
series of expermments to elucidate the mechanism of 
radiation repair 

Retention of labelled DNA 1n the spleens of irradiated 
and non-irradiated animals was studied by using young 
(8 weeks) male mice of the C57BL stram Four groups of 
five animals each were given 400-r whole-body exposures 
to Y radiation from a 6,000-e telecobalt therapy unit at 
a dose rate of 425 r [mm On days 1, 3, 5, and 7 post- 
irradiation, one group was killed by breakmg the necks 
and the spleens were immediately removed and quickly 
frozen Unurradiated control groups of five mice each 
were also killed at the same times DNA in the spleen 
was prelabelled by giving each animal an mtraperitoneal 
injection of 10 ue of tritiated thymidme (New England 
Nuclear, 6,000 me /m mole) 3 h before irradiation, or death 
m the case of the unirradiated controls for day 0 The 
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unirradiated control animals received identical treatment 
as the experimental but were sham-irradiated The DNA 
was extracted from the excised tissues by the method of 
Schneider’. Radioactivity of the isolate was measured by 
windowless, gas-flow techniques with correction for self- 
absorption The DNA content was determined by the 
diphenylamme method of Dische? 


Per cent 





8 
Time (days) 
The sohd curve hy bo gaa the eliming- 


Fig 1 Retamed total activit; 

tion of labelled DNA from the spleens of unirradiated controls, the 

dashed curve represents the same effect for irradiated animals All 

values of the ordinate are adjusted to percentage control day 0 and 
the vertical lines represent the standard errors 


Fig 1 compares the elution of labelled DNA from the 
spleens of irradiated and non-irradiated animals over the 
7-day period. The ordinate ıs ın units of per cent unirrad- 
1ated control day 0 and the vertical limes represent the 
associated standard errors It should be noted that the 
splenie total activity of the irradiated animals (dashed 
curve) decreased in a pattern sumilar to that described by 
Nygaard and Potter, until & plateau was reached at five 
days The curve representing the disappearance of 
labelled DNA from the spleens of control animals (sohd 
curve) resembles similar curves for the elution of epithehal 
cells from the small mtestine However, it differs from 
the published report of an mutial rapid decrease in total 
activity followed by a slower elution of the label? Apph- 
cation of Student’s ¢ test established the readily observable 
difference between the non-irradiated and irradiated 
experimental points at each time period These results are 
presented ın Table 1 

The sohd curve of Fig 2 illustrates the progressive 
decrease over the seven-day period of the DNA. specific 


Table 1, TOTAL ACTIVITIES 


Activity ratio! 
Non-irradiated Irradiated 


0991 + 0303 0415 + 0114 
0858 + 0256 0171 + 0044 
0115 + 0026 0034 + 0010 
0091 + 0021 0031 + 0011 


Table 2 SPECIFIC ACTIVITIES 


Activity ratio? 
Non-uradiated Irradiated 


0813 + 0186 1130 + 0150 
0631 + 0134 
0117 + 0021 
0077 + 0012 
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Fig 2 ‘Retained specific actavity ‘The solid curve illustrates the 
decrease in specific activity of splemc DNA for unirradiated ammals 
Over à seven-day period The dashed curve represents the decrease mM 
specific activity for irradiated animals The ordmate 18 adjusted to 
percentage control day 0, The vertical lines are the standard errora 


activity for unirradiated control spleens The dashed 
curve represents a similar effect for irradiated animals 
No significant difference was found to exist between the 
non-irradiated and irradiated experimental points at a 
given time except at 5 days (P = 001) The data points 
for days 3 and 7 are practically superimposable ‘These 
results are presented ın Table 2 
The ratios of non-irradiation control total activity to 
irradiation total actrvity for the experimental times are 
2 39, 5 02, 3 38, and 2 94 for days 1, 3, 5, and 7, respec- 
tively Comparable ratios for the specific activities are 
0 720, 0 969, 1 65, and 1 10 for days 1, 3, 5, and 7 respec- 
tively These results suggest & lack of significant change 
from normal m the DNA specific activity of the irradiated 
spleens, despite the rapid and marked exit of label Such 
a response could only be effected through mgid mam- 
tenance of the ratio of labelled to unlabelled cells 
These results support the origmal conclusion of Nygaard 
and Potter that no difference appears to exist between the 
retained DNA specific activities for radiated and non- 
wradiated spleens It must further be assumed that those 
processes responsible for the natural turnover of the cells 
remain 1n effect following irradiation 
This work was supported by U S Public Health Service 
grant 1-GS-57 
J L SANDERS 
GLENN V DALRYMPLE 
C D ROBINETTE 
Section of Radiobiology, 
Department of Radiology, 
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Denver 20 
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High Effectiveness of Chronic Neutron 
Exposures for the Induction 
of Specific Locus Mutations in Mice 


MAMMALIAN radiation genetics has been largely con- 
cerned with the effects of X- and y-irradiation, about which 
much has been learned in recent years Surprismgly bttle 
work has been done with neutrons, although it 1s known 
that fast neutrons of modal energy around 1 MeV are 
about six times as effective as acute X-irradiation for the 
mduction of dominant lethal mutations 1n mouse sperma- 
tozoa, whether the neutron dose 1s admmstered at gh or 
at low mtensity?? For the assessment of human hazards 
from high hnear energy transfer radiation, i6 1s particu- 
larly maportant to mvestigete the effectiveness of chronic 
neutron exposures with respect to the induction of pomt 
mutations ın immature germ-cells of mammals An 
experment of this type, using the specific locus method, 
15 now in progress and has revealed a surprisingly high 
yield of mutations following fast neutron irradiation 
of mouse spermatogonia 

Male F, hybrids from a cross of stram C3H/HeH females 
and 101/H males were irradiated over a period of twelve 
weeks from the age of 4-5 weeks m the Harwell graphite 
pile Gleep, accumulating a dose of about 215-rads fast 
neutrons (mean energy 0 7 MeV) at a maximum dose-rate 
of 0 002 rads/min, with 100-r -y-contammation Brothers 
of the same age were exposed over the same period, m 
adjacent neutron-shielded tanks, to a cobalt-60 source, 
accumulating a dose of 650 r almost continuous y-1rradia- 
tion (instantaneous doso-rate 0005 r/mm) Six weeks 
after the end of the irradiation males were mated to pairs 
of females homozygous for the seven recessive genes non- 
agouti (a), brown (b), chinchilla (cc), dilute (d), short-ear 
(se), pied (s), and pink-eyed dilution (p) Offspring were 
sexed and carefully examuned at birth and finally classified 
at weaning, so that presumptive specific locus mutents 
and other deviants from the normal phenotype could be 
detected and kept for genetic tests 

The delayed matmg ensured that tested gametes were 
products of spermatogomal radiation The neutron- 
treated males all showed a post-irradiation stemhty of at 
least twelve weeks’ duration, durmg which their testis 
weights dropped to one-fifth normal The Y-irradiated 
males, however, remained fertile despite the larger radia- 
tion dose ther testis weights fell to about half normal 
This finding of a high neutron relative biological effective- 
ness with respect to germ-cell killing is m lme with 
previous results? obtamed with the same radiation 
source but different strams and doses. 

As Table 1 shows, many more presumptive specific 
locus mutations are appearmg m the neutron than in the 
y series About one-third of these mutants have already 
been confirmed as belonging to the loci m question; past 
experience suggests that very few will prove otherwise 
Tn addition, eleven presumptive speerfic locus mutants (ten 
in the neutron series and one in the y) have died before they 
could be tested genetically, usually before weanmg Six of 
these were apparently at the s locus, at which mutations 
with deleterious heterozygous expression seem particu- 
larly common! These eleven have not been meluded in 
Table 1. 

The mutation rate per specific locus 1s about eight tumes 
as high in the neutron-srradiated males as m the y-1rradia- 
ted ones, the difference bemg highly significant. The 
y-rate agrees well with previous results of Phillips® and 
Russellt, using similar doses and mtensities Assummg & 
spontaneous mutation rate of 0 97 x 10-5, on the basis of 
previous work with the same stocks’, and allowing for the 
100 r y-contaminetion m the neutron series, we can cal- 
culate the mduced mutation rates per rad (Table 1) The 
neutron-y ratio for these 1s about 30 at present, but this 
can be only a very approximate estimate of the relative 
biological effectiveness of the two radiations under these 
conditions, particularly because of the wide confidence 
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Table 1 YIELDS OF PRESUMPTIVE SPECIFIC LocUS MUTATIONS AFTER 
CHRONIO NEUTRON AND GAMMA IRRADIATION OF MOUSE SPERMATOGONIA 
(95 per cent confidence limits given in parentheses) 


Dose and type of No of TotalNo Mutation-rate Induced-rate 
radiation mutations classified perlocus x 10°  perrad x 10* 
215-rads neutrons 30 17,169 24 96 110 00 
(+ 100r y-rays) (16 84, 35 64) 
650r y-rays 5 22,375 319 3 42 


(1 08, 7 45) 


limits associated with the low y-ray mutation rate The 
neutron induced mutation rate can be compared more 
confidently with that for acute X-irradiation, which, at the 
much-studied 600-r level, ıs 21 x 10-8 per rad*^*, less than 
one-fifth the neutron figure 
Thus fast neutrons at low mtensity seem to be 5—6 times 
as effective as X-rays at high intensity for the duction of 
both dommant lethals ın spermatozoa and specific locus 
mutations in spermatogonia This mugbt suggest that 
specific locus mutations were also chromosomal, but there 
seems little doubt that those mduced 1n spermatogonia are 
almost entirely genic For example, deficiencies removing 
the adjacent d and se loci (detectable as simultaneous 
dilute short-ear mutations) are very rare following sperma- 
togonial irradiation although they are relatively common 
following spermatozoal® None has appeared yet in the 
present experiment 
No comparable work with unmature germ-cells has been 
carried out n Drosophila, but a relative biological effective- 
ness of 16 has been reported for 1-MeV neutrons and 
cobalt-60 y-rays at high intensity with respect to sex-lnked 
recessive lethal induction ın spermatozoa? Unpublished 
data of W L Russell, referred to 1n the Report of the 
RBE Commnuttee!?, also suggested a relative biological 
effectiveness not far removed from unity for fast neutrons 
and X-rays at high intensity with respect to spermato- 
gonial specific locus mutations in the mouse If this 
apparent difference from results of the present experiment 
1s confirmed 1t will mdicate that the well-documented 
dose-rate offect? associated with low lnear energy transfer 
irradiation of mouse spermatogonia can on occasion be 
reversed when high lmnear energy transfer radiation 1s 
used, with chronic exposures bemg more effective than 
acute instead of less 
This experiment is continuing and final results will be 
published in due course 
A L BATCHELOR 
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Distribution of Temperature in the Skin of 
Sheep exposed to Moderate Environments 


No systematic investigations of distribution of tem- 
perature of the skin of sheep are known to us In the 
work recorded here temperatures were measured by hand- 
held thermocouple probe at 22, 56 or 63 different pomts 
along the mid-dorsal and mid-lateral Imes of the trunk 
and at 2 5 cm intervals from dorsal midline to hoof along 
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the lateral surfaces of fore- and bind-lmbs Rectal and 
ear temperatures were also recorded The measurements 
were made on shorn Southdown ewes after about 12 h 
fasting and again 40 min after feeding The sheep were 
kept doors ın single pens on a ration of 800 g of lucerne 
chaff/day Typical results for trunk skin temperatures a1e 
given in Table 1 


Table 1 
Ambient Mean trunk skin temperature (° C) No of 
temperature Before feeding After feeding points 
(* C) Mean SD Mean SD 
1A 65 2572 +116 25 98 + 123 22 
1, B 110 2718 + 136 — 22 
2, B 110 2708 + 088 30 38 + 101 22 
28 30 + 129 30 02 + 0 86 56 
1,¢ 170 2890 + 058 321 + 062 22 
38070 + 061 325 + 062 63 


In any of the conditions examined the range of trunk and 
upper leg temperatures was small, but ın cooler environ- 
ments point temperatures reflected the type of underlying 
tissue, for example, temperatures over the sacrum were 
higher than those over muscle masses In warmer 
ambients, skin temperature was more uniform over the 
entire trunk surface 

The lower legs and ears differed markedly from the 
trunk in their temperature pattern 
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Fig 1 Surface temperatures on the hind leg from dorsal mid-lme to 
hoof O, Before feeding, @, after feeding 


Fig 1 suggests that trunk skin measurements do not 
characterize overall ski temperature and the effects pro- 
duced by feeding suggest a wide range of control over both 
surface temperatures and heat content of the extremities 
The latter finding supports suggestions that vasomotor 
changes m the extremities play a part in conservation of 
heat m sheep? However, the foot temperatures reported 
in Alexander’s study of young lambs were considerably 
higher than those of adult sheep exposed to simular 
environments durmg this investigation 

The marked rise in leg temperatures to levels well above 
ambient after feeding in warm conditions (Fig 1) suggests 
that the extremities in sheep may be ımportant areas of 
heat loss as well as conservation of heat Although tho 
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skin of the exposed parts of the extremities constitutes 
only about 15-20 per cent of total body surface, both their 

and surface/volume relations appear to favour hoat 
loss. Whittow? has recently noted similar temperature 
distributions in cattle. 

This work was supported by grants from the Univorsity 
of New England, the Wool Research Committee, Austral- 
ian Cattle and Beef Research Committee and the Rural 
Credits Development Fund. 
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Prolonged Survival of Kidney Homotransplants in 
Dog treated by Epsilon-acetamide Caproic Acid 

Iw previous experiments the inhibiting influence of 
epsilon-acetamide caproie acid (EAACA) on Sanarelli- 
Schwartzmann hemorrhagic skin reaction in rabbits, 
as well as on rejection of skin transplants in rats, was 
demonstrated!-2, 

In particular, we obtained impressive results in skin 
transplantation investigations performed on Long-Evans 
rats. A strip of black hairy skin of the donor, trans- 

planted into a white hairy skin of the host, could be 
maintained viable and with newly growing black hair 
within the white area encircling it?. 





Fig. 1. Arteriography of the transplan! 
z dog, The 


ted kidney of EAACA-treated 
intense renal fow is e t 
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Fig. 2. 


Renal histological section of treated dog. Well-preserved 
glomerulus; tufts with wey, we Mm round cell infiltration 
x 


It therefore seemed worth while to extend our investi- 
gation on the protective activity of EAACA to kidney 
homotransplantation in the dog. 

Renal homotransplantation was performed according to 
the usual technique and following the suggestions of 
Lejeune e£ al.*5. It consisted in transplanting into 
the abdomen of a bilaterally nephrectomized dog a kidney 
donated by a dog from a different breed. The renal vessels 
of the donated kidney were anastomosed with the iliac 
vessels of the host, and the ureter was inserted into the 
host bladder. 

The acetylic derivative of epsilon-aminocaproie acid 
was injected daily at a dose of 0-5 g/kg intravenous; 
500,000 r.v. of penicillin were given to both the EAACA- 
treated and control animals during the first days. 

Untreated animals survived 6-8 days, which is in agree- 
ment with previous reports by Calne, Gombos et al.*-3, 

Animals treated with EAACA lived for a much longer 
time and some of them are still alive, so that we are not 
able at this time to report exact survival mean values. 

One of the treated surviving animals was killed 24 days 
after homotransplantation. This dog refused food from 
the 16th post-operative day. 

The arteriography performed before death of this 
animal showed an intense arterial flow of the renal homo- 
transplant (Fig. 1). 

At autopsy, 12 em of intestine was seen to be invaginated 
and engulfed by surrounding intestine; the upper intes- 
tinal tract appeared dilated, but no inflammatory reaction, 
peculiar to such cases, was evident. This was probably 
due to the effect of the EAACA which may have exerted a 
general inhibitory influence on reactive phenomena of a 
different nature. Similar autoptical findings of intestinal 
invagination were also observed in several other cases of 
dogs bearing a homotransplanted kidney, which received 
EAACA and died in spite of the good renal function. 

So far as the transplanted kidney is concerned— which 
at autopsy appeared greatly enlarged (170 g)—the histo- 
logical examination showed some signs of cedema and of 
lymphocytic and plasma cell infiltration (Fig. 2). There 
was also marked infiltration around the small blood 
vessels (Fig. 3). There were, however, very few signs 





Fig. 3. Renal histological section of treated dog; perivascular round 
cell infiltration ( x 250) 





Fig. 4. Renal histological section of untreated dog; shrunken glomeruli 
with enlarged capsular space and infarcted areas (x 250) 


of the endoarterial proliferation recorded by Porter 
et al". 

In sharp contrast, histological sections of the kidneys of 
untreated control dogs demonstrated extremely severe 
changes: the proximal tubular portions were widely 
damaged from scattered infarctions, most glomerula 
were shrunken, and Bowman's spaces enlarged (Fig. 4). 

The urine of the treated dog collected on the last day had 
a specific gravity of 1,018. Blood nitrogen content was 
3-5 g/l. (the fasting period of 8 days should be considered). 
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In untreated controls, blood nitrogen-levels had risen 
progressively until the day of death (final levels of about 
9 g/l. were also found). : 

Our initial results seem to suggest that the acetylic 
derivative of epsilon-aminocaproie acid can exert an 
intense protective action on a renal homotransplant. This 
protective activity seems to be about as effective as that 
exhibited by 6-mercaptopurine. 
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Giant Nerve Fibres in Maldanid Polychetes 


Grant nerve fibres in polychætous annelids have been 
defined as those which are ‘‘disproportionately greater in 
size than the other nerve fibres in the animal", and which 
are “concerned with quick escape or withdrawal move- 
ments, effected by widespread and synchronous muscular 
contractions’. The definition is based on anatomical 
evidence, which has been accumulating for more than a 
century, of the widespread occurrence of giant fibre 
systems in many polychete families, and on the 
behavioural correlation of rapid withdrawal responses in 
species possessing giant fibre systems. Notable among the 
physiological evidence is the work of Bullock*, who 
recorded giant spikes from ten species representing ten 
families, and concluded that the motor response following 
giant discharge is generally a twitch-like withdrawal. In 
the context of our findings reported here, it is interesting 
that he obtained preliminary evidence for a rapid pathway 
in Arabella tricolor, although this worm possesses neither 
a long-distance giant fibre system nor a rapid withdrawal 
response, 

We have recently found a dichotomy within the family 
Maldanidae in their spontaneous behaviour and their 
muscular responses to stimulation’. Clymenella torquata, 
C. zonalis and C. mucosa, all of the sub-family Eucly- 
meninae, exhibit rhythmie activity patterns under 
laboratory conditions simulating the natural environment. 
The defecation cycle, one of three rhythmic components, 
involves rapid movements which resemble the headward 
withdrawal response. Both headward and tailward 
withdrawal responses can be consistently elicited by 
mechanically or electrically stimulating these worms left 
in their tubes and placed horizontally in a glass bowl. 
If removed from their tubes, the worms respond immedi- 
ately to stimulation by lashing vigorously from side to 
side, which raises them from the floor of the bowl and 
allows them to ‘swim’ actively around in it. 

Bullock? recorded from C. torquata two giant spikes, 
the conduction velocity of which ranged from 1 to 4 m/sec. 
Two unpaired giant nerve fibres had previously been 
described in both C. torquata and C. zonalist. We have 
confirmed the earlier reports with electrical recording and 
histological examination; we have also found two unpaired 
giant nerve fibres, ranging from 15 to 35w in diameter, in 
C. mucosa. At their maximum diameter (504 each) in à 
large specimen of C. torquata (8:5 cm long), the two giant 
fibres occupy approximately one-fifth of the cross-sectional 
area of the ventral nerve cord. 
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We have been unable to demonstrate rhythmic activity 
in Pi socialis of the sub-family Nicomachinae, 
and Branchioasychis americana of the sub-family Mal- 
daninae*. More important, these worms do not possess 
a withdrawal response to mechanical and electrical 
stimulation. When left in their tubes and placed hori- 
zontally in a glass bowl, the only muscular response to 
mechanieal stimulation is a barely perceptible shortening 
of a few segments immediately adjacent to the site of 
stimulation. Repeated poking, pinching, ete., is not 
followed by rapid withdrawal into the tube. Slow with- 
drawal, requiring several minutes for completion, may or 
may not ensue. When removed from their tubes, these 
worms respond to stimulation with a slow waving of the 
stimulated region from side to side. The waving does not 
result in the escape of the animal from the stimulus. 

In view of the absence of rapid responses, it is surprising 
that these two species also possess large diameter nerve 
fibres in the ventral nerve cord. A single giant fibre 
appears in the prostomial segment immediately after the 
anastomosis of the circumcesophageal nerve ring, continues 
posteriorly, and then disappears in the achwtous pre-anal 
segments. At its maximum diameter (964) in P. socialis, 
the giant fibre occupies one-third to one-half of the cross- 
sectional area of the ventral nerve cord (Fig. 1). Although 
'B. americana (15 cm long) is a much larger animal than 
P. socialis (4-5 cm long), its maximum fibre diameter is 
only 1105, and the occupied fraction of the ventral nerve 
eord is approximately the same. Bullock? shows a 

hotomierograph of a single giant fibro, 85u in diameter, 

m Maldane sp., which also belongs to the Maldaninae, 
but does not discuss this species in the text. 





Fig. 1. Giant nerve fibre of Petaloproctus socialis. Hamatoxylin and 
eosin-stained cross-section (x 250) 

Electrical recordings from the ventral nerve cord were 
made through the skin of partially anesthetized P. 
socialis. A single large spike (Fig. 2) can be elicited by a 
single stimulus, mechanical or electrical, applied at either 
end of the worm. The conduction rate ranges from 1-7 to 
3-8 m/sec in different specimens. There is a sharp and 
repeatable threshold to electrical stimuli, with the spike 
appearing and disa; ing in an all-or-none manner. In 
appearance and lability, the spike resembles that found 
in C. torquata. Unfortunately, we were unable to procure 
specimens of B. americana at the time these recordings 
were 


‘The presence of a giant nerve fibre which is electrically 
and anatomically demonstrable, but which is not associ- 


ated with widespread and synchronous muscular 
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Fig.2. Action potentials recorded at two locations from intact Petalo- 
proctus socialis, following single electric shock 


contraction, may simply reflect the evolutionary degenera- 
tion of the giant system in the progressive adaptation of 
these worms to a sluggish, sedentary existence. The 
relative enlargement of the giant fibre over that in the 
more active species, however, is difficult to reconcile 
with loss of function. It seems quite possible that the 
giant fibre system has an additional function in poly- 
chetes, and that the unknown function may be the 
primary one in some species. Y ' 

This work was supported by a research grant from the 
U.S. National Science Foundation (NSF G11802). 
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Feeding of Zooplankton, with Special 
Reference to Some Experiments with 
Sagitta 


Tue chaetognaths have long been known as active 
carnivores!, though knowledge of their feeding behaviour 
is limited to qualitative observations on the nature of 
their food, and mode of operation of their mouthparts. 
Nothing is known of their rate of food intake. The main 
reason for the lack óf information on this and almost overy 
aspect of their physiology is stated? to be their small size 
and inability to withstand removal from their natural © 
environment for more than a few hours. Such information 
would be of interest since chaetognaths are very common 
among the plankton, and are usually the most important 
plankton carnivore. 

Sagitta hispida Conant occurs in Biscayne Bay, Miami, 
throughout most of the year. It is possible to keep speci- 
mens alive in the laboratory for over two weeks, if well 
fed and in circulating sea-water. The animals were used 
in experiments in which newly hatched Artemia nauplii 
were offered to them, in an attempt to obtain a measure 
of the feeding capabilities of Sagitta. 

The experimental apparatus consisted of a plastic 
tray divided into compartments, each of which was 
connected with the next by means of a hole in the com- 
partment wall covered by a fine screen. By inclining the 
tray slightly, a ‘cascade’ system was set up in which water 
from the laboratory circulation was filtered through 
glass-wool and made to flow successively through the 
compartments. As Sagitta has cannibalistic tendencies in 
captivity, only one animal was maintained in each 
compartment. It had an amount of space equivalent to 
50 ml. in which to move, though the volume of water 
which passed through this space was approximately 
ll/h. In the experiments to be described, the sea-water 








S12 —— 


No. of nauplii consumed 


Length (mm) 


Pigil Number of Artemia nauplii consumed over a 24-h period by 
* individual Sagiltae of varying lengths 


temperature was 24? + 1° C, and tho salinity 36 + 0-8 
parts per thousand, being the conditions in the Bay 
,water at that time. 

In the first experiment 100 nauplii were offered to 
individual chaetognaths ranging in size from 2-6 to 9-3 mm 
in length. Tho results of 24 h runs (Fig. 1) show a trend 
to higher feeding rates in larger animals. The broad 
scatter of points may be, in part, a reflexion of the fact 
that sexual maturity in Sagitta, as measured by the 
number and size of eggs in its ovary, can be very variable 
c for any given length of animal’. 
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; Fig; 2. Nuniber of Artemia nauplii consumed over successive 12-h periods 
ü by Sagittae of 8&-5 mm in length. Closed circles, night period; open 
USERS Dern circles, day period 


- t: The second experiment consisted of feeding one group 
of 11 freshly caught animals continuously for 11 days, 
by which time 7 were still alive. They were kept : nder 
natural lighting conditions, and every 12 h (approximately 
10 a.m. and 10 p.m.) each animal was provided with 

< 60 nauplii while any food organisms remaining from the 
last period were removed and counted. In Fig. 2 the 
open and closed circles represent the average number of 
nauplii consumed/animal during the day and night 
periods respectively. After an initial few days of acclima- 
tion to their now food and environment, a marked diurnal 
rhythm in the feeding rate became apparent, in which 
Sagitta was most active during the night. In this and the 
following experiment, animals of one size (8-5+ 0-5 mm) 
wero used. 

“Fig. 3 records tho effect of varying the quantity of food 
offored over 24 h. Results are averages for 10 or more 
animals, and indicate that Sagitta has a maximum rate of 
ingestion which it will not execed despite tho availability 
of the food. Two planktonic herbivores, Artemia* and 
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Fig. 3. Number of Artemia nauplii consumed over à 24-h period by ` 
Sagittae of 8-ó mm in length. Closed circles, animals in total darkness; 
open circles, animals illuminated; crosses, animals in large vessels 


Daphnia^, have recently been shown to behave in a 
similar manner. In the former case, it was suggested. that 


the animal had stabilized its maximum ingestion capacity ^. 


at a certain point, because further increase in food intake 
no longer resulted in faster growth. This explanation may . _ 
possibly apply in the case of Sagitta. If so, then the. 
assertion that plankton animals feed ‘superfluously’* 
in high concentrations of food, such as occur during the. 
spring bursts of producers and primary consumers in 
temperate waters, cannot be substantiated. It might be 
argued that as Artemia was making less efficiont use of its 
food when ingesting at its maximum rate’, the process 
was wasteful. However. the animal was growing and. 
reproducing most rapidly at this time’, so that. this use of 


its ingested food can scarcely be termed ‘superfluous’. - c 





Artemia was known to be capable of ingesting particles 
at greater rates under certain conditions, so that the usual 
maximum feeding rate was not a limit imposed by its 
food collecting ability. Similarly, it is probable tha 
Sagitta is capable of collecting more than its average of. 


2 animals/h. I have myself often observed the chaeto- 


gnath allow a nauplius to swim past its head unmolested, 
and if starved to take several in a few minutes. Presum- ` 
ably such restraints on its food intake by the individual |. 
would be of great survival value to the species, by con- 
serving the available food resources. ub 

The crosses in Fig. 3 represent feeding rates of animals |. 
in vessels of 600 ml. capacity, and are averages of 4 | 
results. It was considered that both the very small. 


living space, and the provision of a density of food _ 
organisms as high as 3 ml., might have unduly influenced — 
the feeding rate. However, it may be seen that feeding — 
rates in the larger vessels, and at considerably lower 
densities of food organisms, do not significantly affect the 
results. Some of the animals in this experiment wore oither 
constantly illuminated (open circles) or kept in total 
darkness (closed circles) for soveral days. Results indicate. - 


that they appear quite unaffected by the presence. or 
absence of light, suggesting that the diurnal feeding —_ 
rhythm noted here is possibly regulated by an internal |. 
‘biological clock’. 


dark only, but their maximum life was only 24 h in the .— 
laboratory. He found that the bottom-living Spadella 
cephaloptera, an easily cultured animal, fed well in the 
day-time. Despite the possession of two eyes, its unim- 
paired feeding ability in the dark indicates that Sagitta 


may well rely to a large extent on its numerous sensory. 


appendages generally considered to be tangoreceptors*. 
It always takes food by darting directly towards itso — 
moving prey in the light, and does not rely on chance 
contact. Perhaps i& alternates in its use of these two 
methods of senso option. of food with lighting con- ` 
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Parry’, working with specimens of. 
Sagitta setosa, managed to induce a few to feed in the | 
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ig. 3 is also useful in calculating the dry weight of 
; consumed by an 8-5 mm animal. The average dry 
weight of a single Artemia nauplius and Sagitta 
_ was found to be 2-5 and 194 ug respectively, using a torsion 
balance. Assuming a maximum consumption of 
auplii/day, then Sagitta will ingest up to 64 per cent 
of its own dry weight in food each day. This figure may 
‘be compared with the maximum value of 30 per cent 
reported for the herbivorous zooplankton? in a natural 
community. 
_I thank Dr. H. B. Moore not only for directing my 
ttention to the possibilities of working with this animal, 
o for his advice. This work was supported by U.S. 
mal Science Foundation grant G-20026. 
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ack of Effect of Polyvinyl Alcohol on the 
wth and Chlorophyl! Content of Green 
x Algae 
0 recent communications it was claimed that 
inyl alcohol at a concentration of 0-1 per cent had a 
d stimulatory effect on growth of Chlorella (increase 
ir cent) and an even more striking effect on chloro- 
1l content of the cells of Chlorella and Chlamydomonas 
rease of 300—400 per cent)':?, independent of an increase 
|| number. Unfortunately, these experiments are 
described as being carried out in pond" water in aquaria 
ader unspecified conditions and chlorophyll was determ- 
in. dried samples. 
dn view of the possible significance of these findings for 
culture of algae it was decided to re-investigate 
ie algae were grown in Roux bottles in the 
on a shaker as previously deseribed*. A 
air was passed through the bottles. Controls 
ures to which polyvinyl alcohol had been added at 
of concentrations were always grown in parallel. 
alcohol was obtained from Light's Chemical 
; of 4 per cent solution is 7 cP). The 
re carried out either in modified Knop's 
er from a pond on the University campus 
io Aqua Bella spring, near Jerusalem. 
reatments were chosen to create 
of minimal growth, similar to those in the 
s of Czeezuga et al. The pond water was 
d brought to pH 0-5. The experiments were 
.very large number of times using Chlorella 
igaris, C. pyrenotdosa and Chlamydomonas snowiae as tho 
test organism. In no case was any significant increase in 
either the rate of growth or the final cell concentration 
btained in the range of polyvinyl alcohol concentrations 
f0-1-1,000 p.p.m. Under the conditions used C. vulgaris 
reached a cell density of 3,000 cells/mm? in about 150 h in 
odified Knop's medium. No effeet of polyvinyl 
ol was found on. cell number either in the presence or 
“ala in the culture solution. At the higher 
ol concentrations fungal infections became 
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Table 1, CHLOROPHYLL CONTENT OF ALGAE GROWN IN THER ABSENCE OR 
PRESENCE OF 0-1 PER CENT POLYVINYL ALCOHOL, RESULTS AS pG CHLORO- 
PHYLL/10* CELLS 


Species Conditions Control * polyvinyl alcohol 
C. vulgaris *Pond’ water 12 + 02 214 03 
Modified 
Knop’s medium 1-84 + 0-22 20 4 019 
‘Pond’ water 0-15 = 901 Goo? + 0022 
3 Modified Knop's 
C. pyrenoidosa medium 0-32 + 0-035 043 + 0-006 
‘Pond’ water L87 + 0-27 1738 + O14 
Chlamydomonas Modified Knop's 
snowiae medium 2:38 + 6-08 238 + 008 


method‘, but extracting with methanol and using approp- 
riate extinction coefficients, it was found to be 1-016 ug/10* 
cells without polyvinyl alcohol and 1-35 ug/10* cells in the 
presence of 0-01 per cent polyvinyl alcohol, that is, at best 
a 30 per cent increase. The differences were not signifi- 
cant. These experiments were repeated with all three 
species of algae in pond water or in modified Knop'e | 
medium in the presence or absence of polyvinyl alcohol. 
Typical results are shown in Table 1. None of the differen- 
ces is significant, except possibly in the case of C. vulgaris 
in pond water and C. pyrenoidosa in Knop's medium. In 
the former case, despite the apparent increase of 75 per 
cent the difference was not significant at the P = 0-05 level 
using the ¢ test for unpaired samples. In the case of 
C. pyrenoidosa the rise of 34 per cent was significant at the 
P = 0-01 level using the same test. Clearly, polyvinyl . 
alcohol, with one exception, does not cause any significant. 
stimulation of chlorophyll produetion or increase in the 
chlorophyll content of the cells. Even the one significant 
increase is far below the 300 per cent of Czeczuga et al. 

It is difficult to account for the diserepancy between our 
results and those reported previously. In view of the 
very high concentrations of polyvinyl alcohol required to 
induce the effects, as reported by Czeczuga et al., it seems 
probable to us that the effect of polyvinyl aleohol was 
caused by the presence in it of a contaminant or impurity, 
possibly a metal ion (magnesium or iron) which promoted 
growth under the unfavourable conditions prevailing in 
their experiments. DM 

These experiments were sponsored by or in part. by the 
Cambridge Research Laboratories, through the European 
Office, Aerospace Research, U.S. Air Foree, under contract 
No. Af 61(052)-546. 


U. ZURI 
A. M. MAYER 


Department of Botany, 
Hebrew University of Jerusalem, 
Israel. 
! Czeezuga, B., Rejniak, L., and Nowak, H. Fr., Nature, 188, 118 (1900). 
* Czeezuga, B., and Nowak, H. Fr., Nature, 194, 501 (1962), 
* Ron, A., and Mayer, A. M., Bull. Res. Counc., l'erael, 7, D, 04 (1959). 
* Arnon, D. L, Plant Physiol., 24, 1 (1949). j 


In the investigations Nos. 1, 2 and 3 published in 
Nature (refs. 1 and 2 of preceding communication), positive 
results were obtained showing an increase in chlorophyll 
and hem. i 

In investigations carried out by H. Fr. Nowak and 
L. Rejniak! an increase in the dry mass of pea seedlings 
was observed. 

In investigations carried out by H. Fr. Nowak and 
L. Rejniak? a rise in the level of glycogen in the liver was 
observed; there was, however, no evidence of polyvinyl 
having any effect on the level of nucleic acids. 

C. Wetter? has shown that polyvinyl alcohol bas an 
effect on the increase in dry mass of that fungus. ' 

According to the preceding communication the authors 
investigated the effect of polyvinyl alcohol on Chlorella 
vulgaris, C. pyrenoidosa and Chlamydomonas snowiae. We 
suggest that the results given in their Table 1 are some- 
what contradictory in view of the title, since it shows that, 
though alcohol from a different firm was used in 3 of the 
6 groups investigated, an increase in chlorophyll (in 
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groups I, II, and IV) was noted; this would agree with 
our s 
In group IV, the controls gave the same result as the 
experimental group. On the other hand, the authors noted 
a fall in the level of chlorophyll in groups III and IV. 

The authors do not offer any explanation for these 
divergences in their findings. At the same time, they 
report a higher extinction coefficient for the group of 
algae growing with the addition of polyvinyl alcohol. 

At present we are working on experiments, the aim of 
which is to solve the problem of whether the pH of poly- 
vinyl aleohol has any effect on the chlorophyll-level in 
Chlorella. 
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Appressoria of Gloeosporium musarum 
Cke. and Massee on Banana Fruits 


Glocosporium musarum is one of the most important 
fungi causing rotting of banana fruits during transport 
and storage'?. Although the fungus is of greatest commer- 
cial concern when acting as a post-harvest wound parasite, 
it also infects unwounded immature fruit in tho fiold?-*. 
These early infections do not become manifest until the 
fruit starts to ripen after harvest; such infections are 
known as ‘latent infections’. Tho basis of latency in 
G. musarum was elucidated by Simmonds? and Chak- 
ravarty®. In a water film on the fruit surface, conidia of 
G. musarum germinate within 4 h. After elongating for a 
variable distance, the germ tube swells at the tip to 
form an appressorium. After 24-72 h, a fino infection 
hypha grows from the appressorium and pierces the cuticle 
by mechanical means. No further penetration occurs until 
the fruit starts to ripen. Simmonds* concluded that this 
subcuticular hypha is the form in which the fungus 
survives its period of latency, which may exceed 5 months 
in Australia, When the fruit is mature, the subcuticular 
hypha resumes activity and penetrates the cellulose wall 
of the epidermis cell; the fungus then spreads through the 
tissues to cause a typical anthracnose lesion. 

In the investigations recorded here, carried out in 
Jamaica and Honduras, variously aged Lacatan and Giant 
Cavendish bananas were examined for the presence of 
naturally occurring appressoria of G. musarum. Before 
doing this, however, it was necessary to determine 
whether these structures are readily distinguishable from 
appressoria or even spores of other fungi. Simple ger- 
mination experiments, using conidia of G, musarum 
from decayed banana leaves, showed that 72 h after 
germination appressoria on fruit epidermis are more or 
less circular or irregular in outline, groy in colour, thick- 
walled, and 8-164 in diameter. A clear circular area within 
the appressorium probably indicates the position of the 
infection hypha. Previous investigations*-* indicated 
that appressoria of other fungi frequently occur on the 
epidermis. Particularly common are those of Pyricularia 
musae Hughes (Fig. 1); but because of their large size, 
dark colour and irregularly lobed outline, they are unlikely 
to be confused with G. musarum appressoria. Appressoria 
of Helminthosporium spp. and Curvularia spp. may also be 
present, but they are relatively small and hyaline. 
Appressoria of Deightoniella torulosa (Syd.) Ellis and 
Drechslera gigantea (Heald and Wolf) Ito are hyaline 
and considerably larger than those of G. musarum. With 
the exception of G. musarum, appressoria of these fungi 
are usually seen to be attached to the expended conidium 
by means of the collapsed germ tube, thus facilitating 
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specific identification. Experience has shown that, on 
bananas, the only other fungus having appressoria likely 
to be confused with those of G. musarum is Pyricularia 
grisea (Cke.) Sace., the cause of ‘pitting disease’ or ‘John- 
ston fruit spot''?, In both fungi, the results of field sur- 
veys and aerobiological studies indicate that in banana 
plantations in Jamaica and the Aguan Valley, Honduras. 
P. grisea is uncommon whereas G. musarum is abundant 
and widespread. It is likely, therefore, that G. musarum 
appressoria greatly outnumber those of P. grisea. 





Fig. 1. Germinated conidia and lobed appressoria of Pyricularia musae 
on banana epidermis, (x c. 300) 


Surface sections 8-10u thick were cut from the peel of 
variously aged fruits, mounted in lactophenol and scanned 
for G. musarum appressoria. Preliminary counts showed 
that appressoria were absent from newly opened bunches, 
but increased in numbers with increasing age of fruit. 
Fruit that had matured during predominantly dry 
weather in non-irrigated plantations was relatively 
free from appressoria at harvest time. Rainfall and 
undertree irrigation were accompanied by marked 
increases in the numbers of appressoria on fruit of all ages. 
On the inner surface of most fingers examined, appressoria 
were most abundant towards the finger-stalk, on the 
finger-stalk itself, and on the cushion. On the outer sur- 
face they were concentrated towards the fingor-tip. 
Appressoria were particularly numerous (Fig. 2) on areas 
of peel which had been in contact with a collapsed, decaying 
banana leaf bearing acervuli of G. musarum. 





rei 2. Appressoria of Gl. ium musarum in grooves between 
acent epidermis cells of 30-day-old banana fruit, (x e. 500) 
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ippressoria tend to develop in the grooves between 
cent epidermis cells (Fig. 2). The highest count 
orded was more than 200 appressoria per mm? of fruit 
rmis. By allowing fruits to ripen and counting the 
nbers of anthracnose lesions which developed, it was 
ear that only a minor proportion of tho total &ppressoria 
present give rise to lesions, as reported earlier by 
Simmonds”, 
_ This appears to be the first report of attempts to detect 
| latent Gloeosporium infections by direct microscopic 
examination of banana tissues. Other workers detected 
Ment infections by transferring sections of surface- 
sterilized peel to agar plates or by observing the develop. 
ment of anthracnose lesions on surface-sterilized fruits 
pened under aseptic conditiong?.3.11,12, By means of 
Various techniques, it may be possible to obtain 
e idea of the abundance of G. musarum infections prior 
to harvest, and to use this information when determining 
neentrations and frequency of application of fungicides 
resent. used to control anthracnose and other types of 
rot caused by G. musarum. 
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Leaf Area Homeostasis in Maize 


‘Brack! showed how in genetically uniform stands of 
subterranean clover, small differonces in seedling size 
could, owing to interplant competition, lead to pro- 
gressively greater differences among the plants.as growth 
roceeded. In contrast, observed stands of two F, maize 
hybrids which were disappointingly irregular in the early 
Stages of growth became progressively more uniform in 
ppearance. At the flowering stage tho plants were 
ikingly even to the eyo, and experimental errors were 
w in samples taken at maturity to estimate dry weight 
f tops and grain (coefficients of variation, 7-8 per cent). 
This communieation presents evidence to Suggest that 
o hybrids possessed the ability to regulate leaf area 
such a way that populations in which leaf area was 
vely variable in the early stages of growth attained 
tially more uniform leaf area at the end of vege- 
wth. The significance. of this apparent ability 
importance of leaf area as the major variable 
ng production of dry matter?. However, these 
rvations do not necessarily imply a characteristic 
ifferenee in behaviour between the maize and sub- 
rranean clover, since competition may have been more 
tense in the clover. 
three successive seasons 1959-60, 1960-61, and 1961- 
| F, hybrid was grown on an approximately quarter 
ock on Salisbury Agricultural Experiment Station. 
id was used in 1959-60 and a second hybrid in 
x two years.. In every case seeding rate and 
nent were representativo of local practice. 
vering in each year a sample of 18 plants 
n for the measurement of leaf 
ants in all three samples had only 
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leaves, tho one or two small leaves at tho base of the stem 


. were ignored. 


In 1959-60, the 15 leaf lamine of a plant were divided 
into throe groups of five, the lowest, the middle and the 
top fivo, and the combined area of each group recorded 
for every plant in the sample. In the other two years the 
division was into five successive groups of three lamine, 
and again the combined area of each group was recorded 
for every plant. For 1959-60, the recorded values were 
added together to obtain the combined areas of 5, 10 
and 15 laminz respectively, counting from the base of the 
plant. These areas were assumed to represent lamina 
area per plant successively at the 5,- 10- and 15-leaf stages 
of growth. Similarly in the other two years, measurements 
were obtained of lamina area per plant at the 3-, 6-... 
15-leaf stages. SET. 

Fig. 1 depicts variability in lamina area among the 
plants of a sample (expressed as the coefficient of variation) 
plotted against successive stages of growth. It will be seen 
that as growth proceeded, variability in lamina area fell 
substantially. Thus it appears that plants with small 
leaf areas during early growth tended to catch up to the 
extent that at the beginning of the reproductive phase, 
leaf area and consequently capacity for the accumulation. 
of dry matter to fill the grain was relatively uniform. 

Since these hybrids had been selected for high grain 
yield the foregoing would seem to fit the definit 
developmental homeostasis, that is, a tendency of 
individuals of a strain to reach a uniform state at maturity ^. 
despite disturbances during development. "This tendency | 
appears to be characteristic of maize hybrids for attributes 
of selective value?, Feo EXE 

In order to explain this behaviour it was assumed that 
production of dry matter at a particular stago of growth 
was determined by the leaf area present at that stage. 
From this it followed that plants with a small leaf area, 
early on, could only catch up by producing later leaves with. 
a greater area per unit of weight than did those plants 
which possessed large leaf areas initially. Data obtained in 
1960-61 lend some support to this supposition. Here 
18 plants reforred to above formed part of a larger gr 
of 120 taken from 12 rardomly positioned plots each 
taining 10 plants. Five plants per plot were used 
estimate the mean area per plot of the lower six lamin 
and the upper nine laminz respectively (from the regres 
sion of area on fresh weight calculated from the 18 plants ^. 
actually measured for area).. The other five plants of à 
plot were used to estimate mean dry woight per plot of the 
lower six and upper nine laminw. Eus 

From the values thus obtained, correlations (n 12) 
were calculated between: lower lamina area and upper 
lamina area (r,— — 0-23, P=0-50); lower lamina area 
and upper lamina dry weight (rj— 0-51, P=:0-09); lower 
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—Fig.l. Inter-plant variability in leaf-lamina area at successive stages 
: s OF growth.- @, 1959-60; Q. 1980-01; [], 1961-62 
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lamina area and upper lamina area/upper lamina 








“weight (r,— —0-51, P--0-09). From the value of r, - 
it is evident that there was little association between the 


areas of the lower and upper lamine. On the other hand, 
r; andr, although of doubtful significance, suggested that 
the dry weight of the upper larnine was to some extent 
dependent on the area of the lower laminæ and that the 
area per unit weight of the upper laminz was greater in 
-plants with small lower lamina area. Moreover, it is thought 
: possible that closer correlations might have been obtained 
-Gf both area and weight had been measured on the same 
plants rather than estimated separately from the two 
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MICROBIOLOGY 


Isolation of Diploid Strains of Dictyostelium 
discoideum from Haploid Populations 
ProrpAn composition is a clonally inherited property in 
D, discoideum’. Three types of strains exist: stable 
haploid, stable diploid, and metastable. In the last, each 
‘clone. contains appreciable proportions of haploid and 


^.^, diploid cells indicating a rate of interconversion substan- 
tially: higher than in the first two types. Each of these 


‘ploidal varieties can be isolated from the others?. 
_ Two stable diploid stocks, heterozygotic for two pig- 
ment markers, have been isolated from mixed cultures of 
the respective mutant (metastable) strains, and these in 
urn have yielded, at very low frequency (10-?-10-?), stable 
haploid progeny which fell into the four expected 
'"segregant classes*. Several unmarked diploid stocks have 
also been isolated from cultures of the haploid wild-type. 





_ However, these represent rare events and the conditions 
i; for their isolation have not been clearly understood. The 


1 present communication describes a method by which 
::Xiploid clones can be isolated from stable haploid cultures 
-at relatively high frequency. The results indicate that the 
individuals capable of yielding these diploid 
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: : E mmi : 2 : 
No, of clones fein 

: derived from - Pioidal composition of the clones ` 

Inoculum 1 


Passage unaggrega Stable Stable. Metastable 
mi s haploid- diploid 
a Spores ii 62 62 0 0 
nas ai 
ost ag 74 73 i 0 
HI Unaggregated 
cella 78 62 9 5 


estimated as « 10-* (ref. 2). In contrast, two serial pas- 
sages using unaggregated amoebae as the inocula resulted 
in a frequency, among the unaggregated cells, of 18 per 
cent stable diploid and metastable strains. 


zygotes, the method deseribed here may be of value. | 

This work was supported by grant (0—12900) from the - 
U.S. National Science Foundation. 
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ANTHROPOLOGY 


Haptoglobin Types in Inhabitants of Easter 
Island 

Snor the discovery by Smithies' of the polymorphic 
character of haptoglobins a widespread interest has arisen - 
in the distribution of haptoglobin, types among various. 
ethnie groups. In this connexion Easter Island natives, 
who represent a maritime isolate in Eastern Polynesia, . 
2,000 miles from the coast of South America, are of 
particular interest. E 

The first contact of these inhabitants with the occidental 
world occurred in the eighteenth century when the total: 
population of Easter Island is estimated to have been’ 
approximately 3,000. During the decade 1860-70, the | 
population underwent a steady decrease as the result of . 
Peruvian slave raids, smallpox epidemics and migration to. : 
Tahiti and Mangareva. Only about 200 or 300 natives ' 
remained in 1871. After 1871, a steady population in- 
crease has been observed, with the immigration of Euro- 





clones are to be found, after the cessation 
of growth, among the amoebae which fail 
to enter the cell aggregates and, thus, the 
2 fruiting bodies formed by the predomin- 

antly haploid population. 

‘A stable haploid white mutant of D. 
discoideum, Wh-1, was used in work 
- recorded here. This ensured that the 
<- diploid strains derived from such cultures 
‘could not have been contaminants from 
-diploid strains already at hand since all 
the latter form fruiting bodies possessing 
the wild-type (yellow) pigment. The 
stock was grown on SM agar’ in association 
swith Aerobacter aerogenes. The mature 
fruiting. bodies that appeared were removed 
and the unaggregated amoebae that re- 
mained were used as the inoculum for the 
next passage. Two serial passages were 
accomplished in this manner. After each 
passage, unaggregated amoebae were isol- 
ated with a micromanipulator, placed on 
fresh agar, grown with A, aerogenes and 
the ploidal compositions of the resultant 
clones were determined'. Table 1 is a 
summary of the data. The normal incid- 
ence of cells capable of yielding diploid 
clones in stable haploid stocks cultivated 
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from a spore inoculum (passage Dhas been Fig.1. Hp! gene frequency distribution in Pacific populations modified from E. Giblett (ref, 4) 


In the 
absence of selective markers for the isolation of heteros . 



























"pean, recent Polynesian and Chilean peoples. Census at 
_the time of the present survey numbered 1,050 natives. 

Birth, marriage, and death records of the Easter Island 
pulation have been kept by the Chilean Navy for the 
past 50 years and by the Belgian missionaries of the 
atholic church for the past 60 years. Information from 
» records together with information from local leaders, 
t missionaries, and anthropologists was utilized for 
ying the subjects from whom serum was collected. 
duals any one (or more) of whose grandparents 








ves’, The total of 159 
ects. constituted a random geographical sample 
ding all the pre-existing tribes known in the last 
y. However, because of the great endogamia, the 
individuals included many blood relatives (Table 1). 
h sera were prepared and stored at — 20° C until 
cation by vertical starch-gel electrophoresis*. Gels 
stained with both benzidine and amido black 10-B. 
fhe sample was partially related, Cotterman's 
ting gene method for calculation of gene frequency 
used; a progressively decreasing weight is given to 
ogressively greater numbers of directly related indi- 
iduals (n) examined. The weight (w) of the gene according 
to the size (n) of the family (1 parent and offspring) is 
- calculated from the formula: ad 
05... In the 36 ‘pure natives’ (Table 1) a Hp! gene frequency 
vef 0-86 (S.E., 0-059) was found and the distribution of 
| Observed genotypes was in Hardy-Weinberg equilibrium. 
on the 123 admixed individuals (Table 1) the Hp! 
20 frequency was 0-80 (S.E., 0-028), their genotypes were also 
"csdn equilibrium. This sample could be subdivided into 52 
_ islanders with Caucasian admixture (Hp!: 0-72, S.E., 
_ 0-064), 45 islanders with Polynesian admixture (Hp! : 0-828, 
5 < S.E., 0-050), 13 islanders with Chilean admixture and 13 
|^; who could not be classified with any certainty. There was 
-a significant difference in Hp! frequency between the ‘pure 
' natives’ and the admixed individuals probably because of 
|. the small number in each category. The tendency was, 
— however, in. accordance with the expected distribution: 





















"| _ the most divergent figures are those of the pure group and 
of the islanders with Caucasian admixture. 
Examination of the available datat of Hp! gene fre- 





















y in Pacific populations (Fig. 1) reveals two interest- 
henomena: First, as Sutton* has suggested, a cline 
a steady increase of Hp! gene frequency from south- 
Asia to America, passing through Alaska and pro- 
ng from north to south with a maximum value in 
an Indians of Chile*, is noted. Secondly, it ean 
ested that another cline exists (despite needed data 
ety Islands, Tumaotu Archipelago and Marquesas 
) from east Asia through Melanesia, Micronesia and 
Hm sia, reaching the highest value in Easter Island. 
^ The second cline is-in accordance with two others des- 
fribed in the same geographie distribution. The p geno 
frequeney of the ABO blood group system also demon- 
trates a tendency to inerease from west to east in this 
1. Shapird’s® craniological investigations suggested 
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Table 1 
b e 2a+b 2(a+b+c) 
2-1 2-3 z y w wg wy Hp! SE. x 
1 0 il 12 1 11 12 
5 0 19 24 0-666 12-68 16-00 
0 0 12 12 0-500 6-00 9-00 
4 0 20 24 0-400 8:00 9-60 
37-06 43°60 0-863 0:059 0-951 
10 1 68 80 68 68 80 
16 1 58 76 0-666 38-68 50:66 
14 0 52 66 0-500 26:00 33-00 : 
5 6 19 24 0:400 7-60 9-60 
146-28 173-26 0-809 0-028 23701 
P 2 1m 
H. — ra 
Pi Soy iro: sE. = (JE) 


















that head lengths increase and head widths decrease 
in central Polynesia from west to east in proportion to 
the distance from Society Islands, and reach a maximum 
value also in Easter Island. 
Any theory concerning this gene distribution must be 
speculative in view of our present ignorance of the nature 
and the rates of selective forces acting on Hp polymorph- 
ism. Furthermore, theories concerning the.distribution in 
the work recorded here are complicated by migration and 
possibly by genetic drift. 
We thank Dr. Danko Brneie and Dr. Ricardo Cruz-Coke. 
for their advice. This work was supported by the Faculty 
of Medicine of the University of Chile and the Rockefeller 
Foundation (grant 60038), project 62-12 in a joint 
programme, Qm TO 
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VETERINARY SCIENCE 


A Virus with Enterogenic Properties 
causing Degeneration of the Germinal 
Epithelium in Bulls 


In 1959 a cytopathogenie virus was isolated in Belgium 
from the testes of 3 bulls showing clinical symptoms of 
orchitis and from 2 bulls with vesiculitis', Since then 
further investigations have been made in order to assess 
the virological properties of the agent and the clinieal 
picture after experimental transmission. uj 

The virus is eytopathogenie for bovine kidney cells, 
porcine kidney cells, HeLa cells, and it kills chicken 
embryos. It has a size of about 30 my, can be re-isolated 
from the feces after an intravenous infection and is 
resistant to ether and chloroform. 

After experimental preputial infeetion with tissue- 
cultured virus in mature bulls neither febrile reactions 
could be detected nor other signs of illness except some 
ulcerations in the mouth and on the muzzle. Neverthe- 
less, in 4 series of experimental bulls each consisting of 
4 animals, the quality of the semen dropped seriously 
between the third week and the 7th-8th week after 
infection. The- influence of the viral infection was 
especially characterized by morphological changes in the 
nucleus and- the mid-section of the spermatozoa, by the 
presence of immature cells such as spermatids, spermato- 
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Fig. 1. Prophase chromosomes of spermatocytes II in ejaculated semen 


3 weeks after experimental infection (Giemsa stain) 





Fig. 2. Pycnosis of the zygotene nuclei (hmmatoxylin and eosin stain) 





Fig. 3. Desquamation of the germinal epithelium 4 weeks after experi- 
mental infection. All types of spermatogenie cells free in the e 
(hematoxylin and Congo red stai: 


cytes I and II, and by the appearance of loose chromo- 
somes in the ejaculated semen (Fig. 1). 

This damaging effect of the virus on the germinal 
epithelium could be confirmed byshistological examination 
of the testis at slaughter. The degenerative action seems 
to start in the newly formed spermatozoa as well as in 
the zygotene nuclei of the first reduction division, resulting 
in an arrested spermatogenesis (Fig. 2). In the third 
week after infection the blocked germinal epithelium is 
eliminated into the lumen of the tubuli seminiferi (Fig. 3). 
In the experimental bulls normal spermatogenesis was 
restored within 3 months after infection. 

This type of viral infection probably plays an important 
part in the frequent infertility e causa ignota in bulls. 
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VIROLOGY 


Transmission of Tobacco Necrosis Virus to 
Tobacco Callus Tissues by Zoospores of 
Olpidium brassicae 


Moret’ infected cultures of plant callus tissue with some, 
but not all, of the obligate parasites he tested. Thus, with 
fungi, he succeeded with Plasmopara viticola and Uncinula 
necator, but not with several species of rust fungi on callus 
from susceptible host plants. He also infected tobacco 
callus with tobacco mosaic virus, but this is difficult and 
mosf work with plant viruses in tissue cultures has conse- 
quently been done with tissues taken from plants already 
systemically infected. Unwounded callus tissues are 
immune from infection by viruses, and although tissues can 
be infected by pricking with fine needles dipped in concen- 
trated inoculum, the method is not always successful*. 
We have now found that tobacco callus tissue ean be 
readily infected with tobacco necrosis virus with the aid of 
Olpidium brassicae, an obligately parasitie fungus that 
was known previously only to infect plant roots. Teakle*-* 
showed that Olpidium aids the infection of roots by this 
virus, and we have confirmed this. 

In our experiments we used two strains of tobacco 
necrosis virus? (A and D) and three isolates of Olpidium, 
2 from England and 1 from Dr. D. S. Teakle in the United 
States. Methods of culturing the Olpidium and preparing 
zoospore suspensions will be described elsewhere. Normal 
and conditioned tobacco tissues were grown as already 
described*:*. One day before inoculation the tissues were 
transferred to small filter paper cups pushed into vials 
2 in. x 1 in. containing 5 ml. Hoagland's solution diluted 
1/20. 'The solution just touched the bottom of the paper 
cup which was used to prevent the callus cells being lost in 
the liquid. The method of inoculation was to add to each 
vial 1 ml. of Hoagland's solution containing zoospores and 
0:5 ml. containing purified virus. The tissue was left 
covered with the inoculum overnight and next day 
enough fluid was pipetted off to expose it again. Four to 
five days after inoculation, the virus in the tissues and in 
the fluid beneath them was assayed by infectivity tests. 
Each crushed tissue and fluid was rubbed) over four 
primary leaves of French bean dusted with ‘Carborundum’, 
and the necrotic local lesions produced counted three days 
later. 

All three isolates of Olpidium transmitted both strains 
of the virus to both normal and conditioned callus tissues. 
However, as the results in Table 1 indicate, isolate 3 seems 
more effective than the other two, especially in transmit- 
ting strain D, but further tests will be needed to show 
whether this is so. The fungus not only aided infection by 





Fig. 1, A group of cells of normal tobacco callus tissue showing ia 
or Olpidium brassicae 4 days after inoculation PET 
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Table 1, TRANSMISSION OF TOBACCO NECROSIS VIRUS BY THE ZOOSPORES OF 
Olpdium brassicae TO NORMAL TOBACCO TISSUES 


Final virus Isolates of Olpuhum and final concentration of zoo- 


Virus concentration spores m vial 
strain m vial 1 2 , 3 Without 
(ug/ml ) 18x105/ml, 11x105/ml 31% 105/ml zoospores 
A 006 242/3* 213/5 829/4 3/2 
D 0 003 7/0 24/1 422/6 5/3 


* Numerator indicates average number of lesions produced per leaf of 
French bean moculated with the tissue, and the denominator the average 
number produced by the fluid in the vial There were three replicate vials 
per treatment 


the virus, but also, as shown in Fig 1, established itself ın 
the callus and formed mature sporangia 

Olpidium appears to transmit tobacco necrosis virus 
to callus tissues as readily as ıb does to roots of young 
lettuce seedlings, with which most of our work has been 
done, and does so with more dilute mocula than are effec- 
tive with mechanical moculation Infected tissues kept 
for longer than five days began to decompose and therr 
virus content decreased This happened because of 
secondary infection by bacteria, and the method will retain 
this hmitation until Olpidsum, 18 isolated free from other 
micro-organisms We report these preliminary observa- 
tions because we think they may lead to improved tech- 
niques for both the mvestigation of infection by plant 
viruses and the examination of the fungus 
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*Teakle, D S, Virology, 18, 224 (1962), 
Babos, P, and Kassams, B, J Gen, Microbiol 92, 185 (1963) 
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Influence of 5-Fluorodeoxyuridine on the 
Cell-infective Unit of Adeno Virus in HeLa 
Cells 


We have already reported that several halogenated 
pyrumidmes including 5-fluorodeoxyuridine (FUDR) did 
not show a complete inhibition of the multiplication of 
adeno type 1 virus in the experiments using the TCID;, 
estimating dilution method, while vaccma virus was 
clearly inhibited with FUDR and some other halogenated 
pyrumidinest On the contrary, Flanagan and Ginsberg? 
and Green? reported that FUDR showed clear mhibition 
during the early phase of the multiplication of adeno type 
4 or type 2 viruses Thus, the results previously described 
by us! seemed inconsistent with those obtamed by them?.3 
If the sensitivity of adeno virus towards the inhibitory 
effect of FUDR 18 not so clear as vaccinia virus shows, 1t 
might be suggested that the metabolic pathway essential 
for the replication of adeno virus must be a different one 
from the ways blocked by halogenated pyrimidines To 
prove this point, the mfluence of FUDR on the single 
growth curve and the cell-mfective unit of adeno type 1 
virus was investigated 

The effect of FUDR on the single growth curve of adeno 
type 1 virus in HeLa cells was mvestigated as follows A 
single sheet of HeLa cells was washed with phosphate- 
buffered saline and fected with adeno type 1 virus at a 
rate of one infectious unit per cell After the incubation at 
37° C for 2 h, the sheet was re-washed three times with 
phosphate-buffered saline, and then 1-0 ml of the mam- 
tenance medium (Eagle’s basal medium supplemented with 
15 per cent horse serum) contamıng 10-4 M of FUDR in a 
final concentration was added into the tubes For the 
control group, the same amount of the mamtenance 
medium without FUDR was added At various intervals 
after the vual moculation, the medium was removed 
from the tubes, and the amount of cell-associated virus was 
determined after the meubation at 37° C for 21 days by 
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Fig 1 Effect of 5-fluorodeoxyuridme on the single growth curve of 


adeno type 1 virus in HeLa cells @, Control group inoculated at a rate 
of 1 infectious unit per cell, O, group treated with FUDR inoculated 
at a rate of 1 infectious unit per cell 


using the end-pomt estimating dilution method In the 
group treated with FUDR, the cell-associated virus to be 
estimated by the dilution technique could not be seen, 
while the clear increase of viral amount was observed in 
the control group (Fig 1) 

Next, the influence of FUDR on the cell-infective unit 
of adeno type 1 virus was investigated by using fluorescent 
antibody technique The complete single sheet of the 
HeLa was placed on a covershp of 388mm x 11 mm n a 
Petri dish, 45 mm in diameter, and then 27 ml mam- 
tenance medium (tris buffered LE medium supplemented 
with 5 per cent horse serum) and 03 ml of the various 
dilutions of adeno type 1 virus were moculated mto each 
dish After incubation at 37? C for 2 h, the medium was 
removed and 3 0 ml of the maintenance medium contam- 
ing 10-4 M of FUDR final concentration was added into 
each of tho dishes of the treated group, while for tho 
control the same amount of the mamtenance medium 
without FUDR was added After mcubation at 37? C for 
28 h, the covershps of one of tho treated groups and the 
control group were stamed with double stamug method of 
Smith et al‘ In another of the treated group, the mam- 
tenance medium was removed 28 h after the viral mocula, 
tion, and the same amount of fresh mamtenance medium 
without FUDR was added to the group The tubes of this 
group were further incubated for 18 h, and then the cover- 
slips of this group were stamed as described here Cell. 
infective unit was estimated with Philipson’s method, 
The cell-infective unit of the control group was 77 x 108 
per 1 ml , while those of the first and second treated groups 
were 4 9. x 104 per 1 ml and 29 x 10° per ml , respect- 
ively 

These results suggest that the multipheation of adeno 
virus 18 sensitive towards the inhibitory effect of FUDR 
when the low input multiphoity of the virus was used and 
the cell-associated virus was determmed within the first 
growth-cycle after viral inoculation This suppression is 
not the complete mhibition of the multipheation of adeno 
virus but ıs only the delay of the maturation, because 
the cell-nfective unit of the group treated with FUDR 
showed an mereaso after removing FUDR from the 
culture If the inhibition with FUDR 1s the complete 
suppression of the multiplication of adeno virus, the 
increase of cell-mfectrve unit will never occur even after 
removing FUDR as can be seen in the second treated 

ou » 

Green! suggested that the character of the mcorpora- 
tion. of 4C-thymudine into the cell-free extract of KB cells 
infected with adeno virus was different from that of the 
cell-free extract of the cell infected with vaccmia virus 
Salzman’ also suggested, from the remarkable mhibition of 
the multiplication of vaccinia’ virus with FUDR, that tho 
process of thymidyhic acid synthesis, which 1s blocked with 
FUDR, must be essential, and one of the most important 
pathways for the replication of vaccmia virus The 
results presented here suggest that this pathway blocked 
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with FUDR must participate m the replication mechanism 
of adeno virus, but should not play so great a part for the 
replication of the virus 
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PSYCHOLOGY 


Lateralization of Learning of Colour and 
Brightness Discriminations following Brain 
Bisection 


SEVERAL investigations dealing with mterocular trans- 
fer of learning of visual discrimmations in spht-brain cats 
and monkeys support the general conclusion that bram 
bisection including the optic chiasm and posterior corpus 
callosum restricts the learnmg and memory of the dis- 
criminations to the tramed hemisphere ‘These tasks 
cannot be correctly performed through the other eye 
until ıt has recerved comparable trammg, mm contrast to 
the immediate interocular transfer usually shown by 
normal or chiasm-sectioned eontrols!-? This generaliza- 
tion has been qualified by more recent studies indicatmg 
that transfer of learnmg of brightness* 5 and pattern* 
diseriminations m spht-braimm cats, and of brightness and 
colour disermunations in spht-bram monkeys’, does 
occur under certam conditions Transfer of colour and 
brightness learning in split-brain monkeys would, there- 
fore, seem to be dependent on the conditions used It 
appeared advisable, in reference to future studies on 
vision, to see if transfer of these tasks takes place under 
the conditions at present being used m this labora- 
tory 

Nine monkeys (8 Macaca nemesirina and 1 M mulatta) 
were tested for transfer of learning on brightness (grey/ 
white, relative intensity difference=1 log umt) and 
colour (red/indigo, green/yellow, blue/orange) discrumm- 
ations Seven cases had the optic chiasm, anterior 
commussure, and corpus callosum sectioned, one control 
cage had the chiasm alono sectioned, and one was normal 
Histological verification of the surgery has been obtained 
for two of the experimental cases (fourth and last experi- 
mental animals m Table 1) 


" Table 1. TRIALS TO CRITERION FOR EACH EYE 
Red/Indigo Green yelow Blue/Orange Grey/White 


1st 2nd sb 2nd Ist 2nd 1st 2nd 
Normal 280 0 80 0 200 0 
Chiasm 1,520 0 1,280 80 200 0 300 80 
Split 1,320 1,200 480 680 ~ 680 800 
60 70 400 80 360 360 1,440 820 
130 150 160 80 

120 200 200 200 240 80 600* 800 

60 260 180 30 80* 40 80 160 

100 40 70 170 320 . 240 

850 240 480* 240 360t 500 


* Tram contralateral eye-hand, change eyes and test ipsilateral eye-hand 
T Tram ipsilateral eye-hand, change eyes and test contralateral eye-hand 
The stimulus-pairs were projected side-by-side on to 
two translucent screens, 14 in x 14 m, which the 
monkey could push to mdieate his choice The possibihty 
of cues arising from brightness differences was controlled 
in the blue/orange task by unpredictably altermg gross 
intensity differences durmg trammg and testing The 
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animals were kept n their home cages, each of which was 
equipped with a traiung compartment  Shdmg panels 
restricted the eye and hand use to specific combmations 
The tnals were programmed, rewarded, and recorded by 
an automated system All animals had previously learned 
at least one black/white pattern discrimination, tramed 
with ths apparatus, and had shown no evidence of 
interocular transfer As a rule, one contralateral (intra- 
hemispheric) eye-hand pair was used during the initial 
traming, then the opposite contralateral pair was tested 
and tramed to criterion if transfer was not immediate 
This procedure was varied in four cases by traming or 
testing an ipsilateral combmation (Table 1) For the 
longer learning curves the trials were grouped in blocks 
of 40 and for the shorter ones ın blocks of 10 Criterion 
was arbitrarily set at 90 per cent correct responses during 
40 consecutive trials 

The results in Table 1 show that after reaching criterion 
with the first eye the normal monkey mmmeduately per- 
formed colour and brightness discrrmmations correctly 
with the untramed eye The chiasm-sectioned anımal 
showed full transfer for two of the tasks, although some 
retrammg through the second eye was required for the 
other two problems In the split-bram monkeys, on the 
other hand, immediate transfer of learning to the second 
eye was never seen and retraining through the second eye 
was always required For the cases trained and tested with 
contralateral eye-hand combmations, the average number 
of correct responses on the first 40 trials, with the first 
and second eye, respectively, was 18 7 and 19 8 (colour) 
and 162 and 140 (brightness) elearning with the 
second eye showed median savings of 0 per cent for the 
colour task and 3 5 per cent for the brightness problem 
It should be noted, however, that with a eriterion of 
85 per cent instead of 90 per cent correct responses, the 
median savings were 20 and 6 5 per cent respectively, 
the former bemg significantly greater than zero (sign test, 
a=0 01). Therefore, the possibilty of some savings 
should not be definitely excluded The scores of the four 
cases involving an ipsilateral eye-hand combination 
suggest that mterocular transfer 1s not mereased when 
both eyes are tested with the same hand 

The results recorded here support the earlier work of 
Sperry? and Downer’? in which learning of diserummnations 
mvolving coloured and black or white objects failed to 
transfer interocularly ın split-bram monkeys. The 
immediate transfer of colour and brightness discrimma- 
tion-learnmg reported by Trevarthen’ remams puzzling 
The main difference between his experimental conditions 
and ours 1s his use of simultaneous traming of contradic- 
tory tasks to the two hemispheres, which would appear, 
at first glance, to hinder rather than anduce mterocular 
transfer 

This work was supported by grant No M~3372, ‘a 
predoctoral fellowship (M. S G ) anda predoctoral traming 
grant (C R H ), all from the National Institutes of Health, 
US Public Health Service The surgery was performed 
by Dr R W Sperry with the assistance of Miss Lois 
MacBird, and the histology was done by Mrs Ruth 
Johnson 

C R HawrirTON 
M S GazzaNIGA 
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Cahfornia Institute of Technology, 
Pasadena, Califorma 
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wo 4915. January ll, 1964 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 13 


INSTITUTION OF MECHANICAL ENGINEERS, EDUOATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westmmster, London, S W 1), at 4 pm — 
Discussion on “The Robbins Committee Report on Higher Education” 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (m the Joint Staff 
Common Room, University College, Gower Street, London, W C 1), at 
530 pm—Mr J Bradley ‘Mach" 


INSTITUTION OF ELECTRICAL ENGINEERS, ELEOTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 530 pm—Discussion on “Getter Ion 
Pumps” opened by Mr W F Gibbons 


UNIVERSITY OF LONDON (m the Physiology Lecture Theatre, University 
College, Gower Street, London, W C 1), at 5 30 p m —Prof Sune Bergstrom 
(Karolinska Institute, Stockholm) “The Prostaglandins—The Chemistry 
and Biochemistry of a New Group of Hormonal Compounds” * 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC 2), at 630 pm —Mr 
C H, Ottaway “Power System Analysis Techniques" 


ROYAL GEOGRAPHICAL SOOIETY (at 1 Kensington Gore, London, 8 W 7), 
ate 15pm —Mr David Attenborough “Life and Art Among the Australian 
Aborigmes" 


Tuesday, January 14 


INSTITUTION OF CHEMICAL ENGINEERS, SOUTH-EASTERN BRANCH (at the 
Geological Society, Burlington House, Piccadilly, London, W 1), at 4 30 p m 
DAE GeneralMeetmg 6pm —Mr W R D Manning ‘High Pressure 
m Industry” 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 5 30 p m —Prof J C West “Non- 
linear Circust Theory” 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, W 1), 
at 530 pm —Mr J OC Bament “Neoprene Processing", 7 pm —Mr 
L H Kroll “Injection Moulding of Rubber" 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdeage Walk, Westminster, London, S W 1), at 6 pm —Mr W Fletcher 


“The Appheation of Telemetry to the Testing of Motor Vehicles” 


Wednesday, January 15 


ROYAL Society OF ARTS (Bt John Adem Street, Adelphi, London, W € 2), 
at 230 pm—Dr D R Denman “The Future Use of Common Land", 


ROYAL STATISTIOAL SOCIETY (at the London School of Hygiene and 
Tropical Medicme, Keppel Street, London, W C 1), at 515 pm.—Dr B 
Benjamin and Mr R Ash ‘Prescribing Information and Management of 
the NHS Pharmaceutical Services” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (jomt 
meeting with the POWER DIVISION, at Savoy Place, London, W C 2), at 
A 30 B m —Dr A, A Ware “The Quest for Controlled Thermonuclear 

eactions”’ 


BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS GROUP 
(at the London School of Hygiene and Tropical Medicme, Keppel Street, 
ala London, W C1), at 6 pm—Symposium on “Acoustical 

“vers 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS Group (at 1 Birdeage Walk, Westminster, London, S W 1), 
at 6p m —Discussion on “Engineermg Problems Encountered 1n Cryogenics” 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (at the Royal Society of Trop- 
ical Medicine and Hygiene, Manson House, 26 Portland Place London, 
Wi), at 7 pm—Mr R A Brett “Water Thmnable Alkyd Media” 


Thursday, January 16 


UNIVERSITY COLLEGE, LONDON (m the Anatomy Theatre, Gower Street, 
Tondon, NW C1,at115pm-—Dr D Wilkie “Some Properties of Living 
atter” 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlmgton House, Piccadilly, London, W 1), at 5 p m —Mr J F C Fisher 
“Some Applications of Physical Chemistry to the Sulphate Roastmg of 
Metallic Sulphides", Mr A W Fletcher and Mr D V Jackson “Effect 
of Sodium and Lithium Sulphates on the Oxidation of Nickel Sulphide m 
Air at Elevated Temperatures’, Mr D Sutton and Dr T L Thomas 
ALS er di Indicator for the Precise Determination of Underground 
zimuths" 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlmgton House, Piccadilly, London, W 1), at 5 pm —Mr J F C - 
man “The Concept of Regeneration m Probability Theory" 


INSTITUTION OF CIVIL EXGINEERS, ENGINEERING MANAGEMENT GROUP 
(at Great George Street, Westminster, London, 8 W 1), at 530 pm — 
Informal Discussion on "Management Education yn France" mtroduced by 
Monsieur Giscard d'Estaing 


INSTITUTION OF ELECTRICAL ENGINEERS, “ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 p m —Scientific Papers 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, WC2), at 530 pm —Mr D D Bowen “Focal Pomt 
Protection System for Power Reactors” 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W C1) at 530 pm —Prof V Wynne-Edwards ‘“Self-Regulating 
een Populations of Animals” (Further lectures on January 17 
and 2 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
Group (at 1 Birdcage Walk, Westminster, London, 8 W 1), at 6 pm — 
Discussion on “Frettimg Corrosion" 
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SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, London, S W 1), at 6 pm —Dr XE D Tmgle and 
Mr N Wnght “Some Thoughts on the Testing of Road Tar" 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W 1), at 7 80 pm —Dr W H R Lumsden 
“Changmg Patterns of Trypanosomiasis Research in Hast Africa” 


Friday, January 17 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
the LONDON BRANCHES of the INSTITUTES OF BIOLOGY and PHYSICS and the 
PHYSICAL SOCIETY, at the Institution of Electrical Engineers, Savoy Place, 
London, W C 2), from 9 am to 5 pm —Symposuum on “Modern Instru- 
mentation in Science and Industry” 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Lecture Hall of the British 
Museum (Natural History), Cromwell Road, London S W 7), at 1045 am 
—Meetmg on “Fermentation Processes” 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, S W 1), at 5 30 p m —Meeting on “Sea 
Pilotage To-day” 


SOCIETY or CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Bel- 
grave Square, London, S W 1), at 6 30 p m —Prof E Lederer ‘Bacterial 
Lipids, Structure and Biological Activity”. 


Saturday, January 18 


LONDON COUNTY COUNCIL (at the Hormman Museum, London Road, 
Forest Hil, London, S E 23), at 3 30 pm—Prof Dr Th P Van Baaren 
(Groningen University) “Art of New Guinea" * 


Monday, January 20 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensmgion Gore, London, S W 7), 
at 5 pm—Mr R Gerard Ward ‘Cash Croppmg and the Fian Village" 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8 W 1), at 5 pm—Dr R A Dunumg “Field Application 
and Evaluation of Granular Systemic Insecticides”, Mr Walker 
“The Properties of Granular Insecticides m Relation to Insect Toxicity" 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
at 530 p m —Duiscussion on “Secondment of Electrical Engineers to De- 
veloping Countries" opened by Prof Sir Willis Jackson, F RS 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENIRAL DIVISION 
(at Savoy Place, London, WC 2), at 5 30 pm—Discussion on “Low- 
one Switchmg Devices" opened by Mr D A Swift and Mr R 

arruthers 


PLASTIOS INSTITUTE, LONDON SECTION—ENGINEFRING SUB-GROUP (at 
“The Rang", Blackfriars Road, London, S E 1), at 6 30 p m —Meeting on 
ae and Pressure Measurement and Control m the Extrusion 

‘ocess”” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Enfleld Technical 
College, Queensway, Ponders End, Enfield, Middlesex), at 7 p m —Dr 
RA Jeffreys “The Chemistry of Colour Photography” 


Monday, January 20— Tuesday, January 21 


CHALLENGER SOCIETY and REPRESENTATIVES FROM THE MARINE LAB- 
ORATORIES (Development Commissioner's Scheme) (at the British Museum 
(Natural History), Cromwell Road, London, S W 7), at 10 am daiy— 
Discussion Meeting on “Zooplankton” and Scientific Papers 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 

SENIOR LEOTURER (preferably interested ın mathematics as applied to 
social studies) IN MATHEMATICS—The Registrar, University of Essex, 
Wivenhoe Park, Colchester, Essex (January 17) 

LECTURER or an ASSISTANT LECTURER IN PURE MATHEMATIOS—The 
Registrar, University College of Swansea, Singleton Park, Swansea (January 
1 


8 

OFESSORS/READERS IN GEOGRAPHY,  SOOI0LOGY, MATHEMATICS, 
PHYSICS, CHEMISTRY, and BIoLoGy at the Chinese University of Hong 
Kong—The Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (Hong Kong and 
London, January 20) 

SENIOR RESEARCH ASSOCIATE (with primary interests in plasma physics, 
and experience of work with shock tubes) IN THE DEPARTMUNT OF PHYSICS 
—The Admunistrative Assistant, Department of Physics, University of 
Newcastle upon Tyne (January 23) 

LECTURER (man or woman registered medical practitioner) IN MORBID 
ANATOMY—The Secretary, Royal Free Hospital School of Medicine, 8 
Hunter Street, London, W C1 (January 24) 

SENIOR LECTURER (preferably specialized im biochemistry) IN THE DE- 
PARTMENT OF BIOCHEMISTRY, NUTRITION AND FOOD SOIENOE, University 
of Ghana—The Registrar, University of Ghana, PO Box No 25, Legon, 
Accra, or The Assistant Registrar (Overseas), University of Ghana, 15 
Gordon Square, London, W C 1 (January 28) 

ASSISTANT LECTURER IN APPLIED MaTHEMATICS—The Secretary, Univer- 
sity ES Exeter, Northeote House, The Queen's Drive, Exeter, Devon (Janu- 
ary 

"ASSISTANT LECTURER IN BIOCKEMISTRY—Ihe Registrar, The University, 
Hull (January 31) 

ASSISTANT LECTURER IN PURE MATHEMATICS—The Secretary, University 
of Exeter, Northcote House, The Queen’s Drive, Exeter, Devon (January 31} 

ASSISTANT LECTURER IN THE DEPARTMENT OF SOCIAL ANTHROPOLOGY— 
The Secretary, The University, Edinburgh (January 31) 

LECTURER (with a degree m education and teachmg experience} IN THE 
DEPARTMENT OF EDUcATION—The Secretary, The University, Aberdeen 
(January 31) 

SENIOR DEMONSTRATOR IN BOTANY (Plant Physiology) at the University 
of Melbourne, Australia—The Registrar, Umversity of Melbourne, Park- 
ville, N 2, Victoria, Australia, or The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pail Mall, London, 
S W 1 (Australia, January 31) 


E 


222 


LECTURER IN ELECTRICAL ENGINEERING at Queen's College, Dundee— 
The Secretary, University of St Andrews, Queen’s College, Dundee (Feb- 
ruary i 

ASSISTANT LECTURER IN Paysics—The Registrar, The University, Bull 
(February 2) 

COTTON CHAIR OF BIOCHEMISTRY at the Institute of Basic Medical 
Sciences—The Academic Registrar, University of London, Senate House, 
London, W C 1 (February 4) 

ZooLoaisr (Scientific Officer grade) IN THE DEPARTMENT OF INSECTICIDES 
AND FUNGICIDES, to study the mode of action of msecticides using histo- 
chemical and radioactive-tracer techniques—The Secretary, Rothamsted 
Experimental Station, Harpenden, Herts (February 5) 

ASSISTANT LEOTURER (preferably with mterests in topology or functional 
analysis) IN PURE MATHEMATICS, an ASSISTANT LECTURER IN APPLIED 
MATHEMATICS, an ASSISTANT LECTURER IN STATISTICS, and an ASSISTANT 
oy IN COMPUTATION— The Registrar, The University, Hull (Feb- 
ruary 

LECTURER (preferably research worker ın low temperature physics) IN 
Puysics—The Registrar, University College of North Wales, Bangor, 
North Wales (February 8) 

LECTURER (Grade II) (preferably with an interest in numerical analysis 
or operational research) IN THE COMPUTER UNIT (Department of Mathe- 
matics)—The Registrar, University of Bristol, Senate House, Bristol 2 
(February 10) 

LECTURER IX PsycHoLnoay—The Registrar and Secretary, 
Durham, Old Shire Hall, Durham (February 14) 

WILLIAMS FELLOWSHIP FOR MEDICAL AND SOIENTIFIO RESEARCH—The 
Secretary to the Scholarships Committee, University of London, Senate 
House, London, W C 1 (February 14) 

CHAIR OF ELEOTRICAL POWER ENGINEBRING—The Secretary and Regis- 
trar, The University, Southampton (February 15) 

CHAIR OF SOCIOLOGY AND SOCIAL ANTHROPOLOGY at Makerere University 
College, Uganda—The Secretary, Inter-University Counci) for Higher 
Education Overseas, 29 Woburn Square, London, W C 1 (February 15) 

CHAIR OF SocroLoay—tThe Secretary and Registrar, The University, 
Southampton (February 15) 

DSIR Posr-DO00TORAL FELLOW, to yom Dr P H Pelsch’s research 
group to work on cationic polymerization of some new monomers and char- 
acterization of polymers—The Registrar, The University, Keele, Staffs 
(February 15). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOW IN CHEMISTRY, 
ENGINEERING, PHARMACOLOGY or PHYSICS—The Secretary, The University, 
College Gate, St Andrews, Scotland (February 15) 

SENIOR RESEAROR OFFIOER IN THE COMPUTING LABORATORY— The 
Director, Computing Laboratory, The University, 9 South Parks Road, 
Oxford (February 15) 

IMPERIAL CHEMICAL INDUSTRIES RESEAROH FELLOWS IN BIOCHEMISTRY, 
CHEMISTRY, ENGINEERING, PHARMACOLOGY or PHysics—The Secretary of 
University Court, The University, Glasgow (February 28) 

CHAIR OF CHEMIOAL PATHOLOGY in the University of Otago—The Secre- 
tary, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, S W 1, or The Registrar, University 
of Otago, Dunedin, New Zealand (New Zealand and London, February 29) 

READER IN ANIMAL PHYSIOLOGY— The Registrar and Secretary, Univer- 
sity of Durham, Old Shire Hall, Durham (March 1 

ASSISTANT PROFESSOR, an ASSOCIATE PROFESSOR, and a PROFESSOR IN 
THE DEPARTMENT OF MATHEMATIOS (including Pure Mathematics, Statistics, 
Applied Mathematics, Computer Science)—Prof R @ Stanton, University 
of Waterloo, Waterloo, Ontario, Canada 

ASSOCIATE PROFESSOR (preferably with a Ph D from a university of 
recognized standing, together with some experience as a teacher of geo- 
graphy, with demonstrated research interests) IN THE DEPARTMENT OF 
GrOGRAPHY—Prof T R Weir, Head, Department of Geography, The 
University of Manitoba, Winnipeg 19, Manitoba, Canada 


REPORTS and other PUBLICATIONS 


(not sncluded in the monthly Book Supplement) 


University of 


Great Britain and !reland 


Department of Scientific and Industrial Research Road Research 
Laboratory Road Research Technical Paper No 65, The Management of 
Vegetation on Airflelds Overseas By K E Clare Pp iv+35+4 plates 
(London H M Stationery Office, 1963 ) 3s 6d net [1411 

Bulletins of Marine Ecology, Vol 0, Part 2, Continuous Plankton Records 
—Contribution Towards a Plankton Atlas of the North Atlantic and the 
North Sea Part 8 Chaetognatha By V Bambridge Pp 40-51+plates 
10-19 (Edinburgh The Scottish Marine Biological Association, That 

1 


98. 

Agricultural Research Council The Agricultural Research Service 
Pp i1v+74 (London Agricultural Research Council, 1903 Obtainable 
from H M. Stationery Office) 5s {1411 
Associated Electrical Industries Limited Computation in Engineering 
Pp 80 (ALI Engwwering—Supplement) (London Associated Electrical 
Industries, Ltd , 1963 ) 

Marine Biological Station, (University of Liverpool) Annual Report 
No 75 for1962 Pp 32 (Liverpool The University Press,1963 ) bs [1411 

Carbon, Vol 1, No 1, (October 1963) Editor-in-Chief S Mrozowski 
Pp 1-96 Published quarterly Annual Subscription Rates (A) For 
libraries, government establishments, research laboratories, ete £14 (40 
dollars), (B) For individuals who place their orders directly with the 
publisher and certify that the journal ıs for their personal use £5 5s 0d 
(15 dollars) (London and New York Pergamon Press, 1963 ) [2011 

The Night Sky 1964 Stars Month by Month from The Temes Pp 30 
(London The Times Publishing Company, 1963 ) 4s net [2011 

Bulletin of the British Museum (Natural History) Entomology Vol 14, 
No 3 Species-Groups ım Ctenophthalmus (Siphonaptera _ Hystrochopsvl- 
ldae) By F G A M Smit Pp 105-152+58 plates (London British 
Museum (Natural History), 1963 ) 40s [2011 

Industrial Diamond Information Bureau Industrial Diamond Buyers’ 
Guide 1964 Pp 212 (London Industrial Diamond Information Bureau, 
1903) 10s [2011 

Committee on Higher Education Higher Education — Administrative, 
Finaneial and Economic Aspects of Higher Education (Appendix 4 to 
the Report of the Committee appointed by the Prime Minister under the 
Chairmanship of Lord Robbins, 1961-63 ) Pp xi--166 (Cmnd 2154-IV ) 
(London M Stationery Office, 1968) 12s 6d net [2011 

Ministry of Housing and Local Government East Anglian Rivers 
Hydrotogical Survey, (Hydrometric Areas No 34 and 35) Pp. v+93 
(London HM Stationery Office,1963) 15s net [2011 
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Other Countries 


Instituto Antartico Argentmo, Buenos Aires Contribucion No 59 
Fenomento Glaciologico en El Mar de Bellingshausen Durante Ja Campana 
‘Antartica, 1959-60 Por Alberto J Valdez y Rolando Nawratil Pp 26 
Contribucion No 71  Estudo sobre los Basidiomicetes Antarticos Por 
Rolf Smger y Alfredo Corte Pp 45 Contribucion No 73 Fundamentos 
Piothermodiamieos y Climatologicos de] Vestuario Polar Por Carlos A 
Perticarari Pp 25 Publicacion No 9 — Simposio Internacional de Aclima- 
tacion al Fro Por & E Smith, D J Hover, R Brauer, L Irving, O 
Heroux, K M.Kmggey R N Panzarim Pp 414 (Buenos Aires Instituto 
Antartico Argentino, 1961, 1962 and 1963 ) [1111 

United States Department of Agriculture Agriculture Information 
Bulletin No 272 Insect Pests of the Peach East of the Rocky Mountains 
By OliverI Snapp Pp 32 15cents Picture Sheet No 21 Pink Bollworm, 
Pp 2. Scents (Washington,DC Government Printing Office, 1963 )[1311 

Deutsche Akademie der Wissenschaften zu Berlin Institut für 
Meereskunde Beitrage zur Meereskunde Heft9 Pp 66 13DM Heft 10 
Pp 51 9 DM Herausgegeben von Erich Bruns (Berlin Akademie- 
Verlag, 1963 ) [1411 

Fisheries Research Board of Canada Bulletin No 139 A Review of the 
Strait of Georgia Trawl Fishery By C R Forrester and K S Ketchen 
Pp xii-81 (Ottawa Queen's Printer, 1963 ) 1 75 dollars [1411 

‘Australia Commonwealth Scientific andIndustrial Research Organization 
Annual Report of the Division of Coal Research, 1962-63 Pp, u1+27 
(Ryde, NSW CSIRO, Division of Coal Research, 1963 ) (1411 

Indian Forest Records (New Series) Silviculture, Vol 11, No 1 Studies 
in N P K Nutrition of Sal (Shorea robusta) Seedlings By 8 K Seth and 
E P Bhatnagar Pp 49 (Delhi Manager of Publications, 1963) Rs. 
925nP , 21s 7d , 333 dollars [1411 

Canadian Geotechnical Journal, Vol 1, No 1, (September 1963) Pp 1-62 
Subseription 6 dollars per year (Published under the sponsorship of the 
Associate Committee on Soil and Snow Mechanics, National Research 
Council, and the Geotechnical Engmeermg Division, Engineering Institute 
of Canada.) (Toronto c/o Civil Engineermg Department, University of 
Toronto, 1963 Distributed by University of Toronto Press, 1963 ) [1411 

‘Australia Commonwealth Scientific and Industrial Research Organiza- 
tion Land Research Series,No 7 General Report on Lands of the Wiluna— 
Meekatharra Area, Western Australia, 1968 By J A Mabbutt, W H 
Litchfield, N H Speck, J Sofouls, D G Wilcox, Jenmfer M Arnold, 
Muriel Brookfield and R. L Wright Pp 214+2 maps (Melbourne 
Commonwealth Scientific and Industrial Research Organization, 1963 ) [1411 

Biochemical Institute, Helemnki Final Report on Investigations on the 
Alleged Goitrogenie Properties of Milk Edited by A I Virtanen (A collec- 
tion of papers by A I Virtanen, R Gmelin, M Kiesvaara, M Kreula, E 
Piironen, Maya Saarivirta and P Vilkki) Pp 226 (Helsmki Biochemical 
Inetitute, 1963 ) 1411 

New South Wales Department of Agriculture. Contributions from the 
New South Wales National Herbarium Flora Series No 136  Flacourtia- 
cene By H. Sleumer Pp 4 No 201 Hymenophyliaceae By Mary D 
Tindale Pp 49+7 plates (Sydney Government Printer, 1963 ) [1411 

Colony of Mauritius Meteorological Observations and Climatological 
Summaries October, 1962 Pp 20 November, 1962 Pp 20. December, 
1962 Pp 22 (Port Louis Government Printer, 1903 ) (1411 

Companhia de Diamantes de Angola (D Servicos Culturais 
Dundo—Lunda—Angola Publicacoes Culturais No 64 Subsidios para o 
Conhecimento do Clima da Lunda—Resultados das Observacoes Meteorológi- 
cos Anos de 1958 a 1960 Apresentados por Tomaz Rebelo do Espirito Santo 
Pp 292 (Lisboa Companhia de Diamantes de Angola, 1963 ) (1411 

‘Australia Commonwealth Scientific and Industrial Research Organiza- 
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Gas Laser product spectrum 











The label you see on the lasers above ts the one that's best 
known among all commercial CW gas lasers in use today What 
keeps the Spectra-Physics label in the forefront is the integrity 
and experience in back of it, and the quality which has gained 
acceptance for Spectra-Physics lasers throughout the scien- 
tific disciplines 


One of the five current production models of helium-neon 
lasers will likely fit your needs, whether for systems and instru- 
ment use, classroom demonstration, or advanced laboratory re- 
search The newest, a Spectra-Physics invention,* is the Model 
116, the first instrument capable of providing reliable high-gain 
operation over a wide range of wavelengths - 


Full one-year warranty — When you purchase any Spectra- 
Physics laser, you can look forward to a high order of reliability - 
in its operation, backed by a strong 1-year warranty which even 
includes the plasma tube 


1 Model 112 laser... . - .. $8200 May we send you data sheets and 
2 Model 116 laser... . . $13,250 add your name to the mailing list 
3 Mcdel 115 laser ---- .-. $4650 for Spectra-Physics Laser Tech- 
4 Medel130laser.. ...  . $1525 nical Bulletins? Address us at 1255 
5 Mcdel ł31 laser .. . -$1950 Terra Bella Avenue, Mountain View 
6 Model 401 Power Meter . .... ...$355 9, California (or call collect—(415) 
7 Model 200 Exciter (for Models 112, 115) 961-2550) 

8 Model 250 Exciter (for Model 126) "PATENT PENDING 


9 Mcdel 251 Exciter (for Model 131) 3 
10 Model 302 Precision Adjusting Base G Spectra-Physics 
11 Model 301 Precision Adjusting Base 
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68 per line thereafter Lines m capitals or 
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inch Colour (orange) £15 extra Is is 


charged for the re-direction of replies to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limited, 1 Clement's Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams  Textualst, Estrand, London 





APPOINTMENTS VACANT 





UNIVERSITY OF MEDICAL 


SCIENCES 
BANGKOK, THAILAND 

The Faculty of Medical Science, University of 
Medical Sciences wishes to appoint a Lecturer 
in Organic Chemistry Teaching duties will be 
confined to those students reading for their first 
degree in pure science or preparing themselves to 
take Masters’ degrees The Lecturer will also be 
expected to conduct research of his own choosing 
except that topics related to the chemistry of 
natural products are preferable since the facilities 
at present available are best suited to this type 
of investigation There are no set administrative 
duties, but the Lecturer will belong to a rapidly 
expanding Faculty and will be consulted fre- 
quently on teaching, organizational and admunis- 
trative matters as well as on the acquisition of 
new equipment and the introduction of new tech- 
miques For the first three years the monthly 
salary 1s £200, tax free, for the next three years 
it 1s £250, and thereafter it 1s £300 The Lecturer 
1$ entitled to a housing allowance of £50 per 
month, adequate pensions and health schemes are 
available, but there 1s no child allowance Trans- 
portation 18 also provided The Lecturer is en- 
titled to three months’ leave every three academic 
years He can expect to be sent abroad to Inter- 
national Conferences and meetings of a similar 
nature alternatively, he may make purposeful 
visits to University. Departments or Institutes of 
repute in his field of research The post 1s a 
permanent one, but the Lecturer will be free to 
resign whenever he wishes to do so provided only 
that he has given his services for two full aca- 
demic years The duties commence in June, 
1964 Applicants must possess a Doctoral de- 
gree and have some experience of University 
teaching at both undergraduate and postgraduate 
levels They must also provide evidence of their 
ability to conduct original investigations Posts 
are nearly always available for wives who possess 
academic degrees (in any subject) and who are 
prepared to undertake either full-time or part-time 
duties marred couples meeting these require- 
ments will be given preference 

Applications, together with the names of at 
least two referees, should reach Professor W D 
Ollis, Department of Organic Chemistry, Univer- 
sity of Sheffield, not later than February 28, 
1964 Further details can also be obtained from 
the Dean, Dr Stang Mongkolsuk, at the Faculty 
of Medical Science, Sr Ayuthya Road, Bangkok, 
Thailand 
———————M————————À 


BERNHARD BARON MEMORIAL 


RESEARCH LABORATORIES 
QUEEN CHARLOTTE'S MATERNITY 
HOSPITAL, GOLDHAWK. ROAD, W6 


Senior Medical Laboratory Technician (D for 
Bacteriology Department Semor Medical 
Laboratory Technician (I or II according to 
experience) for Histology Department Whitley 
Council scales and conditions 

Applications, giving age, qualifications, experi- 
ence, and the names of two referees, to be sent 
to the Director by February 8, 1964 


——— M——————————— 
INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 

JUDD STREET, LONDON, WC 1 


Applications are invited from medical or non- 
medical graduates for the post of Lecturer in 
Anatomy The post provides ample opportuni- 
ties for research, and the current programme of 
the Department includes the electron microscopy 
of the retina and visual cortex Salary within 
the range £1,250 to £2,150, together with £60 
London allowance Membership of FSSU and 
family allowance benefits will apply 

Applications, together with the names and 
addresses of two referees, to the undersigned at 
the above address by January 31, 1964 

C F SEATH, 
Secretary 
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WAR OFFICE 

THE ROYAL ARMAMENT RESEARCH 
AND DEVELOPMENT ESTABLISH- 
MENT requires 


SCIENTIFIC OFFICERS AND 
SENIOR SCIENTIFIC 
OFFICERS 


with first- or second-class honours degrees 
in mathematics, physics, chemistry or en- 
gineering to fil unestablished posts Fx- 
ceptional facilities are. provided for scientific 
work on mihtary weapon systems and the 
problems afford considerable scope for 
ongmahty and ingenuity 

ENQUIRIES TO the Director, Royal Arma- 
ment Research and Development Establish- 
ment, Fort Halstead, Nr Sevenoaks, Kent 





D.S I.R. 


(D HYDRAULICS RESEARCH 
STATION, Walhngford, Berks 


ENGINEER (graded SCIENTIFIC 
OFFICER / SENIOR SCIENTIFIC 
OFFICER) to be responsible for investi- 
gating civil engineering hydraulic problems 
1n hydro-electric projects, flood relief works, 
tiver and dock improvement schemes, de- 
sign of harbours, and coast protection 
works (Ref  E/AL/019) 


(2) NATIONAL PHYSICAL 
LABORATORY, Teddington, Middlesex 


SCIENTIFIC OFFICER or SENIOR 
SCIENTIFIC OFFICER for work on 
electro-optical systems, especially in inter- 
ferometry applied im the first place to the 
control of a diffraction grating ruling 
engine in light division This application 
of challenging new techniques of measure- 
ment and machine control will be of con- 
siderable importance ın a much wider 
scientific and industrial] field (Ref — E/ 
AA/090) 

APPLICATION FORMS from Director at 
above addresses Closing date January 21, 
1964 for (1) and January 25, 1964 for (2) 


4 





MINISTRY OF 
AGRICULTURE, FISHERIES 
AND FOOD 


DRAINAGE EXPERIMENTAL UNIT, 
Land Drainage Division, Cambridge 
SCIENTIFIC OFFICER for research on 
AGRICULTURAL HYDROLOGY ımclud- 
ing design and instrumentation of experi- 
ments, analysis of laboratory and field tests 
and the extension of hydraulic design data 
for field drainage with the development of 
new materials and techniques Opportuni- 
ues for pursuing individual ideas First- or 
second-class honours degree im engineering 
or physics, knowledge of an agricultural 
Science. (eg, sois) an advantage Car- 
driving essential 

APPLICATION FORM from Mr E S Stoy, 
Room 665, Great Westminster House, 
Horseferry Road, London, SW 1 Closing 
date January 27, 1964 


c Civil Service 


AIR MINISTRY 


INSTITUTE OF AVIATION MEDIC è 
Farnborough, Hants $ 
ANIMAL PHYSIOLOGIST 

Principal Scientific Officer/Senior Scientific 
Officer to conduct research into the effects 
on animals of environmental stresses associ- 
ated with aviation, m particular into the 
physiology of gas exchange in the body 
under decompression or compression, to 
supervise an experimental animal colony 
covering a wide range of species Post for 
man or woman normally at least 26 on 
December 31, 1964 QUALIFICATIONS 
Normally MRCVS or first- or second- 
class honours degree in Veterimary Science 
or Zoology (or equivalent) At least three 
years’ approved postgraduate expenence for 
the lower grade Some experience in simi- 
lar work preferred SALARY SCALE 
£1,438 to £1,772 or £1,894 to £2,646 ac 
cording to age, qualifications and experi- 
ence Starting salary may be above 
minimum on either scale 

WRITE Civil Service Commission, 23 Savile 
Row, London, W1, for application form 
quoting S/5810/64 Closing date January 
24, 1964 





DEPARTMENT OF 
AGRICULTURE AND 
FISHERIES FOR SCOTLAND 


MARINE LABORATORY, Aberdeen 


TECHNICAL OFFICER (graded EXPERI- 
MENTAL  OFFICER/ASSISTANT  EX- 
PERIMENTAL OFFICER) to joi small 
team engaged on improving design of fish- 
ing gear The work, which involves going 
to sca on commercial and research vessels, 
includes design of mechanical equipment 
for handling fishing gear, supervising its 
installation on research vessels, trials at sea 
and analysis of engineering data collected 
Degree, or equivalent, preferably in engin- 
eering Practical postgraduate expenence 
desirable Ability to wnte technical reports 
and to assume leadership on experimental 
cruises 

APPLICATION FORM from Establishment 
Officer, Room 166, St Andrew’s House, 
Edinburgh, 1 Closing date January 21, 
1964 


a a 


SCIENTIFIC OFFICER/SENIOR 


SCIENTIFIC OFFICER 
SALARIES SO £791-£1309 
(Increments and special £95 award for 
approved post-grad experience) 
SSO £1438-£1772 
(Starting salary may be above minimum) 


Salartes are supplemented tn the London Area 
QUALIFICATIONS 


so Ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 

SSO As above plus at least 3 years post- 


graduate research Age 26 to 3l 


ASST. EXPERIMENTAL 
OFFICER/EXPERIMENTAL 


OFFICER 

SALARIES AEO £490 (age 18) — £691 
(age 22) — £858 (age 26) — £1053 
EO £1164-£1431 

Salaries are supplemented in the London Area 

QUALIFICATIONS 

Degree, Dip Tech, HNC or equivalent 

in appropriate subject Under age 22, 

minimum qualification is 2 GCE ‘A’ levels 

in Scientific subjects A EO age 18-27 

E O 26-30 - 





Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W ! 





——————————————M—— 
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E mcaccet ACCESSORY 
The Unicam SP.600 Visible Spectrophotometer is now 
available with the SP.625 Autocell Accessory; a unit 
which greatly reduces sample handling time. Also avail- 
able is the SP.649 Power Supply Unit. This replaces the 
dry batteries normally supplied and provides an all- 
mains operation. 


These latest developments, together with the SP.680 
Microcell Accessory and the SP.630 Test Tube Holder, 
make the SP.600 Spectrophotometer the most versatile 
instrument for all absorption measurements in the 
region 360-1000 mu. 


The Autocell, Microcell and Test Tube Accessories 
are easily interchangeable and each is designed to fit 
into the cell well of the main instrument—no special 
fitting arrangements are necessary. 


SP.625 Autocell 


The new Unicam Autocell provides a completely auto- 
matic means of filling and emptying the special sample 
* cell. One control is provided (see illustration above) and 


UNICAM INSTRUMENTS LIMITED : YORK STREET - CAMBRIDGE 
u 





SP.625 AUTOCELL 
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AUTOCELL 


MICROCELL ACCESSORY AND TEST TUBE HOLDER 





vo 


SP.630 TEST TUBE ACCESSORY 


the operator can fill and empty the sample cell without 
any risk of cell breakage, sample spillage or contamina- 
tion. This speeds analysis and greatly improves accuracy 
and reliability. The minimum sample volume required is 
5 ml. Tests have shown that less than 1 per cent of 
sample volume remains after emptying. The sample 
comes into contact only with fine bore polythene or 
stainless steel tubing. 


SP.649 Power Suppiy Unit 


The Power Supply Unit has been designed to replace 
both H.T. dry batteries and can be easily fitted to every 
SP.600. It will appeal to those who require the extra 
convenience and reliability of an all-mains operated 
instrument. The unit consumes less than 5 watts and 
its output is unaffected by mains voltage fluctuations of 
4-124 per cent. 


Full information on the SP.600 and its accessories will 
gladly be sent on request. 
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SAMMAN AMME 


FOR 
PERIODS ] 
UP TO 


1 hour 
24 hours 
7 days 





Diagnostic reports to hand hours earlier than they would be Histokinette 

with manual processing and im far greater numbers—the special features 

release of a valuable technician for other duties these are sp 

the outstanding advantages of the Histokinette Automatic include :— 

Tissue Processing machine Once the Histokinette has been 

put ito operation, it will without supervision go through the e Upto 24 hours delayed start 
entire cycle of fixation, dehydration, impregnation 1n wax, e Double processing capacity 


or alternatively can be set up for the washing or stating of 
tissues It can handle laee. numbers of specimens at the € One or more motor members and baskets 


same time and while staff 1s off duty—speed up almost any € Unbreakable tissue basket and containers 
technique by ensuring quicker and more thorough penetra- 
tion by reagents 
A 24-hour clock 1s fitted as standard Change over The Hendrey Histokinette ts in general use at home and overseas 
to 1 hour or 7 day cycles (the latter of great value 








in double embedding and bone decalcification tech- + « to quote a few in U K and some of our exports 
niques) 1s simple and rapid Aberdeen Edinburgh Newcastle- | Argentine Eire Mexico 
Belfast Glasgow on-Tyne Australia Egypt New Zealand 
Birmingham Greenock Newport Belgium Finland Nicaragua 
Bristol Hereford Nottingham | Brazil” France Norway 
Canterbury Liverpool Sheffield Canada Ghana S Africa 
H d R J Cardiff Llanelly Swansea Ceylon Holland Singapora 
en re y e a yS Dundee London Torquay Chile India Sweden 
Manchester eum lire Syiteriend 
uba tal hailan 
Write for illustrated brochure Denmark Ja pañ 


HENDREY RELAYS LTD . 390-394 BATH ROAD . SLOUGH . BUCKS. Telephone Burnham 609/611 
MANUFACTURING ELECTRICAL ENGINEERS CONTROL & LABORATORY APPARATUS Telegrams Hendrelay, Slough 
Sole Export Distributors Measuring & Scientific Equipment Ltd , Spenser Street, London, S W I 


|! Announcing... 


A PHOTO-ELECTRIC ATTACHMENT 


NOW IN FOR THE MODEL ‘A’ POLARIMETER 
PRODUCTION 


6e .PRECISION INSTRUMENTS 


This attachment is now available for use with the 
Model ‘A’ Polarimeter and can be supplied fitted to 
a new instrument or for fitting by the user to any 
example of this model manufactured since 1932 


Its use enables the Model 'A' to be operated over the 
wavelength range 200-600 millimicrons with a high 
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PUBLIC ENTERPRISE AND OWNERSHIP 


N a recent book, Bratesh Government Observed, Prof. 

Bran Chapman was particularly severe m his criticism, 
of the nationalzed mdustries, though he admitted that 
little could be done to improve the present position 
until the functionmg of British Government m general 
had been improved (Nature, 200, 197, 1963) Prof 
Chapman was mchned to advocate European methods of 
supervising such mdustries in his little volume, but he 
gave only a passmg glance at these nationghzed mdus- 
tres Some of his criticism 1s substantiated by the recent 
controversy over the management of British Overseas 
Aurways Corporation and also m a Fabian Society Study 
on The Lessons of Public Enterprise* The chapter by 
Peter Lowell m that volume, on lessons from abroad, 
does not, mdeed, entirely confirm Prof Chapman’s 
addiction for European experience, but the book as a 
whole 1s a timely stimulus to the fresh thnkmg about 
publi enterprise that ıs needed and a sharp warning of 
the folly of irresponsible Government interference with 
pohey and edmunisiration 

This Fabian Society Study sets out to examme sym- 
pathetically, but critically, the performance of the 
industries nationalized after the Second World War. 
However, 16 scarcely glances at the earlier corporations— 
the British Broadcastmg Corporation or the Port of 
London Authority—and this 1s a drawback, for the study 
is concerned with suggesting what lessons can be learned 
from this experience and how mistakes that have been 
made rm the past can be avoided ın the future Its authors 
are convinced that m modern Britan there 1s a place for 
both publie and private enterprise, and for varying forms 
of each. If ıt pleads for clear and creative thought, the 
book pleads no less for co-operation. The dynamic, 
efficient system of public enterprise, which 1s desiderated 
as essential to the national economy, will not be achieved 
without due restramt on party polities, without asking 
the right questions first, obtaining the answers and taking 
the action which facts, not prejudices, dictate The 
pubhe sector must be seen to work- then and then only 
can 16 be seen to grow 

This composite book 1s less massive than Prof W A 
Robson's Natonahized Industry and Public Ownership f, 
published m 1960, nor 1s the treatment quite so wide; 
some issues like research and development are almost 
unnoticed, and no attempt 1s made to provide more than 
a very select bibhography It should, m fact, particularly 
in the absence of an mdex, he treated as a supplement to 
Prof Robson’s work, and taken together the two books 
provide a comprehensive and stimulating account of the 
nationalized mdustries and them problems which should 
help to keep public discussion on a firm basis of fact 
Both pomt to the opportunities, as yet largely unexplored, 
in these mdustries to create new values and new tech- 
niques, as well as to the dangers, particularly 1f the frontier 
between pubhe and private enterprise 1s not to become 
too ngid Curiously enough, m contrast to the insistence 
in the Fabian Society Study on a variety of forms of 
pubhe enterprise, Prof. Robson comes down unequivoo- 
ally m favour of the pubhe corporation. 


* The Lessons of Public Enterprise a Faban Society Study Edited by 
Michael Shanks Pp 314 (London Jonathan Cape, 1902) 35s net 


f Nahonahzed Industry and Pubhe Ownership By Prof Wilham A 
Robson Pp 544 (London George Allen and Unwin, Ltd ,1960 ) 50s net 
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“The pubhe corporation”, he conoludes, “is m my 
Judgment by far the best organ so far devised ın this or 
m any other country fo: administering nationehzed mdus- 
tries or undertakings. Allowing for some teethmg troubles 
which are still not entirely cured, the pubho corporation 
which we have evolved 1s an outstanding contribution to 
public administration m a new and vitally mportant 
Sphere" Prof Robson goes on to quote an opinion 
expressed by the late Mr Elis Hastad, Governor of 
Uppsala, that the United Kungdom with its pubhe cor- 
porations achieved most of what it set out to do, and 
brought to State enterprise flexibility, mutiative, enter- 
prise, adventurousness and the desire to experiment, 
which pubhe enterprise shows at its best. 

These are not opmions hghtly to be seb on one side, 
nor did Prof. Chapman advance cogent reasons for domg 
so. There ıs rather every reason for examinmg critically 
the conditions which have led to failure m functionmg 
effectively on occasion What emerges strongly from both 
books ıs that publie ownership 18 not, and cannot be, an 
end in itself; 1t1s a means whereby great ends can, with 
wisdom, be achieved, and Prof Robson goes on to add, 
for all hus own predilection for the public corporation, 
that there are many paths to public ownership. He is 
just as exphoit as the Fabian Society Study that national- 
wation by itself solves nothing, and, at a time -when 
natonahzation tends to be made an election issue, both 
books are healthy reminders of realities and challenge the 
badly needed clearer thinking that 1s required as to the 
criteria which should be applied m decidmg whether an 
industry or a firm should be nationalized 

At this pomt Prof Robson enters a timely caveat which 
Britain’s main  politieal parties would do well to heed If 
the State takes over an dustry which is suffermg from 
bad management, technological backwardness, a shortage 
of able executives and technical experts, or lack of capital, 
1t 1$ extremely difficult to arrest the momentum of declme 
and replace ib with a momentum of progress Such con- 
ditions are highly unfavourable to public enterprise, and 
he suggests pubhe enterprise can do much better m new 
and expandmg industries than m old and contracting 
ones In Prof Robson’s view, the best results have 
been achieved so far m mdustries or services which come 
under pubhe ownership and admunistration at an early 
stage 

While this might be conceded m respect of broad- 
casting and nuclear energy, the third example he cites— 
the ‘airhnes—as more open to challenge, though perhaps 
rather m consequence of Government mterference than 
for reasons inherent m nationahzation itself It 1s im- 
pressive to find that the Fabian Society Study 1s Just as 
forthnght on this aspect. Equally convinced that national- 
yation 18 not to be regarded as & policy which has served 
sts purpose and 1s no longer useful, it provides no support 
for the view that there 1s any herent virtue to-day m a 
pohey of further nationalization as an end im itself, 
regardless of the mdustries concerned or the ends m view- 
Tt could scarcely be franker on the fundamental problems 
which have to be tackled first, not merely m the way of 
explaimmg to the publi exactly what such pubhe owner- 
ship 1s intended to achieve, and m devising the form of 
structure most appropriate to the purpose, but also m 
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ensuring that managers and other staff of the requisite 
ability are available. 

Here 1s the note of realism which will commend both 
books most to the scientist or technologist, who will, m 
fact, find themsomewhatdisappomting m respect of research 
and development. Even Prof. Robson’s two chapters 
add httle to earlier discussions m Problems of Natwnalazed 
Industry (Natuie, 171, 447, 1953) or the subsequent 
Fleck (Nature, 175, 867, 1955) and Herbert (HMSO, 
Cmnd 1164, 1960) Reports, nor do they contribute to 
the present discussion on the organization of civil research, 
except negatively to mdieate the need to ensure that the 
place of the nationalized industries is not overlooked 
and adequate provision made for effective contact and 
stimulus On the other hand, the contribution to fair 
and unprejudiced discussion of the technical problems of 
these mdustries 1s noteworthy and could of itself assist 
co-operation The Fabian Society Study refers apprecia- 
tively to the work of the Scientific Advisory Council of 
the Minister of Fuel in co-ordmating technical and 
scientific developments in the fuel mdustries and in 
makmg recommendations on the research and develop- 
ment work of the various boards It expresses the definite 
opmion that research in the nationalized industries, 
though still madequate, has bounded ahead since national- 
ization Mr John Hughes, discussmg moro particularly 
the structure of these mdustries and ther adaptation, 
visualizes that the federal bodies emerging ın the national- 
wed industmes will concentrate largely on research and 
development He points to the rapid merease m expendi- 
ture on research by the Central Hlectriaty Generating 
Board ın recent years as an mdication of the way m 
which federal bodies may overcome the madequate 
research expenditure which he, too, agrees has been a 
general feature of nationalized industries until very 
recently 

His reminder that the Ministers have powers to issue 
general directives here, however, emphasizes that here, 
too, mmusterial responsibility 1s ultimately involved, and 
this alone mdieates a need to ensure that the place of the 
nationalized, industries 1s correctly assessed in the national 
organization for research and development 

To the scientist, however, the chapter on staffing and 
recruitment 18 one of the most interesting and encouraging 
m the Study It is encouraging for the emphatic recog- 
nition that these undertakings need men capable of 
thinking in general terms, of selecting the relevant facts 
from masses of complex detail Such individuals should 
be free to formulate ideas which can form the basis of 
policy—not only at the top but also at subsidiary levels 
in the organization Furthermore, it 1s recogmzed that 
these organizations also need men of highly developed 
professional, scientific and technological skills because 
their activities are extremely technical and can only be 
operated or controlled 1n detail by those with considerable 
specialist experience or trammg Beyond this, and par- 
ticularly significant at the present moment, 16 1s conceded 
that the technological changes demanded of these indus- 
tries involve much more than technical expertise The 
Study also calls for an awareness of economie, financial, 
social and psychological factors which a narrow pro- 
fessional tramimg seldom provides 

This 1s, of course, a general problem to-day, and there 
18 no suggestion in the Study that any organization has 
wholly solved ıt Moreover, 15 ıs especially acute in the 
nationalized industries, because their liability to political 
dictation and their responsibility for assessmg and pro- 
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moting the publie interest tend mevitably to involve them 
m politics, and this has a close bearing~on two eritical 
factors if these mdustries are to recruit and retam staff 
of the cahbre required First, there ıs the question of 
education, and the Study lends strong support, at least 
by umplication, to the recommendations of the Robbms 
Report 1elating to trammg for management (Nature, 200, 
925, 1963) and to the subsequent proposals of Lord 
Frank’s Report Until, 1t observes, Britam gives her 
engineers and scientists a broader and more hberal educa- 
tion at school and at university there will be need either 
to put them under the control of a&dmmustrators, as in 
the Civil Service, or, preferably, to take positive steps to 
broaden their training ın the early stages of their career 

It 1s here that the Study criticizes the nationalized 
industries rather severely, but ıt should be admutted that 
at this pomt the question of education umpinges on the 
career aspect and the conditions of service the mdustries 
are able to offer The Study itself admits that the most 
damagmg factor m the nationahzed industries’ quest for 
skill 1s the ‘image’ they display to the publie However, 
while this can undoubtedly be attributed in part to the 
involvement of the mdustres in polities, whether ıb 1s 
nght to attribute the unfavourable ‘image’ entirely to 
the propaganda of one party 1s open to question Cer- 
tamly, when the mdustries became the playball of party 
politics, the altruistie motive of publie service which could 
be a predisposing factor m obtainmg staff of high quality 
to-day 1s more than offset Nor 1s this factor likely to be 
counterbalanced by higher salaries for key posts 

It could mdeed ibe argued with some reason that the 
decisive factor in attractmg staff of the high quality 
desired 1s not so much the conditions of service which can 
be offered as the extent to which the industries can offer 
such men the essential freedom—unhampered exercise of 
a responsible task Here, .at once,-the critical importance 
of the political factor 1s to be seen, and this 13 the reason 
why the present dispute over the management of British 
Overseas Airways Corporation 1s unfortunate Whatever 
the merits of the Minister's ease, it 1s scarcely possible 
for his handling of the situation to have other than a 
most unsettling effect on morale in the nationalized indus- 
tries and even a serious deterrent effect on recruitment, 
and that not only because of the extent to which the 
industries are interlocking. 

It 1s interesting to note the emphasis on' the mterlockmg 
of the nationalized industries which characterize this 
Fabian Society Study This ıs one factor that forces 
ther involvement in politics, because major policy can 
seldom be taken in respect of one industry alone apart 
from what ıs mmphed by the national mterest This 1s 
one of the most important issues raised by the whole 
Study, and while the complexity of such issues 18 not 
denied, the Study explicitly emphasizes the necessity of 
takmg major decisions on transport or fuel or power, for 
example, not on consideration of the economics of one 
industry but of the interactions with other industries and 
of social pohey. The folly of being unprepared to consider 
the recommendations of the Beeching Report regarding 
railways (Nature, 198, 1233, 1963) m the hght of full 
knowledge of road transport and of land and mdustrial 
development could scarcely be more clearly exposed than 
m ths Study 

In discussmg ministerial and Parhamentary control in 
this Study, Mr Austm Albu 1s not partisan but scrupu- 
lously far It ıs m regard to air transport that the 
Government has exercised the largest measure of control 
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.without statutory authority The Select Committee on 
the Nationalized Industries established in 1956 itself 
commented that “faced with the total extent of the 
muusier's non-statutory powers they are bound to ask if 
these do not add up to a degree of control far m excess 
of that envisaged by the statute under which BA OC 
and BEA were created, and so lead to an undesirable 
diminution m the authority of the chairmen and boards 
of the corporations, and in their feeling of responsibility” 
Agam, Mr Albu points out that the duties of the Minister 
of Power under the Act setting up the Ministry, and his 
powers under the nationalization Acts, are 1n conflict He 
1s certainly nght in adding that the Ministry has so far 
done httle m the way of planned co-ordination and m 
suggesting that the reorganization of the British Transport 
Commission might have been handled more responsibly 
and in a way less calculated to undermine the authority 
of the Commission 

The critical issue, m this Survey, appears to be not 
Pailiamentary control, on which much of the earher 
discussion has centred, but munisterial control, and 
although, as Mr Albu admits, this has been resolved 
agamst the mdependence of the boards, which has been 
demonstrated as unreal in practice and undesirable in 
principle, the present position 1s still unsatisfactory 

Reform of the whole structure of Government could help, 
but only to the extent that ib facilitated national con- 
siderations of a social as well as an economic character 
at ministerial as well as interdepartmental level That has 
noticeably been emphasized by the Buchanan Report, 
not the least important feature of which ıs its contribution 
to a climate of free and informed publie debate m which 
the nat:onalized industries best flourish Without that, no 
clear conception of the public interest 1s likely to emerge 

On one point the Fabian Society Study is clear The 
relation between the chairman of a board and his minister 
needs review If the chairman were less dependent on 
the mmuster for his post, or had more security of tenure, 
he would be better able to resist ministerial encroachment 
on his authority and to make the case of the board or 
corporation better known It may be difficult to draw 
lines of demarcation between policy and management, 
and publie and commercial services, but this 1s another 
direction m which solution of the conflict of mterest in 
the public authority must be sought The railway 
closures may well provide a first-class opportunity for 
clear thinking or demarcation 

Where activities are clearly managerial, the board or the 
corporation must be responsible, where they are obviously 
matters of public policy, the mmuster, or even the Cabinet, 
must take responsibihty Between the two there is a 
vast area in which much give and take 1s required, but 
this should not be on partisan lines and decisions could 
be taken on a factual basis far more than has been done 
in the past The lmits to which a serious attempt is 
made to delmeate the frontiers of public enterprise, to 
define, for example, the pubhe service element m the 
transport system, so that the system can be considered 
in terms of pubhe need, or the extent to which coal 
reserves and the power to exploit them are a national 
interest m fuel and power policy, could be major factors 
These would be so not only m determining the future of 
the national industries as such, but also in their power to 
create the conditions in which an imaginative, purposeful 
and human cadre of managers can develop—the conditions 
which will attract at least that mmimum proportion of 
the nation’s best talent which they need for success 
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UNESCO HISTORY OF MANKIND 


History of Mankind 

Cultural and Serentifie Development Vol 1. Prelustory 
and the Beginnings of Civilization By Jacquetta Hawkes 
and Sw Leonard Woolley Pp xlvn+873+56 plates 
(London George Allen and Unwin, Ltd , 1963. Published 
for the International Commission for a History of the 
Scientific and Cultural Development of Mankind) 75s 
net 


i bes volume 1s the first of six, which are designed to 
record the cultural and scientific development of 
manlind The history 1s sponsored and planned by a 
widely representative International Commission set up zn 
1950 by Unesco The two distinguished Enghsh scholars, 
whose names appear on the title page of the present 
volume, are referred to in the preface as author-editors 
Ther ongmal drafts were submitted to the various 
national commissions for Unesco and to a number of 
specialists The resulting comments were used by the 
author-editors for the revision of their texts Finally, 
notes on the major points at issue were prepared respeot- 
ively by Prof H G Bandi and Prof J. Leclánt in order to 
complement the information in the text and to summarize 
divergent views on disputed questions That a work 
subjected to so complicated a procedure 1s neither pedes- 
trian nor emasculated 1s a magnificent tribute to the 
skill of the author-editors and the discretion of their 
collaborators The texts read spontaneously as mdividual 
and scholarly accounts of the two periods They have 
clearly been modified to mcorporate many of the criticisms 
put forward But divergencies of views and of mterpreta- 
tion there must remain when the survey covers so wide 
a field and so many controversial topics 

Many of the differences recorded concern specialized 
topics An example is the influence of climate on eiviliza- 
tion “To get the best out of life man requires not only 
good soil but also a climate that permits and encourages 
him to work out of doors m moderation all the year" 
Woolley cites this as one of the factors which led to the 
emergence of civilization, almost at the same time, in both 
Mesopotamia and Egypt (p 364) In tho relevant note 16 
is suggested that climate 1s not “a primary factor in 
encouraging work" The question 1s not new and a 
thorough-going discussion of all the factors would have 
thrown the text out of balance Such divergencies of 
emphasis will occur in any co-operative history, and the 
footnotes apprise the reader of their existence 

More fundamental are the differences that originate in 
the divergent approach to them problems and the varying 
terminology used by Marxist scholars and their Western 
colleagues ‘Feudalism’ well illustrates the point 
Analysing Chinese society and admunistration in the second 
mulennium Bc, Woolley quotes a classic description of 
west European feudalism and applies the term to the 
Chou and preceding Shang régimes, though admitting that 
its appropriateness im respect of the earlier period 1s a 
matter of dispute (pp 461-2) Elsewhere he speaks of the 
‘feudal allegiance’ to Pharaoh owed by the hereditary 
Egyptian viceroys or nomarchs of the Old Kingdom 
(p 464) and of the “parcel of land on a feudal basis” 
granted to certain soldiers by the King of Babylon (p 483) 
It may be argued whether 1t was wise to use this specialized 
west European term to describe certain aspects of societies 
so different m organization and outlook But the writer's 
purpose 1s clear He ıs seeking to deseribe tenurial rights 
and obhgations by reference to a form of society with 
which the reader 1s presumed to be acquainted In a noto 
on the ‘feudal’ organization of Chou (and Shang) China, 
Russian commentators are quoted as putting forward the 
view that the term 1s wrongly used Feudalism, according 
to Marxist. doctrine, 1s a stage in the development of 
society and, to quote a comment by Prof I M Diakonoff, 
“no ancient erihzation had reached the feudal stage" 
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Those famihar with Marxist analysis will recognize that 
the feudal stage 1s one more closely approximating 1n form 
and date to the West European societies, from which the 
term 1s eventually derived, though western historians could 
object that many of the ‘feudal’ societies of Marxist 
doctrine lack the essential military and tenurial features 
of true feudalism as understood 1n the West It has seemed 
desirable to examine at some length this matter of termin- 
ology. ‘Caprtalsm’ and ‘factory’ are other terms used in 
this volume 1n senses that provoke Marxist dissent. In a 
work designed for an mternational audience and m one 
presumably intended to be translated mto other languages, 
such termmologieal difficulties must be faced The text, 
as the present sponsors have realized, 1s not the place to 
discuss such matters. But the Author's Note", m this 
ease Woolley's (pp 508-9), 1s not really satisfactory. What 
18 needed ıs a simple exposition of the differences by the 
protagonists of each view. 

The contents of the two parts are 1n marked contrast 
The first, starting with the origms of man (Homo sapiens), 
18 carried, down to the Neolithic Age. It covers the whole 
world and records the gradual evolution of the mixed 
farmmg communities of the Old and New Worlds. The 
second, covering the Bronze Age down to about 1,0008 c , 
is practically confined to those regions which saw the 
origins of civilization, though a brief section indicates the 
spread of crvilizing ideas from the centre outward through 
the barbarian lands Civilization 1s mtimately connected 
with the mvention of writing and the development of 
urbamzation. The importance of these factors is well 
brought out by Woolley im his introductory remarks 
(pp 359-60) In his text he unreservedly awards the 
priority to Mesopotamia and the Sumerians as agaist 
Egypt, though ıt 1s clear that the difference of date m the 
beginning of eivilization 1n these two areas 1s minimal. 

Specialists may well find 1n these wide sweeping surveys 
pomts of criticism other than those covered in the notes 
The present writer, who can clam no specialized knowledge 
of the material so lucidly summarized m the second part, 
must be forgiven if the few remaming points are concerned 
with the first The picture of the emergence of modern 
man from the stream of the primates ıs convmeingly 
presented The facts—and ‘a tribute must be paid to the 
vast range of facts assembled and collated by Jacquetta 
Hawkes—are uUlummed by a sympathetic vision 
Occasionally, very occasionally, this vision betrays the 
writer into a temporary lapse “During the hard bright 
winter nights there must have been fires making wavermg 
patches of hght at pomt after pomt along the hmestone 
cliffs” of the Dordogne (p 133) Is this really consonant 
with the picture given a few pages later of centres of life 
m Upper Paleolithic times “thmly scattered and isolated 
almost beyond our comprehension” (p 137)? It 1s true 
that the latter statement 1s qualified by reference to a 
“few unusually favoured regions” Can we be sure that 
the Dordogne was really such and that 1ts modern renown 
in this context ıs not due to the chances of discovery and 
preservation ? The statistical record of Upper Paleolithic 
discoveries is still too meagre and too uneven for an answer 
to be given with any confidence It may be thought that 
this 1s carping criticism But the passage has been chosen 
deliberately as ıt illustrates the difficulties that beset any 
attempt to reconstruct the thoughts and feehngs of 
prehistoric man The reconstruction ıs mevitably seen 
through modern eyes and coloured by contemporary ideas 
and contemporary taste This appears very clearly m the 
treatment accorded to prehistoric art and religion ‘“The 
Venus of Lespuges 1s not only lovely and harmonious 
of form, massive and yet full of grace, but also perfectly 
expresses the femmme principle” (p 214) The appeal 
of prehistoric art to many contemporary critics 13 
undoubted and the passage quoted 1s m accord with much 
modern appreciation An older generation would have 
judged, this statuette more harshly; many would do so 
to-day What the figure meant to those who made and 
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treasured her ıs unknown and ünknowable, and 16 may be 
doubted whether the interpretation of Upper Paleohthic 
arb m terms of the cult of the Mother Goddess really 
inereases our understanding of early man The survey of 
mixed farmmg communities of the Neolithic Age brings 
out the essential unity of the human experience at this 
stage of development It 1s illustrated by an excellent 
series of drawings and maps ‘The dates assigned to the 
Neolithic m Western Europe (p 247) have been revised 
upwards m accordance with recent carbon-14 determina- 
tions. 

Our final appreciation of this great co-operative work 
must be one of admiration and welcome. The theme 1s the 
history of mankind, and only those central regions which 
have contributed to the cultural and scientific develop- 
ment of the race can be considered m detail Civilization 
has spread by the transmission of ideas—a pomt to which 
Woolley returns on more than one occasion—and this 
concept provides the connecting hnk between the many 
and widely scattered data behind this story No people and 
no land 18 self-sufficient, and Unesco, demonstrating this 
truth m so scholarly a fashjon, 1s very properly carrying 
out its assigned task of promoting mutual knowledge and 
understanding throughout the world. 

C A. RarzcH RADFORD 


FOOD FOR GROWTH OR 
THOUGHT? 


Food Supplies and Population Growth 
Pp 85 (Edmburgh and London Olver and Boyd, Ltd 
Published for the Royal Statistical Society, 1963) 15s 


HE symposium here recorded consists of four mam 

and two brief supplementary papers, discussions are 
appended after each of the two sessions Prof Ritchie 
Calder entitles lus short mtroductory remarks “The 
Mathematics of Hunger" , and he is his usual ulummating 
self No conventional war, he pomts out, could serve 
nowadays as what Sir Arthur Keith called ‘‘Nature’s 
prunmg hook", nor would any pestilence except possibly 
a man-made one But some contributors to the discussion 
later question the common use of such terms as ‘hunger’ 
and ‘starvation’ to describe the state of affairs now 
encountered They are probably justified, though doubt- 
less the words repay financially when 16 comes to an appeal 
to the philanthropic instinct. Dr R. Passmore, m reply, 
says, “It 1s a sensation which people experience when 
they are trying to get food to eat . It would be a great 
advantage if we could have better words to describe the 
undernourished. The word starvation should be used 
only when the person 1s so seriously undernourished that 
he ıs ın danger of death” 

Dr B Benjamm (who, at the time of the symposium, 
was with the General Register Office) parades in a lucid 
paper the world population trends He adopts in the 
mam the “medium assumptions” of the United Nations, 
but he concludes on what he feels 13 a more sombre note 
“A communication just received from the U N. Population 
Branch states their prelmmary view that the high 
assumption seems more appropriate This would give a 
world population m 2000 not of 6,280 but 6,900 millions ” 
Earher he quotes, not necessary with approval, the 
Population Commiussion’s statement that, “It 1s for each 
country to decide whether or not ib 1s appropriate to 
foster the possible mfluence of mdustnahzation and 
development ın bringing about a voluntary reduction of 
births” For me, it 1s still questionable whether mdus- 
tnahzation alone would automatically have such benefi- 
cial results, and in his remarks concluding the symposium 
Mr Brmley Thomas evidently felt free at last to say what 
had to be said ‘“‘On the facts before us ıt 1s difficult to 
avoid the conclusion that, both ın logie and as a matter of 
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mercy, knowledge of birth control must be made available 
to all the peoples of the world ”’ 

Dr. R Passmore provides what was for the occasion an 
adequate survey of nutritional needs, quantitatrve and 
qualitative He ıs particularly valuable m his tables and 
commentaries on obesity and relative ‘under-weight’——the 
two complamts that to-day mark the contrasts between 
different peoples and, mdeed, between different classes of 
any one country Mr N W Pme was appropriately 
chosen to deal at the symposium with one of the subjects 
he has made his own, the scientific problems associated 
with future sources of food As might be expected, he 
finds many new variations to play on the theme, while 
not neglecting the famuhar approaches to ıt Speakmg 
of crops that are the raw material of biochemical engineer- 
mg, he comments “Enthusiasm for algal culture as an 
alternative to agriculture ıs now declmmg When 
higher plants and algae are compared m comparable 
conditions, they have comparable capabilities and the 
techniques of husbandry are very much simpler with the 
higher plants" It is incidentally very useful that he 
records some of the figures which show the advantage of 
‘cullng’ wild animals for food on unimproved land, as 
contrasted with the attempted use of that land for the 
grazmg of domestic livestock 

The final paper by Prof Colin Clark treats of the econo- 
mue problems His argument merits very close attention 
He exammes, for example, the varying calorie reque- 
ments under varying temperature conditions He estim- 
ates 1n wheat equivalents—a method of calculation that 
has to be followed with care The figures of the world’s 
cultivable land are on the whole well recogmzed, but 
they deserve constant repetition. Thus, “The Japanese 
live healthily on 0 56 tons wheat equivalent per person 
per year, which they produce on 0 07 hectares (one-sixth 
acre} To produce the same amount of food an Indian 
uses 34 times as much land: m other words, Indian output 
could be increased 3$-fold 1f India could attain Japanese 
standards m the use of fertilizers, plant breeding and rural 
education” 

Of this little volume in its entirety, one may say that, 
taken i» conjunction with, for example, Posszbilires of 
Increasing World Food Production (Rome Food and 
Agriculture Organization, 1963), 16 supplies any competent 
teacher or popular lecturer with most of the basic materials 
he would need, the conversion of detailed statistics might 
safely be left to those who know what their classes or 
audiences can assimilate Whatever may happen to 
human numbers, the goal of doubling or trebling food 
production is certeinly withm our present power, and 
15 should surely be as capable of stimulatmg the magma- 
tion of the young as any space exploration. 

F Le Gros CLARK 


A RUSSIAN VIEW OF NUCLEAR 
PHYSICS 


Contemporary Models of the Atomic Nucleus 

By P E Nemuovsku Translated from the Russian 
by S and M Nikohé Translation edited by Prof. Bernard 
T Feld Pp xn+332 (London and New York Perga- 
mon. Press, 1963) 100s net 


Nuclear Models 

By Dr P E Nenmirovsku Translated by S Chomet 
Pp x--372 (London E and F. N Spon, Ltd, 1963) 
70s. net 


Oe again we are confronted with two translations 
from the Russian of a smgle book on nuclear physies 
We, the present reviewers, are not qualified to yudge the 
pubhshing niceties of this practice—the question of 
‘authorization’ of a translation, for example—but one 
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does not have to ponder long on the considerable maitial 
expense and effort mvolved m translating a book such as 
this and settang ıt up m print to realize that this sort of 
dupheation 1s a smgularly wasteful form of competition. 

The book 1s basically a review of work done on various 
nuclear models up to the end of 1959 After an unimspiring 
start, m which the shell model 1s presented as a long and 
dull compilation of facts, ıt rmproves somewhat to give 
a straightforward account of the collective model The 
best sections, however, are those which discuss the optical 
model and related topics These are based largely on the 
onginal work of the author and of other Russian physicists, 
and bring together much material otherwise scattered 
through the journals ‘The optical model formalism 1s 
presented more completely than in most text-books 
and there are quite extensive tables of sticking coefficients 
The book then returns to the shell model and a discussion 
of the stripping reaction The last chapter 1s devoted to 
radiative transitions and to o-decay 

The theory of nuclear structure 1s now moving rapidly 
once more, and this book must be regarded as an mtro- 
duction to these ‘standard’ nuclear models, rather than a 
review of the present-day situation In this 16 18 successful 
to & varymg degree as we have indicated here, we must, 
however, record that we flatly disagree with the author’s 
statement (Section 33) that mtermediate couphng caleula- 
tions for nucle: beyond mass 16 are either "nob very 
significant’? (Spon) or “of no use" (Pergamon) 

Each translation has oceasional maccuracies and 
infelicities, we much preferred the Pergamon version, 
whuch 1s also better printed Against this, however, must 
be set its considerably higher price 

ELIZABETH BRADFORD 
J M Soper 


KEEPING UP-TO-DATE WITH RADIO 
ASTRONOMY 


Radio Astronomy To-day 

Papers, designed to present Radio-Astronomy ın all its 
Aspects, given at the Jodrell Bank Summer School, 1962 
Edited by H P Palmer, R D Davies and M I Large 
Pp vm+242+4 plates (Manchester The University 
Press, 1963) 32s 6d 


HIS book is a written account of the lectures and 
discussions at a summer school m radio astronomy 
held at Jodrell Bank m 1962 The lecturers were drawn 
not only from the staff at Jodrell Bank, but also included 
several distinguished visitors from other British and over- 
seas universities The contributions consequently provide 
an &uthortative account of the scope, the achievements 
and problems of radio-astronomical research 
The book deals with a considerable variety of topics, 
and although the description on the title page, "Papers 
designed to present Radio Astronomy ın all ıts Aspects", 
may be an over-statement, most subjects of present-day 
interest in this field are mcluded. Altogether there are 
twenty articles, startmg with contributions on solar and 
planetary emissions, and then ranging over such themes as 
radar detection of planets, radio telescopes, radio obser- 
vations of galaxies and of mterstellar matter, the theory of 
radiation processes, and ending with papers on cosmology 
Most of the articles resemble the useful survey papers 
sometimes given at mtroductions to conference sessions 
In these circumstances, the audience 1s assumed to have 
at least some acquamtance with the subject, but wishes to 
have a brief review of basic facts and progress The 
papers vary m length from 7 to 23 pages, and the shorter 
papers tend to suffer from too brief treatment For 
example, the first article on Radio Emissions from the 
Sun" 1s an interesting short essay comprising 23 pages, but 
the papers on “Planetary Emissions”, 8 pages, and “Inter- 
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planetary Radar", ll pages, seem too condensed The 
next paper with the ambitious title “Present Day Tech- 
niques in Radio Astronomy”, 9 pages, consists only of 
some general comments Nevertheless, the papers in this 
book are sufficiently comprehensive to give an outhne of 
varied aspects of radio astronomy and a focal pomt for 
further reading 

The organizers have ughtly included an optical 
astronomer to describe problems of the identification of 
radio sources, and mathematical experts to discuss theo- 
retical 1mpheations, cosmological theories and observa- 
tional tests Radio methods have opened a most mmpor- 
tant field of astronomical research adding a new vista to 
the optical picture Progress in astronomy demands the 
fullest mtegration of theory with all observational data 
The book should prove helpful not only to students of 
radio astronomy but also to optical and theoretical 
astronomers. 

The rate of progress 1n research tends to put the title of 
the book m a precarious position The conference was 
held in 1962 and 1n one or two respects 1t 18 already evident 
that ‘to-day’ was ‘yesterday’ A few postscripts added in 
proof bear evidenco of this. Since the book was prepared 
there have been several further advances, for example, the 
measurements of the polarization of the oxtra-galactic 
radio sources, the theory of energy release by gravita- 
taonal implosion, the observation of radio flare stars, radar 
echoes from Mais and Mercury, and so on It 1s not an 
uncommon experience for the writer of a radio- 
astronomical survey to find that significant 1tems of dis- 
covery have appeared between the completion of his manu- 
sompt and its pubhcation or soon afterwards This 1s 
mevitable and does not seriously detract from its value 
Tt 1s in fact because of this high rate of advance, and the 
unwieldy mass of contributions to scientific journals, 
that ıt 18 essential to have the type of résumé provided 
by this book to enable one to see the subject ın proper 
perspective and to endeavour to keep abreast: with progress 
and developments The University of Manchester and 
Jodrell Bank staff sre to be congratulated on a prase- 
worthy effort m organizing the Summer School and making 
available to all this useful record of the course J S Hey 


A MODERN SCEPTICAL CHYMIST 


Essays on Nucleic Acids 
By Dr Erwm Chargaff. Pp xu--211 (Amsterdam and 
London Elsevier Pubhshmg Company, 1963) 45s 


OST scientific treatises can be read without violent 
emotional reactions on the part of the reader, but 
no one can look through the pages of this book without a 
strong feeling of writation, anger or even cynical approval 
Few molecular biologists, for example, will learn with 
equanimity that the scientific territory which they cover 
is “the practice of biochemistry without a licence”. But 
Dr Chargaff enjoys trang his coat in the most provoc- 
ative fashion and m this book of essays he takes full 
advantage of his opportunities 
Most of the material 1s not new and 1s, m fact, the re- 
printing of nme articles and lectures which have been 
published elsewhere between 1950 and 1961 They include 
bis well-known Harvey Lecture of 1956 and hus inaugural 
address to the fourth International Congress of Bio- 
chemistry ın Vienna m 1958 They are all, of course, 
written m Dr. Chargaff’s own mimuitable and pungent 
style with a wealth of scholarly reference to the works of 
the classical philosophers of which few modern scientists 
are capable The author's use of words 1s magnificent— 
16 18 sobering to reflect that he could probably have written 
with equal facility ın more than one European language 
Tho theme of the whole book 1s, of course, deoxyribo- 
nuclee acid, “the philosopher’s stone of our days, the 
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quintessence of contemporary alchemy”, but Dr Chargaét 
looks at ıt through the critical eyes of the sceptical chemist 
who has handled 1t fo. more than twenty years rather than 
through the starry eyes of the more credulous biologist 
His own contributions to the subject have, of course, 
been substantial and have not always received full 
recognition How many people, for example, recollect 
that ıt was he who paved the way for modern views on 
base pairing by his pioneer observation published in 1950 
that“ m all deoxypentose nucleic acids exammmed thus 
far the molar ratios of adenme to thymine and of 
guanine to cytosme were not far from 1"? These early 
observations are reproduced in Chapter 1 and the subject 
is further developed m subsequent chapters dealing 
mamly with the relative proportions of bases m DNA’s 
of all kinds, work which sounded the death knell of the 
now almost forgotten tetranucleotide hypothesis 

Later chapters are concerned with what 1s almost 
certamly the most important outstanding problem in 
nucleic acid chemistry —the determination of the sequence 
of bases along the polynucleotide chain The problem 3$ 
still unsolved, but Dr Chargaff's own contributions to this 
exceedingly difficult question are pre-eminent 

The last two chapters are what the author calls a 
"divertimento" One is the unedited and unexpurgated 
version of a lecture given m a much abbreviated form at a 
conference ın 1962 The other 1s an imaginary conversa- 
tion between an Old Chemist and a Young Molecular 
Biologist (If biochemistry 1s accepted to be the study at 
the molecular and atomic level of the orgamization and 
function of biological systems, What then is molecular 
biology?) The two part without having resolved their 
differences, but the rather acrimonious discussion gives 
Dr. Chargaff the opportunity to castigate those trends 
m modern scientific development which he so cordially 
detests—the appearance of dogmas m biological thinking 
and what he terms the “motorzed anthropomorphism 
that disfigures much of our biological reasoning at present” 

His withering criticisms go, of course, too far, but there 
18 no better antidote to that tendency to uncritical com- 
placency which so readily distorts one’s sense of values 
in this field Dr Chargaff may be what he himself calls 
an angry old man and his comments will not be popular, 
especially with the younger generation of scientists, but 
it 1s precisely by them that his book should be read and 
reflected on J N DAVIDSON 


WATERPROOFING AND 
WATER-REPELLENCY 


Waterproofing and Water-Repellency 
Edited by Dr J L Moihet Pp x+502 (Amsterdam 
and London Elsevier Pubhshing Company, 1963) 100s 


"Tes editor of a book consisting of contributions from 
a number of specialists m different, but related, 
fields has a difficult task, and ıt must be admitted that 
Dr Moudhet’s efforts have resulted ın the production of 
a most useful and readable volume Nevertheless, the 
mherent defects of co-operative authorship have not been 
entirely eliminated, and ıt would have been better 1f all 
aspects of textile waterproofing, with the possible ex- 
ception of testing, could have been dealt with by a single 
writer This would have ensured uniformity of style and 
treatment and, more important, a systematic comparison 
between the merits of different types of agent might 
have been attempted The chapters on non-textile aspects 
of water-repellency are, however, essentially independent, 
and that they are by different authors 1s not detrimental 
These chapters, especially that deahng with water- 
proofing mechanisms m animals and plants, add greatly 
to the interest of the book, and Dr Mollet ıs to be 
congratulated on his decision to melude them 
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The book opens with an account by Prof N. K Adam 
of the theory of water-repellency with particular reference 
to contact angle and structural effects, illustrated by 
examples from the subjects dealt with m the body of 
the work Then the effects of structure on the water- 
repellency of fabrics are discussed 1n more detail by F. L. 
Warburton in preparation for the next six chapters which 
deal with practical aspects of fabric waterproofing 

Dr Mouilhet’s own contribution concerns waterproofing 
emulsions, here, and elsewhere, the difficulties of writing 
about processes that are largely based on proprietary 
products are manifest; ıt has been necessary to rely 
largely on patent specifications (notoriously unreliable as 
a source of information) and BIOS reports, and dis- 
cussion of the products widely used m Great Britain, 
such as *Dipsanil V’ (Imperial Chemical Industries, Ltd ) 
and ‘Mystolene’ (Catomance), 18 avoided 

A chapter on durable water-repellents by Dr Baird may 
be of interest to organic chemists, but one doubts whether 
most of the compounds mentioned (there are 289 refer- 
ences) are worth discussmg nowadays, for scarcely any 
of them have been, or are ever hkely to be, used as the 
basis of & commercial waterproofing process On the 
other hand, only a little information about fluorocarbon 
water-repellents 1s included, whereas, m view of the 
present-day mterest m, and potential importance of, 
these materials, a much more detailed account would have 
been desirable. 

R L Bass and M R Porter have written an excellent 
account of the chemistry and applications of silicones, 
and some interesting numerical data illustrating the 
effects on fabrics, leather and other materials are given 
Here there is some overlappmg with subsequent chapters 
which deal with the waterproofing of cellulosic, wool and 
synthetic-fibre fabrics. As already mentioned, it 18 
regrettable that 1t has not been possible to compare the 
effects of the different classes of agent m a systematic 
manner so that the less-experienced technologist can 
obtain a clearer 1dea of their relative merits. 

The section on textiles 1s concluded with an excellent 
account of testing methods by C A Norris and a chapter 
on waterproof-coated fabrics which, though mteresting, 
1s really not m keepmg with the main theme of the book; 
the same comment applies to those parts of the chapter 
entitled “The Waterproofing of Paper" that are concerned 
with improvement of wet-strength and reduction of 
permeability to water-vapour 

The last three chapters entitled “The Waterproofing 
of Soils and Building Materials”, “The Dropwise Con- 
densation of Steam” and “Waterproofing Mechanisms in 
Anmals and Plants" deal with subjects with which I 
myself am not famihar I can only say that they are 
all clearly written and extremely interesting The last 1s 
ulustrated by superb electron micrographs 

The book is clearly printed on high-quahty paper and 
the price is not unreasonable m relation to the large 
amount of information ıb contams 

R S HIGGINBOTHAM 


BACTERIAL GROWTH 


The Bacteria 

A 'Ireatise on Structure and Function Vol IV. The 
Physiology of Growth Edited by I C Gunsalus and 
Roger Y. Staner Pp xiv+459 (New York and 
London Academic Press, 1962) 114s 6d 


HIS is the slimmest of the four volumes so far issued 

in this series It costs as much as Volume 2 which 
contaims a hundred more pages There are nine chapters 
deahng with synchronous growth, nutritional require- 
ments, ecology of bacteria, exoenzymes, permeation, 
physiology of sporulation, temperature relationships, 
halopmlism and antimicrobial agents mechanism of 
action and use m metabohe studies 
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The layout 1s as before, with good author and subject 
indexes, and more than 1,600 references are hsted It 
seems, nevertheless, that some topies have been omitted 
or very summarily treated. For example, since the volume 
deals very largely with the results of bioohemucal experi- 
ments performed on samples of populations, greater 
emphasis could have been placed on our present-day 
knowledge of the growth of individual cells and the’cell-to- 
cell phenotypie variation ın ‘normal’ populations Tt 1s 
nowhere stressed that logarithmically developmg popula- 
tions are composed of cells the age distribution of which 1s 
heavily weighted on the side of ‘youth’, and the “average 
properties of growing cells”, referred to m Chapter 1, are 
similarly weighted by the metabolic activity of the larger 
proportion of young cells which are present durmg 
‘balanced’ growth Indeed, the production of synchron- 
ously dividmg populations provides the tool by means 
of which the sequential steps m metabohsm from the 
formation to the division of each mdrvidual may, despite 
the hmutations, be finally elucidated A wider scope to 
Chapter 1 would, therefore, have been valuable. 

Unfortunately, there 1s virtually no reference to 
population dynamics and m particular to the dynamics 
of continuous culture systems In view of the undoubted 
importance of contmuous culture methods m providing 
samples grown in definable systems (of first choice for 
biochemical mvestigation), and increasingly ın the future 
for the mdustrial appheation of our knowledge of funda- 
mental bacterial processes, a chapter on this subject 
should have been included Lightly touched on also is 
the question of viability, both of spores and vegetative 
cells. In the section on “Thermal Death”, the logarithmic 
order of death 1s discounted, perhaps correctly, but only 
one reference 18 cited 

One or two sentences appear to be musleading, for 
example, although the ‘crushing’ effect of ice crystals 
during freezing may not be a major factor im killing at 
low temperature, to state “if crushing were the principal 
cause of death, 16 would be expected that rapid freezing 
would be less injurious than slow freezing, for ice crystals 
would form in greater abundance when the medium 1s 
frozen slowly” 1s to state the wrong reason, since (a) the 
size of the 1ce crystals would be a most important factor 
and these would certainly be much larger on slow freezing, 
and (b) the number of crystals formed on rapid freezing 
is greater although each crystal 1s smaller These, after 
all, are the principles on which the frozen food mdustry 
operates 

Volume 4 1s welcomed despite the impression that m 
some sections the job has been less thoroughly done than 
previously L B QUESNEL 


A TEXT-BOOK OF PLANT ANATOMY 


Pflanzenanatomie unter besonderer Berucksichtigung 
der Kultur und Nutzpflanzen 

Yon Prof Dr Bernhard Kaussmann. Pp xu+624 (Jena 

Veb Gustav Fischer Verlag, 1963) 7180 DM 


ROF BERNHARD KAUSSMANN'S text-book of 
plant anatomy is a good one, and ıt can with confi- 
dence be recommended for the use of university students 
Research workers wishing to refresh their memories or 
to obtam an up-to-date picture of many aspects of plant 
anatomy will be able to find the mformation they require 
in this book It 1s, moreover, written m simple language 
that can be easily followed even by those whose knowledge 
of German 1s lumited It 1s a book of factual information 
rather than of theoretical discussion of the various topics 
concerned However, where there 15 more than one view 
concerning the morphological mterpretation of such 
thmgs as the different parts of a flower, the alternatives 
are clearly presented, but it 1s left to the reader tc w 
Tus own conclusions concerning the relative merits of eaun 
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There 1s nothing startlngly new about the arrangement 
of the subject-matter The introduction 1s followed by 
prelimmary remarks on plant organs, tissues and tissue 
systems, after which we pass on to the cell and the bodies 
within the cell A long section 1s devoted to meristems 
We then start at the outside of the plant body and work 
mwards, covering in turn the primary protective tissue 
or epidermis including hars, the secondary protective 
tissues or periderm, the ground tissue including secretory 
cavities and laticifers together with mechanical tissues, 
such as collenchyma and sclerenchyma, and finally the 
conducting tissues of the xylem and phloem Havmg 
discussed the vaiious tissue systems the author goes on 
to show how they are organized m the plant body, dealing 
in turn with the vegetative organs of stem, leaf and root 
and the reproductive organs exemplified by flowers, fruits 
and. seeds 

As 18 only to be expected m a modern text-book, the 
author summarizes what 1s known of the submicroscopical 
structure of the cell-wall and discusses the chemical nature 
of the material of which plant cells and their inclusions 
are composed The book 1s copiously illustrated with 
excellent hne-drawings, many of them original and others 
taken from recent publications Other illustrations are 
from photographs There 1s & well-balanced, selected 
bibhography at the end of each section of the book, but 
the author was forced by circumstances to cite no further 
literature after June 1961 There are separate indexes to 
subjects and authors 

It 1s difficult for any author who has to deal with a long- 
established branch of botany such as plant anatomy to 
decide just what to mcludé m a text-book In the face 
of so much accumulated factual information selection 1s 
unavoidable To me ıt seems that one urgent task ıs to 
make this very fundamental aspect of botany more 
palatable to students and to make them realize that the 
subject-matter refers to livmg organisms rather than to 
corpses Furthermore, m these utilitarian days ıt would 
undoubtedly strmulate the interest of students to make 
them appreciate more fully that the detection of substi- 
tutes and adulterants among economic plant products 1s 
often impossible without a knowledge of plant histology 
Finally, one seldom finds any attempt at relating plant 
structure to plant pathology 1n spite of the fact that this 
allamportant aspect of applied botany cannot be fully 
understood without some knowledge of pathological 
anatomy These comments are presented purely as 
constructive suggestions for future editions of Piof 
Kaussmann’s excellent book The basic information 
which he has brought together 1s so well presented that 1t 
would be a pity not to make his book still more useful 
by mcorporating some of the suggestions made here 

` C R METCALFE 


ERRORS'IN CHILDREN’S THINKING 


A Study of Children's Thinking 

By Margaret Donaldson, m collaboration with Donald 
Withrmgton With an appendix by John Duthie 
Pp vm+263 (London ‘Tavistock Publications (1959), 
Ltd , 1963) 35s net 


S the title indicates, the book reports a particular 

rather than a general study of children’s thimkmg 
This study concerns the behaviour of children, aged 
between eight and fifteen years, who are attempting 
to solve certam formal, reasoning-type problems Indi- 
vidual children are given these problems to solve, they 
are questioned in ways designed to reveal how they deal 
with the presented evidence and proceed to a conclusion, 
and they may be asked to attempt modified versions of 
the problems ‘The sort of data obtamed may be briefly 
illustrated An eight-year-old boy 1s given this problem 
“Betty ıs ten Betty is three years older than May 
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Betty 1s five yeais older than Jean How old aro May and 
Jean ?' His commentary runs as follows “Betty 1s ten 
Betty 1s three years older than May, so May 1s thirteen 
Betty ıs ten Betty 1s five years older than Jean, so Jean 
1s eighteen ” Such a clinical approach 1s essential in the 
study of human functioning but, as ıs well known, it 
piesents a challenge to the drawing of general conclusions 
The authors respond to this challenge by concentrating on 
errors of thinking, that 1s, on the ways in which the child 
fails to do what might be expected of a successful adult 
reasoner So the children’s answers and comments are 
examuned for the errors they mdicate, and the bulk of the 
book 1s devoted to classifymg and considermg these errors 

Three introductory chapters make clear that the enqury 
was conceived as a possible contribution to educational 
goals of assessmg, predicting and guiding children’s 
abilities This mtroduction considers issues involved im 
predicting the future development of children’s abilities, 
stresses the limits of intelligence tests fot such prediction, 
and, in fine, argues the long-term advantages of explormg 
the detailed ways m which children fail on intelligence 
test items It 1s for these reasons that the problems used 
are of the kind faced by eleven-year-olds taking verbal 
group tests of intelhgence The pioblems fall mto five, 
logically distinguishable, classes, and a chapter 1s devoted 
to each class Furst, the logical structure of the problem 
1s surveyed, and then the children’s errors are discussed. 
m relation to this structure These orrors arise from varl- 
ous sources and are grouped under three broad headings, 
namely, structural, arbitrary and executive Structural 
errors involve “failure to grasp some principle ossential 
to solution? Arbitrary errois mvolve various forms of 
"guessmg", ignoring paits of the presented data, and 
importing additional evidence from "1ealhfe" Executive 
errors involve “failure m the actual cam ymg out of the 
manipulations required some defect of concentration, 
of attention, or of immediate memory seems to he at their 
origin’? These detailed discussions and ulustiations of 
error cannot easily be summarized But they are excellent 
and contain the chief interest of the study As the book 
unfolds, the relative frequencies of this or that error are 
considered ın relation to the type of problem given 
More ambitiously and less conclusively, ingenious attempts 
are made to work inductively from the errors observed, 
reconcile clinical with statistical methods of study, and 
discover developmental trends A concluding chapter 
makes some very tentative suggestions about the develop- 
mental routes through which children attam error-free 
handlng of the problems studied 

This investigation 1s portant for a number of 1easons 
Furst, as a follow-up and extension of the pioneering, but 
strangely neglected, work of Burt (1919) on the develop- 
ment of formal reasoning Secondly, for its close attention 
to the qualitative mtricacy of children’s attempts to deal 
with formal problems ‘Thirdly, its methodological 
concein to use rts data mductively rather than as super- 
fically amusing illustrations of preconceived theories 
Since this study has been published ın book form, it 1s 
perhaps a pity that the authors did not widen its appeal 
by permitting themselves to consider some general issues 
For example, a long tradition surrounds the study of 
cognitive error, ranging from the idols of Francis Bacon, 
through the fallacies of logic, the expermnental work of 
Burt and Piaget, mto present-day notions about so-called 
cognitive dissonance It would have been of interest 
had the authors compared thew treatment of error 
against this tradition. It would also have been of interest 
had there been moie explicit consideration of prescriptive 
models for the children’s problem-solvmg procedures 
As it 1s, the authors have confined their discussion to 
matters arising very directly from their own investiga- 
tions But even within this limited frame of reference, 
the study will be of value to psychologists concerned, 
from whatever pomt of view, with human intellectual 
functionmg IM L HuNTER 
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The Moon 
Our Nearest Celestial Neighbou By Prof Zdeněk 
Kopal Second edition Pp vm+152+24 plates 


(London Chapman and Hall, Ltd , 1963) 30s net 


HIS book, first published m 1960, has been sub- 
stantially revised for the new edition Considerable 

attention has been paid to the Moon during the past 
three years, and many of the recent vestigations are 
incorporated 

The pattern of the book 1s unchanged Begmning with 
“Facts and Figures”, Prof Kopal gives & general deserip- 
tion of the lunar surface features, after which he turns 
to what he appropriately calls “The Story of Moonlight” 
Problems of the surface structure are then discussed, 
followed by a short chapter devoted mamly to the out- 
. break mside the crater Alphonsus reported in 1959 by 
N A Kozyrev The final section, ‘‘Destiation Moon", 
1$ intriguing and speculative Lunar vehicles of the 
present and future are described, tho uses of a lunar 
base aro outlmed, and there are comments on matters 
such as the transfer of lunar ores to Earth by means of a 
“gravitational pipeline", and the possible use of the Moon 
as a temporary haven for humanity in the event of a 
disastrous nuclear war on our own world 

The style is clear and concise, while the photographs 
and lme-draw;ngs match the high standard of the text 
Though a great deal of information 1s grven, there are no 
mathematical formule It ıs worth noting that the 
begmner should not be put off by a curious quote on the 
back cover, said to-be from a review of the first edition, 
in which it is stated that “the reader must be prepared 
to take a good deal of arithmetic m his stride” One can 
only assume that this 1eview related to some other book 

It may be argued that the revisions have not been carried 
quite fai enough, for example, events of 1959 are said to 
have occurred “last year”, while there 1s no mention of 
some of the important recent work, such as the studies 
of the lunar grid system carried out at the University of 
London by G Fielder However, further amendments 
will no doubt be made m the future edition which will 
undoubtedly be called for Meanwhile the author has 
produced a very pleasant, useful little book which deserves 
to be widely read Patrick MOORE 


Space Carrier Vehicles 

By Oswald H Lange and Richaid J Stem (Advances in 
Space Science and Technology, Supplement 1) Pp 
vin4-317 (New York Academic Press, Inc , London 
Academic Press Ine (London), Ltd , 1963) 86s 


HIS book aims to provide an mtroduction to the 
wide variety of subjects, both scientific and tech- 
nological, which must be mastered if space launching 
missiles are to be successfully designed and developed 
The book begins with a useful conspectus of United States 
space launching missiles from the Juno 1 to the Saturn 
C-5 a lst of their achievements ıs meluded, which shows 
the Tho:-Agena B to be well in the lead, with 39 success- 
ful launches before the end of 1962 Two other topics, 
“aerodynamics and structures” and ‘rocket engines’’, are 
covered particularly well the essential principles are 
adequately described, but there is also a strong current 
of practical detail Further subjects discussed are inertial 
guidance and control, the fabrication of the missiles 
(neluding an informative series of photographs of the 
Saturn vehicle under construction), piocedures for check- 
ing that the missiles will function correctly, and, finally, 
the layout and construction of launching sites (with photo- 
graphs of the Saturn launch complex at Cape Kennedy) 
In general, the book fulfils ıts purpose well, though 
mevitably the transitions from one subject to another 
sometimes seem rather hurried The book ıs up to date, 
has a good mdex, and is illustrated with 223 diagrams 
and photographs Tho printimg is clear, and usually 
accurate, but there are some errors, as m Equation 33, 
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2 2 o5 
where =) should be ( ) The book shows a bias m 
= Y-1 


favour of German or American achievements p I gives the 
impression that the first satellite was launched by the 
United States Smce the names of only two authors 
appear on the title page 15 1s rather surprising to read m 
the preface that, of the book’s nine sections, three were 
written by R L Scott and one by S P Hale, while one 
was ‘collated and edited’ by W G Kelsoe However, 
it turns out that these five sections make up only about 
one-third of the book, so 16 1s not unreasonable to regard 
O H Lange and R J Stem as the authors 
D G Kxmc-HEnx 


Lapses in Mathematical Reasoning 

By V M Brads, V L Minkovsku, A K Kharcheva 
Translated by J J Schorr-Kon (The Commonwealth and 
International Library of Science Technology, Engmeermg 
and Liberal Studies) Mathematics Division Vol 3 
Pp xu4201 (Oxford, London, Paris and Frankfurt 
Pergamon Press, New York The Macmillan Company, 
1963) 15s 


HE good teacher is not content to correct a pupil’s 

error, he will endeavour to find the root of the error, 
to see why ıt should ever have been made This translation 
from the Russian gives in its first chapter an account of 
various possible classifications of errors at the school-level 
and then supphes a large number of mstances from 
arithmetic, algebra, geometry and trigonometry There 
are of course many old friends (or foes), but a great many 
new ones, some trivial, some subtle The analysis is not 
usually pushed as far as 16 ıs n Dr Maxwell’s excellent 
Fallacies ın Mathematics, but the book 1s a good com- 
panion to Maxwell’s smce ıt provides a further supply of 
fallacious arguments hkely to arise at the Ordinary Level 
of the General Certificate of Education, and will help the 
teacher not only to be on his guaid but also to be ready 
with an antidote 


Introduction to the Theory of Integration 

By T H Hildebrandt (Pure and Applied Mathematics 
a Series of Monographs and Textbooks, Vol 13) Pp 
1x4-385 (New York Academic Press, Inc , London 
Academic Press, Ine (London), Ltd, 1963) 100s 


HE road from seemg the integral as the area under a 
curve to its abstract concept as a linear functional 1s 
a long one, and even the student who has firmly grasped 
the notion of the Riemann integral through upper and 
lower approxmmative sums may need considerable help 
at the next stage of his journey 
Zaanen’s excellent book (1958) had this need ın mund, 
and the present volume by Hildebrand bas much the same 
intention, though differing in approach Instead of bogm- 
ning with measure theory, Hildebiand starts with the 
Moore-Smith doctrine of general hmits and directed sets 
to supply a unified limit process, and then apples this to 
integrals of Riemannian type, particularly the Riemann- 
Stieltjes mtegral Only then does he discuss sets, measure 
theory and measurable functions and so arrive at the 
Lebesgue-Stieltjes integral Even so, the book 1s not 
easy reading, and before tackling 1t the student should be 
firmly grounded ın elementary real-variable theory, partic- 
ularly the properties of functions of bounded variation 
Though chiefly concerned with existence theory m one 
variable, the book opens doors to other fields orthogonal 
functions through the Riesz—Fischer theorem, multiple 
integrals through product measures, the relation of 
integrals to derivatives and the mean value theorem, 
leading on to the condition for a function to be an integral 
given by Lebesgue, extended by Radon, and generahzed 
into an abstract setting by Nikodym The exposition 1s 
clear and careful, and would suit the student with the right 
background and the right motivation 
T A A BROADBENT 
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SOME BASIC ASPECTS OF CELL REGULATION 


By Dr. A. C. R. DEAN and Sır CYRIL HINSHELWOOD, O.M., F.R S. 
Physical Chemistry Laboratory, University of Oxford 


(1) Introduction 


ELEOLOGICAL accounts of biological’ phenomena 
may, as 1s well known, possess a large measure of 

descriptive validity simply because the statement that a 
living organism has developed a character for a given 
purpose is in practice equivalent to saying that this 
character confers an advantage leading to natural 
selection 

In an analogous way various purely chemical adjust- 
ments of living matter to external conditions can be con- 
cisely deseribed in such terms as ‘choice’ or ‘response to 
need'. The fact that these expressions could have meta- 
physical overtones sometimes discredits the purely auto- 
matic mechanisms to which they relate Assumptions 
made in more obviously mechanistic terms may pass with 
less critical examunation simply because they are not 
related to any general prmeiple Indeed, a quite specific 
and ad hoc hypothesis may recerve more weight than 1t 
strictly merits by seeming to be a necessary explanation 
of phenomena which all the time could be predicted from 
much more general laws 

The thesis of this article ıs that a number of biological 
phenomena to which highly specific explanations are 
sometimes given follow in fact from quite general laws of 
physics and chemistry If this 1s true 1t does not, of course, 
disprove particular explanations, but ıt places them in a 
more balanced perspective. It 1s a commonplace through- 
out physics and chemistry that quite complex patterns 
of behaviour may follow from general principles such as 
the second law of thermodynamics independently of 
detailed mechanisms, and m a certam way the same sort 
of thing 1s true of the living cell 

A cell 1s quite commonly thought of as a rather well- 
defined entity with a composition sharply defined by a 
genetic code In the followmg sections we shall give a 
brief account of some typical findmgs showing the very 
wide range over which cell composition can in fact vary 
with circumstances The variability can scarcely be 
regarded as a caprice of Nature, or if this phrase 1s objec- 
tionably metaphysical, we can say that the variability 1s 
likely to have offered selective advantage It 1s somethmng 
of fundamental significance In later sections we shall 
examune how certam typical biological mechanisms like 
response to need, and enzymatic variations, mcluding the 
much-discussed phenomenon of ‘repression’, can follow 
from rather general laws 


(2) Variations in Cell Composition 


In the customary method for perpetuating a bacterial 
culture, a small portion 1s transferred to a fresh medium 
at intervals The cells m this ‘moculum’, especially if 
growth had been arrested by exhaustion of, say, the 
glucose in a glucose-salts medium, are small and in the 
typical case of Aerobacter aerogenes contain twice as 
much ribonucleic acid (RNA) as deoxyribonucleic acid 
(DNA)!? Before growth begins ın the new supply of 
medium a suitable concentration of diffusible intermedi- 
ates has to be built up?, but once growth starts these small 
cells become larger and eventually smaller agam, and m 
this process their composition changes For example, the 


ratio RNA/DNA increases until 15 reaches a value of about 
6 and then declines The increase 1s in a large measure 
due to changes in the RNA content of the cells since the 
level of DNA per unit of mass (but not DNA/cell) after a 
shght initial fall remains relatively constant for the greater 
part of the growth cycle  Protein/mass passes through 
a maximum but polysaccharide/mass passes through a 
minimum in the early part of the new cycle Since the 
cell size passes through a maximum value 1t follows that 
the levels per cell of all these constituents also pass 
through maxima These variations were found when a 
stram of Aerobacter aerogenes was cultivated in a simple 
salts—glucose medium}*+4, but they are, ın general, observed 
with many strains of bacteria growing at the optimum 
temperature The size of the capsule of Aerobacter 
aerogenes has also been reported to merease to a maximum 
value early in the growth cycle’ If the temperature is 
either inoreased or decreased from the optimum, value, 
growth 1s slower and the maximum values of RNA. and 
protem per unit of mass become lower, but the height of 
the corresponding maximum in cell size 18 not affected! 
When the growth rate of the cells 18 altered by changing 
the nutrients m the medium a general correspondence 1s 
often observed between ıt and the RNA content of the 
cells!, but this breaks down at slower growth rates? 
and does not seem to apply when growth is slowed by 
altermg the temperature even if the cells are first fully 
acchimatized to the new conditions‘ If the RNA in the 
ribonucleoprotein particles (see later) of the cell ıs con- 
sidered instead of the total RNA the anomalous behaviour 
at slower growth rates is said to disappear", but the 
situation 18 not entirely clear® 1° 

During the course of a growth cycle the cells are sub- 
jected to a contmually changmg environment, and 
balanced growth is not usually observed It occurs, 
however, m a process known as contmuous culture in 
which the cell mass 1s mamtamed at any chosen value until 
the various properties settle down to steady values in a 
constant medium! If this procedure 1s repeated with 
the cell mass kept constant at various values, a direct 
comparison with the correspondmg parts of the growth 
cycle may be obtained and 16 1s found that variations m 
the composition still occur although they are not so 
marked as m the growth cycle. 

The constant level of DNA/mass durmg the major part 
of the growth cycle has been observed under a wide range 
of expermental condi&ionsb?/? At the begmnimg of 
the cycle, however, the level 1s higher and this 1s a conse- 
quence of a process called ‘division without growth’ 
which has taken place at the end of the preceding cycle 
In it the cells continue to divide and, smce no increase 
in total cell substance 1s possible, become smaller RNA/ 
mass falls and DNA/mass rises but not enough to keep 
constant the DNA/cell which then falls and eventually 
reaches a level at which no further division 1s possible!? 
Although a more or less critical amount of DNA/cell 1s 
necessary before division can occur this ıs not the only 
factor mvolved and a suitable concentration of some 
‘division factor’ m the medium would seem to be imph- 
eated^? More recent work has postulated a ‘drvision 
protein’ m the eel? Division will be discussed ın more 
detail later 
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Fabonucleoprotem particles (ribosomes) ean be isolated 
from bacterial cells by ultracentrifugal techniques, and a 
number of classes with different sedimentation constants 
have been observed These particles are said to contain 
64 per cent RNA and 36 per cent protem and, since they 
can coalesce or dissociate, the number of classes depends 
on the precise expermmental conditions and m particular 
on the concentration of divalent cations (usually Mgt) 
in the medium in whieh the cells are broken upii-5 — T6 
has been pomted out that ribosomes need not necessarily 
exist in the cells as the spheres which electron microscopy 
or ultracentrifugal analysis may suggest They may 
equally well be present as mtertwining strands!? They 
are the seat of protem synthesis and if, as is usually 
assumed, the code for this synthesis is contamed in a 
nuclear type DNA (ref 20), a ‘messenger’ 1s necessary to 
carry information and 1s identified with a rapidly labelled 
low molecular weight (14 S) RNA fraetion!$31-4 An- 
other type of low molecular weight RNA, the so-called 
soluble or transfer RNA, 1s also mvolved in protem syn- 
thesis*®. Apart from their bemg the seat of protem 
synthesis!?:39 httle 1s definitely known about the function 
of the ribosomes ın the cell Various enzymes are bound 
tightly to them!* and they may account for up to 80 per 
cent of the total RNA in an actively growing cell? 
Present-day theory assumes that they remain mactive 
so far as protein synthesis 1s concerned until they are 
‘activated’ by the messenger?5 

In any event, their presence, whether m the form of 
spheres or mtertwiming strands, must result m areas of 
organization in the aqueous mew of the cell which will 
set up diffusion pathways and which could provide highly 
active catalytic surfaces The chemical and colloidal 
heterogeneity means that the cell must be regarded as a 
constellation of particles The transfer between them 
of messenger and soluble RNA, not to mention metabohtes 
of a smmpler kind, reflects the mutual dependence of the 
members of the constellation These basic facts alone 
play a substantial part ın determming cell behaviour, as 
will appear 

Both the total number of ribosomes and the proportions 
in the various classes are characteristic of the physiological 
state of the cell, and 1n a culture in the logarithmic phase 
of the growth cycle the predommating sizes are 70 S and 
85 S although smaller particles are also present? In a 
glucose-exhausted culture (that 1s, under the conditions 
where division without growth 1s observed) the particles 
are almost entirely of the large 100 S type?’ which 1s 
reported to result from the dimerization of two 70 S 
particles!? Tt has been interpreted as a resting stage, smoe, 
if glucose 1s added, the distribution of sizes characteristic 
of exponential growth is soon observed?! The reverse 
change is equally rapid when the glucose runs out and 16 18 
possible that 16 ıs the 100 S particle which breaks down in 
‘division without growth’ to provide the material for the 
synthesis of DNA, since although the stability of ribosomal 
RNA has often been claimed durmg active growth}, 
degradation and turnover of RNA undoubtedly occur 
under conditions of deficiency:?.28.29 Part of the low- 
molecular weight RNA may also be mvolved?? 

The general picture therefore 1s of a constantly changing 
composition brought about by the needs of the cell as 
the growth cycle proceeds, with the relative constancy of 
DNA/mass (but not per cell) standing out m sharp con- 
trast Concomitant variations m the activities of the 
enzymes of the cell also occur 


(3) Variations in Enzyme Balance 


The functionmg of a cell 1s very clearly reflected ın the 
balance of its enzymes The enzyme activity is itself a 
composite function depending on the amount of enzyme, 
and the accessibility to the substrate of what there is 
In this matter the permeability of the cell-wall or outer 
layers of the cell may, but need not, play a hmiting part3®31 
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In so far as permeability effects are specific they are often 
thought to be mediated by mechanisms which are them- 
selves enzymatic m character? In one way or another, 
then variations imn measured enzyme activity reveal 
changes m the proportions of cell components??, which 
may include wall or boundary layer materials themselves. 

Adjustments m the balance occur in a very striking way 
m response to needs For example, if the acidity of the 
medium shifts into a region where the activity of given 
enzymes 1s impaired, more of these enzymes tend to be 
formed m partial compensation®-* If a bacterial culture 
utihzmg lactose as a carbon source runs short of oxygen, 
more of the sugar needs to be metabohzed smece the 
anaerobic processes are less efficient, and accordingly 
more of the lactose-sphtting enzyme, B-galaetosidase, is 
formed?* Towards the end of a bacterial growth cycle 
when the medium is becoming unfavourable there 1s a 
steep rise in the production of catalase, one of the mam 
functions of which seems to be protection of the cell? 
Phosphatases may reach a high level early m a growth 
cycle and decline later*t, 

When bacterial cells become drug-resistant, co-ordinated 
changes occur in a variety of enzymes In some examples 
there may be development of enzymes specifically capable 
of destroymg or neutrahzimng the drug itself?', but more 
generally there 1s, as ıt were, a re-deployment of the 
resources of the cell and the establishment of a new re- 
action pattern with which the drug mterferes less For 
example, when Aerobacter becomes resistant to strepto- 
mycin or to erystal violet the metabolism shifts to paths 
resembling those followed m anaerobic growth, with a 
greater consumption of the carbon source and an expan- 
sion of the enzymes concerned in this? 

A still more subtle phenomenon manifests itself in the 
apparent power of choice which 1s sometimes shown by 
bacteria If, for example, a culture of Aerobacter 18 
growing m a medium where the necessary nitrogen 13 
provided in the form of nitrate, and 1f ammonium sulphate 
is added to the solution, the reduction of the nitrate stops 
abruptly and the cells now utihze the ammonium salt 
until itis all consumed At this stage only does the attack 
on the nitrate recommence*?,39 

Phenomena of this kmd are much m evidence m 
connexion with effects known as 'repression'939-4 and 
‘diphasic growth'5 They find a ready explanation in 
very general terms, as we shall see in section 7, as the 
expression of a changed reaction pattern in the cell 

One particular example of changed reaction patterns 18 
worth mentioning at this stage because of 1ts great practi- 
cal rmportance In medicme a major problem 1s to find 
some means of frustrating the power of organisms to 
become drug resistant If different kinds of drug-resistant 
cell may establish, as we are supposing, new patterns of 
reactions, and if these are specific, as they often appear 
to be, for particular drugs, then among the different 
possibilities some are quite likely to be mcompatible one 
with another If an organism 1s ‘trained’ to a senes of 
drugs m turn, at first compromise reaction patterns would 
be expected which allow a considerable measure of resist- 
ance to more than one drug, but as the demands are 
mereased the compromises become harder to find or less 
and less effective, so that eventually the earher adaptations 
are driven out by the later This 15 what m fact has been 
observed when successive adaptations are imposed on 
Aerobacier aerogenes" Theoretical and experimental 
support is thus given to the clmical procedure of rmging 
the changes on anti-bacterial agents 

Recent findings of Japanese workers‘? on the transfer 
of multiple drug resistance by what they call resistance 
transfer factors (RTF) are of special terest m connexion 
with our present thesis The factors reside m cytoplasmic 
particles which may be transferred from cell to cell, and 
indeed from cells of one species to those of another 
The changed enzyme balances of resistant cells seem to 
have impressed ther effects on the structure and composi- 
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tion of these cytoplasmic particles, which n tuin. deteimune 
the reaction pattern of the cells mto which they pass 
This 1s a further reflexion of the principle which we have 
called total integration (section 7) 


(4) The Phenomenon of Enzyme Repression 


When bacteria become dependent on any new source 
of nutrients some enzymes increase in amount while 
others decrease to stut the now conditions The regulation 
of this enzyme balance, which 1n section 7 will appear as a 
perfectly natural response predicted by the kinetic equa- 
tions of growth, has been the subject of many reports in 
recent years, and in particular two mechanisms, ‘end- 
product mbubrtion’ and ‘repression’, have been much 
discussed®#°-44 ‘End-product’ or ‘feed-back’ mhibition 
describes the contiol of the flow of metabolites m a 
biochemical pathway by interference with the action of 
an appropriately placed enzyme In ‘repression’, on the 
other hand, the formation of the enzyme 1s inhibited by 
one of the products of its action The phenomenon of 
diphasic growth 1s itself connected with repression It 
has been exammed chiefly in media contaming two sources 
of carbon m lamitmg amount In these conditions one 
carbon source may be preferentially utilized, with the 
result that growth takes place in two phases separated by 
a lag, and the usual explanation 1s that one of the carbon 
sources inhibits the formation of the enzyme which would 
attack the other If glucose ıs present 1t 1s invariably 
metabolized first The so-called ‘glucose effect’ 1s, how- 
ever, far from unique The cessation of nitrate reduction 
observed when ammonium salts aie added to Aerobacter 
cultures would appear to be essentially similar m kind’??? 

A typical example of ‘end-product inhibition! 1s seen m 
the behaviour of a mutant of Escherichia cole which will 
only grow m a minimal medium if this 15 supplemented by 
a pyrimidine such as uracil, since although the cells possess 
the enzyme necessary for the synthesis of orotic acid (an 
intermediate 1n. pyrimidine synthesis) they cannot convert 
orotic acid into pyiimnidines It was found that eytidiho 
acid, a product at the end of the biosynthetic pathway, 
was a good inhibitor of the first specific step (the condensa- 
tion of aspartate and carbamyl phosphate) and that the 
mhibition was competitive and direct and was not due to 
an equilibrium situation m which excess of products acts 
through all the intermediate stepsí?* End-product 
inhibition would appear not to be basically different from 
the mnumerable examples of catalytic inhibition. by 
products observed in non-hving systems*? and ıb is to 
‘repression’ that most theoretical mnportance has been 
attached 1n recent discussions 

Typical examples of ‘repression’ aie the mhibition of 
the formation of ®-galactosidase, an enzyme which splits 
galactosides, by galactose, an end-product of its action, 
and of enzymes ın the pathway of argmme synthesis, such 
as acetylornithinase, by argimune itself, the presence of 
which, it should be noted, by-passes the need for them 

At least m some examples several enzymes of a sequence 
have been found to be repressed at the same time, as m 
the histidme biosynthetic pathway in Salmonella typho- 
quu vum and in the argmine pathway of the same organism 
and of E col and this has been called ‘co-ordinate repres- 
sion? The genes controlling histidine synthesis ın S 
iyphomurvum are, 15 1s true, alleged to be closely lnked 
but doubt arises as to the significance of this since in the 
arginine systems they are nott? 

Various special theories have been put forward to explain 
the mhibitory effect of glucose on the formation of some 
enzymes Magasanik has, however, recently pomted 
out that glucose 1s metabolized more rapidly than other 
carbon compounds and that its presence results in the 
inhibition of the formation of those enzymes the products 
of which the cell can obtam more readily from the glucose 
itself McFall and Mandelstams!, referring to the repres- 
sion of B-galactosidase, say that "the glucose effect 1s not 
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specific, and any compound that the cells can use as a 
source of carbon and energy can repress the formation 
of B-galactosidase The degree of repression produced 
by a compound 1s directly correlated with 1t& effectiveness 
as a growth substrate’ These generalizations ale very 
significant and will be further discussed later The 
demonstration of the inhibitory action of glucose has led 
to 1ts 1eplacement by other carbon sources such as maltose 
or succinate m media in which the enzyme activities of 
growing cells are bemg investigated. While this procedure 
may be useful enough, 15 should be remembered that the 
cells become more easily adjusted to glucose than to the 
other carbon sources so that m its absence competing 
sources suffer less competition For example, after a 
period i» a mch medium the mean generation tıme of 
Aerobacter aerogenes 1eaches the optimum value of 30 mm 
m glucose medium after about 10 daily sub-cultures In 
maltose medium, at least 2-3 times as many sub-cultures 
are required, while 1n succinate medium the mean genera- 
tion time remains between 40 and 45 min even after 
prolonged sub-culture* 

A widely discussed view of repression runs somewhat 
as follows A given reaction path 1s under the control 
of a group of related genes This complex of genes 1s 
considered to have parts which m some way can be 
‘switched on’ and ‘switched off? A substance called a 
repressor, itself produced by a gene, can do the switching 
off but is itself capable of mactivation by an mducer 
The action of the repressor is therefore to block the use 
of mformation basically carried in the DNA of the cell 
According to this view any modification in the iate of 
synthesis of particular cell constituents must depend on 
this process of switching on and off, which only seems 
plausible 1f rather specific structural relations are assumed 
between various entities involved Furthermore, assump- 
tions about contiguity are often introduced, which are also 
rather surprising because successive individual steps, which 
are closely related ın the sense that they are consecutive 
parts of the same synthetic cham, may involve widely 
different chemical functions such as hydrolysis, methyla- 
tion, amination, ete Be this as ıt may, induction Js 
regarded sumply as the 1emoval of repression and repres- 
sion 1s regarded as something positive and not a mere 
lack or underdevelopment of something m the cel]11,52-59 

The evidence on which this view of the repressor 18 
based comes largely from experiments on the crossing of 
bacterial strams**** 


(5) Crossing of Bacterial Strains 


More drastic changes ın cell composition naturally occur 
if part of the material from one cell 1s transferred bodily 
to another of different character This process can occur 
accordmg to a whole range of possibilities At one 
extreme there 1s the ‘transformation’ of one type of cell 
by nucleic acid, with unavoidable protein contammants, 
extracted from another type At the other extreme is a 
quasi-sexual interaction of two cells56:57 One pı esent-day 
1dea 1s the rather crudely mechanical one of a chiomosome 
from one cell plunging to varymg distances into another 
and then breaking off In this way genetic information 1s 
conveyed from one to the other In some examples the 
chromosome has been assumed to be circular in shape 
with the information mscribed around the circumference, 
since the selection of items transferred would otherwise 
seem disconcertingly erratic*® 

The munority of examples m which simple clear-cut 
Mendelian effects can be observed with muero-oirganisms 
naturally offer a temptation to regard the transfer of 
information as the essential and final stage of the process, 
as a postman who had slipped a letter into a letter-box 
might regard his activity This would be a dangerous 
over-simplification The letter ın this case does not com- 
plete anything but contams an mvitation to a deep-seated 
reorganization of the recipient cell That this reorganiza- 
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MAGNETISM 


A Treatise on Modern Theory and Materials 
Edited by GEORGE T. RADO and HARRY SUHL 


Volume 1 


Magnetic Ions in Insulators, Their Interactions, Resonances, and Optical Properties 


January 1964, 688 pp , 136s 


Volume2 Statistical Models, Magnetic Symmetry, Hyperfine Interactions, and Metals 


In preparation 


Volume 3 Spm Arrangements and Crystal Structure, Domams, and Micromagnetics 


November 1963, 623 pp , 128s. 6d 


For the researcher and the advanced student in physics, chemistry, metallurgy, ceramic sciences, communications engineering, 


and electrical engmeering . . . 


This three-volume treatise provides an up-to-date and concise summary of our understanding of magnetically 
ordered materials It deals with ferromagnetism, ferrimagnetism, and antiferromagnetism, 1e, with phenomena 
characterized by ordered arrangements of magnetic moments subject to strong mutual interactions The broad scope 
of the work includes the most diverse aspects of these phenomena in insulators as well as ın metals 

Chapters range from discussions of abstract quantum mechanical and statistical models to the analysis of actual 
magnetic structures, from the theory of spin interactions 1n solids to the phenomenology of ferromagnets, and from 
electron and nuclear resonance effects to neutron diffraction and optical phenomena in magnetically ordered materials 
Provided aie both theoretical and experimental points of view, discussions of topics selectively rather than encyclo- 
pedically, and wherever possible, presentation of the fundamentals Also treated are some aspects of the current 


technological applications of magnetism 
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PURE AND APPLIED PHYSICS 


A Series of Monographs and Textbooks. Edited by H. S. W. MASSEY 


Volume 16 


Energy Band Theory 


By Joseph Callaway 
February 1964, 357 pp , 80s 


An account of the basıc theory concerning the electronic 
structure of solids, Energy Band Theory covers the principles 
and procedures of the calculation of electronic energy levels 
in solids, as well as the effect of external electric and magnetic 
fields on band structures 


Volume 17 


Theory of Superconductivity 


By John M Blatt 
Š February 1964, 486 pp , 89s 6d 


This book presents an up-to-date, unified, and readily 
understandable account of the modern theory of conductivity 
The treatment presupposes only a descriptive course in solid 
state physics and an elementary course in quantum mechanics 
peer a the book extensive references to original literature 
are cite 





Electronic Methods 


Edited by Ernst Bleuler and Robert G. Haxby 
Volume 2 of Methods of Experimental Physics 


Edited by L. Marton 
Early 1964, 839 pp , 171s. 6d 


The volume, written by 28 specialists, gives a concise 
survey of the theoretical aspects, basic principles, methods, 
and components used in electronic measurements It will prove 
invaluable to the experimental physicists 1n the choice of the 
most appropriate system, the construction of apparatus, and 
the understanding of commercial equipment 


Ergodic Theory 


Proceedings of an International Symposium held at Tulane 
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tion may need & considerable upheaval and the lapse of 
time 1s shown by what 1s called phenotypic delay®* This 
is a time-lag observed, for example, after mutants have 
been produced by radiation but do not display their 
special character (usually a loss of synthetic abihty) until 
several cell divisions later 

Interestmg arguments about the phenomenon of repres- 
sion can be based on the mvestigation of the crossing of 
strams Much work has been done on the formation of 
the enzyme f-galactosidase in cohform cells Sometimes 
this enzyme ıs formed spontaneously (plus type), some- 
times the cells require to be subjected to the action of an 
‘inducer’, before they will do ıt (mmus type) Supposmg 
that the power to form the enzyme depends on a certain 
gene Then, if we had regard solely to the presence or 
absence of this gene, we should conclude that when either 
of the parents can contribute ıt, the resulting ‘recom- 
bmant' should form the enzyme without induction 
Experiments with certain strains of bacteria have shown 
1n effect the converse of this, namely, that 1f either of the 
parents requires an mducer then the recombinants also 
require one. It is the inhibition of the power of spontan- 
eous enzyme formation that appears m the recombmant 
on the strength of mformation supplied by either parent 
Hence the idea of the repressor as & positive, active 
agentti 52-54,56 

On its own terms this 1s a neat argument But it 1s 
one which allows no great weight to general cell organiza- 
tion When information from one cell has been rapidly 
injected into another, the mtegration of the cell processes 
must be temporarily destroyed and will need to be restored 
again Disorganization itself must be regarded as a posi- 
tive entity m the sense that either party to the transaction 
can bring 1t into the combination 

That disorganization does in fact ensue on genetic 
changes 1s evidenced by the phenotypic delays referred 
to here, and by the fact that even in Mendelian pheno- 
mena with yeast cells positive characters transferred 
may need a good deal of adaptive perfecting before they 
are fully manifested5? 

Here, as with other phenomena, a very partial picture 
1s obtamed unless quantitative mformation about growth 
rates supplements qualitative mformation about char- 
acters which are sometimes rather arbitrarily classified as 
simply positive or negative 

Quantitative mformation about growth rates is highly 
relevant to the whole question of repression, and in fact 
leads to a rather broader view of the whole phenomenon. 


(6) Growth Rates in Repression Phenomena 


Reference has already been made to the work of 
Magasanik!! on the ‘glucose effect! (section 4) and his 


conclusion that ıt ıs due to accumulation of catabohtes E 


which can be formed more readily in the cell from glucose 
than from other carbon sources A similar situation may 
arise m other conditions For example, morganic phos- 
phate represses the formation m Escherichia colt of alkaline 
phosphatase, the enzyme which hydrolyses phosphomono- 
esters such as B-glycerophosphate® In this case, if the 
cells are supphed with a mixture of Q-glycerophosphate 
and an morganic phosphate, such as dipotassium hydrogen 
phosphate, rapid growth takes place until the morganic 
phosphate ıs exhausted A lag then ensues and when 
growth starts again 16 does so at a slower rate This is 
another example of diphasic growth*® and in general m 
this phenomenon the growth after the mtervening lag 1s 
slower than before In repression a lag between the two 
phases 1s not always observed and, although growth rates 
are not always quoted, when they are quoted ıt appears 
that the release of the repression 1s followed by a slower 
rate of growth Typical] examples are given by Vogel": 
and Ames and Garry*? 

The question which now becomes very pertinent is 
whether repression 1s after all so much a manifestation of 
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an active inhibition as something depending on a depriva- 
tion by competition In many of the reported cases of 
repression the repressors are themselves capable of bemg 
used by the cells and are m fact bemg used while the 
repression continues Furthermore, the enzymes repressed 
are precisely those which have ceased to bo needed when 
the repressor 1s added 

We will now consider how the phenomena, look from 
the pomt of view of the general dynamics of growth which 
m the next section we carry a stage further than we have 
done m any previous publication We shall give argu- 
ments of an elementary mathematical kind, which wo 
believe would be consistent with many alternative systems 
of coding and genetic control, but which predict pheno- 
mena lke adaptation, response to need and enzyme 
repression as consequences of very general kinetic laws 


(7) Kinetics of Growth on the Basis of Total 
Integration 


In a previous essay" we outlined the principle of total 
integration which, in the simplest terms, amounts to 
saying that everythmg m the cell depends on something 
else and that the system of mutual dependences is a closed 
one The consequences of this are quite important, and 
since the basis of the matter 1s easily misunderstood we 
eal now elaborate ıt more fully than we have previously 

one 

Cell constituents are built up by synthetic chains which 
appear open-ended ın so far as they start from the sub- 
stances provided in the medium and finish with relatively 
stable and isolable products But consider any step m 
the sequence In general ıt ıs mediated by an enzyme 
The enzyme 1s built under the guidance of a nucleic acid, 
which m turn is itself built up by enzyme reactions The 
line of mutual dependence can be followed back to what 
might at first sight be taken as a beginning, the stage, for 
example, at which nitrogen 1s supplied to the system from 
ammonium salts in the medium But the incorporation 
of this will again depend on an enzyme which is itself an 
end-produet of a synthetic sequence, and, in particular, 
has been formed, as much as any other, under the guidance 
of a nucleic acid Reflexion will show that in this sense 
all the dependences form closed cycles, and no beginning 
or end can be found 

Simce one nucleic acid may play & part m the formation 
of more than one enzyme, and itself may need the partici- 
pation of more than one enzyme at the final stage of 
its own synthesis, there will be, not a single cycle of 
dependences, but a complete network, and, by the 
foregomg argument, each mesh of the net will itself be 
closed 

Before considering the consequences of the branching 
m this network we will first examine some general pro- 
perties of cyclic dependence We write dX,/dt = a,X,, 
dX;/di = «Xs, . AXs/dt = a,X;,,, and ‘finally, dXn/dt = 
anX,, to close the cycle, any branchmg bemg for the 
present disregarded X; represents m general some part 
of & cell m which a structural specificity resides, such as a 
nucleic acid or an enzyme (and possibly a polysaccharide). 
It does not refer to the concentration of medium constitu- 
ents or metabolites These concentrations can mfluence 
the values of the coefficients hke a; In this sense, it 
must be emphasized, the present treatment has little or 
nothmg m common with a conventional mass action 
treatment of chemical reactions Often enzyme processes 
are over wide ranges independent of substrate concentra- 
tion, and for the present purpose we shall take the co- 
efficients like «; to be constant. Some of them will refor 
to interactions dependent on medium components, and 
we can conveniently symbolize change of medium simply 
by saying that the values of certain coefficients change. 
The change may be to or from zero when completely new 
media or widely different conditions of growth are 
envisaged 


236 


The solutions of the foregomg equations for arbitrary 
intial values of the X terms are very complicated but 
always predict that as time imereases a steady state 1s 
reached For the steady state the solutions are elementary 
and predict that all the constituents settle down to con- 
stant ratios such as X;[X;,, = o,/ic, where k 1s a common 
growth rate constant m equations of the type, X, = 


(X,) 04, OX; (Xy) eX 
k itself may easily be shown to be the geometric mean 
of the a; values, that is, k” = ox, . an 


Now it will be noted that ıf one of the « terms 1s zero 
the growth rate will be zero since the cham of dependences 
1s completely broken But from the form of the expression 
for k, a few of the « values can be quite small without 
seriously lowering the overall growth rate Suppose, for 
example, n were 20 If a smgle one of the « terms were 
reduced to one-fifth, k would be reduced only in the ratio 
0 2995 or by about 75 per cent The reason is because 
in the new steady state which would presently be estab- 
hished, 1f aj, for example, had dropped, X;,, would have 
mereased nearly in proportion to restore the balance 
Before the steady state 1s reached, however, things would 
be very different There would be & sharp reduotion m 
the overall growth rate which, however, would gradually 
inerease again as the new ratio became estabhshed 

One important consequence ıs that, m experimental 
terms, if a bacterial culture were transferred to a medium 
in which one or more of the «-terms weré low, 16 would 
first suffer a catastrophic fall m growth rate and then 
gradually recover In the early stages of the recovery 
phase the formation of the component which had to be 
expanded, would almost assume the role of a ‘master 
reaction’ (though the use of this phrase 1s to be deprecated 
as misleading m general) 

There are numerous examples of this kind of behaviour, 
variously interpreted, sometimes on the basis of rather 
specifio assumptions These assumptions may, of course, 
be justified m individual cases, but one should bear m 
mund that the phenomena can also follow from quite 
general laws of growth, and may not be very strong 
evidenees for particular theories 

The question of the branching of the mutual dependence 
cycles 1s a very important one, and may be made accessible 
to an elementary quantitative treatment as follows 
Suppose, to take a concrete example, that X; 1s formed 
under the influence of X;,, according to the postulated 
type of dependence relation, but that the coefficient 
a; = 0, except when a particular substrate such as mor- 
ganic phosphate 1s supplied 1n the medium If now some 
more complex substance must be decomposed to provide 
the substrate (for example, an organic phosphate to provide 
phosphate 10ns) then X; 1s formed under the influence of 
Y, at arate proportionalto Y, In general, then, we should 
have 


dX;/dt = Xj. + B, Y, 


Y, like X;,,, 1s itself subject to a chain of dependences, 
and like other cell constituents must ultrmately depend 
on enzymes of the main metabolic routes The X cycle 
has a branch at X; as represented by the foregomg equa- 
tion with the two terms on the nght-hand side, and this 
branch must somewhere close mto the main cycle again 
In general there will be a quite complex network of such 
dependences, but the essential results can be illustrated 
by the consideration of a single branch The conclusions 
will, moreover, not be changed in ther mam outlines by 
complications resulting from concentration dependences 
of the coefficients like « If given phenomena can be 
predicted on the basis of the assumption that the « terms 
are constant (an assumption which makes perfectly good 
sense m itself) their possibility 1s not abolished by the 
mtroduetion of fresh variable factors, which provide 
elasticity rather than restriction 

If there ıs just one branch, with Y, spanning the gap 
between X; and Xj, as an alternative to X;,,, 16 1s easy 
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to show that b ıs still essentially a geometiic mean, in 
fact 


kn = ou, Oty 1( Oj 41 + Bibi) Ajte + Gn 


where b, 1s the coefficient for the formation of Y, under 


Y 
the influence of X5,,, 1n the equation v = ba. 


If the branch runs from X; to X;,: and contains m 
members in the Y series, then 


k^ = g, Gj41-3 + yd, 


Again the effect of a few mdividual changes of coefficient 
will be largely damped out m the value of k which here 
also 1s a kind of geometric mean 

The most important conclusions follow from the expres- 
sion for the steady state condition When this 1s estab- 
lished 


otj—a(y bmkim-1)azt On 


1 dX, 
X, d 


=h .. 


At the branch 
Xa Y 


l dX; 1 
X% a 5x thx, 


This 1s the key relation, and from ıt a number of predic- 
tions about biological behaviour can be made 

Suppose still we have a single branch with Y, and 
suppose that in the steady state the term @;Y,/X; 1s small 
compared with «a;X;,,/X;, that ıs the Y branch 1s a sub- 
sidiary one. Now transfer to a medium m which the 
supply conditions are such that a; ıs zero or very small 
At first the rate of growth will fall sharply to a value 
largely determined by the small mitral value of B, Y,/X; 
But as growth proceeds a new stationary state will be 
approached in which ,Y,/X, wil mse to the standard 
value of k’, the new steady state growth constant As 
explained here, k’ need be very little lower than k 
Therefore Y, must have mereased very much relatively 
to X; Thus, apparently ın direct response io a need, 
Y, has expanded This is remarkably like the mduction 
of an enzyme 

Now consider the reverse process The cells, adapted 
to the medium m which o; 1s nearly zero and Y, has be- 
come expanded, are returned to a medium in which o; 1s 
large, so that the active functioning of Y, 1s no longer 
necessary Once again the compositions change to a new 
set of stationary values such that not p,;Y;/X, but 


reverts.to its original low value Y, 1s diluted out as 
growth proceeds Its synthesis appears to be mhibited 
This, as a phenomenon, 1s remarkably like what 1s in fact 
called enzyme repression (section 4) The cause of ıt 18, 
however, different from that usually given for this pheno- 
menon It depends not on an active repressing of synthe- 
sis, but on a deprivation by the competition of a process 
givmg more efficient overall growth Whatever may 
be the merit of various ad hoc explanations of repression 
m special cases, we cannot help recalling that 1t appears 
nearly always if not always to operate when an enzyme 
ceases to be required, and that this 1s uncommonly like 
the basic situation envisaged here The generalizations 
quoted im section 4 from Magasamk* and from McFall 
and Mandelstam’! seem to be very significant indeed 

In the above discussion Y,, 16 1s to be noted, 13 repressed 
not to zero but to 1ts origmal basallevel In this connexion 
the results of Ames and Garry**, who find just this, are 
mterestng The pertment question might be asked why 
this basal level exists at all The most likely answer 1s 
that some functioning of Y 1s required for other purposes 
of the cell than the one directly envisaged here 

In the foregomg we have considered one mesh only out 
of a complex network A suitably skilful mathematical 
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tieatment, possibly with the aid of group theory, of the 
equations of very general networks would no doubt yield 
futher mterestmg results, but we thmk ıb very unlikely 
that ıt could mvahdate the general conclusion from the 
simple case, namely, that enzymes ean expand in response 
to need, and can be ‘repressed’, by competitive depriva- 
tion, when they are not needed so much 


(8) The Cell as a Community 


Total mtegiation gives us the pieture of a cell with 
coupled and interdependent parts between which a fow 
of metabolites and information-bearmg substances occurs 
The cell 1s not physically homogeneous but represents a 
constellation of colloidal particles contained withn a 
boundary It ıs m a very real sense itself a community 
Nor ıs 15, m spite of its integration, a permanently closed 
community It can on occasion receive fresh elements 
into itself and brng them into its orgamization Lyso- 
genic phages enter mto a symbiotic relation with the 
host cell Phages and viruses m general are sometimes 
said to be capable of autonomous repheation?* They 
are more correctly described as bemg accepted into an 
existing community which, as in the ease of virulent 
phages, they may eventually disrupt. 

Oparm® has pomted out how very simple forms of 
reproducing matter may ım the course of evolution have 
added one element after another to themselves, a con- 
ception which shows the cell very clearly as itself a 
symbiotic community In all the various phenomena of 
genetic transfers from one cell to another we have the 
same aspect of the reception of fresh elements into an 
existing community The same would seem to be true 
of the so-called resistance transfer factors (RTF) of 
Watanabe", and of various episomes and cytoplasmic 
particles in general®* 

With living matter in 1ts present stage of evolution the 
boundary layers of the cell do indeed mark the hmut of 
one nearly self-contamed community which ean also be 
regarded as a umt or individual member of a community 
of a higher order Nor should 1t be forgotten that from 
one pomt of view a collection of cells such as a bacterial 
culture has itself some of the characters of an individual 
Common. metabolites pass m the medium from one cell of 
the culture to others, and the mutual assistance may 
reach such mmportance that a larger number of bactena 
transferred to a new medium will survive where a smaller 
number would perish** Occasionally cultures with few 
cells develop higher enzyme activities per cell than more 
populous cultures, as though the total supply required is 
a function of the whole community rather than of the 
individuals: 

From this point of view we could perhaps thmk of 
Oparin’s primitive hving matter as devoid of cell bound- 
anes and acquiring these when suitable polysaccharides 
and mucopeptides appear and make walls with suitable 
properties possible 

However thus may be, m the hght of such ideas the 
principle of total integration acquires new force The 
phenomenon of cell division also appears m a somewhat 
different perspective 

The useful metaphors of templates, codes, information 
tapes and so on could easily lead to cursory dismissal of 
cell division as something which naturally follows when 
the copying of a message has been completed How 
little justification there would be for this ‘prmting off’ 
theory or for any other over-simplification of the kind is 
shown by the great and growing literature on cell division 
itself, and on the many and varied factors which mfluence 
i095 We do not propose to attempt any critical review 
of this literature but simply to indicate how the problem 
stands in relation to the prmoerple of total mtegration 
That division cannot be treated without reference to the 
general material balance m the cell 1s shown, among 
other things, by the fact that m the process a compromise 
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is reached between two tendencies, that for DNA/cell 
to be constant (as a ‘pimting off’ treatment would suggest) 
and that for DNA/mass to be constant (as would be 
expected for a chemical system ın a truly steady state)? 
Another significant fact is that the time between successive 
divisions 1s not constant but varies statistically about a 
mean$:95 An element of probability is mvolved and is 
remuuscent of that governing delayed phase changes in 
crystallization, polymorphic transitions and so on, that 
18 of processes mvolvmg geometrical 1eoiientations 

We will first consider the material balance fiom the 
pomt of view of the equations m section 7 These equa- 
tions give the proportions of various cell constituents in 
terms of a set of rate constants (the x terms) In a steady 
chemical environment these constants would not change, 
and for some purposes rt is a reasonable approximation 
to ‘ignore ther variation ‘This could certamly be done 
m the consideration of the average composition of cells 
over many division cycles But m the more detailed 
examination of single cells ın the couse of any one cycle 
the variation of some of the constants between defined 
limits can no longer be ignored 

To take one example, conditions in the interior of the 
cell, in any event for aerobic growth, will tend to become 
more reducing as the cell grows larger, and this factor, 
however indirectly, would favour a shift in balance from 
RNA to DNA Apart from this, processes m the depths 
of the cell will tend to be slowed m comparison with those 
gomg on m the neighbourhood of the surface On the 
reasonable assumption that processes building cell-wall (or 
boundary) are largely localized in the surface layers, the 
ratio of this cell-wall material to the rest will tend to rse 
as the diffusion paths from the medium to the mterior 
of the cell become greater. (This geometrical factor would 
operate most powerfully with a spherical cell but is stall 
present with rods, provided they are not infinitely long ) 
Surface/volume decreases as volume increases, therefore, 
even if wall materal/total material keeps constant, the 
supply of wall material becomes excessive if the cell 
goes on growmg without any geometrical redistribution 
If the wall material tends by its chemical nature to form 
sheets®?, 14 can even contribute to the foremg of such a 
redistribution 

The oxcess wall material could go to form a septum, 
separating the cell mto two, or a protuberance giving rise 
to a bud which contmues to grow Once the cells have 
separated, the inereased surface area and the resulting 
improvement in the supply of nutrients, including oxygen, 
allows the origmal growth rates to be gradually restored 

The wall, however, 1s only one aspect of the community 
makmg up a cell This assemblage includes areas of 
nuclear material and numerous particulate structures, 
the existence of which ultimately depends on the tendency 
of the macromolecular components to form various com- 
plexes with one another The resulting constellation of 
colloidal matter not only tends to maintain a chemical 
steady state but 1s held m some sort of mechameal or 
hydrodynamical equilibrium 

DNA possesses a special tendency to form quasicrystal- 
hne aggregatess5, which, for the purposes of crude illustra- 
tion, could be assumed to collect centrally, while the sheet- 
formmg polysaccharides and their derivatives would 
be largely located ın the cell-wall (where meidentally 
they would be well adapted to control permeabihty by 
virtue of the reticulated patterns which they can form*’) 
As & cell grows the whole constellation becomes larger, 
and the initial condition of stability can scarcely be mam- 
tamed New aggregates will tend to form and impose 
ther own system of diffusion gradients on surrounding 
material The mereasing ratio of boundary material to 
other material offers, as we have seen, one possibility of a 
rehef from this growing mstability If, moreover, there 
18 m any sense a critical size for the stable aggregates, 
which DNA can form, then this factor itself could influence 
division, and would tend to be reflected ın the condition 
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of a constant value-for DNA/cell As has been said, there 
1s indeed an approximation to this but the tendency 1s 
combated by other mfluences 
Furthermore, the state of aggregation of macromolecules 
in the cell varies with 10ni€ concentrations, and these m 
turn shift as the diffusion gradients change 
The optimum, functionmg of the cell ıs only possible 
while the various growth-rate constants are maintained 
withm narrow hmuts The equations discussed ın section 7 
used fixed values for these constants and by implication 
assumed a constant geometrical distribution of the 
particles m the cell, since the geometry determines diffusion. 
paths and thereby affects the rates As the cell grows the 
number of particles in ıt presumably mereases Thus 
what may have started as an optimum configuration must 
gradually cease to be one The obvious way to relief of 
mstability would be the breaking up of the system into 
two smaller systems, each as nearly as possible reproduc- 
mg the mitial conditions — (Something of the sort, as a 
purely mechanical analogy, happens m J J Thomson’s 
‘classical model atom m which a constellation of small 
magnets breaks mto two rings as the number increases ) 
A break-up of the particulate community of the cell to 
two has the advantage of restormg the growth-rate con- 
stants by allowmg the diffusion paths to return to their 
original values 
The mmpetus to the break-up comes from one or more 
of the shifts m material balance between the different 
component types 
The phenomenon of division cen thus be regarded from 
a very general point of view Consider Oparin’s primeval 
systems of symbuotically replicating matter“? before the 
emergence of cell boundaries The addition of further 
elements giving the possibility of enveloping sheaths with 
selective permeability 1s of great advantage in protecting 
the community to a considerable extent agamst the 
effects of accidental dilution, and especially m allowmg 
the exclusion of harmful substances The constellations 
which form within a cell boundary take up a geometry 
consistent with a minimum of potential energy (relatively 
to shghtly different configurations which might have been 
formed) Ifsuch a cell grows, the proportions of 1ts parts, 
as had been pointed out, cannot roman constant Thus 1s 
the disadvantage accompanying the advantage of a 
selectively permeable wall As the size increases the 
mechanical stability of the whole as well as 1ts chemical 
balance must change, and the geometry and stabihty 
must become progressively more unfavourable Since 
the original system had an optimum stability (or 16 would 
not have formed) a redistribution to give two versions of 
this origmal will once more give & lower potential energy 
In so far as any redistribution of particles simulates in 
Some respects a phase change there will be phenomena of 
variabihty and delay simular to the hysteresis phenomena 
of phase transformations m general 


(9) Conclusion 


We began by referrmg to ‘metaphysical’ accounts of 
biological behaviour which in the cruder forms are rightly 
deplored m scientific work, though mechanism often 
enough simulates choice and purpose, and thereby lends 
some descriptive significance to these terms Mechanistic 
arguments can themselves be musused if, for example, 
mechanical analogies of purely metaphorical force are 
overworked Something of this doubt 1s expressed m the 
following observation of B Chance?  ''The author does 
not feel that cybernetics is & new science, or that ıb 
differs dramatically from the well-known problems of 
control that have been with us for many decades How- 
ever, he does believe that control of metabolism in the 
biochemical system involves basically different concepts 
from those which are &ppheable to mechanical and 
electronie systems These do not appear to have been 
considered in any detail by ‘cyberneticists’ ” 
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Electrical or mevhanical devices which are postulated 
without rational means of operation are m ther way as 
much ‘metaphysical’ as ‘vital urges’ or simular old-fash- 
loned commodities But the general laws of physical 
chemistry apphed to hving cells can neither be described 
as metaphysical nor, on the other hand, as open to the 
implied criticism of the foregomg quotation In the appl- 
cation of these laws, certam general facts must be borne m 
mind The cell ıs chemically and physically not a unity 
but an assembly The geometrical relation of its com- 
ponents modifies the chemistry, since substances diffuse 
from one part to another, and the time they take to do so 
affects not only the absolute rate of reactions but the 
relative rates of competing processes In this sense, when 
an optimum condition prevails, the cell may be said, to 
have the optimum organization 1n space This ıb strives 
to mamtain. So far as the chemistry goes, the various 
components are mutually dependent in their reactions 
and none can be contmuously reproduced without the 
co-operation of the others Thus ıs the key fact about 
the reaction pattern 

These rather obvious facts, seemingly trivial, lead to the 
prediction of properties strongly reminiscent of adaptive 
phenomena, of repression by substrates, and even of 
choice and purpose Thus important biological results 
follow from very general principles, independently of more 
detailed postulates That ıt may be a little early to be 
dogmatic about specific mechanisms 18 underlined by the 
following comment of S S Cohen”? “The discovery of 
infectious RNA and DNA (assuming that the absence of 
protein can be proven rigorously) affirms the principle of 
the division of labour at the molecular level in the determ- 
mation of heredity, and has revealed that Nature has 
devised at least two systems of tape reading” In another 
place” Cohen gives a cogent warning that the “unity of 
biochemistry” may have been over-emphasized and that 
other mechanisms than the now familar ones may well 
mtervene They would, however, still be subject to the 
general principles discussed in this present article 
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Bien ux the recent laboratory discovery by 
|. Dorham and Geake! of the luminescence of achon- 

dritic enstatite meteorites in the red under excitation by 
"free protons, a systematic programme of lunar photo- 
~ graphy through narrow-passband interference filters 
centred at 416725 A (that is, the peak of the observed 
luminescence of achondritic meteorites) and X 5450 A (off 
the green limit of the luminescence band) was commenced 
his autumn with the 24-in. refractor of the Observatoire 
du Pic-du-Midi, in order to find out whether or not a 
inescence akin to that of the meteoritic material may 

ted on the lunar surface by the present activity of 








During the night of November 1-2, the photographic 
work was confined to the north-western part of the 
Ocean: Procellarum containing the craters Aristarchus, 
y us and Kepler. Two pairs of photographs taken 
hrough the green and red filters on Kodak 1-F plates 
favüpod between 22.35 and 22.42 v.t., the red ones 
of which turned out to exhibit striking enhancement of 
surface brightness in the area around and to the north 
f the crater Kepler—in contrast with photographs taken 
simultaneously in the green which show no such 
ient. On two additional pairs of plates taken 
3.00 and 23.08 v.r., the red enhancement had 
almost completely, but was again very dis- 
own on plates taken between 00.20 and 00.35 
fovember 2—as shown on Figs. 1 and 2. Unfor- 
hese phenomena were not detected until after 
loped that night, and before this was 
tions were Josrred ye dlouds. 
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EXCITATION OF LUNAR LUMINESCENCE BY SOLAR FLARES 


By Pror. ZDENEK KOPAL and THOMAS W. RACKHAM 


Department of Astronomy, University of Manchester 


The weather remained unfavourable until late next 
night, when between 23.15 and 23.50 v.r. additional pairs - 
of plates in the green and red were taken. The red plates 
showed, however, little or no enhancement of the surface 
brightness which was so conspicuous at.certain times the 
previous night; and when the Sun rose again over the 
Kepler area next lunation, repeated three-colour observa- 
tions at 22 5450, 6725 and 7920—both photographie (on 
Kodak 1-F and 1-N emulsions). and photoelectric (using 
an E.M.I. 9558 tri-alkali photomultiplier)—failed to detect 
any anomalous contrast in the Kepler area. Tho latter 
was found to be consistently bluer and of lower albedo 
than the area surrounding Copernicus—which is. appar- 
ently its normal state. The enhancement observed in the 
red on November 1 around 22.35 v.r. and again even 
more distinctly on November 2 betwoen 00.20 and 00.32 
v.T. was obviously anomalous and transient, for there is. 
some evidence on the plates taken during this latter 
interval that its contrast increased appreciably within 
12 min of observation. 

How to account for these facts ? In what follows we 
wish to develop the consequences of a hypothesis that 
the temporary enhancement of the Kepler area in the 
red, observed on November 1-2, was caused by the lumin- 
escence of lunar ground covered by meteoritic debris, 
similar in composition to the samples which Derham and 
Geake induced to luminesce under proton bombardment 
simulating the solar wind. 

In order to consider the-energy balance of the phen- 
omenon, let us depart from the fact that the total flux of 
solar energy incident mn on the lunar surface equals 
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1:4 x 10° ergs/em?* sec, which with a solar altitude above 
the Kepler area of 59° at the time of observation 
reduced to 1-1 x 10° ergs/em*? see, 
assumption that the Sun radiates like a black body) 
0-9 x 10° ergs/em? see would be confined to a passband 
of 900 A half-width coinciding with the luminescent band 
of achondritic meteorites. Moreover, the albedo of the 
Kepler area in the red is 0-11, so that the flux of sunlight 
scattered in the direction of the Earth amounted to 
1-0 x 10t ergs/cm? sec. 

Microphotometry of our plates revealed that, at the 
time of maximum enhancement, the area around Kepler 
appeared approximately twice as bright in the red as in 
its normal state; and if this phenomenon was due to 
fluorescence of meteoritic material, this latter source must 
have been temporarily comparable in intensity with 
seattered sunlight. Since, however, the luminophor 
efficiency of the achondritic meteorites investigated by 
Derham and Geake was only about 20 per cent, the 
intensity of the exciting radiation on the Moon could not 
have been less than and the 
problem is to locate its source. 


was 
and of which (on the 


5 x 10! ergs/em* sec; 
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In the case of a transient light enhancement on the 
sunlit hemisphere, the excitation of luminescence by the 
action of solar flares comes immediately to mind; and 
indeed not than two such flares occurred earlier 
on November 1: one between 13.56 and 14.07 V.T., 
with a maximum at 13.58 v,T., was reported from the 
Sacramento Peak Observatory; and another was ob- 
served between 15.45 and 16.05 v.r. at MeMath Hulbert 
Observatory—both in the region of the Sun 
(N. 0°, W. 25°-26°), If these were indeed responsible for 
the excitation of the lunar phenomena observed between 
22.35 and 22.42 v.r. on November 1 and 00.20 and 00.32 
v.T. on November 2, transit times of 8 h and 31-41 min 
rule out solar X-rays as the exciting source and focus 
attention on bursts of corpuscular radiation. 

These transit times would correspond to particle 
velocities close to 5,000 km/sec, that is, almost ten times 
as high as those of quiet solar wind—and the energy flux 
of 5 x 10* ergs/em* see would require a density of 1,000 
particles per c.c.—approximately 300 times as high as 
the average density reported for non-storm conditions 
during the past year's flight of Mariner II. 'The intensity 


less 


same 





Fig. 1. 


Photograph of the Copernicas-Kepler region of the Moon on November 2, 196 
46725, 45 A half-width. 


3, 00,32 V.T., through an interference filter centred at 
Exposure 5 see 
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Fig. 2. 


of the disturbance necessary to account for the observed 
luminescence would appear rather extreme to accompany 
elass 1 flares—but it should be mentioned that, on this 
occasion, the terrestrial counts of neutrons suddenly 
dropped by 5 per cent, only to recover immediately after 
our event; an eruptive prominence on the Sun occurred 
between 16.44 and 18.22 v.r., and the ionosphere was 
stormy. Moreover, all this took place on November 1— 
apart from a small magnetic storm (not usually associated 
with a class 1 flare) which followed on November 2 
around 16.15 v.m. On the other hand, October 31 and 
the preceding days were entirely calm. 

It may also be mentioned that, inasmuch as at mid- 
night of November 1-2 the Moon was only 10 h after full, 
the hypothetical plasma cloud would, prior to reaching 
the Moon, have passed relatively close to the Earth; and 
the focusing effect of the latter’s magnetic field may 
be partly responsible for the enhancement of particle 
density. 

If the tentative explanation of lunar observations 
reported in this article will prove to be correct, the 
enhancement in brightness of the Kepler region on the 





Photograph of the Copernicus-Kepler region of the Moon on November 2, 1963, 00-32 v.T., through an interference filter centred at 
À 6450, 95 À half-width. 


Exposure 0:5 sec 


night of November 1-2 represents the first case on record 
when the luminescence of lunar ground can be related with 
specifie solar events; and, incidentally, would constitute 
a proof of the fact that the crater Kepler (though not 
Aristarchus or Copernicus) was produced by impact of a 
stony meteorite of composition not unlike those investi- 
gated by Derham and Geake. Moreover, the possibilities 
opening up for investigations of the Sun by use of the 
lunar surface as an 'image converter' and indicator of 
solar activities are obvious and far-reaching; but this is 
not the place to follow them up in more detail. 

This work was supported by U.S. Air Force contracts 
AF 61(052)-378 and 400. We also thank Prof. Jean 
Rösch, director of the Observatoire du Pie-du-Midi, for 
all observing facilities placed generously at our disposal; 
and Dr. R. d'E. Atkinson, of the Royal Observatory, 


Herstmonceux, Dr. John W. Evans, director of the 
Sacramento Peak Solar Observatory, and Dr. Helen 
Dodson Prince, associate director of MeMath Hulbert 


Observatory, for advance information on the supporting 
solar data. 
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IMPACT OF ZOOLOGY ON SOCIETY 
By Dr. P. F. MATTINGLY 


Department of Entomology, British Museum (Natural History), London, $.W.7 


CA SYMPOSIUM, under the title “The Impact of 
CLA Zoology on Society", was held by Section D (Zoology) 
of the British Association for the Advancement of Scienco 
at the meeting of the Association at Aberdeen on the 
morning of September 3. The main contributors were 
. Mr. R: E. Boote, of the Nature Conservancy, Dr. Marshall 
Laird, of the World Health Organization, and Prof. 
Ritchie Calder, professor of international relations in the 
University of Edinburgh. The chair was taken by Sir 
Norman Wright, formerly deputy director general of the 
‘Food and Agriculture Organization of the United Nations 
and now secretary of the Association. 

- Mr. Boote took as his main theme the value and signifi- 
canco of field studies for modern society. This subject 
had received attention in a recent publication by tho 
Ministry of Education on Science in Secondary Schools, 
where it was suggested that biological investigations 
might lead more readily to an understanding of the nature 
of science than the approach by way of the physical 
sciences. In the same context emphasis was laid on tho 
"study of the organism in relation to its environment 
And the approach of the field naturalist received special 
commendation. Learning by observation and explora- 
tion, prompted by the child's natural curiosity regarding 
living things, might be expected to be particularly 
^^ productive of original minds. Obstacles to the develop- 
- ment of such studies included rigidity of curricula, non- 
“availability of suitable study areas and, above all, the 
attitudes of mind of some teachers and educationists 
‘and a reluctance to meet the stringent demands imposed 
© by this type of teaching. As against this, thero was a 
. growing awareness on the part of the publie of the dangers 
"of ill-judged. interference with the natural environment 
coupled with a growing demand for wider education in the 
biological and earth sciences. This was epitomized in the 
International Biological Programme and particularly that 
section of it dealing with training, education and public 
relations. 

A-monumontal Biological Curriculum Study had been 
produced.in the United States through the collaboration 
of more than 1,000 teachers and educationists over a period 
"of years (Nature, 197, 4; 1963). Their report strongly 
emphasized the ecological aspects of biology and the 
approach by way of field studies. In Europe there were 
a number of investigations on the role of field biology at 
present in train, both at the national and the international 
"devel. In Britain there were active developments at all 


levels, for example, in tho new universities and in the 


comprehensive, and now well-advanced, programme to 
improve the teaching of science in schools being developed 
by the Nuffield Foundation. In the schools themselves 
teachers were deriving inereasing help and stimulus from 
radio and television and there was increasing collaboration 
with such organizations as the Council for Nature, the 
Naturalists’ Trusts, the Royal Society for the Protection 
of Birds and the World Wildlife Fund. The Nature 
Conservaney had recently published the report of its 
Study Group on Education and Field Biology (Nature, 
199, 311; 1963) and a joint review by the Royal Society 
and the Institute of Biology was in preparation. Intensive 
studies were being made, for example, at the University 
of Keele. The Nature Conservancy had sponsored con- 
ferences. for teachers and educationists during the 
present year, particularly in Lancashire. These had 


been well attended. They had been followed by a course 
for teachers at Brantwood, in the Lake District. It was 
intended that nationally planned courses of this type 
should be held regularly and hoped that teachers, in their 
turn, would organize similar courses locally. The Con- 
servaney and the Naturalists’ Trusts were jointly planning 
a network of sites for use by schools with the assistance of 
local experts. The Field Studies Council and the Youth 
Hostels Association were jointly advising on the estab- 
lishment of new field study centres and tho expansion ef 
existing ones. All these activities had as common aim 
the development of man's awareness of his biological 
environment, the awakening of scientific curiosity and 
the development of a unified approach to science through 
the medium of field studies. 

Dr. Laird's paper was read, in his absence, by the 
Recorder. In relating it to the previous paper, the latter 
pointed out that, whereas in less-advanced societies man's 
awareness of his biological environment might be literally 
a matter of life and death, in more advanced societies its 
significance in the field of mental health, a prime concern 
of the World Health Organization, could be far from 
negligible. There was a large, unsatisfied need for 
ecologieally oriented zoologists in the field of preventive 
medicine, particularly, but not exclusively, in the less- 
developed countries. 

Dr. Laird chose as his title “Zoologists and World 
Health". He said that the objective of the World Health 
Organization was the attainment by all peoples of the 
highest possible level of health, the latter being defined 
as a state of complete physical, mental and social well- 
being and not merely the absence of disease or infirmity. 
The services provided through the six regional offices 
were supplemented by a medical research programme, 
responsibility for which rested with headquarters in 
Geneva. In medical research, as in its other activitios, 
the World Health Organizations sought to promote work 
in existing national institutions rather than to develop 
new research laboratories of its own. The various head- 
quarters units maintained close contact with collaborators 
all over the world and periodically arranged conferences 
at which the latter could exchange ideas. Collective 
opinions on particular topics were furnished by scientific 
groups and expert committees. The Organization had 
about 2,500 staff members, many with specialized zoologi- 
cal training. Field studies, pilot projects and operational 
programmes called for trained entomologists and parasitol- 
ogists and provided opportunities for work in many 
other disciplines, for example, protozoology, as in biologi- 
eal analysis of polluted waters, ornithology, as in arthro- 
pod-borne virus studies and mammalogy, as in plague 
research and control. 

Improvement and standardization of vector control 
procedures called for collaboration between headquarter's 
administrators (themselves former research workers) and 
a variety of chemists and biologists including biochemists, 
toxicologists, ecologists, taxonomists, insect pathologists, 
physiologists and geneticists. Physiological resistance to 
insecticides and the fear of ecological disturbances to the 
environment, resulting from their use, had led to a long- 
term research programme to investigate the potentialities 
of biological control in the field of public health. Related 
to this was the need for research on more selective insecti- 
cides. and more. selective methods of dispersing them. 
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Problems of this kind called for skilled zoological study. 
There was also constant need for collaboration, at the 
planning stage, between agencies jointly responsible for 
the development of particular communities and between 
national and miternational organizations concerned with 
different facets of development Examples of joint 
problems of this kind were the creation of anopheline 
breeding places by the provision of fish ponds, the activi- 
ties of rats on Pacific atolls where, by gnawmg young coco- 
nuts and causing them to fall to the ground, they decreased 
the copra yield and simultaneously created breeding places 
for vectors of bancroftian filariasis, and the destruction 
of roofing thatch by Herculza moth caterpillars m. conse- 
quence of the reduction of parasitic chaheids by anti- 
malarial DDT sprays Urbanization created problems 
ealhng for close co-operation between entomologists, 
epidemiologists and engineers The filariasis research 
unit recently estabhshed by the World Health Organiza- 
tion in Rangoon had as 18 objective the development of a 
really offective mtegrated control methodology Other 
problems calling for well-tramed zoologists included the 
relation between nutrition and parasitic diseases, immuno- 
logical mechanisms and the biology of agemg Such 
zoologists should preferably be broadly grounded m natural 
science and would profit from at least some university 
acquaintance with such rapidly developmg disciplines as 
molecular -biology, radiobiology, msect pathology and 
insect genetics 

Prof Calder took for his title “Man and his Fellow 
Lodgers, a Question of Co-existence" He said that the 
present annual inerease imn world population was some 
61 mühon From the time of Swanscombe Man it had 
taken the human race 250,000 years to reach its present 
population size (3,000 millon) On present trends it 
would take 40 years to double ıt We wero already 
inescapably committed to a mimunum population size 
of 4,000 milion by 1980 To provide a bare subsistence 
ration for the present annual merement alone would call 
for 3,400,000 additional cows, cornfields the size of Ireland 
and five times as many fish as were caught annually along 
the whole coastline of India) We were not increasing food 
production as rapidly as that There was insufficient aware- 
ness of the need to conserve our lumited natural resources 

At a recent United Nations conference the area of land 
affected by erosion was put at 1,500 millon acres and it 
was stated that we were at present defiling water to such 
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an extent that dilution of sewage to the point of safe 
re-use would require a twelfth of the run-off from the entire 
land surface Discharge of combustion products into tho 
atmosphere had increased its content of carbon dioxide 
by 10 per cent m a century The ‘green house effect’ 
could be expected to increase average mean temperature 
by 3 6? C m the next 40-50 years This would radically 
affect the extent of glaciers and ice-caps with resultant 
rise m sea- and river-levels and mcreasing precipitation. 
The radiostrontium now present m the bones of every 
living child and adolescent had not even existed before 
1945 As pressures on food mcreased, we were more and 
more strongly umpelled to take protective measures against 
rival orgamsms It was, however, imperative that we 
should avoid doing this at the expense of our alhes 
We needed biological ‘operational research’ to assess the 
risk and study the interrelationships involved. We 
needed field naturahsts at least as badly as cytogeneticists 
and molecular biologists The balanced natural economy 
of the savanna lands, albeit precarious, was ın marked 
contrast to the destructive effect of grazmg Fortun- 
ately, recent evidence suggested that, m Africa, the 
native peoples were more aware of their common interests 
with their wild-life than some had supposed Culling of 
the wild animals, for their own conservation, could and 
would be a valuable source of protem for human con- 
sumption The International Congress of Zoology m 
Washington had been historic in its emphasis on the 
reunification of zoology from its specialities Of the varı- 
ous sections of the International Biological Programme, 
of which details were given at the Congress, that relating 
to the seas seemed, in Prof Calder’s opinion, to foreshadow 
the most hopeful development of our times If we could 
invest this with the glamour of outei space and ascribe 
to the common interests of mankind the urgencies we give 
to military programmes, we might recover foi biology 
some of the £2,000 millon a year which was going into 
space research and for the purposes of human well-bemg 
some of the £42,000 million spent annually on armaments 
Given the knowledge which the Programme could yield 
and the hfe-wish which it could generate, we might be 
able to produce the political headforce to provide for a 
thousand milhon extra mouths by 1980 

Concluding the formal part of the session, the chairman 
directed attention to the need to interest general zoologists 
in vetermary zoology A discussion followed 


NEWS and VIEWS 


Secretaryship of the Smithsonian Institution 
Dr. S. Dillon Ripley II 


Dr S Ditton Rretey II has been appointed secretary 
of the Smithsonian Institution in succession to Dr 
Leonard Carmichael (Nature, 169, 952, 1952) Dr 
Ripley, who wil be the eighth man to serve as secretary 
of the 117-year-old Smithsonian Institution, 1s at present 
director of the Peabody Museum of Natural History at 
Yale University and professor m the Biology Department 
at Yale He was born in New York City ın 1913, graduated 
at St Paul's School and Yale University and, m. 1943, 
gained a Ph D degree at Harvard Dr Ripley has served 
on the staff of the Academy of Natural Sciences of Phila- 
delphia and the American Museum of Natural History 
in New York and has been a faculty member at Harvard 
and Yale In 1942 he served as assistant curator of birds 
at the Smithsonian Institution He has parueipated in 
zoological expeditions to the South Pacific, south-east 
Asia, India and Nepal He 1s a trustee and member of 
many scientific and academie mstitutions and 1s president 
of the International Counei for Bird Preservation From 
1942 until 1945, Dr Ripley served under General Donovan 


as a civilian with the Office of Strategic Services and was 
decorated with the Order of the White Elephant Freedom 
Medal (Thailand) He has held both Fulbright and 
Guggenheim fellowships and has also served as a Fellow 
of the National Science Foundation Dr Ripley is well 
known for his research and publications m zoology, 
especially m ornithology 


Deputy Controller of Guided Weapons, Ministry of 
Aviation 
Mr. S. F Follett, CMG. 


Mr S F FonrzgTT has been appointed deputy controller 
of guided weapons m the Ministry of Aviation Mr 
Follett gamed honours in engmeermg at the University 
of London and was engaged in switchgear research with 
the Electrical Research Association from 1924 until 1927 
He then jomed the Electrical Engmeermg Department of 
the Royal Aircraft Establishment where he was concerned 
with various aspects of the application of electrical 
engineering to the aeronautical field, such as electrical 
power supply systems for aircraft and engine ignition 
work Appomted assistant director of instrument 
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research and development (electrics) at the Munistry of 
Supply Headquarters m 1946, Mr. Follett worked on the 
evolution of new electrical systems needed for the larger 
aircraft then bemg built In 1950, he was made director 
of instrument reseaich and development covering aircraft 
instruments, aerial photography and bomb-sights He was 
promoted to principal director of equipment research 
and development m 1954 and his responsibilities were 
extended to cover the armament and general mechanical 
aircraft accessory fields He was appointed director 
general, Ministry of Supply Staff, British Joint Services 
Mission in Washington in 1956 and was m the United 
States until 1959 when he returned to the Royal Aircraft 
Estabhshment as deputy director (equipment) Here he 
was concerned with the weapons, radio, space, aircraft 
instrument, electrical engineering, ranges, and instrumen- 
tation activities of the Establishment Mr Follett is a 
member of the Institution of Electrical Engineers and a 
Fellow of the Royal Aeronautical Society 


Veterinary Clinical Investigations in the University of 
Cambridge: Prof. L. P Pugh, CBE 


Pror L P. Pues, Fellow of Magdalene College, whose 
retirement from the professorship of vetermary clinical 
studies in the Univeisity of Cambridge has just taken 
effect, was appointed as the first holder of the chair in 
1950 m what was then the newly created School of 
Vetermary Medicme ‘The establishment of this pro- 
fessorship, embraemg a number of different disciplines, 
was a departure fiom established custom and amed at a 
close relationship of studies relating to the healthy 
animal with those concerning the sick animal He was 
educated at Tonbridge, the Royal Vetermary College, 
and the University of London, and served as deputy 
assistant directo. of veterinary services to 44 Division 
before jomimg his father in general practice Durmg the 
next thirty years before his appomtment at Cambridge, 
Prof Pugh studied and published papers on a wide 
variety of clinical problems He was a pioneer in the 
field of bovine infertility, gaining fellowship of the Royal 
College of Veterinary Surgeons in 1923 for a thesis on 
this subject Later, m collaboration with others, Prof 
Pugh made important contributions to the study of 
leptospiral jaundice m. dogs, he bemg the first person to 
recognize the disease in Great Britain Later, his interest 
was directed mamly to the complex problems of virus 
infections of the central nervous system of dogs In 
1961, followmg the discovery of fresh documentary 
evidence, his account of veterinary education m England 
in the eighteenth century was published Prof Pugh 
was president of the Royal College of Veterinary Surgeons 
in 1956-57 and was a member of the Agricultural 
Research Council from 1952 until 1957 He was appomted 
CBE ın 1962 


Prof A T Phillipson 


Dr A T Pxrureson has been appointed to succeed 
Prof L P Pugh Dr Phillipson was deputy director of 
the Rowett Research Institute, Aberdeen, and head of the 
Department of Physiology He has been concerned mainly 
with work on alimentary physiology of the ruminant and 
other topics related to the metabolism and metabolic 
diseases of these anmmals A graduate of Cambridge, he 
started research work at the Institute of Animal Pathology, 
Cambridge, m 1936, and later jomed the Agricultural 
Research Council's Unit of Animal Physiology to work 
under the late Su John Barcroft in 1941 He transferred 
to Aberdeen in 1947 to continue and encourage research 
on animal physiology at the Rowett Institute Dr 
Phillipson also holds an honorary degree in vetermary 
science from the Royal Agricultural and Vetermary 
College of Copenhagen and has been awarded the Dal- 
rymple-Champney’s Cup and Medal of the British 
Vetermary Association, and (in 1962) the Research Medal 
of the Royal Agricultural Society 
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Development of Scotland and North-East England 


In a notable speech in the debate 1n the House of Lords 
on December 18 on the White Papers deahng with the 
development of central Scotland and of north-east 
England, Lord Todd referred to the need to encourage in 


~ every way possible the giowth of industries which involve 


the location m Scotland of a substantial amount of 
research and development, and said that he thought this 
was, In & measure, 1ecognized by the Scottish Develop- 
ment Department Major technological innovation in the 
traditional industries, which were essentially craft-based, 
usually came, not from withm the industry, but through 
invasion from outside by other mdustries, usually science- 
based He attached great impoitance to the development 
of retraimng schemes for adult workers and to the 
massive umprovement in housing conditions and com- 
munications in Scotland to increase the mobility of the 
working population, and he thought that a compre- 
hensive study of factors underlying difficulties of mnova- 
tion in mature industries would be most 1ewarding He 
also stressed the importance of some of the new industries 
that are bemg developed beimg science-based with a 
strong research and development element, from which 
technological mnovation was most likely to come He 
also pointed out that economic growth depended not only 
on technological invention but also on enterprise and 
required the backing of technical knowledge at all levels 
Lord Todd emphasized ın this connexion the importance 
of facilities foi tramimg technicians and of the part which 
the new University of Strathclyde could play 


Transportation at the University of Birmingham 


A DEPARTMENT of Transportation is to be ostablished, 
under Prof J Kolbuszewski, m the Faculty of Science 
of the University of Brmmgham The new Department 
will meorporate the present Graduate School of Highway 
and Traffic Engineering, which has developed under Prof 
Kolbuszewski in the Department of Civil Engineering 
This School has conducted teaching and research in 
highway design and traffic engineering, and in the relations 
of these with allied investigations such as transportation 
m general, economics, town planning, and oven the 
zsthetic and physiological aspects of a planned human 
environment The establishment of a'separate depart- 
ment recognizes the changmg emphasis in the civil 
engineering profession which 1s coming to be placed on 
the plannmg, construction and use of highways, and on 
the economic and sociological factors mvolved m both 
traffic engineermg and town planning The new Depart- 
ment will contribute to undergraduate teaching in the 
Department of Civil Engmeermg and other departments 
of the University where appropriate It will extend its 
graduate teachmg, but at present ıb 1s not mtended that 
a first-degree course m transportation should be intro- 
duced 7 


The International Academy of the History of Medicine 


THE International Academy of the History of Medicine 
has been founded with the view of ensuring high standards 
of scholarly and scientific research m the subject and of 
promoting wider academic study and closer co-operation 
between existing national bodies and societies The 
Council is composed of the president, Prof Marcel Florkin 
(Liége), the secretary-general, Dr Noel Poynter (Well- 
come Historical Medical Library, London), the treasurer, 
Dr Jean Théodoridés (Paris), and three vice-presidents, 
Prof P Huard (Rennes), Prof C D O'Malley (University 
of Califorma, Los Angeles) and Prof J Steudel (Bonn) 
Membership ıs strictly lumited, by election only, to fifty 
Fellows (Membres Effectifs) mcluding members of Council, 
and fifty Associates (Membres Correspondants) The 
Academy 1s to have 1ts own journal, which 1s entitled Clo 
Medica Acta Academiae Internationals Hestorvae Medr- 
cae, and 1t3 own monograph series, Analecta Historiae 
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JMedwwae Both will be published by the Pergamon 
Press, Oxford The first formal meeting of the Academy 
will be held during September 6-7, 1964, at the University 
of Basle, with a symposium on “Materia Medica in the 
Sixteenth Century”, the proceedmgs of which will be 
published ın full The first of many useful projects which 
the Academy hopes to undertake 1s a world survey of 
resources and facilities for research in the history of 
medieme It ıs hoped that universities and societies will 
co-operate m makmg this survey as comprehensive as 
possible " 


Registrar General's Quarterly Return for England and 
Wales 


Tus Registrar General) Quarterly Return for the 
second quarter of 1963 contmues to show a high level of 
births (General Register Office The Registrar General's 
Quarterly Return for England and Wales—PBarths, Deaths 
and Marriages, Infectious Diseases, Weather, Population 
Estimates, quarter ended 30th June, 1963 No 458, 2nd 
Quarter, 1963 Pp 24 London HMSO 2s 6d net) 
If the distribution by quarters over the past ten years 
remains the same, the number of births m-1963 ıs hkely 
to be 858,000 as agamst 841,000 m 1962, a mse of 2 per 
cent Appendix C of the Return shows the population 
enumerated at the 1961 Census broken down by sex and 
age, males now outnumber females m the population 
below the age of thirty-four, and there are 1,013 males 
per 1,000 females m the age groups 20-34, ın which the 
bulk of marriages take place The abridged life table for 
1960-62 indicates that the expectation of hfe at birth 18 
now six years higher for males than for females, 74 0 as 
against 68 1 years, and with the present masculinity ratio 
at birth would lead to a male excess at all ages up to 55 


The Agricultural Research Service 

UNDER the title of the Agricultwal Research Service 
the Agricultural Research Council has issued a booklet 
describing the scope of the agricultural research service 
in Great Brian and the ways m which the Counell 
endeavours to ensure that, in this field, manpower and 
resources are used to the best advantage (Pp iv+74 
London Agricultural Research Council Obtamable 
from HM SO 1963 5s) The booklet details the scope, 
development and constitution of the Council and also 
gives information on State-aided and Council institutions, 
visiting groups, units, problems foi research, grants, funds 
and schemes for postgraduate scholarships and fellowships 
There are short descriptive articles dealmg with careers 
in agricultural research and the Commonwealth Agrı- 
cultural Bureaux The greater part of the booklet 
deals with the agricultural research institutes, which are 
listed in order of establshment Information can be 
gleaned on the names of the directois, departments within 
the mstitutes, and the mdividuals concerned, along with 
a short history The Council employs nearly 1,000 persons 
m the scientific officer class mn addition to about 700 m 
the experimental officer class The publication, as such, 
represents a useful addition to the directories of British 
science However, its value would have been greatly 
enhanced if an mdex had been supphed and if details 
of research work undertaken by each division of the 
institutes had been briefly outlmed as, for example, 
has been done for the Pedology Department of the 
Macaulay Institute for Soil Research 


Automation and Library Services 


Iw the Library Association Prize Essay, 1963, '"The 
Role of Libraries m a Push-button World’’, pubhshed m 
the Lxbrary Associaizon Record (65, 403, November 1963), 
Mr D J Simpson attempts to forecast the part the 
librarian can play m a world m which automation, the 
computer and operational research play an moereasmg 
part While the expert in the new methods and tech- 
niques will become more and more important and use of 
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mechanical] aids will spread mereasingly mto the hbrary 
itself, Mr Simpson behoves that the function of the 
hbrarian will also become more important, particularly m 
assisting experts in one field to get m touch with experts 
m another, and m keeping those responsible for decisions 
well informed He refers particularly to the opportunities 
of the university hbrarian and those of other institutions 
of higher education, to the need for co-operation by the 
teaching staff m compiling appropriate and authoritative 
reading lists, for example, and also to the way m which 
the librarian can help ordinary citizens to understand the 
world 1n which they live and to play an mformed part in 
it, as well as to cope with their new working environment 
more efficiently Mr Simpson sees the need for rapid 
improvement in the quality and scale of library set vices 
and does not overlook their contribution to the creativo 
use of leisure His essential emphasis ts on the personal 
and human contribution of the librarian, and this contrasts 
somewhat with Mr B OC Vickery's emphasis ın a paper, 
“Scientific Information Problems and Prospects", con- 
tributed to the current issue of Minerva (2, 21, 1963), 
which les rather on the mechanical side Mi Vickery’s 
scope 1s, as his title indicates, rather more restricted than 
Mr Simpson’s, though both begin by considering essen- 
tially the same problem Mr Vickery considers moo 
particularly the special needs of the scientist o1 technol- 
ogist, and while he recognizes that discussion and per- 
sonal contact play a part he ıs concerned mainly with 
accelerating the process of communication Here he 
contributes a well-balanced and critical survey of develop- 
ments and possibilities which fully recognizes the 1mpoi- 
tance of choosing the tool for the job, though without 
indicating a precise means of solving the problems beyond 
the need for more research and mmaginative thinking 


Chemistry of the Earth’s Crust 


To celebrate the hundredth anniversary of the buth of 
the pioneer geochemist, V I Vernadsky, an international 
conference on the chemistiy of the Earth's ciust was held 
in the Vernadsky Institute ın Moscow on March 14, 1963 
The first of two volumes of the proceedings of this meeting, 
which has just been published in Russian (Khimiya 
Zemnot Kory 1 Pp 432 Academy of Sciences, Moscow, 
1963 2b 71k), comprises 29 papers eontiibuted by 
The second volume will have an 
international authorship The range of topics covered 1s 
too wide to be enumerated fully m a brief notice, but 
passing mention may be made of reports of researches on 
rocks claimed to be the oldest in the Earth's crust 
(norites, pyroxenites and peridotites of the Kola-Karelian 
and Aldan shields, dated by potassrmum-argon methods 
at 4,000-6,500 m y ). on the geochemistry and mmeralogy 
of the sandstones of the Russian platform with detailed 
analyses of more than 400 samples composited from more 
than 6,000 specimens, fiom Sinian to Recent in age, on 
the composition and mass of the load carried by Russian 
iivers, on the chemistry of the deop intra-stratal brmes 
encountered by borings at depths of up to 3 km m the 
Irkutsk region, below the Cambrian evaporite deposits, 
on the application of potassirum-argon age determinations 
to marme geology and paleogeogiaphy, on the radio- 
activity of ocean sediments, on the organic compounds 
m the eruptive (alkahe) and metamorphic rocks of the 
Kola penmsula, and on the geochronological variation of 
sulphui isotope ratios im oil and gas Other papers deal 
with many aspects of the chemistry of igneous, sedi- 
mentery and metamorphic rocks The whole symposium 
presents a balanced picture of the most modein trends 
m Russian geochemical mvestigations, and ib 1s a fitting 
tribute to the founder of the science 


Humic Substances 

An article by P Dubach and N C Mehta on “Tho 
Chemistry of Soil Humic Substances" ın Soils and Fer- 
thluzers (26, No 5 Commonwealth Bureau of Soils, 1963) 
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presents a comprehensive picture, with 107 references, of 
the present state of our knowledge on a fasemating group 
of compounds, ıt 1s closely related to two articles on 
organic matter and soil productivity (;bd , Nos 3 and 4), 
which were recently the subject of review m Nature (200, 
222, 1963) The humic substances comprise about half 
the organic matter ın mineral soils, they. consist of a 
series of predominantly aromatic-phenolic polymers with 
molecular weights rismg to beyond 100,000, they are 
relatively resistant to microbial attack, carboxyl groups 
are largely responsible for their acidity They exist m 
intimate contact with other soi constituents, forming 
soluble salts with monovalent and many polyvalent 
cations, being adsorbed by clay, sesquioxides and silica, 
and bound m some fashion with carbohydrates and pro- 
tems Consequently, the extraction and purification of 
humic substances present great difficulty and various 
procedures have been adopted to isolate unaltered 
material, to obtain comparable fractions from different 
sous and to remove contaminating substances Alkali 
salts of complexmg agents are better extractants than 
alkal hydroxides, and their effectiveness can be increased 
by acid pretreatment Purification from ash constituents 
and from waxes and fats 1s comparatively simple, but the 
removal of carbohydrates and protems has proved to be 
very troublesome Fractionation usually gives numerous 
components grading into each other and showimg a con- 
tinuous variation lke a series of similarly constructed 
polymers of varymg molecular weight Although the 
measurement of some physico-chemical properties 1s help- 
ful, the most useful lines of attack on the elucidation of 
the structure of the humic substances are functional- 
group analysis and identification of degradation products 
But the data on functional groups are conflicting and 
many of the products of degradation have still to be 
identified Nevertheless, the steady application of new 
techniques ın this complex field of work holds considerable 
promise of extendmg the information that has already 
been obtamed on the B horizon of podsols 


Zoonoses 


THat man and his diseases can no longer be regarded 
in 1solation 1$ the theme of a recent issue of The Practitioner 
(191, No 1145, November, 1963) From an increasing 
appreciation of the importance of the anımal kmgdom as a 
source of disease 1n man has grown the concept of “The 
Zoonoses”, which forms the subject of a symposium 
The term 18 used 1n the sense defined by the World Health 
Organization as ''those diseases which are naturally 
transmitted between vertebrate animals and man” 
Some are relatively uncommon in Great Britain but may 
occur at any time It 1s essential that general practitioners 
should be aware of their existence and of their main 
characteristics Among zoonoses featured are tuberculosis, 
brucellosis, Q fever, ormthosis, anthrax, leptospirosis, 
toxoplasmosis, hydatid disease, trichinosis, and various 
diseases which are transmitted to man by dogs and cats 


The Night Sky in February 


New moon occurs on Feb 18d 18h 02m v T and full 
moon on Feb 27d 12h 40m The followmg conjunctions 
with the Moon occur Feb 11d 19h, Mercury 07? N, 
Feb 16d 13h, Venus 5° N , Feb 17d 09h, Jupiter 4° N 
In addition to these conjunctions with the Moon, Mereuy 
18 m conjunction with Saturn on Feb 28d 02h, Mercury 
being 10? S, and Venus with Jupiter on Feb 28d 08h, 
Venus bemg 1 7? N Mercury ıs too close to the Sun for 
observation  Vonus 1s an evening star, setting at 20h 10m, 
20h 50m and 21h 40m on Feb 1, 15 and 29, respectively 
Its stellar magnitude 1s — 3 6, its distance decreases during 
the month from 111 to 94 millon miles, and the visible 
portion of the apparent disk from 0 786 to 0693 Con- 
ditions for observation are becoming very favourable 
Mars ıs too close to the Sun for observation | Jupiter sets 
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at 22h 40m, 22h 00m and 21h 20m at the begining, 
middle and end of the month, respectively Its stellar 
magnitude ıs —1 8 and its distance from the Earth on 
February 15 ıs 527 milhon miles Saturn ıs too close to 
the Sun for observation Occultations of stars brighter 
than magnitude 6 are as follows, observations being made 
at Greenwich Feb 22d 19h 224m, 7 Gem (D), Feb 
22d 20h 08 5m, » Gem (R), Feb 22d 23h 24 4m, u.Gem 
(D), Feb 23d 00h 126m, u Gem (R), Feb 25d 02h 
58 Im, 7 Cne (D) D and R refer to disappearance and 
reappearance, respectively 


Announcements 


Masog WALTER SCOTT, at present director of veterinary 
research and development at Messrs Smith, Kline and 
French, has been appomted scientific director of the 
Universities Federation for Animal Welfare 


THE Society of Chemical Industry 1s to undertake a 
technological and economic enquiry into air pollution and 
has appomted Mr Alan R Smith to make an assessment 
of how much air pollution causes harm to the community 
by the cost to the nation from the ill-health of individuals 
and in the cost of corrosion of materials 


A symposium on “Geological Research m Africa” will 
be held at Leeds during March 12-14 The object of the 
symposium 1s to enable British-based geologists and 
alhed scientists working ın Africa to meet one another 
and discuss mutual problems and interests Further 
information can be obtained from Dr R L Johnson, 
Research Institute of African Geology, the University, 
Leeds 2 


An Easter school m agricultural science entitled 
"Expermmentel Pedology" will be held im the School of 
Agriculture of the University of Nottngham durmg 
March 23-26 Further mformation can be obtamed from 
the conference secretary, Dr D V Crawford, Department 
of Agricultural Sciences, University of Nottingham 
School of Agriculture, Sutton Bonington, Loughborough, 
Leicestershire 


A SYMPOSIUM on “Advances m Materials", o.ganized by 
the Institution of Chemical Engineers, will be held at the 
Manchester College of Science and Technology durmg 
April 6-8 Subjects to be discussed will nclude industrial 
needs and influence on design, new concepts in materials 
science, the materials—-metallics, the materials—poly- 
merics Further mformation can be obtamed from: the 
Institution of Chemical Engineers, 16 Belgrave Square, 
London, SW I 


A SYMPOSIUM on “Fibres and Finishes—New Develop- 
ments", organized by the Bradford Chemical Society and 
the Department of Chemical Technology of the Bradford 
Institute of Technology m conjunction with the York- 
shire Council for Further Education and the West Riding 
Section of the Society of Dyers and Colourists, will be 
held at the Bradford Institute of Technology on February 
8 Further information can be obtamed from Mr W A 
Straw Department of Chemical Technology, Institute of 
Technology, Bradford 7 


Erratum In Table 3 of the article ““Quinme Dimorph- 
ism, & Cardinal Determmant of Taste Sensitivity”, by R 
Fischer and F Griffin, which appeared on p 343 of the 
October 26, 1963, issue of Nature, the structural formula 
of the last compound, “Geigy 34586", 1s correct, nas- 
much as the chlorme substituent m the 3-position 1s 
mussmg The correct formula is 


CH. 
bu, —CH,—CH,— X ' HCl 


MH, 
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TECHNICAL CO-OPERATION UNDER THE COLOMBO PLAN 


HE report for 1962-63 of the Counen for Technical 
Co-operation m South and South-East Asia on Tech- 
nical Co-operation under the Colombo Plan*, the eleventh 
to be published by the Council, stresses two significant 
approaches made durmg the year m regard to mtra- 
regional trammg at the technician level Followmg a 
meeting of the Consultative Committee at Melbourne in 
November 1962, the Committee requested the Council for 
Technical Co-operation to advise on steps which could be 
taken to expand the traiming of middle-level manpower 
In April 1963 the Council appomted a working party to 
examine proposals made for this purpose and to make 
recommendations The text of the workmg party’s 
report 1s included m the present report from the Council, 
and rs prmerpal recommendation was for the early 
appointment of an adviser on intra-regional training, 
mutially for a period of one year Requests for trammg 
at the technician level would continue to be sent direct 
to the countries concerned, but copies of all such requests 
should be sent out simultaneously to the Colombo Plan 
Bureau The mportance of all countries m the region 
utilzing the Handbook of Trameng Faces at the Tech- 
nran Level in South and South-east Asia and of keepmg 
the Bureau fully informed of such facilities was also 
emphasized The Working Party also agreed that each 
Government 1n the region should be invited to designate 
an intra-regional tramimg liaison officer, and emphasized 
the need for greater attention to traemung technician 
instructors and to trammg on the job withm the 
region £ 
Durmg the year, 4,433 tramıng places were provided, 
1,941 bemg by the United States, 669 by Britain and 533 
by Austraha, Canada commg fourth with 348 India with 
742 remamed the major recipient of traming awards, 
followed by Indonesia (622) and Pakistan (501) An 
mereasmg proportion of traming awards is taken up 
by the newer participants of the Plan Education, 
with 1,346, continued to occupy first place among 
fields of tramıng, followed by admunistration (662), and 
food, agriculture and forestry (521) Tiamees m technical 
education increased from 248 to 341 These traming 
courses vary m length from a few weeks to more than six 
years, but the most popular courses continue to be those 
of 12-18 months and form just less than one-third of the 
total, mcludmg most of those m education, medical and 
health, food, agriculture and forestry, and engineering 
Those m transport and communications, administration, 
and industry and trade are mostly 3-9 months Of the 
previous year's 4,529 traming awards, 2,341 were for more 
than one year, and 741 of the 1960-61 awards were for 
more than two years, so that at any one time durmg the 
year some 6,000 trainees were covered under the Colombo 
Plan besides those from the United Nations and other 
sources and from countries outside the Plan About 
9 per cent of the places were provided by countries withm 
the region, but if the 259 regional trammg places provided 
under the United States Third Country Traming Pro- 
gramme are taken mto account nearly 14-5 per cent of 
the total traimmg is provided m the region 
The 870 experts who came to the region durmg the 
year brought the total to more than 5,000; the United 
States supplied 499, India coming next with 111 and 
Austraha third with 68 The largest recipient was Nepal 
(116), followed by Pakistan (114), India (96) and Indo- 
nesia (96) The greatest demand was m education (227), 
followed by engmeermg (116), with transport and com- 


* Department of Technical Co-operation. Technical Co-operation under 
the Colombo Plan Report for 1962-63 of the Council for Technical Co- 
operation in South and South-East Asia, Colombo, October 1963 Pp 103 
(London HMSO ,1963) 6s net 1 


munications, medical and health, and food, agriculture 
and forestry third, all with 104 Of the 4,049 experts 
provided during the past five years, more than 67 per 
cent have been on assignments of more than one year, 
and of the 870 this year 603 were for more than one year 
and 482 for more than two years Expenditure on equip- 
ment rose from £17 46 million m 1961-62 to £21 14 million, 
mostly on equipment for training and research institutions, 
while the total expenditure for the year was £42 3 million, 
of which £14 2 milhon was on experts and £6 94 milhon 
on tramees 

From the many examples of technical co-operation 
given m the report, the following examples of contribu- 
tions from the United Kingdom are cited to illustrato 
the variety of effort In agriculture, for example, an 
assistant botanist from Indonesia’s Herbarium Borger- 
ense is taking a postgraduate course in plant taxonomy 
at the University of Cambridge, and assistance is being 
given for a programme of scientific storing of grain in Pakı- 
stan to mmimuze losses by arrangmg for a technical assist- 
ant from the responsible Department to take a postgradu- 
ate course 1n applied entomology at the Imperial College 
of Science and Technology Two tramees from India, 
two from the Phihppmes and one from Thailand have 
been nommated to follow the 15-week course in the 
technology of stored products which was again. offered 
Britam 1s also assisting the development of the fruit 
industry m the Shan State in Burma with the services of 
an adviser on frurt culture, m animal husbandry, one 
year’s trammg m swine husbandry 1s bemg provided at 
the University of London and the Pig Industry Develop- 
ment Authority, Sussex, for an mspector from the Depart- 
ment of Animal Husbandry and Vetermary Science, 
Mysore, provisions are bemg made in animal husbandry 
&t the Institute of Animal Genetics, Edinburgh, for a 
research officer/assistant professor from the Philppmes 
and a research officer from Ceylon 

The Head of the Department of Virus Production of 
the Foot-and-Mouth Disease Research Institute, Indo- 
nesia, 1s receiving practical trammg at the Research 
Institute (Animal Virus Diseases), Surrey, a forest 
ecologist from the Federation of Malaya’s Forest Research 
Institute, Kapong, 1s takmg a postgraduate course in 
sylviculture at the Commonwealth Forestry Institute, 
Oxford, a forest products technologist from the Forest 
Products Research Institute at Laguna and a research 
engmeer from the National Institute of Science and 
Technology, both from the Philippmes, aro studying wood 
technology at the Forest Products Research Laboratory, 
Princes Risborough Britam is assisting Burma’s Geo- 
logical Department by providing one of its officials with 
postgraduate trammg m mueropaleontology and palæo- 
ecology at the Imperial College of Science and Technology, 
and has arranged a special one-year course m leather 
technology at the University of Leeds for a research 
chemist of the Philippmes National Institute of Science 
and Technology, while m response to a request from the 
Federation of Malaya twelve months’ traming in highway 
construction was provided for a highways mspector from 
Kuala Lumpur An expert in the architectural design of 
bridges was sont to work m Islamabad, Pakistan, for 
three years and an expert in hydraulic observations 1s on 
a two-year assignment at the Port of Calcutta The 
Regional Chief of Posts and Telecommunications Kalı- 
mantan, Indonesia, and an mspector of posts and tele- 
graph are receiving trammg in post office management at 
the General Post Office, London, and a division engineer 
of the Palustan Central Telephone Department 1s receiving 
training m Britain in. telecommuniestions engmeering to 


248 


enable him to help m the maintenance of co-axial cable 
systems 

In public health, the Assistant Directoi of the Thailand 
War Veterans Orgamzation Medical Department 1s taking 
a postgraduate course m industrial medieme at the Royal 
Institute of Public Health and Hygiene, London, and the 
Surgical Registrar of Pakistan’s Liaquat Medical College, 
Hyderabad, 1s traming in surgery at Guy’s Hospital, 
London A member of the Physical Medicme and Re- 
habihtation Department of Summa) Hospital, Baghdad, 18 
trainmg m occupational therapy at the Occupational 
Therapy Centre and Tremung School, London A medical 
officer from Nepal ıs followmg a postgraduate course m 
tuberculosis and chest diseases at the Welsh National 
School of Medicme, Cardiff, and a surgeon from Burma 
a postgraduate course in the same field at the Brmimgham 
Chest Clmic Britain 1s assisting the Institute for Medical 
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Research at Kuala Lumpur, Malaya, with equipment and 
has also supphed equipment to the value of £4,700 to the 
Technical Traming Centre, Moghalpura, Pakistan Con- 
siderable equipment as well as fou lecturers have been 
offered to a Technical Teachers’ Trainmg College m 
West Pakistan, and a Pakistani teacher 1s taking a two- 
year course at the Technical Teachers’ Tramimg College, 
Huddersfield A lecturer m English was sent to work for 
two years at the National Centre of Political Admunis- 
trative and Judicial Studies, Vientiane, Laos The Chief 
of the Tariff Section of Thailand’s Customs Department 
1s taking a course m general taxation at HM Customs 
and Excise, and tramees from Malaya (1), Pakistan (3), 
Philppines (2) and Thailand (1) are attending & course of 
traming m central government finance m Britam Two 
final chapters deal with co-operation with other agencies 
and work of the Council and the Bureau. 


NATIONAL STANDARD REFERENCE DATA SYSTEM IN THE UNITED STATES 


NATIONAL Standard Reference Data System has 
been estabhshed by the Federal Council for Science 

and Technology of the United States, and responsibility 
for. its admmiustration has been assigned to the US 
National Bureau of Standards (National Science Founda- 
tion. Screntyfic Information Notes, 1, No 4, August- 
September, 1963) The System will provide critically 
evaluated data m the physical sciences on a national basis, 
centralizing a large part of the present data-compilng 
activities of a number of Government agencies 

The National Standard Reference Data System will 
consist of a National Standard Reference Data Centre at 
the National Bureau of Standards, and various standard 
reference data centres in other Government agencies and 
at universities, research institutes and non-Government 
organizations For such centres to be a part of the 
National Standard Reference Data System, they will be 
required to meet quality standards established by the 
National Bureau of Standards However, the mde- 
pendent and operational status of existing critical data 
projects will be encouraged The imtial emphasis for 
establishing new standard data compilation projects will 
be in subject-matter areas where no effort 1s now bemg 
applied or where the existing effort falls far short of 
meeting important needs for Government, science or 
industry 

An advisory board will review and recommend policy 
relative to the operation of the National Standard Data 
Reference System It will melude, among others, repre- 
sentatives from the US National Academy of Sciences, 
US National Science Foundation, and federal agencies 
engaged ın research and development 

The National Standard Data Reference System will be 
conducted as a decentrahzed operation across the United 


States, with central co-ordmation by the National Bureau 
of Standards. As planned at present, the programme 
will consist of three parts an mput from scientists m 
many different locations, a central source of the evaluated 
data at the National Bureau of Standards, and an output 
system geared to the needs of the nation’s scientists 
and engineers 

The mput will come from scientists who are compre- 
hensively reviewing the literature in ther fields of special- 
wation and critically evaluating the data for ultimate 
melusion m the storehouse of standard reference data. 
These scientists may be 1n universities or m industrial or 
Government laboratories some will be at the National 
Bureau of Standards They will work smgly or m small 
groups oriented to the traditional scientific disciphnes 
At the same time other scientists, similarly located, will 
be engaged in experimentally determmmg the standard 
reference data which do not exist in the literature Clearly 
the mterplay between the two groups must be close and 
contimuous 

The central core will consist of the Standard Reference 
Data Centre at the National Bureau of Standards, where 
evaluated data will be punched on cards, magnetic tape, 
m notebooks and other forms, all mechanized for storage 
and retrieval A review and control office will label the 
meomung data as to ielative quahty and rehabihty 
The Standard Reference Data Centre will classify the 
data into as many major and munor categories as aro 
required by the needs of the data users 

The output will take the form of a series of services 
aimed at different technical levels and tailored to the 
needs of various segments of industry In general, ıb 
will be oriented toward the application of the data rather 
than toward a field of science 


BIRTH AND DEVELOPMENT OF AN OIL REFINERY 


HE Kent Refinery of the British Petroleum Co, 
Ltd, last year completed its first decade of 
petroleum refimng. In B P Magazine No 9 (1963) there 
are three articles which vividly describe the conception, 
siting, construction and evolution of a modern oil 1efinery, 
two illustrated m colour, a feature of outstanding artistic 
merit characteristic of this re-designed ‘house-organ’ 
since 16s ception 
The first of the articles relates to the history of the 
Isle of Gram on which the refinery 1s situated, occupymg 
more than 1,200 acres of land bordering the River Medway. 


The story traces events from man's occupation of the 
Island durmg the late Iron Age (250 Bc) down to the 
present time, it 1s a fascmating epic of reclamation and 
changing occupation of Medway marsh-land, mtimately 
bound up with the history of the Isles of Gram and 
Sheppey. ‘The foldmg pictorial map of this Medway 
region, ın 1ts portrayal of people, mdustry, shipping and 
historical events down the centuries, due to Wegner, 1s 
quite excellent 

The second article, entitled “A Refinery 1s Born", 
attempts to tell the story of the early hopes and fears of 


No 4916 January 18, 1964 


siting a refinery in the Isle of Gram, of the engmeering, 
technical, political and local environmental difficulties 
which had to be overcome m planning such a vast enter- 
prise to meet, at the time, the unforeseeable demands for 
petroleum products years ahead In thus graphic account 
are inked some of the well-known personalities m the 
Company who were concerned with the muitiation and 
construction of this plant, admittedly mvolving mghly 
organized team-work under their direction, without 
which the scheme could never have met with success 
It makes fascmatmg reading, because the human effort 
involved in overcoming natural difficulties of the site, 
weather, floods and other hazards, mevitably bound up 
with industrial developments in raw estuarine territory 
such as the Isle of Gram (common to so many of the 
world’s major refinery locations), 1s so modestly described 

The third article, entitled “‘And Before the Ink was 
Dry", 13 a technical account of the growth of this Kent 


GRAVITATION 


A GARBELL of the Garbell Research Foundation, 
« San Francisco, California, believes that gravitation 
together with its relativistic and quantum theoretical 
aspects constitutes the final problem of modern theoretical 
physics, and consequently he has taken considerable 
trouble to produce a detailed report of the First Soviet 
Gravitation Conference which was held durmg June 
27-30, 1961, at the School of Physics, Moscow State 
University * 

The report consists of two parts Part 1, composed by 
M. A Garbell, contains synopses and abstracts of each of 
the seven subject sessions into which the conference was 
divided, together with analytical comments, annotations 
and guiding references to other pertment papers Part 2 
consists of a full translation from the Russian of the 
condensed versions of the eighty-three contributions 
presented to the conference and which were published 
by the State University m 1961 The first two sessions 
were devoted to the classical theory of gravitation, and 
the subsequent sessions to non-Riemannian generaliza- 
tions of geometry, the quantum theory of gravitation and 
non-hnear equations, experiments, cosmology and gravi- 
metry respectively. 

In his general review, M A Garbell comments that the 
conference was devoid of any momentous breakthrough, 
and though the assembly consisted of members of the 
foremost Soviet schools of thought on gravitation, 
relativity and quantum physics—with the conspicuous 

* Garbell Research Foundation, San Francisco Garbell Aerospace Series, 
No 9 Theses of the Furst Soviet Gramtatron Conference held ın Moscow rn 
the Summer of 1961 By Maurice A Garbell Pp 130 (San Francisco, 


me Garbell Research Foundation, 1714 Lake Street, 1963) 750 
ollars 
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refinery, ıt brings the whole project up to date. ““The 
establishment of a new ‘grass-roots’ refinery must be 
influenced by the market requirements, the technology 
available at the time and the forecasts of the foreseeable 
future The history of Kent Refinery 13 not peculiar in 
these respects but the seventeen years since the project 
was conceived and the ten years since the first oil was 
processed ın the refinery have been years of unprecedented 
change in all these directions” It ıs recorded that the 
through-put in the first full year of operation was 3 4 
millon tons, the 1962 figure ıs 98 milhon tons Before 
the mk 1s dry in drafting new specifications for extensions 
to the plant, operations and products-output, technical 
advances move apace and overtake contemporary ideas 
The oil mdustry 1s one of the most flexible of all, ıt 18 
the sense of urgency and adaptability which have made 
i& the dynamic influence ıt deservedly exerts in our 
times 


IN THE U.S.S.R. 


absence of V. A. Fok and representatives from European 
satellite countries—the gathermg seemed painfully per- 
plexed with endless questions, nearly all of which remained 
unanswered. In general, theoretical concepts based 
primarily on Emstem’s theory of relativity were advanced, 
but there were exceptions such as Petrov’s classification 
of Emstem spaces, [vanenko’s contributions towards a 
non-linear unitary field theory, the atomic and molecular 
clock satelite programme of the Dubna group, and 
Smorodinsk1y’s ideas on the neutrino-antineutrmo world 

Academician Blokhinstev commented that any assump- 
tion that the gravitational charge of an antiparticle might 
be negative, or even that the gravitational charge of a 
photon might be zero, would constitute an msurmountable 
paradox. Kadyskevskry proposed the B-decay length of 
weak interaction as an imreducible unit for the smallest 
finite spatial building block of the universe. Two pro- 
posals were made by the Joint Nuclear Research Institute 
(Dubna) group for gravitational experments m the 
laboratory ‘The first was an experiment in which the 
emission of gravitational waves could be detected without 
the necessity for setting up a receiver-absorber to pick up 
the emitted waves, and the second a vertical beam 
experiment for the detection of any negative gravitational 
mass of the K-meson antiparticle by means of an mter- 
ference method first deseribed by M. Good of the Univer- 
sity of Wisconsin. 

Soviet support in cosmology 1s for a non-homogeneous 
and anisotropic universe and there were strong suggestions 
that the neutrino exerts a substantial effect on the determ- 
ination of the geometry of the universe 

S WEINTROUB 


SICKLE-CELL ANAMIA 


AN investigation of the clinical manifestations of 
sickle-cell anemia found in the Wankie district 
of Southern Rhodesia, prepared by Dr Trefor Jenkins of 
the University of Natal, mdieates that the disease 1s 
similar m most respects to that found in the Congo 
Republic, and differmg only shghtly from that found 
in West and East Afnea* The more marked differences 
between the condition seen m Africa and the United 
States have been confirmed 

Although the condition 1s not common in Southern 
Rhodesia, 15 ıs felt that many cases of sickle-cell anemia 
have passed unrecognized over the years because practi- 
tioners have been unaware of the African ‘variety’ of the 


* The Central African Journal of Meducwne, 9, No 8, August, 1963 


disease Most medical text-books still describe the disease 
as 1b occurs in the American Negro, between the ages of 
five and ten years, when 15 1s characterized by arthralgia, 
fever, anemia, cardiomegaly, abdominal pains simulating 
one of a number of surgical emergencies, chronic punched- 
out ulcers about the ankles and a variety of neurological 
disturbances resulting from cerebral thromboses. 

The disease as 16 occurs in Africa affects a much younger 
population, the average age at diagnosis varying from just 
less than four years m Nigeria to just more than one year 
in the Congo Repubhe. Hendrickse raises doubts con- 
cerning the very young age at diagnosis m the Congo 
series Because the diagnosis had not been confirmed 
by electrophoretic examinations of the hemoglobm, he 
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suggests that many of the cases might be examples of 
primary malarial anemia ın children with the sickle-cell 
trait The present small series of proved cases of sickle- 
cell anemia with an average age at diagnosis of 1 04 
years would mdicate that m Central Africa the disease 
manifests itself at a significantly earlier age than 1t does 
in Nigeria 

African children under the age of two years have a 
high meidence of dactyhtis. Thus 1s also true of American 
Negro children Of 54 children with symptoms occurrmg 
before the age of two years, no fewer than 25 showed 
osteopathy of the metacarpals or phalanges 

No one has given a completely satisfactory explanation 
for the pathognomonic findings m the hands and feet of 
the very young children with sickle-cell anemia The 
tentative explanation put forward by Hendmrickse that 
the mother’s method of carrymg the child on her back 
produces venous stasis ın the periphery of the limbs with 
the resultant hypoxia and mtravascular sickling would be 


STIMULATED EMISSION 
By A CROCKER 


Services Electronics Research Laboratory, 
Baldock, Hertfordshire 


H. A GEBBIE 
National Physical Laboratory, Teddington 


TIMULATED emussion of radiation from electronic 
transitions in a molecular system was recently 

reported!, The source was a pulsed electrical discharge 
tube contammg the molecular gas It seemed possible 
that the same arrangement might give stimulated emission 
from vibrational or pure rotational transitions and hence 
to radiation at much longer wave-lengths This article 
reports preliminary results of experiments designed to 
observe far infra-red radiation Stimulated emission was 
detected at a number of wave-lengths between 23 and 
79 

The experimental arrangement was a glass tube 48 m 
long and 2 5 cm internal diameter closed at one end by a 
plane alummuzed mirror and at the exit end by either 
(a) a plane polyethylene window 3 mm thick, or (b) a plane 
silicon window 1mm thick Both the mirror and the silicon 
window were aligned so that their faces were normal to 
the axis of the tube Vacuum seals were made with 
‘Neoprene’ O-rmgs or ‘Epoxy’ resm The tube was not 
baked It was filled with water-vapour to a pressure of 
about 1 torr  Hügh-voltage de pulses were applied to 
two tungsten electrodes sealed through side arms on the 
tube 

The pulses were produced by a delay line-type pulse 
generator followed by a 5 1 step-up ratio pulse trans- 
former The delay lme was designed for a nommal pulse- 
length of 1 usec and had an impedance of 10 ohms The 
only load on the generator was the discharge Conse- 
quently, the mismatched umpedances m the early stages 
of breakdown produced a sharp spike on the leading edge 
of each pulse The shape of the pulse was approximately 
triangular with a rise time of 05 usec and an overall 
duration of 29 usec The peak voltage and peak current 
(omittmg the spike) were approximately 46 kV and 13 
amp respectively 

The radiation transmitted through the window was 
analysed in the first mstance with a spectroscopic system 
comprising & Michelson interferometer, & mirror condenser 
system, and a Golay cell The arrangement and essential 
dimensions are shown ın Fig 1 The tank containmg the 
interferometer and the detector was evacuated The 
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difficult to test in Africa However, 1n the United States’ 
where the more sophisticated method of transportmg 
babies in perambulatois 1s used, ıt might be possible to 
disprove such a hypothesis if the dactylis were found 
to occur m children who had never been carried on then 
mother’s backs 

The percentage of children less than two years showing 
hepatosplenomegaly was not materially different from 
that seen m the United States or m other parts of Africa 
Lymphadenopathy and chronic leg ulcers deseribed so 
commonly m the American series were not features of 
these cases this 1s m agreement with the experience of 
other workers m Africa 

There ıs no evidence to suggest that mmor variations 
in the clinical features of sickle-cell anemia as seen in 
different parts of Africa have a genetic basis The earlier 
age diagnosis in Leopoldville and Wankie when compared 
with Ibadan might simply reflect the ease and the readi- 
ness with which mothers bring their children to hospital 


IN THE FAR INFRA-RED 
M F. KIMMITT 


Royal Radar Establishment, Malvern 
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L. E. S. MATHIAS 


Services Electronics Research Laboratory 


dischaxge was operated at a pulse repetition frequency of 
10 c/s to suit the time-constant of the Golay detector. 
The amplified signal from the detector was rectified m 
synchronism with the pulses Interferograms were re- 
corded and spectra were derived from them by Fourier 
transformation? 

With the polyethylene window (with whieh there were 
negligible multiple reflexions inside the tube), the radiation 
was dominated by a strong line at a wave-length of 28u 
Interference frmges were recorded with path differences 
up to 30 cm, indicating that the width of the dommant 
lme was less than 003 cm- The mean power reaching 
the detector was of the order of 100 uW When the 
silicon window was used the mtensity of the 28-u line 
increased and three additional hmes at 47u, 55u and 78y. 
were observed With a crystal quartz filter to remove the 
strong 28-y lme, frmges were recorded with path differences 
up to 15 em, indicating line widths less than 0 07 cm~! 
The mean power from the new lines was of the order of 
10 pW. 

The time constant of the Golay cell 1s approximately 
01 sec, which ıs long compared with the 3 usec of the 
apphed voltage pulse If the radiation pulse ıs of com- 
parable length to the apphed pulse, the Golay cell 1s m- 
capable of giving any formation on the distribution of 
intensity with time and hence of measurmg peak power 
To obtain time resolution and to mmprove the detection 
sensitivity the Golay cell was therefore replaced by an 
mdium-doped germanium photoconductor with a response 
time of 01 usec This operated at 4 2° K and was used 
with a gratmg monochromator which also allowed the 
isolation of individual hnes for time resolution measure- 
ment This would have been impossible with the mter- 
ferometer Agam the complete spectroscopie system was 
evacuated, and with the new detector the discharge was 
operated at a pulse repetition frequency of 20 c/s 

With the silicon window, nine lines were detected ın the 
wave-length range 23-794 The output pulses correspond- 
ing to the different wave-lengths were not all alike, either 
m ther starting times m relation to the applied voltage 
pulse or m their durations between half-power points 
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Total light path from end of 
light pipe to Ilght condenser 
is 89 cm 


To pump 


Fig 1 


All started and finished within the applied voltage pulse 
Peak power was estimated from the peak amphtude of the 
detector signal! In general, the peak power was less at 
longer wavelengths At 23u, the peak power was of the 
order of 10 W, and at 79u of the order of O1 W The 
results are shown in Table 1 


Table 1 EMISSION LINES 
A* y* Pt Ti Ta 
(u) (cm!) (W) (usec) (usec) 
23 3 429 15 14 04 
279 358 40 09 15 
282 355 8 12 05 
328 305 3 10 04 
473 2114 2 16 07 
478 209 2 1 16 03 
549 182 2 06 16 03 
781 1280 02 16 06 
788 126 9 02 16 05 


A 18 the wave-length, » the wave-number, P the peak yo power from 
the tube, v, the delay between the start of the applied voltage pulse and 
the start of the output pulse, and rts the duration between the half-power 
points of the output pulse 

* The possible error 18 + 0 4 per cent 

T The power lies between 1/3 and 3 times the figure quoted 


To test whether the power arriving at the detector was 
the result of laser oscillations m the low Q Fabry—Perot 
resonator formed by the muror and the polished wmdow, 
the power at each wave-length was measured with and 
without the mirror m place A decrease greater than 
about 4.1 would not be expected from a Fabry—Perot 
resonance alone At 28u the decrease was 12 1 At the 
other wave-lengths, no power was detectable when the 
mirror was removed The decreases measured were 
therefore determined by the noise level of the detector 
The smallest decrease was 240 1 and the largest 
16,000 1 Thus all the ratios confirmed the presence of 
laser oscillations 
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facilities electrodes 


Experimental arrangement 


Even with the mirror 1emoved, the peak output power 
at 28u was of the order of 1 W It seems probable that 
this emission was super-radiants 

At higher peak voltages and with the silicon window 
coated with a thm layer of silver to increase the Q of 
the Fabry-Perot resonator, two further emission lnes 
were detected at 26 6 and 33 0& No specific test of 
oscillation was carmed out on these lmes However, 
the peak output powers were high, about 10 W and 1 W 
respectively 

In none of the experiments to date was thereany evidence 
of emission outside the range 23-792 The interferometer 
and Golay cell system covered the range 20-1,000n A 
search made with the monochromator and several fast 
1iesponse detectors covered the range 15~2,000y, 

Attempts to identify the radiating molecule or radical 
from the wave-lengths of the emission lines, and from the 
results of experiments with other gases such as heavy 
water, have not yet led to a satisfactory conclusion 

We thank Mr N R Gilbert and Mr P Porteous of 
the Royal Radar Establishment for assistance with the 
grating monochromator measurements 

This work was carried out at the Services Electronics 
Research Laboratory in a jomt project with the National 
Physical Laboratory and the Royal Radar Estabhshment, 
and 18 published by permission of the Admuralty, the 
Director, National Physical Laboratory, and the Ministry 
of Aviation 
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ARE CRYPTOVOLCANIC STRUCTURES DUE TO METEORIC IMPACT ? 
By Dk G J H. McCALL 


Department of Geology, University of Western Australia 


ROF W H BUCHER? has re-entered the hsts in 
defence of his well-known interpretation of what are 
nowadays fashionably regarded as astroblemes, and his 
new statement, strengthening his original point of view??, 
18 welcome, at least to some geologists who have found 
1ecent arguments ın favour of an extension of the role 
of impact in geology specious and unconvincing Such 


arguments seem to have entrenched a new ‘dogma’, in 
spite of the lack of a foundation of real evidence I 
had, at the time of receiving Bucher's now publieation, 
prepared a brief note on somewhat similar lines, drawing 
on material which I lately presented to the West Aus- 
trahan Division of the Geological Society of Australa, ın 
the form of a lecture entitled “Impact versus Vuleanism— 
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on Earth and Moon” My interest in this question stems 
from preoccupation with problems of volcanic cratermg 
and lunar cratering’, and also from investigations in 
progress concerning the enigmatic Wolf Creek Crater 
m Western Australa 

It 18 not ın dispute that ımpact explosions may have 
had some role in geology, though it must appear to most 
geologists, weighing the geological record without senti- 
ment, that this role was an insignificant one Reasonable 
attributions to mmpact explosions have been advanced 
in the case of certam emgmatic craters, though some 
outstanding conflicts of evidence leave even the problem 
of the mode of genesis of these craters not completely 
resolved (McCall, unpublished results) In the case of 
certain other craters, cryptovoleame and plutonic igneous 
complexes, far from reasonable and even misleading argu- 
ments have been advanced proposmg impact explosion 
as an alternative to widely accepted geological processes 
The evidence cited 1s tenuous in the extreme, and much 
of the verbiage ıs simply conjecture evidence, often far 
more weighty, cited by earlier workers who have rejected 
impact explosion, has been ignored An exception to this 
criticism must, however, be made m the case of Canadian 
publeations*, which are admirably factual, and allow 
the reader to make a fair assessment of the caso for, and 
against, meteorite impact 

Because of the manner of presentation of arguments 
favouring impact explosion, many geologists have come 
to believe that a massive case has been presented against 
Bucher’s cryptovoleanic hypothesis and other orthodox 
geological interpretations the entrenchment of unsound 
arguments simply by virtue of repeated statement 1s a 
present danger, for, with the great volume of literature, 
the tendency to assmnilate only abstracts or summaries 
(which state what the author beheves he has estabhshed) 
18 increasing In my belief Bucher’s arguments m favour 
of cryptovulcanism and the orthodox interpretations of 
the Vredefort Dome, Bushveld lopolith and Great Dyke 
have not, in reality, been seriously challenged The 
strength of Bucher’s latest arguments may well have 
surprised many who have too readily dismissed his con- 
cepts to the limbo of rejected hypotheses 

Publications by Dietz^?, grouping together the Vrede- 
fort Dome, Bushveld and Great Dyke as astroblemes, 
stram my powers of credence, and I do not beleve I can be 
accused of following a path of unquestionmg orthodoxy 
These attributions stem from lunar mpact hypotheses, 
which place an obligation on their advocates to search for 
traces of megameteorite mmpact scarrmg within ancient 
geological formations For the lunar surface, if, as has 
been supposed, 16 was predommantly cratered by rmpact 
explosions, must bear the scars of impact by meteoritic 
masses far exceeding, m mass and dimensions, any known 
meteorite masses and, since 1t 18 reasonable to suppose 
that the selenological surface record must cover a span of 
time which overlaps the period of 3,500 (+ or —) milhon 
years embraced by the geological surface record, one 
would expect traces of such megameteorite impact explo- 
sions in ancient rocks One may ask, Where are these 
traces ? I believe that, hko the dmosaurs carried on 
mresstibly by the momentum of ther evolution, the 
1mpactist is beng forced to mvoke more and more fantastic 
explanations—to invoke processes which no geologist 
would seriously consider on 1ts own merits—to keep the 
lunar rmpact hypothesis alive 

I have made it quite clear that I do not accept the 
lunar impact hypothesis! I beheve that we are, in 
realty, far from a state of knowledge at which the sort 
of confident assumption made by Dietz? ean be justified 
Very few terrestrial structures attributed to impact are 
large enough to represent the sought-for megameteorite 
scars, and the three examples in southern Africa cited are 
among these few Bucher’s arguments! against this 
assertion are devastating, but, so 1mportant 1s this ques- 
tion, I am going to add some relevant considerations here 
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The Vredefort Dome has attracted the attention of 
geologists the world over on account of its size and its 
overturned collar The nature of the complex does not, 
however, differ radically from many smaller, circular 
complexes involving granite m other parts of the world, 
and even the collai does not seem so remarkable when we 
conside1 the simular effect produced by salt diapirs— 
and the analogy between the ıse of salt m the crust and 
the rise of granite 1s a familar one Admittedly, there 
are problems inherent in the exact mode of emplacement 
of this granite, but are not these problems applicable to 
granites the world over, and not at all likely to bo resolved 
by recourse to arguments introducing isostatic adjust- 
ment after impact explosion ? Dietz's arguments? reveal 
weaknesses that no amount of conjecture can obscure. 

Motamorphism has been referred to the actual ımpact 
event (if I read Dietz correctly), Is rock really capable of 
such good heat conduction that a contact aureole can 
stem from an instantaneous process, however intense 
the flash of high temperature ? I would suggest, rather, 
than an analogy should be drawn with the thin layer of 
fusion crust developed on stony meteorites during a sudden, 
intense and momentary spell of atmospheric heating 
Certamly, no effects other than very restricted areas of 
fusion are displayed around the supposed ‘meteor craters’, 
and the size and nature of the Vredefort aureole, taking 
into consideration our knowledge of the processes of meta- 
morphism, must surely suggest the need for recourse to 
an explanation in terms of some other agency The 
probable eccentricity to the granite core? ıs virtually fatal 
to the hypothesis of direct metamorphism durmg impact, 
as Dietz seems to realize, but the alternative, that the 
meteorite fell on an existing centre of metamorphism, 
involves an absurd degree of comeidence 

Granophyre dykes cut the granite core—that 18 not m 
dispute. Dietz has had recourse to a rather desperate 
argument to explam this we must suppose? that the 
granite 18 not one but two distance masses—part bemg 
crater wall, part bemg a central mass raised several 
kilometres to compensate for isostatic unbalance If we 
consider the distance between the points of origin of these 
two hypothetical elements m the granite Can we really 
accept that no very marked lthological or fabric dis- 
continuity would be evident, clearly delineating these two 
elements ? The granophyre dykes have a very special 
significance to Dietz’, who regards them as fusion products 
derived from country rock Leaving aside the geochemi- 
cal objections, Is there not a remarkable comeidence 
inherent m this suggestion ? Pyroxene granophyre ring 
dykes are a feature of Scottish rmg complexes, such as 
Mull second centre?, and there one can cite unequivocal 
evidence of endogenous primary agencies—in a long and 
complex eruptive history and the shift of the eruptive 
focus 

The degree of comecidence mherent in Dietz’s arguments 
18 heightened by the fact that pseudotachylite has a 
typical occurrence at the margin of such ring complexes, 
and m particular at the margins of gramte bosses Its 
restricted development supports the idea, suggested here, 
that momentary, intense releases of energy do not lead to 
wide metamorphic aureoles 

The introduction of isostatic compensation seems 
somewhat suspect However, Carey!?, a recognized 
authority on geotectonies, does not entirely rule out such 
rapid compensation, but cannot accept that flexure, not 
brittle fracture of the collar rocks, would ensue from 
the impact event postulated by Dietz 

I believe that the lesson to be learnt from Vredefort 18 
the converse of that suggested by Dietz It 1s that shatter- 
cones, erroneously regarded as an mdication of impact 
explosion, can stem from endogenous geological activity 
The recognition of random-oriented shatter-cones at 
Stemherm weakened Dietz’s origmal hypothesis, and 
there 15, 1n fact, no real evidence of any connexion between 
these structures and meteorites From the supposed 
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‘meteor craters’ only a faint suggestion has come, and this 
may well be illusory. I have cortamly seen none in the 
highly deformed quartzites at Wolf Creek Yet analysis 
of the Vredefort attribution shows that this ıs the only 
evidence of any kind cited 

Bucher! has made ıt apparent that only an absurd 
degree of comeidence could allow Vredefort to be an 
astrobleme while the Bushveld lopohth and Great Dyke 
areendogenous Yet there 1s no evidence at all supporting 
the attribution of either to impact explosion The Bush- 
veld complex reveals a pattern of differentiation involving 
convection current stirring of a magma chamber, magmatic 
sedimentation with movement under gravity of the early 
formed, heavy sihcate mmerals in rhythmic episodes 
Such 18 the resemblance between this pattern and analo- 
gous patterns revealed by the Skaergaard magma cham- 
ber ın Greenland, and various volcanic suites, that Dietz 1s 
virtually obliged to suppose that the greater part of 
terrestrial vulcanism 1s mpact-mduced. It 1s also true 
that petrological considerations make a suggestion of 
complete genetic disparity between Bushveld and Great 
Dyke futile 

The Great Dyke is of special interest to me, having 
spent much of my career as a geologist working on prob- 
lems connected with the rift valley anorogenic zone of 
East Africa The possibilty that this ‘Great Dyke’ 1s 
genetically related to the rift zone, a possibility suggested 
by Bucher!, 1s veryieal It 1s not a dyke ın the true sense, 
but a string of lopoliths faulted down into graben and so 
preserved from denudation?! Its greater age provides 
no absolute bar to congenesis with the rift valley system, 
since thoro is evidence of mtermittent and locahzed 
activity along sectors of the latter hneament from Karroo 
times onwards (if not earlier), and inferences drawn from 
the age variations shown by carbonatite complexes of 
simular type, throughout East and South Africa"*, suggest 
that, indeed, 1t 18 logical to expect more ancient eruptivity 
and rifting in a southern extension of the anorogenie zone 
It seems difficult to accept this complex ‘Great Dyke’ 
feature as a shear, releated to the hypothetical, and 
equally unacceptable, Bushveld impact 

The North American eryptovolcanie structures, subject 
of Bucher's description®, are of varied geological ages, 
and they occur within a restricted belt which seems to 
follow the trend of the Appalachian Mountain chain, to 
the east. The age disparity has never been disputed, 
and this disparity rules out any recourse to an effect akin 
to a stick of bombs, to form a train of impact scars The 
manifest parallelism of this belt to a geotectonic hneament, 
and the almost complete restriction of these structures to 
this part of America, have far more serious implications 
than seems to have been realized by those who favour 
impact? As with the South German belt, including the 
Stemheum Basin and the Rieskessel!, an extraordinary 
degree of coincidence is essential to the impaoet theory 
The exclusion of Jeptha’s Knob, Kentucky, from the lst 
of astroblemes’ perhaps provides a measure of the weak- 
ness of this theory—Can one really accept that Jeptha’s 
Knob and the not-far-distant Serpent Mound, Ohio, owe 
their proximity to pure comeidence ? Can we really accept 
that the strong resemblance between Jeptha’s Knob and 
the Steinheim Basin 1s fortuitous? This is what Dietz 
mmplies 

The discovery of cryptic fossil craters ın Ontario5-¢ 
has been hailed as an addition to the astrobleme record 
It does not seem to be noticed that they are situated at 
the northern end of Bucher’s cryptovoleanie belt Be- 
cause of yet another age disparity they render the distri- 
bution of these structures in North America even more 
difficult to equate with random mpact Watson has 
published a most mgnifieant map of the distribution of 
kimberhte occurrences m North America, a map which 
suggests æ close relationship between Bucher’s belt of 
cryptovoleanic complexes and such foci of explosive 
eruptivity Bucher? seems to havo revealed msight ın 
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including the Magnet Cove rmg complex, Arkansas, one 
of the carbonatitesjohte association, m the crypto- 
voleanie belt For ıt seems difficult to escape the conclu- 
sion that there 1s a subdued anorogenie zone traversing 
North America, running east of the Appalachians A 
broad comparison could be made with the East African 
anorogenic zone, well known on account of rifting pheno- 
mena, but also occupied by carbonatite-1)olite-nephelmite 
complexes which are here and there grouped im trains 
without significant compheation of rift faulting. In 
north-east America the vulcanism had very subdued 
surface reflexion The tectome reflexion was concomitantly 
shght The eruptives were probably of alkaline type, 
possibly potassic—alkaline of the kimberlite—leucite associa- 
tion, possibly sodic-alkahne and more closely related to 
carbonatite Of great significance ıs the wide age dis- 
parity an expected feature of eruptivity ın anorogeme 
zones, as 18 exemplified by the wide range in age of rift 
faulting and eruptivity throughout the rift valley anoro- 
genic zone of Eastern and Southern Africa 

Dietz seems to be mistaken m assuming that he can rule 
out vast pomt-focus explosions of endogenous origin’ 
His reference to the limitations of potential energy storage 
in the case of surface volcanic explosion and earthquakes 
seems beside the point, for vast pomt-focus explosions 
must surely be considered an established part of vulcan- 
ism-*1 JT doubt if there is any lmitation of energy 
storage in the case of triggered reaction involving phase 
change, leading to sudden and continuing output of vast 
volumes of volatiles—not at least any limitation related 
to the strength of the retainng rock It 1s interesting to 
note here that the pattern of small-scale and mtimate 
brecciation evinced by drill cores from Brent and Holle- 
ford5:9 resembles the type of brecciation seen m carbon- 
atite complexes and also ın the Mount Abbot cryptovol- 
canic structure which 18 irrefutably associated with leucite— 
lamproite diatremes in the Fitzroy Basin, Western Aus- 
traha?*. There 1s no question that such brecciation, devoid 
of 1gneous material, can reflect endogenous explosion One 
may question whether cryptovulcanism must, of necessity, 
stem from a cupola, or whether 1t could not, at times, stem 
from direct gas release from as deep as the mantle One 
may also suggest that Bucher’s definition of cryptovol- 
canic!? structures could be too restricted ıt 18 possible 
that they can have a wide variety of physiographic forms 
and tectonic patterns 

Coesite, the other supposed indicator of impact, has, as 
Bucher states!, been recognized at the Rueskessel, south 
Germany, and at Bosumtwi crater, Ashanti This dense 
polymorph of silica seems, considering Bucher's devastat- 
ing arguments’, to have been erroneously given the virtual 
status of an umpact explosion indicator Parallelism with 
the geotectonic lmeament, the juxtaposition with and 
resemblance to the pattern of the vulkan-embryonnen 
displayed by the suevite bodies, the geophysical evidence 
and the evidence of thermal gradient, all weigh heavily 
against impact I find the shape of the Rieskessel difficult 
to equate with an explosive origin, and suspect 1b might 
prove to be a subsidence cauldron, the mner depression, 
located by geophysical means’, bemg the explosion crater 
Such a recessive compheation 18 logically to be expected 
of some cryptovoleanic structures Junner?? regarded the 
six-mile diameter Bosumtwi crater m Ashanti as so 
origmated, arguing that the lack of fragmental material 
outside the crater provided a fatal objection to cratermg 
by evisceration This crater 1s a thousand feet deep or 
more and several cubic miles of displaced country rock 
must be accounted for dissipation as fine dust 1s remotely 
concervable, but the only alternative, besides downwards 
displacement of the central area—pushing outwards by 
the force of the explosion rather than fragmenta] eviscera- 
tion—1is untenable, since Junner’s map reveals that no 
very significant deformation of the country rock forma- 
tions has occurred adjacent to the crater Ono cannot 
easily escape the conclusion that Bosumtwi, m spite of 
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the presence of coesite, 1s a subsidence crater More 
information concerning Bosumtwi and Nebiewale craters*4 
1s needed they surely call for very detailed geological 
mapping If, as ıs reported, Nebiewale has faulted walls, 
the doubts concerning the validity of regarding Bosumtwi 
as an explosion crate: become more evident 

In conclusion, the evidence from the Rueskessel 18 
stiongly 1n favour of coesite having stemmed, from endo- 
genous processes, not impact, while the evidence from 
Bosumtw1 18 perhaps not so devastating as that advanced 
by Bucher’, but ıt suggests the same conclusion Coesito 
1s validly regarded as an indicator of intense pressure— 
at present, surely, nothing more has been convincingly 
demonstrated 
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THORIUM, URANIUM AND POTASSIUM CONCENTRATIONS IN 
HAWAIIAN LAVAS 


By Dr K. S. HEIER and Da | McDOUGALL 


Department of Geophysics, Australian National University, Canberra 
AND 
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` Department of Geology, Rice University, Houston, Texas 


NOWLEDGE of the uranium, thorium and potassium 
concentrations in basaltic rocks 18 of mportance in 
geochemical and geophysical investigations of the Eartb's 
crust and upper mantle. The Hawauan Islands, situated 
in an oceanic (non-orogenic) region, are built mainly of 
basaltre lavas, which are considered to be derived from 
the upper mantle and uncontaminated by crustal mater- 
1al, hence ıb 1s of value to examine the uranium, thorium 
and potassium contents in these lavas A suite of samples 
was collected by McDougall! for potassium/argon age 
datmg, and for the work recorded here a representative 
selection was made from this collection 
Determination of thormmm and uranium was made by 
y-ray spectrometric analyses ın the radiometric laboratory 
of the Geology Department, Rice University, by a pro- 


Table 1 
Age 
(my) No Rock type Th(ppm) 
Kauai 
45 GA 649 Tholelitic basalt of 
Napah formation 0 73416% 
4 05 GA 563 Tholeittic basalt of 
Makaweli form 0 53 +20% 
14 GA 641 Nepheline basalt 5 58+ 3% 
Oahu 
2 52 GA 646 Tholeittic basalt of 
the Koolau ser 0 58410% 
2 22 GA 643 P " 0 631-199, 
231 GA 644 » » 0 8838+15% 
2 95 GA 557 Thole1itie basalt of 
lower member of 
Waianae series 0 87414% 
3 25 GA 810 Alk basalt of lower 
member of Waianae series 2 12410% 
2 75 GA 556 Hawante, upper 
Waianae series 3204+ 7% 
Maui 
127 GA 578 Ol basalt of 
Wailuku series 2464+ 5% 
084 GA 574 Hawaute of Kula 
volcanic series 3 214 6% 
117 GA 638 7Trachyte of Honolua series 755+ 3% 
W-1 Standard diabase 2264+ 7% 
2424+ 7% 
2 35+ 9% 


cedure already described? Each sample was counted 
twice with alternate sides of the sample canisters resting 
on the detector crystal The results given in Table 1 are 
the average of the two counts, and the percentage error 
for each measurement was derived from counting statistics 
Three independent potassrum measurements were made 
on many of the samples, by y-ray spectrometry (Rice 
University), atomic absorption (Rice University), and by 
flame photometry (Australian National University) In 
general the Australian National University (A N U ) flame 
photometric results are systematically higher by about 8 
per cent than the y-ray spectrometric results The reason 
foi this discrepancy 1s not clear In view of the detailed 
investigation of potassium measurement by Cooper? m 
which good agreement was found between the flame 
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K% K% 

K% (Rice ANU 
U(ppm) (gamma atomic flame Th/U 

ray) absorp ) photo ) 
0 19411% 0 12 0 13 0 138 38 
0 15415% 0 15 0 22 0 180 37 
1294 3% 0 65 0 67 43 
0 104-1095 0 26 0 40 0 320 53 
0 23 1295 031 0 335 28 
0 172-1296 0 36 0 392 50 
0 24410% 0 36 0 40 0 304 36 
0 68+ 7% 1 05 1 187 31 
074+ 5% 1 34 1 35 1 447 43 
0 324+ 7% 0 95 1 05 1049 77 
1144+ 4% 1 33 1 30 1 333 28 
2424 2% 2 75 31 
0564 7% 0 49 
0694 7% 0 50 
0584+ 7% 0 51 
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photometry and isotope dilution measurements, ib 1s 
believed that the Austrahan National University measure- 
ments are accurate to within + 2 percent The potassium 
content m the W-1 diabase standard as determined by the 
y-ray spectrometric method is given m Table 1 It is 
about 8 per cent lower than the most recommended value 
for this rock (0 54 per cent potassium) 054 per cent 
potassium ıs the one determmed by the Australan 
National University flame photometry 

The geology of the Hawauan Islands was deseribed by 
Stearns‘, Tilley’ and Macdonald®7 They show that the 
shield voleanoes of Hawan are built mainly of tholentic 
basalt, but commonly a thin veneer of lavas of the alkah 
olivine series was erupted durmg the declining stages of 
activity The age determmations support the view that 
voleame activity m Hawan moved progressively towards 
the south-east, the oldest lavas analysed are from Kauai 
m the north-west 

The analytical data are given ın Table 1 ; Figs 1, 2 and 
3 show plots of thorium versus potassium, uranium versus 
potassium, and thorium versus uranium respectively 
The potassrum/argon ages are given in Table 1. The three 
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Fig 1 Plots of thorum versus potassium : 
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Fig 2. Plots of uranium versus potassium (symbols as for Fig 1) 
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Fig 3 Plots of uranium versus thorium (symbols as for Fig 1) 


plots show the coherence of uranium, thorium and potas- 
sium noted in earlier mvestigations? On both thorium 
versus potassium and uranium versus potassium plots the 
three lavas analysed from Kauai fall outside the pattern 
of results from Oahu and Maui in the direction of higher 
thorum and uranium contents at any given potassium 
concentration On this small number of samples no 
definite conclusion can be drawn, but, notmg that 
movement of volcanic activity occurred from north-west to 
south-east, this observation may mdicate a temporal 
relationship between thorium, uranium and potassium 
Unfortunately the Islands extendmg north-west toward 
Midway are imaccessible The nepheline basalt from 
Kauai 1s considerably younger than the tholentic basalts 
(the nephelne basalt H23-641 ıs not the same specimen. 
as that dated! (G.A 642) but 16 1s taken only a few feet 
away and is clearly of identical age), but the two types of _ 
lavas are clearly associated on the thorum versus potas- 
sium and uranium versus potassium plots This may 
indicate & common source for the magmas rather than 
derivation by magmatic differentiation, which generally 
leads to an moerease m thorium/potassium and uranium/ 
potassium ratios? The Kauai lavas cannot be separated 
from the other lavas on the basis of their tho ram/uranium 
ratios (Fig 3) 

The lavas from Oahu and Maui show httle spread in their 
thorium/potassrum ratios (Fig 1), the ratios are close to 
the arithmetic mean of this ratio for all basalts exammed 
by Heer and Rogers? (thonum/potassrum x 104 = 2 8) 
The average thorum/uranıum ratio for the Hawauan 
lavas (41) also ıs similar to that previously found (4 8) 
(ref 2) The uranium/potassium ratio shows a larger 
spread m values, but the range 1s of the same magnitude 
as that found earher? The fact that the tholentic and 
alkah olivme lavas have closely similar ratios suggests 
that the two series were derived from fairly homogeneous 
source rocks 

Results obtamed previously from the orogenically 
active Japanese area? also are plotted m Figs 1, 2 and 3. 
Thorrum shows a more rapid increase relative to potassium 
in the rocks from Japan than those from Hawan Uranium 
has a similar distribution pattern with respect to potassium 
m the two provinces (Fig 2) The thorium/uranium ratio 
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varies considerably between the various basalt types from 
Japan, but the ratio tends to remain constant in all the 
basalts analysed from Hawau These results tend to 
indicate that the source rocks from which the lavas were 
generated are more homogeneous in the oceanic, non- 
orogenic province of Hawan than in the orogenically 
active Japanese province This may be related to the 
absence of contammation of Hawauan lavas by crustal 
material, and the possibility of contammation m the 
Japanese lavas as suggested by Kuno® 

The results so far obtained need to be verified by much 
more detailed work ‘The present data together with those 
published previously have led to the following observa- 
tions 

(1) A strong coherence between thorium, uranium and 
potassium exists m most rock types 

(2) The concentrations of thorium, uranium, and potas- 
sium increase with petrogenie evolution, and the relative 
enrichment is thorium > uranium > potassium, resulting 
mn an merease in the thorium/potassium, uranium/potas- 
sium and thorium/uranium ratios? 

(3) During normal magmatic fractionation the varna- 
tions ın the ratios of these elements do not exceed one 
order of magnitude? 

(4) The thorrum/uranium ratio of basalts, as well as 
the absolute concentration of the elements, 1s particularly 
low m tholentes from the orogenically active Japanese 
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area It 1s also low m amphibohtes of probable tholentic 
oiogenie basalt origin, and in the basic members of some 
plutonic rock series that have been investigated 

(5) A greater variation is observed in the thorium/ 
potassium and thorium/uranium ratios over the range from 
tholeutes to alkah ohvme basalts m the orogenically 
active Japanese area than m the non-orogenie Hawanan 
chain The neghgible variation in the thorrum/potassrum 
ratio m rocks rangmg from tholentes to hawautes and 
trachytes 18 especially noteworthy since previous work? 
indicates this ratio to be most sensitive to fractionation 
processes 

(6) Some mdhcation exists for a temporal distmbution 
pattern of thorrum and uranium relative to potassium 

(7) The similar (and specific) thorium/potassium and 
uranium/potassium ratios of nepheline basalt and tholeiites 
on Kauai indicate a derivation from a common source 
possessing this characteristic ratio rather than a derrvation 
by magmatic differentiation. 
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INFRA-RED SPECTRA AND THE ORIGIN OF AMBER 


By CURT W BECK, ELIZABETH WILBUR and SILJA MERET 
Department of Chemistry, Vassar College, Poughkeepsie, New York 


MBER has been examined less extensively than other 
materials of comparable umportance in prehistoric 
end early historic trade. Though it has long been known 
that the fossil resin occurs mn a small number of quito 
well-defined regions of Eurasia, there has been no adequate 
investigation of the connexion between properties and 
origin so that the latter might be determmed with cer- 
tainty from the former. There has been much piece-work 
in that direction, but 1ts volume 1s greater than 1ts worth, 
for past attempts to establish the origm of archzo- 
logical amber artefacts by means of physical or chemical 
experiment are more notable for their sweeping claims 
than for their methodological rigour 
This harsh judgment must apply to Otto Helm, apothe- 
cary and city councillor in Danzig, on whom Schliemann 
relied for the identification of the amber beads he had found 
m the Mycenean shaft graves in 1876 (ref 1) Helm knew 
perhaps more about amber than anyone before him or 
since, and he developed a useful method for the quantita- 
tive analysis of succinic acid m amber which he applied 
widely, though not nearly widely enough, but his expertise 
also led him to pronounce on the origi of amber pieces 
from ther mere appearance Most other work suffers 
by comparison with that of Helm Of doubtful value 1s 
the fragmentary investigation of Baltic and Italian amber 
by Viollier and Reutter ın 1916 (ref 2). On grounds which 
no competent chemist has been able to understand, they 
concluded that archeological amber finds from the Swiss 
lacustrine settlements had come from Italy 
The very recent work by Jean Chauffin? at Lyon on 
significant differences m the acidity constants of various 
ambers 18 as yet incomplete, and Chauffin has been com- 
mendably cautious in interpreting his findings 
A careful review of these and other assignments in the 
past will convince the sceptical chemist that they must 
be taken, m Beerbohm’s phrase, “with a stalactite of 
salt”, yet some archeologists and prehistorians continue 
to quote them as if they were facts Others have been 
more careful ın 1925, when de Navarrot compiled his 


remarkable study of the prehistone amber trade in 
Europe, he keenly felt how incomplete and unrehable the 
contributions of chemistry to that subject were. 

A complete, critical review of all previous work will be 
published elsewhere, we may state here that all of 15 has 
suffered from one or more of three major faults: (1) 
Qualitative or quantitative differences in a single physical 
or chemical property served as the criterion to distinguish 
types of amber, (2) hnes of demarcation were drawn 
between types on the evidence from & small number of 
samples, often no more than & handful, (3) only two types 
of amber were investigated, for example, the Baltic and 
the Sicihan varieties, and by the fallacy of the excluded 
middle a sample of unknown origm was assigned to one or 
the other when it very possibly belonged to neither 

Anyone planning a new attack on the problem must 
avoid not only these faults but should seek to find analyt:- 
cal methods which are either non-destructive or which 
will require so little material that 1t will not even be missed 
from a valuable artefact These considerations have 
led us to investigate the infra-red spectra of whole amber 
in the sohd-state dispersed in potassium bromide pellets 
After trials with more elaborate instruments of high 
resolving power (Perkin-Elmer models 21 and 221), we 
found the capabilities of the Perkm-Elmer 237 grating 
spectrophotometer with a range of 4,000-625 em-i (2 5— 
lóu) equal to the task The large number of adsorption 
bands which amber shows ın this region offers a multi- 
pheity of parameters from a single expermment which 
can be performed m 20 mn That makes ıt practicable 
to examme a large number of samples of every known 
variety 

More than a hundred varieties of amber and closely 
related resms have been distinguished by name, but this 
profusion 1s testimony to the taxonomical exuberance of 
mineralogists rather than to the diversity of Nature 
The physical and chemical properties of these varieties, 
so far as they are known at all, overlap considerably and 
sometimes do so completely, indeed, many so-called types 
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Fig. 1, Spectra of Baltic amber between 8 and 9u 

cannot with certainty be said to differ in anything but 
name. There is nothing in the literature to indicate, for 
example, that ‘Ajkaite’ found at Ajka in Hungary is in 
^. ,faet different from "Walehowite' found at Litezko near 
co Walehow in Moravia, nor that either differs significantly 
'. from the so-called amber which is native to the Departe- 
ment des Basses-Alpes in the south of France. Therofore 
we did not expeet, although we should have been glad 
to find, strikingly different spectra for each named variety 


HERE is continual interest in the radiologieal dose 
to persons due to the deposition on the Earth's 
aco of fission products from nuclear test explosions. 

| considering the long-term hazard of whole-body 
irradiation caesium-137 is a major contributor. Caleula- 
s of the dose due to a deposit of exsium-137 (refs. 1 
id 2) mako assumptions about the rate of reduction of 
» activity at the surface, this being due to a combina- 
of radioactive decay and natural weathering. The 
nents recorded here have been designed to measure 
horing effect over several years for cwsium-137 
, number of types of soil and to correlate 











thesoil — — 
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which falls under the heading ‘amber’ in the wider sense 
in which that word simply means a fossilized resin. — 
Actually, we have found that even the infra-red spectra 
of geographically widely separated types of amber show 
greater similarities than differences. This is particularly 
true in the region 4,000-1,250 cm~ (2-5-8) where absorp- 
tion bands are due to stretehing and deformation vibra- 
tions of functional groups which are little affected by the. 
intramolecular environment. At. higher y : 
where skeletal vibrations appear, the. difforences 
spectra are more pronounced. A comparison o 
a hundred spectra permits us to report a fi 
will serve to distinguish Baltic amber from 
varieties with greater certainty than previous me 
have achieved. Ie 
Of 69 spectra of Baltic amber all but one have an y 
recognizable absorption band of medium intensity at: 
1,160-1,150 cm~ (8-6-8-72), which is preceded by a moro. 
or less flat shoulder of nearly 0:54 width. None of 51 
spectra of non-Baltic amber have this feature. Fig. 1 
shows twenty-three randomly selected speetra between 
1,250 and 1,110 cm~ (8 and 9u). The numbers re: 
our files. The last spectrum, No. 126, is not recog 
as one of Baltic amber, although the sample (Smit! 
Institution No. 87001) is reported to have come fro: 
Samland Peninsula in the eastern Baltic. _ 
The non-Baltie ambers show a variety of | 
this spectral region, but our data are not j 
enough on this point to permit reliable inferences, 
Allowing for sample No. 126, we are now in à 
to assert that on considerable evidence there is a sp 
feature which is nearly always found in Baltic | 
but which is never found in any other amber or r 
resin. Wo are now strengthening the statistical 
of this distinction by further tests, and we invite 
uals and institutions to send us samples in. order to 
this investigation as comprehensive as possible. | 
This work was supported by the American Phil 
Society for the Advancement. of Useful Knowle: 
also thank Dr. George S. Switzer of the U.S. Nati 
Museum (Smithsonian Institution), Dr. Brian Mason of 
the New York Museum of Natural History, and Dr. W. 
Hüntzschel of the Geologisches Staatsinstitut in Hamburg : 
for samples of amber. bos ; 
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WEATHERING OF C/ESIUM-137 IN SOIL 


By H. J. GALE, D. L. O. HUMPHREYS* and Miss E. M. R. FISHER 
-Health Physics and Medical Division, Atomic Energy Research Establishment, Harwell 


Types of soil and deposition of activity. Eighteen plots 
of soil, each 200 em in diameter and 15 em deep, were 
spaced 7 m apart in open grassland on the Harwell 
airfield. Three plots of each of the following soils were 
used: (1) peaty soil; (2) sandy loam; (3) calcareous sandy 
loam; (4) clayey loam; (5) calcareous loam, from the 
Harwell airfield. The soils were chosen to be repre- 
sentative of the types normally found in Britain, including 
extremes. The choice was confirmed by the Soil Survey of 
England and Wales, which carried out analyses on them. 
Some details of their composition are given in Tablo 1. 
For these fifteen plots the soil was sieved (mesh size 
about lem) to remove stones, and after laying down was 

dlowed to consolidate for six months. Grass was thon 
1 allowed to grow for four months during which 
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Base 
Percen a | Per- * exchange 
sand a ceni centage p capacity 
silt (2 pm- clay | CaCO, m y 
2 mm) | 100 g 
Small | Small | Nil 51 119 
80 13 05 66 10 
59 27 64 74 23 
61 24 3-7 72 21 
34 23 39 T9 19 


Analyses performed by the Soil Survey of England and Wales, Rothamsted. 











period it was cut three times. The remaining three plots 
were of grass-covered undisturbed local soil. 

One millicurie of ez:sium-137 as a solution of cæsium 
carbonate was deposited fairly uniformly drop by drop 
on an area 30 cm in diameter on each of the plots in 
August 1956, immediately after cutting the grass. This 
amount was considered sufficient to ensure that additional 
deposition of fission products from nuclear explosions 
during the course of the experiment could be neglected, 
and this in fact has been the case. 

The plots were exposed to normal rainfall. The grass 
was cut periodically and allowed to lie on the surface, 
except for one occasion when the cuttings were removed 
to determine their radioactive content. 

Measurement of y-ray dose rate. Tho standard measuring 
position was at a height of 50 cm above the centre of the 
plot. For each measurement four condenser ionization 
chambers (A.E.R.E. type 11204, similar to the Baldwin 
type BD 11) were used simultaneously. The chambers 
were held in a container supported on a rigid framework 
so that they were always at 50 em above the soil surface. 
Each chamber was charged to 50 V and its residual 
voltage after exposure measured by means of a Farmer 
electrometer. The initial discharge rate was about 1 V/h 
and exposures of about 16-24 h were made. Measurements 
were made on each plot immediately after deposition of 
the activity, then at intervals of a few weeks, and later 
much less frequently. 

Determination of activity distribution and calculation of 
dose rate. If the distribution of activity with depth in 
the soil is known the dose rate can be calculated for com- 
parison with the measured dose rate. In June 1960, 4-8 
years after the beginning of the measurements, one plot 
of each soil type was chosen for examination. From each 
plot three sample cores of soil about 5 em in diameter 
and 20 em deep were removed and each core was then 
split into horizontal layers of thickness 2-5 em. The 
relative amount of activity in each layer was determined 
with a scintillation counter and thus the profile of activity 
with depth was deduced. 

Some of the soil cores, particularly of peat, crumbled 
when handling and the results from the three cores from 
a given plot were not very consistent, resulting in uncer- 
tainty in deriving the mean activity profile. A complo- 
mentary method was therefore used. An assembly 
(Fig. 1) consisting of 5 of the ionization chambers spaced 
vertically by lead disks 5 cm in diameter and 2-5 em thick 
was lowered into the holes left by the removal of the cores. 
The activity in the soil can be considered as divided into 
five horizontal layers, one centred opposite each chamber. 
The dose rate observed with each chamber is due mainly 
to the activity of the layer opposite the chamber, but there 
will also be a contribution from the other four layers. 
An auxiliary calibration experiment was performed by 
immersing the chamber assembly in a water tank to 
simulate soil and observing the response to a point source 
of exsium-137 moved about the tank. Integration of 
these observations enabled the response of each chamber 
to be deduced for a layer of unit activity at each of the 
five levels. Then, from the dose rates observed with the 
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Table 1. SowE DETAILS OF THE COMPOSITION OF THE SOILS 
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five chambers when the assembly is lowered into a hole 
with an unknown activity distribution, it is thus possible 
to derive the relative activities in each of the five layers. 
There was generally reasonable agreement (except for 
peat) between these profiles and those obtained directly 
from the core samples, and a mean activity profilo was 
derived by combining all the results for a particular soil 
t 


ypo. 

Using this combined distribution the dose rate at 50 
cm above the surface of a plot of each soil type was com- 
puted, using tabulated absorption coefficients and build- 
up factors, and expressed as a fraction of the dose rate 
due to the source as originally deposited on the surface. 

Using the same activity distributions calculations were 
made of the dose rate reductions at 1 m above a uniform 
infinito deposit of cwsium-137 and of uniform deposits 
of radius 10 and 100 m. Details of the calculations, in- 
cluding choice of parameters, are given in the appendix 
to this article. 

The variation of dose rate with time is shown in Fig. 2. 
Results from all three plots of each of the six soil types 
used are included, but after four years no further measure- 
ments were made on the plots used for profile determina- 
tions. 





Fig.1 


In Table 2 are given the activity profiles which were 
measured at 4-8 years from the initial deposition in August. 
1956, in the form of the cumulative activity in layers 
increasing successively in thickness by 2 em. For peat. 
the activity profiles obtained by both direct and indirect 
methods are given. Tho fraction of activity in the top 
5 em of soil is also given in Table 2. 

In Table 3 are given the fractions of the original dose 
rate at 50 cm observed at 4-8 years after deposition, 


Table 2, ACTIVITY PROFILES 





Fraction of activity in layer at 4-5 years 









Pent * careous?| Clayey?| fleldt 
sandy loam dis- 


loam 




















0-2 0:47 0:22 
0-4 0-72 O-41 
0-6 0-85 0:57 
0-8 0:92 0:70 
0-10 | 0-96 0-80 
0-12 0-98 0-88 
0-14 0-09 0:94 
0-20 1:00 1:00 
0-5 0-79 





* Activity profile from observations on core samples. 
t Activity profile deduced with five-chamber ‘probe’. 
t Combined profile. 
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<: Fig. 2.. Variation of dose rate with time for three plots of each of six 
soil types 










| together with values computed from the eorresponding 
soil profile measurements. X 

_ The activity of the grass on the one occasion in October 
60, when it was removed for analysis, generally did not 
xceed 0-01 per cent of the activity originally deposited, 
except for the undisturbed local soil, where it was 0-1 

dE 

r each of the plots of a given soil type there is a similar 
ation of dose rate with time (Fig. 2) and at 4-8 years 
ios of the observed dose rates to the initial values 
‘reasonable agreement (Table 3). The differences 
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rapid movement of cesium into the soil for the fir 
years. For the subsequent period of 4-7 years tho ok 
tions for all plots give a value of the effective hal 
(23 + 12) years with a one-in-two chance of this 
consistent with the radioactive half-life of 30 ; 
For the one undisturbed soil the value obtained 
ll) years. These values indicate that after four 
the activity distribution remains fairly stable. . 
The dose rate fractions computed from the ol 
mean profiles of activity agree well with the observed 
reductions, being in general about 10 per cent higher. 
For peat the values computed from the activity profiles 
derived by the direct and indirect methods bracket 
values for the other soils, and it would probably bi 
to take the average profile for peat, as for the ot! 
despite the rather wide difference. 4 
The observed dose rate reductions are applicable 
deposits of the small area used in the experiment.. x 
large area deposits the contribution from the deeper... 
layers will be relatively less than in the small area case, 
because of the larger proportion of long soil path lengths 
associated with these deep layers. Calculations have been 
made of the dose rate reduction at 4-8 years for a measuring. 
point 1 m above the surface (this being the conventional . 
height for assessment of radiological hazards) for deposits: 
of several sizes, using the activity profiles experimentally 
determined for the small area plots. This shows that for 
plots of infinite area the mean dose rate at 1 m would on, 
average be only 0:32 of the initial value. For the plots of 
small area at 50 cm above ground-level a typical set of 
dose rate observations can be well fitted by the function 
D(t) = 0-24e74t + 0-7604, the corresponding  'half- 
lives’ q, and c, being 0-75 and 22-7 years respectively, 
Taking this form as a basis, assuming that there is again 
an initial fall for 4 years followed by a slow drop with the 
same half-life as before, and taking the value as 0-32 at- 
4-8 years, the predicted behaviour for an infinite aroa 







Table 3. FRACTIONS OF INITIAL DOSE RATE AT 4-8 YEARS 














Values for value at Computed values at 1m 
Soil type individual plots, Mean [50 em plot for plot radius B 
measured at 50 em value radius cem 
15 cm 15 em 10 m 100m infinity 
0-66 0:66 0-738 0-68 0-75 0-82 0-689 
0-64 073 0-49 
E Hm mnm mo 5mm 
ainareous sandy loam 0-68 0:62 i " 73 M i 
i $ 0-65 0-64 0-658 0-65 0-69 0-76 058 
careous loam? (disturbed) 0:70 0-67 0-66 0-68 071 0-78 0-61 : 
leareous loam} (undisturbed) 0:67 0-65 0-64 0-65 O71 078 0-59 : 


| Computed 

















1 Combined profile. 


Spat 





§ Plot used for soil samples : extrapolated value given. 


* Activity profile from observations on core samples. 
+ Activity profile deduced with five-chamber ‘probe’. 





ion by the M.R.C. € 
c mittee? of an effective 
tinuously, which was based partly on preliminary results 
of the present work. Table 4 shows the dose rates pre- 
dicted by the two formule for a single deposit of 10 mo./ 
"Okme?, the initial dose rate being 1-2 mrad/y. It will be 
- seen that the infinity doses do not differ very much, 
‘put the doses predicted for periods up to 30 years are over- 
estimated using the 10-year half-life. 








| Table 4. PREDICTED AIR DOSES FROM A LARGE AREA DEPOSIT OF 10 me,/km?* 


























D ox Dose (mrads) 
2s Period 








o. (years) Method of M.R.C. and U.N. This report 
; 42 2:3 
6-7 $4 
8-7 45 
152 9:4 
1783 15:2 





“The figures in Table 2 show that at the time of sampling 
(4-8 years after deposition) about 50-80 per cent of the 
aetivity is contained in the top 5 cm of soil. This is not 
inconsistent with work reported by Squire and Middleton’, 
who in a similar experiment show that, after 3-5 years, 
"between 80 and 95 per cent is in the top 5 cm. Other 
. workers have measured cesium-137 in soil from fall-out 
. deposition. In these cases the deposition took place over 
period of years so that probably not all the activity will 
reached its ultimate depth.  Booker* shows that 
per cent. of the cesium-137 is contained in the top 
em of some Cumberland soils, Dominici et al.* give a 
of 77 per cent for some Italian soils and Walton® 
80 per cent for some soils in the United States. 
4-8 years the y-dose rate at 50 cm above a small 
a of soil on which cxsium-137 has been deposited is 
ween 55 and 73 per cent of the initial dose rate for 
hteon plots of five different soil types, the average 
for the individual soil types lying between 60 and 
cent. There seems to be little significant difference 
m the movement of the activity in the different 











r 4 years tho reduction of dose-rate with time is 
slower than in the initial period, and for the period of 
_ 4-7 years tho effective half-life is (23 + 12 years). This 
"implies very little movement of activity after 4 years. 

` Tho reduction in dose rate computed from the activity 
.profiles is in good agreement with the observed values. 
Calculations of the dose-rate reduction at 1 m above 
its of infinite area show that at 4-8 years the average 
reduetion is to about 32 per cent, compared with 65 per 
cent for deposits of small area. 

Comparison of the present method of predicting the 

- futuro dose from a deposit of cæsium-137 with that of the 

 M.R.C. and U.N. reports indicates that the latter over- 

estimates the dose for periods up to 30 years, although 
< the value of the infinity dose is similar by both methods. 
c5 'fhe activity in the top 5 cm of soil after 4-8 years varies 
| between about 50 and 80 per cent of the total activity, and 

“little penetrates below 10 cm. 














Se APPENDIX 
_ Calculation of Dose Rate from Activity Profile 
ooo Consider a layer of activity p per unit area and radius 
COUR et a depth y below the soil surface (Fig. 3). Take an 
annular element at P of area 2xzdr. The dose rate at 
.0 from the olement is: 
"E pk enpPQ By (uy e; PQ) €72 Bu, 0,0Q) 













coefficient of the soil and p, its density, 


factor to convert intensity to dose rate, ul8o oo 0 cu el MI 
X being the disintegration constant for radioactive decay — 
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where u, and p, are corresponding values for air and where 


B is the build-up factor to account for scattered radiation. _ ; 


This assumes, as is customary, that the overall build-up . 
factor is the product of the separate factors for the two 
media. 
The total dose from the layer is then: 
R 


kf ada SE 
D(y,R) = d ES e'npPQ B (p, pP Q) «05099 Balp) —— 
0 


The build-up factor as expressed here is a function of 
energy and atomie number and it may be assumed that 


both for air and soil the values for water at 0-66 MeV 


may be used. Following Taylor’, to simplify the caleula- 
tion further the build-up faetor has been approximated 
by the following analytical expression derived by fitting 
the tabulated values* over the region of interest. 

Bit) = 11 00-1488 — 10 


Then by suitable manipulation D(y,R) may be expressed . 


Ww 

] ; f orde 

in terms of the tabulated integral Eie) = | —77. 
£ 

giving: 

2 

Diy.R) oy = 121 [Edn) — Ei(nyy)] — 110 [Ed(;) — 

Eng. 


— 110 [E«(n) — Ei(nsy)] + 100 [Ei(r4) — 
I4) 
where n, = 0857p piy + 08579, p,0: na = 85T py + 
apii Na = gap + 08574, p,0; Na = Magi + Hes and 
Y? = 1+ RE?j(a + yY. 

A similar expression, but with different coefficients, is 
obtained if absorption and build-up factors for aluminium ` 
instead of water are used for the portion of the path 
through soil. A few cases were computed using both sets 
of values as the soil compositions are such that their 
properties should lie between these extremes. In practice 
the values of D(y,R) were almost identical and the com- 
putations have been made using the values for water. 
y, was taken as 0-0855 cm?/g, p; as 1-6 g/em?, pa as 00770 
cm?/g and p, as 0-00125 g/em*. 

If the activity profile is given by A(y) as the activity ina 
layer of depth y, then the fraction of tho initial dose rate 
observed at time £ after deposition will be: 


AB, t) = e? Diy, R)AQ)dy[D(, R) j Aty)dy 
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ewsium-137. For each activity profile the value of 
R, 1) was calculated by evaluating the integrals from 
em in 1 em steps. The results are given in Table 3. 
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CTINOMYCINS are antibiotics having antitumour 
"A activity. According to Brockmann’, they are each 
composed of one phenoxazone-chromophor and two 
| pentapeptide-lactone rings (Fig. 1). 

_ Recently, these chromopeptides have received increased 
attention because they can block the biosynthesis of 
INA-dependent RNA (‘messenger RNA’, that is, the 
[A which specifies amino-acid sequence during protein 
synthesis) by. formation of a complex with the DNA- 
iplate. For the first time, the actinomycin-DNA- 
plex underlying this biological mechanism has been 
itified by Kersten et al.2. This complex is easily split 
nto its two constituents (DNA and actinomycin) by 
raction with those organic solvents in which actino- 

| themselves are soluble. Urea has the same effect 
higher concentrations. These observations almost 
ude strong bonds between actinomycin and DNA- 
lecules. More likely is the existence of weaker bonds 
‘drogen bonds) between the molecules concerned. 
. Prior to further investigations of the actinomycin- 
DNA-complex itself, we attempted to answer the following 
questions: (1) Can information regarding the steric 
* arrangement of the peptide-lactone rings in actinomycin 
be obtained from a survey of X-ray diffraction data with- 
out having recourse to a complete structure analysis ? 
(2) Are the results of X-ray data to be interpreted in 
terms of a decapeptide-dilactone attachment to the 
cehromophor—as for example proposed by Warner? by 
analogy with gramicidin S (Fig. 2)—or is the original 
concept by Brockmann! of two pentapeptide-lactone 
rings confirmed, and how can the influence of molecular 
shape and size promote complex formation between 
DNA and actinomycin ? 





"Table 1. UNIT CELL AND SPACE GROUP DATA FOR THREE POLYMORPHS OF 
: : ACTINOMYCIN C, 


Be Lattice constants No, of Density 
Pus Lo n molecules — (gem 
iple Solvent ^ "Volume of unit Space per unit ob- calcu- 
e, cell (in À*) groups cell served lated 
, Methanol  &-—1589;6-88-5 Hàm, R32 6 119 roi 
(+ H0)  F=11,910 or R3m 
ethanol @= 188; = 38-5 R3m, R32 6 119 1-08 
CF H0} V—11,784 or Ràm 
ethyl 18 7:0—884 Büm, R32 119 1:10 
acetate V= 11,629 or R3m 
benzene a= 21:4; b= 27-2; P2, or P2,/m 4 119 130 
{-+ligroin) 5 AA, B= 107-9"; 
awg 
.whioroform @==17-6; b= 10-9; P2,orP2,/m 4 1:22 106 


(+ ligroin) ¢= 23-1; 6 = 97-8; 
; Í F 8016 


le erystals of ruby-red actinomycin C,(C4H 40,,N::; 
rt.: 1283-5), erystallized from various organic solu- 
were afterwards used to obtain a series of X-ray 
tion patterns, using rotation, oscillation and Weis- 
berg (vanadium-filtered chromium-radiation) and pre- 
techniques (nickel-filtered copper-radiation). All 
dress: DEGUSSA. Physico-Chemical Laboratories, Konstanz, 
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indices (but different in sign) could again result morpho- ..- 
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X-RAY DIFFRACTION OF ACTINOMYCIN C; 


By H. G. BACHMANN* 
Department of Mineralogy and Crystallography 
AND 


WERNER MÜLLER 
Department of Organic Chemistry, University of Göttingen 





investigations were carried out at room température, 
The results are summarized in Table 1. c 

So far, three different polymorphs of actinomycin C, 
have been identified: one hexagonal polymorph (samples 
A,, A, and A,) and two different monoclinic polymorphs 
(samples B and C). 

Hexagonal polymorphs (samples A, A, and 
results for the hexagonal polymorph, measu 
material crystallized from methanol, ethanol an 
acetate respectively, are virtually identical within 
limits of error. The mean values of the total number of 
measurements made on photographs of the three samples 
mentioned are: as 
hexagonal setting : a = 18-8 A 386 Å; V = 11,756 At; Boxe 8, 


rhombohedral setting : a = 16-8 i ja = 681°; V = $01 Åt Z = XS 
observed spectra (hexagonal setting) : Akil: —A+k+1 = 3n 

0001 : ls Bn 

Ah2hi : l = 3n 


AnOl : hb = 8n : i 
characteristic space groups : Rīm, R32 and F3m. DOR gtin 
densities (observed) : 1-19 g cm for samples An A. and A (hotaka m 









binary solutions of carbon tetrachloride: au 
densities (caleulated) : TOL 108 and 1:10 g cm~ (cf. Table 1); mean value 
calculated from data quoted here: 1-09 gems... 
The densities were calculated using the molecular 
weight 1283-5 which, according to the determination of 
the chemical constitution of actinomycin by Brockmann}, 
was assumed to be valid. In order to explain the devia- 
tions between observed and calculated densities, certain 
amounts of enclosed solvents from which the material was 
crystallized, have to be taken into account. Thus, the 
actual molecular weight of actinomycin crystals is 1283-5 
+ x; X is of the order of 100-200, depending on the type 
of solvent used. As all the actinomycin polymorphs 
presented here were crystallized from mixtures, ib is not 
possible to determine frofn x the number of molecules of 
solvents enclosed per each molecule or unit cell of actino- 
mycin. The assumption, that considerable amounts of 
solvents are trapped by all actinomycin polymorphs en- 
countered so far, is further substantiated by the behaviour 
of sample C (see following section on monoclinic poly- 
morphs). i 
Morphologically, the crystals have the appearance of 
more or less distorted hexagonal bipyramids. It is, how- 
ever, not possible to distinguish among the three probable 
space-groups on morphological grounds. The signals given 
by individual crystal faces on the two-circle goniometer 
were in all cases too weak and blurred to permit accurate 
measurements. The crystallographic form of the hexagonal 
bipyramid is permissible only in space group Rim (centro- 
symmetric); in space group R32 (non-centrosymmetric), 
a combination of positive and negative rhombohedra could 
simulate a hexagonal bipyramid, while in the other non- 
centrosymmetric space group R3m, a combination of two 
hexagonal pyramids with approximately equal Miller 
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Fig. 1. Molecular model and formula of actinomycin C, in terms of 
one phenoxazo mophor and two pentapeptide-lactone rings 


logically in a pseudo-hexagonal bipyramid. For the 
following considerations the true space group of this 
polymorph of actinomycin C, is of little importance, 
because any one of the three possible space groups can 
only be based on a trigonal (or pseudo-trigonal) symmetry 
of the moleeule itself. Assuming the Brockmann con- 
figuration to be valid, a genuine trigonal symmetry of the 
molecule (Fig. 1) is out of question, as the three-ring 
system composing the molecule (two pentapeptide-lactone 
rings and the chromophor ‘ring’) varies considerably not 
only in mass but also in internal atomic distances. 
Assuming further that the structure is built up of layers 
of generally flat actinomycin molecules vertical to the 
c-axis with Z — 6, the requirements of thickness for each 
individual layer (that is, molecule) are 38:5 A/6 = 6-4 A. 
The maximum thickness measured on the scale model of 
the molecule (Fig. 1) corresponds to 5:8 A, so that the 
unit cell can easily accommodate six actinomycin mole- 
cules. The pseudo-trigonal symmetry of the molecules— 
demanded by space-group requirements—can be achieved 
by rotation around the trigonal axis running through the 
centre of the molecule. Thus, rotational two-dimensional 
disorder could increase the overall symmetry so as to 
eorrespond with the possible space groups. Within each 
hexagonal unit cell the centres of gravity of the six mole- 
cules of actinomycin should, therefore, occupy the 
following positions : 


in space group R32 : 3 centres of gravity in position 
(b) (000 : 1/3 2/3 2/3 ; 2/3 1/3 1/3) + 00 1/2 
3 centres of gravity in position 
(a) (000 ; 1/3 2/3 2/3 ; 2/3 1/3 1/3) + 000 
or, 6 in (c) where z is not 0 or 1/2. 
in space group R3m : 2 x 3 centres of gravity in position 
(a) (000 ; 1/3 2/3 2/3 ; 2/3 1/3 1/3) + 00z 
in space gronp 3m : same as in space group R32 ; except that the molecular 
symmetry is different, 


The weighted reciprocal lattice as an image of the 
Fourier transform of the unit cell content (and in rare 
cases, where unit cells of low symmetry contain only one 
or two molecules, of the molecule itself) sampled at the 
reciprocal lattice points, gives very little additional infor- 
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mation in this case, mainly because reflexions are only 
observable up to sin 0/4 = 0-30 A+. In the reciprocal 
net of the [0001]-projeetion, the six reflexions nearest to 
the origin are at a distanco of 1/d = 0-08 A~, which corre- 
sponds to interatomic distances of 12-5 A in the molecule. 
The six strongest reflexions are situated at l/d = 0-14 À- 
away from the origin, thus representing interatomic dis- 
tances of 7-2 A, For an interpretation of these two groups 
of reflexions (that is, distances) in terms of the idealized 
molecule (Fig. 3). 

Limited as this information may be, it seems, however, 
sufficient to make the existence of the pentapeptide con- 
figuration of actinomycin C, in this particular polymorph 
very plausible. In no way can molecules possessing the 
decapeptide configuration (Fig. 2) be arranged so as to 
represent—even vaguely—trigonal (or pseudo-trigonal) 
symmetry. 

Monoclinic polymorphs (samples B and C). The mono- 
elinie sample B is obviously that which was described 
earlier by Sarlet, Toussaint and Brasseur*. They obtained 
from goniometrie and X-ray rotation picture measure- 
ments the following lattice constants: a — 21.7 A; 
b = 27-4 Å; c = 14:5 A; B = 110-7? (nospace group given). 
At the time their investigation was carried out, relatively 
little was known about the chemical constitution of 
actinomycin; therefore, the molecular weight, which they 
deduced from microbiological assays of the proline content, 
has been superseded by more recent determinations. 





o 
C*0 Tarp, . 
Sar —Meval-]-o loba 
-— nro 
Pro 


hr | 
LT 
Dared A s o are nl 


Fig. 2. Molecular model and formula of actinomycin C, in terms of 
one phenoxazone-chromophor and one decapeptide-dilactone ring 
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f both monoclinic polymorphs are tabular and fet 
the direction of the b-axis. Goniometric 7 
were hampered by the same difficulties as e 
the hexagonal sample. Reflexions given by sample B 
tended only to sin 8/4 = 0-20 A, while those of sample 


covered the region up to sin 9/4 = 0-45 A“. The un- 

bserved reflexions, 0k0 with k = 2n + 1, indicate the € & e e e 

same possible space groups, P2, or P2,/m, for both mono- 

clinic polymorphs. Again, a distinction between the 

. centric and acentric space groups was not possible. 

The densities were determined as described for the ®© © e e. 9 — 
exagonal samples. The notably higher density of the ; 
material crystallized from chloroform is probably also 


ue to inclusions of the solvent. This assumption is e o e e e 
substantiated by the fact. that the density of the 
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e Lá 

Fig. 4. Weighted reciprocal lattice of the [010]-projection of. sample B 

of actinomycin Cs, one of the two observed monoclinic ymorphs, The 

strong reflexions nearest to the origin indicate pseudo-trigonal shape and 
tilt of the molecules f i 



















sample increased after prolonged suspension in carbon 
tetrachloride and cyclohexane, thus accounting: for an. 
exehange of trapped chloroform by carbon tetrachloride. 
After 1 h the density had reached the value of 1-24 glom”. 
14 The same is true of all other samples investigated, th gh 
ei less pronounced than with sample C. This may indicate 





ace aie Was wa es ei the inclusion of solvent in all erystals encountered, which 
oes consequently would in part account for the stepped and 

d uU faceted crystal faces and the limited ranges of observable 

refiexions. (The latter fact could also be caused by strong 

;— ; internal thermal motion, but the explanation given above 





transform. us 
Only a complete crystal structure analysis can give 
definite answers to the questions raised, but despite the 
feasibility of heavy-atom methods (7-bromo-actinomycin 
is easily prepared), the limited number of observable 
reflexions imposes severe restrictions even with the use 
of three-dimensional data, particularly in view of the large 
number of atomic parameters to be determined, though 
the heavy-atom compounds may yield reflexions extend- 
—* —: ! ing to higher sin 9/A-regions. Bere 
e Summarizing the results, the answers to the questions 
@) Single layer of idealized trigonal molecules (at z=0 or 1/2) outlined in the introduction are as follows: The X-ray 
ly present in ine agone po gorph of. ere or data of the hexagonal polymorph of actinomycin €, can 
Cont urs ofthe unit call dase ©) Contour of idealized trigonal only mp aval bot e ~ motor eint a 
e. The. broken lines correspon: ; interatomic distances trigonal pseudo- rigona; symmetry an is consequently 
the foU aeea etc trod? oed rediprocal requires moleeules with two pentapeptide-lactone rings 
are iid = 0: ups is, 12-5 Å in real space), while reflex- attached to the chromophor ring. Any decapeptide- 





are dd = 014 tak aoa dto : We origin (that isi T2 A dilactone-chromophor configuration is unable to fulfil the = 
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requirements of the hexagonal (rhombohedral) spa 
groups determined. One of the two monoclinic pol 
‚concept of the molecular shape, while the second mono- 
clinic polymorph (sample C) gives no immediate informa- 
tion regarding its molecular shape in its weighted recipro- 
cal nets. In view of the complex formation between 
actinomycin and DNA, it is very likely that planar mole- 
.eules of actinomycin ean be squeezed or sandwiched 
between the base groups of DNA far more easily than the 











} ye 
‘morphs (sample B) strongly supports the pseudo-trigonal ~~ 







dilactone arrangement. 
r. W. H. 
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: -DETERMINATION OF THE CODING RATIO BASED ON MOLECULAR 








WEIGHT OF MESSENGER RIBONUCLEIC ACID ASSOCIATED 
WITH ERGOSOMES OF DIFFERENT AGGREGATE SIZE 


2 By Di. THEOPHIL STAEHELIN, Dr. FELIX O. WETTSTEIN, Da. HIKOKICHI OURA and Pror. HANS NOLL 
Bcc Department of Microbiology, School of Medicine, University of Pittsburgh, Pennsylvania 


HE question of the molecular weight of messenger 
RNA (mRNA) has been the subject of much discus- 
i ntil it was recognized that preparations of mRNA 
isolated from crude cell extracts or from a population of 
"purified ribosomes are heterogeneous with respect to sedi- 
“mentation behaviour and hence presumably covering a 
< wido spectrum of molecular weights. Apart from tho 
| technical difficulties of relating sedimentation rate to 
 moleeular weight presented by this situation, knowledge 
of the range of molecular weights covered by this spec- 
of mRNA molecules appeared of little value unless 
olecular weight of the message could be related to 
of the polypeptide chain which it encoded. A direct 
h to the solution of this problem was suggested 
oy recent experiments on the structure and function 
josomes. According to these findings, the fune- 
units of protein synthesis are ribosomal aggregates, 
somes, consisting of closely spaced 70-80 § particles 
together by one continuous strand of mRNA 
-6) Extraction of mRNA from ergosomes of 
am i aggregate size should therefore yiold homogeneous 
"preparations of a molecular weight that is proportional 
to the number of ribosomes contained in the aggregate. 
= This prediction was borne out by experiments with rat 
liver ergosomes that, after labelling under suitable condi- 
| tions in vivo, contained mRNA labelled with phosphorus-32. 
| The results of sedimentation analysis indicate that the 
length of mRNA, stretched out between the two condens- 
ing sites of adjacent ribosomes, corresponds to about 
|.90 nucleotides, in agreement with previous estimates 
(derived from less accurate measurements or indirect 
computations^*. It will be shown that the precise 
knowledge of this ‘unit length’ of mRNA, together with 
available data on the chain-length and biosynthesis of 

_ hæmoglobin, permits what we believe to be tho first 
-direct and unequivocal determination of the coding ratio. 

"The value is 3, as predicted by Crick et al.*. 

Male albino rats weighing about 350 g were fasted 

15-18 h, then injected intraperitoneally with a saline 

solution of PO, (45-60 me./mg phosphorus; Abbott 
. Laboratories) and killed 3 h later in ether anæsthesia by 

-exsanguination after cutting the abdominal aorta. Each 
. animal received 1-2 ml. containing a total amount of 

7-10 me. *PO,. The livers were removed immediately 

< and homogenized as previously described’. 

- Highly purified ribosomal preparations containing 
han 90 per cent ergosomes (‘O ribosomes’) were 
tained by centrifugation. of tho sodium-deoxycholate- 

ated postmitochondrial supernatant through two layers 
M and 2-0 M). 
Jishedss. — 
































Details of the procedure — yst« | tudy r 
the molecular weight of mRNA yield relative values that 


Depending on the particular requirements, different 
types of sucrose gradients, namely, linear’, convex or 
concave exponential, were used as indicated for each 
experiment. The fluid was collected into an automatic 
fraction collector after passing through an ultra-violet 
absorption cell connected to a strip chart recorder. The 
fraction collector and strip chart recorder were synchron- 
ized with a precision pump which delivered the gradient 
fluid at a constant flow rate’. Depending on the concen- 
tration, flow cells of different light paths were used.. The 
recordings were standardized by converting the scale to 
read absorbancy units based on a 10-mm light path. 

The sedimentation constants corresponding to the 
messenger RNA (mRNA) peak positions were determined 
by calibrating the sucrose gradients with 18 S and 29 S 
ribosomal RNA (rRNA) as standards. Under the condi- 
tions utilized, the distance of migration (d) was found 
to be proportional to centrifugation time (t) and sedimenta- 
tion constant (S): 


d = kSt 


in which k is a proportionality factor. 
of centrifugation time, the ratio of the distances travelled 
by 29 S rRNA (d,) and 18 S rRNA (d;) was always con- 
stant: 


d,d, = 29/18 = 1-6 


From the sedimentation constants of different mRNA 
preparations determined in this reference system, we 
calculated the corresponding molecular weights using 
the equations and numerical constants derived by Gierer 
and by Spirin from investigations with tobacco mosaic 
virus (TMV) RNA (refs. 11 and 12). The application of 
Gierer’s (or of Spirin’s) numerical treatment to our 
sedimentation data on mRNA is justified: (a) because we 
are using rRNA from rat liver as internal standard in our 
experiments and the sedimentation constants determined 
by Gierer?? for rat liver rRNA (29 S and 18.S) as reference 
values in our computations; (b) bocause Gierer as well as 
Spirin has shown that, under standardized experimental 
conditions, their empirical equations relating sedimenta- 
tion constant to molecular weight are applicable to both 
TMV-RNA and to ribosomal RNA of different sources!?-13, 
Although Spirin gives no sedimentation constants for rat 
liver RNA, his values for E. coli rRNA (17 S and 23 S) are 
consistent with Gierer's larger values for rat liver rRNA, 
as evident from the results of Hiatt, who examined both 
rat liver and E. coli rRNA under identical: conditions, 
It follows from these considerations that the methods: 
and system of reference used in this study for determining _ 











Thus, regardless um : 
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Fig 1 Sedimentation pattern of pulse-labelled RNA components 
prepared from (A) normal and (B) RNase treated ergosomes A, C ribo- 
somes corresponding to 04 mg RNA were dissolved in 10 ml of 05 
per cent aqueous SDS and centrifuged in a linear sucrose gradient 
(0 5-1 0 M) for 40 h at 25,000 r p m and 3°-5° C, using a Spinco SW 25 
rotor The gradient contained 0005 M £ris-hydrochlorie acid, pH 7 2 
BB, an equal amount of C ribosomes was suspended in 1 0 ml of distilled 
water contaming 12x10-5 g pancreatic ribonuclease (Worthington, 
crystallized three times) After meubation for 5 mm at 37° C, 0 05 mI 
of 10 per cent aqueous SDS was added, the reaction mixture chilled 
and subjected to zone centrifugation as described under A 


are based on the absolute molecular weight of TMV- 
RNA, namely, 21 x 10%, as determmed independently 
by Gierer and by Spwın — Since the results from many 
different laboratories agree on this value, ıt appears to be 
a rehable standard" 

The RNA components were liberated by adding 10 
per cent sodium dodecylsulphate (SDS) (USP grade 
from Fisher Scientific Co ) to the ribosomal suspension to 
give a final concentration of 0 5 per cent!* Short heating 
of the mixture to 37° C seemed to produce optrmal dis- 
sociation without degradation When the warm mixture 
was layered on top of the pre-cooled gradient, the SDS 
sometimes precipitated, but this did not interfere with the 
officiency of separation Fractions collected from gradi- 
ents were assayed for radioactive RNA by precipitation 
with perchloric acid, essentially as described by Wettstein 
et al’  Pnor to precipitation with 10 ml 06 N per- 
chloric acid contaming 20 mg Johns-Manville ‘Celite’, 
each 10-ml fraction was mixed with 04 ml bovine 
albumin solution (5 mg/ml) to serve as co-precipitant 
The precipitates, collected by suction on filter paper 
disks that had been overlaid with 40 mg ‘Celite’, were 
washed twice with 5 ml of ice-cold 0 2 N perchloric acid, 
then once with 8 ml propanol-ether (1 2) and finally 
with 6 ml propanol-ether-chloroform (2 2 1) The 
dried precipitates were transferred into plastic counting 
vials and dissolved with 1:0 ml hyamune solution After 
addition of 15 ml toluene semtilation Iquid!’, the 
samples were assayed for radioactivity ın an automatic 
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Packard “Tri-Carb’ hgud seintillation spectrometer model 
314 When samples containing both 44C-labelled protem 
and **P-labelled RNA were assayed, the radiation of each 
isotope was measured simultaneously ın separate channels 
by appropriate disciummator settings The carbon-14 
values were corrected for a slight amount of overlapping 
with the phosphorus-32 energy spectrum The channel 
counting the phosphorus-32 radioactivity was fiee from 
earbon-14 radiation The recovery of RNA from the 
gradients by this method was close to 100 per cent, as 
shown by control expermments with ?*P-jabelled influenza 
virus RNA (ref 18) 

In a fist experiment we studied the sedimentation 
pattern of RNA derived, from an ergosome population of 
mixed aggregate sizes C ribosomes, prepared from the 
hver of rats that had received one intraperitoneal jection 
of PO, (about 10 me ) 3 h before they were killed, wero 
treated with sodium dodecylsulphate to dissociate the 
11ibosomal nucleoprotem and subjected to zone centrifuga- 
tion m a sucrose gradient. The sedimentation diagram 
reproduced in Fig 1A, shows 4 radioactivity peaks a-d, 
two of which comeide m position with the absorbancy 
peaks of 29 S and 18 S ribosomal RNA The other two 
peaks (c and d), which contribute no significant ultra-violet 
absorption, sediment at a slower rate with maxima corre- 
sponding to 11-16 S (c) and 4-6 S (d) The c peak appears 
to be heterogeneous, as 1ndicated by the wide sedimentation 
range, and overlaps considerably with the 18 S »RNA 
component The sedimentation behaviour of the c peak 
and its high specific activity aro characteristics that have 
been attributed to messenger RNA im experiments with 
bacterial exiracts!-?? The relative mtensities of the 
radioactivity peaks were found to change as a function of 
labelling time After shorter labelling periods (30-60 
min), less radioactivity, relative to the c peak, appeared in 
TRNA (a, b) and considerably more in the d peak, simular 
to results obtamed by Penman et al with RNA extracted 
from ergosomes of HeLa cells that had been labelled with 
3?PO, for 40 mm?? The experiments described here were 
all carried out after a 3-h labelling period, since under 
these conditions the amount of radioactivity in mRNA 
and the labeling ratio mRNA/rRNA were optimal for 
analytical precision <A study of the metabolic turnover 
of the various ribosome-associated RNA fractions will bo 
published elsewhere? 

The conclusion that the material of hgh specific activity 
sedimenting in the 8-16 S region is mRNA 1s further 
supported by its high sensitivity to RNase Thus, when 
the same preparation of € ribosomes was exposed to traces 
of pancreatic RNase prior to treatment with SDS, the 
c peak disappeared (Fig 1B) The sedimentation dragram 
further shows that, after treating the ergosomes with 
RNase, a considerable portion of the material of high 
specifie activity remained acid insoluble However, the 
distribution 1n a sucrose gradient of this resistant fraction 
appears more dispersed and seems to have shifted toward 
lower sedimentation values, indicatmg partial degradation 
of mRNA into smaller fragments Since, under these 
conditions, RNase causes breakdown of ergosomes mto 
73 S monomers and small oligomers, the findings reported 
here provide additional evidence for the conclusion that 
the ribosomal aggregates are held together by mRNA 

In contrast, the other ribosome-associated RNA com- 
ponent of high specifie activity (d), hke rRNA (a, b), 1s 
relatively resistant to RNase under these conditions The 
nature of the radioactive material m the d peak is not 
certam, 16 mught consist chiefly of termmally labelled 
sRNA, smee most of the radioactivity sedimenting in this 
region 1s removed from the ribosomes by short incubation 
of the labelled ribosomes ın a non-radioactive meorpora- 
tion mixture, as evident from the results described here 

The quantitative relationship between the size of 
ergosomes and the sedimentation rate of ribosome-bound 
mRNA was determined by the followmg experiment C 
ribosomes were incubated for 25 min at 25° C with 
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Fig 2 Fractionation of ergosomes according to aggregate size **P- 
lab ed € ribosomes (about 14 mg RNA input) were incubated for 


25 mun at 26° C in 12 ml of non-radioactive standard incorporation 
mixture (ref 7) contammg pH 5 enzymes and an ATP generating 
system ‘The reaction was stopped by chilling and the mixture centri- 
fuged for 2 h at 25,000 rpm and 2°-4° C 1n a linear sucrose gradient 
(02-0 6 M) contaming 0 05 M. £r:s-hydrochloric acid, pH 76, 0025 M 
potassium chloride and 0 001 M. magnesium chloride Fractions A-F 
were removed for sedimentation analysis of RNA (Fig 3) The remaiming 
fractions were treated with perchloric acid to determine content of 
radioactive RNA(O) The recovery of labelled RNA from the gradients 
A-F in Fig 318 mdicated by the black squares 


unlabelled pH 5 onzyme in the complete amino-acid 
meorporation mixture to ‘chase’ the ribosome-bound 
sRNA label and to disperse unspecific aggregation’? Tho 
ergosomes were then fractionated according to aggregate 
size by zone centrifugation 1n & sucrose gradient (Fig 2) 
Six fractions (A—F) corresponding to the aggregate sizes 
(73 S)s, n = 1, 3, 5, 7, ~10, ~14, were removed foi sedi- 
mentation analysis of RNA Fractions A-D were cut 
so as to be centred with respect to the corresponding peak 
positions by monitormg the effluent absorbancy with a 
flow cell attached to a stmp chart recorder After adding 
SDS to each of the six samples to disrupt the nucleopro- 
tem, the reaction mixtures were analysed by zone centri- 
fugation m a sucrose gradient 
Tho sedimentation diagrams, reproduced in Fig 3, 
again show a labelled RNA peak of high specific activity 
which sediments at a slower rate than the absorbancy 
peaks of 29 Sand18SrRNA The peak position of this 
component ıs seen to shift towards higher S-values with 
increasing aggregate sıze of the parent ergosome fraction 
Together with the evidence of the preceding experiments, 
this confirms the conclusion that this componont 1s mRNA 
According to mvestigations with TMV-RNA (refs 13 
and 15), the molecular weight (M) of single-stranded RNA 
18 related to the sedimentation constant (S) by the 
empirical equation 
M = a$* 
mn which a and b are experimental constants Whon this 
relation was applied to our expermnental data, using 
18 S rRNA as an internal standard for calibration and the 
parameters derived by Guerer (a = 1,0100, b = 22) or 
by Spirm (a = 1,550, = 21) proportionality was 
observed botween aggregate size and the molecular weight 
of the corresponding mRNA (Fig 4) The slopes of the 
straight lmes fitted to the data plotted according to 
Gherer or Spirin agree within 10 per cent, corresponding to 
about 28,000—29,000 molecular weight units per ribosome 
unit As evident from the two plots in Fig 4, the data 
calculated by the equation of Giorer (M = 1,100 S? ?) 
show a somewhat better fit to the expected hnearity 
Inspection of the sedimentation diagrams m Figs lA 
and 3 indicates some overlapping of the radioactivity peaks 
corrosponding to mRNA and 18.8 »RNA. The extent of 
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this ovorlapping inereases as the mRNA peak moves 
closor to the adjacent rRNA peak (Fig 3) In addition, 
the radioactivity in the 1egion between the 29 S and 
18 S rRNA peaks mereases throughout the senes A-F, 
particularly near the leading edge of tho 18 S peak, 
giving riso to a recogmzablo shoulder in E and F In the 
sedimentation pattern of the RNA released from fraction 
A, which contained mostly 73 S monomers, the contamina- 
tion of the 18 S peak with mRNA 1s relatively small and 
the specific activities of the two rRNA. components are 
nearly equal That they are m fact identical was demon- 
strated in a separate experiment in which the residual 
contammation with mRNA was eliminated by using for 
extraction monomers that had been released from e1go- 
somes by amuno-acid incorporation m viro (Fig 5) 
When the overlappmg regions of the radioactivity poaks 
shown m diagrams A-F were corrected on the basis of this 
finding (dotted hnes m Fig 3), an additional peak of high 
specific activity was revealed m tho 18-22 S region 
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Fig 3 Sedimentation analysis of messenger RNA corresponding to 
ergosomes of different aggregate size Fractions A-F from gradient 
shown in Fig 2 were treated with SDS and analy sed by zone centri- 
fugation as described under Fig 1 Numbers corresponding to arrows 
indicate sedimentation constants of mRNA peaks Dotted lines show 
interaction between 18 S rRNA and mRNA as explamed 1n text 
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Table 1 DISTRIBUTION OF **P-RADIOACTIVITY ASSOCIATED WITH BNA COMPONENTS EXTRACTED FROM ERGOSOMES OF DIFFERENT AGGREGATE BIZ 
AFTER 3-H LABELLING PLRIOD* 
| Absorbancy at 254 my Radioactivity of integrated Specific activity of ribosomal 
Ergosome of integrated peak areas peak areas RNA and of messenger RNA 
fraction } a b ajb cpm % distribution cpm /mg RNA 
(205) (188) a at total} a b$ ell a+b** ett 
A 0 96 0 40 24 481 501 1,451 33 14 53 10 x 10? 88x105 
B 109 0 46 24 526 483 1,061 32 13 55 97 91 
C 120 051 23 569 474 1,842 31 14 55 96 93 
D 113 048 23 544 481 1,708 32 14 54 97 88 
E 0 92 0 39 24 468 498 1,396 33 14 53 94 80 
P 079 033 24 400 507 1,122 36 14 50 10 77 
Average 24 491 33 14 53 97x10? 86x105 





* Measurements taken fiom sedimentation diagrams shown in Fig 3 
giadient 
(a +b) per cent 
Telation mg mRNA=0013 x mg rRNA 
From the successive displacement of this peak toward 
higher S-values, parallehng the increase in molecular 
weight of mRNA (A—F) we conclude that this mmor 
component 1s the product of an interaction between mRNA. 
and 18 S :ENA This interpretation 1s supported by 
calculations mdicating that the observed sedimentation 
18te of this object 1s ın tho range expected for a molecular 
complex consisting of one molecule of 18 S 7RNA and 
one molecule of mRNA 

The quantitative distribution of the various RNA 
components piesent in the gradients A-F, computed from 
the appropriate integrated peak areas, 1s shown ın Table 1 
The absorbancy data indicate that the mass ratio of 29 S 
to 18 S ribosomal RNA has a constant value of 24 This 
agrees well with a value of 2 5, computed from numerous 
experiments, that corresponds to the ratio m which the 
iibosomal RNA of a 73 S particle is partitioned between 
its 50 S and 30 S nucleoprotem sub-units** From 
these results and the approximate particle weight of the 
nucleoprotem sub-units, it follows that each 50 S sub-unit 
contams one molecule of 29 S rRNA and each 30 S sub- 
unit one molecule of 18 S rRNA 

The specific activity of the 29 S rRNA 1s the same in all 
fractions 1ogardless of the size of the aggregate from which 
16 was extracted, and accounts for 33 per cent of the total 
ribosome-associated radioactivity after a 3-h labelling 
period This indicates that by this time the newly syn- 
thesized ribosomes are evenly distiibuted over the entire 
ergosome spectrum 

The fraction of radioactivity associated with mRNA 
was computed by subtracting the radioactivity of ribo- 
somal RNA. fiom the total radioactivity recovered from 
the gradients, after correcting for the extent of ovor- 
lapping between mRNA and rRNA We find that in all 
fiactions examined, meluding the monomers, mRNA 
accounts for about 53 per cent of the ribosome-associated 
radioactivity Of particular mterest is the observation 
that the mRNA content of the monomer fiaction 18 not 
significantly lower than that of the aggregates On the 
other hand, the sedimentation behaviour of mRNA 
isolated from monomers, when compared with that from 
ergosomes, 1s considerably less homogeneous (Fig 3.4) 
It appears thorefore that the stretch of mRNA, attached 
to an mdividual 73 S particle present in the monomer 
fraction, varios m size, frequently exceeding the ‘unit- 
length’ of 90 nucleotides While this would increase the 
average mRNA content per 11bosomo, our results suggest 
that this effect 1s compensated by the presence of a sub- 
stantial fraction of monomers that are devoid of mRNA 
This mterpretation 1s compatible with the heterogeneous 
origin of single ribosomes?* ‘Thus, previous experiments 
have shown that monomers may be formed from ergo- 
somes by RNase cleaving mRNA randomly within the 
exposed stretches connecting the ribosomes, or by tho 
process of protein synthesis which causes the sequential 
release of monomers from one end of the aggregates? 
Hence, monomers produced by the tape mechanism of 
protem synthesis from aggregates contammg more than 
2 mbosomes should be free of mRNA This 18 confirmed 





T Specific activity of 29 S peak (c p m /Aaeo) 
§ Computed from absorbancy area of 18 S peak and average specific activity of 29 S peak 
** Computed from absorbancy areas of 29 S-- 18 S peaks, using the relation 20 absorbancy units=10 mg RNA 





t Totale pm recovered from 
I| Per cent radioactivity in mRNA = 100 per cent — 
Tt Computed from the 


by the results of an experment summarized in Fig 5 
C ribosomes were incubated under conditions of protem 
synthesis until extensive breakdown of ergosomes into 
monomers had occurred, as mdicated by the sedimenta- 
tion pattern m Fig 5.44 A fraction contammg mostly 
monomers was removed from the gradient, tieated with 
SDS and analysed in a sucrose gradient (Fig 5B) Com- 
parison of the relative peak aroas im Figs 3A and 5B 
shows that, as a result of this treatment, the mRNA 
content of the monomer fraction has been reduced by 
about 65 per cent In addition, the mRNA peak position 
has shifted from about 47S to65S Ths indicates that 
the average length of mRNA attached to monomers has 
increased (from about 100 to about 220 nucleotides), 
whereas the proportion of monomers contamng mRNA 
18 now much smaller than before incubation under condi- 
tions of protem synthesis This would bo expected, if, 
after the complete breakdown of an aggregate as a result 
of protein synthesis, the original mRNA fragment 18 not 
or only partially degraded and remains attached to the 
terminal ribosome, as illustrated m Fig 6 We have 
indeed found (Fig 7) that only about 20 per cent of the 
total radioactivity associated with C ribosomes was 
degraded into acid soluble products under the conditions 
of amino-acid meorporation described m Fig 5 Moro- 
over, this hmuted degradation must have occurred by 
enzymatic hydrolysis proceeding from the free end of 
mRNA, smce degradation into acid-soluble fragments 
by random cleavage due to an endonuclease would not 
favour the survival of ribosome-associated pieces of more 
than unit length 

Table 1 also hsts the specific activities of mRNA and 
rRNA obtamed after a 3-h labelling poriod These were 
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Fig 4 Molecular weight of messenger RNA as a function of ergosome 
size Left, the shaded areas give an estimate of the maximal expermmental 
errors, composed of the errors with respect to average aggregate size 
(Fig 2) and average sedimentation constant (Fig 3) The molecular 
weights corresponding to the horizontal bars were calculated (according 
to Gierer) fiom the sedimentation constants shown by arrows m Fig 3 
Right, the same data plotted according to the molecular weight determ- 
1nations of Gierer and Spirin 
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Fig 5 Sedimentation analysis of ribosomal RNA and messenger RNA 
isolated from 73 S monomers were from ergosomes during protein 
synthesis «n tro A, ??P-labelled C ribosomes corresponding to 1 05 mg 
RNA were incubated for 35 mim at 35? C in 09 ml of non-radioactive 
standard incorporation muxture The chilled reaction mixture was 
analysed by centrifugation for 100 min at 39,000 r p m. through 37 ml 
of a convex sucrose gradient (0 6-about 12 M) containmg 0 05 M tris- 
hydrochloric acid, pH 7 6, 0025 M potassium chloride, and 0001 M 
magnesium chloride in a Spinco SW 39 rotor Fractions of 0 25 ml 
were collected automatically B, the two fractions containing mostly 
73 S monomers (shaded area in Fig 5 4) were pooled, diluted to 1 2 ml 
with distilled water, treated with SDS and analysed by zone centri- 
fugation a8 described under Fig 1 


computed from the experimental data listed, fiom the 
known molecular weights of rRNA (063 x 105 + 16 x 
105) and from the molecular weight of mRNA determined 
m these experiments (28,000—29,000 per nbosome unit o1 
about 13 per cent of the total RNA associated with 11bo- 
somes) The ratio of the specific activities mRNA 
rRNA of about 88 1, found after a 3-h labelling period, 
provides another striking illustration of the rapid turnover 
of mRNA as compared with rRNA 

Experiments with bacteria have established the essential 
participation of messenger RNA in protein synthesis 
Bacterial messenger RNA has been isolated as a unique 
RNA species which differs in structure and function from 
transfer RNA and ribosomal RNA and ıs characterized 
by heterogeneous sedimentation behaviour and base 
composition, rapid metabohe turnover, and the ability 
to serve as template for protein synthesis when associated 
with ribosomes? Recently, this evidence merged with 
the results of an independent approach which originated 
from an analysis of the physico-chemical state of active 
ribosomes and led to the discovery that the functional 
units are ribosomal aggregates (ergosomes, polysomes) 
held together by mRNA (refs 1-6) Further experiments 
on the structure and function of ergosomes contributed 
to the elucidation of the mechanism by which the genetic 
message is translated into the co-hnear structure of a 
growing polypeptide chain??9:?" An essential feature of 
this process 1s the temporary character of the association 
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between RNA template and ribosomes The close agree- 
ment of results obteined in parallel experiments with 
ergosomes from rat liver? and E col? indicates that both. 
systems share the same basic mechanism 

Nevertheless, pievious failures in pulse labelling 
experments with mammahan systems to demonstrate 
metaboheally active mRNA in cytoplasmic extracts 
encouraged speculations that m. specialized mammalian 
tissues, such as hver, protem synthesis may involve the 
use of stable templates^ This mterpretation was 
challenged by the finding that after mhibition of mRNA 
synthesis with actinomycin or ethionme**, liver ergosomes 
break down within & few hours?939 The isolation of 
pulse-labelled mRNA from purified ergosomes described 
m this article confirms by direct evidence our previous 
conclusions concerning the participation of mRNA in 
the structure and function of ergosomes The results indi- 
cate that, if consideration 18 given to the different meta- 
bolic performance of cells in mammalian tissues, mam- 
malan mRNA fulfils the eriteria of rapid turnover and 
heterogeneous sedimentation behaviour previously estab- 
lished fox its identification as genetic messenger by work 
with bactema Below we discuss some of the aspects on 
which new information has been obtained and the signific- 
ance of these results for the present concepts of RNA and 
protem synthesis 

(1) Influence of experimental conditions on reproducibility 
of results In order to obtain data permitting a meaningful 
quantitative analysis, a number of critical experimental 
conditions must be observed These include (a) source 
material of constant composition, (b) quantitative extrac- 
tion methods; (c) protection against degradation of RNA, 
(d) suitable labelling time, (e) centrifugation periods and 
1oni¢ conditions that msure sufficient resolution Condi- 
tions a-c are satisfied by disrupting purified ergosomes 
with SDS This procedure avoids the hazards of two- 
phase systems encountered with phenol extraction 
methods? Under the conditions described, the RNA ıs 
solubilized quantitatively with negligible degradation 
This 1s supported by the finding that 1n our sedimentation 
diagrams the mass ratio of 29 S to 18 S rRNA approaches 
the value of 2 5 established by Huppert and Pelmont foi 
undegraded rRNA m Ehrlich ascites tumour cells?? The 
RNA sedimentation patterns published in the literature 
are often obscured by the effects of degradation reflected 
im the wide vanations of the relative peak areas corre- 
sponding to the two rRNA components. 

The choice of labelling time 1s critical, since the various 
RNA components are present in different proportions 
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Fig 6 Schematic diagram illustrating tape mechanism of protein 

synthesis and degradation of mRNA ın vitro During protein 33 nthesis 

tetramer (A), contaimmng 4 polypeptide chains p in various stages of 

completion, breaks down (B) into 4 monomers, as mRNA 18 transferred 

to terminal ribosome TR and partially degraded by exonuclease I 

A finished polypeptide cham P remains attached to each of the three 
monomers M that have been released from mRNA 
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Fig 7 Degradation of messenger RNA during amino-acid incorporation 
in uro — "P-labelled O ribosomes (1 1 mg RNÀ/ml ) were incubated at 


35° C in the standard incorporation mixture with 19 !*C-amino-acids 
(01 umoles/ml) and uniformly labelled !*C-leueme (0 02 umoleg/ml 

90 me/mmole) At the indicated intervals, 02 ml aliquots were 
removed for assay of acid insoluble radioactive RNA (phosphorus-32) 
and for amino-acid incorporation (carbon-14) An additional tube, 
contaming !?C-leucine 1n place of **C-leucine, was incubated for 35 min 
(as indicated by arrow) and used for the analyses described in Fig 5 







30 AMINO ACIDS 





^4 Á N 
l l \ 
\ 
| | 
F————— 
90 
NUCLEOTIDES 
Fig 8 Schematic diagram illustrating determmation of coding ratio 


As the messenger tape moves from A to B across the distance of 90 
nucleotides connecting two ribosomes, 30 amino-acids are added to the 
growing polypeptide chain at the condensing site of each ribosome 


and are labelled at different rates, and sunce adequate 
1esolution of closely adjacent peaks ıs only possible ıf their 
1adioactivities are not too dissumdar The distribution 
of phosphorus-32 with respect to the RNA components 
of rat liver ergosomes was most favourable for detecting 
mRNA after pulses of 2-4 h duration. After shorter or 
longer labeling periods, the radioactivity was either 
predominantly in component(s) sedimenting in the 4-6 S 
range or m rRNA 

Good 1esolution of the smaller components ( <15 S) also 
requires long centrifugation periods (40-50 h under our 
conditions) When shorter centiifugation periods were 
applied, the components m the 4-10 S range failed to 
separate, and then sedimentation constants, as determmed 
from the position in the gradient, were too hgh Mutual 
interaction between the various components also inter- 
feres seriously with resolution This interaction was 
munimal in the absence of divalent cations (Mg++), at low 
iome concentrations in the gradients, and after short 
ineubation (2-3 mun at 37° C) of the ergosomes with SDS 
prior to centrifugation 

(2) Size of mRNA and protein sub-units (Coding ratio) 
As pointed out by Crick®, the obvious way vo find the 
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coding ratio 1s to find the size of the piece of nucleic acid 
coding a protem of known length With the confirmation 
of the tape mechanism hypothesis of protem synthesis7-2?, 
the experimental solution of this problem has been greatly 
simplified and reduced to finding (a) the size of the piece 
of mRNA connecting two ribosomes (unit length), (b) the 
number of amino-acids added to each growing polypeptide 
cham as the messenger tape moves across the distance 
between two 11bosomal condensing sites (Fig 8) For the 
unit length of mRNA the present results yield a value of 
90 nucleotides with an estimated precision of better than 
+ 10 percent Our previous results on the length of the 
corresponding polypeptide cham indicate a lower limut of 
20 amino-acids and an upper hmit of about 40 These 
1esults narrow down the coding ratio to a value between 
2and4 Combining these findings with the observations 
that reticulocyte ergosomes making hemoglobin consist 
predommantly of pentamers*:*:33, we conclude that each 
pentamer contams one molecule of mRNA of molecular 
weight 140,000 which serves as template for the synthesis 
of one hemoglobin chain of about 150 ammo-acids It 
follows that the coding ratio ıs 3, m agreement with 
evidence obtained from genetic experiments by Cnck 
etal® Furthermore, the average length of 90 nucleotides, 
determmed by sedimentation analysis for the stretch of 
mRNA connecting two ribosomes, 18 compatible with a 
distance of about 300 A obtamed by electronmicroscopie 
measurements of reticulocyte ergosomes*9? For this 
and other ieasons, rb seems unlikely that the average 
spacing of the ribosomes along the messenger strand, and 
hence the ‘umt length’ of mRNA, are of a different magni- * 
tude in the rat liver and rabbit reticulocyte system 

(3) Physicochemical and metabolic relationship between 
messenger RNA and ribosomal RNA Our sedimentation 
data show a pronounced tendency of mRNA to mteract 
with the 18 S component of rRNA, but less, if at all, with 
29 S rRNA Variable degrees of this mteraction are 
evident ın all published sedimentation diagrams of both 
mammalian and bacterial cell extracts contammg labelled 
mRNA and 1RNA, under certam conditions the mter- 
action 1s so extensive that most mRNA sediments with 
the 18 S rRNA component As a consequence, the 
mRNA peak becomes blurred or disappears altogether, 
whereas the radioactivity sedimentmg with the 18 S peak 
of ribosomal RNA increases correspondmgly, thus creat- 
ing the misleading impression that 18 S rRNA has a 
higher specific activity than the 29 S component This 1s 
illustrated by the sedimentation diagrams of pulse- 
labelled RNA from rat hver cytoplasm pubhshed by 
Hiatt!4, and explains, at least ın part, why the presence of 
mRNA has escaped this author This situation 18 particu- 
larly treacherous m kmetic investigations, since 16 simu- 
lates & more rapid labelling of 18 S rRNA relative to the 
29 S rRNA molecules!4, which, taken at face value, sug- 
gests a precursor-product relationship mRNA —18 S 
?;RNA — 29 S rRNA (ref 34) The possible existence of 
such a metabolic sequence at the site of synthesis (namely, 
in the nuclei of mammalian cells), though not entirely ruled 
out by ow results on ergosomes, 18 contradicted by the 
findings of Yankofsky and Spiegelman that in E cob 16 S 
and 23 S rRNA are synthesized on different cistrons of the 
DNA-template*5- In support of this evidence, our results 
clearly show that the sub-units of newly synthesized 
ribosomes appearing ın the cytoplasm are equally labelled 
In kmetic mvestigations, to be published elsewhere, we 
have found this to be true even after very short labelling 
periods (1-2 h) The results mdicate that both mRNA 
and rRNA are synthesized from a common nucleotide 
precursor pool, mRNA at about four times the rate of 
;RNA, m agreement with the scheme postulated by 
Levinthalet al for bacteria%® 

Finally, ıt should be pointed out that the preferential 
interaction of mRNA with the 18 S rRNA might have 
functional significance Thus, many published data on 
the mammalian and bactenal system show a similarly 
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strong interaction between mRNA and the 30 S, but not 
the 50 S ribosomal sub-unrt19-%2.24,34,38 One might 
speculate, therefore, that certam regions of the 18 S 
rRNA molecule, when enveloped m the 30 S sub-unit so 
as to form part of its surface, are mstrumental for the 
attachment of the ribosome to the messenger Recent 
investigations concerning the effect of RNase on the 
integrity of the ribosomal surface!5:3940 soam to favour 
this interpretation 

This work was supported by research grants from the 
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Health Service (AI 04303) In addition, one of us 
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GM-K3-15, 274 from the US Public Health Service 


7 Spymdes, G J, and Lipmann, F, Proc US Nat Acad Ser, 48, 1977 
19 


* Barondes, S H , and Nirenberg, M W , Science, 188, 813 (1962) 

> Gierer, A, J Mol Biol , 6, 148 (1963) 

* Warner, J R, Rich, A , and Hall, C. E , Setence, 188, 1399 (1962) 

5 Wettstein, F O , Staehelin, T , and Noll, H. , Nature, 197, 430 (1963) 
* Staehelin, T , Wettstein, F O , and Noll, H , Scwnce, 140, 180 (1963) 
7 Noll, H , Staehelin, T , and Wettstein, F O , Nature, 198, 632 (1963) 


e Warner, J R , Knopf, P M, and Rich, A, Proc US Nat Acad Sa, 
49, 122 (1963) 


*Crick, F H C , Barnett, L , Brenner, S , and Watts-Tobin, R J , Nature, 
192, 1227 (1901) 


1 Britten, R J, and Roberts, R B , Sevence, 181, 32 (1960) 
“ Gierer, A, Z Naturforschg , 18, b, 477 (1958) 

1 Spirin, A S , Brokhamaya, 26, 511 (1961) 

13 Gierer, A, Z Naturforschg , 18, b, 788 (1958) 

u Hiatt, H, J Mol Biol , 5, 217 (1962) 

1 Spirin, A S , Prog Nucleic Acid. Res ,1, 301 (1963) 


NATURE 


January 18, 1964 vor. 201 


18 Kurland, C G@,J Mol Bol ,2, 83 (1960) 

17 Vaughan, M , Stemberg, D , and Logan, J , Sctence, 196, 446 (1957) 

18 Noll, H , Orlando, J , and Staehehn, T (m preparation) 

19 Nomura, M , Hall, B D , and Spiegelman, 8 , J Mol Bol ,2, 800[(1960) 

2° Brenner, S , Jacob, F , and Meselson, M , Nature, 190, 576 (1961) 

?! Gros, F , Hiatt, H , Gilbert, W , Kurland, C G , Risebrough, RB W , and 
Watson, J D , Nature, 190, 581 (1901) 

?? Spiegelman, S , Cold Spring Harbor Symp Quant Bol , 26, 76 (1961) 

2? Penman, S , Scherrer, K. , Becker, Y , and Darnell, J E , Proc U S Nat 
Acad Sc, 49, 654 (1963) 

?! Staehelin, T , Wettstem, F O , Oura, H , and Noll, H (in preparation) 

25 Staehehlin, T , Brinton, C C , Wettstein, F O , and Nol, E, Nature, 199, 
805 (1962) 

20 Japmann, F , Prog Nucleic Acid. Res , 1, 135 (1963) 

? Goodman H M, and Rich, A, Nature, 199, 318 (1963) 

z: kr n S , Shull, K H , and Farber, E , J Biol Chem , 288, 1757 

19 


29 Korner, A , and Munro, A J, Biochem Biophys Res Comm , 11, 235 

30 Villa-Trevino, S , Staehelin, T , Wettstem, F O , Farber, € , and Noll H 
{in preparation) 

31 Huppert, J , and Pelmont, J , Arch Biochem Biophys , 98, 214 (1962) 

32? Crick, F H C, Prog Nuclew Acid Res ,1, 163 (1963) 

33 Marks, P A, Rifkind R A,and Danon, D , Pree U S Aat Acad Ser, 
50, 336 (1963) 

u toe B J, Bntten, R J, and Roberts, R B , Biophys J ,2, 57 


3 Yankofsky, S A, and Spiegelman, S , Proc US Nat Acad Sc, 48, 
1069 (1962) 


3t Yankofsky, S A , and Spiegelman, S , Proc US Nat Acad Ser, 48, 
1466 (1962) 


?' Yankofsky, S A, and Spiegelman, S, Proc US Nat Acad Sa, 49, 
538 (1963) 


33 Levinthal, C , Keynan, A , and Higa, A, Proc US Nat Acad Ser, 48, 
1631 (1962) 


? Allen, D W, and Zameenik, P C, Brochem Biophys Res Comm , 11, 
294 (1963) 


£ Santer, M , Scrence, 141, 1049 (1963) 


HETEROGENEITY IN COMPLEX MATERIALS AND THE CONCEPT OF 
THE REPRESENTATIVE CELL 


By L. HOLLIDAY and G THACKRAY 


Shell Chemical Co., Ltd , Carrington Plastics Laboratory, Carrington, nr. Manchester 


N previous papers!-?, one of us has dealt with some of 
the geometrical and other variables which are needed 
to describe complex and heterophase materials The 
aim. of this communication 1s to introduce a new concept 
—the representative cell—which gives a more quantitative 
description of the heterogeneity Such a concept is 
needed in attempting to predict the physical properties 
of a complex system, or in formulating complex materials 
While the crystallogiaphic unit cell is the fundamental 
buildmg block ın the structure of crystals, ıt does not 
describe completely either polycrystals or complex mater- 
18]s which contain disperse phases or more than one con- 
tinuous phase This comprises the greater part of tech- 
nologically important materials It would be of advantage 
if such materials could be characterized by an addtional 
larger unit, which would be an imaginary volume repre- 
sentmg to a defined and arbitrary probability the hetero- 
geneity of the actual material We call this volume the 
representative cell, by analogy with the unit cell In an 
isotropic material, the representative cell can be imagined 
as a cube, while in an anisotropic material 16 1s a paral- 
lelepiped For simpherty, we deal here with an isotropic 
substance 
The representative cell can be defined in terms of physt- 
cal properties—for example, based on local variations m 
elastic moduli—or 1n terms of geometrical factors such as 
particle size distribution Since m most cases experi- 
mental difficulties would be encountered m obtammg 
the necessary small samples of a material and m determm- 
ing their physical properties, we have based the concept 
on geometrical parameters If » mdependent geometrical 
variables are bemg considered, there will be n different 
values for the representative cell In this general case, 


the representative cell will be defined as the largest of 
these values, smce this will embrace the others 

We shall first of all illustrate how the principle works 
by applymg ıt to a simple example. Consider a system 
m which equal spheres are randomly distributed m a 
matrix The concentration of spheres may be measured 
as a volume fraction or m terms of numbers per unit 
volume Since the spheres are equal these units are 
equivalent, but smce they are randomly distributed the 
concentration varies from pomt to point m the system 
Thus is the only geometrical variable If the average 
volume concentration 1s 1 per cent, the local concentra- 
tions will fall above or below thus figure Imagine that 
100 equal samples of size v, are taken, and that 99 samples 
fall within the concentration range 09-11 per cent 
volume If 100 equal smaller samples of size v, are taken, 
imagine that 99 samples fall within the concentration 
range 0 8-1:2 percent We must now produce a criterion 
by which a small volume of material 1s judged to be repre- 
sentative Ifthe criterion 1s that the concentration should 
be between 09 and 11 per cent, then volume v, 1s the 
smallest volume with a 99 per cent probability of repre- 
senting the material If the criterion 1s that ıt should be 
between 08 and 1 2 per cent, then volume v, has a 99 
per cent probability of representing the material v, 18, of 
course, >V, For the same concentration, as the diameter 
of the spheres mereases, then v will increase 

Let us now mtroduce a second geometrical variable, 
and mmagine that the spheres are not equal To begm 
with, assume for simplicity that they are made up of 50 
per cent of diameter d, and 50 per cent of diameter d, 
The criterion by which a small volume of material 1s 
Judged to be representative could be that ıt should con- 
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tam between 45 and 55 per cent of particles of diameter d, 
and between 55 and 45 per cent of particles of diameter 
d, The volume could then readily be found which had a 
99 per cent probabibty of meetmg this emterion This 
volume would be different from volumes v, and v, in 
the preceding paragraph 

"Wo can now apply the concept to a real system in 
which the distribution of sphere diameters 1s more com- 
plicated than m the foregomg simple example The par- 
ticular example chosen will also illustrate the difficulty m 
measuring the concentration distribution m a system where 
the particle size 18 very small 

High-impact polystyrene consists of spheres of rubber 
of the order of 3u m diameter dispersed m a matrix of 
polystyrene It ıs shown here that, for this particular 
system, the representative cell based on particle size 
distribution 19 approximately 1 x 10 mm?, when the 
probabihty 1s 99 per cent Based on concentration distri- 
bution, 1518 2 1 x 10-5 mm: for a probability of 99 per cent 
In both cases the degree of representativeness 1s defined 
later 
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and s = 02, B, V versus Drobability p < d} when m = 75 x 104 J 
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Our startmg pomt 1s to define the two mathematical 
functions which describe the size and concentration 
distributions of the system Let the particle size distribu- 
tion m the whole material be A(z), that 1s, the proportion 
by number of particles with diameter m the range (v, 
og +dz) 1s h(æ)dæ Further, let us define the concentration 
distribution as follows probabihty (volume, e, contains 
n particles) = pin, mv) where m 1s the mean number of 
particles per unit volume, so that 


ao 
X npn, mv) = mv 
n=0 
For this simple system the representative cell need not 
be cubic, and no shape need be specified The concentra- 
tion may also be expressed 1n terms of the volume fraction. 
f, which 1s related to n by the equation 


T o 
fo 6 oe 
In general, f 1s & more useful concept, bubit 1s difficult to 
measure m practice when the particle size 1s very small 
To determme the representative cell m respect of 
particle size distribution we require some statistic, for 
example, x? or Kolmogorov's?, for comparing the sample 
(cell) and population size distributions Let this statistic 
be D and let the conditional distribution of D be gaty), 
that 1$ ga(y)dy = probability (y < D < y + dy) when 
there are n particles m the same volume Hence 
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e a 

prob (D <d)= Z p(nanv) tasty) 
n= 

where d 1s that value below which D must be for the cell 

to be representative its choice 1s, therefore, arbitrary 

The inequality, D < d, 1s, therefore, the eriterion for 

judging whether the cell 1s representative 

x? 18 distribution-free, that 1s, its distribution 18 mde- 
pendent of the particle size distribution, h(a), for large n 
and 1s used extensively for testing goodness of fit, but rts 
distribution is now known for small n We shall use 
Kolmogorov’s statistic smee rb is also distribution-free 
and rs distribution has been tabulated for a range of 
values of n and c = nd (ref 4) The problem here 1s to 
caleulate v given m, d and prob (D < d). 

The representative coll m respect of concentration 
distribution, when expressed m terms of n, can be found 
by comparmg n with 1ts mean value mv Let the devia- 
tion relative to the mean value be c Thus 1s necessarily 
arbitrary We require 


n— mv 
probabihty il pr | x | 
which equals probabihty (me(1 — e) < n < mv(1 + e} 
{mv (1 + 8) 
= Ep (n, mv) 
[mo (1 — €)] 


where { ) means greatest integer < and[.. ] means 
smallest mteger > Given m and s we have to find v 





such that this probabihty has a given value, say, 99 
per cent 
In order to perform the foregomg calculations for & 


particular case, we must know the concentration distri- 
bution, but 11s not essential to know the particle size distri- 
bution Ibis possible to obtain some mformation about 
these distributions from microtome sections of the material 
m which the spheres will be seen as circles The diameter 
of any such circle 18 necessarily less than or equal to that 
of the particle of which i6 1s a section Let g(s) be the 
distribution of the seotion diameters, then i$ can be 


Shown that 
im h * 
(x) s 
g(s) = 8 | FS 4 
A Va E 


where %m 18 the maximum particle diameter. 

This is a Volterra-type integral equation of the first 
kind and 16 can be sumply transformed into Abel’s integral 
equation It can also be solved directly and the solution 
18 


Vm 
Me) _ 22 US S) 
z 


(1) 





Thus, by means of equation (1), 1$ 15 possible to determme 
the actual particle size distribution from the distribution 
of circular section diameters in & microtome section We 
can calculate m, the mean number of particles per unit 
volume, as follows 
The mean number of eircles per unit area of section = 
m X (mean particle diameter) 


But, from equation (1), mean particle diameter 


4 
PT (mean circular section diameter). 


Hence. 
x mean number of sections/umt area 


mora imean section diameter 





To evaluate the concentration distribution, p(n,mv) 
from such sections would seem to be much more difficult 
While ıb 1s possible to calculate the average volume 
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fraction fiom the average area fraction of a section, 1b 18 
not possible to relate a count of circles ın a section to the 
number of particles m a specific volume In the case 
of Ingh-impact polystyrene, however, ıt would seem 
reasonable to assume a Poisson distiibution since we would 
expect the spheres of rubber to be distributed at random 
m the matrix of polystyrene We shall, therefore, assume 
a Poisson distribution for illustrative purposes 
"We have calculated the values of 
< c) 


Usmg data obtamed from an actual microtome section 
of high-impact polystyrene, the mean number of sections 
per unit area was 3 x 10! sections/mm? and the mean 





n — ar 
mv 





prob (D < d) and prob ( 
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section diameter was 31 x 10 mm, this leads to m = 
75 x 10° particles/mm? We have taken a value of 02 
for d , this is probably larger than 1s desirable, but we 
have chosen ıt since ıt enables us to make use of the 
pubhshed tables We have also taken a value of 0 2 for € 
These values of 0 2 for d and « are arbitrary and are used 
for the purposes of illustrating the argument 


n —mv 
Graphs of prob (D « d) and prob (| s | < c) 


as functions of v have been constructed From these, the 

required values of v may be read off 

1 Holliday, L , Nature, 197, 222 (1963) 

2 Holliday, L , Chem and Indust ,20, 794 (1903) 

5 Stuart, A, and Kendall, M G , The Advanced Theory of Statistics, 2, Chap 
30 (Charles Griffin and Co , London, 1961) 

‘Birnbaum, Z W , J Amer Stat Assoc , 47, 425 (1952) 





PRE-OPERATIVE RADIATION THERAPY: BIOLOGICAL BASIS AND 
EXPERIMENTAL INVESTIGATION 


By Dr. W E. POWERS 


Edward Mallinckrodt Institute of Radiology, School of Medicine 
AND 


Dr L. J. TOLMACH 


Edward Mallinckrodt Institute of Radiology, School of Medicine, and Committee on Molecular Biology, 


UMOUR recurrence after surgical therapy may be 

attributed to any .of three causes (l) chnically 
unrecognized metastases at the time of therapy, (2) 
failure of the surgeon to remove completely the local 
tumour, (3) local or distant dissemmation of tumour 
cells at the time of treatment Recurrence of a tumour 
at the site of the original lesion or in an operative scal 
18 à common clinical observation It has been demon- 
strated both experimentally and chmically that tumour 
cells may be spilled mto both the operative field and the 
circulatory system during surgery^? It would appear 
reasonable, therefore, to attempt to muprove the results 
of surgical treatment by using procedures designed to 
ehminate the reproductive potential of the cells that are 
left behind or dissemmated at the time of surgery (causes 
2 and 3 above) Although cytotoxic drugs are theoretic- 
ally useful for this purpose, their successful use, if 
admmuistered systemically, would require differential 
action whereby tumour cells are killed preferentially to 
normal somatic cells, and if admimustered locally would 
require that they reach the tumour cells These conditions 
do not appear to be readily fulfilled, successful utilization 
of drugs in this climeal situation has yet to be demon- 
strated? 

In contiast, 10nizing radiation can be applied easily 
and selectively to a tumour site Furthermore, 1t has been 
demonstrated repeatedly that the relation between the 
dose of xonizing radiation administered to a population of 
mammahan cells and the reproductive survival of those 
cells is approximated by an exponential function*® 

The measured mean lethal doses (that 1s, the amount of 
radiation that inactivates 63 per cent of a cell population, 
assuming a purely exponential dose-response curve) for 
a large number of human and other mammalian cell 
systems, uradiated both wn vro and in vwo, all le m 
the range 75-300 rads (seo table ın refs 6 and 7) Hence, 
the reproductive capacity of the greater part of any cell 
population should be mactivated with doses of the order 
of only sevoral hundred rads Curves A and C of Fig 1 
show these hmuts of cell sensitivity and mdicate that a 
dose of, for example, 1,000 rads (sold vertical line), 
while generally insufficient to cure a tumour of detectable 
size, will kill the majority of cells that may afterwards 
be disseminated or left behind at surgery By reduemg 
the viable cell number below that needed for re-initiation 
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of tumour growth, the frequency of 1ecurrence following 
surgical excision of the tumour should be reduced. 

It may be pomtod out that unsuccessful surgical treat- 
ment 18 in many ways analogous to the execution of an 
an vwo tumour cell survival experiment in which a known 
number of cells, derived from a tumour that has been 
treated by one or another cytotoxic agent (for example, 
X-rays), are umplanted im tecipient animals, and tho 
fraction of cells still viable ıs determined from the fre- 
quency of tumour development The donor tumour 


Log fraction surviving 





0 1,000 2,000 


Dose (rads) 


Fig 1 Exponential radiation survival curves Curves A and C corre- 
spond to the limits of sensitivity so far reported for mammahan cells 
(drawn with extrapolation numbers of 2 and mean lethal doses of 75 
and 300 rads, respectively) Curve B shows the «n vwo radiation response 
of the 6C3HED lymphosarcoma used in this work, as determined 
previously (ref 13) The vertical lines represent doses of 600-1,000 
rads, correspondmg to survivals of 0 4, 1 and 40 per cent, respectively, 
in situations 4, B and C (500 rads), and 0 0004, 0 03 and 8 per cent, 
respectively, m A, B and C (1,000 1ads) 


$,000 


4,000 


No 49:6 January 18, 1964 


corresponds to the primary lesions, the implantation 
procedure mimics dissemmation of cells at the time of 
surgery (or non-excised local extensions), and the growth 
of the transplanted cells with subsequent tumour appear- 
ance 18 equivalent to post-surgical recurrence or meta- 
static growth Because reproductive integrity of cells 15 
1equired for imitation of tumour growth, killing a large 
fraction of the disseminated or remaimuing cells should 
decrease the ineidenee of recurrence, just as the fre- 
quency of successful transplantation is reduced by 
increasing the dose of the particular mactivatmg agent 
bemg studied 

According to this concept, ıt would be demrable to 

. perform surgery immediately after admmustration of the 

radiation, to preclude the possibilty of proliferation of 
the remaming viable tumour cells during the interval 
between the two therapeutic procedures 

There has been httle experimental mvestigation of pre- 
surgical irradiation, and the radiation biological founda- 
tion of thus mode of therapy has been ignored Those 
few investigations which have been reported have mdeod 
indicated a beneficial effect of pre-operative troatment?-1?, 
however, they have involved systems ın which the cellular 
response to radiation was not independently assessed, and 
procedures im which surgery was camied out on the 
wradiated tumour only after a delay of at least 24 h 

With these considerations in mund, we have examined 
the effect of pre-operative irradiation on the surgical cure 
rate of transplanted, solid, subcutaneous 603H ED tumour 
(Gardner lymphosarcoma) m C3H mice The X-ray 
response of this coll system 1s shown m Fig 1, curve B 
(ref 13) The coll population ın vwo yields a biphasic 
survival curve which appears to amse fiom heterogeneity 
of the cells with respect to the degree of oxygenation A 
dose of 500 rads, which kills about 99 per cent of the cells 
(Fig 1) but which cures no tumours, was selected 

Mico bearmg transplanted tumours in the flank were 
randomly placed into 4 groups Each animal was ansesthe- 
tized, placed m a protective lead shield with only the 
tumour exposed, and taken into the radiation therapy 
room The mee m groups 2 and 3 received. a smgle 500- 
rad dose to the tumour site and surrounding skin Therapy 
was administered with a constant potential unit operated 
at 220-kV, 15 m amp, with 05 mm copper and 10 mm 
aluminium added filtration Tho half-value layer was 1 7 
mm copper The dose rate was 420 rade per mmute at a 
focal skin distance of 20 cm 

The tumours in the mee of groups 3 and 4 were excised 
immediately after the animals were removed from the 
therapy room ‘The tumour and a wide flap of skin were 
excised, with mimmal manipulation of the tumour bed, 
the surgeon attempting consistently to perform the best 
operation possible The surgeon did not know which 
animals had recerved radiation 


` 
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Table 1 SURVIVAL OF TUMOUR-BEARING Mich FOLLOWING VARIOUS 
TREATMENTS 
Group 1 2 8 4 
No of mice 50 50 116 106 
Treatment None 500 rads 500 rade + Surgery 
surgery 
Mice surviving (per 
cent) 0 85 53 


Mico werc exammed daily for delay of wound heahlng, 
tumour recurrence and death Table 1 presents the results 
obtained All mice not dymg have been alive and well for 
6 months (10 times the period needed for 1eappearance of 
the slowest developing tumour) and are considered cured. 
Conversely, all mice developing clinically evident recur- 
iences died within a few weeks after recurrence, with no 
evidence of spontaneous regiession It was impossible to 
determine whether the recurrence resulted from local 
dissemmation of tumour cells or from small pockets of non- 
excised tumour Furthermore, although all mice apparently 
died from the local recurrences, the possibility of con- 
current distant metastases was not ruled out, as thorough 
necropsies were not performed It 1s evident that the dose 
of radiation administered was of itself insufficent to 
cure any tumour (group 2) Statistical analysis (x? test) 
shows that the difference in cure rates between the 
animals of groups 3 and 4 18 highly significant (P = 0 001). 
No delay ın wound healing was observed 1n the animals 
of group 3 es compared with those,of group 4 
Other mouse tumour systems (two mammary car- 
cinomas, two sarcomas, one lymphosarcoma and one 
melanoma) are now bemg exammed, prehmunary results 
indicate that sumlar reduction in recurrence rates will 
be found with the pre-operative treatment 
These results suggest that relatively small doses of 
radiation admunistered pre-operatively may be useful in 
increasing the cwe rate in those clmical situations m 
which surgical extirpation of a tumour 1s expected to be 
followed by a significant incidence of local recurrences or 
metastases resultmg from operatrvo dissemination of 
tumour cells 
This work was supported by grants from the American 
Cancer Society No IN~36C and the US National Insti- 
tutes of Health No 0.4—05846—-03 
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A COLONY OF SPECIFIC PATHOGEN-FREE RATS 


By DEIRDRE P. BELL, Dr P. C. ELMES and SYLVIA M. WHEELER 
Department of Therapeutics and Pharmacology, The Queen's University of Belfast 


NFECTIOUS disease in laboratory animals ınter feros 
I with their use in research work either by causing 
unpredictable mortahty or by produemg pathological 
changes m organs the function of which 1s under investiga- 
tion Good husbandry can reduce the incidence and 
severity of outbreaks of infectious diseases, and 1t has been 
shown that these can be prevented altogether by using 
elaborate expensive methods of isolation?” 

When the work im this small University Department was 
held up by the presence of chronic pulmonary disease in 
all our rats over the age of 20 weeks such comprehensive 
methods were out of the question ' 


Instead 1t has been possible to mamtam a specific patho- 
gen-free colony cheaply and simply A nucleus of animals 
was kindly provided by Dr Davey of Imperial Chemical 
Industries, Ltd , from the specific pathogen-free colony at 
Alderley Park Our colony has now been maintamed 
apparently free from disease for more than three years. 
The method, described ın detail elsewhere’, ts as follows: 

(1) The colony (usually about 250 ammals) is housed 
in a room sealed, off from the other anımal rooms with 
separate ventilation and sluice 

(2) The room 1s kept locked, and access 1s hmited to our 
specially tramed staff who use a barrier nursing techni que; 
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Because of labour-saving methods routine care takes one 
person only 1-2 h a day 

(3) Food and bedding are heat sterihzed before being 
brought mto the room No animals or cages are returned 
to the room after bemg taken out and no animals from 
other stock are allowed m 

Apart from the fact that the animal room 1s not used to 
capacity, 16 ıs doubtful whether the maintenance costs 
are appreciably above normal, and the equipment includ- 
ing cages cost less than £400 

The animals are of Imperial Chemical Industries first 
strain of specific pathogen-free Wistar rats They 
present no difficulty m maintenance provided maximum 
outbreeding 1s practised A parallel colony of the same 
strain but not specific pathogen-free has been mamtamed 
by the same breeding and feeding technique but using 
unsterilized food and housed in a room with other labora- 
tory animals The specrfic pathogen-free colony 1s mam- 
tamed at about 250 animals with 20 breeding pairs and 
the control colony 1s about half that size A comparison 


of the main features of the two colonies 1s shown 1n Table 1 
Table 1 COMPARISON BETWEEN COLONIES OF WHITE WISTAR RATS OF 
THE SAME STRAIN 
(Study lasted three years and Md ahont 400 completed lives from each 
colony. 
Specific pathogen- 


free colony Control colony 


Fertihty 89 per cent 78 per cent 
Mean litter size (at weaning) 88124 774-41 
Weight at 8 weeks (males) 214 + 194g 128 + 193g 
Weight at 19 weeks (males) 388 + 108g 290 + 128g 
Spontaneous mortality (after 
weaning) 136 per cent 5 52 per cent 
Obvious congenital abnormalities — 53 per cent 23 per cent 
Malignant disease 16 per cent 0 9 per cent 
Parasites None Tice frequent 
Pinworms occasional 
Cysticerci rare 
Infections (other than chronic 
lung disease None 145 per cent 
Chrome Iung disease (animals 
over 20 weeks) None 100 per cent 


The disease-free animals grow faster and are less hkely 
to die unexpectedly The higher incidence of congenital 
abnormalities and mahgnaney probably derive from a 
period when inbreeding was being practised , the incidence 
18 now Jower 

All the animals from the two colonies which bave died 
or been used for experimental purposes have been exam- 
ined, post mortem, the lungs being examined histologically 
There has been no evidence of middle ear disease or 
chronic pulmonary disease in animals from the specific 
pathogen-free colony even when more than-two years old 
Evidence of chronic lung disease has invariably been 
present in animals of more than 20 weeks of age from the 
control group. 
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Table 2 EFFECT OF SPLENECTOMY AND CORTISONE ON RATS FROM THE 
SPECIFIC PATHOGEN-FREE AND CONTROL COLONIES 


Specific pathogen- 
free colony Control colony 
Splenectomy 
No of animals operated 
Mean drop 1n hemoglobin level* 
Acute pulmonary lesions (at 
autopsy) 
Animal deathst 
Cortisone (3 mg/day for 10 days) 
No of animals treated 
No of animals with acute pul- 
monary lesions (at autopsy) 
No of animals with chronic pul- 
monary disease (at autopsy) 0 


* Maximum drop on fifth-seventh day after operation 

T The two specific pathogen-free rats died of peritonitis due to use of 
intraperitoneal chloral 

The five control animals appeared to die of anemia 


13 14 
7 per cent 60 per cent 


o 0 NO 
on Qo ope 


Two further tests have been applied to detect latent 
disease ın the colony (Table 2) Splenectomy ın rats 
carrying Bartonella muris causes a fulminating anemia, 
and the parasites should be visible ın the blood The 
control group certamly showed the anemia, which was 
sometimes fatal although no organisms were detected in 
the blood ‘The pathogen-free animals developed no 
anemia, and at operation their spleens were.noted to be 
much smaller than those of the control animals 

Cortisone 1n large doses causes rapid progression of the 
lesions of chronic pulmonary disease‘, so that latent 
pulmonary disease becomes obvious No such lesions 
appeared in the lungs of nine-month-old animals from 
the disease-free colony, but did occur in the animals 
from the control colony (Table 2) 

Now that specific pathogen-free rats can be obtained5, 
it seems well within the means of most laboratories to 
replace their present stock with them Our experience 
shows that such stock can be maintained free from disease 
by sumple and inexpensive methods The use of such stock 
makes the design of experrments simpler because inter- 
current mortality 1s lower and therefore numbers can be 
reduced The lack of endemic disease makes the rats 
suitable for a wider range of experimental investigations 
than has been possible up to the present 

Wethank Dr D G Davey of Imperial Chemical Indus- 
tries, Ltd, Dr  Lane-Petter of the Medical Research 
Council Laboratory Anımals Centre, Carshalton, and 
Prof O L Wade of this department, and others, for their 
advice and assistance 
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SOME CEREBROSPINAL ASPECTS OF CONSCIOUSNESS 


By Dr J. P. CRAWFORD 
Stone House Hospital, Dartford, Kent 


‘HE modern tendency to consider psychology a part 

of physiology! 1s probably a special instance of the 
wider general biological trend m which animals are no 
longer considered in isolation from their environment 
Thus, for some years past now, standard works on zoology” 
have included chapters on bionomics, and text-books of 
general physiology such sub-headings among their pages 
as behaviour, perception, speech, consciousness, sleep, 
conditioning, localization, learning, memory, personality, 
association, reasoning, msight, emotion end motivation 
Certain theoretical aspects of this kind of approach to 
consciousness m particular have struck me as likely to 
accelerate our understending of the neurological or 
physiological equivalents which many psychological 


A, 


concepts thus piesuppose’, and 1t 1s these theories which I 
wish to outlme here 

Exteroceptive nature of conscious awareness Fully 
conscious perception appears to be a function of the post- 
central (parieto-ocerpito-temporal) or sensory, as opposed 
to pre-central (frontal) or motor cortex, for consciousness 
1s severely reduced by decortication and yet, as illustrated 
by the states of sleep paralysis and cataplexy, does not 
require that cortical motor function be mtact Sleep 
walkmg and the automatisms of psychomotor epilepsy 
reveal the opposite state of affairs, namely, that complex 
motor activity does not necessarily imply consciousness 
awareness, a conclusion which is supported by the 
observation that activity m such states 1s not later 
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avadlable to conscious recall m the way dream content 
can be remembered These phenomena taken together 
suggest that ıt may be meorrect to consider that action 
potentials arising from discharge of proprioceptive nerve 
endings in our muscles, tendons and Joint capsules some- 
tumes produce conscious sensation in order to guide our 
voluntary movements, for our conscious appreciation of 
movement may always depend on stimulation of extero- 
ceptrve nerve endings in our integument (touch, deep 
pressure) not only by external objects, but also through 
distortion of the skin and subcutaneous tissues by under- 
lymg jomt movement and muscle action, a contention 
which appears to be supported by the experimental find- 
ings of Mott and Sherrmgton‘ 

Contrary conclusions such as those of Browne et al *, 
who suggest that conscious appreciation of passrve move- 
ment (as opposed to the active variety explored by Mott 
and Sherrmgton) may still depend on impulses arising in. 
the jomt capsule, appear to have been reached without 
excluding the possibility that deep pressure sensation, 
which 1s exteroceptive and could brmg to consciousness 
awareness of jomt movement m the way just suggested, 
may have become anesthetized along with the skin 
mmmediately round the small jomt capsule under test, by 
diffusion of the relatively large quantity of proesme 
myected, and yet escaped anzsthesia in the contralateral 
control jomt; if the site of proximal nerve block, a pro- 
cedure limited to that side, happened to be distal to the 
branchmg off of subcutaneous filaments 
.  Xmpulses from joint capsule, tendon and muscle are 

not the only discharges classed as proprioceptive, however, 
for which at least a partial representation in consciousness 
has had to be mvoked so far to explain how we may 
become aware of movement within ourselves By a 
reverse process of reasoning, from their internal origin, 
some sensations which do reach consciousness, arising 
out of mvoluntary muscle contraction or of our motion 
through space, such as bladder awareness, hunger and 
sense of gravitational orientation, have also been grouped 
as proprioceptive m nature, whereas they are probably 
more accurately classified as exteroceptive m character, 
since the urinary and alimentary tracts are invaginations 
of the body by external space and the otohth organ 
responds to externally mduced mertial fields Perhaps 
in the case of hunger and thirst’, both sensations which 
reflect mternal biochemical or physical states, an analogy 
may be drawn with referred pam which tends to be local- 
wed m the particular exteroceptive somatic segment 
most hkely to lead to action ın the interests of the internal 
need, for example, rest to an mjured part. 

Even if we do accept that we are consciously solely 
exteroceptive, 16 must also be remembered that this 
awareness isinitselfhrmnted Thus, out of the whole range 
of wavelengths m the electromagnetic spectrum, for 
example, our radioreceptors only directly sense light and 
radiant heat? Our mechanoreceptors sumularly only make 
us aware of pressure changes represented by such sensa- 
tions as touch and hearmg?, or gravitational orientation, 
rectal sensation and possibly thirst* Our chemoreceptors 
only bring to notice those substances which have odour 
or flavour or cause pam? The rest of our knowledge 1s 
gained by indirect inference, and this ıs the way m which 
we understand our own proprioception and the hypo- 
thalamic origm of some of our instinetive drives This 
indirect process of reasoning or knowmg by inference 18 
one which requires powers of abstraction and the use of 
symbols, both made possible by the association areas of 
the cortex. The pattern m which mformation 1s coded 
for these purposes, as well as to correlate the primary 
qualities of objects’, has yet to be worked out, but the 
development of language suggests that sound symbols, 
possibly due to their greater phylogenetic and ontogenetic 
antiquity, finally dommate visual patterns of verbal 
manipulation, since they have reduced the mitial infinite 
multypherty of ideograms, through intermediate stages 
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with 50 or 60 syllabic symbols, to our present alphabetic 
serrpt which is economic of mdividual visual symbol", a 
process which may have some bearmg on the mecreasing 
size of the temporal lobe and tts particular relation to 
auditory function 

Photolentwulas theory If direct conscious perception or 
awareness 1s limited to exteroception by the cerebral 
post-central sensorrum, however, and if, as the experiments 
of Mott and Sherrington suggest, to move at will we must 
have exteroeeptive knowledge of ourselves, somewhat 
of the land lost by patients with parietal lesions¥#, then 
since direct fibre connexions between sensory and motor 
cortex probably do not exisb!*, the nature of cerebral 
sensory-motor mteraction 1s not at first sight easy to 
understand I would hke to suggest that in fact interaction 
occurs indirectly through the proprioceptive system, and 
that proprioeeptive control, which must be responsible 
for motor co-ordmation durmg states of automatism 
and sleep walking, learns or is trained for this role in 
parallel with exteroceptive elements, by facilitation 
during conscious practice or experience, so that later m 
the case of habitual actions awareness or conscious abten- 
tion js no longer essential These mdurect peripheral 
proprioceptive connexions between sensory and motor 
convexity can be compared with the mdirect peripheral 
route by which emotion and instinct (which are centrally 
or diencephalically organized) stimulate somatic sensation 
in order to reach consciousness imn the cortical convexity 
and then combine with activity m the Iunbic cortex?! to 
embed recent experience mto memory in a meaningful 
way, a process of association requirmg that attention 
repeatedly shift between present experience and firmly 
retained past events, and explammg why attention, 
whether to external events or to memory, leads to simul- 
taneous disappearance of the «-rhythm post-centially 
and the appearance of B-rhythms pre-centrally m the 
electroencephalogram 

This indirect form of integration between exteroceptive 
sensorrum and cerebral motor cortex, and the unconscious 
nature of cortical motor activity referred to earher, 
suggests to me & photographic analogy Thus- frontal 
and pre-frontal regions of the cortex have for some time 
now been attributed with the functions of attention and 
concentration’, a conclusion which modern psychological 
investigations have confirmed, implying view-finding and 
focusmg activities, whether these be ‘memorzed’ by the 
antenor hmbie cortex by umprintimg on tho 'fhud's 
emulsion present events, or mtroverted by the motor 
convexity to view the ‘crystallized’ screen of memory 
The environment 1s explored by moving eye, ear or hand, 
for example, but, as with & camera view-finder and focusing 
mechanism, this motor activity does not itself appear 
directly in awareness (that 1s, on the film) although its 
presence can be mferred indirectly as 1t were from the 
sharpness of the exposed film's image or the inelusvveness 
of iis content In this photographic analogy, the long 
sensory tracts represent incomung beams of light, con- 
densed, refracted and reflected at various pomts along 
their course, and the proprioceptive mage which travels 
by the spmocerebellar tracts, the cerebellum and the 
lateral ventral thalamic nucleus to reach the psychomotor 
cortex!* (that 1s, adjacent parts of the paracentral lobule, 
pre-central and frontal gyri) would represent the gearmg 
of view- or range-finder to lens 

The analogy between the exteroceptive primary sensory 
cortical areas and the film becomes still more cogent when 
16 18 recalled that the outer world has not only a crossed 
lateral representation m the cerebral cortex", but also a 
vertically inverted one, as if by a lens in fact, the right half 
of the field of vision, for example, being represented in the 
left cerebral hemisphere and its upper quadrant below 
the post-calcarine suleus and vice versa The tactile body 
image shows similar crossmg and imversion, the hand 
representing the macula of the tactile field and areas of 
skin with relatively few touch nerve endings blind spots 
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perhaps The auditory cortex iecerves a stereophonie 
representation of the environment and also exhibits ‘lens’ 
inversion. characteristics, at least to the extent that each 
temporal lobe appears to deal with sound direction loca- 
tion fiom the opposite half of the environment’* This 
auditory field may be considered to have its macula 
anteriorly, where sound location 1s very much the more 
accurate for bemg aided by vision, and a ‘blind spot’ 
wheie the head casts a sound shadow or acts as a break- 
water preventing sounds of shorter wave-length than 
1,500 c/s from circumventing 1b to ieach the opposite 
care In the latter mstance the head must be moved 
from side to side to vary the azimuth of the source’, 
relatively speaking, so that the sound may reach both ears, 
and the difference ın intensity rather than time of arrival 
(or phase) ın each then used m stereophonie localization 
In so far as sound location 1s associated with a visual 
image of the environment, 1b 18 probably also vertically 
inverted, somewhat in the way perhaps that visual and 
tactile cortical representations must become reassociated 
when, as in the psychological experiments of Prof 
Erismann?*, spectacles with special optical systems are 
worn which mvert the visual image of the outside world 
before 16 even reaches the eye 

In man, representation of the chemical senses of taste 
in the post-central gyrus and of smell m the uncus 1s much 
less concerned than equivalent cortical representation of 
the physical senses, with the 1ecognition of various aspects 
of three-dimensional space, and ‘lens’ inversion may there- 
fore be less relevant, although 1n animals the direction of 
wind and scent does appear more important, and some 
fish seem to have adopted a stereo-olfactory pattern im. 
their search foi food?! In both these olfactory instances, 
appreciation of hydro- or aero-dynamues must be as 
relevant as 1s tacit acceptance of the rectimea: and 
other properties of light m the interpretation of vision 
Parkos?? even considers such olfactory orientation to be 
the most hkely way m which salmon, eels and other fish 
navigate vast distances back to the haunts of their youth 
much as migratory birds appear from the experiments 
of Hoffmann®* to become aware while still in the nest of 
the space/time relationships of the Sun compass by which 
they later find then way across oceans and continents** 
Cobb?* considers the avian hyperstriatum to be analogous 
with the mammalian neocortex m subserving this kind 
of awareness 

Crossed lateral cortical representation of the envnon- 
ment n mammals ıs brought about by the various pre- 
thalamic decussations, but vertical inversion in the case 
of the tactile and proprioceptive body images occurs as 
the result of a spiral twist of fibres as they leave the 
thalamus m the internal capsule, and fan out hke rays 
of light m the corona, radiata to reach the cortex Tactile 
fibres from the face, for example, pass from the postero- 
medial ventral thalamic nucleus anteriorly to the genu 
of the internal capsule before arching laterally to reach 
the inferior end of the post-central gyrus, while those 
from the lower or hind limb leave the lateral half of the 
postero-lateral ventral thalamic nucleus in the posterior 
end of the posterior limb of the internal capsule to ascend 
to the supero-medial end of the post-central gyrus 
Inversion of the visual field 1s brought about by the lens 
of the eye, and, as already indicated, auditory field unver- 
sion by association with vision Our ‘lens’ ıs therefore a 
compound one, oi œ lens system some elements being 
pre- some post-thalamic, and it should not be confused 
with the lentiform nucleus which may rather condensé 
the larger quanta of nervous energy which motor activity 
would seem to require for 1ts initiation 

In the interests of accuracy ıt should, however, also 
be recalled that the ‘lens’ appears to have a distorting 
effect Thus the tactile body mage has a disproportion- 
ately large representation at the cortex of various particu- 
larly informative parts such as the index finger, and the 
proprioceptive image, of eye movement and the thumb, 
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while the visual cortex presents the distortion of a Mercator 
projection of the two quarter globes of the retine con- 
cerned superimposed on one another on the flat medial 
surface oi the cerebral hemisphere, together with some 
anteroposterior elongation of this map and a macula 
(polar) vortex down the centre along each side of the post- 
calearme sulcus 

Conscrousness and fatigue In 1955 (ref 26), I directed 
attention to the fruitful field of psychopathological 
research to be found lymg between the various sub- 
divisions of medicme I had in mind, for example, the 
insights which may follow comparing and contrasting, 
say, the labile mood seen in hysterical personality with 
that seen m pseudo-bulbar palsy, the sense of famuharity 
1n déjà vu experiences with the lack of 1t m de-reahzation”, 
or Gerstmann’s syndrome with the relatively simultaneous 
appearance at about the age of five of left-nght differentia- 
tion, counting up to ten on the fingers and the beginnings 
of writing?! Perhaps this psychopathological ‘any man’s 
land’ should now be extended to the vetermary field, for 
there seems little doubt ın view of the occurrence of ‘sham. 
murth’, for example, ın man with lesions in such a relatively 
old part of the brain as the hypothalamus’ that the 
emotions of all higher animals are probably rooted m a 
stiueture of common evolutionary antiquity Prof 
H M Fox, moreover, considers that animals with brains 
sufficiently similar to our own are likely to experience a 
simular form of consciousness, and 1$ may not be unduly 
anthropomorphic therefore to regard them as subjectively 
aware of their own moods, a view tacitly accepted appa- 
ently throughout the 10cent symposium on small animal 
anesthesia held at the Middlesex Hospital Medical School, 
London, durmg July 1963  Pavlov's dogs might therc- 
fore be said perhaps to have felt anxiety when a reward 
which they had been led to expect was delayed, and dis- 
appomtment and boredom when 1b never materialized at 
all, before mhibition finally led to then lymg down to sleep 

The lassitude ımplıed here had already attracted my 
attention as one of the symptoms to be found common to 
different clinical conditions?*, and I was reminded of this 
by a reference?? to our poor understanding of the relation 
betwoen chronic fatigue, disturbance of mood and the 
hypothalamus Owen, m his Myers Memorial Essay for 
1941 (ref 31) on “Fatigue, Rest and Exercise", concluded 
that the mind 1s the first threshold of fatigue and that 
symptoms of functional fatigue commonly produced by 
anxiety and depression are due at least in part to 1mbal- 
ance between the sympathetic and parasympathetic 
portions of the autonomic nervous system This leads me 
to suggest that by fusmg these two concepts into that of 
cerebral autonomic imbalance*® the bodily fatigue which 
accompames such regressive emotions? can perhaps be 
equated with the sort of wearmess normally demandmg 
sleep, which appears to arise from cranial parasympathetic 
predominance (cerebral mhibition or suppression) 

That this wearmess 18 not primarily muscular is sug- 
gested by the absence of electromyographie activity m 
somatic muscles in the relaxed but waking state, when 
tendon reflexes are still present?* and feelings of lethargy 
possible It seems more lıkely, therefore, that the reduced 
‘tone’ of languor may be ın cerebrospinal centres which 
may not on that account be able to support muscular 
activity fully, should they be called on to do so Since, 
however, deep reflexes are mcreased in the neurssthenie 
state, this particular form of chronic fatigue may represent 
in its spinal element the stage of excitement sometimes 
exporienced during gradually dimimishing or returning 
consciousness, aS seen on occasion, for example, when 
inducmg anesthesia or m the process of recovery from 
post-concussional confusion What we need to throw 
more light on this whole problem, perhaps, 1s an electro- 
myelogram recorded continuously and simultaneously 
with the electroencephalogram, although since 1t has been 
pointed out that psychological tests may reveal dehrium 
before this 18 evident clinically?! it 1s possible that mental 


No 4916 January 18, 1964 


assessment combined with sumlar objective measurement 
of the briskness of tendon jerks may 1n the end prove at 
least as sensitive an approach 

Consciousness and respwahon That there 1s a close 
relationship between respiration and consciousness is 
suggested by findings such as those of Doust®* In sleep 
the metabohe rate 1s lowered and the-carbon dioxide 
tension m the alveolar air and arterial blood 1s raised 
The brain’s predominantly carbohydrate metabohsm may 
ieflect these changes to a particularly marked degree, 
and the relatively larger quantities of carbon dioxide 
produced while awake may require swifter removal than 
in other tissues In 1962 (ref 36), I directed attention 
to an old suggestion that the cerebrospmal fluid might 
provide an additional circulation m this respect, and myself 
speculated on the possible part that the pmeal body might 
play m the control of cerebrospinal fluid secretion, but 
this overlooked the fact that Dixon and Halhburton had 
found extracts of pmeal body? to be inert m this sphere 
That an anatomical relation may still exist, however, seems 
possible in view of Tilney and Warren's?? conclusion that 
the whole pineal region 1$ preponderatingly glandiferous 
m its derivatives even though those developing from the 
postvelar and paraphyseal arches—choroid plexuses 
(which Mott? called 'glands') ın many classes of verte- 
biates—may not finally resist encroachment by backward 
extension of the corpus callosum in the way the pineal 
itself does Thus the pmeal body may be thought of per- 
haps as the pineal region's ‘pars mtermedia’, the choroid 
gland 1ta ‘pars anterior’ and the pineal eye its ‘pars ner- 
vosa', integration for the purposes of a common policy 
of electrolyte balance” takmg place through their origins 
m the diencephalic roof plate The pmeal eye may have 
kept the mdividual organism notified of the desiccating 
mtensity of solar radiation‘? since, generally speaking 
(allowmg ın some forms for adaptation or secondary 
elaboration to other function perhaps), this structure seems 
to have evolved durmg the critical period of transition 
fiom an aqueous to a terrestrial environment after which 
1t declmed, whereas the choroid plexus which also first 
made its appearance m primitive cramates has continued 
to merease in size and complexity up to the present erat?, 
supporting the view that in bearmg so close a relation to 
brain size and differentiation, 1$ may mdeed be concerned 
with the special requirements of cerebral respiration, 
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possibly through a close relationship between the cere- 
brospmal fluid and cerebral arterial smooth muscle which 
has a specific 1ntracellulaa sensitivity to hypercapnia 
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VISUAL MASKING 


By Dr. G. H. MOWBRAY and Dr LEWIS B DURR 
The Johns Hopkins University Applied Physics Laboratory, Silver Spring, Maryland 


MN ess masking, sometimes called metacontrast, 1s a 
change in the efficacy of a stimulus associated with 
close occurrence m time of another but similar stimulus 
Demonstrations of visual masking have generally taken 
one of two forms Enther the masked and the masking 
strmul have beon small, homogeneous fields of hght!-?, or 
else they have been common geometrical figures such as à 
disk and an annulus*- In the former case stımulı 
have been investigated which were spatially adjacent? *, 
as well as spatially coincident? and the measure of the 
effect has been ım terms of a change of threshold of appear- 
ance of the target!? or 1n terms of a change m apparent 
brightness of the target as a function of the temporal 
contiguity of the stimul? In the latter case, somewhat 
different considerations apply im that the target has most 
frequently been a black disk on & white background, 
while the masking stimulus has been a black ring con- 
centre with the disk‘-° The usual measure of masking 
in these mwvestigations has been the failure to report 
perception of the disk at some temporal separation 


between disk and rng In the two cases, both backward 
and forward masking can bo shown to occur, that 18 the 
masking stimulus can either follow or piecede the target 
and an effect can be measured 

The investigations on threshold effects and brightness 
discrimination provide information on reduction of visual 
sensitivity due to masking, whereas the rmg and disk 
studies do not Ther concern has been mainly with the 
temporal aspects of contour formation, and, their measure- 
ment the highly subjective one of reporting the appearance 
or the disappearance of a target disk The problem of 
how more objectively denoted stimuli are affected by 
masking has recerved httle attention This communica- 
tion 1s an attempt to remedy that situation and to deal 
with one controversial aspect of masking studies m general, 
namely, whether the masking effect ıs a purely retinal 
one or whether ıt has some more central aspects*»** 

In the two experiments to be reported, the target 
stumulus was a common four-letter English word drawn 
at random from a pool of 150 words The masking 
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Stimulus was a solid black, horizontally oriented rectangle 
the dimensions of which were the same as those of the 
largest word in the pool The words were all prmted with 
black, indian ink on small strips of clear plastic which were 
then carefully glued to separate 5-ın x 7-m sections of 
white poster board The masking rectangle was cut from a 
larger piece of Munsell No 1 black paper and was glued to 
& similar white card The words subtended & maximum 
visual angle of 1° 15’ m the horizontal direction and 13’ 
in the vertical direction Al letters had a stroke-width 
to height ratio of 1/7 

The words were exposed by means of a three-channel 
electrome tachistoscope the viewing box of which consisted 
of compartments contammg mercury vapour, argon lamps 
coated with a magnesium tungstate phosphor arranged 
for opaque projection The channels were viewed from 
a common pomt through two partially front-silvered 
mirrors of known transmission and reflectively to provide a 
single viewing plene The on-time of each field was pre- 
cisely controled by appropriate electronic circuits as 
were the channel sequences Field lumimances were held 
constant at 68 milhlamberte 

The first experiment was concerned with the course of 
backward and forwaid maskmg of words as mfluenced 
by the temporal separation between the word and the 
masking stimulus The stimul were presented to the 
subject’s normal, bmocular regard, and were spatially 
but not temporally comeident The subjects were four 
male and six female college students whose visual acuity 
by the Snellen test was determined to be within the noimal 
range All were tested with ther normal correction if 
one was 1equired 

Before any experimental masking trials were con- 
ducted, all subjects were tested to determine their 75 per 
cent exposure threshold for words typical of those to 
be used in the expermnent proper The individual 
threshold exposure thus determined was the one used for 
the masking trials Because of the spectral characteris- 
tics of the mirrors, oxact colour matches between fields 
could not be obtained Therefoie. exposure thresholds 
were separately measured for each stimulus fiold The 
range of exposure thresholds for all subjects was 4-15 
msec In the masking trials, the words were exposed ın 
one channel half the time and ın another channel the 
other half, and sumilarly for the maskmg stimulus The 
third field always served as an adaptation field and also 
contained. & fixation point 

The same four delay times were used in both the forward 
and the backward meslong trials Thus, the maskmg 
stimulus appeared either before or after the word to be 
identified with a delay of 0, 50, 100 or 200 msec Delays 
were always measured from the cessation of one stimulus 
until the begmning of another A typical, forward mask- 
ing trial had the following sequence adaptation field, 
maskmg stimulus, adaptation field, word stimulus, 
adaptation field In the 0 delay trials, the adaptation 
field did not appear between the two stmmuh All 
subjects provided approximately twenty word identi- 
fications for each delay time and each condition of 
forward and backward maskmg All trials were countei- 
balanced for maskmg condition and  tachistoscope 
channel The presentation of delay times was randomly 
ordered 

Table 1 shows the mean percentage of woids correctly 
identified as a function of the delay between word and 
masking stimulus for both forward and backward mask- 
mg It is obvious that maskmg has no effect until the 
separation between the two stimul 1s less than 100 msec 
and then the masking effect ıs a monotonically mereasing 
one down to zero-delay Whon tho masking stimulus 
follows the target stimulus, the effect ıs shghtly but con- 
sistently greater than when the opposite condition per- 
tains Finally, ıt is mterestng to note that with the 
type of target stimulus used here, maskmg does not 
reach 100 per cent even with no delay 
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Tablel PERCENTAGE OF WORDS CORRECT FOR BINOCULAR MASKING TRIALS 


Delay between word and mask (msec) 


0 50 100 200 
Forward masking 40 66 76 75 
Backward masking 31 60 868 66 


Having demonstrated that partial visual masking does 
occur under the conditions described, we next addressed 
ourselves to the problem of whether the effect 18 retinally 
or centrally determmed The tachistoscopo was modified 
by the addition of hght baffles so that the word could be 
presented to one eye of a subject and the masking stimulus 
to the other eye To ensure that corresponding retinal 
pomts were bemg stimulated, two fixation pomts were 
provided—one for each eye’s visual field The subjects 
easily learned to fuse the image of the fixation points by 
proper convergence until they appeared as a single point 
The target word and the maskmg rectangle were so 
arranged that, on exposure, half of each fell to tho left 
of the fixation pomt and half fell to the mght In this as 
in the former experiment the subjects initiated. the 
exposure cycle by means of a push-button switch when 
they were certain they were maintammg proper fixa- 
tion 

Ten different subjects, two males and cight females, 
were tested for their 75 por cent word exposure duration 
threshold as pieviously, with the exception that only thew 
night eye was used, since that was the one to which a word 
was presented during the experimental trials The mon- 
ocular thresholds were found to be generally higher and 
more variable than the bmocular ones They ranged be- 
tween 8 and 36 msec Except for the differences stated, 
all other expermental conditions were identical to those 
outhned for the binocular trials 

Table 2 shows the mean percentage correct word 1denfafi- 
cations as & function of the delay between the target and 
the masking stimulus No clear mdication 18 provided 
that maskmg occurred with any of the delays, with the 
possible exception of the zero-delay for the condition 
where the masking stimulus followed the target word. 
However, an analysis of variance performed on the data 
showed that the only sigmficant effect was the one con- 
tributed by subject variability Variance due to delay 
was not significantly different from chance 


Table2 PERCENTAGE OF WORDS CORRECT FOR DICHOPTIO MASKING TRIALS 


Delay between word and mask (msec) 


0 50 100 200 
Forward masking 64 61 69 65 
Backward masking 52 60 67 65 


As a check, three control subjects were run under 
exactly the same conditions deseribed for the second 
experiment with the single exception that tho masking 
stimulus was replaced by a blank white card Ther 
results did not deviate m any detectable way from the 
subjects who participated in the ‘masking’ trials 

The conclusions to be reached from ths work, then, 
aio two Partial visual masking of symbole stımulı such 
as four-letter Enghsh words can be accomphshed bimnocu- 
larly if the delay between the word and the masking 
stimulus 1s less than 100 msec ‘The effect seems to be a 
purely retinal one smee we were unable to show any sig- 
nificant amount of maskmg when the woid was viewed 
with one eye and the masking stimulus with the other 

This work was performed under contract NOw 62~ 
0204-c between the Bureau of Naval Weapons and the 
Johns Hopkins University 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


Observation of OH Absorption Lines in the 
Radio Spectrum of the Galactic Centre 


Tue first detection of the 18-cm lines of the OH radical 
was recently reported by Weinreb, Barrett, Meeks and 
Henry! The hnes were observed m absorption in the 
spectrum of Cassiopeia A at frequencies agreeing closely 
with laboratory values Optical depths of 0 016 and 0 010 
were measured corresponding to values of ~ 3 for hydrogen 
lines with the same radial velocities As the optical 
depth of the zero-velocity hydrogen lme m the galactic 
centre source (Sagittarius 4) 1s also of the order of 3 and 
its hne width is greater than those in Cassiopeia A, It 
appeared that we might be able to confirm the results 
given in ref 1 with easily improvised equipment 

The observations were made with the 210-ft telescope at 
Parkes Tho receiver was a switched-frequency type with 
a bandwidth of 50 ko/s, the overall system noise tem- 
perature, moeludmg the source contribution of 220? K, 
was 700? K (double channel) The receiver output was 
integrated for 100 sec at frequencies 20 kejs apart m a 
range of + 160 ke/s about the expected lne frequency 
A single such run gave clear evidence for the absorption 
hne The data obtained from three runs on each hne on 
November 20 are given ın Table 1 


Table 1 CHARACTERISTICS OF OH ABSORPTION LINES IN SAGITTARIUS Á 
Observed hne 


Transityon Frequency (ke/s) Optical depth width (ke/s) 
P=2—>2 1,667,377 + 10 0025 + 0 004 66+ 5 
F=1—>1 1,665,419 + 10 0015 + 0003 63 +3 


The fiequency difference of 1,958 ke/s between the two 
Dnes 1s within 3 ke/s of that reported by Wemreb e£ al 
and the ratio of the optical depths of 1 7 ıs m good agree- 
ment with their observed values of 1 6 and the theoretical 
prediction of 1 8 The observed hne widths are somewhat 
narrower than those of the equivalent hydrogen lme 
observed by Clark, Radhakrishnan and Wilson? with a 
6-ke/s bandwidth or by Kerr (private communication) 
with a 35-ke/s bandwidth on this telescope The radial 
velocities of the OH and hydrogen Imes also differ by 
about 4 km/sec, assuming the rest frequencies of Wemreb 
etal! These differences can be accounted for m terms of 
a variation in the abundance of OH to H in different 
regions contributing to the absorption Suimular effects 
have been noted m some of the Cassiopeia A results 

We thank Mr J A Koehler for assistance m making 
these observations and Mr D © Dunn for modifications 
to part of the receiver 

J G BOLTON 
K J van DAMME 
F F GARDNER 
B J RoBwsoN 
CSIRO 
Radiophysies Laboratory, 
Sydney 
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Radio Observations of the Interstellar OH 
Line at 1,667 Mc/s 


Tue first expermmontal evidence for the presence of 
18-em absorption hnes of the hydroxyl (OH) radical m 
the radio absorption spectrum of Cassiopeia A, as sugges- 
ted by Lilley}, was obtamed by Wemreb e£ al? based on 
observations made during the period October 15-29, 


1963 The Radio Physics Laboratory, Commonwealth 
Scientific and Industrisl Research Organization, in Sydney, 
Australia, has reported the successful measurement of 
OH absorption m the spectrum of Sagittarius (see preced- 
ing communication) 

In this communication we wish to report the successful 
detection of OH in the radio absorption spectrum of 
Cassiopeia A and Sagittarius A as supportmg confirma- 
tion of the discovery by the Lincoln Laboratory, Massa- 
chusetts Institute of Technology Our observations were 
conducted durmg December 7—-December 10, usmg the 
equatorially mounted 84-f parabole antenna at the 
Sagamore Hill Radio Observatory of the Aw Force Cam- 
bridge Research Laboratories, located in Hamilton, 
Massachusetts The spectral hne radiometric recervmg 
system was a model EK|HI receiver designed by the 
Ewen Knight Laboratory approximately one year ago for 
use with the 84-ft parabolic antenna 

The receiver ıs a triple conversion superhotsrodyne in 
which all three local oscillators are crystal controlled 
Frequoncy scanning 1s achieved by introducing a variable 
side tone on an appiopriately selected frequency rail, 
generated at the output of a master oscillator multrpher 
cham The frequency of operation while scanning 13 
read directly on an extornal counter to an accuracy of 
+ 100 c/s 

The recerving system in its origmal form included a 
low noise beam-type parametiic RF preamplifier which 
provides a 2-db system noise figure over a bandwidth of 
100 Me/s centred at 1,420 Mc/s For these observations, & 
similar RF preamplifier tuned to 1,067 Me/s was loaned 
by the Aerospace Instrumentation Laboratory of the Air 
Force Cambridge Research Laboratories The measured 
overall rocerving system noise figure, including cable and 
RF switch losses, was a maximum of 3 db 

The receiving system was operated m a mode which 
compares the antenna temperature to that of a thermally 
insulated resistive load, by alternately connecting the 
receiver input to the antenna terminals and to tho resistive 
load, through action of an RF switch operating at a 
switching rate of 100 c/s In this mode of operation the 
difference between the antenna temperature and load 
temperature, at the recerver input, may be effectively 
balanced to zero, by adjustment of a ‘gam modulator’ 
introduced in the second IF amplifier cham This unit 
varios the receiver gam m synchromsm with the RF switch 
in a manner such that the noise power-levels contributed 
by the antenna and by the comparison load can be adjusted 
to the same value, prior to IF detection By this tech- 
mque, fluctuations at the recerver output, due to gain 
vanations, are made neghgble A umque feature of thus 
approach 1s the abibty to achieve effective RF input noise 
balance without mtroducing additional system noise The 
more conventional ‘switched frequency’ mode of operation 
for the detection of hme structure? was not used because 
of the unknown temperature-dependent frequency charac- 
teristics of the low noise input RF amplifier The efficacy 
of this technique 1s determimed to a significant degree by 
the ability of the antenna to track the radio source 
precisely durmg the observmg period Variations m 
antenna pomting error while tracking are observed as a 
*baselme drif£ m the output record Relatively large 
recervor output fluctuations are observed as & consequence 
of angular fluctuations of the radio boresight axis of the 
antenna under gusty wind conditions This condition was 
observed for a few hours on only one occasion during our 
experunental obseivations, when the wind velocity 
reached 35 mph On all other occasions, the antenna 
sidereal tracking capability was withim I mm of are over 
periods of several hours 
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of Cassiopeia A, assuming the revised (ref 2) laboratory frequency to be 1,607,357 Kejs 


Our observations included a measurement of the 
antenna temperature provided by the continuum radiation 
component of each source For these measurements & 
predetection bandwidth of 1 Mc/s and a post-detection 
time constant of 3 sec were used The observed antenna 
temperature for Cassiopeia A was 123° K and for Sagit- 
tarius A 44° K 

The telescope was placed ın operation durmg the week 
of November 24 Initial tests indicated major instabilities 
associated with the operation of the low noise amplifier 
The amplifier was modified during the following week and 
returned to the Observatory on December 6 The first 
line selected for observation was that which 1s closest to the 
local standard of rest frequency in the absorption spectrum 
of Cassiopeia A, at & radial velocity of —0 8 km/s Several 


observations were taken on the evening of December 6, 
with the antenna pomting away from the galactic plano 
in the vicinity of the North Pole These measurements 
mdicated good receiver stabihty The receiver output 
fiuctuation-level was consistent with the system noise 
temperature measurement and there was no observable 
indieation of hne structure in the receiving system output 
record The antenna was positioned on Cassiopeia A at 
approximately 1 30 on the morning of December 7 
Clear evidence of the signal was obteined on each of six 
successive observations covermg a tuning range of 100 ke/s 
centred on the local standard of rest frequency A 15-ko/s 
filte bandwidth and a 200-sec integration time were used 
Ow results mdicate that the opacity of the cloud at 
*..0 8 km/s’ 1s 0015 + 0007 The observed lne width 
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13 13 ke/s, with its contre frequency displaced + 6 5 ke/s 
relative to the local standard of resti. The measured 
characteristics of this absorption lme are m close agree- 
ment with the measurements reported by Lincoln 
Leboratory 
For our observation of the characteristics of that portion 
of the absorption spectrum in Cassiopeia A shifted approx- 
imately + 250 ke/s relative to the local standard of rest 
frequency, a tunmg range of 160 ke/s centred at a 
frequency corresponding to a radial velocity of spproxim- 
ately — 42 km/s was selected — Receiving system para- 
meters were identical to those for the observation of the 
'—08 kmjs cloud’ Our observations mdicate a complex 
multiple lne structure extending from radial velocities of 
— 27 km/s to — 57 km/s We were unable vo resolve 
absorption corresponding to radial velocities of — 37 4 
km/s and — 42 1 km/s, reported by Lincoln Laboratory? 
The Ime structure in this region of the spectrum appears 
to blend with a strong hne at — 48 km/s A. most mterest- 
ing feature of these observations, not noted m the hydrogen 
absorption spectrum, 1s the apparent presence of absorp- 
tion hne structure corresponding to radial velocities 
covering the range from — 52 km/s to — 57 km/s The 
opacity throughout the entire complex of line structure m 
this portion of the Cassiopeia A absorption spectrum 
appears to vary between 0 008 and 0018 More detailed 
observations of this portion of the absorption spectrum of 
Cassiopeia A aie definitely indicated 
For observations of Sagittarrus A, a receiving system 
bandwidth of 50 ke/s and a post-detection tegration tıme 
constant of 200 sec were used The frequency scanning 
rate of the first local oscillator was 250 ke/sec/h The 
results of our observations show strong absorption in the 
spectrum of Sagittarius A, centred at a frequency of 
approximately 15 kc/s relative to the local standard of 
rest frequency? The bandwidth of this absorption hne, 
as measured with a 50-ke/s filter, was 70 ke/s 
opacity obtams a value of 003 + 001 based on the 
reduction of data from four obser vations 
The entire experimental effort occupied a period of 
three weeks from the time of conception to completion 
Thé authors enjoyed an unusual degree of co-operation and 
assistance from administrative and engineering personnel 
associated with the two participating organizations We 
are particularly mdebted to W Kidd, C Perkms and 
D Kmght of the Air Force Cambridge Research Labora- 
tories and J Campbell, P Podlesny and L Romano of 
the Ewen Knight Laboratory 
N H DETER 
Air Forco Cambridge Research Laboratories, 
Bedford, Mass 
H I Ewen 
Ewen Knight Corporation, 
East Natick, Mass 
.Lilley, A E, Astrophys J ,122, 197 (1955) 
2 Weinreb S , Barrett, A H , Meeks, M L,and Henry, J C , Natuie, 200, 
a 829 (1963) 
? Ewen, H I, and Purcell, E M , Nature, 168, 356 (1951) 
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Nickel-rich Tektites from Australia 


DunrzNG the couise of an extensive investigation of the 
geochemistry of austrahtes by me and others’? 2 total of 
43 determinations of major &nd trace elements have been 
made These results have served to establish the abund- 
ances of the chemical elements ın austrahtes, their range 
1n composition, the chemical composition of their parent 
material, and the geochemical environment at their place 
of omgin? A primary purpose of the work has been to 
determine the abundance of elements critical for theories 
of tektite origm Because tektites are commonly believed 
to ongmate durmg impact of a meteorite, asteroid or 
comet on another body?, an investigation was made of 
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Table 1 ABUNDANCES OF CRITICAL ELEMENTS IN LAKE WILSON AND 
GINDALBIE TEKTITES, COMPARED WITH COMFOSITION OF AUSTRALITES, 
CRUSTAL ROCKS, IRON METEORITES AND CHONDRITES 


1 2 3 4 5 6 7 8 

810,(%) 698 721 733 695-790 732 608 — 381 
(96) 174 126 122 Á 090-150 158 124 — 144 
Fe (total) 

%) 427 377 354 208-418 392 563 908 951 
Críppm) 145 88 75 58-92 68 100 400* 2,200 
Mitppm) 105 49 30 23-85 51 75 85,900 13,400 
Co(ppm) 25 20 15 13-317 14 25 6,800 800 

(ppm) 83 87 76 37-90 98 135  — 39 
Cr/N1 14 18 25 21-83 183 183 00047 016 
NajCo 42 20 20 1 8-2 3 36 30 136 168 
Fe/Nı 400 770 1,180 930-1,670 770 960 106 187 
Sa 2407 2432 2492 29292-2400 — — — — 
RI 1517 1502 1506 1494-1515 — — — — 


* From troilite 


1, Australite from Lake Wilson, South Austraba (No 1199), 2, australite 
from Gindalbie, Western Australia (No 532), 8, average australite com- 
position (ref 2), 4, range tn australite composition (ref 2), 5, composition 
of a 75 per cent shale 25 per cent quartz mixture (ref 1), 6, average 
composition of contmental crust (ref 4), 7, average composition of iron 
meteorites (ref 6), 8, average composition of chondritic meteorites (ref 6) 


the concentration of elements such as nickel, which, by 
analogy with terrestrial impact glasses, could provide 
evidence of the event With two exceptions, which sie 
the subject of this communication, the nickel content of 
auStrahtes averages 30 ppm, with a range in values of 
23-35 ppm (Table 1) The average non-nickel ratio 1s 
1,180, the nickel-cobalt 1atio 1s 2 0 and the chromium- 
nickel ratio averages 25 These values are very similar 
to those encountered in crustal rocks (Table 1, columns 
5 and 6), and the austrahte data m general provide httle 
evidence for any extra-terrestrial component 

Two specimens contamung greater amounts of nickel 
have been encountered during the mvestigation One is 
& worn core from Lake Wilson, Mann Ranges, South 
Australia (south latitude 26°06’, east longitude 130705") 
and was collected by J E Johnson. It was obtained fiom 
the South Australian Museum and was part of a collection 
from the area, with Museum No 1199 The other austrahte 
(No 532) was from the Cook Collection of the same 
Museum, and was collected at Gindalbie, Western 
Austraha (south latitude 30°17’, east longitude 121°45") 

The concentrations of some critical elements are given 
m Table 1 (columns 1 and 2) The Lake Wilson sample 1s 
unique in possessmg the highest concentrations of ion, 
magnesium, chromium, nickel and cobalt observed in any 
analysed australhte There are also distinct gaps between 
these values and those for other specamens The con- 
centrations of fourteen other elements lie withm the 
normal range? The Gindalbie australte is less extreme 
in composition and only the nickel and cobalt contents 
and the nickel—1ron 1atio are different fiom typical 
austrahtes i 

There are two possible explanations 

(1) The anomalous concentrations are derived from the 
impacting body ‘Terestiial mmpact glasses have won- 
nickel ratios rangmg from 40 to 130 (ref 7) The Lake 
Wilson austrahte ratio ıs 400 This could mdicate a very 
small contribution from an impacting meteorite as has been 
discussed previously? Cobalt may be added also from an 
mmpacting extra-terrestral body but not chromium 
(Table 1), which is not a major constituent ın either iron 
or chondritic meteorites Magnesium could be provided 
only by a stony meteorite 

(2) The anomalous concentiations aie de1ived from. the 
parent maternal, representing origmal mhomogenerties 
None of the absolute abundances reported 1s outside the 
range of possible terrestrial source materials? The mokel 
concentration 1s not high enough to demand an extra- 
terrestrial source The average nickel content in the con- 
tmental crust ıs 75 pp m (ref 4), close to the 105 ppm 
m the Lake Wilson tektite Chromium is the most critical 
element Rather higher contents both of nickel (average 
295 p p m ) and chromium (375 p p m ) (ref 8) have been 
reported for tektites from Java, Bilhton, Borneo and 
Cambodia The chromum-mckel ratio of 13 for these 
tektites 1s simular to the Lake Wilson ratio of 14 ‘Thus 
comparison, which mdicates a correlation between 


282 


chromium and mekel, ıs very difficult to explam on the 
basis of meteoritic contamination, but could readily result 
from the presence m the parent material of clay or acces- 
sory munerals, contaming these elements? 

The possibility of two distinctive australite compositions 
needs further mvestigation, as well as the relation of the 
Lake Wilson sample to the nickel and chromium rich 
tektites m. Java, Billiton, Borneo and Cambodia, 

S R TAYLOR 
Department of Geophysıcs, 
Institute of Advanced Studies, 
Austialian National University, 
Canberra 
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3 O'Keefe, J A, Tektites (Univ Chicago Press, 1963) 
‘Taylor, S R , Phys Chem Earth, 6 (n the press) 
E Cheiry, D , and Taylor, S R, Geochim et Cosmochim Acta, 22, 164 
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Argon Retention in a Granitic Xenolith 
from a Pleistocene Basalt, Sierra Nevada, 
California 


Tuts note reports measurements made m an attempt to 
determme (1) the possible effect of xenoliths on whole- 
rock basalt age determmations, (2) whether or not 
potassium-argon ago determinations on xenoliths in basalt 
mught approximate the age of the basalt flow The field 
location 1s m the canyon of Sawmull Creek, Inyo County, 
sec ^5 wd 18, T 128, R 34 E, and sec 12 and 13, 
T 128,R 33 E 
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of the temperature of the basalt ın about 40 mm) and 
argon diffusion dimensions are of the order of the mmeral 
grain size or are subgrain size (for example, for potassium 
feldspar the diffusion dimension may be 10-304) (ref 4), 
therefore the size of a xenolith should have very little 
effect on 1ts argon retention and thus microscopic m- 
clusions could have a significant offect on the potass1um— 
argon age determmed for a whole-rock basalt The 
magnitude of the effect would dependon (1) the potassium 
content and age of the basalt, (2) the percentage of the 
basalt sample that 1s xenolithic, (3) the amount of 
radiogenic argon-40 retamed by the inclusions, (4) the 
potassium content and age of the inclusions at the time 
of solidification of the lava (or more appropriately the 
argon-40/potassium-40 value) 

The effect of xonohths on the age of a basalt may be 
estimated using 


K 
T —d,— Pig - 


whore T = true age of tho basalt, t, = apparent age of the 
basalt, « = fraction of basalt sample that 1s xenolithic, p = 
fraction of argon 1etamed by the inclusions, 4; = apparent 
potassium-argon age of the inclusions at the time of sohdi- 
fication of the lava, K, = potassium content of the 
inclusions, and K, = potassium content of the basalt 
This formula will give values within a few per cent of the 
correct values provided the basalt and the iclusions are 
Mesozoic or younger, and provided the mclusions com- 
prise less than about 10 per cent of the rock A more 
rigorous formula can easily be derived, but because most 
of the variables must be estimated a more comphoeated 
expression would serve little useful purpose t, and K, 
are measured directly, K, can either be estimated or m 
some cases can be measured, ¢, and « can usually 


Table 1 ANALYTIOAL DATA 


No Sample Material Wet (g) 

970 Basalt Whole-rock 19 01 
Basalt, argon re-run Whole-rock 18 33 

980 Granitic inclusion Sanidine 1412 


Potassium feldspar from a gramtic inclusion m an mter- 
glacial Pleistocene basalt flow* the probable age of which 1s 
less than 100,000 years was analysed for potassium and 
argon with the results shown ın Table 1 Presumably the 
potassium feldspar was originally orthoclase or microcline, 
but X-ray data show that ıt has been converted, to a sodic 
ganidine. The inclusion was roughly spherical, about 10 
em m diameter, and located about 3 m below the top of the 
flow, which ıs approximately 26 m thick at the sample 
locality "The source of the xenolith 1s the Sierra Nevada 
bathohthie complex, which 1s composed of plutons which 
range m age from about 80-180 million years It 1s 
probable. however, that the melusion came from one of the 
group of younger plutons and its age before inclusion in 
the basalt flow most hkely 1s m the range 80-92 milhon 
years? E 

The results show that this potassrum feldspar retamed 
about 2 0-2 5 per cent of its radiogenic argon assuming & 
primary age of 80-92 million years (Potassium feldspars 
of plutonic origin and/or intermediate potassrum content 
may have retentivities as low as about 50 per cent?, thus 
this feldspar could have had an apparent primary age a8 
low as 40-50 million years and may have actually retamed 
up to 5 per cent or more of 1ts radiogenic argon ) 

Quantitative conclusions about argon retention m xeno- 
hths from basalt flows must await further data, but the 
measurements presented here mdicate that i6 1s not safe 
to assume that such xenoliths have been completely 
degassed of ther previously accumulated radiogenic 
argon This conclusion leads to the following remarks 

Possible Effects of Xenoluths on Whole-rock Basalt Dates 
Heatmg times are rapid (for example, the centre of a 
granttic sphere of 10-cm diameter would reach 98 per cent 


Arat, x 100 


K (90) Arat, + ArT: AYraof Ko Age (my) 
137 99 35 0053 x 10-1 0090 + 0090 
99 43 0 033 0060 + 0 050 

616 52 116 20:102 


be estimated, and 8 can be estimated from heat flow and 
diffusion calculations for each individual case Hopefully, 
accurate estimates of B under various conditions, for 
example, depth within a flow, will come from systematic | 
experiments Note that the age offect of xenoliths on a 
10-mulhon-year old basalt would be small, but the effect 
of similar inclusions on a 1-millon-year old basalt would be 
increased by a factor of 10 and thus could be large enough 
to be significant Careful mspection for xenoliths should 
therefore be a routine part of the petrographic examina- 
tion of basalt samples for whole-rock potassium—argon 
dating 

Use of Xenoliths to date Majic Volcanic Rocks If 
future work leads to the discovery of certain conditions 
whereby B = 0, 1b will be possible to use xenoliths, or 
mineral separates therefrom, to date mafic voleanie rocks 
that are otherwise undatable In circumstances where the 


K 
factor t, K 1s small compared with T', 1t should be possible 
1 


to use xenoliths to closely approximate the age of the flow 

The analytical work was done at the Department of 
Geology and Geophysics, Umveisity of California, 
Berkeley, and publication 1s authorized by the Director, 


US Geological Survey Gs Busse DitRsuS 


US Geological Survey, 
Menlo Park, California 
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Electrical Noise in the Conduction of 
Currents through Organic Liquids 


APPARENTLY random fluctuations m the current are 
familar to everyone studying de conduction m liquids 
They seem not to have been extensively mvestigated, 
although the corresponding phenomenon in solids has 
received some attention durmg the past decade’? 

In the expermment deseribed here, the noise current in 
extremely pure acetone, which flowed slowly (^ 1 mm/sec) 
down a glass pipe and through the mterstices in two paral- 
lel grid-electrodes situated 0 26 ın apart in the pipe, was 
measured, the exact apparatus geometry and the details 
of the acetone purification have been described elsewhere? 
When the inter-electrode voltage was set suddenly to a 
value of several KV the noise (random) and d c components 
of the current through the acetone both rose quickly to 
ielatavely high values and then, as expected, fell off more 
or less exponentially to equihbrium-levels which were 
achieved in about 1 h, the total root mean square noise 
current was about an order of magnitude less than the d c 
current The noise component was exammed with a wave 
analyser and found to have a smooth frequency spectrum 
over the range examined ‘This 1s illustrated m Fig 1, 
which shows J,4, the root mean square value of the noise 
current relative to that at 20 c/s, as a function of fre- 
quency for an interelectrode voltage of 8 kV de aidmg 
the acetone flow The data lie along the curve 


Leelf) = Irel) f" 


where v = 1 68, the physical significance of this behaviour 
15 unknown, but ıt has also been seen 1n sohds? although 
with smaller v Unfortunately, the bulk of the noise lay 
below 20 c/s and could not be quantitatively analysed 
with the equipment at hand Observations were, however, 
made of an oscilloscope display of the noise current and of 
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Fig 1 Frequency spectrum of noise for de conduction in acetone 


relative noise current Zrel as a function of frequency The straight 
lme corresponds to ref) = Zrei(1) f^ °° 
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the total noise current as recorded by a highly damped 
electronic voltmeter These mdicated (1) that there were 
significant slow oscillations of periods up to 1 mm and that 
these could cause drifts of 10 or 15 per cent im the root 
mean square noise-level, (2) that there appeared to be 
noise at all frequencies down to those of the slow oscilla- 
tions, but (3) that the noise spectrum appeared to poak 
somewhere around 1 c/s and to fall off to either side of 
this frequency. 

It is concluded that the electrical noise associated with 
the conduction of current through acetone 1s not white but 
that ıt does appear to have a smooth spectrum. 

This work supported by National Science Foundation 
grant 21869 

Wurm F PICKARD 
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Heat Transport in a Stainless Steel-at Very 
Low Temperatures 


THE thermal conductivity K was determmed for two 
stainless steel tubes at several temperatures in the range 
1<T<4° absolute The identical specumens were of 
5 50 and 6 00 + 001 mm mternal and external diameters, 
respectively, and length 7 em Electrically mtioduced 
heat fluxes pass along the tubes (except for neghgible 
losses by conduction, convection and radiation through 
the surrounding gas, which 1s at a pressure of less than 
10-5 torr) Steady-state temperature gradients were 
attamed eventually, and measured usmg carbon resistance 
thermometry with a vermer potentiometer+ Corrections 
(< 1 per cent) to the apparent thermal conductivities were 
apphed for the ‘by-pass’ effect of the thermometry leads 
The stamless steel was FDP  quahty (Accles and 
Pollock), fully annealed, of composition iron ~ 73 per 
cent, chromium > 17 per cent, nickel > 8 per cent, 
manganese < 2 per cent, silicon > 02 per cent, carbon 
< 0 15 per cent, sulphur < 0 04 per cent, and phosphorus 
< 004 per cent 

Heat transport in solids is almost entirely by ‘free’ 
electron flows and lattice waves ^ Koenmngsberger 
assumed these contributions to be mdependent, that 1s, 
K = K. + Kp, where K, and Kp are the electronic. and 
lattice wave contributions to the measured thermal con- 
ductivity K Both K, and Kp are estimated from thermal 
analogues of Matthiessen's rule’, for example, We (= 1/Ke) 
=W4 + Wat , where A, B are supposedly mde- 
pendent scattermg processes having resistivities Wa, 
Ws, These somewhat conflicting over-smmphlifications, 
however, permit the development of a microscopic theory 
to describe experimental results? 

For alloys at the lowest temperatures, the predonunant 
term m Ke 1s attributed to conduction electrons bemg 
scattered by mmpurities, and the dominant term m Kp 18 
due to phonons bemg scattered by electrons* In such 


circumstances 

K 1 T 

Top ty 
where B, y (and « which 1s introduced later) are positive 
coofficients of power terms in the absolute temperature 
descnbing various resistivity processes 

From the expermental results, for 7 < 29 degrees 

absolute 1b can be seen that such a linear relationship 
exists, with B = 220 x 10% W- em (deg abs)? and 
y = 725 x 103 W-1 cm (deg abs)? Above 2 9° absolute, 
the data fall below an extrapolation of the K/T versus T 
hnear plot, due to additional resistive mechanisms 
becomung significant 
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The scatter of the data (Fig 1) 1s attributed to errors m 
estimating AT (< 01°)—the difference in temperatures 
of two carbon resistors strapped to the specimen Ax 
(~ 25cm) apart Each temperature had to be measured 
to a millidegree to ensure the AT was accurate to + 2 per 
cent Systematic em ors m Az as large as 3 per cent may 
also occur Within the accuracy of the present measure- 
ments there were no apparent changes of K as a result of 
frequent cycling between ambient and hqud hehum 
temperatures 

The measurements recorded here are more accurate 
than those of a similar mvestigation by Wilkinson and 
Wilkes*, who proposed a linear relationship of the form 
K = A + BT. because their expermmental procedure 
required the use of large AT values, so that only mean 
values of K were obtamed Usmg 5 different sorts of steel, 
Chan and de Nobel’ found anomalies m their (K/T) versus 
T plots, but the magnitude of these anomalies decreased 
with non-1ron content For their most mmpure specimen 
(steel type 3754) with 27 per cent foreign atoms the 
anomaly was barely apparent Ther (K/T) versus T 
plots for various steels exhibited minima at 3° and 17° 
absolute approxumately If a plot of K agamst foreign 
content 1s made for 4° absolute then the present results 
(with 27 per cent mnpurity) agree within expermmental 
error with those of Chari and de Nobel They found that 
y took values between 7 x 10? and 162 x 103 W-! cm 
(deg abs }? for various steel specimens 

The residual electrical resistivity E; due to mmpurities 
equals L6, where L 1s the Lorenz constant (see ref 5) Thus 
for the present specimens R, equals 54 x 10^ ohm-em 
Of the materials considered by Powell and Blanpieds, the 
austenitic 18/8 titanium stabilized steel specimen of 
Berman? 1s most similar m composition to the present 
stainless steel Berman’s measwed value of RE; was 
48 x 105 ohm-em However, his values of K at an 
identical temperature are approximately 35 per cent lower 


NATURE 


January 18, 1964 vor 201 


than those for the experiments reported here This can be 
attributed to the difference in. composition, and also to the 
present specimens bemg fully annealed initially, though 
them outer surfaces later work-hardened durmg shap- 
mg When the Berman data’ are replotted as a (KjT) 
versus T curve from 8 4 to 50° absolute there 1s qualitative 
agreement with the present results Usmg the high- 
temperature K for stainless steel as 0 245 W cm ° C7 
and its Debye 0 as 358? absolute!®, then the Makmson 
expression”! for y gives the mean number N of free elec- 
trons per atom as 0 26 (Chari and de Nobel’ suggest N 
equals 05 approximately ) Substituting for N m the 
Klemens expression! for y leads to « bemg equal to 83 
x 10- W- em (deg abs)? Mendelssohn and Rosen- 
berg!? measured « for pure tron and found it to be 18 x 
10-4 W- em (deg abs)" 

Experiments are now 1n progress to measure K for the 
recently mtroduced titanium-vanadium disordered alloys, 
which should be explamable m like manner These alloys 
at ambient temperatures can be shghtly better mechani- 
cally strong thermal msulators than the stainless stoels, 
and consequently are hkely to be used mcreasingly as 
constructional materials for low-temperature instrumen- 
tation 2 

Ithank Dr R Berman for supervising this research and 
the Department of Scientific and Industrial Research and 
the US Department of the Army for financial support 
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Emission of Ultra-violet Radiation from 
Metals by Alkali-positive lons 


Rerorts have already appeared that the impact of 
positive ions on metals gives rise to the emission of soft 
electromagnetic radiation! Optical emission has also been 
observed from metal films by electron irradiation? 

In recent experiments? a pronounced peak in the spectral 
intensity distribution curve of the radiation emitted from 
silver has been observed at about 1ts plasma frequency by 
bombarding ıt with an unanalysed beam of hydrogen 10ns 
of 250-keV energy Results with copper, tungsten and 
alummium do not show any such prominent peak in the 
wave-length range 2000-3400 A 

McAlister and Stern! have detected plasma resonanco 
absorption in silver at about the same frequency as the 
emission peak observed by us from a silver target It 
seems probable that the radiation emitted from metals 
under the impact of charge particles 1s due to metal 
electron plasma oscillations caused by the approaching 
ions 

The object of this communication 1s to consider the 
radiation emitted from alummium bombarded by K+ 
ions of energies in the range 2-12 keV 

The Kt ions are obtained from a Kunsman‘source A 
wellansulated tungsten filament maimtamed at dull red 
heat by passmg an electric current through ıt and en- 
closed in & long nickel cylmder with a narrow hole in its 
closed end carries the Kunsman source The potassium 
10n beam 1s defined by a series of narrow nickel slits placed 
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beyond the cylinder, passes through two parallel alumin- 
ium plates, held m position by ‘Pyrex’ tungsten seals, 
and is deflected on an aluminium target by applying a 
suitable potential between them The radiation emitted 
from ıb passes out of a quartz window fixed opposite m 
a ‘Pyrex’ glass chamber which houses the i0n source 
filament and all the metal electrodes The radiation 1s 
detected by & quartz photomultipher type EMI 6255 B 
and 1s analysed using narrow-band ultra-violet interference 
filters supphed by Messrs Barr and Stroud, Ltd , Glasgow 
The glass chamber 1s exhausted by an oil diffusion pump 
backed by a rotary pump through a liquid air trap, con- 
stantly dipped in hquid air during observations, and a 
pressure of 10-* mm mercury 1s maintamed ın ıt Before 
observations are taken ıt ıs checked that the chamber 1s 
leak-tight and can stand vacuum overnight 

K+ 10ns are accelerated from the source to the cylmder 
hole situated m front of ıt by a potential of 20-30 V only 
in order that the secondary electrons emitted from its 
closed end and edges of the hole may not cause further 
heating of the filament while striking back on 15 and thus 
alter 1ts temperature durmg observation The main ion 
accelerating voltage 18 applied on the defining slit system 
and it 1s ensured that the electric field distribution does 
not permit the secondary electrons which might be re- 
leased from any metal electrode to strike agaimst the 
source filament with any appreciable energy This keeps 
the photomultipher background unchanged without or 
with the 10n accelerating voltage on 

The glass walls of the chamber are well covered with 
alummium sheet to prevent 10ns from striking against them 
The radiation reaching the photomultiplier 1s thus from 
the alummuium target and not from any part of the chamber 
walls 

Observations are taken with K* ions of energies in the 
range of 2-12 keV The de voltage up to 4 keV is 
obtained from a dc motor generator set while a 40-koV 
rectified and stabilized power supply is used for nigher 
voltages 

A spectral intensity distribution curve of the radiation 
emitted from alumimium by K+ 1ons ıs shown in Fig 1 
It 13 observed, that the intensity of the radiation :nereases 
rapidly with decreasmg wave-length below 2500 
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Fig 2 Energy of hydrogen 1ons, 250 hs , Yon current, 1 0 vamp, photo- 
multiplier used, E MI 6256 B 
Its intensity at about 2100 A 1s nearly 120 times larger 
than at 2500 Å The intensity of the radiation ıs also 
found to rise with energy of K+ ions 
Fig 2 represents spectral mtensity distribution of the 
radiation emitted from alummium bombarded with high- 
energy hydiogen ions and obtamed by usmg quartz 
photomultipher type EMI 6256 B 
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Some Physical Properties of Alkali Germanate 
Glasses 


In the course of determmmg phase equilibrium relation- 
ships! m the.gyster? L1,0-GeO, and Na,0-GeO, 16 was 
observed at bof lithium germanate and sodium 
germanáte glasses extubit maxmma m their refractive 
mdex-composition and density-composition curves, in 
the hthium germanate glasses the maxima occurred at 
about 19 mole per cert Li,0 and ın the sodium germanate 
glasses the maxima occurred at about 16 mole per cent 
Such maxima do noć occur m the corresponding silicate 
systems 

In order to determine whether similar phenomena occur 
in the other alkah oxide systems, investigations have been 
made of the systems K,0-GeOz«Rb;0-GeO, and Cs,0- 
GeO, 5-10 g batches were prepared by wet mixing the 
reagent grade alkal: carbonates and electronic grade GeO, 
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m an alcohol medium, melting m platinum crucibles m a 
globar furnace at about 1,200? C and quenching the melts 
by dippmg the crucibles m water By this technique 
potassium germanate glasses contamung as much as 427 
mole per cent K,O could be prepared , beyond this con- 
centration the compositions were too hygroscopic In the 
Rb,0-GeO, and Cs,0-GeO, systems compositions con- 
taming more than about 27 mole per cent alkali oxide 
were not examined because of their hygroscopicity 

The refractive 1ndices of the glasses were determined by 
the standard petrographic technique and the density by 
the pyknometer method using kerosene as the reference 
hquid ‘The expermental results are presented ın Figs 
land 2. It 1s found, as in the case of the lithium and 
sodium germanate glasses, that maxima also occur in the 
potassium, rubidium and cæsium germanate glasses 

The maxima 1n the property-composition curves for the 
Sodium germanate glasses have been explained? in terms 
of a change in the co-ordination number of Ge** from four 
to sx The same phenomenon probably occurs ın the 
other germanate glasses 

Another mportant observation which follows from 
Figs 1 and 21s that, whereas the refractive mdices of the 
alkali germanate glasses decrease m the sequence lithium— 
sodium-potassium-rubidium-essium, the densities of the 
glasses behave differently , they decrease ın the sequence 
esesium-rubidium-hithium-sodium-potassium 

Infra-red investigations on the alkali germanate glasses 
to determine the change m the co-ordmation number of 
germanium and a detailed analysis of the results in terms 
of the structure of glass? are m progress and will be 
reported elsewhere 
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A New Silica-like Phase with Simple 
Cubic Structure 


Greta! discovered that many metal oxide-silica sys- 
tems exhibited liquid 1mmiseibility at high temperatures 
He found that the less siliceous liquid (as well as a range 
of adjacent compositions) usually devitrified m part, even 
on rapid quenching As devitrification advanced the 
larger particles could be identified as cristobalite How- 
ever, the smaller particles, termed ‘dots’, could not be 
identified usmg the microscope In the absence of any 
other positive evidence, and because they had a lower 
refractive index than that of the glass, 1t was concluded 
that the ‘dots’ were piobably fine-grained cristobalite 

We have encountered these dots or spheruhtes m both 
Ca0-810, and ZnO-S10, mixtures adjacent to the thermo- 
dynamically stable quid immiscibilhty region These 
mixtures were prepared from laboratory grade reagents 
using techniques and equipment very similar to Greig's 
Small (10-20 mg) samples of liquid, contamed in thm- 
walled platinum envelopes, could be quenched rapidly to 
apparently homogeneous glasses or glasses contaming a 
few spherulitic crystals Larger samples (50—100 mg) or 
smaller samples removed from the furnace and cooled 
spontaneously in air always contained a laigei proportion 
of spherulites and these often appeared almost opaque in 
transmitted ght Tho size of the crystals remained 
approximately constant (2-4. diameter) The appearance 
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of the spherulites 1s 1dentical with those m Greig’s photo- 
micrographs 

The spherulites give X-ray powder diffraction patterns 
Two patterns, one from a ZnO-810, mixture, the other 
from a CaO-£810, mixture, aro shown in Table 1 The 
patterns are nearly identical Powder data were obtained 
from diffractometer traces and film measurements using 
copper Ka,%, radiation Accurate d-spacmgs were ob- 
tained from slow speed diffractometer traces relative to a 
siioon internal standard Intensities were obtamed 
from direct counting over the peaks and are corrected 
for background ‘The strongest reflexion was arbitrarily 
taken as 100 These measured mtensities agree with those 
estimated visually from films The X-ray reflexion 
profiles are sharp no Imo broadening due to particle size 
effects was detected The powder data can be indexed on 
a cubic cell having @ = 392 A Superstructure hnes 
were sought m longer film exposures, but none was 
detected Any superstructure lmes, if present, must be 
very weak Geometric considerations suggest that this 
phase probably contains the oxygen anions m a eubie close- 
packed. array 


Table 1, X-Ray POWDER DATA FOR THE y-PHASE 


y-phase* y-phaset Indices Calculated 
dÀ Int da Int spacmgst 
226 100 226 100 111 2 26 
196 6 196 50 200 196 
139 40 139 45 220 139 
118 50 119 25 811 118 
1130 0 1132 10 222 1132 
0978 10 0 977 10 400 0 980 
0 897 10 0 900 35 331 0 908 
0 877 30 0 876 20 420 0 877 
0 802 45 0 800 30 422 0 802 


*570 wi % ZnO, 424% $10; 
in ar 


1350 wt % CaO, 650% $10; 
in air 


t Face-centred cube, a, = 392 A 


The optical and X-ray data show that this phase 1s 
identical both with the ‘cristobalite dots’ of Greig and 
also with a phase identified by Schleede and Gruhi? m 
ZnO-810, mixtures and termed by them *-Zn,&O,' The 
composition of this phase 18 not Zn,S810,, 16 1s suggested 
that ‘y-phase’ 1s a, more suitable name 

Tho y-phase 18 close to silica in composition This con- 
clusion 1s based on three lmes of evidence 

(1) Powder patterns from y-phaso formed from both 
CaO0-S&10, and ZnO-810, are almost identical Although 
more experimental work 1s needed to decide whether tho 
sntensity differences between the patterns m Table 1 are 
significant, xt 1s certam thet 1f Zn?* or Ca** were present in 
quantity m the y-phase, considerable shifts m both 
d-spacmgs and mtensities would be expected 

(2) The 1efractrve mdex of zme silicate glasses rises 
rapidly with increasmg ZnO content As a liquid of 
fixed composition crystallizes to yield the y-phase, the 
iefiactive index of the remaming glass mses hence the 
4-phase i$ abstractmg silica from the bulk composition 
Typical results are recorded in Table 2 It 1s difficult to 
estimate the proportion of y-phase present m a given run 
1t 1s probably never more than ~ 10 per cent, so 16 must 
be much richer in silica than the bulk composition to have 
such a large effect Greig has also noted that the dots 
have æ refractive mdex much lower than that of the 
surrounding glass, which fits the supposrtion that they 
represent a high-silica phase 

(3) Duect examination of the spheruhtes with an X-ray 
mucroscan unit (the X-ray microanalysis was carried out 
by Metals Research, Ltd, Cambridge) shows that the 


Table 2 


Sample melted at 1,472°C and cooled 
Sample melted at 1,480? C and cooled 


REFRACTIVE INDEX OF ZINO SILICATE GLASSES 
n T glass 
Bulk composition 50 2 mole % ZnO 
Optically homogeneous quenched glass 
Glass + y-phase 
Bulk composition 45 0 mole % ZnO 
Optically homogeneous quenched glass 
Glass -- y-phase 


16540 + 00010 
16573 + 0 0005 


16353 + 0 0008 
1 6394 + 0 0006 
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spherulites are much higher im silica than is the glass 
Unfortunately the small size of the spheruhtes (2-4u) 
precludes a reliable quantitative analysis 

Observations on the texture and formation of the y-phase 
m quenched samples suggest that the y-phase crystallizes 
only from inhomogeneous supercooled hquids An 
muitially homogeneous liquid is beheved to differentiate 
on cooling, the silica rich part eventually crystallizing 
to the y-phase The mutial stage 18 thus analogous to the 
thermodynamically stable unmixmg which exists ın both 
these systems at ~1,700° C In all cases, one part is 
essentially silica ın composition It 1s not certain whether 
the low-tempoiature phenomena represent a metastable 
extension of the high-temperature unmixing, or something 
different No classical hqud—lquid phase separation has 
actually been seen in the lower temperature preparations, 
the mhomogeneities probably have diffuse boundaries 
The margms of the y-phase crystallites appear diffuse in 
X-ray fluorescence mages 

Tt 1s also concluded that the rudimentary structure of 
the silica rich portion is not the same m both cases Pure 
fused silica and very high silica liquids quenched from 
~1,700° C have structures resembling disordered cristo- 
balte At lower temperatures the silica rich portion 1s 
envisaged as having a structure resembling disordered 
Y-phase 

Further work 1s m progress to establish whether the 
+y-phase occurs m other metal oxide-silica systems The 
crystal structure of the y-phase 1s also bemg investigated 
Prelmmary work suggests that the structure shows a high 
degree of disorder with cations, anions and vacancies 
occupying the available sites 
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Electrochemical Oxidation of Methane in 
Phosphoric Acid Fuel Cells at 150° C 


In April 1963! a high-performance direct hydrocarbon 
fuel cell was announced The cells which were described 
contamed platinum electrodes and a phosphoric acid 
electrolyte and were capable of oxidizing a variety of 
hydrocarbon fuels mcludmg methane, propane, n-octane, 
n-cotano, and purried practical hydrocarbon fuels It 
18 the purpose of the present communication to describe 
1n greater detail the performance of such cells on methane 

Tho paraffin hydrocarbons are named for their lack of 
chemical reactivity Within this class of molecules, 
methane holds a special place as the least reactive of all 
the paraffin hydrocarbons This has been attributed m 
part to its high thermodynamic stabilty? It has always 
been considered unreactive m fuel cells at temperatures 
below the region where fused salt electrolytes are used, or 
roughly 500° C 

In fuel cells operating below 100? C, the expected mert- 
ness of methane was observed*-* and propane was found 
to possess an optimum carbon chain-length for high 
reactivity? At such low temperatures, however, all 
hydrocarbon anodic reactivities were quite low 

Recent work by us has shown that propane becomes 
quite reactive in fuel cells with porous platinum elec- 
irodes* at 150° C and higher when the electrolyte 1s 
orthophosphorie acid (H3PO,) at a concentration boiling a 
few degrees above the operatmg temperature of the fuel 
cell In order to confirm agam the presumed inertness of 
methane. ıt was mtroduced mto such a cell at 150° C 
(electrolyte H;PO, 14 6 M or 85 per cent by wb) Sur- 
prisingly, methane was found to be quite reactive 

The plot of cell EMF versus geometric current density 
1s presented m Fig 1 for a methane-oxygen fuelcell The 
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Fig 1 EMF versus geometric current density for hydrocarbon fuel 

cells operating at 150? C, with platinum electrodes, and 85 per cent 

(146 M) H;PQ, electrolyte O, Methane-oxygen cell, ———, propane— 
oxygen cell 


dashed curve for propane ın the same cell ıs included for 
comparison Atl ow current densities up to 20 m amp/em? 
the performance of the cell with methane actually exceeds 
that with propane 

Gas chromatographic measurements of carbon dioxide 
produced from the methane-oxygen cell at point A of 
Fig 1 showed that the yield of carbon dioxide was 98 + 4 
per cent of that required by the anode reaction for com- 
plete oxidation 


CH, + 2H,0 — CO, + 8 H* + 8e- 


The method for determmation of yield of carbon dioxide 
has been previously described? 

Total performance curves are depicted m Fig 1, and all 
losses, including ohmic internal resistance losses, are 
meluded It 1s of interest to isolate that part of the EMF 
loss due to the methane anode This has been done by 
subtracting the ohmic resistance loss and oxygen cathode 
overvoltage from the methane curve of Fig 1 The result 
plotted as methane overvoltage versus geometric current 
density 1s depicted m Fig 2, which shows the surprismg 
result that the methane—platmum black anode in phos- 
phoric acid at 150° C sustains a steady-state current den- 
sity of 40 mamp/cm? only 05 V from the reversible 
hydrogen potential m the same electrolyte Thus result 
indicates that previous ideas regarding the inertness of 
saturated hydrocarbons toward electrochemical oxidation 
must be drastically revised 
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Fig 2 Methane anode overvoltage versus geometric current density 


Withregard to the foregoing, 1t will be essential to under- 
stand the mechanism by which the virtually complete 
electro-oxidation occurs Much further and more detailed 
investigation of the methane-platinum-phosphorie acid 
anode system is mdieated Such investigations should 
attempt to establish correlations, 1f they exist, with results 
from surface chemistry mvestigations It 1s mterestmg 
to note that methane-deuterium exchange on several 
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transition metal catalysts becomes rapid enough for 
kinetic investigations m the temperature region between 
140° and 300° C, and many such investigations have been 
carried out$-19 

We thank D. W. McKee for several helpful discussions 
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Mechanism of Hydration of Calcium Oxide 


THe mechanism of hydration of calerum oxide to form 
calerum hydroxide has not been satisfactorily established, 
despite extensive investigation by many workers! 
utihzmg techniques of X-ray diffraction, sorption, radio- 
active tracers and electron microscopy 

The present investigation follows the hydration of 
calcium oxide by measurements of dimensional and weight 
changes and determmation of pore-size distribution 
Hydration was effected by water ın liquid as well as 
vapour phase at a temperature of 73°+1°F 

Calcium oxide was obtamed by heating precipitated 
calcium carbonate m a muffle furnace for 3 h at various 
temperatures m the range 800°-1,200° C Compacts were 
formed at loads varying from 10,000 to 100,000 lb ma 
mould of diameter 1 25 m (ref 7) mn a dry box to protect 
them from exposure to moisture Dimensional changes were 
determined by placmg the compacts over a perforated 
stand in a glass cell equipped with an optical window 
After evacuation the cell was connected to a source of 
water kept at a constant temperature Any desired 
humidity could be obtained by adjusting the temperature 
of water The dimensional changes in the compact, 
expressed, as percentage of linear expansion, were noted 
by a travellmg microscope to within 0001 em  Pore- 
distribution values were determmed by a mercury 
porosumeter down to a pore diameter of 0 015p. Sorption 
balance was used for mvestigatmg the weight changes 
occurring m calcium oxide exposed to water vapour 
Typical results obtamed with calcium oxide, formed at 
1,000? C, compacted under a load of 20,000 lb and treated 
with distilled water or exposed to a constant relative 
pressure of 0 5 are presented and discussed 

The total porosity of calcium oxide compact was 46 
per cent The pore distribution values show that 79 per 
cent of the porosity 1s due to pores of diameter 1-2y 
There are practically no pores of diameter less than 0 ly 
The pore distribution in 1 ce of the compact 1s shown m 
Fig 1 

Contrary to expectation, the compact did not exhibit 
any disintegration after immersion m water for 48 h 
Linear expansion was 8 per cent Calcium hydroxide 
content ın the water-treated sample was estimated at 99 8 
per cent, indicating thereby that calcium oxide had almost 
completely reacted to form the hydroxide The total 
porosity of the resultmg calcium hydroxide disk was as 
low as 17 5 per cent, compared with a porosity of 46 per 
cent m the untreated calcium oxide compact Pore-size 
distribution values for calcium oxide compact before and 
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Fig. 1 Histograms of pore-size distribution in 1 o c. of caleium oxide 
compact before and after liquid phase hydration A, calerum oxide 
compact, B, liquid-hydrated disk 


after hydration show that most of the pores of diameter 
1-2u have decreased to less than 0 lp durmg the formation 
of calcium hydroxide and that 78 per cent of the total pore 
volume ıs due to pores of diameter less than 0 ly In terms 
of volumetric changes, 100 cc of calcium oxide compact 
constitutes a pore volume of 46 ce and a calcium oxide 
volume of 54cc On immersion in water 1t expands to 
12300, in which calcium hydroxide occupies 107 c.c and 
the pores 16 cc Formation of calum hydroxide 
results ın a decrease m porosity of 66 per cent 

After exposure to relative water vapour pressures of 
0-25 and 05, calerum oxide compacts show enormous 
expansion In Fig 2 the percentage of linear expansion 
(AL]|L x 100) ıs plotted against time in hours for a compact 
exposed to a relative pressure of 05 The rate of expansion 
18 comparatively slow for a few hours and 1s followed by 
an almost linear merease m length up to 55 h, after which 
the curve continues to rise at a slower rate After 200 h the 
expansion may be as high as 100 per cent, beyond. 200 h 
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the compact gradually dismtegrates mto a fine powder 
Results of changes m weight ın caleium oxide compact 
subjected to water vapour show a slow rate of increase m 
weight for a few hours followed by a hnear merease, after 
which the weight remaims constant 

After a period of 50 h, ealeium oxide takes up 1n chemical 
combination a stoichiometric quantity of water to form 
calcium hydroxide, the linear expansion for this water 
content 1s about 60 per cent. Expansion beyond 60 per 
cent may be the result of physical adsorption of water and 
agglomeration of calcium hydroxide particles due to an 
'agemg effect’ 

The total pore volume of the expanded compact, 
corresponding to 60 per cent expansion, can be as high as 
707 per cent The pore-size distribution could not be 
determined for the expended sample, it was too fluffy and 
crumpled into a fine powder on appheation of even a 
shght pressure durmg handing ‘The pore-size distribu- 
tion values for the powder, however, showed that more 
than 80 per cent of the pores are larger than 2p. m diameter 
and that 60 per cent have diameters ın the range 2u to 6p 
In terms of the apparent volume of the compact itself the 
former value would be much hugher In terms of volum- 
etric changes, 100 ce of calerum oxide contaimmg & pore 
volume of 46 ce and calcium oxide volume of 540 ce 
inerease on exposure to water vapour to 408 c e , m which 
calerum hydroxide occupies 107 cc and pores 301 ee 
Expansion brings about 555 per cent increase m pore 
volume. 

On the basis of the foregomg results, the hydration 
mechanism in the presence of liquid water may be visual- 
ized as follows calcium oxide, subjected to treatment with 
excess water, undergoes hydration predominantly through 
solution and erystalhzation as envisaged by Briss and 
Thorvaldson’ Owing to the presence of large pore 
volume, erystelhzation through solution facilitates the 
formation and growth of crystals in the pores as well as in 
the spaces previously occupied by ealc1um oxide Hence 
there 1s a large decrease m the pore volume as well as ın 
the pore size (Fig 1) Some stress, resulting in & linear 
expansion of 8 per cent, could develop durmg erystalhza- 
tion ın narrower pores 

If hydration occurs at the sohd-vapour interface as a 
topochemical or solid-state reaction, the mechanism 18 
as follows the product 1s formed at the original sites of 
the reactant As the specific volume of the product is much 
greater (1 98 times) (ref 8) the products are pushed from 
these sites and there 1s a large over-all expansion Thuis 1s 
in contrast to the diffusion mechanism operative m the 
hydration m liquid. phase 

The fact that hquid phase hydration, compared with 
vapour phase hydration, gives such a low expansion 
explams the effectiveness of ‘docking’ (immersion in 
water) m the prevention of ‘ime blowmg’ in bricks? Time- 
expansion mvestigation of the vapour phase could provide 
a new method of determinmg the reactivity of Imes The 
technique is bemg apphed to an investigation of the 
hydration of cements and plaster at the Division of 
Building Research. 
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Dissociation Constants of Carboxylic Acids 
in Formamide 

Ir has already been shown!? that the dissociation 
constants Ka of formic and acetic acid are lower in 
formamuide than ın water although the dielectric constant 
of the former 1s much larger than that of the latter The 
variation of Ka with temperature may, m both solvents, 
be deseribed by a reduced curve proposed by Harned and 
Embree? 

log KT —log K = — p (T—9* (1) 

Here 0 18 the temperature where the dissociation constant 
has its maximum value K$ and p is a constant for all 
carboxylic acids However, m formamide p 18 about ten 
times larger than m water, expressmg the fact that Ka 
changes faster with temperature in the former solvent 

These results have been confirmed by further measure- 
ments on monochloroacetie acid* Furthermore, determ- 
ination of the dissociation constant of the alium 10n m 
formamide’ by the previously used potentiometric and 
an independent spectrophotometrie method has shown 
(1) that the standard potentials of the Ag, AgCl electrode 
used in the potentiometric measurements are reasonably 
correct up to 40°C, (2) that the dissociation constant 
of the almum ion is somewhat larger ın formamide 
than in water but that its temperature dependence is 
analogous in both solvents 

Therefore ıt may be concluded that the peculiar 
behaviour of the carboxylic acids 1s of a specific nature 
Woe propose here a possible qualitative explanation based 
on the existence of complexes between the undissociated 
carboxylic acid molecules and formamide In the hter- 
ature some evidence for association species may be 
found’-?, although their exact structure has not been 
determined It is possible to imagine at least two different 
structures due to hydrogen-bound association (Fig 1) 
One possibilty ıs the rmg structure, the other a cham- 
forming association, the former 1s probably the more 
stable one No evidence for such complexes m water 18 
known 

The existence of such association structures will have 
an immediate effect on Ka It has been shown? that the 
standard free energy per molecule of the proton transfer 
reaction (J) may be spht into three mdependent parts 


J = Jm + Jat Je (2) 


Here Jin 1s the mtrmsic work to transfer (m vacuum) 
a proton from the acıd on a solvent molecule and Jg tho 
total mteractional free energy between the undissociated 
or dissociated solute and the solvent with the exception 
of Je, the Born-type interaction between the solvated 
ions This last contribution, which depends on the 
dielectric constant of the solvent, has been considered 
as the most important term determing J (ref 8) 
However, J may have a marked influence on the value 
of J, especially 1f 1$ contains a large contribution due to 
the free energy of solution of the undissociated acid 
This effect will lead to an increase of J (and a decrease of 
Ka) with respect to the value calculated from the corre- 
sponding quantities in water takmg into account only the 
change of the dielectric constant (It 1s not very probable 
that Jin should differ greatly for the same acid m water 
and formamide ) 
From a kinetic point of view and writing 

Ka = kajk, (3) 
where ka and k, stand respectively for the specific rate of 
dissociation and recombination of the formed ions, we may 
estimate ka at varous temperatures from the known 
values of Ka and the calculated values of k, according 
to the method proposed by Eigen et aj? ^ We have 
found that the approximate values of In ke, calculated 
with the help of Dawson’s results? on the mobility of 
various 1ons ın formamide, vary linearly with T-!, with a 
heat of activation of about 7k cal mol-!. This last value 
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corresponds roughly to the rupture of two hydrogen 
bonds The values of ka m formamide are several orders 
of magnitude smaller than the value calculated for acetic 
acid m water by Eigen? This 1s further evidence for the 
existence of a cyclic association between formamide and 
the earboxyle acid The transfer of a proton from the 
carboxylic group to the solvent molecule leaves the 
proton trapped mside the complex and no real dissociation 
occurs This will only take place if the cyclic structure 1s 
disrupted and the protonized solvent molecule can separate 
from the acid (The existence of trapped protons due to 
the occurrence of complexes between undissociated acid 
and solvent molecules has been found recently by Grun- 
wald et al 13 m nuclear magnetic resonance investigations 
of benzoic acid 1n methanol ) 
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All this leads to the conclusion that, besides purely 
electrostatic interactions between the formed 10ns, other 
effects should be taken mto account in order to explain 
acidic dissociation Ono of these may be a strong inter- 
action between an undissociated acid molecule and the 
solvent This effect has escaped attention up to now prob- 
ably because most non-aqueous solvents which have been 
studied, had a low dielectric constant so that the fluence 
of complex-formation and the electrostatic effect were 
in the same direction as compared with water 
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Photochemical Effect in the Reactions of 
Atoms produced by the Discharge Method 


Recent work! has shown that the reactivity of active 
nitrogen ean be increased by diluting the nitrogen with 
mert gas prior to its passage through the condensed 
discharge tube Durmg a more detailed investigation of 
the effect of inert gas on the reactivity of active nitrogen 
with nitric oxide and other gases 1t was found that the 
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extent of reaction depended on the geometrical arrange- 
ment of the discharge tube and reaction vessel This 
effect has been reported previously? but without a proper 
explanation having been given 





Fig 1 Diagram of discharge tube and reaction vessel A, Inlet to 

discharge tube, B, end of discharge glow, C, reactant inlet, D, dis- 

charge tube with alummium electrodes, Fig reaction vessel, X, position 
of 30° ben 


A diagram of the apparatus is shown 1n Fig 1, where 4 
1$ the inlet for nitrogen and mert gas to the discharge 
tube D and C 1s the mlet mto the reaction vessel R The 
yellow afterglow of active nitrogen extended well into the 
trappmg system beyond the reaction vessel when pure 
nitrogen was used, whereas with helrum and nitrogen or 
argon and nitrogen the discharge glow was visible to 
pomt B The famt yellow nitrogen afterglow was, 
however, observed in the reaction vessel when nitrogen. 
was present The reaction system was not poisoned 

When the nitrogen was diluted with helium or argon 
before passage through the d c condensed discharge tube a 
reaction occurred with NO which was about twice as large 
as that of a blank obtamed without nitrogen added to the 
mert gas The absence of this blank with ammonia and 
ethylene indicates that back diffusion of reactants into 
the discharge zone 1s not significant smce both gases 
Should diffuse faster than nitme oxide The results of 
these experiments are shown in Fig 2 When the dis- 
charge tube was bent at an angle of 30? from the vertical 
at pomt X of Fig 1, then the blank disappeared and no 
reaction was observed between helium or argon subjected 
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Fig 2 Rate of destruction of nitric oxide by active nitrogen in a 
‘straight’ and ‘bent’ discharge tube with argon Argon flow rate, 
64 0 wmoles/sec, nitrogen flow rate, 3 0 umoles/sec, reaction pressure, 
21 mm, reaction temperature, 25? + 4°C O, Rate of destruction 
of mine oxide by argon with nitrogen in the ‘straight’ discharge 
system, @, rate of destruction of nitric oxide by argon without 
nitrogen in the ‘straight’ discharge system, ©, difference between 
nitric oxide destroyed with nitrogen and without nitrogen in the 
‘straight’ discharge system, Q, rate of destruction of nitric oxide by 
argon with nitrogen in the ‘bent’ discharge system 
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Flow rate of nitric oxide (moles/sec x 10°) 
Fig 3 Rate of destruction of nitric oxide by active nitrogen in a 


‘straight’ and ‘bent’ discharge tube Nitrogen flow rate, 77 0 umoles/ 

sec, reaction temperature, 70° + 2° O, reaction pressure, 21 mm 

O, Rate of mtric oxide destroyed in ‘straight’ discharge system, 
@, rate of nitric oxide destroyed 1n ‘bent’ discharge system 


to the discharge and nitric oxide as the reactant With 
nitrogen added to the mert gas, & reaction was observed 
with nitric oxide which was equal to the difference between 
the mert gas reaction with nitrogen and without nitrogen 
This 18 demonstrated m Fig 2 for argon as the carrier gas 
Similar results were obteined with helium at a comparable 
flow rate of nitrogen and with helium and argon at lower 
flow rates of nitrogen (0 4 umole/sec) It was also found 
that the ‘clean-up’ level of nitric oxide destruction by 
active nitrogen was altered by the bend in the discharge 
tube The results are shown m Fig 3 A simular effect 
was not observed, with ethylene or ammonia as reactant 
The results would seem to mdicate that the discharge 
glow can act as a photochemical source which can photo- 
lyse reactants mtroduced farther down the tube If 
precautions are not taken to break the hght path between 
discharge glow and reactant, then spurious results are 
possible In view of the absence of any windows between 
source and reactant, such photochemical effects may 
extend mto the vacuum ultra-violet where very low- 
intensity hght sources in the discharge can still be very 
effective Itis anticipated that similar effects would occur 
for oxygen and hydrogen atoms produced by this method 
or by a microwave discharge This photochemical effect 
may also account for the differences in atomic reaction due 
to the type of discharge used in generating the atoms and 
for the difference m shape of reaction vessel used Further 
work 1s planned whereby these predictions will be tested 
This work was supported by a grant from the Defense 
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Mechanism of the Thermal Deaquation of 
Some Transition Metal Aquoammine 
Complexes 
THe complexes, [M(NH;);H.O]X, and [M(NHs),- 
(H,0),]Xs, where X = Cl, Br, I, NO,, ete , and M = 
Co?*t, Cr°+, Rh?*, ete, are unstable with respect to the 

deaquation reactions 
[M(NH:);H,0]X,(s)->[M(NH;),X]X,(s)+H,O(g) (1) 
and 
LM (NH3),(H,0);]X (s) LM (NH3),X ,]X (s) + 2H,O(g) (2) 
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In the solid-state, this deaquation takes 
place slowly at room temperature but pro- 
ceeds very rapidly from 80° to 100°C While 
this deaquation, or anation reaction!, has 
been extensively exammed m solution, the 
solid-state deaquation reaction has received 
little attention other than several kinetics 
and thermal stability studies?-9 This 1s to 
be expected, of course, because the solid- 
state allows few variable experimental 
parameters, among them bemg temperature 

Mon et al 55 published weight-loss curves 
which indicated that the complexes, [Co- 
(NH;);H,0](C10,), and [Co(NH;),(H;O);]- 
(C1O,),, did not lose co-ordinated water even 
at temperatures up to 200? C These results 
constitute an exception to the common 
deaquation reactions and 1t 18 the purpose of 
this investigation to explam this exception. 

The complexes, [Co(NH3);H40](C10,), and 
[Co(NH,),(H,0),](CIO,),, were prepared by 
reacting perchloric acid with ([Co(NH,),- 
CO;](NO;) and [Co(NH;),CO,]NO,, respec- 
tively. The complexes, [Cr(NH;),;H,O]- 
(ClO,); and [Rh(NH,),H,O](ClO,);, were 
prepared by addimg perchloric acid to solu- 
tions of the correspondmg chlomde com- 
plexes The complexes were analysed by 
conventional methods 

The resultmg complexes were studied by differential 
thermal analysis 1n a helium atmosphere, and by thermo- 
gravimetric analysis m a vacuum’? The differential 
thermal analysis furnace heating rate was 5? C per mun, 
while the thermogravimetric analysis samples were heated 
at 3°C per min, with the pressure in the system being 
maintamed below 202 The resulting differential thermal 
analysis and thermogravimetric analysis curves of the 
complexes are given in Fig, 1 

The differential thermal analysis curves of the cobalt 
(III) and chromium (III) ammune perchlorates did not 
show the characteristic endothermic peak m the 100°-150° C 
temperature range which would correspond to the usual 
deaquation reaction, such as was observed with [(Co(NH,),- 
H;,O]Br, The rhodium (III) ammme complex did show 
such a peak, but at a Tmax of 240°C. At 260°C the 
rhodium sample was removed from the furnace; the 
sample had changed in colour from white to yellow, and 
on the basis of weight loss had lost one mole of water per 
mole of initial complex 

The vacuum thermogravimetric analysis curves showed 
that only the rhodium complex lost water to form the 
intermediate, [M(NH;),Cl0,](ClO,), The other com- 
plexes lost weight with no stable mtermediates corre- 
sponding to the loss of one (or two) moles of water 

There are two possible explanations for this observed 
retardation of the deaquation reaction Furst, the geometry 
of the crystal lattice might not permit the diffusion of the 
water molecule past the large perchlorate anions Second, 
the displacement of the water by the anion might be an 
Sw2 reaction In homogeneous aqueous solutions, the 
anation reaction has been shown to take place by an Sy2 
reaction mechanism However, no mformation 1s avail- 
able for the solid-state deaquation reactions 

If the mechanism of the solid-state deaquation reaction 
18 Syl, but that the water cannot leave the crystal due to 
the large perchlorate groups, other solid-state displace- 
ments should be sumilarly blocked The reaction 


[Co(NH;),H;O](C10,),(s) + NHs(g) > 
[Co(NH3),](CIO;),s) + H,O(g) (3) 
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would be doubly hindered by a compact crystal structure, 
first by resistance to the introduction of ammonia, and 
second by resistance to the expulsion of water In order 
to determine if this displacement reaction 1s hindered, one- 
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Differential thermal analysis F, 
G, [Co(NH;)sHsO](C10,)s, H, [Co(NB34(H50):(C10,4)s , 
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Fig 1 Differential thermal analysis and thermogravimetric analysis curves of metal 


complexes 
A, [Rh(NH;);H:O](Cl0,),, B, [Co(NH, 'H,0(010,), , 
6, (CON EO NOISE De CORN IEE DG ROO, 
ICE NT ESO CIO, s. P, [RNNHs)sH01(C10,),, 
J, [Co(N Ba) H0] Br. 


gram samples of [Co(NH;);H.,O ](C10,); and [Cr(NH3);H40]- 
(C101); were placed ın a metal bomb with a small amount 
of aqueous ammonia The bomb was heated to 1009 C 
for 5h , durmg this tme, there was a complete conversion 
to the hexammme-complexes, [Co(NH;),](ClO,), and 
[Cr(NH5),](Cl0,); Comparisons of these reactions with 
the same reaction of the corresponding chlorides indicated 
that the perchlorates actually reacted more rapidly. 

It seems then that the deaquation reactions of the type 
shown ın equation (1) proceed through an Sy2 mechanism 
with the amon displacing the co-ordmated water. On 
qualitative electrostatic considerations, Basolo and Pear- 
Son have shown that the Sx? substitution mechanism 18 
enhanced by a large central metal 10n and depressed by 
larger entermg group" Therefore, the Sy2 mechanism 18 
supported by the fact that anions smaller than the per- 
chlorate easily displace the water m the co-ordmation 
sphere and also by the fact that, when the anion 1s the 
perchlorate ion, only the complex with the larger central 
metal ion, rhodium (III), can lose the co-ordmated water 
onheating Clearly, the reaction 1s not determmed by the 
volatihty of the co-ordinated water (as an Sy1 mechanism 
would indicate) but rather by the fact that the metal 
anion bond 1s so much stronger than the metal water bond 
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Anomalous and Non-equilibrium Breaks in 
Fused Salt Thermal Analysis Curves 


THE lithium hydride-hthium chloride binary salt system 
has been investigated! recently by thermal analysis 
Cooling curves for the binary mixtures contaming 5, 20, 
and 33 mole per cent lithium hydride are shown on the 
right of Fig 1. These curves were typical of the results 
obtained durmg the mitial phases of this work 
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Fig 1 Anomalous behaviour in LiH-LiCl solid-hquid equilibrium. data 

The normal interpretation of these curves, with the 
assumption of equilibrium eonditions, 15 that at the point B 
the solution first becomes saturated with solid lithium 
chloride and that the eutectic halt appears at D. The 
discontinuity of the slope at C 1s an anomaly which could 
not be explained on the assumption of the formetion of a 
new phase, of a solid solution nor of the formation of a 
metastable phase from B to O which became unstable at 
C Further, the cooling curves obtained for the lithium 
hydride rich portion of the system were normal ın that 
only a single break and a eutectic halt were obtamed 
Thermodynamic studies showed gross inconsistencjes 
between the data obtamed for the hthium hydride rich 
portion of the system and that obtained on the lithium 
chlonde side X-ray studies of lithium hydride-hthium 
chloride mixtures indicated no change in the lattice 
dimensions of lithium hydride or lithium chloride Similar 
anomalous behaviour was observed ın the lithium hydride- 
sodium chloride system but not in the lithium chloride- 
potassium chloride system 

The thermal analysis apparatus used was patterned after 
that described by Smith? The sample with a thermo- 
couple was placed in a stainless steel-347 cup withm a fire 
brick container of low thermal conductivity The fire 
brick was totally enclosed m stainless steel-347 to render 1t 
inert to the sample environment In all experiments the 
temperature of the furnace was maintamed at a constant 
differential amount above or below the sample temperature 
This was achieved by using a separate differential thermo- 
couple with its yunctions mside and outside the container 
wall to regulate the temperature difference The output 
of this differential thermocouple was used to operate a 
differential d c. amplifier, which functions to control the 
heating and cooling rate ofthesample The versatility in 
adjustment of this amplifier allows heating and coolmg 
rates to be changed from 0 2 to 10° C/mun, thereby control- 
ling very closely the heat flow mto and out of the sample 

The differential d e amplifier activates a proportjonating 
controller which m turn operates a magnetic amplifier 
The power to the furnace surroundmg the sample was 
supphed through a saturable core reactor controlled by 
the magnetic amplifier 
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An adjustable span, adjustable suppression recording 
potentiometer was used to record the temperature of the 
melt All temperatures were measured with standardized 
platinum-platmum-10 per cent rhodium thermocouples 

The rate of the temperature change of the sample was 
determmed primarily by the heat flow through the system 
and the sample was mamtained as close to an equilibrium 
condition as possible Any change ın the pattern of heat 
flow could change the temperature of the sample thermo- 
couple Examination of the flow pattern m the system 
disclosed minimal loss of heat by conduction up the thermo- 
well Most of the heat was lost through the sample and 
out through the furnace wall 
tx The anomalous break in the cooling curves might then 
be explained by considermg the foregomg analysis Sold 
lithium chloride separates and collects on the walls of the 
sample cup When the first hthium chloride appears, the 
centrally located thermocouple was recording a tempera- 
ture somewhat above the true solid—liquid equilibrium 
temperature The unexpected and sharp break at pomt C 
of Fig 1 appeared when the liquid salts trapped in the 
centre of a shell of sold lithium chloride lost wet contact 
with the sample cup This ıs depicted schematically m 
Fig 2A Thais loss m contact caused an abrupt change m 
the rate of flow of heat from the liquid sample surrounding 
the thermocouple Since no problems were encountered 
1n studies of the lithium hydride rich portion of the system 
one might postulate that the thermal conduction character- 
istics of the two salts differ considerably Apparently 
lithium hydride ıs an excellent conductor of heat, bemg 
quite sımılar to metals 1n this respect 

To correct this problem a new thermowell was designed, 
contaming circular heat conducting fins 0 010 ım thick 
which extended to the wall of the sample cup. This 1s 
shown schematically m Fig 2B These fins provided a 
means for rapid heat flow into and out of the sample system 
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Fig 2 Sample configuration during time of solidification 
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Fig 3 Comparison of heat and cooling curves in LiCI-LIH system 
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independent of the manner ın which salts separated from 
solution This elimmated the anomalous high and low 
breaks giving only a single break and eutectic halt 

Using the old sample holder of Fig 24, heating curves 
were consistently poor m all the expermments with fused 
salts but excellent with metals used ın calibration experi- 
ments In contrast, usmg the sample holder shown m 
Fig 2B, accurate hquid—solid breaks were obtamed both on 
heating and cooling Fig 8 shows a typical heatmg and 
cooling curve for a mixture of 20 mole per cent lithium 
hydride-80 mole per cent lithium chloride The liquidus— 
solidus equilibrium break was sharp on both curves and in 
general differed by less than 2°-3° C 

This work was performed under the auspices of the 
US Atome Energy Commission and operated by the 
University of Chicago under contract W-31-109-eng-38 
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Photoconductivity Measurements on a 
Zwitterionic Dye 


We aie at present investigating the mechanisms of 
fading of the blue dyes which, when applied to wool, 
form the Standards for the Socwty of Dyers and Colourists 
International Blue Wool Scale for Inght Fastness! This 
communication concerns only one of them, namely, 
Colour Index (CI) Acid Blue 88 (CI No 42660) used 
for light fastness standard three 

Durmg the course of photoconductivity experiments on 
this dye several mteresting observations were made 
For these measurements the purified dye was deposited 
from saturated alcohohe solution as a thin layer (about 
ly, thick) between two gold electrodes mounted on an 
optically flat fused quartz slide The slide was fitted to a 
heating block and the assembly accommodated withm an 
evacuable cell having a fused quartz wmdow on one end 
Thus measurements of the conductivity were made n 
vacuo (10-4—-10-§ mm mercury) at a series of temperatures, 
both im the dark and under illummation by a Mazda 
high-pressure mercury discharge lamp Infra-red radiation 
was excluded by a water- and an-cooled infra-red filter 
inthe lamp housmg The visible and ultra-violet radiation 
from the lamp could be used or excluded at will by insert- 
ing Wratten Nos 184 and 2B filters respectively Tho 
electrical measurements were made usmg & d e measuring 
system consisting of a specially built electrometer? having 
a gain factor of 099 The potential gradient used ranged 
from 100 to 1,000 V/cm 

From measurements made in the dark, a plot of log o, 


1 
the specific conductivity, and TCK) gave a straight hne, 
usmg the equation 


c = 0,0- Fol 2he (1) 
6, = pre-exponential frequency factor , k = Boltzmann 
constant , Eg = activation energy of the thermally 
induced release of charges ın the solid in the dark 
The averaged results from several films gave the 
following values 


HQ- 167 eV 

o = 3 x 10-1* mho em", at 0° C 
3 x 10- mho cm-!, at 20°C 

log oy = 425 
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Also, from the absorption spectrum of the solid dye 
film, the threshold quantum for onset of absorption (hwo) 
was found to be 167 eV The agreement between this 
value and the value for E, 1s consistent with the views of 
Terenin® 

When measurements were made under visible 11lumma- 
tion only, the dye showed a definite but small photo- 


current. The plot of log opha and gave & straight 


l 
TCK) 
lne and using the equation 

Oph = Sopho EpalkT (2) 
a value of Eph of 0 58 eV was obtamed There was a slow 
time response to optical stumulation as shown m Fig 1 
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Ultra-violet radiation (300-390 my) alone produced 
no observable photoconductivity Further, the addition 
of the ultra-violet radiation to the visible radiation gave 
the same effect as visible radiation alone Oxygen had 
a very marked effect in lowermg the conductivity 
At pressures greater than 10-? mm mercury measurements 
were not possible From the effect of oxygen on the 
conductivity ıt 1s deduced that CI Acid Blue 83 1s an 
n-type semiconductor 

The fact that O I Acid Blue 83, which 1s an ‘acid’ dye 
of the ‘basic’ type (that 1s, a zwitterion) with the structure! 


50,0 


C,H, C-H; 
| 
Onna On ane, 
e 
| X 
SO,Na 
NH 
OC;B,; 


shows a definite and measurable photo-effect seems to 
invalidate the statement‘ “that all photoconducting dyes 
known to date are ‘basic’ dyes with coloured cations, 
the atom nominally carrying the positive charge 1s part of 
the chromophoric conjugated double bond cham No 
‘acidic’ dyes are known to be photoconductive” 

After being under the tense illumunation for some time 
a localized ‘spot’ of photobleached dye was noted This 
‘spot’ then expanded rapidly across the film until the 
whole was bleached The mduction period for the onset 
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of this bleaching seems to be related to film thickness, 
as might be expected As the bleaching progressed at a 
constant temperature, ib was accompanied by a pro- 
gressive increase ın conductivity The colourless photo- 
bleached product was shown by normal chemical methods 
to be the leuco form of the dye 

Our results and recent work on photodynamic dyes® 
suggest that the mechanism of photobleaching of CI 
Acid Blue 83 involves hydrogen abstraction and & bı- 
radical mtermediate 

We thank Drs A T Peters and F Jones of this Depart- 


b for helpful d 
ment for helpful discussions D PATTERSON 


B Prine 
Department of Colour Chemistry and Dyemg, 
University of Loeds 


1 Colour Index, second ed (Society of Dyers and Colourists, Bradford, 
Yorkshire) 


*Keene, J P, J Sc Inst , 37, 218 (1960) 

3 Teremn, A, Proc Chem Soe , 322 (1901) 

4Bube, R H, Photoconductwaty of Sohds, 410 (Wiley, 1960) 

5 Ber rri EP , Kirby-Smith, J S , and Randolph, M L, Natu, 199, 


BIOCHEMISTRY 


Calcium and the Adenosine Triphosphatase 
Activity of the Developing Rat Retina 

Ir has been noted many times that the rate of an vitro 
metabolism of nervous tissue 18 dependent on the calerum 
concentration of the mcubatmg medium Adequate 
explanations for the many effects demonstrated have not, 
however, been forthcoming 

Cohen and Noell’, 1n agreement with results obtained m 
similar observations on brain??, have reported that the 
omission of calcium from the incubating medium doubles 
the en vitro respiratory rate of the adult rabbit retina 
They were, however, unable to demonstrate a comparable 
effect on the metabolism of the immature tissue 

It ıs possible that one means whereby calcium 1s exerting 
its effect on the respiration of the adult retina 1s through 
rts action on the sodium-potassrum activated adenosine 
triphosphatase (Na-K ATPase) recently defined by the 
work of Skou*5 and shown to be particularly active in 
cerebral cortex and retinal tissue® 

This enzyme 1s inhibited by calerum ions and, since this 
would theoretically lead to mereased concentrations of 
intracellular adenosine triphosphate and reduced levels of 
intracellular inorganic phosphate, a decrease ın the rate 
of respiration might result The levels of this enzyme in 
adult and immature retinal tissue have therefore been 
investigated 

Rete obtained from an inbred strain of albino Wistar 
rats were used for the main series of experiments but 
prehmmary estimations on the developing rabbit retina 
have revealed similar relative changes in the ATPase 
activities of this tissue It must be noted, however, that 
although Kornbleuth, Yardem-Yaron and Wertheimer? 
have shown that calum has a comparable imhibitory 
effect on the glucose uptake of the adult rat tissue the 
absence of an effect on the metabolism of the immature 
retina has not been demonstrated 

Enzyme activities were determmed by an adaptation of 
the method given by Bonting, Simon and Hawkins® As 
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the main object of the investigation was to compare the 
relative inhibitory effects of calerum on the ATPase 
activity of the immature and the adult retina, only those 
media, which were directly relevant to this were utilized 
The effect of ouabain plus calexum was determmed so that 
an estimate of total Na-K ATPase activity present could 
be made 

Freshly prepared aqueous homogenates with a tissue 
concentration of approximately 12 mg wet wt /ml (that 
is, 1 rat retina per ml) for the adult and 24 mg wet 
wt /ml (that is, 3, 6-7 day ratling retinz per ml ) for the 
ummature tissue were used for the estrmations The final 
reaction volume was 0 2 ml and the meubation conducted 
at 37° C for 30 min 

Phosphate was estimated by the method of Reis?, the 
optical density being read on a Unicam SP 500 spectro- 
photometer at 650 mp 

The results (Table 1) show that there 1s a considerable 
increase in both the ‘total’ and Na-K ATPase activities 
of the rat retia durung development—a trend which 
follows that of the more general results on the levels of 
ATPase activity m the developmg rat bram? 

A separate series of estimations has shown that the 
average wet weight of an adult rat retina, as dissected out 
by the method used here, 1s 12 8 mg and that of a 6-7 day 
rathng 83 mg If those are used to correct the foregoing 
values for tassue weight the ‘total’ ATPase activity of the 
adult retina becomes 14 7 ug phosphorus/h/mg wet weight, 
and that of the immature retina 6 2 ug phosphorus/h/mg 
wet weight This represents a 2 4-fold increase im activity 
during development ^ Correspondmgly there ıs a 2 7-fold 
inerease m Na-K ATPase activity—from 32 ug phos- 
phorus/h/mg wet weight to 8 6 ug phosphorus/h/mg wet 
weight 

The results obtained for the adult rat retina show that 
there 1s a 39 per cent inhibition of ‘total’ ATPase activity 
1n the presence of 1 mM caleium and a 57 per cent mhibi- 
tion with a combination of 1 mM calcium and 0 1 mM 
ouabain (the corresponding figures found for retinal 
tissue from the adult rabbit bemg 35 and 64 per cent) 
These percentage inhibitions are lower than those reported 
for eat and human retane*, where calcium inhibited 66 and 
70 per cent of the ATPase activity, and calcrum plus 
ouabain 75 and 83 per cent respectively 

However, the adult level of ‘total’ ATPase activity 
found in the present investigation is equivalent to a 
splitting of approximately 0 50 mM ATP/h/g wet weight 
of retinal tissue and ıs comparable with the corresponding 
values quoted by Bonting e al of 058 mM ATP/h/g 
tissue wet weight for the cat retina and 0 48 mM ATP/h/g 
tissue wet weight for the human retina 

In further agreement with the results of the foregoing 
workers there was a consistently greater inhibition with 
ealerum and ouabam than with calcium alone—it 1:8, 
however, more pronounced m the present mvestigation 
The difference was most marked in the immature rat 
retina where, m the 7-day rathng, the calemmm plus 
ouabain inhibited 51 per cent of the total ATPase activity 
and calcium alone inhibited by only 28 per cent 

It would thus seem that calexum alone has a lesser 
relative effect on the Na-K ATPase activity of the young 
than of the adult tissue—the absolute levels of the calerum- 
mhibited ATPase activity (column 4) creasing from 1-75 








Table 1 ‘TOTAL’ AND CALCIUM-INHIBITED ATPASE ACTIVITY OF RETINAL TISSUE 
Medium % inhibition of C % mhsbit:on of 
un A B A-B ‘total ATPase (+ calcium and A-C total ATPase | 
Tissue (+ caleium) activity ouabain) activity 
Normal adult rat retina 1883 + 57 (9) 1148 + 70 (8) 735 39 77 55 35 1108 59 
7-day ratling retina 516 + 13 (9) 371413 (9) 145 28 25 i Š 08 202 51 








No of estimations performed are given ın parentheses 


‘All values for ATPase activity are expressed m terms of micrograms of phosphate phosphorus liberated per hour, per retina. Medium .4 gives 
the total ATPase activity, as defined by the conditions of the experiment, whereas media B and C are essentially medium A but with the addttions indicated 


in the table 


The initial tonicity was maintamed by the adjustment of the tris concentration and the final pH of all solutions was 7 6 
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ug phosphorus/h/mg wet weight retina to 57 ug phos- 
phorus/h/mg wet weight retina, that 1s, a 3 3-fold increase 

Although the Na-K ATPase activity 1s considerably 
lower in the immature as compared with adult retina, 
nevertheless, if the hypothesis put forward earlier were 
true, the fact that ıt 1s present would imply that there 
should be some calcium effect on the immature respiratory 
rate. 

Results obtained with rabbit retinz have dicated that 
the respiration affected 1s that derived from direct glucose 
oxidation and that (as ın the rat retina’) this forms only 
30 per cent of the respiratory activity of the mnmature 
tissue — Considering the fact that there is a 2-3-fold 
increase 1n the rate of respiration during maturation and 
that glucose oxidation then forms 60-70 per cent of the 
totaló1?, this actually corresponds to an approximate 
6-fold increase in the rate of direct glucose oxidation via 
the tricarboxylie acid cycle 

Thus ıt 1s apparent that both components of the system 
under consideration are substantially lower ın the mma- 
ture than m the adult retina Furthermore, although, 
relative to the amount of glucose which undergoes direct 
oxidation, the calc1um-mhibited ATPase activity 18 
actually greater m the former tissue, this 1s also true of the 
portion of ATPase activity which ıs unaffected by calerum, 
and 1$ may be that the relative level of this latter enzyme 
in the immature tissue 18 sufficient to mamtain the con- 
stancy of the respiratory rate when calcium js present in 
the incubating medium Mary J TOWLSON 
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A Sulphuric Acid Reagent for the Colori- 
metric Determination of Testosterone 


THIS communication describes a new, simple, yet 
sensitive and very reproducible technique for the spectro- 
photometric determination of testosterone, surpassing the 
known specific reactions with sulphuric acid reagents!" 
with regard to precision, sensitivity and homogeneity of 
blanks 

Heating the steroid with the reagent and subsequent 
shaking with diluted acid results in a stable blue solution 
with a greenish tint and a specific absorbance spectrum 
with a strong peak at 620 mp In the range of 1-20 ug/ml 
the molecular extinction coefficient em=14x 10° ıs by 
low coefficients of variation. (CV <4) mdependent of the 
testosterone concentration Various steroids have been 
tested with respect to colour developed and molecular 
extinction coefficient, mdicatmg that the reaction 18 
nearly specific for testosterone, czs-testosterone and 
androst-4-ene-3, 17-dione 

The sulphuric acid reagent comprised 25 mg NH,Fe- 
(SO,),-- 12H40 dissolved ın 1 ml of a solution containing 
1 mg per cent KMnO, in 20 per cent sulphurre acid heated 
in a seething water bath for 2 min, cooled and brought to 
a volume of 100 ml with concentrated sulphuric acid 
(1 84) Stored in a refrigerator the colourless reagent 1s 
stable for at least three weeks 

To a solution of 1-20 ug testosterone m 0 02 ml ethanol 
05 ml reagent is added The mixture 1s heated for 5 mun 
in @ seething water bath and cooled for 3 min in an 10e 
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water bath, 05 ml 3 per cent aqueous acetic acid, 18 
added, and mixing 1s performed by gently shaking The 
absorbance 1s measured at 620 mu agamst a blank con- 
taming all reactants except steroid All chemicals used 
were analytical reagent grade 

The foregomg method represents a basis for the determ- 
mation of testosterone ın biological material 

This work was supported by the Deutsche Forschungs- 
gememschaft 
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Effect of Growth Hormones on the Development 
of Invertase associated with Cell Walls 


Te enzyme mvertase has been shown to develop m 
washed rated slices of storage tissues of higher plants’? 
Using Jerusalem artichoke stem tubers? we have shown 
that this development 1s hkely to be an expression of 
protem synthesis as 16 1s suppressed by known inhibitors 
of this process 

This communication reports that mvertase synthesis by 
aerated slices of artichoke tuber 1s markedly inhibited by 
indolyl-3-acetic acid (IAA) at physiological concentrations 
(Table 1) this 1s of particular mterest since the enzyme 
appears to be associated entirely with the cell walls*®, 
and has defied attempts to render 1t soluble The hormone 
has no direct effect on the activity of the developed 
enzyme 

Various compounds bearmg some relationship to the 
IAA molecule, and of some physiological significance, were 
tested for comparable activity (Table 2) Apart from 
indolyl-3-acetonitrile (TAN), none of these approached IAA 
m inhibitory activity, but both mdole and hydroxyproline 
had significant effect It has been reported that certam 
chelating compounds simulate IA A. m biological activity* 
Table 2 shows that two of them wero mactive m this 
system The comparison between proline end hydroxy- 
proline 1s of particular interest, hydroxyproline 1s 4 
known constituent of some cell-wall protem?, including 
that of the artichoke*, and Cleland’ has recently reported 
that hydroxyproline 1s an inhibitor of auxin-induced cell 
elongation—an effect which he ascribes to interference with 
protem metabohsm The hydroxyproline of the cell wall 


Table 1 Effect of IAA on invertase synthesis Slices of artichoke tuber 
shaken for 24 hin IAA at concentrations shown For enzyme assay disks 
were transferred to 0 025 M sucrose and reducing sugar estimated rih 


Percentage inhibition of 


Concentration (M) of IAA invertase synthesis 


Water control 0 
107 15 
5 x 107? 8 
5 x 10-5 13 
5 x 102 35 
5 x 10 70 
L 78 


Table 2 Effect of IAA analogues and other compounds on invertase 
synthesis Conditions as for Table 1, compounds used at 10° M 


Percentage inhibition of 
invertase synthesis 


Water control 
IAA 


0 
80 
66 
43 
Tryptophan 5 
Sodium propionate 0 
Pyrollidine 2 
Proline 7 
Hydroxyproline 34 
Ethylenediamine tetraacetic acid* 5 
8-Hydroxyquinoline* 7 


* Chelating agents 
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Table 3 Effect of gibberellic acid (GA) on invertase synthesis Conditions 
as for Table 1 


Percentage stimulation of 


Concentration GA gg/l invertase synthesis 


Water eontrol 0 
10 54 
100 67 
1,000 69 
2,000 80 


1s known to be derived fiom proline*?, and we have con- 
firmed this m the artichoke 

It has been reported that gibberellic acid stimulates the 
activity of hydrolytic enzymes m plant tissues!i?! We 
find that with aerated artichoke slices gibberellic acid 
promotes invertase development (Table 3), as ıs tho case 
with LAA, the hormone was without direct effect on the 
enzyme 

It has also been shown in this laboratory that JAA and 
gibberellic acid profoundly affect invertase development 
m aerated carrot root slices, as with the artichoke this 
process 1s suppressed by known mhibitors of protem 
synthesis 

We conclude that the impheation that these growth 
hormones are mvolved m enzyme synthesis m plant cell 
walls merits further mvestigation the project 1s bemg 
continued m this laboratory (for a recent discussion of this 
topic see Wright! ^ Glasziou and co-workers! have 
recently reached a sumilar conclusion with respect to 
soluble mvertase in sugar cane, although in this case 
enzyme development was stunulated by IAA 

We thank the Royal Society for an equipment grant. 
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Evidence of an Aminoacyl Ribonucleic Acid 
Synthetase Activity in Calf Lens 


Iw the course of an investigation concerning lens FEN A's 
and their role m the biosynthesis of proteins and agemg'-§, 
we have examuned soluble RNA and particularly its 
abihty to bind amino-acids In 1961 Devi and Lerman®’ 
investigated the ineorporation of ammo-acids labelled 
with carbon-14 mto lens-protem and RNA The authors 
have measured the total mcorporation of amino-acids 
into protem and, on the other hand, into the lens RNA 
protems complex The difference between these two 
values was taken to mdicate the activity of lens RNA 
fraction alone It should be noted that these experiments 
were performed with a homogenate contammng the different 
types of RNA and that the RNA protem complex also 
contained types of RNA other than soluble RNA 

Our expermnents were carried out with the RNA frac- 
tion known to bind ammo-aeids, that 19, soluble RNA, 
and the enzymes catalysing this reaction, that 1s, amino- 
acyl-RNA synthetases, found m pH 5 fraction of mam- 
mahan cells? 

The calf lenses were removed from the eyes within 30 
mun of the death of the animals and stored at 0° C until 
mampulation The epithelial and cortical zones were 
homogenized after the addition of two volumes of 0 05 M 
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potassium chloride and 10-4 ethylenediamine tetraacetic 
acid, and centmfuged for 120 mm at 100,000g at 0° C 
The supernatant was brought to pH 5 2 by addition of 0 1 
N acetic acid at 0° and centmfuged for 15 mm at 6,000g 
at 0? C The pellet was dissolved in tris-hydrochlorie acid 
buffer pH. 7 4°. For the preparation of soluble RNA, on 
the other hand, the 100,000g supernatant fluid was shaken 
with &n equal volume of aqueous 90 per cent phenol foi 
l h at room temperature The phenol was afterwards 
removed from the top layer by extraction with ether and 
the RNA was precipitated by addition of 01 volume 
potassium acetate 20 per cent and two volumes of 96 per 
cent ethanol The amino-acids were removed by treat- 
ment through 0 1 M glyeme buffer, pH 10 3 at 30? C, for 
60 mm” and the amino-acid-free RNA was recovered by 
ethanol precipitation Protem was estimated by the 
method of Folin” and the sRNA by ultra-violet absorp- 
tion at 260 my, assummg that 23 optical density units 
correspond to 1 mg sRNA! 

The amimo-acid acceptor activity was measured by 
meubating sRNA and pH 5 enzymes with ATP, mag- 
nesium chloride and r-smino-ge1ds uniformly labelled 
(Table 1). 


Table 1 INCORPORATION OF CARBON-14 AMINO-ACIDS INTO LENS RNA 
DERIVED FROM THE PERIPHERIO ZONES IN PRESENCE OF ‘pH 5 FRACTION’ 
DERIVED FROM EPITHELIUM + CORTEX 


C p m /mg sRNA mgumole “C-amino-acd 
incorporated per mg sRNA 


Lleu | U-"C 1,000 0 835 
Ll-val  U-'C 200 0 106 
I-lys | U-"C 600 0 500 
Gly 2-460 800 0 665 
l-hisb | U-C 600 0 500 
l-glu | U-"C 700 0 580 


1ml ofthe base incubation mixture for the incorporation of !1C-amino- 
acids into SRNA contained 65 moles ATP, 5 4moles MgCl, 1 mg 
lens sRNA, 5 mg lens ‘pH 5 fraction’ proteins, 0 5 umoles amino-acid, 
05 we amimo-acid-U-¥C 1 200,000 e /myz/pmole m tres buffer pH 76 


The incubation lasted 15 mun at 37° C The reaction 
was stopped by the addition of 5 per cent trichloroacetic 
acid (TCA) The precipitate was washed once with 5 per 
cent TCA, once with 1 M (NH,)NaHPO, (37° C for 5 min) 
and once with 10 per cent TCA. The acid-washed protein- 
RNA samples were dissolved ın 1 ml hyamuine and counted 
m a Packard automatic scintillation counter TriCarb 13 
model 314 #X after addition of semtillation fluid 


Table 2 INCORPORATION OF “C-LEUCINE INTO PERIPHERIO ZONES sRNA 
WITH ‘pH 5-ENZYME’ OF DIFFERENT ORIGINS 


‘pH 5 fraction” Epithelium + cortex Cortex Nucleus 
derived from 
mymole MC leu incor- 
porated per mg 0 835 0 750 0 
peripheric sRNA 
Table 3 INCORPORATION OF “C-LEUCINE INTO NUCLEUS sRNA WITH 


‘PH 5-ENZYME' OF DIFFERENT ORIGINS 
‘pH 5 fraction’ 


derived from Epithelium + cortex Cortex Nucleus 
mymole "C leu ineor- 
porated per mg 
central sRNA 0 683 0 416 D 


It results from these experiments that the pH 5 fraction 
of a lens homogenate free of ite central zone shows a 
leucyl. glycyl, valyl histidyl, glutamyl, lysyl RNA-syn- 
thetase activity in presence of sRNA derived from the 
same peripheral lens regions The pH 5 fraction from 
epithelrum-free lens fibres shows an important activity 

For the pH 5 fraction obtamed from oldor fibres making 
up the centre of the lens, that 1s, the nucleus, this activity 
is non-existent whether the fraction is meubated with 
sRNA extracted from peripheral zones (epithelum + 
fibres) or sRNA from the central zone. 

On the contrary the sRNA isolated from the nucleus 1s 
able to bind ammo-acids 

It should be noted that « crystalline is mcluded m the 
lens ‘pH 5-enzyme’ fraction 

This work was supported by the French Delegation 
Générale & la Recherche Scientifique et Technique au 
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Lipase Action in Human Milk 


THE presence of lipase in human milk was reported as 
early as 1922! Recent reports mdieate*? that the con- 
centration of lipase 1s several times higher m human milk 
than in cow milk 

In cow milk, two kinds of lipolysis have been dis- 
tinguished induced and spontaneous! 5 The hpase of 
induced lipolysis 1s associated with the caseinate fraction 
of mlk  Certam ‘activating’ treatments of milk, such as 
homogenization, agitation and foaming of warm milk, are 
necessary to effect the enzyme-substrate (mulk fat) com- 
plex formation and thus initiate lipolysis In spontaneous 
hpolysis the action of lipase on mulk fat is mutiated or 
activated merely by cooling the milk‘ In milk that is 
susceptible to spontaneous lipolysis, lipase 1s urreversibly 
adsorbed on the fat globule membrane material by the 
cooling of freshly drawn milk* All normal cow milk 1s 
subject to induced lipolysis, but spontaneous lpolysis 
occurs only in the milk from a small proportion of indi- 
vidual eows$:? 

This communication deals with observations on the 
occurrence of the spontaneous type of lipolysis m human 
mik Hydrolysis of milk fat ıs extensive when freshly 
drawn human milk is cooled 

Durmg the examination of methods of preserving human 
milk, a rapid drop ın pH. was observed ın refrigerated raw 
human milk (recerved from a number of donors through 
the San Francisco Mothers’ Milk Bank) Investigation 
established that the extensive lowering of pH was due not 
to acid bacterial fermentation but to the liberation of 
free fatty acids 

The buffering capacity of human milk differs markedly 
from that of cow milk, as can be seen m Fig 1 There is 
no buffermg maximum at any pH, but 1t 1s uniformly low 
as compared with that of cow milk Thus, the marked 
lowering of pH 1n human milk by hberated fatty acids 1s to 
be expected ~ 

Lipase actrvity when human milk 1s cooled was con- 
firmed by (1) a decrease m surface tension parallehng 
the decrease in pH, (2) an increase 1n free fatty acids, 
(3) an absence of changes in pH, surface tension, or free 
fatty acids when the milk was pasteurized 

Surface tension was measured with the Cenco-du Nouy 
tensiometer A lowermg of the surface tension of milk has 
been recognized since 1939 as a criterion of progressive 
hpolysis? Free fatty acids were determmed by the 
extraction-titration method of Frankel and Tarassuk® 
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Fig 2 Lipolysis in human milk aged ın cold (5° C) 


Free fatty acid titration values are expressed as the 
quantity (m ml ) of 0 025 M alcoholic potassium hydroxide 
that is required to neutralize the free fatty acids of 10 ml 
of milk Fig 2 shows the extent of lipolysis as measured 
by the increase ın free fatty acids m mixed samples of 
human milk stored ın the cold The surface tension of 
muk in Fig 2 dropped from 47 2 dynes/em to 34 5 dynes/ 
cm during a 72-h storage period 


Table 1 SURFACE TENSIONS OF INDIVIDUAL HUMAN MILK SAMPLES AT 
20° C WHEN FRESH (6-16 H) AND AFTER REFRIGERATOR STORAGE FOR 72 H 
Donor Fresh After 72 h 

(dynes/em) (dy nes/em) 
1 469 345 
2 488 345 
3 459 344 
4 46 6 35 6 
5 448 348 
6 445 348 
7 46 6 348 
8 468 332 


Lipolysis of human milk cooled and aged ın the cold 
appears to be a general phenomenon ‘Table 1 shows that 
the milk of all individual mothers tested exhibited an 
extensive spontaneous lpolysıs These samples, tested 
organoleptically, had a typical bitter rancid flavour and 
odour resulting from the hydrolysis of fat 

Lipase of cow milk which exhibits spontaneous lipolysis 
18 activated by agemg freshly drawn uncooled milk at 
temperatures between 20? C and 37° ©  Inactivation 1s 
maximum at 37? C95 The mactivation by agemg has 
been attributed to oxidation of —SH groups, which have 
been found to be essential for milk lipase activity? 

Lipolysis is also inhibited in human milk durmg storage 
at 37° C provided ıt has not first been cooled For example, 
human milk which was cooled immediately after drawing 
and stored m cold for 8 h gave an increase of 0 94 free 
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fatty acid titration value, whereas another portion of the 
same milk that was aged 3 h at 37? C, and then cooled and 
aged m cold for 8 h, gave an increase of only 0 19 free fatty 
acid titration value 
The results presented here mdicate that lipolysis on 
coolng 1s a general phenomenon m human milk rather 
than being lumited to rare cases, as with cow milk Human 
mulk intended for storage will go rancid (hydrolytic 
rancidity) unless rb ıs pasteurized 
This work was supported by grant EF 00424 of the U S 
Pubhe Health Service We thank Prof R E Feeney for 
his advice 
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Quantitative Differences and Gene Dosage in 
the Human Red Cell Acid Phosphatase 
Polymorphism 


Ir has been shown that inherited differences in human 
red cell acid phosphatase can be demonstrated by starch- 
gel electrophoresis! So far, five distinct phenotypes 
(referred to as A, BA, B, CA and CB) have been identified, 
and family studies suggest that they are determined by 
three allelic genes (Pa, P^ and Pe) The relation between 
the observed phenotypes and the postulated genotypes 1s 
indicated ın Table 1, and the frequencies with which the 
various phenotypes have been observed ın a random 
sample of English adults are also given The phenotype 
corresponding to the postulated genotype PePe has not 
yet been identified Theory suggests that this genotype 
would be rather uncommon (perhaps 1 im 600 of the 
population) 


Table 1 OBSERVED FREQUENCY OF THE RED CELL ACID PHOSPHATASE 


TYPES IN 178 RANDOMLY SELECTED ENGLISH ADULTS 


Postulated genotype Phenotype Frequency (per cent) 
Paps A 96 
Papi BA 483 
pipi B 343 
Pape CA 28 
PbPe ' CB 50 


The zones of acid phosphatase activity in the starch 
gels were detected using phenolphthalem diphosphate as 
substrate at pH 60 The various phenotypes were found 
to differ from one another not only in the number and 
mobilities of the zones present, but also in the relative 
intensity of the zones Furthermore, the appearance of 
the gels suggested that the total acid phosphatase activity 
present might also differ from phenotype to phenotype 
In order to examine this point in more detail we have 
now assayed quantitatively the enzyme activity m 
hemolysates derived from a series of mdrviduals whose 
red cell acid phosphatase phenotypes were independently 
determmed by the starch-gel method The assay was 
performed with disodium p-nitrophenyl phosphate (0 01 
M) as substrate? at pH 6 0 in 0 05 M citrate buffer The 
activity was expressed as ymoles of p-nitrophenol 
liberated ın 0 5 h at 37? C per g hemoglobin 

The distributions of the activities found 1n hemolysates 
from 275 mdividuals of known phenotypes are shown m 
Fig I It will be seen that there is considerable variation 
in level of activity between individuals of any given type 
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Fig 1 _ Distribution of red cell acid phosphatase activities m hæmo- 

lysates from individuals of different phenotypes, Each square represents 

one individual Activities are expressed a3 umoles p-nitrophenol hber- 
ated in 0 5 h at 37° C per g hemoglobin 


Howeve:, this does not obscure certain striking differences 
between the types Thus : 1s apparent that the average 
level of activity ın type B 1s greater than that m. type À 
and that the average level in type BA 1s mtermediate 
between the two 

The means and standard deviations for the various 
distributions are given m Table 2 Tests of significance 
for the difference between the means show that the means 
of types A, BA, B and CB differ significantly Also the 
mean of type CA 1s significantly different from those for 
types A, BA and CB, but not from that of type B 


Table 2 MEANS AND STANDARD DEVIATIONS OF RED CELL ACID PHOS- 
PHATASE ACTIVITY IN INDIVIDUALS OF KNOWN PHENOTYPES 
The activity 13 expressed as umoles p-nitrophenol liberated in 0 5 h at 37°C 
per g hemoglobin 


Type No of Mean activity Standard 
individuals deviation 
A 33 1224 168 
BA 124 1539 178 
B 81 1883 195 
CA 11 183 8 198 
CB 26 2128 281 


Using the mean values given in Table 2, 15 1s possible 
to make some interesting calculations Thus if we accept 
the genetical hypothesis which has been put forward to 
account for these differences, and if we also make the 
assumption that all the acid phosphatase activity observed 
in the various types 1s determined by the three genes Pa, 
Pb and Pc, then we can ask whether the quantitative 
effects of these genes are additive in a simple way, or 
whether some more complex dosage relationships are 
involved 
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We will refer to the mean level of activity m the 
different phenotypes as A, BA, B, CA and CB If the 
effects of the three alleles Pe, P^ and Pe are additive then 
the following two relationships should occur 


(1) 3A + 3B = BA 
(2) CA — $A = CB — iB 


From Table 2 ij can be seen that: 4A + $B = 
15535, and that BA = 1539, also CA — $A = 1226; 
and GB — $B = 11815 Thus the observed mean values 
give strong support to the hypothesis that the quantitative 
effects of these genes are additive m a simple way 

If this 1s so then from the results in Table 2 one may say 
that the average activity attributable to each of the three 
postulated genes wil be approximately Pa 61 umts, 
Pb 94 units, Pe 120 units One may note that the ratio of 
the activities Pa . Pb » Peis very close to 2 3. 4, and it 
is tempting to think that this may have some special 
significance in terms of enzyme structure Another point 
is that the values suggest that the predicted but not yet 
identified phenotype corresponding to the genotype PePe 
should have an average activity of about 240 units It 
will be interesting to see 1f this ıs confirmed when this rare 
phenotype 1s identified. 

These findings are consistent with the patterns of 
activity ın the different phenotypes as observed after 
starch-gel electrophoresis Thus a pattern very similar 
to that observed in type BA has been obtained by running 
a mixture of approximately equal amounts of hemolysates 
of types A and B. Also the patterns m types CA and CB 
ean be plausibly regarded as equivalent to mixtures of a 
hypothetical type C with types A and B respectively 
However, it should be noted that m types A and B, both 
of which are thought to represent homozygotes, two 
electrophoretically distinct zones of activity are present 
Furthermore, while in type A the two zones appear to be 
roughly equal in activity, ın type B the faster zone 18 
relatively more intense than the slower zone A knowledge 
of the nature of the differences between the two enzyme 
components 1n these types, and also of the relativo con- 
tribution each component makes to the total activity, 
would therefore be expected to provide further msight 
into the character of the gene dosage relationships in- 
volved 
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4-Aminobutyrate [-'^C Metabolism in 
Helianthus tuberosus Tissues grown in vitro 


4-AMINOBUTYRATE (4-AB) has been found widespread in 
animals, plants and miero-organisms'-! Because ıt 
iS especially concentrated m bram5, a more or less 
direct relation with neurotransmission mechanisms (as 
4-ammobutyrylcholme*, for example) has been sugges- 
ted*9 The transammation of 4-AB with 2-oxoglutarate 
to yield glutamate and sucemie semialdehyde®", resulting 
in a by-pass to the Krebs cycle, which has been shown m 
bram and m some micro-organisms, tentatively suggests 
a more general pathway. Although 4-AB, as well as the 
enzyme that produces ıt from glutamate—-r-glutamate 
l-earboxylyase, are present ın appreciable quantities m a 
high variety of plants’, little 13s known about 4-AB 
metabolism in plant tissues 
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Tissue culvure in hquid medium appeared to be con- 
venient for this purpose Regular sized fragments of 
H tuberosus tubers were placed in 200-ml flasks each con- 
tammg 10 ml of a culture medium composed of glucose, 
mineral salts, auxm, thiamime and 345 mg/l of 4-AB 
The 4-AB 1-4C was added m amounts ranging from 02 
to 2 uc/ml Agitation of 4 oscillations per min was 
apphed (temperature, 23° C, 1llummation, 8 h a day) The 
flasks with 2 uc [ml were able to retain the carbon dioxide 
evolved Samples were taken each day for a week 
Organic acid and ammo-acid fractions were isolated by 
passing the hydroalcoholic extract of the tissues through 
ion-exchange resins (‘Lewatit S-100’) Both fractions 
were concentrated ın vacuo and the radioactivity of dry 
aliquots, plated on planchettes 19 mm m diameter, and 
of paper chromatograms spots measured (Tracerlab 
apparatus, 1,450 V, wmdow of 25 and 18 mg/cm’, 
background count rate, 12 ep m) 

The results obtamed can be summarized as follows 
(1) The radioactivity recovered m the organic acid and 
amino-acid fractions m the earlier samples shows the rapid 
incorporation of 4-AB in the tissues exammed and an 
active metabolism of ws carbon skeleton (Table 1) 


Table 1 INCORPORATION OF LABELLED 4-AMINOBUTYRATE IN H 


tuberosus TISSUES GROWN n vitro 


Days of 4-AB 1-"C added Recovered radioactivity (c p m ) m 
culture (uc [ml ) Ammo-acids Organic acids a00; * 
1 02 6 446 5 705 -— 

2 02 8 618 7577 — 
3 1 49 934 35 460 — 
4 2 118 086 66 725 601 032 
5 02 9 504 5 098 — 
6 02 10 384 5 930 — 
7 02 8 650 5 742 — 


* Measured only in the 2 uc [ml flasks 


(2) The amount of carbon dioxide, measured as barium 
carbonate, represents after 4 days’ culture 78 per cent 
of the recovered radioactivity. In this prelummary work 
the radioactivity of insoluble material has not been taken 
into account (3) In the chromatograms of the ammo-acid 
fraction the highest values are found, ın addition to 4-AB, 
in alanme, prolme, aspartic acid and glutamic acid (4) In 
the chromatograms of the organic acid fraction most of the 
radioactivity 1s found as malic acid The remammg com- 
pounds have low or no activity 
These results are m agreement with those obtained in a 
simultaneous experiment carried out in our laboratory with 
glutamate l-carboxylyase activity and ammo-acid evolu- 
tion in H tuberosus grown m a medium where this amino- 
acid was the only source of nitrogen supply A complete 
assunilation of 4-AB and a parallel increase between 
enzymatic activity and formation of new tissue have been 
found 
Therofore, a direct connexion between 4-AB and the 
Krebs cycle seems to be a reasonable explanation of the 
high rate transformations of 4-AB in H tuberosus tissues, 
and suggests an active role in some steps of plant metabol- 
ism It will be recalled that ıt 1s present in highly signifi- 
cant amounts in seeds, roots, tubers, etc 
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Release of Tritiated Epinephrine following 
Sympathetic Nerve Stimulation 


Ir has been previously demonstrated that di-nor- 
epmephrme-?H is bound by the isolated perfused dog 
graclhs muscle and that nerve stimulation causes a 
release of the bound mo»epnephrmne-H Both nor- 
epinephrme-?H and epmephrme-*H are bound in dense 
core vesicles of sympathetic nerve endings! We there- 
fore examined the possibilty that epimephrme-*H taken 
up from the circulation could also be released by stimula- 
tion of sympathetic nerves 

The dog gracilis muscle was isolated and perfused, and 
80-100 uc dl-epmephrine--H was infused mto the 
vascular bed, as described previously? Thirty mmutes 
after the labelled catecholamune was admunistered, 
phenoxybenzamme was given to block vascular responses 
to nerve stimulation, and the changes m transcapillary 
transport accompanying these responses? 

Epmephrme-3H and its metabolites were measured in 
effluent blood? Before nerve stumulation, about 40 per 
cent of the total radioactivity found m the effluent was 
epinephrine, 30 per cent was metanephrine, and only 4 per 
cent was 3-methoxy-4-hydroxymandehe acid and 3-meth- 
oxy-4-hydroxyphenylglycol This is m contrast to 
norepmephrme*, where the deammated metabolites 
represented about 45 per cent of the effluent radioactivity 

Following nerve stimulation (8 mmpulses/sec) there was 
a marked mse m total tritum m the venous effluent, with a 
2-fold mcrease m epmepbrme-*H (Fig 1) In addition 
there was a 50 per cent mcrease m the amount of mota- 
nephrine, with only a shght imcrease m the deammated 
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muscle before and dunng sympathetic nerve stimulation E, epme- 
phrme, A, metanephrme, V, 3-methoxy-4-hydroxymandelic acid + 
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products The results shown are typical of a total of 
eight periods of sympathetic nerve stimulation m three 
separate experiments 

In similar experments with norepinephrme, sympathetic 
nerve stimulation resulted in a rise only of norepmephrine, 
with no inerease in any of the metabolites? At the end 
of the experment, 2 h after the end of the epmephrine 
infusion, about 60 per cent of the recovered radioactivity 
found in the muscle was present as epinephrme, about 
30 per cent as metanephrine, and about 10 per cent as 
deammated products 

From these results, 1b can be concluded that epmephrine 
can be taken up from the circulation mto the sympathetic 
nerve endings and discharged by sympathetic nerve 
stumulation The merease in metanephrme could be due 
to a release of the O-methylated metabolite, O-methylation 
of the released epinephrine, or both 
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Isolation and Purification of Hormones of 
the Crustacean Eye-stalk 


Duze the past three decades, investigations of neuro- 
secretory eye-stalk hormones among crustaceans have 
revealed a variety of physiological effects produced by 
eye-stalk ablation as well as by replacement experiments 
mvolving 1njeetion of extracts of eye-stalk tissuel? 
Resolution of the number of hormones involved in such 
physiological responses cannot be readily made with the 
crude extracts so far used Progress along this lme of 
crustacean endocrinology will evidently depend on 
isolation and purification of the different hormones, 
determination of ther chemical nature and structure, 
and testmg such purified preparations for the specificity 
of ther physiological effects Some attempt in this 
direction with the pigmentary effector hormones indicates 
that they may be peptide ın nature? On the basis of 
physiological® and specificity tests’, the hght-adaptmg 
retmal pigment hormone and the hormone which concen- 
trates pigment in erythrophores appear to be different 
entities, less-complete separation of retinal pigment 
hormone and erythrophore-dispersing substance by paper 
electrophoresis has also been reported?. 

Large-scale purification of crustacean eye-stalk hor- 
mones m order to permit their chemical characterization 
was therefore undertaken in this laboratory We can 
now report isolation and purification of the retinal pigment 
hormone and the erythrophore-concentrating hormone 
The prawn, Palaemon adspersus, was used as the assay 
anımal for both hormones, the methods bemg similar to 
ones previously described for these pigmentary effectors®.® 
Eyo-stalks collected from lving Pandalus borealis were 
kept frozen until subsequent lyophilization 

Extraction of the powdered eye-stalks 1s started by 
heating the aqueous suspension at 100° for 2 mun to 
denature an mactivatmg enzyme occurrmg 1n the tissue’ 
Both hormonal activities are obtamed in one of 19 
separated peaks followmg chromatography on a column 
of ‘Dowex 50-X2', this step results m a 200-fold purifiea- 
tion when related to the total absorption at 280 my 
Further purification 1$ accomphshed by chromatography 
on a column of ‘DEAE-Sephadex A-25’ The separation 
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of the two hormones imdicates conclusively that the 
activities are related to two different molecules (Fig 1) 
When the active fractions are pooled, the overall purifica- 
tion of the retinal pigment hormone 1s about 2,000-fold 
and that of the erythrophore-concentratmg hormone 
about 8,000-fold 
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Functional Distinction between Oculomotor 
and Optic Nerves in Carcinus (Crustacea) 


THE optic and oculomotor nerves of Carewus run from 
the brain into the last segment of the eyestalk assembly, 
where they innervate eye muscles, mechano-receptors and 
photoreceptors The optic nerve has been known to 
contam both sensory and motor fibres since the work of 
Bethe!, who suggested a purely motor function for the 
oeulomotor nerve 

Aecordmg to Bethe, section of the oculomotor nerve 
resulted ın the abolition of the fast, protective retraction 
of the eye normally following mechanical stimulation of the 
anterior portion of the carapace or of the eye itself After 
section of the optic nerve the eye was still ‘withdrawable’ n 
response to suitable tactile stimulation He gives no 
further details, but his work suggests a certam specificity of 
the types of efferent axons which run m the optic and 
oculomotor nerves 
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Repetition of Bethe's surgical experiments contradicts 
hus results Elmimation of the oculomotor nerve by 
cutting through 15 did not impair the fast retraction of the 
eye ın the least Whereas ın normal animals the eye 18 
retracted for varymg lengths of time after stimulation 
animals m which the oculomotor had been cut often 
extended the eye mmediately Horizontal, optically 
mduced compensatory eye movements were completely 
abolished. Movements of the eyes due to passive rotation 
of the anımal about a transverse axis were evident, but 
these were due to the action of rotatory muscles which 
attach to the median portion of the eyestalk assembly as 
described by Cochran? ‘These have separate innervation 
coming directly from the brain 

Section of the optic nerve mnmediately abolished the 
fast retraction reflex Slow retraction of the eye still took 
place following tactile stimulation of the appropriate 
parts of the carapace ın crabs m which the oculomotor 
nerve was still mtact All the evidence shows that the 
optic nerve contams the motor axons for the fast with- 
drawal while slow withdrawal and optomotor movements 
are controlled via the oculomotor nerve 

Electrical recordings from the intact optic nerve durmg 
the retraction reflex showed a sharp burst of about 30 
closely spaced nerve impulses of several different spike 
heights, which was seen to correspond with the fast 
retraction of the eye Reflex retraction was never seen to 
occur without the burst of mpulses The same activity 
could also be recorded from the central end of the optic 
nerve after ıt had been sectioned, but m this case there 
was no corresponding retraction of the eye The fast 
retraction response m the optic nerve could be pioduced 
regardless of the position ‘of the eye If the eye was 
forcibly held m the retracted position and the carapace 
stimulated, the burst of efferent spikes would appear in 
the optic nerve and the eye could be seen to tighten into 
the socket This reflex seems to override completely all 
other efferent commands to the eye muscles and takes 
httle heed of any peripheral proprioceptive méchanisms 
In this character ıt 1s in keepmg with other known cen- 
trally mitiated sequences which occur in the Crustacea 

Electrical recordings from the intact oculomotor nerve 
during the fast retraction reflex showed first a burst of 
afferent activity after which an efferent unit was seen to 
fre continuously durmg the tıme the eye remained 
retracted and ceased when the eye was again extended 
The active extension movements of the eye were always 
accompanied by efferent activity m the oculomotor 
nerve Duistinetion between afferent and efferent activity 
was made possible m all cases by recording from two points 
along the nerve The presence of motor activity in the 
oculomotor nerve during the retraction of the eye may 
explain the observed slow withdrawal of the eye following 
tactile carapace stimulation after section of the optic 
nerve It ıs probable that these are slow motor fibres 
responsible for maintammg retraction of the eyes after 
the initial fast withdrawal 

Durmg optomotor movements of the eye, elicited by a 
horizontally rotatmg striped drum, efferent activity was 
recorded in the optic nerve, but there was little activity in 
comparison with the extensive efferent discharges m the 
oculomotor nerve under the same conditions Oculomotor 
activity was always synchronized with the slow and fast 
eye movements of optokinetic nystagmus (Similar 
responses have been recorded by Waterman and Wiersma 
from the optio tract of Grapsus and other decapods?) 
Efferent activity was also recorded from the central end of 
a peripherally cut oculomotor nerve in response to opto- 
motor stimulation of the contra-lateral eye This activity 
was synchronized with all the optomotor movements of 
the mtact eye, which shows that the details of muscle 
control m the optomotor response require neither visual 
nor proprioceptive feedback from the same eyestalk The 
alternative, a great relance on a centrally determmed 
sequence, 1s therefore mdicated. 
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An intimate lnk between the visual information 1ecerved 
by the one eye and the optomotor responses of the other 
was demonstrated when the visual information from the 
one eye, which had been mmmobilized by severing the 
oculomotor nerve on that side, was observed to be suffi- 
cient to produce the apparently normal slow and fast 
movements of optokmetic nystagmus of the contra- 
lateral eye which was itself bhnded by sectioning the 
optic nerve The efferent commands for this movement 
must have been confined to the oculomotor nerve 
Although the optomotor and all other compensatory 
movements were normal in the blinded eye, this eye was 
shghtly abnormally orientated when compared with the 
seeing but immob:hzed eye It ıs not possible to state 
whether the loss of posture was due to the lack of visual, 
proprioceptive or motor mformation normally channelled 
along the optic nerve Methylene blue mvestigations of 
the mnervation of the eye muscles have shown nerve 
fibres from both the optic and the oculomotor nerves 
going to all the muscle blocks 

The presence of normal compensatory eye movements 
in an eye from which all visual and some proprioceptive 
input had been removed points to a system which 1s not 
strictly error-controlled by mformation bemg fed back 
from the periphery 
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Implanted Tumour Growth in Mice exposed 
to Continuous Centrifugation 


Because of the known effects of high gravity on normal 
growth, and of other associated effects which might 
mfluence a tumour-host relationship, 5-week-old, Swiss 
Webster mice bearmg transplanted sarcoma 180 tumours 
were subjected to continuous centrifugation simulatmg 
high-mtensity gravitational fields Experments with 
several lıvıng forms have demonstrated that a gravita- 
tional field mfluences growth mechanisms and their 
eontiol* Continuous exposure of mice to centrifugation 
can produce a retardation of normal growth Initial 
exposure induces a decrement m food intake? and in body 
mass followed by a gradual but usually mcomplete 
recovery* There are other effects such as changes m 
relative dimensions of the adrenal gland, spleen, and 
femur bone!:?5 (It should be appreciated, however, that 
some of these changes might not be meaningful as relative 
organ sizes vary with stage of development") Both the 
spleen and the adrenal gland have been implicated in the 
tumour-host relationship? Also a decreased caloric 
intake, characteristic of animals exposed to centrifugation, 
has been reported by many workers to retard the growth 
of transplanted tumours in experimental anımals This 1s 
reviewed by White 

The centrfuge and cages used m this experimental 
series have been described pieviously? Cages were sub- 
divided into four separate sections, each providing 
appioximately 19 in? of floor space Animals were 
housed one to a section The experimental animals 
experienced fields of 2, 3, 4, and 5g Each experimental 
animal had two litter-mate controls ın the l-g environ- 
ment One of these was fed ad lnbatum, while the solid 
food of the other was restricted to a daily amount com- 
parable with that eaten by the experimental This par- 
fed control was included to demonstrate any effect by 
high gravity on tumour growth which would be imndepen- 
dent of the decrement m food mtake mduced by centri- 
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fugation. As m previous experiments ın this laboratory 
all animals were fed Purna laboratory chow for mice, but 
instead of using potatoes, water was provided in vessels 
specially adapted for the centrifuge 

The tumour was maintained in the ascites form m stock 
mice A tumour cell suspension of known cell count 
(2 x 108 cells per ml) was injected subcutaneously into 
the dorsal aspect of the left hind feet of the mice, each 
injection totalhng 0 05 ml  Viabihty of tbe cells at the 
end of an expermnenb was demonstrated by successful 
retransplantation The day of observable incidence (a 
palpable nodule not seen with a placebo saline mjection) 
was noted As growth progresses lmear tumour measure- 
ments (length and width) were made and volumes com- 
puted according to the formula for an ellipsoid of revolu- 
tion?  Prelminary experments showed that there was a 
close relationship between tumour volume and tumour 
weight which was the same for all groups Thus, tumour 
growth relative to whole anımal growth was evaluated on 
the basis of a mean difference m ratios (exp —cont ) of 
tumour volume change (AV) to change ın whole-body 
mass (AM) over the course of the experment The 
equation 1s as follows 

Mean difference in ratios 


z[((50 - Ga] 
exp cont 
N 





Probabilities were determined according to Student’s 
t-distribution, and a significance level of 5 per cent was 
used X 
In all experiments 100 per cent tumour incidence was 
attained within 14 days  Centrifuged animals showed a 
delay ın time for observable incidence when tumour trans- 
plant and onset of centrifugation occurred on the same 
day Degree of delay appears somewhat dependent m 
field strength (Fig 1) ‘This delay was more pronounced 
than that evoked merely by restriction of food mtake, 
indicating that delay at high gravity depends on factors 
1n addition to reduced food intake Statistical significance 
to substantiate this observation was obtamed m the 4-g 
experiment where the number of anmals was large The 
mean ratio of the day of meidence of the experimental 
animal divided by the day for the litter-mate, pair-fed 
control was 1 51 with a standard error of + 0 16 (P = 0 45 
per cent that this ratio 1s different from unity) However, 
in another experment at 4g, when the tumour transplant 
was made in mice already exposed to three weeks of prior 
centnfugation, the mean ratio was 085 + 0 13 The 
resulting P value was 27 per cent, showing no significant 
difference from unity The probability that the two ratios 
were different from each other was 03 per cent This 
suggests that the delay phenomenon is attributable to 
factors associated with the response of the host to the 
actual onset of centrifugation 

Once the tumours had become measurable, growth rates 
were compared on the basis of tumour volumes In all 
experiments mvolving comeident transplant and onset of 
centrifugation, the mean tumour volumes of the animals 
exposed to high gravity were larger than those of the 
pair-fed, litter-mate controls As with mcidence measure- 
ments, a sufficiently large sample of animals to definitely 
show significance with respect to these volume differences 
was used only with the 4-g experiment (P = 2, 0 01, and 
0 2 per cent for 6, 10, and 14 days respectively) (Fig 2) 
The same pattern was observed in the 4-g experiment with 
centrifuge condrtionmg prior to tumour transplant 
(P = 15, 001, and 04 por cent for comparable days of 
measurement) Thus when the variable of food consump- 
tion 1s removed, tumour size actually mcereases at a faster 
rate, and this phenomenon appears to be independent of 
the onset of centrifugation and the delayed incidence 
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Fig 1 Relative time from comedent day of transplant and onset of 

centrifugation for observable tumour incidence as a function of field 

intensity The day of incidence for each animal in the experimental 

and pair-fed control peop was divided by the day of meidence for the 

litter mate m the ad hbuum-fed control group Approximate absolute 

value for tıme of incidence can be computed from the relative values 
and the 1-9 (ad butum) value of approximately three days 


Fig 2 Effect of high gravity on tumour size Results arc for 4-y experi- 

ment with coincident régimes Standard errors of values are indicated 

by radii or ares above and below points Standard errors of differences 

between experimental and control points are denoted by arrows from 
control points 


Fig 3 Increase of final experimental tumour volumes beyond pair-fed 
control level as a function of field tensity The triangular point m- 
dicates the assumed value of zero difference at 1g used in the regression 
analysis Tho line 1ndicates predicted values for AV obtained by this 
analysis The curve 1s drawn from 1-g rather than from an extrapolation 
to zero to prevent a potentially misleading prophecy of the effect of the 
weightless state Horizontal axis of grarh represents pair-fed control 
level of tumour volume arbitrarily taken as zero 


In both the 4-g experiments, there was a significantly 
faster growth of tumour relative to that of the whole 
animal over a two-week period when the factor of dict 
was mmmuzed The mean difference in ratios of tumour 
volume change to change in whole-body mass (see equa- 
tion 1) was 20 + 56 (P = 03 per cent) with comeident 
tumour transplant and onset of centrifugation and 110 
+ 36(P = 09 per cent) with prior centrifugation. 

When the results from the 4-g experiment (comeident 
transplant and centrifugation onset) are combined with 
fragmentary data from other fields for growth of estab- 
hshed tumours, a tendency for faster growth as the field 
progresses from 1-g to 5-g 18 evident A regression analysis 
(Fig 3) of the values representing the final experimental 
tumour volume (two weeks) compared with that of the 
pair-fed control group shows that a significant increase 1n 
the mean difference [(vol exp }—(vol cont )] was as a 
function of field The slope of this line of best fit 1s 31 4 
+ 48 and 1s significantly different from zero (P = 07 
per cent) 

Thus indications are that, by mcreasing the intensity of 
the gravitational field ın the host’s environment, one can 
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alter the growth rate of implanted tumours The high-g 
fields appear to exert an effect beyond that expected from 
the decrement in food mtake It should be noted, however, 
that the dietary factor 1s cont1olled only so far as the food 
intake, and that changes in absorption, energy demands, 
and, general metabólmm of the host could contribute to 
the effects observed Also, no effort 1s made to separate 
the phase of estabhshment and actual growth with respect 
to the tumour The pattern obtamed for the time of 
observable meidence mdieates that the change from one 
field mtensiby to another is an important factor The 
experiment with centrifuge conditionmg suggests that 
contrifugal field alone 1s a factor responsible for the faster 
tumour growth As these animals did not commence their 
life at the higher gravitational field, it 1s impossible to 
speculate whether actual magnitude of field or extent of 
change in this magnitude 1s the major factor 

The initial effect of centrifugation, 1f centrifugation can 
be considered to act as a non-specific physiological 
‘stressor’, might be, expected to stimulate the reticulo- 
endothelial system Urinary excretion studies on human 
beings exposed to centrifugation reveal catecholamme 
level patterns indicative of a ‘stress’ response! Although 
other workers have reported difficulties, Stiehm has, on 
the basis of this hypothesis, produced some centrifugation 
tolerance m ists by prior conditioning in the centrifuge 
He also showed enhanced tolerance after prior stumulation 
(endotoxin) of the reticuloendothehal system!? Other 
workers have shown that moculation of S-180 into Swiss 
mice mn itself activates the reticuloendothehal system and 
prior activation with various agents can protect the mice 
from tumour challenge?! Thus, 1t mght be hypothesized 
with reference to the present study that when tumour 
transplant and onset of centrifugation are on the same day, 
the reticuloendothehal system ıs so stimulated thet a 
protection against the tumour 1s provided and delay of 
observable incidence results Depletion of the roticulo- 
endothelial system might m turn lead to the observed 
increased tumour growth rate which follows In the 
experment with prior centrifugation, the reticuloendo- 
thehal system stimulation would have disappoared after 
the three weeks of conditionmg The possibility of other 
effects on the host organism, such as hemodynamic 
changes resulting from centrifugation, changes in periph- 
eral circulation from increased adrenaline, and the effects 
of increased levels of glucocorticoids may play some part 

This mvestigation was supported m part by a grant 
No E-197 from the American Cancer Society and in 
part with grants GM 08428 and GM 10093 from the US 
National Institutes of Health 
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Effect of Epinephrine Pretreatment on 
Pentobarbital Sleeping Time of Mice with 
Altered Thyroid Status 


In 1960, Conney and Garren} reported that thyroid 
pretreatment prolonged the sleepmg time from hexo- 
barbital ın rats Later, Prange et al? found that in mice 
prior treatment with desiccated thyroid mereased sleep- 
ing time and propylthiouracil decreased pentobarbital 
sleep time Fouts? recently reported & six-fold decrease 
m the ability of rat hver microsomes to metabolize hexo- 
barbital and chloropromazine when these animals were 
pretreated for three days with epinephrine (0 5mg/kg every 
12 h, 6 doses) In mice Ellmwood! found analogous 
results ın vwo with pentobarbital Pentobarbital sleep- 
ing time was increased two-fold (P = 0 001) with epme- 
phrine (05 mg/kg every 12 h, 6 doses) pretreatment, 
whereas a smaller dose of epinephrine (0 25 mg/kg) had 
no effect 

Thyroid hormone and epmephrme have been demon- 
strated to have a potentiatmg mteraction in increasing 
metabohe 1ate5-", and thyroid hormone enhanced epine- 
phrine hyperglycemic response! Thyroid hormone m- 
hibition of monoamine oxidase? and the capacity of 
epmephrine to augment the rate of thyroid hormone 
secretion! may contribute to this potentiating inter- 
action As already noted, both thyroid hormone and 
epmephrine pretreatment mdividually prolonged pento- 
barbital sleeping time These and other observations 
suggested an exploration of the mteraction of altered 
thyroid. status and epimephrme pretreatment on pento- 
barbital sleeping time m mice 

A pretreatment matrix was designed ın which normal, 
hyperthyroid and hypothyroid mice had a schedule of 
either (a) six large injections of epmephrmme (0 5 mg/kg), 
or (b) six small injections of epinephrine (0 25 mg/kg), or 
(c) sıx mjections of saline, just prior to the expermmental 
day Male Swiss-Webster mice weighing 25-30 g were 
selected. Change in thyroid status was accomplished by 
feeding desiccated thyroid (2 per cent in ground food 
for 96 h) or by treating with propylthiouracil (02 per 
cent m drmking water for 28 days) Both desiccated 
thyroid and propylthiouracil were stopped at the first 
determination of sleeping time These treatments have 
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Table 1 
6h 30h 54h 
Hyperthyroid effect * vs 
normal P=<0001 P= <0001 P= <0001 
Hypothyroid effect vs 
normal * P= <005 P=<00 P=NS 
05 mg/kg epinephrine 
effect vs saline in hyper- 
thyroids P=NS P=NS P=NS 
05 mg/kg epmephrine 
effect * vs saline in norm- 
als and hypothyroids P= <005 P=NS P=NS 
0 25 mg/kg epinephrine 
effect vs saline in norm- 
als and hyperthyroids P=NS P=NS P=NS 
Epinephrine 0 5 mg/kg Tendency for 
effect in hypothyroids vs greater effect 
epinephrine 0 5 mg/kg m hypothyroids 
effect in normals but P=NS P-NS P-NS 
Uyperthy roid effect * vs 
hypothyroid effect P-«001 P=<0001 P= < 0001 


“Indicates the longer sleeping time of the two groups_ compared 


been shown to accomplish significant crease or decrease, 
respectively, ın need of oxygen! 

Epinephrine was administered intraperitoneally ın two 
different doses 05 mg/kg (002 mg/ml Sahne), and 
0 25 mg/kg (001 mg/ml sahne) Sahne controls recerved 
an equivalent volume of saline per body-weight In- 
Jeetions were given every 12 h for six doses Six h elapsed 
between the last dose of epmephrine pretreatment and 
pentobarbital mjection Injections of epinephrine and 
salme were started 24 h after the mitiation of thyroid 
feeding and on the twenty-fifth day of propylthiouracil 
treatment Time of injection was 300am and 3 00 pm 
Time of injection 1s mentioned because of the possible 
fluence on feeding or diurnal cycle 

Sleepmg time ıs defined in these experiments as the 
time from pentobarbital mjection until the mouse was 
able to crawl out of a 15-cm diameter circle placed on 
an open well-lighted surface Sleeping times were determ- 
ined on three consecutive days on the same mice, at 
6, 30 and 54 h after the last pretreatment injection In 
every case, the pentobarbital dose was 50 mg/kg (22 
rag/ml ) 

The percentage scores m each group above the total 
group sleeping time median of 23 0 mm are plotted m 
Fig 1 The results of statistical comparison between 
specific groups are shown in Table 1 All statistical tests 
were y? analyses computed from two-by-two contingency 
tables comparing the relative number of mice in different 
experimental treatment groups which were 


N = Number 
4 above and below the total sleepmg tıme 
"ype fà ilt IL median Since these pentobarbital sleeping 
100% ^7 hoolid. --— times were determined in the same mice 
80 on three consecutive days, a tolerance to 
10 pentobarbital might be anticipated This 
Solne so 5 tolerance can be noted m Fig 1 by the 
40 o UN D decreasing sleeping times during the three- 
20 10 io day period The effects of thyroid status 
0 persisted over time The hyperthyroid 
100% we 8 mice had grossly prolonged sleeping times 
80 8 durmg the three-day period, and the 
7 hypothyroid mice slept significantly less 
Epinephrine 60 ? than normals through the 30-h determma 
025 mg/kg 40 5 5 tion. 
20 um The smaller (0 25 mg/kg) dose of epine- 
0 phrine had no significant effect at any time 
Pretreatment with the larger dose (05 
100° N6 6 mg/kg) resulted m a significantly increased 
: 7 sleeping time at 6 h in euthyroid and 
80 0 hypothyroid mice, but not m hyperthyroid 
Epinephrine 60 i mice At 30 and 54h there s a statistically 
05 mg/kg 40 D A msignificant tendency for epinephrme (0 5 
20 mg/kg) to prolong sleepmg times 1n euthy- 
roid and hypothyroid mice Also there is a 
p á a Be tendency for epmephrine (05 mg/kg) to 


Time (h) after last pretreatment injection that sleeping time was run 
Fig 1 Individual group sleeping time scores expressed as pue percentage Of scores greater 


than the total group median (23 0 


have a greater effect m hypothyroid than 
normal mice, but this is not significant 
statistically Either the hyperthyroid status 
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or epmephrine (05 mg/kg) pretreatment alone prolongs 
pentobarbital sleepmg time, but the combmation of the 
two gives no further mcrease m effect This ıs borne out 
over the three-day period (3-day composite sleeping 
time means hyperthyroid and salme=57 0 mun, hyper- 
thyroid and epmephrme 05 mg/kg=57 0 nun) 

These results confirm previous investigations demon- 
stratmg that pretreatment with thyroid hormone’? or 
hugh doses of epinephrine‘ prolong pentobarbital sleeping 
time, whereas propylthiouracil pretreatment* shortens 1t 

An unexpected finding was the lack of additive or 
potentiating effect between thyroid and epmephrine 
Since pretreatment with both resulted ın moreased sleep- 
mg times no greater than thyroid alone, this suggests 
that either the effect of one 1s mediated through the 
other hormone or they both exert thei effect on the same 
mechanism to a maximal degree 

A leading possible mechanism is action on hepatic 
microsomal drug metabolism Fouts? demonstrated that 
epmephrine’s depression of hepatic microsomal mota- 
bolism of hexobarbital and chloropromazme was associated 
with a depletion of hver glycogen As has been pointed 
out by Rogers, Dixon and Fouts??, conditions with low 
hver glycogen-levels are frequently associated with de- 
pressed hepatic drug metabolism, for example, starvation, 
alloxan diabetes, treatment with ‘SKF 525A’, regenerating 
and foetal hepatic tissue In this connexion, this work, 
and that of Prange et al ?, demonstrate that hyperthyroid- 
18m and hypothyroidism, which are known respectively to 
deplete?:4 and augment 1° liver glycogen, also re- 
spectively imerease and decrease pentobarbital sleeping 
time The association of hepatic glycogen depletion and 
depressed hepatic microsomal drug metabolism may well 
be the common mechanism which could explain the lack 
of potentiation between epmephrine and thyroid hormone 
seen ın these data Further work ıs ın progress to elucidate 
this point 
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Effects of Reserpine Pre-treatment on the 
Protective Action of Amphetamine and 
Phenoxypropazine in the Phenylbenzoquinone- 
induced Writhing Syndrome in Mice 


A RECENT publication by Okun et al! described the 
protective action of amphetamine on the ‘writhing syn- 
drome’. In independent experiments we also found 
amphetamine to be active and some results extending 
these observations are described ın this communication 
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Experiments m these laboratories showed that two 
monoamine oxidase inhibitors, phenoxypropazine? (N- 
(1-methyl-2-phenoxyethyl)-hydrazme hydrogen maleate, 
‘HP 1275’), and phemprazime® (1-methylphenethylhydra- 
zme hydrochloride, ‘J B 516’), protected mice from 
phenylbenzoquinone (PBQ)-mduced writhing 

Pheniprazme and phenoxypropazine are structurally 
simular to amphetamme and exhibit amphetamme-like 
behavioural effects when admmustered after reserpine*5 
In view of this, amphetamme was tested against the 
writhmg syndrome The site of action of amphetamine 
on the writhmg syndrome may be (a) m peripheral 
tissues via release of catecholammes by analogy with the 
mechanism advanced to explam its effects on blood 
pressure?, (b) in the central nervous system by direct 
action’ or via release of catecholammes 

The followmg experiments were carried out to elucidate 
the mechanism of this action of amphetamine and 
revealed certain differences between the actions of 
amphetamine and phenoxypropazine 

LAC grey mice, 5~6 weeks old, were injected with 
2 mg/kg PBQ intraperitoneally Each mouse was placed 
in & separate compartment of an observation box mam- 
tamed at 34? C The number of writhes given by each 
individual mouse 10 min after mjection of PBQ was 
recorded for a 5-min period by means of a push-button 
operating an electric counter  Phenoxypropazine (32 
mg/kg) and amphetamine (5 and 10 mg/kg) were myected 
subcutaneously l h before observation In some experi- 
ments mice were pre-treated with reserpine (2 5 mg/kg 
subcutaneously) 2 h prior to phenoxypropazme or 
amphetamime Reserpine was used to lower the tissue 
levels of catecholammes and 5HT Adrenergic blocking 
drugs (dichloroisoproterenol (DCI) 5 mg/kg, and diben- 
amine 8 mg/kg) were injected intravenously up to 30 min 
before the myjection of amphetamme Similarly, a 
5-hydroxytryptamme (5HT) antagonist (lysergic acid 
diethylamide (LSD25) 1 mg/kg) was mjected subcutane- 
ously A total of 8-10 mice received each treatment 
Only four animals could be ‘counted’ simultaneously, and 
to maintam uniform conditions this group was composed 
of one mouse on each treatment together with a control 
mouse (PBQ-treated only) This was repeated 8-10 
times In the expermnents with dibenamme the total 
writhes of 3 mice were counted instead of individual 
mice 

Fig 1 shows that reserpine pre-treatment antagonized 
the protective action of amphetamme, whereas that due 
to phenoxypropazine was unaffected Emele? has shown 
that the effects of ‘J B 516’ are also unaffected by pre- 
treatment with reserpme When reserpme was followed 
by a dose of amphetamine (10 mg/kg) which alone almost 
completely suppressed writhing, there appeared to be an 
increased rate of writhing compared with that of controls 
(2 experiments) | With regard to behavioural effects, 
amphetamine reversed the sedation caused by reserpine 
and the mice showed increased motor activity ‘This 
increase 1n motor activity did not interrupt the writhing 
sequence 

Pre-treatment of the mice with dibenamine, dichloro- 
isoproterenol (DCI) or lysergic acid diethylamide (LSD25) 
did not prevent the protective action of amphetamine, the 
first two results supporting the findings of Okun et al 3 

When amphetamme was injected imtracisternally, very 
large doses (100-200 pg m 002 ml per mouse) were 
required to protect the ammals from the writhmg syn- 
drome (100 per cent protection after 200 ug, 75 per cent 
after 100 ug) Although this result does not aid mvestiga- 
tion of the site of action because of the large dose, the 
accompanying behavioural effects were of interest. Doses 
of 200 ug consistently caused a marked increaso ın motor 
activity, piloerection and exophthalmos, whereas 100 ug, 
although causmg piloerection and exophthalmos, consist- 
ently caused & dimmution of motor activity compared with 
sahne-mgected LAC grey mice 
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Fig. 1. 


The iments show that the increased motor activity 
caused by amphetamine is independent of its protective 
actions against the writhing syndrome. 

The fact that reserpine pre-treatment abolishes the 
protective action of amphetamine suggests that amphet- 
amine may act by releasing catecholamines or 5HT. In 
the absence of evidence that amphetamine releases 5HT 
and in view of experiments*:? which show that amphet- 
amine releases catecholamines, the present results are 
interpreted in terms of the latter mechanism. 

With regard to the results using the adrenergic blocking 
agents, it would seem reasonable to suggest that peri- 

release of catecholamines is not involved since 
dibenamine antagonized the effects of amphetamine on 
the blood pressure and denervated nictitating membrane”, 
but did not antagonize its effects on the writhing syndrome. 
Proof of competitive antagonism in the central nervous 
system, however, is difficult to obtain, and in view of this 
it would be advisable to treat these negative results with 


reserpine will be further investigated. 


Rura A. Davis 
M. HoRLINGTON 
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HISTOCHEMISTRY 


Distribution of Capillaries in Relation to 
Oxidative — of Skeletal Muscle 
Fibres 


THE anatomical arrangement of the blood-vessels in 
skeletal muscle was examined in detail by Ranvier! and by 
Spalteholz*. The capillaries were found to form a columnar 
network with longitudinal branches running parallel to 
the muscle fibres and transverse branches forming seg- 
ments of rings around tho fibres. Ranvier noted that the 
red muscles of rabbit had a higher density of capillaries 
than the pale ones. Investigations by Stoel*, and Duyff 
and Bouman‘, revealed a difference in the number of 
capillaries in various muscles of the same animal. Sub- 
sequent studies of capillaries in animals under normal 
and physiologically altered states, by investigators such 
as Krogh®, Lindgren*, Petrén et al.*, showed only a change 
in the total number of capillaries. Bullard* demonstrated 
that pale muscles consisted of a variable mixture of fibres 
of different darkness and size. Recently, Dubowitz and 
Pearse?’ have shown histochemically that these fibres of 
a pale muscle have different intensities of cytochrome 
oxidase activity. 

In the work recorded here, fresh-frozen skeletal muscles 
of rats and rabbits were used. Cross-sections were cut 
serially in a cryostat. Alternate sections were incubated 
in substrate solutions for histochemical demonstration of 
alkaline phosphatase and cytochrome oxidase activities. 
A modified azo dye technique!? using «-naphthyl phos- 
phate and blue BBN at pH 9-5 was used for alkaline 
phosphatase, and the technique of Burstone" was followed 
for cytochrome oxidase. 

The cross-sections of muscles incubated for alkaline 
phosphatase showed intense staining of the capillary 
endothelium. Some muscle fibres were seen to be sur- 
rounded by as many as eight capillaries, while others, 
although larger fibres, had contact with only one or two 
capillaries somewhere along their circumference. The 
examination of the same muscle fibres in the adjacent 
slide incubated for cytochrome oxidase revealed that the 
density of capillaries around each muscle fibre closely 
parallels its cytochrome oxidase activity. In order to 
eliminate the possibility that some capillaries were not 
visualized by alkaline phosphatase incubation, perfusion 
experiments were carried out. Rats were perfused 
through a canula introduced in the aorta with a filtered 
suspension of indian ink in saline containing sodium nitrite. 
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of rat gastrocnemius incubated for cytochrome 
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Several muscles were removed and were frozen fresh. 


Cross-sections were cut in the cryostat and afterwards 
incubated for cytochrome oxidase. The incubation was 
kept brief in order to avoid excessive staining and thereby 
obscure the capillaries outlined by the indian ink perfusion. 
This work made possible the simultaneous visualization 
of the capillaries and of the cytochrome oxidase activity 
of the muscle fibres. The number of capillaries surround- 
ing each fibre was again found to be proportional to the 
oxidative activity of the fibre (Fig. 1). 

This work was supported by research grant NB 02603-03 
from the U.S. Public Health Service. 

Fraviu C. A. ROMANUL 
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PATHOLOGY 


Localization of Liver Specific Antibody in 
Normal and 3-DAB-treated Rats 
IwzECTION of anti-rat-liver serum into rats led to the 


induction of liver tumour, whereas the injection of anti- 
serum against 3’-methyl-4-dimethylaminoazobenzene 


- (3’-DAB)-treated rat liver failed to produce any such 


tumour. It was postulated that repeated exposures to 
tissue specific antisera might have induced adaptive loss 
of tissue specific antigen with malignancy as an essential 
ce. It was also thought that the tissue specific 
antigen was modified by haptenie binding with 3’-DAB, 
making the antibody against it innoeuous to normal liver. 
The present investigation was undertaken to examine the 
nature of localization of antibodies against normal and 
^.DAB-treated rat liver, in the liver and other tissues 
of both normal and 3'-DAB-treated rats. 

Antisera against normal rat liver and against liver from 
3'-DAB-treated rats were produced in rabbits, as described 
before!. The sera were rendered organ and tissue specific 
by absorptions with rat lung and kidney homogenates 
and further appropriate absorptions with normal or 

"-DAB-troated rat liver powders as and when indicated. 
Each type of serum was obtained from two different 
rabbits. 'The sera were studied for the presence of pro- 
cipitating antibodies by agar-gel double diffusion on 
mieroscope slides* against various rat tissue antigens 
including normal rat liver, lung and kidney microsomes, 
microsomes of 3'-DAB-treated rat liver and homogenates 
of a number of rat organs. 

Adult Shoffield rats (200-250 g) of either sex were used 
in the experiments. 3’-DAB was administered intra- 
peritoneally in arachis oil (20 mg/100 g body-weight). 
Appropriately absorbed antiserum (0-5 ml./200 g body- 
weight) was injected into the internal jugular vein of rats 
which were usually killed 1 h after receiving the injection. 
Tissues were snap-frozen in dry ice ethanol mixture, were 
fixed in 100 per cent ethanol at —8? C for 5 min and 
were stained by goat anti-rabbit-globulin conjugated with 
lissamine rhodamine B (RB 200). In addition to the 
study of localization of the antibodies in vivo, cryostat 
sections of liver and other organs from normal and 
3'-DAB-treated rats were stained by the ‘sandwich 
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method’? using antisera against normal and 3'-DAB- 
treated rat liver as the first layer and goat anti-rabbit- 
globulin, conjugated with lissamine rhodamine B(RB 200), 
on the top of it. Appropriate controls were included 
during staining’ and, in addition to liver tissue, pieces 
of kidney, spleen, lymph nodes, lung and muscle were 
obtained from every animal and were routinely studied. 

After rendering them organ-specific, the rabbit anti- 
normal-rat-liver serum only stained the hepatic parenchy- 
mal cells and the Kiipffer cells. The staining of the 
parenchymal cells was only around the cell membrane 
when the antiserum was injected in vivo, but an additional 
perinuclear staining could be seen when t sections 
of normal liver were stained with the anti-liver serum by 
the sandwich method (Fig. 1). 

The anti-normal-rat-liver serum did not stain tho hop- 
atic parenchymal cells 48 h after administration of 3'-DAB 
though they stained Küpffer cells, Tho anti-serum against 
3’-DAB-treated rat liver, after being rendered tissue 
specific, stained the 3’-DAB-treated liver parenchymal 
cells and Küpffer cells 48 h after receiving 3'-DAB, but 
did not stain normal liver parenchymal cells. The staining 
of 3’-DAB-treated hepatic parenchymal cells was mainly 
on and around the cell membrane, irrespective of whether 
the antiserum was administered in vivo or cryostat sec- 
tions of 3'-DAB-treated rat liver were stained by the 
sandwich method. In addition to their specifie localiza- 
tion, the rabbit antisera, after intravenous injection into 
rats, were always taken up by phagocytic tissue com- 
ponents of the injected rats, as deseribed before'*. 





- 


Fig.1. Fresh-frozen section of normal rat-liver fixed in absolute ethanol 

at —8° C and treated first with rabbit anti-rat liver serum absorbed 

with rat lung and kidney homogenates and 3'-DAB-treated rat liver 

der and then with 200-conjugated goat ariti-rabbit-globulin, 

right fluorescent staining, pss. dici ific antigen, is conspicu- 
ous at the border and perinuc ns of hepatic cells 


10 mg (protein) of the microsomal fraction of normal 
rat liver or 3'-DAB-treated rat liver could absorb out 
the staining capacity of 1 ml. of their respective antisera, 
whereas absorption of 1 ml. of rabbit anti-normal-rat-liver 
serum with 10 mg of 3’-DAB-treated liver microsome pro- 
tein or absorption of 1 ml. of rabbit anti-3'-DAB-treated- 
rat-liver serum with 10 mg of normal rat liver microsomo 
(protein) left the staining capacity of the sera virtually 
unaffected. Crude homogenates from the corresponding 
tissues had properties similar to the microsomal fraction, 
but the amount of homogenate needed for complete 
absorption of the activity of the respective sera was 
several times more than the microsomal fraction. Double 
diffusion in agar gel revealed one to two species and 
one to two organ specific precipitin lines. The precipitating 
activity of the sera did not parallel their staining capacity 
by the fluorescent antibody method, though the pre- 
cipitating activity could be absorbed out with 10 mg 
protein/ml. of the respective antigen. The hepatic 
parenchymal cells of rats, 24 h after receiving 3’-DAB, 
stained both with rabbit anti-normal-rat-liver and anti-3'- 
DAB.-treated-rat-liver sera. 
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The localzation of the lve: specific antibody on the 
cell membrane and around the nucleus of hepatic cells 1s 
similar to the observation by Nairn et al?. The results 
expermentally confirm a previous postulation that during 
its bmding with specific protems of hepatic cells 3’-DAB 
acts as a hapten and changes the specificity of the liver 
specific antigen! But whether repeated binding of the 
liver specific antibody by hepatic cells leads to adaptive 
loss of their organ specific antigen and their subsequent 
escape into malignancy, however, remains to be demon- 
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A Substance in Blood Lethal for Candida 
albıcans 


Wans performing investigations on the mtra-leucocytic 
survival of Candida, we found that Candida tropicalis 
survived m whole human blood but Candida albicans did 
not Results were simular for cell-free plasma and serum 
In these investigations, 01 ml of an moculum of 107 
Candida cells was added to 1 ml of serum or plasma in 
siheonized tubes The Candida-serum mixture was rota- 
ted at 37? C for 24h At 0, 6, and 24 h, Candida popula- 
tions were determmed by pour plate enumeration tech- 
niques. The serum was considered lethal for Candida if 
fungal census was reduced at least 10-fold at the 6- or 
24-h periods when compared with the 0-h count 

So far, the lethal factor has been present m 20/20 sera 
from healthy adults less than 50 years of age, m 20/24 
persons over 50, in each of ll specimens from normal 
children and in 7/8 cord bloods 

The candidacidal substances active after heating to 70° C 
for 1 h It survives 2-week refrigeration at 4° C and 
indefinitely if frozen at — 20°C Serum activity 1s lost by 
24-h dialysis through ‘Cellophane’ or collodion mem- 
branes agamst water, saline, or solutions contaimmg 
physiological concentrations of potassium, magnesium, or 
calcium. After dialysis through collodion, the substance 
can be demonstrated m the dialysate Serum ultra- 
filtrates obtained by passing specimens through a 'Cello- 
phane' membrane at 300 lb pressure (‘Araflow’ ultra- 
filters, Appled Research Assoc, New York) have no 
candidacidal activity The dialysis and ultrafiltration nves- 
tigations suggest the molecular weight of the substance 1s 
between 10,000 and 20,000. If the weight were less than 
10,000 ıt should have appeared in the ultrafiltrate If ıb 
were more than 20,000, ıt could not have passed through 
the dialysis bags 

Addition of trypsin, 15 ug/ml or 1 per cent ethyl alcohol 
to serum or plasma immediately before addmg Candida 
cells results in loss of activity 

Addition of glucose m concentrations up to 1,000 mg 
per cent, hydrocortisone 1-1,000 pg/ml, penicillin 1-50 
u/ml, chloramphenicol 1-50 ug/ml or tetracycline 1-50 
ug/ml did not diminish the activity of normal sera, 

The substance appears to have impressive specificity 
It 1s active against Candida albicans and Candida stella- 
tordea but not agamst other Candida species or other 
yeasts such as Cryptococcus neoformans or Saccharomyces 
cerevwseae It 13 not readily adsorbed, thus, ww vitro 
ineubation at 37° C (with constant agitation) for up to 24h 
with live or heat-killed Candida cells does not modify the 
activity of normal plasma 
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Sora which have no fungicidal activity retam opsonic 
capacity for Candida cells When 10° Candida cells aie 
added to normal whole human blood, virtually the entire 
inoculum ıs found in polymorphonuclea: cells after 30-mm 
rotation at 37? C Results aie the same foi whole blood 
from patients whose serum and plasma have no candida- 
cıdal activity In patients with mucocutaneous or systemic 
candidiasis who do not possess the factor, agglutinating 
antibody titres of 1 64-1 . 128 have been found, indicat- 
ing that the candidacidal substance 1s not related to this 
type of antibody 

Starch column electrophoresis vestigations using large 
samples of normal human plasma with a barbital buffer 
show that the substance ıs present m both tho a- and B- 
globuli fractions Neither the albumm nor the y-globulin 
fraction 1s active The a-globulin fraction 1s 5-10 times 
more active than the @-globulins, suggesting that the 
factor migrates primarly with «-globulims Starch 
column electrophoresis also permits the separation of 
candidacidal activity from serum-indueed production of 
germ tubes and pseudomyceha by Candida cells The 
germ tube and pseudomycelium transformation 1s related 
primaiily to the presence of the albumm fraction 

At present the significance of this substance 1s not clear 
It does not appear related to the mhibitory substance of 
Lormez, Priestley, and Jacobs!, which 1s heat-labile, or 
that of Roth and Goldstem?, which 1s not dialysable and 18 
far more active agamst other Candida species than 
agaist C albwans Furthermore, serum specimens which 
do not possess candidacidal activity do have inhibitory 
capacities when an inoculum of 10? 1s added and the 
Candida-serum mixture cubated for 24 h at 37° C with 
constant rotation 

Prelummary work on specimens fiom various patient 
groups suggest that there 1s a moderate to marked reduc- 
tion m the factor m a substantial proportion of persons 
with cirrhosis, hepatitis, diabetic azotzemia, non-diabetic 
renal disease with azotemia, and m those with either 
mucocutaneous or systemic candidiasis The percentage 
of persons possessing the factor 1s shghtly reduced among 
groups of patients with diabetes (without azotemua) and 
with disseminated carcmoma 

The experiments summarized here suggest that the 
substance, which 1s presumably a small protem or poly- 
peptide, may be important in determmmg the degree of 
susceptibility to focal and generahzed Candida albicans 
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RADIOBIOLOGY 


Spring Precipitation and the Strontium-90 
Contamination of Wheat in the Semi-arid 
Regions of Idaho and Montana 


STRONTIUM-90 ıs one of the long-lived radionuclide 
constituents of fall-out that can be expected as a con- 
tamunant of cereal grams for long periods of time Much 
of the strontium-90 content of wheat gram is believed to 
result from direct floral interception rather than to uptake 
from previously contaminated soils? It has also been 
reported that over extended time periods soils experiencing 
greater annual precipitation accumulated more stron- 
tium-90 than did soils of drier regions? From those 
premises 16 would seem that wheat growing in regions 
exporienting marked spring precipitation should exhibit 
higher strontium-90 contents than wheat grown m regions 
with relatively weak spring precipitation An inspection of 
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Olson? collected durmg the 1959 wheat 
harvest The strontzum-90 of the 1959 
wheat crop from eight scattered locations 
in eastern Montana (see Fig 1) averaged 
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values are from ref 7 


precipitational data and a knowledge of the spring floral 
development of wheat suggest that wheat grown m 
eastern Montana might yield a higher strontium-90 
content than Idaho grown wheat (Fig 1) 

It ıs recognized that some small fraction of the stron- 
tium-90 content of wheat gram is probably contributed 
through soil uptake and dry deposition? The souls of 
the semi-arid regions of Montana and Idaho, Seirozems, 
Chernozems and Brown soils, are rich m calerum* Great 
discrepancies ın uptake of strontrum-90 would not be 
expected as a result of strong differences m soi] chemistry’, 
and the amount of dry deposition of fall-out 1s less than 
that of precipitational scavenging? Strontrum-90 assays 
of wheat samples collected with sufficient ancillary data to 
enable the grouping of sampling locations according to 
phytoclimatic zones are scarce in the published literature" 
So far as ıs known, the available data that meet this re- 
quirement for the regions under consideration are those of 


Average of stations, Ft Benton, 
Choutcau, Malta, Ulm, Chester 
Chouteau Co, Moccasin, Wolfpoint, Montana 
Mont, 7 stations i 
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south-eastern Idaho and eastern Montana A, Long-term monthly 
averages from ref 7, B, monthly precipitation durmg 1959 (Clmatolo- 
gual Annual Summary, US Weather Bureau) 


{723 Coniferous Forest 


[3 Festuca-Agropyron Grassland 


O Wheat Sample Station 


PPT Inches (Annual Avgs ) 
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Distribution of wheat sampling stations ın relation to the natural vegetation 
Strontium-90 values from ref 6, annual precipitation 


30 pe strontium-90/kg of wheat as com- 
| pared with an average of only 14 pe 
strontium-90/kg of wheat from six locations 
| ın south-eastern Idaho The difference 
] between means was lughly significant as 
| determined by the ¢ test 

i Although the sagebrush region of south- 


13 21 | ern Idaho generally receives less annual 
9 -385 1 precipitation than the grassland region of 
-—4 eastern Montana, some locations show 


nearly equal amounts of average annual 
precipitation’ (see encircled numbers 1 and 
2, Fig 1) However, it ıs clear that a 
marked period of June precipitation usually 
occurs m eastern Montana while the winter 
months are usually dry South-eastern 
Idaho experiences a more moist winter 
and a relatively dry June (Fig 2A) 

Although precipitational data in 1959 
were not always available from the same 
locations as the wheat sampling sites, the 
weather stations in eastern Montana showed 
a pronounced peak of June precipitation? 
(Fig 2B) A spring peak of precipitation 
was also apparent for south-eastern Idaho m 1959 but 
the peak was earlier mn the season and of lesser magnitude 
than the Montana stations 

Plant ecologists have noted pronounced differences in 
natural vegetation of the semi-and regions of Idaho and 
Montana and have attributed these differences in vegeta- 
tion to various climatic factors meluding the seasonal 
distribution of precipitation Natural vegetation 1s 
believed to reflect the long-term chmatic regimes of 
landscapes The boundaries of tho natural vegetation 
mosaic are therefore a useful criterion for judging the 
biological chmates of regional landscapes (Fig 1) This 
suggests that a consideration of ecological phenomena 
offers a means to evaluate more closely the degreo of 
Strontrum-90 contammation of cereal grams grown in 
semi-arid regions 

This work was carried out under Contract No AT 
(45-1)-1350 between the Atomic Energy Commussion and 
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BIOLOGY 


Role of Mycorrhiza in Nitrogen Fixation 


Nons of the higher fungi has yet been ımpheated m 
nitrogen fixation, at least no claims to this effect have been. 
confirmed by the nitrogen-15 technique It has often 
been suggested that the ectotrophic mycorrhize of certam 
coniferous trees might fix nitrogen, but there 1s no unequi- 
vocal evidence m support of this The mtrogen-15 tech- 
nique has been used to test for fixation ın Penus sylvestris 
L with negative results! and in P radiata D Don with 
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Tablel YIELD AND NITROGEN STATUS OF Pinus radiata, INOCULATED WITH 
RHhwzopogon roseolus, AT DIFFERENT LEVELS OF AMMONIUM CHLORIDE 


N level Dry weight TotalN Excess “N* 
(ppm) (mg) (mg) (atom %) 
16 293 325 0 044 

264 2 83 0 047 

260 3138 0047 

214 276 0 045 

65 287 739 0 039 
265 6 38 0 039 

221 6 61 0 007 

130 243 6 98 0014 
220 673 0011 

246 708 0012 


* After 16 days’ exposure to atmosphere enriched with mtrogen-15 


Table 2 RESPONSE OF Pinus radiata TO INOCULATION WITH Rhizopogon 
roseolus AT DIFFERENT LEVELS OF AMMONIUM CHLORIDE 


Excess N * 


N level Dry weight Total N Control Inoculated 
(ppm.) Control Inoculated Control Inoculated (atom ‘atom 
(mg) (mg) (mg) (mg) %) %) 
0 203 175 104 121 0012 0 048 
160 206 0 99 152 0 062 0 030 
161 189 102 174 0017 0 034 
151 — 0 93 — 0 024 — 
16 198 193 126 132 0012 0046 
200 227 146 207 0 040 0 024 
178 198 144 153 0 005 0040 
65 208 182 3 26 3 28 0 019 0012 
201 220 233 358 0 034 0017 
145 — 2 48 — 0 007 — 


* After 14 days’ exposure to atmosphere enriched with nitrogen-15 


positive results? In each of these mvestigations, plants 
were grown ın soil or sand so that, even where evidence of 
fixation was obtamed, the identity of the organism (or 
organisms) responsible for nitrogen fixation 1s unknown 

Large amounts of nitrogen may accumulate im eco- 
systems dominated by coniferous trees, annual mcrements 
of the order of 50 kg per hectare being not uncommon in 
vigorous plantations and pioneer stands? As part of a 
project aimed at determming the major agents of nitrogen 
fixation m such ecosystems, we have attempted to test for 
fixation by mycorrhizal seedhngs of P. radwata m pure 
culture 

Seed was surface sterilized with hydrogen peroxide, 
germinated on nutrient agar, then transferred aseptically 
to 500 ml Erlenmeyer flasks (Exp 1) or 38 x 300-mm 
test-tubes (Exp 2), contamıng respectively 300 or 130 g of 
crushed quartz with a mean particle diameter of 1 mm 
Appropriate quantities of nutrient solution (Melin’s 
solution, as modified by Norkrans*) had previously been 
added to the quartz, and the whole autoclaved for 30 mun 
at 15 lb/m? The vessels were moculated with pure 
cultures of Rhizopogon roseolus Dodge, either at planting 
(Exp 1) or 5 weeks later (Exp 2) The trials were term- 
inated 27 weeks after planting, and durmg the 2 weeks 
prior to harvest, the seedlings were exposed to an atmo- 
sphere comprising 65 per cent helium, 20 per cent oxygen, 
10 per cent mitrogen-14, 5 per cent mtrogen-15, that is, 
approximately 33 atom per cent excess nitrogen-15 
After drying and weighing, the total nitrogen content of 
whole seedlings was determined by Kjeldahl digestion and 
Nesslerization Isotope ratios were determmed on the 
remainder of the digests by Mr Richard C Burns, m the 
laboratory of Prof R H Burris, Department of Bio- 
chemistry, University of Wisconsm 

Taking a figure of 0 015 atom per cent excess as a con- 
servative estimate of enrichment, 1t appears (Table 1) that 
all the seedlings in Exp 1 were enriched m nitrogen-15, 
except for those plants growing at 130 p p m nitrogen, 
and one at 65 ppm nitrogen The lower values for 
atom per cent excess nitrogen-15, shown by the three 
seodlmgs grown at 130 ppm nitrogen, may indicate 
partial mhibition of fixation resulting from the high level 
of substrate nitrogen Although mycelium was visible on 
the roots of most seedlings, only two had mycorrhize, and 
since there were no unmoculated control plants, 1t cannot 
be concluded that fixation was due to the presence of the 


fungus 
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In Exp 2, moculation with R. roseolus mereased the 
nitrogen content of the seedlings, even where ıt did not 
result in increased dry weight (Table 2) This was most 
pronounced where no combmed nitrogen had been added 
in the nutrient medium The atom per cent nitrogen-15 
excess figures show that fixation occurred m both unmocu- 
lated and moculated cultures The identity of the nitro- 
gen-fixers is unknown A test for gas-producing anaerobes 
proved negative, but bacteria were isolated from many of 
the cultures on ‘B B L’ malt extract agar (pH 46) and 
from a few cultures on Difco nutrient agar (pH 6 8), 
possibly other contammants would have been isolated, 
had a wider range of media, been used 

It must be presumed that the contammating bacteria 
were capable of fixmg mtrogen However, the results in 
Table 2 indicate a greater quantity of fixed nitrogen in 
seedlings inoculated with Æ roseolus than in control 
seedimgs At least this ıs so where combmed nitrogen 
was absent from the nutrient medium, since ın this instance 
the excess of nitrogen-15 present was 0 284 + 0 219 ug for 
control plants, and 0 543 + 0 085 ug for inoculated plants 
Lacking data on excess of nitrogen-15 ın the substrate, 
one cannot be certain whether the larger amounts of fixed 
nitrogen ın seedlings inoculated with R roseolus are due 
to increased fixation, or merely to mereased mcorpora- 
tion of fixed nitrogen as a result of mycorrhizal infection 
(satisfactory mycorrhiza development was observed in 
most inoculated cultures) From the total nitrogen con- 
tent of both plants and substrates, ıt ıs inferred that 
fixation was in fact stimulated by the presence of the 


fungus; mean values (mg) for cultures to which no 
combined nitrogen was added are as follows 
Plant Substrate 
Control 100 + 005 070 + 020 
R roseolus 149 + 030 083 + 038 


Similar responses were produced by moculation with 
other mycorrhizal fungi A more detailed account of this 
work will be published later The results unply the 
existence of a biological interaction which could be of 
significance in the ecology of Pinus, and perhaps of other 
ectotrophic mycorrhizal tree species as well 

The investigations were financed with National Science 
Foundation grant No G—23911 

B N RicHARDS 
G K Vorer 
Yale University, 
School of Forestry, 

New Haven, Connecticut 

1 Bond, G , and Scott, G D, Ann Bot (NS), 19, 07 (1955) 


2 Norkrans, Birgitta, Svensk Bot. Tidskr , 48, 485 (1949) 


? Richards, B N , and Voigt, G K , Proc Second North Amerwan Forest 
Sous Conf , Corvallis, Oregon (in the press) 


“Stevenson, Greta, Ann Bot (NS), 28, 622 (1959) 


Patterns of Selected Chemical Components 
of Spirodela oligorhiza formed under 
Various Conditions of Axenic Culture 


RECENTLY, a number of investigations have been 
reported in which chromatographic patterns of extracts of 
plant material have been applied to systematic problems!. 
Usually, the absolute reliability of the pattern as a eriterion 
of genetic similarity or difference has been questionable 
because of the extreme difficulty in equating all ecological 
influences, some of which may modify, quantitatively or 
even qualitatively, the compounds accumulated by a 
particular genotype Thus, the validity of specrfic differ- 
ences which have been observed must be established 
empirically m each instance, and in fact the evaluation 
must unavoidably be conservative in nature, that 1s, only 
the most outstanding differences m chromatographic 
patterns can be utilized in a taxonomic evaluation 

Although genetic studies have supported the rule of a 
rather close genetic regulation of phenolic compounds in 
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plant metabolism, at least, in the qualitative aspect, 1t 18 
well known that substances such as anthocyanin may be 
subject to anumber of environmentally mduced modifica- 
tions of essentially a quantitative nature? 

This communication presents the results of an examina- 
tion of variation ın the patterns of phenolic and perhaps 
other substances ın the duckweed Spwodela olgorhaza, 
when cultured aseptically under a wide range of conditions 
The results of these experrments are generally applicable, 
m principle, to other chromatographic studies of the same 
general class of compounds ın other species 

These experiments are part of a general comparative 
study of the Lemnaceae This family consists of mmute, 
morphologically simple, aquatic flowermg plants Recogn1- 
tion of taxa 1n the family may rest often on a few morpho- 
logical differences For example, Spirodela oligorhaza and 
S polyriza differ chiefly ın that the latter species 1s some- 
what larger with mereased vascularization and a larger 
number of roots Chromatographically, these two species 
differ m more than fifteen major components Indeed the 
chromatographic patterns of the two species contam few 
common elements, and identification by means of chroma- 
tographic comparison 1s instantaneous and definitive If 
these patterns are highly reliable under different condi- 
tions of growth, then their utility and general appheabihty 
to the taxonomy of the group are assured 

The clone of Spirodela olagorhza, originally isolated by 
Thimann, was acquired from W S Hillman, Brookhaven 
National Laboratory, Upton, Long Island, New York 
This clone was chosen for tensive investigation because 
its phenolics had been mvestigated previously? Plants 
were grown aseptically utilizing 52 régimes usmg different 
defined media 1n controlled environments Results here 
reported include only 25 of the more informative treat- 
ments plus additional control treatments utihzing six 
different clones (Table 1) For the control treatment, 
plants were grown ın 125-ml flasks on 50 ml of Hutner’s 
solution (1/3 strength), adjusted to pH. 6 0 and with 1 per 
cent sucrose’, A light-intensity of 1,500 ft -candles was 
supplied by banks of mixed cool white and warm white 
fluorescent lamps at an 18-h photoperiod The culture 
chamber was maintained at a constant 21°, but the temp- 
erature within the culture flask rose to 26° durmg the light 
period In order to obtam a uniform inoculum of each 
clone, one three-membered colony was taken from an agar 
slant, moculated into 1/3 strength Hutner’s media, and 
placed under control conditions Withm two weeks, this 
culture provided a uniform moculum of healthy plants 
One three-membered colony was used to moculate each 
culture The experiments were conducted m quadruph- 
cate All plants were collected after 25 days The col- 
lections were washed ın distilled water, then dried at 50° 





Fig 1 Chromatographic pattern of Spuodela ohgorhwa Strppled 

spots represent those components giving absorption spectra of flavonoids 

Spots with cross-bars represent those components observed only under 
modified cultural conditions 
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Table 1 CHROMATOGRAPHIC PATTERNS OF Spwodela ohgorhua GROWN 

UNDER VARIOUS CONDITIONS CONDITIONS OF CULTURE REFER TO ANY 

VARIATION OF THE CONTROL CONDITIONS DISCUSSED IN THE TEXT NUMBERS 

REFER TO THE INDIVIDUAL COMPONENTS ILLUSTRATED IN FIG 1 SPOTS 

1-22* REPRESENT THE CHARACTERISTIC PATTERN OF THE HARVARD CLONE 
UNDER CONTROL CONDITIONS 


Control spots 
absent 


New spots 


Origin of clone Conditions of culture detected 


Harvard Control 0 0 
University 15 mg/l Methionne 19, 22 0 
23 mg/l Thiourea 0 25, 97 
5 mg/l Indolyl-8-acetic acid 0 0 
400 mg/1 Benzimidazole 8, 21 0 
1 mg/l Gibberellic acid 0 0 
2 mg/l Kinetin 0 0 
10 g/l Non-fat dry milk 17,21, 22 0 
W oM sı without sucrose 22 23, 24 
300 fe constant light 0 0 
di^ ay » without sucrose 1, 2, 3, 5, 6,8, 
11,17, 21,227 0 
8,000 fc , 30? 0 0 
» » » Without suciose 17,18,21,22 0 
100 fc, 21° 19, 21, 22 0 
Control without sucrose 11, 17, 22 0 
pH 4 5 (adjusted with HSO,) 0 0 
pH'75(adjusted with KOH) 0 0 
+ strength Hutnei's medium 23 D 
” » » p. 
Fullstrength Hutner’s medium 0 0 
j í » 100fc,21? 19, 22 0 
White’s medium (5) 0 0 
" » 900fc constant 
1g 0 
m » 3,000f¢ , 30° 0 0 
a » 100fc,21? 19 0 
Sinton, Texas — Contiol 0 0 
Austin, Texas Control 22 34, 35, 36 
New Orleans, La Control 22 34, 35, 96 
Kul Devil, NC Control 0 0 
S&o Paulo, Brazil Control 0 35 
Berkeley, Calif Control 22 34, 35 


* Components 4, 14 and 20 of this series aie not considered ın these analyses 
Penes they are obscured by other spots when the latter are present in large 
amounts 


A characteristic of this condition of culture is general quantitative 
reduction notable by the apparent absence of a number of components 


For chromatography, 0 1 g of dried material was extracted 
with a standard volume (about 5 ml) of 05 per cent 
hydrochloric acid m 80 per cent methanol This extract 
was evaporated without heat to dryness, taken up m 05 
ml absolute methanol and chromatographed, first in 
tertiary-butyl alcohol/acetic acid/water (3 1 1 v/v), 
and then in 15 per cent acetic acid Chromatographic 
patterns were noted m ultra-violet light, with and without 
the presence of ammonia vapour. Results of the various 
treatments are summarized in Table 1. Treatments not 
meluded in Table 1 yielded patterns which did not fall 
outside the range of patterns illustrated Fig 1 
illustrates the cumulative chromatographic index of 
S olhgorhwa Compounds which are probably flavonoid 
are so designated These compounds were classified on the 
basis of visible and ultra-violet spectral observations of 
rechromatographed eluates of the individual spots. 

From the results presented in Table 1 plus other 
observations, several generalizations are possible The 
basic chromatographic patterns, particularly those ele- 
ments representing the flavonoid components, are simular 
among controls of different origins and among the differ- 
ently treated cultures Dufferences are for the most part 
quantitative Qualitative differences, when they do occur, 
nearly always involve mmor components, and such 
presumably qualitative differences may be actually quanti- 
tative All major chromatographic differences which 
distmguish S oligorhiza from S polyrhiza are retamed in 
the various treatments, excepting in the benzimidazole- 
treated culture in which anthocyanin was not detected 
chromatographically In contrast to benzimidazole, other 
conditions do not affect mdividual flavonoid compounds 
markedly Some conditions, for example the absence of 
sucrose, produce marked quantitative differences in a 
number of components A general conclusion was that 
cultures under different conditions yielded essentially the 
same chromatographic patterns while exhibiting ın some 
instances general mcrease or decrease in the total amounts 
of extractives 

The rigidly controlled conditions of culture plus the 
large number of culture conditions utilized amply demon- 
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strate the reliability of the chromatographic patterns as 
phenotypic expressions of definite taxonomic utility. The 
complex patterns exhibiting much interspecific variation 
are especially useful in these structurally simple organisms. 
This research was supported in part by the U.S. National 
Institutes of Health grant GM 11111-01. i 
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* Alston, R. E.. and Turner, D. L., Biochemical Systematics (Prentice Hall 


Inc., New York, 1963). 
* Alston, R. E., in The Chemistry of Phenolic Compounds, edit. by Harborne, 
ork, in the press). 


J. B. (Academic Press, New 
* Ng, Y. L., and Thimann, K. V., Arch. Biochem. and Biophys., 96, 336 (1962). 
* Landolt, E., Her. Schweiz. Bot. Gesell., 67, 271 (1957). 
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Stimulation of Fungal Infection of Bentgrass 


DunziNG an investigation of factors influencing plant 
fungal infection, the effects of guttation fluid were tested 
on conidia of Helminthosporium sorokinianum Sacc. ex 
Sorok. Guttation fluid was produced by growing seedlings 
of Hordeum vulgare L., barley variety Atlas 54, on paper 
towels wetted with tap water in closed containers at 75? F 
and a light intensity of 90 ft.-candles. Because barley 
produces large droplets, it was used instead of bentgrass. 
Fluid was collected daily from the leaf tips and frozen 
immediately. The samples were thawed, sterilized with a 
bacteriological filter and kept frozen until used. 

Spores from cultures 4-6 months old, grown on potato 

agar, were washed thoroughly with triple- 
distilled water to remove contaminating nutrients. 
In infection experiments, spores were suspended 
in triple-distilled water, tap water, guttation fluid, or an 
infusion made from sterile Agrostis palustris L. leaves 
steeped in distilled water. Each was sprayed on 4-day- 
old A. palustris seedlings, variety Seaside, grown in 
sterilized quartz sand in petri dishes, and incubated at 
75° F and a light intensity of 90 ft. candles. Plants 
inoculated with spore-tap water or spore-distilled water 
suspensions manifested water soaking, yellowing, and 
necrosis on 10 per cent of the plants in 6-7 days, whereas 
plants inoculated with the spore-leaf infusion developed 
the identical syndrome on 30 per cent of the plants in 6 
days. Plants inoculated with spore-guttation fluid 
developed very severe symptoms on 99 per cent of the 
plants in 2-4 days; nearly all plants were dead in 6 days. 
Sporulation was abundant after 4 days, but was slight 
on plants inoculated with the remaining treatments after 
9 days. Neither the guttation fluid nor leaf infusion 
was toxic to plants when applied alone. This experiment 
was verified twice. 

To gain an understanding of these effects, slide germ- 
ination experiments were conducted. Germination at 
75° F averaged in 24 h approximately 40 per cent in tap 
water and distilled water, and 96 per cent in guttation 
fluid and leaf infusion. Apparent appressoria formation 
began in 8-9h. Since they formed only at the bottom of 
the slides, contact stimulus appears necessary for their 
formation. Appressoria were most commonly oval, sub- 
globose, obovate, obclavate, or pyriform. Formation of 
apparent infection hyphe began several hours later. In 
distilled water and tap water, germ tubes were short to 
long, but sparingly branched; appressoria and infection 
hyph rare or absent. In leaf infusion, germ tubes were 
extremely long and profusely branched; appressoria and 
infection hyphe rare or absent. In guttation fluid, germ 
tubes were short to intermediate in length and branching; 
apparent appressoria were very common, but infection 
hyphe usually formed on only 20-40 per cent of the 
appressoria. 
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Fig. 1. Pyriform appressorium formed by germ tube of H. sorokinianum 
on leaf surface of barley. Note infection hypha penetrating host 


^« 


Fig. 2. 


parent appressoria and infection hyph formed by germ 
tubes of 


. sorokinianum in barley guttation fluid on a plastic slide 


This experiment was repeated with 4 samples of fluid 
from barley, with one from A. palustris, variety Seaside, 
and one from Poa pratensis L., variety Merion. ‘Thus, the 
severe and rapid infection by the spore-guttation fluid 
inoculum probably can be attributed to the increased 
percentage and rate of germination, accelerated growth of 
germ tubes, and the increase in apparent appressoria. 

That the infection structures formed on slides constitute 
true appressoria and infection hyph:e is suggested by: 
(1) the close morphological similarity of the guttation 
induced structures (Fig. 1) to true infection structures 
(Fig. 2); (2) the numbers of appressoria formed in vitro 
were correlated with rate of disease development and dis- 
ease severity; (3) the apparent appressoria were usually 
thick-walled; (4) they adhered to the slides; (5) they 
formed only in contact with the slides. Contact with a 
hard surface has generally been considered the sole 
stimulus for appressoria formation!, but Kerr and Flentje* 
recently presented evidence that the stimulus for infec- 
tion cushion formation by the radish strain of Pellicularia 
filamentosa (Pat.) D. P. Rogers is both chemical and 
thigmotropic. Results of the present report also suggest 
that chemical as well as mechanical stimuli may be 
involved. Preliminary chromatographic analyses of 4 
barley guttation fluid samples indicate that amino-acids 
are present at concentrations not exceeding 25 ug/ml. 
fluid. 

R. M. Expo 
J. J. OgnTLI 
Department of Plant Pathology, 
University of California, Riverside, 
and Department of Irrigation and Soil Science, 
University of California, Los Angeles. 


! Dickinson, S., in Plant Pathology, edit. by Horsfall, J. G., and Dimond, 
A. E., 2 (Academie Press, New York, 1960). 
* Kerr, A., and Flentje, N. T., Nature, 179, 204 (1900). 
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Histolysis and Pha, is in the Metamor- 


phosis of Balanus balanoides 


ArnrHOUGH the morphological changes which occur 
during the metamorphosis of the cypris larva of cirripedes 
have been well described, very little is known of the 
histological changes that take place. The results described 
here form part of work undertaken to fill this gap in our 
knowledge of cirripede biology. 

The cypris larva of Balanus balanoides has a free- 

phase during which it explores the substrate 
for a suitable place for settlement. When this is found it 
becomes firmly cemented to the substrate by a secretion 
which is poured out from the cement glands via ducts in 
the antennules. Then follows a quiescent phase which 
lasts from 24 to 30 h (ref. 1) and which ends when ecdysis 
from cypris to pin-head barnacle occurs. It is during this 
quiescent phase that metamorphosis occurs. 

Doochin* described the morphological and gross histo- 
logical changes which occur between settlement and 
ecdysis in the cypris larva of B. improvisus and B. 
amphitrite niveus. He embedded his material in paraffin 
wax and cut sections which were thick (9-154) relative 
to the size of the cyprids (500-6004). He was not able 
to describe the histological changes in any detail and this 

. was probably due to the shrinkage of tissues which occurs 
in paraffin wax embedding, coupled with thick sections 
and the use of staining techniques which give little 
differentiation between different tissues. 

In this investigation, cypris larvæ of B. balanoides, which 
are about 1-1 mm in length, were fixed before, during, 
and after metamorphosis. Fixed material was embedded 
in ester wax (1960), sectioned transversely and frontally 
at 5u and the sections were stained with Masson’s 
trichrome stain. 

In cyprids fixed before, or shortly after, settlement 
three groups of cells are found which have a very 
characteristic appearance and which occupy constant 
positions in the body of the larve. These cells average 
20y. in diameter and have a prominent nucleus about 5j. 
in diameter. The cytoplasm appears reticulate and often 
contains numerous small dense granules. One group of 
these cells lies in the thorax immediately dorsal to the 
gut, while the remaining two form paired masses lying in 
the mantle tissue towards the posterior end of the larve 


. 1). 
br after the larva is cemented to the substratum, 
histolysis begins and a number of structures which are 
te. These 


peculiar to the cypris larva start to disintegra 
include glands opening at a number of points on the 


Fig. 1. Transverse section through one of the «odas masses of ic cells Ly: 
in the mantle tissue of a recently settled cypris larva of Balanus pond a, Gon 
of phagocytic ; b, carapace; 


e, oll globule, 


rmis; c, cuticle; A = opens through 





Fig. 2. Part of a transverse section through the terior region of the 

mantle of à metamo cypris a of B. balanoides. a, Mantle 

hypodermis; b, igs ypodermis; ¢, elongated cells linking the hypo- 

dermal layers; fragment of tissue in phagocyte; e, reticulate 
p ME containing small dense granules ( x c. 370) 


carapace, certain of the muscles in the mantle, the 
compound eyes, and part of the so-called shell glands. The 
mantle of the cyprid becomes filled with deeply staining 
fragments of tissue. At the same time, the distinct groups 
of cells described here can no longer be found; instead, 
the cells are dispersed throughout the mantle engulfing 
the fragments of histolysed tissue. 

As the time of ecdysis approaches, the appearance of 
the mantle tissue comes to resemble that of the young 
adult. There are two hypodermal layers, one beneath the 
cuticle which will line the adult mantle cavity and the 
other beneath the cuticle of the future shell plates. These 
two layers are linked by very elongated cells laying down 
the fibres which cross the mantle tissue of the adult. The 
space between the hypodermal layers is filled with blood. 
The phagocytie cells are dispersed throughout this blood 
space (Fig. 2). Some of the phagocytes still contain tissue 
fragments in large vacuoles in the cytoplasm, but in most 
the cytoplasm is reticulate and contains numerous small 
granules. 

Immediately after ecdysis these phagocytic cells can 
still be seen in the mantle of the pin-head, but they cannot 
be found 10 days later. 

The sequence of events described here is very similar 
to that described in the pupa of the blow-fly Lucilia 
sericata (ref. 3)—it seems that Darwin's use of the term 
‘pupa’, when describing the cypris larva‘, was particularly 
apt. 

If a living, free-swimming, cyprid is- 
examined by reflected light a spherical mass 
of yellow material can be seen in the abdo- 
men just above the gut and a pair of similar 
masses in the posterior part of the mantle. 
These masses are opaque to transmitted 
light. They correspond exactly in size and 
position to the groups of phagocytic cells 
seen in sections and it is thought that the 
small dense granules seen in sections of these 
cells may be responsible for their appear- 
ance in the living cyprid. If the cyprid 
is examined shortly after settlement the 
yellow masses are seen to be disintegrating 
and the constituent cells, which appear pale 
yellow, are dispersing through the mantle 
tissue. 

I have been unable to find any account 
of a crustacean metamorphosis in which a 
sequence of histolysis followed by phago- 
cytosis, as in insect metamorphosis, has been 
described. This process is probably not 
very widespread in the Crustacea, but 
examination of other groups which show 
a rapid transition between two stages 
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which are morphologically very different may reveal 
further examples. 


L. J. WALLEY 
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* Doochin, H. D., Bull. Mar. Sci. Gulf and Caribbean, 1, 15 (1951). 
* Evans, A. C., Proc. Roy. Entomol. Soc. Lond., A, 11, 52 (1036). 
* Darwin, C., Ray Soc. Pub. (1851). 


Differentiation of the Oral Field of the Sea 
Urchin Embryo 


From the structure of the gastrula and the observation 
of the movement of the primary mesenchyme cells first 
towards the animal pole along the lateral bordering of the 
oral field and then back, finally surrounding the ventral 
half of the oral field, the hypothesis was derived that an 
unknown factor is spreading from the centre—the later 
mouth—of the oral field towards the margin of it’, This 
spreading is accompanied by the differentiation of the cells 
of the oral field, for example by a decrease of unspecific 
esterases from the centre towards the margin*. Where 
the oral field is in contact with the dorsal and ventral 
ectoderm the ciliary band is differentiating. 

Examining thin sections of 16-h gastrule of Psammech- 
inus miliaris in search of specific differentiations of the 
oral cells, we found a clear polarity as already described? 

and a peculiar formation of processes of the inner cell 
surface orientated versus the middle of the oral field 
(indicated by arrows in the picture). Each cell has an 
elongated tip narrowing to a fine filament or band which, 


Fig. 1. Psammechinus miliaris, 16 h rula, 2 cells of the oral field. 


Dore P mitochondrium; y, yolk sphere. The arrows indicate 
3 tips of the inner surface of the cells, (x e. 11,700) 
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at least from the cells near the centre, is in contact with 
this centre. It can, therefore, be assumed that a close 
contact is necessary for the spreading of this hypothetical 
oral field factor. 
/ G. CzrHAK 
Max-Planck-Institut für Meeresbiologie, 

Tübingen. 

. F. MEYER 
Max-Planck-Institut für Biologie, 
Tübingen. 


1 Czihak, G., Fortschr. Zool., 14, 238 (1962). 
* Czihak, G., Rouz’ Arch. Ent.-mech. Tiere, 154, 29 (1962). 
> Wolpert, L., and Mercer, E. H., Exp. Cell Res., 30, 280 (1963). 


Effects of Thiabendazole on Syngamus, 
trachea in Pheasants 

THE nematode parasite causing ‘gapes’ in poultry and 
game birds—Syngamus trachea—has in the past been the 
subject of intense enquiry. This parasite is probably one 
of the most important causes of losses to rearers of game 
birds. The only reliable remedy so far has been barium 
antimony] tartrate powder. This, however, has dangers, 
as pointed out by Clapham'. Phenothiazine has also been 
used as an anthelmintic, but this only attacks the larval 
stages in the intestine and eventually causes keratitis in 
the birds*. Recently a new drug, thiabendazole, has 
shown promise as an efficient anthelmintic against 
Syngamus*^^, but no trials with pheasants in Britain had 
been carried out. 

Preliminary trials have just been completed and give 
some idea of the effects of different levels of administra- 
tion and the effects of single. doses and continuous feeding 
of the drug. 

(A) Continuous feeding of thiabendazole-treated mash. A 
group of four-week-old pheasant chicks was dosed with 
approximately 130 infective eggs of Syngamus each. Two 
weeks later they were split into three groups when the 
parasites were mature and the female worms had started 
laying eggs. One batch was fed continuously with 
poultry growers mash without drug added, the second 
batch was fed on mash + 0-05 per cent thiabendazole 
and the remaining batch was fed mash with 0-1 per cent 
thiabendazole added. Fecal egg counts by the McMaster 
technique? were carried out on all three batches before 
the experiment started and were continued each day 
until the tests were finished. Fig. 1 shows the egg counts 
obtained. 0:05 per cent drug concentration treatment 
was not started until day 4. 

At the end of the experiment the birds were killed, and 
the number and condition of any parasites remaining 
determined. The results are summarized in Table 1. 


$ 


Eggajg faces 


Fig. 1. Feeal counts d uite Mati o£ eee 
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Table 1. 








‘No.of Mean No. of worms 


^C Treatment 
: : birds per bird with range 


Controla—untreated 15 7-8 pairs 
5 Range 3-17 pairs 
0-05 % thiabendazole 15 15 pairs 
ee Range nil-4 pairs 
5 thiabendazole 16 611 






17 paie 
Range nil-5 pairs 





E d I ne ngular transformation was applied in an analysis of variance and 
the variance ratio (ref. 6) was highly significant. The difference for sig- 
nificance (5 per cent) between transformed means was 4-03. 


(BY Single doses of thiabendazole. A group of 25 six-week- 
.old pheasant chicks that had picked up infections of 
Syngamus naturally was split into two batches. 12 birds 

... were left untreated as controls and the remaining 13 birds 
| were given a single dose of 1 g/kg body-weight thiaben- 
dazole each. The drug was administered as a water suspen- 
sion with a hypodermic syringe fitted with a polythene 
‘stomach’ tube. Fecal egg counts from both batehes 

. were determined before dosing and at intervals afterwards. 

Fig. 2 shows the results obtained. It was not possible to 
: kill and examine the birds at the end of the trial. 





























Days 


: Fi. 2, Fecal egg counts after single dose of thiabendazole. €, Con- 
VE trols; W, treated 


. A few small batches of pheasant chicks were given 
single doses of 1 g/kg thiabendazole prior to the foregoing 
No controls could be used, but the results aresummar- 
in Table 2. E 


; c UPuagcAL EGG COUNTS FROM BIRDS GIVEN SINGLE DOSES OF 1 G/KG 


THIABENDAZOLE 
No. of birds Egg count before Egg count 24 h 
2 and age treating after treating 


8: 3 weeks 191-3 eggs/g 15 eggsig 
11; 4 weeks 541-6 eggsig 91:6 eggs/g 
171.060 weeks 516-6 eggs/g 58-8 eggs/g 


ftis apparent that the immediate effect of thiabendazole 
treatment was a reduction of the number of eggs passed in 
“the feces due to a suppression of egg-laying by the female 
worms rather than to death and expulsion of the parasites. 
After 10 days of continuous feeding of thiabendazole- 
treated food the majority of the worms were killed 
although in some cases small numbers of worm pairs 
remained. The suppression of egg-laying by the drug 
was rapid, and continued administration killed the worms, 
the females being the first affected. This latter fact was 
d by the finding of only male worms alive and- 
d to the trachea in several of the treated birds. 
T ry unusual as the two sexes are normally joined 
gether permanently from the immature adult stage. 






eontrols. 

Tests are now in progress with the drug on partridges 
infected with Syngamus, and the effects of single doses of 
thiabendazole at different concentrations on pheasant . 
chicks are also being investigated. 

T thank Messrs. Merck, Sharp and Dohme, Ltd., for the 
supply of thiabendazole. 


G. I. SHARPE 


Game Research Association, 
Fordingbridge, 
Hampshire. 

t Clapham, P. A., J. Helminth., 24, 53 (1950). 
* Clapham, P. A., J. Helminth., 24, 61 (1950). 
* Leibovitz, L., J. Amer. Vet. Med. Assoc., 140, 1300 (1962). 
* Horton-Bmith, C., Long, P. L., and Rowell, J. G., Brit. Poultry Sei., 4 

(2), 217 (1963). 
* Gordon, H., and Whitlock, H., J. Coun. Sci. Indust. Res. Austral., 12, ^ 

50 (1939). 
*Snedecor, G. W., Statistical Methods, fifth ed. (1956). 


Cleavage of Mammalian Ova inhibited by 
Visible Light 


Amone workers in the field of mammalian embryo cul- 
ture the suspicion has existed that ova exposed to visible 
light lose some of their capacity for cleavage. In the 
interest of clarification the following investigations were 
undertaken. 

Ova were flushed from the oviducts of New Zealand 
white rabbits 17 h post coitum. These were cultured in F10 
(ref. 1) with 10 per cent maternal rabbit serum at 37° Cin a. 
5 per cent carbon dioxide atmosphere. The ova, retained . 
in shallow watch glasses inside of plastic Petri dishes, were 
exposed to light for varying periods of time. The light 
source was a General Electric white, fluorescent, 8-W' 
tube kept inside the incubator and at a height of 6 in. 
above the eulture dishes. At this distance the illumina- 
tion was 242 ft.-candles measured under the centre of the 
lamp. All experiments were repeated with shielding 
against any possible lamp heat, ultra-violet and infra-red = 
waves. This. was accomplished by covering the culture 
dishes with water-filled glass Petri dishes. The time of 
exposure varied from 1 to 12 h, after which the dishes were 
removed to the dark portion of the incubator and their 
growth observed. Controls from the same batch of eggs. 
were kept completely shielded from the light. ES 

Fig. 1 shows the results of four experiments, two of 
which were read after 24 h in culture and two after 48 h. . 
By 24 h (plus the 17 h post coitum when eulture began), 
ova grown normally in vitro will have undergone three _ 
cleavages and. by 48 h, five or six cleavages. Consequently 
the controls and short-exposure specimens differ between 
thé experiments read at different times, Results were. 
essentially the same when shielding was used except that 
those ova exposed the longest were able to undergo one: 
more cleavage on the average than their unshielded — 
counterparts. Presumably this difference reflects the 
reduction in intensity provided by the shielding or the 
elimination of any effect exerted by existing ultra-violet or 
infra-red radiations (see Note). Essentially these results 
show that the number of cleavages which the ovum can 
successfully negotiate is restricted by the amount of light : 
it has received. An inverse proportion is suggested 
within the limits of the method. ; 

Experiments were conducted to eliminate any possible 
effect that the light might have on any components of the _ 
media and, therefore, indirectly on the ova. Culture 
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0 2 4 6 8 
Time exposed to light (h) 


Ze Effect of visible light on cleavage of rabbit ova ín vitro. 
, experiments terminated after 24 h in culture, Dotted 
after 48 h in culture. The 


dishes containing media were subjected to the light for 
24 h previous to the addition of ova. Growth of these ova 
thereafter in darkness was equal to that of the controls in 
media not exposed to the light. The inhibitory action of 
light must be exerted directly on the ovum. 

Attempts to limit the inhibitory action to particular 
wave-lengths have not been successful. 'The previously 
described light source was covered with filters of different 
kinds so that the wave-length ranges of red, yellow, green 
and blue light were represented. Each filter was calibrated 
in a colorimeter and the wave-lengths of the transmitted 
light determined. These are shown in Table 1. 


Table 1 
Colour filter Maximum transmittance Range (my) 
at (my) 
Red 610 590-700 
Yellow 575 
Green 510 475-560 
Blue 470 390-515 


Ova were subjected to tho filtered light for 48 h, starting, 
^as before, from 17 h post coitum. In every case some 

inhibition was observed for each colour, but generally red 
light had less effect than any of the other colours. 
Typically, the results of these experiments, using ova from 
the same female, in each separate experiment, were: 
Controls, 5-6 cleavages; red light, 4-5 cleavages; yellow, 
3 cleavages; green, 3-4 cleavages; blue, 3-4 cleavages. 
In general, 48 h of light of the kind described retards 
growth of rabbit ova by one cleavage for red light and two 
cleavages for each of the other colours. It appears that no 
one wave-length is responsible for the inhibitory action 
but that it is a product of total light intensity. 

These results predict the following conclusions. Success- 
ful culture of mammalian embryos requires as little 
exposure to visible light as possible. When exposure 
must be prolonged the use of red light is preferred. 

Note: Other preliminary experiments, as yet unreported, 
have shown that short exposure to ultra-violet light may 
be sufficient to block cleavage of rabbit ova. Any light 
source, therefore, that has emanations in the ultra-violet 
range would be suspect for its cleavage-retarding effects. 

This work was supported by U.S. National Science 
Foundation grant GB-44. 


Department of Biology, 
University of Colorado, 
Boulder. 


Josera C. DANIEL, JUN. 


1 Ham, R., Ezp. Cell Res., 29, 515 (1963). 
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Frequency of Drumsticks in Normal Women 
and in Patients with Chromosomal 
Abnormalities 


Tue demonstration of sex chromatin has become an 
important aspect of human | peace both for practical 
reasons, and for the purpose of establishing the theoretical 
relationship between sex chromatin and the X-chromo- 
some. The term ‘sex chromatin’ comprises two super- 
ficially dissimilar structures : (1) the Barr body, present 
in epithelial and other tissue cells ; (2) the drumstick of the 
polymorphonuclear leucocytes. A drumstick consists of 
a small nuclear mass, about 1-5p in diameter, which is 
attached to the body of the nucleus by means of a thin 
filament! (Fig. 1). Drumsticks may occur in any of the 
three types of polymorphonuclear leucocytes, but for 
practical purposes only those present in neutrophils are 
considered. It is now generally accepted that the drum- 
stick is an expression of an X-chromosome in cells in 
which more than one are present** and this means that 
drumsticks and Barr bodies are equivalent structures. 
Nevertheless, the interpretation of drumsticks in patients 
with chromosomal abnormalities has sometimes givenrise 
to difficulties, which have not been encountered in relation 
to Barr bodies. For example, patients with Klinefelter’s 
syndrome have an incidence of drumsticks which is lower 
than that found in normal females* whereas the ency 
of Barr bodies is not d . Again, a considerable 
proportion of epithelial cells in patients with three 
X chromosomes contain two Barr bodies, but the oceur- 
rence of two drumsticks within the same cell must be 
regarded as a rarity*?. These discrepancies between 
drumsticks and Barr bodies are due to at least three 
causes : (1) low incidence of drumsticks, which in normal 
women is on the average less than three per 100 neutro- 
phils ; (2) wide variation in the frequency of drumsticks in 
different women ; (3) the fact that the incidence of drum- 
sticks is to some extent determined by the degree of 
segmentation of the nuclei of the polymorphonuclear 


leucocytes!. 






> > 


neutrophil leucocyte with four-lobed 
eus and a drumstick 


Fig. 1. Polymorphonuclear 
nuch 
Some results presented here indicate that patients with 
certain chromosomal abnormalities tend to have fewer 
drumsticks associated with a lower average lobe count and 
that, moreover, the leucocytes from such patients have a 
lower incidence of drumsticks than those of normal females 
even if the number of nuclear lobes is the same. 


"* 
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Fig. 2. Polymorphonuclear neutrophil leucocyte with two- lobed | 
nucleus and n sessile nodule 


Investigations were made on the following persons : 

(1) 12 apparently normal healthy women, aged 16-64 
years ; (2) 28 girls with mongolism (Down’s syndrome), 
aged 3-12 years, and 28 non-mongol mentally retarded 
girls, of similar ages, to act as controls ; (3) 12 patients 
with Klinefelter’s syndrome, diagnosed by clinical 

symptoms and from buccal smears ; (4) 3 patients with 
XXXY Klinefelter’s syndrome, based on chromosomal 
investigations** ; (5) 3 female patients with XXX sex 
chromosome constitution also based on chromosomal 
investigations*-!!, 

All blood films were made from, finger pricks, using the 
cover slip method", In the normal women, the number 
of nuclear lobes were counted, and the frequency of 
drumsticks scored, on 2,400 neutrophils. From all 


Table 1, DRUMSTICKS (PER 100 NEUTROPHILS) AND MEAN LOBE COUNT 
IN 12 WOMEN 
% Drum- 
sticks for Mean 
all lobe lobe 
Subject 95 Drumsticks for lobe No. Nos. counts 
I IL m IV v 
1 0-00 2448 3-90 8-10 (0-00) 934 241 
2 0-81 0-90 2:42 451 (8:00) 2-00 2:55 
8 0-96 118 1:06 200 (5-26) 1:58 2:53 
4 120 3:40 2-53 540 (9°68) 3:38 277 
5 r81 2-71 3:60 540 (10-00) 347 2-00 
6 1:45 184 277 296 — (8:33) 2:25 2:40 
7 3-09 5-12 783 1150 (16-22) 7-04 2-63 
8 2:19 3:73 728 1166 (8-45) 6-09 2-63 
9 1:27 9-87 3:02 2-92 (7-41) 3-21 2°55 
10 1:82 1:85 450 548 (1111) 2-96 2:33 
1 443 5:01 731  Á 1012 (1935) 721 2-68 
12 149 243 3:83 5902 (16:67) 1:59 210 
fer alt 1:58 2-80 440 6-53 0- 
"| Q . ^ 1 34 3-06 . 
n EUM 2:52 


Correlation coeficient, r = + 0:5 
Numbers in brackets are based on pee than 100 cells. 
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patients, 500—1,000 Dialoghi were evaluated. For the 
purpose of counting the number of nuclear lobes, only thin 
filaments were accepted as dividing the lobes in nuclei with 
three or more lobes, but a somewhat stouter filament was 
accepted in a two-lobed nucleus. Drumsticks were scored 
only if the head was attached to the body of the nucleus by 
a thin filament (Fig. 1). If there was no filament or the 
head was attached to the body of the nucleus by a thicker 
band, the structure was classified as a sessile nodule 
(Fig. 2). Sessiles are of value mainly in supporting the 
evidence of fully filamented drumsticks, and they are not 
included in the present data. 

'The frequency of drumsticks and number of nuclear 
lobes in the normal women are shown in Table 1. In all 
the women tested, the frequency of drumsticks increases 
as the number of nuclear lobes rises from one to five, but. 
there is a striking variation between different, women in 
the ineidence of drumsticks in cells with the same number 
oflobes. Since three of the women (Nos. 7, 8 and 11) had 
an unusually high incidence of drumsticks, the average 
incidence, 3:66 cent, is somewhat higher than that 
usually found!. This fact almost certainly accounts for 
the lower incidence of drumsticks in the mentally retarded 
girls (Table 2), which, with an average of 2-7 per cent, may 
be regarded as normal. By contrast, all patients with 
chromosomal abnormalities had lower average lobe counts 
and lower frequeneies of drumstieks than the mentally 
retarded controls. Moreover, for each given lobe number, 
the incidence of drumsticks in these patients was lower 
than that of the controls. 

An inhibition of nuclear lobing in the polymorpho- 
nuclear leucocytes of patients with mongolism was first 
described by Turpin and Bernyer". This has been 
repeatedly confirmed and a shortage of drumsticks in such 
patients has been noted'**, The present data indicate 
that some abnormalities of the sex chromosomes may 
have a similar effect of reducing both lobing and drumstick 
formation, and that, of the two, the inhibition of drum- 
stick formation is the more severe. 

As it is known that there is an association of mongolism 
with leukemia’, and as evidence has been presented that 
a leucoeyte abnormality similar to that in mongolism may 
occur in other chromosomal abnormalities, the question 
arises whether abnormalities of the karyotype other than 
mongolism may predispose to leuk:mia. Until now, 
leukemia has been reported in association with Kline- 
felter's syndrome**-**, with trisomy 13-15*, and with 
XO/XXX sex chromosomes**. It is now known that in 
mongolism the level of leucocyte alkaline phosphatase is 
abnormally high*?-?*, and it will be important to examine 
the leucoeyte alkaline phosphatase in other chromosomal 
abnormalities. In this connexion, reports of a decrease 
with age both of the incidence of drumsticks?^?? and of the 
lobe count?? may also be relevant.- 

While a knowledge of the incidence of drumsticks is 
clearly essential for a practical evaluation of drumstick 
data in its relationship to the X chromosome constitution, 
the study of this subject leads one beyond into problems 
of the physiology and pathology of the polymorpho- 
nuclear leucoc 

I thank Dr. B. H. Kirman and Dr. J. Stern, Queen 
Mary’s Hospital for Children ; Dr. A. Shapiro and Dr. J. 
Berg, Harperbury Hospital ; Dr. D. H. H. Thomas, Cell 
Barnes Hospital ; and Dr. G. M. Tucker, Dr. H. G. Close, 


Table 2, DRUMSTICKS PER 100 NEUTROPHILS, AND MEAN LOBE COUNTS IN PATIENTS WITH CHROMOSOMAL ABNORMALITIES AND CONTROLS 


No. of % Drums 
Patients patients $ % Drumsticks for Jobe No. for all obe Non. = 

Non-mongol mentally retarded = "n EN M 

girls 28 0:48 r59 3319 5:68 6-83 2-74 2:61 
Mongol girls 28 0-22 0-79 1:58 2-39 3:22 0:97 239 
Klinefelters 12 O77 0-83 1:87 2:36 (3:45) 127 2-26 
Triple X-females 3 077 2:26 2-20 3:02 2:07 2:26 
Triple X Klinefelters 3 0:45 1:23 2-07 (1:56) 1:45 2:22 


Numbers in brackets are based on less than 100 cells. 
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Al cent solution of cresyl violet is prepared in 50 
per Bet gers acid and used as such. After fixation in 
Farmer's fixative, the root tips are macerated in alcoholic 
hydrochloric acid for 2-3 min, washed in alcohol and 
stained in the eresyl violet solution for about 1 min. It is 
then washed in tap water, squashed under the coverslip 
and observations made. The structure of the mitotic 
chromosomes is well demonstrated by cresyl violet, as 
dense violet coloration against a clear background. In 
the metaphase plate of the root tip smears of the Vicia 
faba (Fig. 2), chromosomes are seen in their natural 
morphological condition. The specific heterochromatic 
segments, due to nucleic acid starvation, are well demon- 
strated too (arrow). The active nuclei of the meristem- 
atic cells are demonstrate d in Figs. 3 and 4. 


J. D. AMIRKHANIAN 


Medical Branch, 
Parke Davis International, Ltd., 
Tehran, Iran. 
* Amirkhanian, J. D. (unpublished results). 
* Stewart, W. N., and Schertiger, Ann M., Stain Tech., 24, 89 (1949). 
*Greep, Roy O., Textbook of Histology (The Blakiston Co.. Inc.). 


GENETICS 


A Rare Hybrid Combination through 
Application of Hormone and Embryo 
Culture 


SiNcE the first report! of unidirectional success of the 
cross, Corchorus olitorius (9) x C. capsularis (4), Swamin- 
athan and Sulbha* have also obtained hybrids in the same 
combination. Their reciprocal cross likewise did not yield 
any hybrid plants confirming the authors’ earlier report. 
The fact that in this combination a small percentage of 
fruits was set with hormone application in 1958? encour- 
aged me to repeat the cross at Cornell. The seeds resulting 
from the hybridization of these two species germinate with 
difficulty. It was, therefore, decided to develop suitable 
culture media for growing the hybrid seedlings in case 
hybrid seeds were obtained. This is to report success in 
producing a hybrid through the use of embryo culture 
technique in the hitherto unachieved reciprocal combina- 
tion, namely, using C. olitorius as the pollen parent in the 
cross, C. capsularis x C. olitorius. 

In the investigation recorded here the hormone, indolyl- 
3-acetic acid (LAA), was applied in lanolin paste at 300 
p.p.m., instead of wrapping the pedicel of the pollinated 
flowers with cotton soaked in the hormone as described 
in the previous report. This slightly modified technique 
improved the percentage of fruit sot. Of the 87 crosses, 
C. capsularis (9) x C. olitorius (d), 27 fruits were 
parthenocarpic with shrivelled seeds and a total of 55 
seeds were obtained from the remainder of the fruits. 

The seeds were first surface-sterilized in a saturated 
aqueous solution of calcium hypochlorite for 30 min. Those 
were then washed in sterile water and placed overnight in 
sterile water inside an incubator set at 25° C. From the 
sterile water the seeds were transferred to 50 per cent 
‘S.T'. 37’ (hexylresorcinol) for 10 min and then kept 
immersed in 50 per cent ethanol until dissection. Nitsch 
and White's basic media fortified with 0-1 per cent yeast 
extract with different supplements were tried to grow the 


Table 1. PERFORMANCE OF HYBRID EMBRYOS IN DIFFERENT SUPPLEMENTED 
MEDIA OF NiTSCH AND WHITE; CONCENTRATIONS ARE IN P.P.M, 


Basic Gibberellie No. of embryos No.that grew 
medium IAA Kinetin acid fanplanted in the melitum 
White 01 — 1 8 — 
Nitsch 0:1 — 1 4 1 
White 0-05 — 1 11 — 
Nitsch 0:05 0-05 4 1 
ite 01 1 — 9 1 
e 00 — 00 = i 10 
— 0 
Nitsch 0-05 0-05 — 4 — 
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Fig. 1. Alsemi-albino hybrid of the cross C. capsularis x C. olitorius 
growing in culture media (same size) 





* Fig. 2. Eight-month-old F, hybrid of the same cross, hotographed 
from the barium specimen ( x 0:5 natural aize) a 


embryos as shown here. Sucrose at 2 per cent and agar 
at 0-75 per cent were used in preparing all the media. 

From Table 1 it is clear that White's medium supple- 
mented by 0-1 per cent yeast extract and 0-05 p.p.m. each 
of kinetin and IAA proved to be the best for growing 
hybrid embryos. Neither of the two media without 
supplement was suitable for growing the normal embryos. 

Of the 15 seedlings that were transplanted to the soil in 
June 1962, two were semi-albino (Fig. 1) and died soon 
after their transfer. The remaining 13 seedlings died at 
different times between 3 and 8 months of age. Only one 
plant lived for 8 months and during this period it grew to a 
height of only 12-6 em (Fig. 2) as against 200-300 em—the 
height to which the parents of the hybrid usually grow. 
The upper four leaves of this plant measured 2-4-3-0 cm in 
length and 0-8-1-2 cm in width. This hybrid plant showed 
dominance of the male parent in respect of B/L ratio of 
the leaves, which was 0-315 + 0-034. It was intermediate 
in respect of characters of serration and serrature. Before 
it died it produced only a few flower buds, but they 
dropped bofore blooming. 

This work, carried out at Cornell University, Ithaca, 
New York, through the courtesy of Prof. L. F. Randolph, 
was supported by a U.S. National Aeademy of Sciences 
fellowship. 

A. S. ISLAM 
Department of Botany, 
University of Sind, 
Hyderabad, West Pakistan. 
‘Islam, A. S., and Rashid, A., Nature, 185, 258 (1960). 
* Swaminathan, M. 8., and Sulbha, K., Curr. Sci., 80, 67 (1961). 
*Tslam, A, S., and Rashid, A., J. Hered., 52, 287 (1961), 
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Genetic Variations of 
of Drosophila melanogaster 


Durie the past few years a large number of protein 
hisms have been described in different animal 
8. This development is largely due to improvements 
in the techniques for protein separation, such as the 
method of starch-gel electrophoresis'. The combination 
of starch-gel electrophoresis with different enzyme staining 
methods has made it possible to examine also electro- 
phoretic variations in various enzymes**. In Drosophila 
melanogaster two different protein polymorphisms have 
recently been described**. One of them concerns a 
genetic variation in a particular esterase from adult flies*. 
This communication reports a genetic phosphatase 
variation found in larve of D. melanogaster. Single 
larve of D. melanogaster were homogenized in a 
small drop of distilled water and this homogenate was 
absorbed in a small piece of filter paper (about 4 mm x 
6 mm). These protein samples were examined by means 
of starch-gel electrophoresis. Two different types of 
discontinuous fris buffer systems were used*/. After 
electrophoresis the gels were sliced and stained for phos- 
pue activity using «-naphthy! phosphate and fast blue 
salt in the gel buffer (pH 8-6). 

When using the discontinuous buffer system by Poulik*, 
homogenates from single larve showed usually one deeply 
staining phosphatase zone, although there were some 
variations in the intensity of the stain. There were two 
different electrophoretic variants of this zone (Fig. 1). In 
larve from the Philadelphia stocks Nos. d 32 and b 232, 
the hatase zone was faster than in those from the 

hia stocks Nos. f 41 and b 317. 

Mixtures of homogenates from larve with fast and slow 
variants showed the presence of both components. Larvae 
obtained from reciprocal crosses between the stocks d 32 
x f 41 and b 232 x b 317 showed only one phosphatase 
zone of intermediate mobility (Fig. 1). 


in Larve 


.1. Left, four single-larva zymograms showing slow (5) and fast (4) 
e orte e discontinuous tris buffer (cf. ref. 6). Right, 
of multiple larva homogenates (six larvae in each sample) 

MEE slow (S) hybrid (H) and fast (F) patterns, Note the non- 
variable slow p tase zone revealed by this discontinuous tris 
buffer system (cf. ref, 7). The arrow indicates the direction of migration 


A comparison of homogenates from adult flies, pupw, 
and larve revealed that the zone described here was 
absent in both pup and adults. In the pupæ, another 
phosphatase zone with a faster mobility than the larval 
zone appeared. This zone stained rather strongly and 
showed a tendency to inerease in mobility in the later 
stages of pupation. When using another discontinuous 
buffer system’ an additional phosphatase zone of relatively 
slow mobility was found in adults, pupe and larve 
(Fig. 1). After incubation and staining in a buffer with a 
pH around 5, the larval phosphatase zones were not 
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detectable, which indicates that they are alkaline phos- 
phatases. 

The phosphatase variations in Drosophila larvæ des- 
cribed here are readily distinguishable in single larva 
homogenates, which is of practical importance if this 
marker is to be used in investigations of larval populations. 
The difference between the fast and slow components is 
revealed even in a rather short electrophoretic run, 
whereas the discrimination of the intermediate component 
found in the hybrids requires a longer time of separation. 
The present preliminary results indicate that the slow and 
fast phosphatase variants are controlled by two autosomal 
alleles, which in a heterozygous combination interact to 
form a hybrid substance. 

The stocks of D. melanogaster examined in this 
investigation were obtained from Dr. I. Oster, The 
National Science Foundation Stock Center at the Institute 
for Cancer Research, Philadelphia. 

L. BECKMAN 
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SOIL SCIENCE 


Relative Contribution of Iron and Aluminium 
in Phosphate Sorption by Acid Surface Soils 


Ir is a widely held view that oxides of iron and alu- 
minium play important parts in phosphate sorption by 
acid soils. Several ar; ts in support of this are 
presented in reviews by Wild? and Hemwall*. The most 
direct argument is based on observations that phosphate 
sorption is reduced markedly when both oxides are 
removed by chemical extraction. Such observations, 
however, do not permit the relative contribution of each 
oxide to be assessed. 

Williams, Scott and McDonald? suggested from corre- 
lative studies that phosphate sorption, in a range of 
Scottish acid surface soils, was more dependent on 
aluminium than iron. 

Chang and Jackson‘ using a chemical fractionation 
procedure showed that added phosphate was equally 
partitioned between iron and aluminium. This method, 
however, does not distinguish clearly between these two 
forms of phosphate*. 

A more direct way of assessing the relative importance 
of iron and aluminium became possible following a recent 
study of the biological reduction method for the removal of 
iron*. It was found that this method removed iron from 
Scottish soils in amounts which were intermediate between 
those removed by acidified ammonium oxalate and by 
sodium  dithionite-hydrochloric acid treatments. In 
contrast, however, only traces of aluminium were removed. 
The amounts represented only one-fourteenth of the 
aluminium extracted by oxalate and one-fifth of that 
extracted by dithionite. Thus, using this method, it 
became possible to study the effect of the fairly specific 
removal of iron on the ability of a soil to sorb phosphate. 

Three Scottish soils were used in this present study. 
They are designated elsewhere as Basic igneous 1, Basic 
igneous 2 and Slate*. Their phosphate sorption capacities 
from normal NH,H;PO, at pH 4-0 (ref. 7) were 17-3, 8-7 
and 11:8 m.mol. P,0,/100 g soil, respeetively, the last 
two values approximating the average of 11-2 for a wide 
range of soils from north-east Scotland?. 





















| givensoil. The first had various iron contents but virtually 
unaltered aluminium, and the second had most of the 
reducible iron removed and in addition various amounts of 
. aluminium. 
- A third set, which had most of the iron intact but various 
aluminium contents, was obtained chemically by extracting 
oil samples with 0-05 N hydrochloric acid for periods up to 
min before and after a hydrogen peroxide treatment. 
< This latter treatment increased the solubility of aluminium 
S and toa lesser extent that of iron. 
5t: The effect of the removal of iron and aluminium on phos- 
= o phate sorption was similar for each of the three soils, and 
“only results for the basic igneous soil 1 are presented. 
For residues with most of their aluminium intact phos- 
„phate sorption decreased slightly by about 2-6 m.mol. 
CP,0,/100 g soil during the removal of the first 11 m.mol. 
of iron/100 g soil and then remained constant during the 
| removal of the next 10 m.mol. (Fig. 1, curve a). In this 
3 experiment it was not possible to remove large amounts of 
5. dron without removing some aluminium, and as much as 
(02m. mol. of aluminium/100 g soil was extracted with the 
iron. 











0 5 10 15 20 25 
Fe40; or Al4O; (m.mol./100 g soil) 

Fig. 1. Effect on phosphate sorption at pH 4*0 of (a) removing increasing 
;; amounts of iron with only 1-2 m.mol A10, per 100 g soil removed (x ); 
75b) removing increasing amounts of aluminium after 20 m.mol. Fe,0, 
^j per 100 g soil remove Q and (c) after only 0-3 m.mol Fe,0; per 

pns 0g soil removed (@ 
ie c * ‘Peroxide treated, 3 m. E e30,/100 g soil removed from this residue 


For residues with various aluminium contents, phos- 

VI. phew sorption decreased as the aluminium content 

< deeressed. This occurred both when most of the reducible 

Im "iron had been removed (Fig. 1, curve 6) and when it was 

left virtually intact (Fig. 1, curve c). In the latter case, it 

was reduced by about 11 m.mol. P,0,/100 g soil or 60 

per cent of the initial value. In view of this result it is 

likely that some (perhaps half) of the observed decrease in 

* the first experiment was due to the removal of aluminium 
and not iron. 

The conclusion drawn from the results with the three 
types of residue is that pliosphate sor ption in these soils 
is dominated by aluminium and not by the relatively large 
amounts of readily reducible iron. 

8S. M. BnouriELD 
C.S.LR.O. 
Division of Plant Industry, 
Canberra. 
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of Applied Inorganic Nitrogen even at Low 
Moisture Contents. l 


THE losses of nitrogen in gaseous form (oxides of 
nitrogen) through denitrification of inorganic nitrogen, 
particularly nitrate, added to water-logged soils is well. 
known!-. Other workers*-* showed that nitrogen was 
lost by denitrification even from drained soils, that is, 
under non-water-logged conditions. These workers did- 
not consider the effect of varying soil moisture content.” 
on the extent of denitrification, apart from ensuring that. 
the soils were not water-logged. However, in drained soils . 
water content may vary from saturation. (maximum. 
water-holding capacity) down to the. wilting percentage, - 
in so far as plants are concerned, or even lower. Bremner 


and Shaw? showed in incubation tests that a moisture ^. 


content of approximately 60 per cent of the maximum ^ 
water-holding capacity was critical, in that denitrification 
occurred only when soil moisture content exeeeded this 
figure. 

During incubation and pot tests (using ryegrass and rice) 
in an investigation of moisture effects on nitrogen metabo- 
lism in soils it was noted that all the nitrogen applied could 
not be accounted for, not only under water-logged con- 
ditions and at high moisture levels below the maximum ` 
water-holding capacity, but even at moisture levels below = 
the critical 60 per cent maximum water-holding capacity 
value given by Bremner and Shaw’. ; 

The data relevant to this report are shown in Table 1. : 
The soil used was an alluvial sandy loam, pH 6-5, of good 
fertility which had not received organic manures for two 
years. Incubation (28° C) was for 12 weeks using 10-g 
portions of soil (duplicate treatment) receiving no nitrogen .'' 
and 600 p.p.m. NH,— or NO,—N (dry soil basis). In the ©. 
pot tests (500 g soil) the treatments were no nitrogen, EX 


300 p.p.m. nitrogen for ryegrass, and 400 p.p.m. nitrogen e 


for rice. 
applications after establishment; the ryegrass tést lasted 
for 6 weeks and the rice test for 8 weeks. Moisture con- 
tents were adjusted to 20-133 per cent (water-logged) 
of the maximum water-holding capacity. The con- 
ditions during incubation were such that moisture 
content did not vary. In the pot tests small frequent 
additions of water were made so that the soil moisture 
eontent varied by about +3 per cent of the nominal 
values shown in Table 1. During analysis of soil and plant 
material, due precautions* were taken to ensure complete 
recovery of all organic and inorganic forms of nitrogen. 
Table 1 shows that there were significant losses of 
nitrogen where NO, was applied even at 20 per cent 
maximum water-holding capacity (which is near the. 
wilting point percentage, pF 4-2, for this soil) both in the |... 
incubation test and where ryegrass was grown. "There 
was no loss of nitrogen when NH,—N was applied at this 
moisture-level. At 50 per cent maximum water-holding .: 
capacity there was an even greater loss of nitrogen where. 
NO, was applied and there was also a significant loss of- 
nitrogen where NH, was applied in the incubation test. 
At 80 per cent maximum water-holding capacity there 


The nitrogen materials were applied in split . i 


was also loss of nitrogen where NO, was applied, but a 


small though significant gain of nitrogen where NH, 


Table 1. NITROGEN BALANCES IN SOIL IN INCUBATION AND Pot Tests 


Soll moisture-level 
percentage maximum water-holding 


capacity 
20 50 80 133* 
Percentage loss (—) or gain (4) of 
applied VOU 
Incubation 600 p.p.m. NH,—N + 08 -1r2ft — -1451 
Incubation 600 p.p.m. NO,—N -1603tf -21-7+ — -B24f 
Ryegrass 300 p.p.m. NH,—N 0-0 0:0 + 77t ~ 
Ryegrass 300 p.p.m, NO,—N -153t -283T1 -280f — 
Rice 400 p.p.m. NH,—N — - 87t — -207t 
Rice 400 p.p.m. NO,—N — —13-0+ ~ -207t 
* Water-logged. 


t Signifoant at P < 0-05. 
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wes apphed m the ryegrass test mdicates that nibrogen- 
fixing processes were operative 

Under water-logged conditions (133 per cent maximum 
water-holding capacity) there were considerable losses 
where NO, was applied, as reported by other workers, 
particularly during incubation, although ıt 18 worth noting 
that there was some loss even where NH, was apphed. 
The much higher loss during incubation compared with 
that where the rice plant was growing 18 presumably due to 
the fact that most of the NO; was absorbed by the plant 
before ıt has a chance to be demtrified This indicates that 
incubation tests may give a false impression of the 
magnitude of the losses which are likely to occur m com- 
parison with those which might occur m the presence of 
the growing plant 

The reasons for loss of nitrogen through denitrification 
even at the low moisture-levels are not readily apparent 
Where the plants were growmg, which required small 
frequent additions of water, ıt might be that the tem- 
porary high moisture-level near the surface, before the 
water was able to distribute itself throughout the pot, was 
sufficiently high to cause denitrification Such an effect 18 
likely to occur 1n the field after heavy rain or appheation 
of irrigation water. This explanation, however, does not 
hold in the incubation tests, where water was uniformly 
distributed throughout the soil at all times 

It was worth noting that m this work loss of nrtrogen 
by denitrification occurred even in the absence of fresh 
organic material 
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PSYCHOLOGY 


Taming of the Virginia Opossum 


Scorr! has recently reviewed the role of optimal or 
critical periods for imprmümng and socialization These 
investigations deal with domesticated species, such as the 
dog, and show that if raised without human contact the 
adult 1s permanently fearful of people, this fear, once 
established, 1s difficult or impossible to eliminate There 
have been few systematic attempts to mvestigate the 
factors involved m tammg wild members of non-domesti- 
cated mammalian species The Virginia opossum (Didel- 
phis virgumana), a marsupial, is native to North America 
and is often considered to be untamable There are local 
mstances of young opossums being raised *s pets, although 
any general success is rare This report deals with three 
litters of opossums 

Intier I was obtamed fortuitously after the mother had 
been killed bya dog The 6 pups had open eyes and were 
able to walk about and explore Age was estimated at 65 
days, which 1s younger than the weanmg age of approxim- 
ately 95 days? When a pup was removed from the rest of 
the litter ıt would emit a distress cry, a bird-hke chirpmg 
sound, and run about frantically In the dog sımilar 
behaviour marks the period of socialization? The young 
opossums when together were not fearful and would 
eagerly climb on my hand and forearm They 
were raised together and them initial diet of milk and 
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ground horsemeat was gradually changed to one of dry 
*Purina Dog Chow’ and water (This 1s a much easier diet 
to use than that given by E J. Farris m The Care and 
Breeding of Laboratory Animals, edited by Farris, E J, 
256 (John Wiley and Sons, New York, 1950) Opossums 
have been raised and mamtamed for more than a year m 
apparent excellent health with this diet ) Each pup was 
handled for several minutes every day and all remamed 
tame, none showmg signs of wildness or fearfulness On 
approaching adult size, approxnnately 120 days of age, 
they were separated by sex and handhng was much 
reduced As adults they were quite tame with no tendency 
for defensive bitmg though they still showed startle 
and an open mouth defensive reaction to unexpected 
sounds or movements When placed on an open floor they 
explored freely with no indication of fright or cowering. 
(These animals were afterwards successfully used m a 
behavioural experiment, H Friedman and D. A Marshall, 
Repeated Position Reversal Learning by the Vargwwua 
Opossum (m preparation) ) In contrast, two pups were 
removed from a wild mother at about the usual weaning 
age. They were extremely wild and could not be 
approached without eliciting the defensive post and biting. 
They showed no signs of tamung after a month of daily 
human contact in the laboratory. These results suggested 
that the age at which the pups were removed from the 
mother 1s important Another possibility was that the 
tame htter was for some reason, perhaps genetic, par- 
ticularly calm and easily tamed 

latter II To repheate the findings from htter I an 
opossum caught m the wild with pouch young was ob- 
tained. The litter was removed shortly after ther eyes 
opened and they had been observed walking about This 
18 essentially the same age as litter I when 1t was acquired 
This htter was raised m the same manner as litter I 
except that handling was neither as frequent nor as inten- 
sive As adults the animals from this litter are as tame as 
those in litter I Therefore, a sufficient condition for 
taming opossums 1s to remove them from the mother at 
an early age and raise them m contact with humans. This 
taming may be either an umprinting-hke phenomenon, 
resulting from the substitution of human contact for that 
of the mother at a critical period, or the result of the 
presence of human beings during & period of socialization 
(which under ordmary circumstances 1s prevented by the 
wild mother) 

latter III An opossum caught 1n the wild with very 
small pouch young (approximately 20 days old) was 
brought into the laboratory and housed ma2ft x 14 ft 
x 1} ft cage The mother rapidly adapted to the new 
environment but became no tamer—after 4 months 
human beings still could not approach without eliciting 
defensive behaviour When the young were about 65 days 
old (the same age as those m litters I and II when removed 
from their mothers) I would open the cage door, look 
m and talk to the young pups This occurred as often as 
convenient, perhaps 10 times a day periodically, and 
each visit lasted about a mmute Normal activity m tho 
animal room allowed additional contact with people The 
young were not handled durmg this time except for a 
mmute or 80 each month for weighing Of the 6 pups in 
this litter, 5 turned out to be as tame as those in the 
previous htters The runt of the litter, a male, 1s as wild 
as the mother and will attack if approached Although 
the pups have been weaned, this pup tends to stay with 
the mother at the rear of the cage while the others tend to 
stay near the door at the front of the cage It is quite 
clear that separation from the mother 1s not necessary for 
tammg, and that exposure to people, with little or no 
handling, ıs sufficient . 

This taming, therefore, differs from mprinting as 1b 18 
usually produced m that the mother was present and 
raised the young, while contact with human beings was 
limited to comparatively mfrequent visual and auditory 
exposure. Imprinting 1s generally considered to occur to the 
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first object to ehcit social responses on the part of the 
young!, and m this case the first object must have been either 
the mother or other members of the litter In addition, the 
tameness 1s not specific, as 1s often the case in mprinting, 
but 1s general, extending uniformly to unfamuliar people 
Most of the opossums will also show curiosity rather than 
fear when placed on the floor mn contact with other animals 
from the laboratory, such as cats and pigeons Further- 
more, the opossums as adults show normal social domi- 
nance fighting among the males and appropriate sexual 
behaviour directed at other opossums, none of this 
behaviour is directed at human bemgs The acceptance of 
people, the lack of dofensive biting, and normal responding 
to other members of their species 1s very simular to the 
behaviour of tame dogs It may be significant that the 
period during which contact with humans leads to tameness 
18 virtually identical for the opossum and the dog? For 
both species 1t 1s between the time the eyes open and 
weaning 

The iole of feeding does not appear to have been 
important m the observed taming The two wild young 
discussed earlier and the mother of litter IIT became no 
tamer as a result of bemg fed by the author On the 
other hand, the pups of htter III, which were nursed by 
their mother, were tame before they were weaned It is 
interesting to note that with htter III the mother’s open 
mouth warning stance ın response to approach had no 
effect on the pups, they would investigate the offered 
hand, showing no fear An important aspect of this invest- 
igation 18 that all three litters were from mothers caught in 
the wild with pouch young Therefore, possible selective 
factors which are necessarily mvolved with domesticated 
or laboratory-bred animals did not enter mto the observed 
tameness of the young Since early contact with human 
bemgs appears to be a critical factor in determinmg the 
success of taming the opossum as well as the dog, which 1s 
phylogenetically more recent, 15 1s possible that this factor 
would be of mportance m the taming of any mammal 
These results viewed in relation to previous observations 
of dogs? and cattle’ suggest that members of domesticated 
species are tamed anew each generation as a result of the 
tame mother allowing her young contact with human 
beings during a period of socialization 

This work was supported by grant M-3917 from the 
US National Institute of Mental Health to Norman 
Guttman, and grant G18124 of the US National Science 
Foundation to Robert P Erickson I thank David A 
Marshall for his assistance 
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Eating Behaviour induced by Sounds 


In the course of pretrammg hungry rats m a visual 
discrimmation apparatus ıt was observed that background 
noise often was followed by a complex cham of behaviour 
involving chewing, approach to food, and eating Similar 
behaviour had been noted in rabbits and guinea pigs 
This phenomenon vas exammed in a series of 40 male 
Sprague-Dawley rats weighmg 250-300 g 

The animals were starved for two days, and were then 
placed in an open box 1 ft high, 1 5 ft wide, and 3 ft long 
Wet mash was available in a small dish at one ond The 
animals were allowed 10 min of exploration and eating, 
and test stimuli were presented at irregular intervals The 
stimul: included clicks, hand claps, and whistles of various 
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frequencies, as well as steady and blinking hght. Most 
ammals explored extensively, sniffed the food, but ate 
little or nothmg On this first day, sounds tended to 
increase activity, but only 18 of the 40 ammals ate on 
the presentation of the sounds ‘The animals were returned 
to their home cages and given 6 g of dry pellets On the 
second day most animals did very little explormg To 
varying degrees, all animals, meluding those that had not 
eaten on the first day, showed sound-induced eating 
behaviour Some animals ate only durmg the sound 
stimuli In general, low-mtensity sounds (60 db ) induced 
chewing, higher intensities (70 db ) induced movements 
toward the food, and stil higher mtensities (80 db ) 
induced active eating (clicks and whistles measured with a 
General Radio 1551—B sound-level meter, room noise 
54 db) The vigom of the patterns was related to the 
intensity and duration of the stimulation A series of 
clicks was sometimes associated with chewing motions in 
exact synchrony with the stimul, at rates up to 2-3/sec 
Some animals abruptly ceased eating on termmation of 
the sound, and could be started and stopped repeatedly 
throughout the 10-mm period Flashes of hght or 
mereases of background lighting were not effective 
However, sound stimuli were not unique In situations 
involving avoidance conditionmg of restramed rabbits, 
chewmg and eatmg durmg and immediately after an 
electric shock was observed—the shock nover having been 
previously paired with eating 

The type of behaviour potentiated was specific to tho 
drive state of the animal Thus, with food and wator 
available, sounds mduced drinking in thirsty animals 
However, one of five animals exammed later while fully 
satiated still exhibited a moderate degree of sound- 
induced eating. Other behaviour patterns elicited by the 
sounds included crouching and freezing, exploration, and 
groommg The closer the anımal was to the food, the 
more likely eating rather than freezing would be observed 
Such patterns suggest that these observations can be 
incorporated within the framework of the ethological 
concept of ‘displacement activity’? 

It should be emphasized that some animals that had 
merely sniffed the food showed the full eating behaviour 
pattern ummediately on the first presentations of the 
stimuli Thus, a seemingly simple ‘neutral’ stimulus 
possessed the property of eliciting a complex cham of 
behaviour Since the full response was seen 1n cases where 
the stimulus was never formally paired with 16, the stimu- 
lus could be considered an unconditioned stimulus—the 
unconditioned response consisting of the appetitive and 
consummatory eating behaviour 

Meyers? has recently emphasized a need for a considera- 
tion of the ‘neutrality’ of stimul It has been well docu- 
mented that simple stimuli may markedly differ in such 
things as efficiency as a conditioned signal, or potency for 
arousing an animal?+ The present observations re- 
emphasize that stimuh may differ along dimensions that 
are frequently ignored or unsuspected In particular, these 
observations are relevant to the problem of secondary 
reinforcement and ‘cue’ properties of stimul?, and the 
interpretation of experiments m which brain stimulation 
induces complex behaviours 

This work was carried out during the tenure of a pro- 
doctoral research fellowship from the US National 
Institute of Mental Health 
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FORTHCOMING EVENTS 


(Meetings marked with an asterrsh are open to the publie) 


Monday, January 20 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
«at 5 pm-—-Mr R Gerard Ward ‘Cash Cropping and the Finan Village” 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 5 pm —Dr R A Dunning “Field Application 
and Evaluation of Granular Systemic Insecticides’, Mr P T Walker 
“The Properties of Granular Insecticides ın Relation to Insect Toxicity” 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Theatre 
of the Science Museum, Exhibition Road, London, S W 7), at 5 30 pm — 
Dr M A Hoskin “Apparatus and Ideas ın Victorian Cosmology” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
at 530 p m —Discussion on ‘‘Secondment of Electrical Engineers to De- 
-velopmg Countries” opened by Prof Sir Willis Jackson, F R S 


E INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
{at Savoy Place, London, WC 2), at 5 30 pm —Duiseussion on "'Low- 
crue Switching Devices" opened by Mr D A Swift and Mr R Car- 
ruthers 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
WC1, at 530 pm —Prof C Wynne-Edwards  ''Self-Regulating 
Systems in Populations of Animals” * 


PLASTICS INSTITUTE, LONDON SECTION—ENGINEERING SUB-GROUP (at 
“The Ring", Blackfriars Road, London, S E 1), at 6 30 p m —Meeting 
on “Temperature and Pressure Measurement and Control ın the Extrusion 

TOcess” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Enfield Technical 
College, Queensway, Ponders End, Enfield, Middlesex), at 7 pm —Dr R 
A Jeffreys “The Chemistry of Colour Photography” 


Monday, January 20— Tuesday, January 2! 


CHALLENGER SocILTY and REPRESENTATIVES FROM THE MARINE LAB- 
'ORATORIES (Development Commuissioner’s Scheme) (at the British Museum 
«Natural History), Cromwell Road, London, S W 7), at 10 am daily— 
Discussion Meeting on ‘‘Zooplankton” and Scientific Papers 


Tuesday, January 21 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westmunster, 
London, S W 1), at 530 pm —Mr G P Martin and Mr W J Shirley 
“The Design and Construction of N 2 Dry Dock for Vickers Armstrongs 
(Shipbuilders), Ltd , Hebburn, Co Durham". 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(«at Savoy Place, London, W C 2), at 530 p m.—Duiseussion on “RMS 
(or Mean) Volts" opened by Mr A Felton 


UNIVERSITY OF LONDON (at the Imperial College of Science and"; Tech- 
nology, London, S W 7), at 530 pm —Prof P L. Pratt “Some Facts 
cof Crystal Physics” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC 1), at 530 pm — 
Dr Patricia Lmdop “Radiation and Lifespan” (Fourth of twelve lectw es 
on “The Scientific Basis of Medicine” organized by the British Postgraduate 
Medical Federation )* 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 Gordon 
Square, London, W C 1), at 545 pm —Miss J du Plat Taylor ‘‘Under- 
water Árchzology—a Progress Report" * 


INSTITUTION OF ELECTRICAL ENGINEERS, and the ROYAL AERONAUTICAL 
SocrETY (at the Royal Aeronautical Society, 4 Hamilton Place, London, 
W 1), at 6 pm —Diseussion on “Measurement of Vibratory and Transient 
Parameters ın Aero Engines and Airframes, and their Effect on Accessory 
Equipment” opened by Mr D A Drew and Mr H J Y Hitch 


Wednesday, January 22 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 2 p m —Dr J S Beck “Human Anti- 
nuclear Antibodies" * 


UNIVERSITY OF LONDON (at Royal Hollowav College, Englefleld Green, 
Surrey), at 515 pm —Prof F R Keogh ‘Mathematical Meanderings” 
«Inaugural Lecture) 


INSTITUTION OF ELECTRIOAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C 2), at 530 pm —Mr J L Dineley and Mr M W 
Kennedy  ''Concept of Synchronous Generator Stabibty'" and “Influence 
of Governors on Power-System Transient Stability", Mr J L Duineley 
“Study of Power-System Stabihty by a Combined Computer", Mr JL 
Dineley and Mr E T Powner "Power-System Governor Simulation” 


INSTITUTION OF ELECTRICAL FNGINEERS, ELECTRONICS DIVISION (joint 
meeting with the MEDICAL AND BIOLOGICAL ELECTRONICS GROUP of the 
BRITISH INSTITUTION OF RADIO ENGINEERS at the London Schoo! of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W C 1), at 
6 p m —Discussion on “‘Non-calculated Methods of Measuring Blood Flow” 
opened by Dr A Guzand Dr C A `E. Joshn 


INSTITUTION OF MFCHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, S W 1), at 6 pm —Mr “Simon Archer "Modern Pro- 
pulsion with special reference to Transmission of Power" (Thomas Lowe 
Gray Lecture) 


ROYAL SOCIETY or Arts (at John Adam Street, London, W C 2), at 
6pm-—Mr H I Field ‘‘Vetermary Medicine on the Farm” 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—FOOD ENGINEERING 
PANEL (at 14 Belgrave Square, London, S W 1), at 615 pm—Mr G 
Evans “Recent Advances in Food Dehydration other than Freeze-Drying” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 6 30p m —Mr D Bishop “The Impact of Industral- 
ization” (Dugald Clerk Lecture) 
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SOCIETY FOR ANALYTICAL CHEMISTRY, MIOROCHEMISTRY GROUP (at “The 
Feathers”, Tudor Street, London, E C 4), at 6 30 p m —Discussion Meeting 
on “The Weighing of Small Quantities”, introduced by Mr F H Oliver 
and Miss J P Dion 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
the SLOUGH COLLEGE SCIENTIFIC SOCIETY, at Slough College, William Street 
Slough), at 7 pm —Mr H Barker “Radiocarbon Dating” 


Thursday, January 23 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, WC 2), at 515 pm —The Right Hon Lord 
Tweedsmur, OBE, LLD ‘The Eskimos of Canada" (Neil Matheson 
McWharrie Lecture) 


INSTITUTION OF CIVIL ENGINEERS, TRAFFIC ENGINEDRING GROUP (at 
Great George Street, Westminster, London, 8 W 1), at 5 30 p m —Informal 
Discussion on “Assumptions Used ın Traffic Assignment Studies" 1ntroduced 
by Mr R Hodgen 


ROYAL SOCIETY OF MEDICINE, EPIDEMIOLOGY AND PREVENTIVE MEDICINE 
SECTION (at 1 Wimpole Street, London, W 1), at 530 p m —Symposimm 
on “Public Persuasion in Health Matters with particular reference to 
Smoking" Sır Robert Platt “The Responsibility of the Medical Pro 
fession", Mr Kenneth Robinson, M P “The Responsibility of the Govern- 
ment", Mr John Wakefield ‘Informing the Public” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C 1), at 530 pm — 
Prof W S Peart “Renal Hypertension" (Fifth of twelve lectures on 
“The Scientific Basis of Medicme” organized by the British Postgraduate 
Medical Federation )* 


UNIVERSITY OF LONDON (in the Physiology Lecture Theatre, Royal Free 
Hospital School of Medicine, 8 Hunter Street, London, W C 1), at 530p m 
—Prof K R L Hall “The Terrestrial Monkeys of Africa a Comparison 
of their Physical and Behavioural Adaptations” * 


CHEMICAL SOCIETY (im the Lecture Theatre, School of Pharmacy, Bruns 
wick Square, London, W C 1), at 6 pm—Prof A F Trotman-Dickenson 
"Activated Molecules” (Tilden Lecture) 


Friday, January 24 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 5 30 p m —Duseussion on “Polyimide 
ogh Temperature Resins” opened by Mr R Snadow and Dr Wilmar 

an7 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 
1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Dıscussion on 
“Comparison of Boiler Plant Design in Europe and the Umted Kingdom” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—CAMBRIDGE SUB- 
SECTION (joint meeting with the CAMBRIDGE UNIVERSITY CHEMICAL SOCIETY, 
ın the University Chemical Laboratory, Lensfield Road, Cambridge), at 
830 pm—Dr $ Barker “Enzyme Induction—a New Key to the 
Structure of Natural Macromolecules” 


Monday, January 27 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONIOS DIVISION (jomt 
meeting with the COMPUTER GROUP of the BRITISH INSTITUTION OF RADIO 
ENGINEERS, at the Institution of Electrical Engmeers, Savoy Place, London, 
WC 2), at 230 pm and 5 30 p m —Colloquium on “The Interconnection 
of Peripheral Equipment” 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 4 p m —Prof D H Smyth "Intestmal 
Absorption of Protein” * 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6pm—Prof W H McCrea, FRS “Soviet Russia To-day—Science” 
(First of four Cantor Lectures) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

ASSISTANT LECTURER Or LECTURER (or, 1n special cases, Senior Lecturer) 
IN MATHEMATICS—The Registrar, University of Sussex, Stanmer House, 
Stanmer, Brighton, Sussex (January 31) 

CHAIR OF PURE MATHEMATICS, CHAIR OF PSYCHOLOGY AND HEADSHIP 
OF THE DEPARTMENT, CHAIR OF BUILDING TECHNOLOGY, and CHAIR OF 
SocroLoGy—The Registrar, The University, Nottingham (January 31) 

Hean (with high academic qualifications, and relevant industrial and/or 
research experience) OF THE DEPARTMENT OF MECHANICAL ENGINEERING 
—The Principal, Brunel College, Woodlands Avenue, Acton, London, W 8 
(January 31) 

LECTURER (Grade II) IN PURE MATHEMATICS—The Registrar, The Univer- 
sity, Senate House, Bristol 2 (January 31) 

‘LECTURER IN PHYSICS— Ihe Registrar, Queen Mary College (University 
of London), Mile End Road, London, E 1 (January 31) 

LECTURER IN PURE MATHEMATICS, and an ASSISTANT LECTURER IN 
MATHEMATICS— The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E 1 (January 31) 

LECTURER (metallurgist, or other qualified person, with a good honours 
degree and research experience (and preferably a higher degree) in metallurgy, 
metal physics or related fields) IN THE SCIENCE OF MATERIALS SECTION 
OF THE DEPARTMENT OF MECHANICAL ENGINEERING—The Registrar, Queen 
Mary College (University of London), Mile End Road, London, E 1 (Janu- 
ary 31 

T ERER or ASSISTANT LECTURER IN PURE OR APPLIED MATHEMATICS— 
The Secretary, Queen Elizabeth College (University of London), Campden 
Hill Road, London, W 8 (January 31) 

RESEARCH ASSISTANT (graduate in microbiology or biochemistry, prefer- 
ably with research experience) IN MICROBIOLOGY, to work on certain aspecta 
of petroleum mucrobiology—The Registrar, University College of South 
Wales and Monmouthshire, Cathays Park, Cardiff (January 31) 
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COLLEGE RESEARCH FELLOWSHIP, tenable in one of the following subjects 
Pure Mathematics, Apphed Mathematics, Physics, Chemistry, Geology, 
Geography, Botany, Zoology, Metallurgy, Engmeermg (Mechanical, Civil, 
Electrical) and Chemical Engineering—The Registrar, University College of 
Swansea, Singleton Park, Swansea (February 1) 

LECTURER or an ASSISTANT LECTURER IN PHYSIOS—The Registrar, 
University College of Swansea, Singleton Park, Swansea (February 1) 

LECTURERS (2) IN SOCIOLOGY, and a LECTURER IN ANTHROPOLOGY— 
ae Registrar, University College of Swansea, Singleton Park, Swansea 

ebruary 

LEOTURER (with an honours degree in electrical engineermg, industrial 
or other appropriate postgraduate experience, and a special mterest m 
electrical theory and measurements) IN ELECTRICAL ENGINEERING at the 
Royal College, Nairobi, University of East Africa—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C1 (February 12) 

RESEARCH ASSISTANT (preferably with experience m infra-red spectro- 
metry, detectors, or interferometry) IN APPLIED PHYSICS, to work on infra- 
ted techniques and design of space-borne astronomical instruments—The 
Registrar, The University, Hull (February 12) 

HAIR OF BlOLOGY—The Secretary, The University, Edinburgh (Febru- 


ary 14) 

"LaorunzR (one or possibly more, with major interests in general bacterio- 
logy or serology, or mycology, or microbial physiology) IN MICROBIOLOGY— 
by Benstrar (Room 22, ORB), The University, Readmg (Febru- 
ary 

FACULTY LECTURER IN THE GEOGRAPHY OF THE USSR (to be held in 
conjunction with Lecturer at Christ Church)— The Secretary of Faculties, 
University Registry Oxford (February 15) 

LECTURER or ASSISTANT LECTURER IN ORGANIC CHEMISTRY—The Secre- 
tary and Registrar, The University, Southampton (February 15) 

LECTURER or ASSISTANT LECTURER IN PHYSICAL CHEMISTRY— The 
Registrar, The University, Southampton (February 15) 

LECTURER or ASSISTANT LECTURER (with an honours degree in chemistry 
and either a higher degree or research experience) IN CHEMICAL OCEANO- 
GRAPHY—The Secretary and Registrar, The University, Southampton 
(February 15) 

LECTURER (preferably with a special interest m child development and 
in experimental work bearing on teaching problems) IN EDUCATIONAL 
PsycHoLogy—tThe Secretary, The University, Exeter (February 15) 

LECTURERS (2) (well qualified m electrical engineering or science) IN 
ELECTRICAL ENGINEERING at the University of Sydney, Australia—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (Australia and London, 
February 15) 

SENIOR LECTURER (familiar with quantitative genetics, and prepared 
to teach and do research in the basic aspects of the ımprovement of agrı- 
cultural crops) IN GENTTICS AND PLANT BREEDING IN THE DEPARTMENT OF 
AGRICULTURE, University of Sydney— The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S W 1 (Australia and London, February 15) 

TUTOR or LECTURER (woman, preferably with special qualifications in 
applied mathematics) IN MATHEMATICS—The Principal, Somerville College, 
Oxford (February 15) 

UNIVERSITY LECTURERS or ASSISTANT LECTURERS (2) IN PURE MATHE- 
MATICS, and UNIVERSITY LECTURERS or ASSISTANT LECTURERS (2) IN THE 
DEPARTMENT OF APPLIED MATHEMATICS AND THEORETICAL PHYSICS— 
Secretary of the Appointments Committee of the Faculty of Mathematics, 
The University, Bene’t Street, Cambridge (February 15) 

ASSISTANT LECTURER IN APPLIED PHYSICS—The Registrar, The Univer- 
sity, Hull (February 21) 

LECTURER (graduate in medicine, science or vetermary science, preferably 
with a master's degree and experience 1n research) IN PHYSIOLOGY at the 
University of Queensland, Australia—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S W 1 (London and Brisbane, Februarv 21) 

ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY—The Regis- 
Ara) eens College of North Wales, Bangor, North Wales (Febru- 
ary 

LECTURER (with experience n rock and mineral analysis) IN GEOCHEMISTRY 
(Department of Geology) m St Salvator’s College—The Seeretary, The 
University, College Gate, St Andrews, Scotland (February 22) 

HAIR OF PHYSIOLOGY at the University of Tasmania—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Australia and London, February 28) 

CHAIR OF SOCIAL ANTHROPOLOGY—The Secretary, The University, 
Edmburgh (February 29) 

CHAIR OF APPLIED MATHEMATICS—The Registrar and Secretary, Univer- 
sity of Durham, Old Shire Hall, Durham (March 1) 

READER IN MATHEMATICAL STATISTICS— The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (March 1) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEMISTRY 
AND PHYSIOS (including Upper Atmosphete Physics)—The Secretary, 
ead of Exeter, Northcote House, The Queen's Drive, Exeter, Devon 

are’ 

SENIOR LECTURER or LECTURER IN STATISTICS in the School of General 
Studies, Australian National Unrversity—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House Pall Mall, 
London, S W 1 (Australia and London, March 9) 

SENIOR LECTURERS and LECTURERS (Technical Assistance) IN TROPICAL 
MEDICINE, TROPICAL HYGIENF, PARASITOLOGY AND APPLIED BIOLOGY— 
$ rrr ROREM School of Tropical Medicine, Pembroke Place, Liverpool 

prü 1 

CHAIR OF HORTICULTURE at Wye College—The Academic Registrar, 
University of London, Senate House, London, W C 1 (June 1) 

ASSISTANT CONSERVATOR OF FORESTS (over 30, with a university 
degree in forestry, and preferably at least ten years experience as a Forest 
Officer 1n South-East Asi, preferably Malayasia) with the Government of 
Sabah, for duties which will include forest management and admmistration, 
including forest management problems, silviculture, protection of natural 
resources, land hfe, soil conservation and water control—The Director of 
Recruitment, Department of Technical Co-operation, Eland House, Stag 
Place, London, S W 1, quoting Ref RC 324/107/01 

LECTURER (qualified medical practitioner) IN PATHOLOGY—The Professor 
of Pathology, Institute of Ophthalmology (University of London), Judd 
Street, London, WC 1 

SCIENTIFIC OFFICERS/SENIOR SCIENTIFIC OFFICERS (with a first- or 
second-class honours degree or equivalent in mathematics, physics, chem- 
istry or engmeering, and for SSO at least three years posteraduate 
experience) with the War Office—The Director, Royal Armament 
doa and Development Establishment, Fort Halstead, near Sevenoaks, 

en: 
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REPORTS and other PUBLICATIONS 


(not included vn the monthly Books Supplement) 


Great Britain and Ireland 


Department of Technical Co-operation Technical Co-operation under the 
Colombo Plan Report for 1962-03 of the Council for Technical Co-operation 
ın South and South-East Asia, Colombo, October 1068 Pp 103 (London 
HM Stationerv Office, 1963 ) 62 net [2011 

Bulletin of the British Museum (Natural History) Geology Vol 9, 
No 2 Middle Jurassic Ostracoda from South Yorkshire By Dr Ravmond 
Holmes Bate Pp 19-46+138 plates (London British Museum (Natural 
Hıstory), 1963 ) 265 (2211 

Glasshouse Crops Research Institute Annual Report, 1962 Pp 146, 
(Rustington, Inttlehampton Glasshouse Crops Research Institute, ie? 
12s 6 

Department of Agriculture and Fishenes for Scotland Freshwater and 
Salmon Fisheries Research 31 Observations on the Movements of Atlantic 
Salmon (Salmo salar L ) in the River Conon and the River Merg, Ross-shire I. 
By K A Pyefinch and Dr D H Mills Pp 24 7s 6d net Marine Research 
1968 No 3 The Food of the Megrim By Dr Bennet B Rae Pp 23 
7s 6d net (Edinburgh and London HM Stationery Office, 1963 ) [2211 


Other Countries 


University of California Publications ın Botany Vol 360, No 1 Secondary 
Phloem in the Pimaceae By L Srivastava Pp 1-142 (36 plates). 
(Berkeley and Los Angeles University of California Press, London 
Cambridge University Press, 1963 ) 3 dollars [2011 

Metropolitan lafe Insurance Company Statistical Bulletin, Vol 44, 
(September, 1963) The Growing Numbers of Elders The Prevalence of 
Chronic Condition Sex Differences in Peptic Ulcer Mortality Trends 
Reduction on Mortahty from Firearm Accidents Pp 12 (New York 
Metropolitan Life Insurance Company, 1963 ) [2011 

University of Cordoba Faculty of Medical Sciences First Report of the 
Institute of Cell Biology, 1962-1968 Pp 40 (Cordoba The University 

3. 

Belgique 
mussariat à l'Energie Atomique l'Energie Nucléaire en Belgique 
Activités au cours de Ia Période 1960-1962 Pp 189 (Bruxelles 
des Affaires Economiques et de l'Energie, 1903 ) [2011 

French Bibliographical Digest No 37, Series II Solid State Physics. 
By Jacques Friedel Pp 182 No 38,SeriesII Public Admimstration By 
Bernard Gournay Pp 208 (New York,NY The Cultural Center of the 
French Embassy, 1963 ) {2011 

New Zealand Report of the Director-General of Forests for the year 
gadeg 31 March 1963 Pp 63 (Wellmgton Government Printer, po 

8 . 
Catalogue Collectif des Livres Francais et Sciences et Techniques, 1960- 
1902 Pp xiv+146 (Paris Groupe des Editeurs de Livres Francais de 
Sciences et de Techniques, c/o Syndicat National des Editeurs, 117 Bvd. 
Saint Germain, 1963 [2011 

United States Department of Commerce Weather Bureau Research 
Paper No 44. Three-Dimensional Wind Flow and Resulting Precipitation 
on a Northern California Storm By Vance A Myers and George A Lott 
Pp Hr (Washington, DC Government Printing Office, I 

cents 

United States Department of the Intenor Geological Survey Bulletin 
1141-F Geology of the Fort Laramie Area, Platte and Goshen Counties, 
Wyoming By Laura W MeGiew Pp iv4-39--plates 1-3 Bulletin 1142-J 
Geology of Glenwood Springs Quadrangle and Vicinity, Northwestern Ontario. 
By N Wood Bass and Stuart A Northrop Pp 1v+74+plates 1 and 2, 
Water-Supply Paper 1608-C Ground-Water Reconnaissance of American 
Samoa By Dan A Davis Pp iu--21 Water-Supply Paper 1619-B 
Ground-Water Geology and Hydrology of Bunker Hill Air Force Base and 
Vicinity, Peru, Indiana By F A Watkins and J S Rosenshem Pp. 
1v +32 +plates 1-3 Water-Supply Paper 1619-Y Geology and Hydrology 
of Valle Grande and Valle Toledo, Sandoval County, New Mexico By C 8. 
Conover, C V Theis and R L Griggs Pp iv+37+plates 1-4 Water- 
Supply Paper 1669-P Water in the Dakota and Purgatoire Formations in 
Otero County and the Southern Part of Crowley County, Colorado By 
Willam G Weist, Jr Pp m -+17 Pater Supply Paper 1669-Q Ground- ., 
Water Conditions mn the Vicinity of Lake Mead Base, Las Vegas Valley, 
Nevada By OmarJ Loeltz Pp 11+17 (Washington,DC Government 
Printing Ofhce, 1963 ) (2011 

United States Department of the Interior Geological Survey Professional 
Paper 260-BB Subsurface Geology of Eniwetok Atoll By Seymour O 
Sehlanger Pp 1v+991-1066+plates 281-288 Professional Paper 422-0 
Dramage Density and Streamflow By Charles W Carlston Pp 11+8 
Professional Paper 462-B Vertical Distribution of Velocity and Suspended 
Sediment, Middle Rio Grande, New Mexico By Carl F Nordin, Jr. and 
George R Dempster, Jr Pp iv+20 Professional Paper 454-H The 
Disparity Between Present Rates of Denudation and Orogeny By S. A. 
Schumm Pp ur--13 Professional Paper 456-A ‘Type Section of the Beacon 
Sandstone of Antarctica By Warren Hamilton and Philip T Hayes Pp. 
11—18 Professional Paper 474-A Uranium in Carbonate Rocks By 
Kenneth G Bell Pp 111+29 Professional Paper 475-B Short Papers in 
Geology and Hydrology, Articles 1-59, (Geological Survey Research 1963) 
Pp vit218 (Washmgton,DC Government Printing Office, 1963 ) [2011 
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OXLEY 





BARB INSULATORS 


TYPE 062 


^ 


Working voltage 
500 V DC 


Capacity less than 5 pF 
Temperature range 
—55?C to +200°C 
Resistance to pull in 
either direction 3 Ibs 


SWG = 022"| 028" = 
0 56/0 72 m/m 
Mounting hole dia 
062" = J,” = | 58 m/m 





A new {subminiature insulator, which is speedy 


ble, and with outstanding physical 
charactéteistics The PTFE bush, which ts 
supplied with the heavily silver plated brass 
barb Peircly inserted, 1s located in an ordinary 
062" da hole and the barbed spill ts pressed 
firmly/through the assembly, thus expanding ` 
the/PTFE bush on the far side of the chassis 
—~ and locking the complete assembly firmly in 
the chassis 


Write for technical details of these and other 
Oxley products 


OXLEY DEVELOPMENTS CO. LTD. 


ULVERSTON, LANCASHIRE 






Consider: isn’t this just 
plain common sense? 


We're talking about life assurance We're talking, in fact, about 
the oldest mutual life office the Society that laid the foundations 
life assurance as it is known today. The ‘Old Equitable’, 
ed two hundred years ago, has this about it 

shareholders It pays no commission for the intro- 
ess This 1s how life assurance was originally 
reserving these co-operative principles, the 
es life assurance at cost price 

endly and helpful, and it does a good 
xample, a quarterly payment of 
n assurance of £3,000 sharing 1n 
whenever that should occur 
would this year yield over 
d If you would like to 
surance that the ‘Old 























Chassis thickness = 22/24 


_ Vol 1. S 


Back Numbers 
of Periodicals 
Required 


AGRICULTURE 

Vol 48 No 1, 53 No 2, 54 No. 4, index , 55 No 2 

ANALYST 

Vols 44, 45, 46. 

BELL SYSTEM TECHNICAL JOURNAL 

Vols. 1-3, 6,-7, 21, 25-32 ‘ 

BIOLOGICAL ABSTRACTS 

Vols. 19-21, 28-31. 

CHEMICAL SOCIETY LONDON. JOURNAL 

Vols. 1930, 1932, 1933, 1934, 1935, 1936, 1939 

CHEMISCHE BERICHTE ] 

Vols, 11, 12. ; 

CHEMISCHES ZENTRALBLATT ` 

Vols 111,118 Suppl No 2,119 Suppl Nos 3,4,5, 

120 Suppl Nos 2, 5, 6; 127 Complete 

FLIGHT AND AIRCRAFT ENGINEER 

Vols 63 No. 2297 

JOURNAL OF PHYSICAL CHEMISTRY 

Vols 1, 26, 27, 40, 41. 

NATIONAL CANCER RESEARCH 
JOURNAL 

Vols 1-6, 10 Nos 3, 4; 11 Nos 4-6; 12, Nos 1-3, 

5.6 N 

NUCLEAR ENGINEERING N 





H 

) 

? s 
mm 


OPTIK \ 
Vol 7 

PHYSIOLOGICAL REVIEWS 

Vol. 21 No 1, 26 Complete ; 27 Nos 1,2, 28 Nos. 
3-4; 31 Nos 3-4, 33 No 4 

SOCIETY OF DYERS AND COLOURISTS 

Vols 39-42 





We hold in Oxford and New York a comprehensive stock of Bntish, 
Continental and American Periodicals and frequently issue catalogues 
Please send your lists of requirements 


ROBERT MAXWELL & CO LTD 


= INTERNATIONAL UNIVERSITY AND INDUSTRIAL 
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Tel 64881 Cables LEXICOM 


Be 


^. 





CXAXIV 


January 18, 1964 





CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line. and 
6s per.line thereafter Lines in capitals or 
contamnng words in capitals 12s per line 
Semi-displayed £4 16s per single column 
inch Colour (orange) £15 extra Is ıs 
charged for the re-direction of replies to 


adverusements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Lumited, 1 Clements Inn, Strand, London, 
W C2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 


APPOINTMENTS VACANT 


ROYAI DENTAL HOSPITAL OF LONDON 
SCHOOL OF DENTAL SURGERY 
(University of London) 


ELECTRON 
MICROSCOPY UNIT 


Applications are invited from graduates with a 
degree in a biological science to take charge of 
a newly formed unit of Electron Microscopy 
Applicants should preferably have had expenence 
in Electron Microscopy research The post will 
be of Lecturer grading and the initial salary will 
be within the range £1,250 to £1,750 per annum, 
plus London allowance, according to qualifica- 
tions and experience Superannuation benefits 
Family allowance if eligible Applications, mm- 
cluding curriculum vitae with the names of two 
referees, should be sent to the 

School Secretary, 
32 Leicester Square, WC2 


ROYAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
` GLASGOW 
DEPARTMENT OF MATHEMATICS 


DSIR RESEARCH GROUP ON 
NON-CONTINUUM GAS FLOWS 


Applications are invited. for posts in. the above 
Group, which is concerned with theoretical re- 
search on non-contünuum flow One of these 
Posts carries considerable responsibility for the 
development of the project and candidates should 
have had a wide experience of research in high- 
speed gas dynamucs or an appropriate branch of 
theoretical physics The salary for this post 1s 
between £2,000 and £2,200 per annum There 
are also two junior posts at £650 per annum 
suitable for graduates with lower second-class or 
third-class honours These will offer an oppor- 
tunity for tramuing in computer programming of 
an advanced kind 

Applications, with the names and addresses of 
three referees, should be lodged with the Secre- 
o of the College not later than January 31, 











z SECOND ADVERTISEMENT 
UNIVERSITY COLLEGE OF SOUTH 
WALES AND MONMOUTHSHIRE 


Applications are invited for the post of Re- 
search Assistant ın Microbiology at a salary of 
£900 per annum The post will be available for 
three years, renewable annually The successful 
applicant, who will be required to work on 
certain aspects of petroleum microbiology, should 
be a graduate in microbiology or biochemistry, 
preferably with research experience 

Applications, with the names of two referees, 
Should be submitted to the Registrar, University 
College of South Wales and Monmouthshire, 
Cathays, Park, Cardiff, not later than January 


UNIVERSITY OF EDINBURGH 
CHAIR OF BIOLOGY 

The University Court ıs proceeding to the 
constitution of a Chair of Biology for which it 
invites applications It ıs intended to make an 
appointment within the general field of Bo- 
physics, Biochemistry, Microbiology, and Molecu- 
lar Biology The salary of the Chair will be not 
less than £3,300 per annum, and the appointment 
1s Subject to an age lumit of 70 It is expected 
that the successful candidate will take up ap- 
Pointment on October 1, 1964 

Applications (12 copies), together with the 
names of two referees, should be lodged not 
later than February 14, 1964, with the under- 











IOCHEMISTS 


OR CHEMISTS 


The BASIC RESEARCH GROUP requires two Biochemists or 
Chemists, preferably with research experience 


(1) To join a team working on the factors responsible for the 
production of human dental caries and periodontal disease 


(Ref RC/B2 A) 


(2) To initiate investigations of the mechanism of action of 
detergents with components of the cornea (Ref RC/B3 A) 


Starting salaries will depend on experience A newly-qualified 
PhD, for example, will start at £1,250 per annum but an 


applicant with suitable experience may expect a salary consider- 


ably in excess of this 


Please apply to 


THE STAFF OFFICER, UNILEVER RESEARCH LABORATORY, f 
455 LONDON ROAD, ISLEWORTH, MIDDLESEX 


UNILEVER RESEARC 


a Chief Animal Technician 


colony 





WYETH 


RESEARCH AND DEVELOPMENT DIVISION 


CHIEF ANIMAL TEGHNIGIAN 


The maintenance of adequate stocks of healthy animals under 
controlled conditions for extended periods demands the highest 
standards of animal husbandry To ensure that such standards are 
continually maintained the Research Department desires to appoint 





UNIVERSITY OF CAMBRIDGE 
ICI FELLOWSHIPS 
TURNER AND NEWALL FELLOWS 


Applications are invited for ICI Fello, 
value normally in the range £1,000 to 
year, with possible extension up to £14 
in special circumstances for engineers, 
logists, and for a Turner and Newg 
value normally ın the range £1, 
year, tenable in the University 
1964 ICI Fellowships are 
Physics, Chemistry, Colloid Seg 
Enginecring, Metallurgy, Pha: 
therapy, or related subjecty 
Newall Fellowship is for 
ing, Chemical Engineering, 

Physical Chemistry, Mg 
Applications must be % 


The post carries responsibility for animal breeding, with the keep. 
ing of the necessary records, for economuc management o 
animal stocks and feeding stuffs and for cleanliness of 4 


The salary will be competitive and commensuratg 


Applicants are invited to apply in the 
Personnel Officer, John Wyeth and Brother 
Lane South, Taplow, Maidenhead, Berks 
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MONSANTO 


SENIOR PHYSICIST/PHYSIGAL CHEMIST 
FOR RUBBER CHEMICALS APPLICATION 
AND TEGHNIGAL SERVICE LABORATORIES 


Applications are invited from men in 
age group 28-36 to fill a post as team 
leader—one of three senior tech- 
nologists responsible to the Rubber 
Chemicals Manager He will be con- 
cerned with keeping abreast with 
scientific and technical developments 
affecting the rubber industry and in 
planning and executing programmes 
of investigation aimed at improving 
knowledge of present and future 
requirements of the industry and the 
contribution chemical additives have 
to make in meeting these 


Candidates should possess a good 
Hons BSc in physics or physical 
chemistry, FIR! or AIR! an 
advantage, have had at least 5 years’ 
research/development experience in 


polymer sctence, and have demon- 
strated ability for original thought 


* Good starting salary and career 
prospects, non-contributory pension 
scheme 


* Apply in confidence, quoting ref- 
erence number and giving details of 
age, experience and qualifications, to 


The Staff Officer (DL 280), Monsanto, 
[0-18 Victoria Street, SW I 


PHARMACEUTICAL 
PHYSICAL CHEMIST 


BENGER LABORATORIES LIMITED, manufacturers of ethical pharma- 
ceuticals, have a vacancy for a Chemist (honours graduate or equivalent) 
with physical chemical specialization to work ın the Research Department 

The work would be on developmental aspects of pharmaceutical formu- 
lations and the applicant should have some knowledge of suspensions, 


surfactants and powder technology 


This is a new appointment 


The Company 1s a member of the Fisons Group of Companies and 


Group Contributory Pension. and other Welfare Schemes operate 


The 


Company works a five-day week, and conditions of work are excellent 
Salary will depend on age, qualifications. and experience, and will be 
commensurate with the responsibilities of the post 

Applications, which will be dealt with in confidence, should be sent to 
the Secretary, Benger Laboratories Limited, Holmes Chapel, Cheshire 


UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA, CANADA 
DEPARTMENT OF PHYSICS 

Applications are invited for positions as Assıst- 
-ant Professor, Associate Professor and Professor , 
salary depending on qualifications and experience 
Research interest essential in Solid State, Low 
Temperature, Nuclear or Theoretical Physics 
‘Excellent research facilities, favourable teaching 
doad Duties to begin September 1, 1964 

Apply to Chairman, Department of Physics, 
‘University of Alberta, Edmonton, Alberta, 
Canada 


McMASTER UNIVERSITY 


POST-DOCTORAL FELLOWSHIPS IN 
PHYSICS 

Applications are invited for National Research 
‘Council and other Post-Doctoral Fellowships, ten- 
able m the Department of Physics, McMaster 
University Successful applicants may choose to 
work full-time on their research or to supple- 
‘ment their research with a modest amount of 
lecturing 

Inquires and applications should be addressed 
to Profesor M W_ Johns, Chairman, Depart- 
Tent of Physics, McMaster University, Hamilton, 
Ontano, Canada 





UNIVERSITY OF LEEDS 
DEPARTMENT OF MATHEMATICS 


Applications are invited. for posts of Lecturer 
Or Assistant Lecturer in the Department of 
Mathematics—one in Pure Mathematics, one in 
Applied Mathematics, and one m Statstics 
Salaries for Lecturers are on the scale £1,250 by 
£60 to £1 670 by £80 to £1,830 (efficiency bar) by 
£80 to £2,150 a year, and for Assistant Lecturers 
within the range £1,000 by £50 to £1,150 

Applications (three copies), stating date of 
birth, qual*fications and experience, together with 
the names of three referees, should reach the 
Registrar, The University, Leeds, 2, not later than 
February 4, 1964 Applicants from overseas need 
only submit one copy of their application 


UNIVERSITY OF TORONTO 
POST-DOCTORAL FELLOWSHIPS 
DEPARTMENT OF CHEMISTRY 

Applications are invited to work in the field of 
gas kinetics and spectroscopy using flash photo- 
lysis and shock wave techniques The stipend of 
fellowship is between $4,000 and $6,500 a year 
plus transportation expense 

Applications should be addressed to Professor 

Burns, Department of Chemistry, University 

of Toronto, Toronto 5, Ontano Canada 
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GHANA CIVIL SERVICE 


Applications are 
vacancies in the 


GEOLOGICAL SURVEY DEPARTMENT 


SENIOR GEOLOGISTS Duties To organize, 
administer and supervise Geological work on a 
regional basis Qualifications A first- or upper 
division second-class honours degree in geology 
awarded by a recognized University followed by 
at least 10 years’ approved experience Salary in 
Tange £2,550 to £2,690 per annum, plus £150 per 
annum gratuity 


GEOLOGISTS Duties Responsible for Geo- 
logical mapping on the surface and underground 
m mines, and the application of Geological prin- 
ciples and geophysical techniques to prospecting, 
the location of sites for bore-holes for water, en- 
gineering and other problems Qualifications 

Candidates must possess a first-class or higher 
grade second-class honours degree in geology of 
a recognized University or an equivalent or higher 
qualification Salary in range £1,080 to £2,080 
per annum (Entry pomt at £1,280 per annum ) 
In addition to salary a tax free gratuity at the 
rate of 10 per cent of aggregate salary 1s payable 
at the end of each tour of duty, and a tax free 
resettlement gratuity of 20 per cent of aggregate 
salary 1s payable on the satisfactory completion of 
contract 


SENIOR GEOPHYSICISTS Duutes Imtally re- 
quired to draw up a programme of seismic and 
gravity exploration, prescribe the equipment to be 
ordered and commence traming of technical per- 
sonnel Subsequently be required to carry out 
seismic and gravity surveys and other geophysical 
investigations. (magnetic, electrical and induction) 
as required by the Director of Survey — Qualifi- 
cations Must possess first-class or second, upper 
division. honours degree in geology with physics 
at the principal level (or similar degree in physics 
with geology at the pmncipal level) with (a) a 
postgraduate full-time course in geophysics of at 
least one year’s duration followed by at least 
five years’ practical experience in apphca- 
tion of geophysical methods, or (b) at least seven 
years’ approved practical experience in applica- 
tion of geophysical techniques Salary in range 
£2,550 to £2,690 per annum, plus £150 per annum 
gratuity 


GEOPHYSICISIS Duties Carry out Geophysi- 
cal Surveys in the field of radiometric, electrical, 
electro-magnetic, magnetic, seismic and gravi- 
metnc methods in the course of mineral investi- 
gations and the location of underground water 
supphes Qualifications Must have a first- or 
upper division second-class honours degree in 
geophysics or in geology with physics at the 
principal level or m physics with geology at the 
principal level and must have some expenence 
of the techniques of applied geophysics Salary 
ii range £1,430 to £2,340 per annum, plus £150 
per annum gratuity 


MINERALOGISTS Duties Identification of 
minerals by optical, physical, X-ray and spectro- 
graphic methods and by other specialized tech- 
miques Qualifications Must have first- or upper 
division second-class honours degree in mineral- 
ogy or 1n geology with specialization in mineralogy 
and must be conversant with the use of X- 
ray diffraction and spectrographic equipment 
Salary m range £1,430 to £2,340 per annum, 
Plus £150 per annum gratuity 


DIAMOND-DRILLER / TRAINER Duties 
Prospecting mineral deposits, underground water 
supplies, foundations, etc, by diamond core dril- 
Img Responsible for conducting a Drilling 
School Qualifications Candidates must have at 
least six years’ responsible experience of diamond 
core drilling in connection with muneral deposit 
investigations ın a wide vanety of Geological 
formations and be capable of carrying out field 
repairs to the driliing plant and have sound mech- 
anical and engineering knowledge and experience 
Capable of keeping accurate drilling records 
Salary in range £1,380 to £1,730 per annum, plus 
£150 per annum gratuity 


Appointments on contract for three tours each 
of 15 to 18 months’ duration 


Free passages for officer, wife and up to three 
children under 18 years, and in addition, an edu- 
cation allowance for children when not resident 
in Ghana and attending full-time school of £100 
a child for up to three children under 18 years 
Accommodation at low rental Advance for car 
at 5 per cent interest, and car maintenance allow- 
ance may be granted Generous leave on full 
pay Income tax at low local rates 


For application forms, please send a postcard, 
stating the post in which you are interested, to 
THE DIRECTOR OF RECRUITMENT, 
GHANA HIGH COMMISSION, 248 TOTTEN 
HAM COURT ROAD LONDON, W1 


invited for the following 
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ESSO RESEARCH LTD. 


We require additional scientific staff for our Research Centre at Abingdon, Berkshire 


Our programme includes 
EXPLORATORY AND APPLIED CHEMISTRY 
DEVELOPMENT OF ELASTOMERS AND PLASTICS 
RESEARCH ON SURFACE COATINGS 
CHEMICAL TECHNICAL SALES SERVICE 
UNCONVENTIONAL USES FOR PETROLEUM 
FUELS AND LUBRICANTS RESEARCH 


Our work involves a wide variety of scientific techniques and skills, both in the laboratory and 1n the field 


This programme ıs designed to assist Esso’s affiliates in Europe, Africa and the Near East, and involves close 
contact with these affiliates as well as with Esso’s other research laboratories throughout the world 


Minimum requirements are a good second-class honours degree in chemistry or other physical science Post- 
graduate research experience, either academic or industrial, would be an advantage For these posts, we are 
fixing an age-limit at 32 


Write in the first instance, giving a brief account of your qualifications, to 
RECRUITMENT (E. C. G Jelfs), Esso Research Limited, Abingdon, Berks. 


UNIVERSITY STUDENTS who are completing their studies in 1964 should note that representatives of the 
Company will be visiting most universities between 21st January and 16th March, 1964, to discuss career 
opportunities Details can be obtained from University Appointments Boards. 





NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

Physiologist or Zoologist required m a small 
unit investipating the biochemical and physio- 
logical properties of cervical secretions with par- 
ticular reference to fertility The work, which is 
for a period of two years, involves a study in 
co-operation with two biochemical colleagues of 
the metabolism, motility, and fertility of 
spermatozoa in cervical mucus the candidate 
will be expected to initiate and carry out’ work 
on the physiological side of the investigation 


OPPORTUNITIES IN CANADA 


CHEMISTS 


POLYMER CORPORATION LIMITED requires chemists for sts research 
and development activities. 






RESEARCH AND DEVELOPMENT 


Chemistry majors with Bachelor, Master or Doctor Degrees, with or 
without experience, to conduct applied research and development 1n the 
fields of high polymers and polymerization, particularly relating to the 
preparation and study of new elastomers and plastics using free radical, 
ionic Or co-ordination catalysts Also chemists are required for the 
study of heterogeneous catalysis of the conversion of hydrocarbons to 
monomers such as butadiene 


DEVELOPMENT 


Chemistry majors with Bachelor, Master or Doctor Degrees, with or 
without experience, to conduct development work in the Research and 
Development Division and, after a suitable training period, transfer to 
the Rubber or Petrochemical Department of the Technical Division 
where development work continues on the plant processes Fields of 
study include elastomers and plastics produced by free radical, 10nic or 
co-ordination catalysis and the preparation of butadiene, styrene, 1so- 
butylene and other petrochemicals by dehydrogenation, cracking, extrac- 


Applicants should have an honours degree in 
zoology or physiology, and some experience in 
the field of mammalian reproduction Salary in 
range £791 to £1,309 (Scientific Officer) or £1,438 
to £1,772 (Semor Scientific Officer), according to 
age and experience FSSU 

Apphcations, with the names of two referees, 
5T ee NIRD, Shinfield, quoting Ref 


THEORETICAL PHYSICS 


INSTITUTE 
UNIVERSITY OF ALBERTA 
EDMONTON, CANADA 
RESEARCH FELLOWSHIPS 
Applications are invited for post-doctoral re- 
search fellowships in theoretical physics Fellow- 
ships carry a stipend of $6,000 per annum, with 
annual increments of $500 and are tenable for 
penods up to three years Removal assistance 1s 
provided by the Institute 
Applicants should ask two or three referees 


Lina 












tion and distillation processes 


Polymer Corporation ıs a Canadian company with one of the largest 1ndus- 
trial research centres in Canada Its operations are fully integrated from 
preparation of raw materials from refinery byproducts through processing 
to marketing and technical service on a world-wide basis Subsidiary plants 
are operated m France and Belgium 


Interviewing will take place ın London and the Provincial centres in late 
Apri, 1964 Please submit summary of personal data, education, experi- 
ence and salary requirements to 


Placement Supervisor, 
Polymer Corporation Limited, 
Sarma, Ontario, Canada. 


to wnite letters of recommendation In addition, 
applicants should state their age, qualifications 
and experience and supply a list of publications 
All correspondence should be addressed to H 
Schiff, Theoretical Physics Institute, University 
of Alberta, Edmonton, Canada, from whom addi- 
tional particulars may be obtained 


ONE  SPECTROGRAPHER AND ONE 
Chemist to analyse rocks and minerals by grating 
spectrograph and rapid method Duties include 
supervision of work by graduate students, re- 
search opportunities for qualified persons, mini- 
mum salaries $5,500 but starting salaries will be 
based on experience —Apply Department of Geo- 
logical Sciences, Queen's University, Kingston, 
Ontario, Canada 
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In the examination of photographic data, the study of vibration or expansion, the 
measurement of flexible mouldings or of objects which are inaccessible or even 
totally encapsulated, and in many other applications which involve linear measure- 
ment, Pye measuring microscopes and cathetometers provide the most reliable and 
accurate means of measurement. Precise to a hundredth of a millimetre these tools 
are simple yet versatile and represent a wise investment for any laboratory. 

The Pye range is comprehensive and includes two dual-purpose instruments which 
fulfil the functions of a microscope and a cathetometer; a cathetometer with a 100 cm 
traverse; a small microscope for educational use; and a unique microscope which 
gives measurements in two dimensions simultaneously. Each combines fine optical 
alignment with high mechanical accuracy which under normal conditions of 
continual usage will not deteriorate. 


W. G. Pye & Co. Ltd., 
York Street, P.O. Box 60, 
Cambridge, England. 
Telephone: Cambridge 58866 


Telegrams: Pye Cambridge 
Telex: 81215 
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SCIENCE: A CATALYST FOR EMERGENT COUNTRIES 


AT impressive feature of the debate on the Robbins 
Report m the House of Lords on December 11 and 12 
was the emphasis placed on the importance of ensurmg 
that m the expansion of higher education care was taken 
to see that the existing provision for overseas students 
was fully maintained, 1f not mereased Lord Taylor, for 
example, pomted out that this was the one real con- 
tribution Britain could make to the developmg countries 
and to her new Commonwealth Lord Stamp, referrmg 
to the Unesco report, The Development of Higher Education 
wn Afra, published just after the Robbins Report, sug- 
gested that there were few more momentous decisions 
that had to be made than that concerning the extent of 
the educational facilties, particularly in certam fields, 
that Britain could afford to give to trammg overseas 
students The whole future of many of the developmg 
countries of the Commonwealth would depend very largely 
on the help that Britam was able to give them m the 
field of education 

Lord Stamp referred more especially to medical educa- 
tion, and his experience at the Postgraduate Medical 
School at Hammersmith Hospital, where two-thirds of its 
14,000 students during the past thirty years had come 
from overseas, led him to suggest that 16 was only in this 
way, by trammg medical teachers, that any real progress 
was possible m 1aising medical standards in the developmg 
countries He referred also to the trammg of teachers m 
general but it was particularly interesting to note his 
reference to the importance of university research in this 
connexion and in the context of overseas problems He 
stressed the value of such research both as a contribution 
to the solution of specific problems of food supply, con- 
servation, population control, etc, and m trammg 
research workers from overseas for dealing with such 
research on their return to them own countries Quotmg 
a remark made by a High Commussioner of one of the 
developing countries of the Commonwealth, that 1f Britam 
seized her opportunities and accepted her responsibilities 
m the further development of the Commonwealth her 
greatest days as a power for good had yet to come, Lord 
Stamp said that he beheved this to be profoundly true 

It 1s encouraging to find this outlook so prominent in 
the Henry Morley Lecture, *New Work and New Ideas 
m. the Field of Technical Co-operation", delivered before 
the Royal Society of Arts last March by Sur Andrew 
Cohen, director-general of the Department of Technical 
Co-operation, and now pubhshed ın the Society's Journal 
(No 5084, 111, 649, 1963) Sir Andrew began by referrmg 
to the great resources which advances m science and 
technology had given the richer countries for helping the 
poorer countries with the appheation of scientific dis- 
coveries and techniques These countries, he said, not 
only often suffered from the physical difficulties of a 
tropical environment—chmate, poor soil and the presence 
of endemic diseases—and low agricultural efficiency as 
well as insufficient basic utilities, but also from the 
shortage of educated men and women, and commercial and 
technical know-how Sir Andrew brought out very skil- 
fully exactly how the present situation has developed and 


the nature of technical co-operation, which he defined as 
an agreement between two countries that one should use 
the accumulated experience and expertise of the other to 
help promote its own development and to place itself 
year by year m a position when 16 would no longer need 
outside experts the work of such experts was essentially 
temporary, and technical co-operation would not succeed 
unless ıt could produce local specialists to follow 

Sw Andrew reviewed briefly the whole range of the 
British. effort ın this field and he did not neglect research, 
on which he said Britain’s present programme, costing 
£2 million a year, was directed particularly to Africa and 
the West Indies, representing an expansion of the former 
Colonial Development and Welfare Research programme 
He also stressed the importance of adequate arrangements 
to provide for a research career overseas, with a firm basis 
for a period of research m Britain In this connexion he 
looked to the Medical and Agricultural Research Councils 
and did not mention either the Overseas Research Council 
or the Nature Conservancy, but ıt 1s obvious that the 
Natural Resources Research Council proposed by the 
Trend Committee could play an equally mportant part 
The value of the Overseas Research Council in this 
context, however, 1s obvious, and 1t could well contribute 
also to meet the need for experienced officers of sufficient 
standmg to administer Britain’s technical assistance pro- 
grammes, which Sir Andrew sees as 1mperative m British 
Embassies and High Commissioners’ Offices abroad 

Expheitly in his conclusion, Sir Andrew recognized and 
accepted the challenge to which Lord Stamp referred and 
his whole address makes a fittmg complement to a paper 
in the Autumn issue of Minerva (7, No 1, 61, 1963) 
""Underdeveloped Science in Underdeveloped Countries” 
In that paper, Dr Dedijer addresses himself especially to 
the leaders of those countries where science does not yet 
exist on any significant scale, to which group roughly five 
out of six prime mmusters belong Practically all the 
science of the world 1s to-day possessed by between 15 
and 30 out of the 120 countries, and these with less than 
one-third of 1ts population spend more than 95 per cent 
of the research and development funds From them 
comes almost the entire output of the world’s research 
papers, technical reports, patents and prototypes of new 
products and processes, as well as the bulk of the new 
generation of tramed research workers m science and 
technology, while m them also has origmated, ın the past 
two decades, the conception of a national pohey for 
research 

It 1s only natural that the leaders of the developing 
countries should become mcreasingly aware of this 
situation Some action to deal with it 1s mmperative if 
they are not to contmue m a position of increasing 
inferiority Dr Dedijer ıs concerned accordingly with 
some aspects of research policy for such countries which 
are essential but which have been ignored, or msufficiently 
emphasized, at conferences such as that of the United 
Nations m January 1963 on the Application of Science 
and Technology for the Benefit of the Less Develoug 
Areas (Nature, 197, 1135, 1963) One such qug 
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the general one of what these leaders should do about 
science itself, and here he believes that the future of 
science in these countries and its development and use 
to achieve the national objectives depend, above all, on 
the personal interest, understanding and exertions of the 
leaders themselves 
The efficient development of resources demands from 
the first a continuous production of scientific knowledge 
regarding them specific properties and potentialities 
Every aspect of national development policy depends on 
research conducted within the country, although 1t must be 
based on the achievements of, and ın conformation with, 
the standards of mternational science A national research 
potential must be developed to carry out effectively any 
other national policies, and to neglect a planned and 
vigorous development of indigenous research in the 
physical, biological and social sciences endangers the 
whole process of development Not only, however, 1s 
there little general awareness ın underdeveloped countries 
of the importance of science and a low priority for science 
development policy, but also everything so far suggests 
that the prime munisters of countries without science 
have, with few exceptions, not even discovered that the 
problem exists 
Dr Dedyer, as already noted, addresses his paper 
primarily to such leaders, but his exposition of the present 
situation piovides a most devastatmg mdictment of the 
British Government’s neglect of overseas research and of 
the crass folly of the Trend Committee m recommending 
the dissolution of the Overseas Research Council Where 
such blindness persists 1t 18 idle to expect Britain to seize 
the opportunities of leadership and development that are 
hers even within the Commonwealth Dr Dedijer's sub- 
sequent concrete suggestions for the creation of mformed 
opinion and mvestment ın science have an uncomfortable 
aptness in reference to some of the leaders of Britam, 
even where they are already nominally responsible for 
scientific policy Indeed, some of his remarks 1n regard 
to the removal of obstructions to the effective use of the 
limited scientific resources of the underdeveloped coun- 
tries deserve the attention of scientists m Britam, including 
such bodies as the Parhamentary and Scientific Com- 
mittee, particularly at a time when the structure of 
Britam's organization of science 1s under active review 
First among such obstacles he puts the failure of such 
scientists as there are to carry and transmit the tradition of 
science and their consequent failure to constitute a scien- 
tific community It might be mterpolated here that the 
question of the professional organization of scientists and 
the functions of such organizations in society to-day merits 
more attention than 1t has yet recerved, both in the national 
and the international context Next comes the lack of 
appreciation of, and demand. foi, research by industry, 
agriculture and other sectors of society Thirdly, Govern- 
ment itself, a bureaucratic mstitution, lacking in experi- 
ence and tradition in dealing with science 1s, and must be 
at the begmning, the only decision-maker on science 
It would indeed be rash to assert that all these diffi- 
culties have yet been ehmmated m Britan, or even that 
all has yet been done to achieve the first two objectives 
which, Dr Dedijer suggests, the Governments of the 
countries without science should first attack A scientific 
policy, to be effective, must build & scientific community, 
with its own traditions, closely linked to the international 
scientific community and the universal standards of 
^e Secondly, the Government must seek to foster 
> ation of, and demand for, research work and 
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research results by mdustry, agriculture and other major 
institutional sectors of the society. 

Both objectives clearly are to be achieved essentially 
by internal means m each society No less clearly, the 
first objective will be achieved much more easily if there 
18 free contact with institutions elsewhere, and the 
importance of the contribution which professional organ- 
izations and universities in Britain could offer to the 
development of corresponding institutions elsewhere in 
the Commonwealth can scarcely be overstressed Here 1s 
a sphere for altruistic service quite apart from technical 
assistance as usually conceived even withm Sir Andrew 
Cohen’s definition, and obviously technical assistance by 
its very nature should make an important mdurect con- 
tribution to the second objective outlined by Dr Dedier 
The isolation which at present necessarily attends the 
ielatively few scientists ın the underdeveloped, countries 
1s not easily overcome, and only real effort on the part of 
the international scientific community could do some- 
thing to help this situation Agam, Dr Dedyer notes the 
extent to which such research as exists 1s isolated from 
the universities here again is a field where organized 
bodies such as the Overseas Research Council with vision 
and enterprise could do something to help 

No one who reads Dr Dedujer’s paper with imagination 
can miss these and other constructive possibilities 
Nevertheless, by and large, its great value 1s the way in 
which it disposes of the illusion that the fruitful pursuit 
of scientific truth m these countries, and 1ts appheation, 
once discovered, is just a matter of talented individuals, 
well tramed ın overseas universities and adequately sup- 
pled with equipment The prime responsibility 1s put 
where ıt belongs with those responsible for developmg 
pohey Until the social structure meludes a scientific 
community and the appropriate institutions, science 
cannot become an autonomously growing mstitution m 
the new States, and Dr Dedyer and Sir Andrew Cohen 
agree m delineatmg the true nature of the task and the 
opportunities, vital if hmuted, which professional scientists 
overseas have of assisting their fellow scientists in the 
developing nations 


A GENERATION OF PERMANENT 
MAGNETS 


Permanent Magnets and Magnetism 

Theory, Materials, Design, Manufacture and Applications 
Edited by Dr D Hadfield Pp 556+12 plates 
(London Ihffe Books, Ltd , New York John Wiley and 
Sons, Ine, 1962) 105s net 


VER roughly the past thirty years, the span of one 
generation, greater advances have been made m the 
development of materials for permanent magnets than m 
all the previous centuries smoe the attraction of iron by 
lodestone was first observed In view of all that has 
happened so recently m connexion with permanent 
magnets and the associated rapid increase of relevant 
published papers and of technical information, the com- 
prehensive survey which 1s given in this volume could 
scarcely have been embarked on and completed except 
as a co-operative undertaking The editor, ın the planning 
and arrangement of the book, and m the coherence he has 
1mposed on 1t, has carried out his work admirably Within 
their chosen or allocated chapters the authors have clearly 
had scope to develop their themes as seemed best to them, 
but there 1s uniformity of symbolism throughout, adequacy 
of cross-references, and avoidance of more than the useful 
degree of overlapping 
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There are thirteen chapters rangmg in length from 
the few thousand words of an average scientific paper to 
the forty thousand or so of a sizeable monograph The 
first four and the last two chapters aie essential to the 
pattern of the book as a satisfymg artistic whole It 1s 
convenient, however, to consider first the intervening 
seven chapters, which constitute the mam bulk, about 
four-fifths, of the volume, and are, perhaps, its primary 
raison d’éire These chapters, diverse though ther themes 
are, are all concerned predommantly with what may be 
ealled the ‘technology of permanent magnets’ This 1s 
very proper, since this side of the subject has received far 
less attention m more general books They are not, how- 
ever, concerned with just pure technology, if there is 
Such a thmg, but where appropriate there 1s adequate 
reference to and development of basic relevant theory, 
discussion of research problems and good surveys of the 
course of historical development in the fields under con- 
sideration 

The major technological chapters, all very comprehen- 
sive, are those on the properties of permanent magnet 
materials (J F Himsley), on magnet design (A Edwards) 
and on applications (F G Tyack) Hinsley marshals an 
enormous amount of mformation m a convenient form, 
making good use of a careful system of classification and 
of tabular presentation Edwards brings out the basic 
prmeiples and by many examples illustrates the great 
range of considerations which have to be kept m mind in 
designmg magnets for diverse purposes To many 
scientists Tyack’s chapter will be a revelation not only 
of the range and diversity of the appleations of mag- 
nets, but also of the inventive slall which has been 
manifested m the construction of new, and the improve- 
ment of old, devices using the better materials now avail- 
able 

Other ‘technological’ chapters deal with the manu- 
facture of permanent magnets (J C Wilhamson), which 
involves so much more than making laboratory set-ups 
larger, with the magnetizing, testing and demagnetizing 
of permanent magnets (F Knight), presenting formidable 
difficulties with some of the newer materials of very high 
coercivity, and with magnetic stability (J E Gould), 
involving a group of complex and troublesome problems 
which cannot be evaded 1f magnets are to be sent forth as 
‘permanent’ Finally, m a chapter on the permanent 
magnet industry (A G Clegg), an excellent detailed survey 
18 given of the historical course of development and of the 
present state of the mdustry It 1s surprising and unfor- 
tunate that in all the technological chapters, in spite of 
frequent reference to economic considerations and criteria, 
nothing is said explieitly about the actual cost of even the 
widely used magnetic materials An appendix on the 
costs of the main types of materials would have been 
interesting, relevant and valuable 

In the openmg chapter, entitled “Introduction and 
History”, E N da © Andrade writes with his usual subtle 
scholarly charm, and provides just the right apéritef for 
the meaty courses to follow A chapter on magnetic units 
and definitions (M McCaig) includes unexpeetedly, but 
appropriately, a detailed critical survey of the relation 
between the mKs and ces systems of units, which is 
extremely clear and valuable m its own right (In the 
book the M x s system has pride of place, but correspond- 
ing c G $ units, values and equations are almost mvariably 
included m brackets) The folowmg two theoretical 
chapters, on ferromagnetic theory (F Brailsford) and what 
1s quaintly called “The Fundamental Basis of Permanent 
Magnetism” (M McCaig), would perhaps have been better 
fuse 1 mto one as their themes interlock so elosely Oddly, 
the veally fundamental questions connected with the 
magnitude of the saturation magnetization and even of 
how ferromagnetism can occur at all are barely touched 
on, but a good account 1s given of crystal, shape and 
strain anisotropy, of domam forms and boundary move- 
ments, and of theories of magnetic hysteresis 
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The closing chapters, Current Research and Develop- 
menit" (K Hosehtz) and "Future Trends and Summary" 
(W Sucksmith), round off the book im a satisfying way 
Hoselitz discusses, inter aha, the theoretical studies of 
the behaviour of smgle domam particles, the extensive 
research aiming at producing aggregates of such particles 
of controllable shape, size and orientation, and recent 
work on oxide magnets | Sucksmith picks out some of the 
highhghts of the book, but gives a reminder that the 
ideal maximum of coereivity (combmed with high reman- 
ence) 1s still far from having been achieved — With m- 
creased basic research, he looks forward to substantial 
futher improvements in the permanent magnet 

This book 1s excellently produced and well illustrated 
Somehow the co-operation of all concerned has led to a 
book which 1s a comprehensive work of reference and at 
the same time readable and stimulating It should be 
not only on the shelves of academic and indusérial 
hbraries but also in the hands of all mterested in the 
past, present or future of permanent magnets 

E. C STONER 


P. P. EWALD AND NUMEROUS 
CRYSTALLOGRAPHERS 


Fifty Years of X-ray Diffraction 

Dedicated to the International Union of Crystallography 
on the occasion of the Commemoration Meeting m 
Munich July 1962 (edited by P P Ewald) Pp ix--720 
(Published for the International Union of Crystallography 
by N V A Oosthoek's Uitgeversmaatschapp:), Utrecht, 
The Netherlands) np 


E EAR Nikolai Aleksandrovitch, 
You conclude your letter by saying that the 
human eye shall never see atoms ^ You wrote this 
approximately at the time when people saw atoms with 
their own eyes, if not the atoms themselves, then the 
photographic images caused by them 
How does this come about ? Very simply really .. 
So wrote E S Federov to his frend N A. Morozov, 
giving him an account of the first successful experiments 
on the X-ray diffraction of crystals m Munich m 1912, 
and of the principles on which they were based 
Fifty Years of X-ray Diffraction 1s written to celebrate 
the moment described by Federov when “in principle” 
people saw atoms with ther own eyes and, as is only 
right to celebrate so remarkable an event, ıt 1s m many 
ways a remarkable and fascmating book 
It 15 not at all a coherent whole It ıs compounded 
from the memories of P P Ewald and numerous crystal- 
lographers It includes an mıtıal section which gives a 
serious and deeply interesting account of the historical 
background of the discovery and of the principles of X-ray 
diffraction This is followed by descriptive sections, 
somewhat uneven m quality, on the applications of X-ray 
techniques m a wide variety of fields—the study of m- 
organic, organic, mineral, metallurgical and biochemical 
structures, pure physics, X-ray, electron and neutron 
optics, X-ray spectroscopy. The remainder of the book 
is largely biographical and autobiographical, personal 
remuniscenees of many of those who have participated 
m the discoveries of the past fifty years 
These memories throw many sidelights on the processes 
of the making and the ‘taking’ of a discovery, if one may 
use the expression According to his biographer, Glasser, 
Rontgen himself took X-ray photographs of crystals 
which show diffraction effects, but somehow did not 
pursue his observations, although ho had looked for 
X-ray diffraction earher The effective discovery was 
initiated by Ewald’s D Phil thesis on the abstruse to 
“To Find the Optical Properties of an Anisotropic 
ments of Isotropic Resonators”, and his 
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this subject with Laue Ewald himself woiked out in 
his thesis the equations for diffraction effects m terms of 
the reciprocal lattice These, though we use them to-day, 
were not considered by Laue in his own interpretation of 
the successful experiments on X-ray diffraction, made by 
Friedrich and Knippmg at his suggestion—and agamst 
their professor’s advice (Ewald, bad luck, was writing 
his D Phil thesis and preparmg for his viva at this time 
—one cannot help feelmg one of them should have told 
bim the day ther expermment worked) Once X-ray 
diffraction was established, the news spread rapidly over 
the scientific world—letters and meetmgs preceding formal 
publication By late 1912, a number of attempts to find 
the exact positions of atoms m crystals had begun 
Bragg's law was discovered mdependently and almost 
simultaneously by G Wulf in Moscow and by Torahiko 
Terada ın Japan—but no one in the world was anywhere 
near so successful at actually solving crystal structures as 
W L Bragg himself It was fortunate, though, that his 
first crystals were not Pauling's first crystals , the structure 
of one of these, NaCd,, with 1,200 atoms 1n the unit cell, 
i$ still unsolved (It 1s mteresting, too, to realize that the 
structure of sodium chloride itself, which seemed so 
revolutionary ın 1912, had been proposed &nd even dis- 
cussed ın terms of the ionic theory by Barlow in 1883) 
As the subject developed, examples of near smultaneous 
and overlappmg discoveries increased The erystal 
structure of hexamethylene tetramune, the first organic 
compound, of which the structure was found by X-ray 
diffraction, was solved mdependently and almost smul- 
taneously by Raymond and Dickinson m Pasadena and by 
Gonell and Mark (not that Mark records thus) m Berhn 
in 1922-23 The Fg? series was discussed first by Ewald 
with Hermann—but we, no doubt rightly, call ıt by the 
name of Patterson, who showed us how to use ıt One 
could multiply examples 
The book also provides an extremely refreshmg com- 
mentary on varieties of organization of scientific research, 
seen through the eyes of the very young There 1s young 
Ewald, coming to Sommerfield, who took a sheet from 
hus drawer on which were listed ten or twelve subjects 
for doctoral theses “all of them problems providing a 
sound tramung im solvmg partial differential equations 
with boundary values" Or young Wyart comung to 
Mauguin’s laboratory, where there were only two elderly 
professors, with two elderly servants who kept the place 
clean and were rather worried by the mess he made, pre- 
parmg crystals There 1s young Schubnikov, trying to 
buy a lathe to cut crystal sections m Sverdlovsk m 1920— 
and, since its price doubled m a few days, spending a 
mulhon roubles of his own money to get 1t There is young 
Mosley, who could not stop an experiment once he had 
started 16 and knew where to get a meal in Manchester at 
3 o’clock m the mornmg There ıs also, of course, the 
Royal Institution, where there was space and the enormous 
encouragement of the presence of W H Bragg to bring 
the young together Bragg did not, as Kathleen Lonsdale 
tells us, suggest any subject of research to his students, 
on the contrary, he warned her that 1t would take her 
perhaps three months to collect apparatus and she would 
have to put ıt all together herself 
Wars and revolutions necessarily enter mto the memor- 
1es recorded here, though there are only casual references 
to the adventurous lives led by many crystallographers— 
to Carl Hermann, for example, workmg out the crystal 
structures of the urea adducts m prison, and to V M 
Goldschmidt escaping from Norway to Sweden Perhaps 
most moving 1s the account of the reunion that took place 
after the Second World War when Laue himself came to 
London and met, after a long separation, crystallographers 
from all over the world 
One has, throughout these pages, a very strong 1mpres- 
^» of bemg among a very united group of friends— 
^s Bijvoet says, by a dehght m crystals Perhaps 
"so umited by the fact that, though ıt may 
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be simple m principle, as Federov says, to see atoms m 
crystals, 1b 1s often not at all easy m practice and so 
needs the combined experience and co-operation of many, 
1f success 18 to be achieved 

My one fear about this book is that much of ıt may be 
rather specially written for crystallographers I hope 
others will find 1t as enjoyable as I have done, skippmg, 
where necessary, sections they may find too parochial or 
too technical DonorHy HODGKIN 


BRAIN WAVES AND MEDICAL 
DIAGNOSIS 


Electroencephalography 

A Symposium on its Various Aspects Edited by Denis 
Hill and Geoffrey Parr Pp 509 (London MacDonald 
and Co (Publishers), Ltd , second revised edition, 1963 ) 
90s 


IBBS' Atlas of Electroencephalography was published 
n 1941, some half-dozen years after Berger’s original 
observations had been confirmed by Adrian It was an 
admirable book, individualistic though not excessively 
opinionated, comprehensive yet not laboured, but it laid 
the foundations of electroencephalography as a chmical 
diagnostic art almost divorced from science Hall and 
Parr’s Electroencephalography appeared nine years later 
and largely represented an attempt by the founders of the 
Electroencephalographie Society to put things right The 
editors allowed each author a free hand and the result was a 
rather uneven book, but an enthusiastic, honest and for- 
ward-looking appraisal of the state of the subject at the 
time It deserved its populanty, but was 1t successful m 
its major aim ? The subsequent development of electro- 
encephalography suggests not, a conclusion which the 
second edition does little to dispel Had ıt been otherwise, 
a revised edition in the present form would have satisfied 
none of the contributors 
The book can, however, be viewed as a vade-mecum for 
clinical electroencephalographers, and 1t 1s perhaps on this 
basis (as the editorial note implies) that 16 should now be 
judged The introductory chapters on recording equip- 
ment, techmque and interpretation are to a great extent 
as they were in the first edition The only important 
changes are the addition of a few paragraphs on transis- 
torized equipment and carrier and chopper amphfyimg 
systems (all requiring a more extensive knowledge than 
can be acquired by reading the earlier matter), and the 
incorporation of a more comprehensive section on auto- 
matic analysis The discussion of the relative merits of 
‘unipolar’ and ‘bipolar’ connexions has a very old-fashioned 
flavour the advantages of the ‘unipolar’ method m 
certain respects are largely ignored, though both Cobb and 
Bates indicate some of them in later sections The chapter 
on physiology, by Whitteridge and Walsh, 1s both new and 
well presented, though too short to do much more than 
scratch the surface Itis a great pity that the absence of a 
separate chapter on pharmacology could not have been 
compensated for here by the inclusion of more reference to 
pharmacological studies Much the same can be said for 
the chapter on biochemistry, revised by Mollwai, the 
content of the last few paragraphs of which suggests that 
certam pharmacological work could profitably have been 
discussed in greater detail 
Pond’s chapters on the development of normal rhythms 
and the electroencephalogram in pediatrics are excellent, 
though the necessity to devote so much space to the very 
old work of Lmdsley, Smith and Henry stresses the dis- 
regard which these subjects have suffered from since Tt 
is to be hoped that the stricture on the "guiding hypo- 
theses which so far are conspicuously lacking" will result 
m a great deal more attention bemg paid to this grossly 
neglected aspect of electroencephalography The new 
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chapter by Cobb on the normal adult electroencephalogram 
1s as good an exposition as has yet appeared, and his two 
other chapters on cerebral lesions are well written and 
comprehensive, as is Hill's chapter on epilepsy The last 
section of the old edition, concerning the use of the 
electroencephalogram in psychiatry, 1s reproduced m this 
with but shght alteration As the author says, “disap- 
pomtingly little has emerged" and few would disagree 
Finally, the use of chromeally 1mplanted electrodes and 
electrocorticography 1s discussed by Bates the pomt of 
view 18 essentially utilitarian and though it appears that 
neither technique has so far fully justified the extensive 
use made of 15, the chapter 1s well worth the reading 

By and large the conventional statement that this 1s a 
book “which no practitioner or student of the art can 
possibly afford to be without? 1s justified, but few who 
have studied the first edition will feel entirely content 
with this M V Driver 


MODE OF ACTION OF DRUGS 


Proceedings of the First International Pharmacological 
Meeting, August 22-25, 1961 

Mode of Action of Drugs General Editor: Borje Uvnas 
Vol 1 Pp xxvi+232 Vol 2 Pp xn4214 Vol 3 
Pp 1x+295 Vol 4 Pp x+184 Vol 5 Pp xu+259 
Vol.6 Pp xvi1+330 Vol 7 Pp xu+387 Vol 8: Pp 
xiv+ 330 Vol 9 Pp vm+193 Vol 10 Pp vu+184 
(London and New York. Pergamon Press, 1962 and 1963 ) 
100s each volume 


HE very successful First International Pharmaco- 
logical Meeting was held ın Stockholm durmg August 

1961 The meeting comprised 10 symposia at each of 
which a number of invited speakers delivered introductory 
lectures and communications These were supplemented 
by short communications on related topics by research 
workers m the respective fields A number of short com- 
munications on topics not related to the symposia wero 
also accepted by the organizing committee, and, m all, 
a total of 595 papers were read by scientists from all over 
the world 

This series of 10 volumes 1s based on the proceedings of 
the meeting and 1s presented under the general editorship 
of the president, Prof B Uvnas, of Stockholm, assisted 
by Dr. P Lindgren ‘The material ın each of the first 9 
volumes has been paimstalkingly edited by the organizer 
of the relevant symposium Full reports are included of 
almost all the papers given by mvited speakers together 
with selected parts of the discussions which followed and a 
limited number of short communications, chosen according 
to their bearmg on the topic of the symposium Between 
15 and 30 articles, each with & useful list of references, are 
contamed m each volume and the editors and authors are 
to be congratulated on the clarity of the articles and the 
very small number of errors 

Pharmacology 1s one of the youngest of the experimental 
medical sciences and as such relies on and freely borrows 
the techniques and knowledge of related discrphnes This 
1s well illustrated by a glance at the list of invited speakers, 
which includes mternationally emiment physiologists, 
biochemusts, endocrmologists, anatomists and organic 
chemists as well as experts m the various branches of 
pharmacology itself As a result each problem 1s 
approached from several different angles, thereby provid- 
mg, in most cases, a broader view of each topic than 1s 
normally to be found in a single volume 

Volume 1, Pharmacological Control of Release of Hor- 
mones wmeluding Antidrabetic Hormone, edited by 
R Guwillemm, of Paris, contams 15 miscellaneous scientific 
articles desciibing some of the ways m which drugs 
influence the secretions of adrenocorticotrophie hormone, 
of pituitary gonadotrophin, of thyroid hormone and of 
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prolactin, the effects of 5-hydroxytryptamune and ipron- 
18z1d on pregnancy, the neurogenic effects of dogs and cats 
on the excretion and plasma-levels of corticosteroids imm 
rats and guinea pigs and the effects of oral hypoglycemic 
agents Volume 2, Effects of Drugs on Synthesis and 
Mobilization of Inpids, edited by E C Horning, of Texas, 
contains 24 scientific articles, and reflects the growing 
interesb m and importance of the field of lipid research 
The articles describe the ways m which drugs, hormones, 
the nervous system and the diet mfluence the metabolism 
of cholesterol, fatty acids, triglycerides and phospholipids 
Volume 3 ıs entitled New Aspects of Cardiac Glycosides, 
and edited by W Wilbrandt, of Berne Although nearly 
200 years have elapsed smce Withermg first mtroduced 
digitalis into medicme, the mechanism of action of the 
cardiac glycosides is still not fully understood The 21 
articles in this volume provide a stimulating msight into 
the different approaches of present-day research to this 
problem, structure-activity relationships among cardiac 
glycosides, their action on actomyosm and their ability to 
inhibit active 10n transport bemg among the subjects 
discussed 

Volume 4, Drugs and Membranes, edited by C A.M 
Hogben, of Iowa City, consists of only 16 articles, but is 
perhaps one of the most important m that the material 1t 
contams is not readily to be found collected together 
elsewhere —Present-day ideas on the molecular structure 
of the cell membrane are described and some clear electron- 
micrographs are included The various articles deal with 
the problems of the passage of materials across biological 
membranes and the parts played by enzymes and phospho- 
lipids m active transport A useful article on the blood- 
brain barrier ıs also included Volume 5, entitled Methods 
for the Study of Pharmacological Effects at Cellular and 
Subcellular Levels, 1s edited by O H Lowry, of St Louis 
The 30 articles in this volume provide an insight into the 
various techniques used to study the effect of drugs at 
cellular levels and clearly demonstrate the imterdisci- 
plmary nature of pharmacology The techniques de- 
scribed are those of histochemistry, electron microscopy, 
electrophysiology, cytology and cell physiology, meludmg 
the study of cells ın tissue culture Metabolic Factors con- 
trollung Duration of Diug Action 1s the title of Volume 6, 
which is edited by B B Brodie, of Bethesda, and E G 
Erdos, of Pittsburg This volume differs from the rest m 
that 1t deals with the mmportant problem of the action of 
the organism on drugs rather than the reverse In the 
22 articles, the different mechanisms by which drugs are 
metabolized by the body and the ways m which some 
drugs may stimulate or prevent the mactivation of others 
are considered 

Volume 7, Modern Concepts in the Relationship between 
Structure and Pharmacological Actwity, edited by K J 
Brunings of Groton, should be of considerable mterest and. 
value not only to pharmacologists but also to organic 
chemists concerned with the synthesis of drugs In the 
25 articles, structuie-action relationships for a wide 
variety of drugs are considered together with the ways in 
which these mvestigations have led to the modern 
concepts of the nature of the drug 1eceptor sites m hving 
cells Volume 8, Pharmacological Analysis of Central 
Nervous Action, 1s edited by W D M Paton, of Oxford 
Although most physiologists now believe that transmission 
at synapses in the central nervous system, at least m 
mammals, ıs brought about by the release of chemical 
transmitters, the evidence for this 1s relatively scant when 
compared with the overwhelmmg evidence for chemical 
transmission at peripheral synapses and neuro-effector 
junctions The volume contains 30 articles, the first few 
of which provide a physiological basis for the later aiticles 
on the mechanisms of drug action, in that they describe 
the identification and extraction of some of the substances 


present ın the central nervous system and give the evidence __ - 


for and agaist the possibility that they serve as cent 
excitatory or mhibitory transmitters An article 
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ticular importance 18 one by Sir John Eccles, which sum- 
marizes some of the work for which he was awarded a share 
m the 1963 Nobel Prize for Medicine Later articles 
deserrbe research into the mechanism of action of va11ous 
centrally acting drugs such as tranquilhzers, analgesics, 
anti-depressants and strychnine-hke compounds Volume 
9 describes the proceedings of two short symposia Tho 
first, Bradykinin and Vasodilatung Polypeptides, edited by 
M Rocha E Silva, of São Paulo, and U S von Euler, of 
Stockholm, consists of nine articles dealing with the struc- 
ture, synthesis, pharmacological actions and possible 
functions of kmins The second, Pharmacology of the 
Lung, edited by D M Aviado, of Philadelphia, contains 
six articles dealing with the action of drugs on the lung 
and its blood vessels Volume 10 consists of abstracts of 
the 595 lectures and communications given by members 
of the conference 

It ıs now more than two years since the first International 
Meeting was held, but, although no longer quite the last 
word on the various subjects, the information contained m 
these volumes ıs not as out of date as 16 might have been 
since, at the time of the meetmg, much of the work 
described by the authors had not been published else- 
where The books are nicely bound and prmted on good 
quality paper, the figures are clearly reproduced The 
volumes should be of great mterest, not only to research 
pharmacologists but also to research workers m related 
diseiphnes They would form a valuable addition to any 
library catermg for biological scientists However, at the 
high price of £5 per volume, the biggest of which 1s Volume 
7 with 387 pages and the smallest Volume 4 with 184 
pages, the series will probably be considered less than value 
for money by most individual scientists Volume 10, 
which contains the abstracts of communications, differs 1n 
size of format from the rest, although possibly desirable to 
complete a library set, 15 18 merely an expensive duplica- 
tion of the conference issue of a scientific journal (Bzo- 
chemical Pharmacology, 8, No 1, 1961) which contains the 
same information W. C BowMAN 
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PHYTOPHARMACY 


Veertiende International Symposium over Fytofarmacie 
en Fytiatrie, 8 Mei 1962 

(Overdruk uit de Mededelmgen van de Landbouwhoge- 

school en de Opzoekingsstations van de Staat te Gent, 

1962, Deel XXVII, No. 3) Pp. x+671-1370 (Gent 

Ruykslandbouwhogeschool, 1962) np 


HARMACY ıs concerned with drugs and diagnostic 
agents used in the treatment of human diseases. 
Phytopharmacy deals with the use of drugs and chemicals 
1n the control of diseases m plants, a group of mvestiga- 
tions which must also mclude a detailed knowledge of 
disease-producmg organisms, ther methods of mfection 
as well as of the normal hfe-history of the plant and its 

nutritional or environmental requirements 
The proceedings of the fourteenth International Sym- 
posium of Phytopharmacy and Phytiatry, held m Gent, 
Belgium, m May 1962, have been published by the 
Rajkslandbouwhogeschool and mdicate the range of these 
investigations The great majority of commercial crops 
are considered, meluding beetroot, celery, the cereals, 
chicory, lucerne, melons, paprika, potatoes, raspberries, 
strawberries, sugar-beet, tobacco, tomato, vines, also fruit 

trees, roses and sylviculture 

The mam themes of the Symposium were plant diseases 
(15 papers), disease transmission, soils and fertilizers 
(10 papers), problems of crop treatment and the evalua- 
tion of the efficiency of pharmaceutical formulation of 
sprays or washes (10 papers), the quantitative determ- 
mation of residual msecticides or other agents on crops, 
"7^ resistance of infecting organisms to insecticides (8 
The largest number of papers (more than 20) 
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was devoted to the nature, uses and efficiency of new and 
of widely used compounds; some of these are recorded by 
their chemical or trivial names while others are described 
by their trade names they include afalon, aresin, 
6-azauracil, brestan, chloro-mtrobenzonitriles, chloro- 
phenyl-methoxymethylureas, dithio-carbamates, DNOC, 
DDT, ekatın, ferbam, orgamic mercurials, ortho-phaltan, 
phenylthiourea, reglone, telodrin, terracur, triazime, 
tri-P.E , vamidothion, zeom and zinc metirame 

The 67 research papers were read by authors from some 
ten countries, Belgrum and the Netherlands bemg 
represented by at least 27 papers, German authors 
presented eight papers, while France, Great Britain, 
Switzerland, the United States, Canada and Poland were 
also represented The papers appear to have received little 
or no editing, fifteen of them give no indication of country 
or laboratory of origin, some are without lists of references 
and many are devoid of either summary or conclusions 
Papers are written m Flemish or Dutch (23 papers), 
French, German or English Only twelve contain sum- 
maries m these four languages, four have summaries m 
three languages and eight give a summary m one language 
other than that m which the paper is written The 
English reader has thus some difficulty in followmg a 
number of the papers, but to appreciate this contribution 
to our knowledge of phytopharmacy, the effort 1s well 
worth while J M Rowson 


CANCER PROGRESS 


Cancer Progress Volume 1963 
Edited by Ronald W. Raven Pp xu+254. (London 
Butterworth and Co (Pubhshers), Ltd , 1963.) 60s. 


N hus mtroduction, Mr R. W. Raven suggests that 

each new volume of Cancer Progress should be a mile- 
stone on the road to the ultimate goal of cancer control 
This volume coming three years after Cancer Progress 1960 
(Nature, 192, 298, 1961) ıs devoted partly to the expert- 
mental and epidemuologieal facets of cancer and partly 
to the more chemical aspects of diagnosis and attempted 
therapy 

The first fifty-five pages contain a factual review of some 
of the 700 or so references to tumour virology which 
appeared between mid-1959 and December 1961 (R. J. C 
Harris) Other authors, whose subjects are not so exten- 
sive, include 1962 literature. Chemical carcmogenesis 1s 
represented by a sucemct account of the pathological 
and biochemical properties of the dialkylnitrosammes 
(P N Magee) ‘The suggestion that this potent group 
of caremogens may act through their n vivo conversion 
to diazoalkanes should serve as a warning to those chemists 
who use diazomethane and smnilar chemicals 

The papers on the epidemiology of cancer are fascin- 
atmg reading The necessity for unequivocal mformation 
on the geographical distribution of cancer in elucidating 
environmental hazards 1s stressed (J Higgmson) The 
effect of atmospheric pollution on the meidence of lung 
cancer and of the composition of the soil on stomach 
cancer (G Wynne Griffith) show the importance of the 
careful evaluation of morbidity statistics ın mitiating new 
experimental approaches, whereas the description of the 
chmate-dependent children’s lymphoma m Africa (D 
Burkitt) illustrates how much may be done by experienced 
investigators in parts of the world which lack an extensive 
medical service 

The sections on diagnosis, clinical aspects, radiotherapy 
and chemotherapy show how closely united the men of 
medicme and the men of science have become m the fight 
against cancer Attempts to use the cytophotometer to 
measure the nucleic acid content of normal and cancer 
cells has, so far, had only lmmted success m diagnosis 
(C C Spencer and E M Nadel) Similarly, attempts to 
determme the number of circulating cancer cells m 
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patients with the disease show little indication of having 
prognostic significance (S A Goldblatt and E M Nadel) 
The articles on therapy are concerned with various ways 
m which a tumour may be destroyed without irreparable 
damage to the host They range over considerations of 
how radiotherapy may be made more specific, the ways 
in which bone marrow may be regrafted, to the use of 
regional perfusion of cancer chemotherapeutic agents 
This book 1s well written and produced throughout 
and will be read with profit both by experrmentalists and 
those concerned with the human cancer patient. The 
wide range of specialist articles which it contams will 
make it a candidate for the hbrary rather than for the 
individual bookshelf D B Cuayson 


LIPIDS AND LEUCODYSTROPHIES 


es Lipids and Lipoproteins, and the Leucodystro- 
phies 

Proceedings of the Symposium held in Rome, 1961, 
Organized by the World Federation of Neurology Edited 
by Prof J. Folch-Pi and Prof H. Bauer Pp 213. 
(Amsterdam, London and New York- Elsevier Publishing 
Company, 1963) np 


HE sub-divisions of biochemistry seem to increase 
yearly. Not so long ago the 1dea of ‘neurochemistry’ 

as an important branch of biochemistry was a novel one, 
in 1963 the neurochenust speciahzmg in the lipids of the 
brain might well consider himself a stranger to the proteins 
of the same organ 

The present volume 1s concerned with the biochemistry 
of bram lipids but at least half the text 1s concerned with 
the relation of certam hpids to the leucodystrophies These 
are rare neurolipodoses, which, to quote the preface, 
“represent a heterogeneous group of disorders, some of 
which clearly show a genetic pattern and abnormalities 
of white substance arising from a disturbance ın the 
dynamic biochemistry of lipids and hpoproteis”. Neuro- 
pathologists have been mtrigued by these disorders for 
many years Emphasis on their clinical aspects in this 
book 1s, therefore, to be expected smece ıt consists of the 
proceedings of a symposium organized by the Problem 
Commission of Neurochemistry of the World Federation 
of Neurology Ifthe prospective reader 18 at first put off 
by the sight of yet another collection of symposium papers, 
he may rest assured that the quality of many of the 
contributions 1s considerable 

There are a number of papers on the mteractions of 
lipids and protems (particularly those 1n proteohpids) and 
the relationship of these complexes to classical neuro- 
keratin. Much more 1s known about the nature of the 
hpid components than the protems but thei structural 
relationships in, for example, the precise geometrical 
arrangement of the myeln sheath are of paramount 
importance The portion of the book covermg these 
problems will appeal to lipid biochemusts in general 

The second half of the book makes more difficult, if 
none the less interesting, reading The classification of 
the leucodystrophies ıs baffhng and some of the histo- 
chemical observations have made confusion worse 
confounded. A newcomer to the field must familiarize 
himself with varieties of leucodystrophy lke ‘meta- 
chromatic’, ‘sudanophilic’ and ‘globoid cell’. It 1s good 
to know, therefore, that a start has been made m classi- 
fying these diseases ın biochemical terms Thus, mfantile 
metachromatic leucodystrophy is now known to be a 
special type of sphingolipidosis, namely, a sulphatide 
hpidoss In this disease, sulphatides accumulate m the 
white matter of the bram and, as Austm and Hagberg 
have shown, they are excreted in the urme, thereby 
yieldmg a diagnostic test Such an advance has been 
possible only because of improved techniques m hpid 
analysis and, in the contribution from Svennerholm, very 
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detaded analyses are given of the bram lpids ın leuco- 
dystrophies One of his interesting observations 1s that 
brain sphingomyelins in such cases may never acquire the 
fatty acid pattern characteristic of the mature organ This 
would imply a biochemical lesion m the anabolism of 
complex lipids which is almost certainly genetically 
determmed It ıs also possible that an understandmg of 
the metabolic disturbance in diseases of this type might 
assist ın understanding the ætıology of more commonly 
occurrmg demyelmating diseases like multiple sclerosis 
Generally speakmg, the book 1s well produced on paper 
of high quality It has an apparently adequate author 
index, but the subject mdex leaves something to be 
desired, 16 contains, for example, only one reference to 
‘sphingomyelin’ whereas this lipid 1s mentioned ın several 
different parts of the text On balance, this book will be 
of great interest to neurochemists, lipid chemists and 
those clinicians interested m the scientific basis of neuro- 
logical disorders G B ANSELL 


INTRODUCTION TO BIOCHEMISTRY 


Outlines of Biochemistry 

By Prof. Eric E Conn and Prof P K Stumpf. Pp 
viu4-391 (New York and London John Wiley and 
Sons, Ino, 1963) 65s 


OR many years biochemistry was regarded as a 
borderline subject between chemistry and biology; as 
such it tended to be neglected by both The explosive 
inerease m biochemical knowledge since the mtroduction 
of radioactive isotopes has forced the realization that a 
knowledge of biochemical methods and biochemical 
philosophy 1s an essential part of the educational equip- 
ment of all biologists University teachers and even school 
teachers are faced, therefore, with a major problem. They 
must familiarize themselves with a subject which 18 
growing at a formidable rate and they must, in addition, 
select from a mass of detail those aspects of biochemistry 
which will convey to the student a coherent picture of the 
chemical basis of life 
In the present volume, the authors have essayed to 
provide an introductory course which can be covered, 
according to their somewhat optimistic estimate, ın one 
semester Surely this must be one of the most difficult 
tasks which can be undertaken by any teacher, and 1t 1s 
a measure of the quality of their presentation that the 
authors have not entirely failed There are brief and clearly 
written sections covermg the fundamental concepts of 
chemistry and the detailed chemistry of the major cell 
components. This ıs followed by a fairly detailed account 
of intermediary metabolism which occupies much of the 
book. There 1s finally a brief account of some of the 
techniques used in biochemical research At all times, 
the presentation is admirably concise, clear and free from 
errors and the book could be used with confidence by any 
teacher. I am not convinced, however, that ıt could be 
recommended with equal confidence to the student for his 
own use. An imtroductory book should do more than 
present established facts; ıt should give the beginner a 
clear 1dea of the way m which these facts were established 
In some sections of the book, for example, that on 
anaerobic carbohydrate metabohsm, the authors have 
succeeded in brmging their subject to hfe, but ın general 
one would have preferred to see greater emphasis on 
methods The dommant part played m biochemical 
research by analytical methods, by enzyme purification, 
by isotopes, and by the centrifuge 1s not brought out. One 
must admit, however, that the task which the authors 
have set themselves ıs an almost mmpossible one, and that 
they have even partially succeeded ın ther endeavour 138 
a compliment to their ability as teachers 
The book is beautifully printed and produced buds 
expensive as an introductory text T S. 
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ACADEMIC FOUNDATIONS OF SCIENCE POLICY 


N informal meeting was held at Brighton on November 
9 to discuss the case for encouraging & programme 
of academic research into the assumptions underlying 
the formation of science pohey. The University of Sussex 
generously acted as hosts, and the meeting was arranged 
under the auspices of the Nuffield Foundation Unit for 
the History of Ideas The forty or so participants came 
partly from the university world, partly from industry, 
Government and public admunistration, and included a 
number of Members of Parliament, as well as distinguished 
scientists, some of them belonging to the Advisory Council 
on Scientific Policy 
The central question with which the meetmg was con- 
cerned 1s the following “Could a programme of research 
into the historical and social relations of science and tech- 
nology help to make the problems of science policy more 
explicit, and provide the kind of background knowledge 
and understanding necessary for the mtelliigent solution 
of these problems ın the coming decades ?" Opening the 
first of the meeting’s three sessions, Dr. Stephen Toulmin 
(Nuffield Foundation Unit for the History of Ideas) argued 
that a great deal might be done m this way to improve 
our fundamental understanding, both of the role of science 
m national and international hfe, and of the choices 
which the future development of science and technology 
are gomg to pose for Governments and their advisers 
The present faculty divisions within British universities 
have resulted in these wider questions about science bemg 
largely ignored Scientists and technologists have been 
fully occupied working within the frontiers of ther own 
diserphnes economists and social scientists have, by and 
large, been diffident about problems over which their 
own lack of scientific trammg might be a handicap Yet 
there exist certain areas of enquiry lying across the 
present faculty divisions which i6 should be extremely 
profitable to explore Such enquiries might include 
statistical analyses of scientific growth (considered both 
as a historical phenomenon and as one element m the 
national and mternational economy), case-studies of the 
changing attitudes of mdustry towards science (how, for 
example, the Bell Telephone Laboratories came to adopt 
their policy of sponsoring entirely ‘pure’ research), com- 
parisons between the scientific institutions and admunistra- 
tive arrangements operative in different countries (post- 
war Japan bemg a particularly mteresting example), and 
analyses of the criteria actually mvoked when deciding 
between competing projects withm the pure sciences 
Investigations ın these various areas of enquiry were 
already begmning in a number of countries, but there 
seemed little prospect of anything being started ın Britain 
in this direction as a by-product of the present university 
expansion it would be necessary to earmark special 
funds for this purpose 
At the second session, the meeting heard reports about 
activities in this area from a number of countries Dr 
Stevan Dedijer (formerly of the Institute for Nuclear 
Physics, Belgrade, and now at the University of Lund) 


gave a summary of his own researches, comparing and ' 


contrasting the problems of scientific policy confrontmg 
the mdustrialzed and underdeveloped countries respec- 
tively for example, the temptations created by the 
search for national prestige were particularly evident if 
one noted how many underdeveloped nations had estab- 
lished Atomie Energy Commissions before possessing even 
most rudimentary system of National Research 

He also drew some interesting parallels between 


the declared policies of the Soviet Communist Paity and 
the United States Republican Party towards the exploita- 
tion of science—the policy statements ın question reading, 
m many respects, hke direct translations of one another 

Dr. Alexander King, director of scientific affairs at the 
Organization for Economic Co-operation and Develop- 
ment, Paris, reported on the work of his Directorate, in 
particular on the country-by-country studies of policy 
for science and education being conducted by the Organiza- 
tion for Economic Co-operation and Development for the 
participating nations He also directed attention to the 
educational value of research mto the wider aspects of 
science the supply from European universities of qualified 
scientific administrators, having an understanding of 
science wider than their own scientific specialities, fell 
far behind what American universities were producing 
More attention to such areas of study m British and 
European universities would pay more than merely 
intellectual dividends 

Finally, Dr R H Bolt (Massachusetts Institute of 
Technology) reported on his statistical investigations 
into the spread of high-school and higher education m the 
United States smce 1870, and showed how a sufficiently 
detailed statistical analysis (involving quite modest 
‘projections’ mto the future) can do much to make exphiit 
both the precise choices facmg educational administrators 
when asking (say) what proportion of newly graduating 
mathematics Ph D s will need to be retamed as university 
teachers ın the late 1960's, and the probable consequences 
of adopting different policies in these respects 

In the general debate which followed the mtroductory 
papers nobody seriously questioned that research in this 
area was lacking and could, if properly planned, throw 
much light on scientific policy issues There was con- 
siderable discussion about ways and means for example, 
how far particular analytical techniques could profitably 
be applied ın this area—whether the economic conceptions 
of ‘cost/benefit analysis’ had any relevance to projects 
1n science, how far statistical projections were legitimate 
in the fields of science and higher education, and so on 
Some participants expressed reservations, tco, about any 
idea that research in this area might be regarded as con- 
stitutmg ‘a new disciplme’—a “‘science of science", as 
Dr Dedyer had called ıt While agreemg that the tune 
had come to establish at least one full-time research unit 
in a British university institution to act as a focus foi 
such work, they were anxious to keep open the lines of 
communication jommg this unit to the natural scientists 
on one hand, and the historians and economists on the 
other What was at issue here, they emphasized, was 
not a new academie subject, but an area for interdiseiplin- 
ary discussion and exploration 

As to the organization of research in this area there 
had already been a certam amount of statistical analysis 
and comparative research carried out by governmental 
and international organizations (for example, the Depart- 
ment of Scientific and Industrial Research and the 
Organization for Economic Co-operation ard Develop- 
ment) to meet ther own immediate requirements, and 
such ad hoc mvestigations would presumably continue 
and inerease m number, whatever form the Office of the 
Minister for Science took in future There was also a 
long-standing tradition of academic research m a number 
of subjects, such as theoretical economies and the history 
of science, which had a direct bearmg on the questions 
under discussion Nevertheless, a strong case could be 
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made out for establishmg an mdependent and contmumg 
programme of research, m an academic environment, 
concerned specifically with the general problems of his- 
tory, economics, ete., which he behind the day-to-day 
issues of science policy and administration This would be 
valuable, not only for 1s own sake, but also as providing 
anampartial source of ideas and mformation, to which both 
Members of Parhament and the general public could look 
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in forming therr own judgments about the policy decisions 
bemg taken m their names To begm with, of course, a 
substantial amount of research and analysis would be 
required to establish the essential categories and methods 
for this area of enquiry But eventually such a research 
unit should play a part in the formation of opmion and 
policy similar to that played, for example, in the area of 
defence by the Institute of Strategic Studies 


THERMAL SYNTHESIS OF NATURAL AMINO-ACIDS FROM A POSTULATED 
PRIMITIVE TERRESTRIAL ATMOSPHERE 


By Dr. KAORU HARADA and Pror SIDNEY W. FOX 


Institute for Space Biosciences and Department of Chemistry, Florida State University, Tallahassee 


MINO-ACIDS which occur in protem and other 
&muno-aeids have been synthesized m the laboratory 
from simple compounds by the use of each of many kinds 
of energy. Such sources of energy have mcluded electric 
discharge’, ultra-violet hght, «-, B-, y- and X-rays?~4 
Aspartic acid and alanme have been synthesized thermally 
from biological mtermediates of these amuno-acids5. 

Thermal energy has, however, not been used for the 
synthesis of simple biochemical substances from postul- 
ated primitive atmospheres One reason for the absence of 
such attempts may have been the belief that thermal 
energy was insufficient for primordial synthesis? <A 
thorough analysis of the occurrence of terrestrial regions 
of elevated temperature emphasizes the widespread nature 
of such regions in the history of the Earth?:5-* 

Under appropriate conditions, thermal energy has been 
successfully used for the polycondensation of free amino- 
acids The resulting products can contam the eighteen 
amino-acids common to protem, as well as many of the 
properties of protem?’ 

Thermal energy can also produce hydrocyanic acid 
from methane and ammonia, the latter two gases bemg 
regarded as components of the primitive atmosphere of 
the Earth? The hydrocyanie acid has been proposed 
as one of the key components ın pre-biological organic 
syntheses!? 

In order to synthesize amimo-acids thermally, methane 
was passed through aqueous ammoniaeal solution. and 
heated m & subsequent passage through one of several 
solids such as has been common m the crust of the Earth 

.In a typical experiment, methane was bubbled through 
14 N ammonium and the mixed gas was further passed 
through a solid silica gel, quartz sand (Panama City, 
Florida), volcanic sand (Stromboli), or alumma™ in a 
*Vycor' glass reaction tube heated to 900°-1,100° C with 
the thermocouple of the pyrometer mserted m the sohd 
The reacted gas was absorbed m 3 N aqueous ammonia m 
the cold The ammoniacal solution was then heated m a 
sealed bottle at 75° for 35h Ammonia and water were 
evaporated under reduced pressure and the residue was 
refluxed with 4 N hydrochloric acid for 5h The hydro- 
lysate was evaporated to dryness under reduced pressure 
The residue was dissolved in pH 2 2 citrate buffer and the 
solution was analysed on a Phoenix K-5000 automatic 
amimo-acid analyser by Mr Charles R Windsor 

Typical results of the syntheses and analyses are pre- 
sented m Table 1 In Table 1 also are results of well- 
known experiments ın the production of amuno-acids by 
electric discharge! 1 

Except for cystme and methionine, all the ammo-acids 
common to protein were produced m the thermal reactions 
over silica, as judged. by Rr on the ammo-acid analyser 
chromatograms Tryptophan was not evaluated Sulphur- 


Table 1 AMINO-ACID COMPOSITIONS* PRODUCED THERMALLY IN THE 
PRESENCE OF SILICA AND BY ELECTRIC DISCHARGE 
Electric discharge 
Thermal synthesis synthesis 
Siliea sand Silica gel Silica gel Spark Silent 
950° C 950°C 1,050°C discharget discharge f 

(%) (%) %) (%) (%) 
Aspartic acid 34 26 152 03 01 
Threonine 09 06 3 — — 
Serine 20 19 100 — m 
Glutamic acid 48 31 102 06 03 
Proline 23 15 23 — — 
Glycine 60 3 68 8 244 508 414 
Alanine 180 169 202 274 47 
Valine 23 12 21 = — 
Alloisoleucine 03 03 14 — — 
Isoleueme 11 07 265 — — 
Leucine 24 15 46 — x 
Tyrosine 08 04 20 — — 
Phenylalanine 08 06 22 — — 
a-NH,Butyric acid 06 — — 40 06 
B-Alanmme ot ot ^t 121 28 
Sarcosine — — — 40 446 
N-Methylalanine — — — 08 65 


* Basic amino-acids were not listed m the table, because these ammo- 
acids were not fully studied Some amino-acid analyses of the thermal 
products showed peaks corresponding with lysine (or ornithine) and arginine 

T Recalculated from the results obtained by Dr S L Muller (ref 1) 

f6-Alanme peak obscured by another unknown peak 


containing amuno-acids cannot be expected masmuch as 
no form of sulphur was present 1n the reaction - 

Controls were run with each of the reagents and on the 
glass system to check on the possibilty of contammation 
Only trace amounts of ammo-acids were observed in any 
case, these were negligible compared to the amounts 
synthesized thermally 

The trend m composition with temperature shown in 
Table 1 was observed m other experrments The decrease 
in percentage of glyeme with higher temperature and the 
increase in aspartic acid, glutamic acid, and serme have 
been noted 1n other tests When the silica gel m the tube 
was replaced by one of the other materials, the composi- 
tion varied 

Comparison of the thermal reactions with those 
energized by electric discharge suggests the significance 
of thermal energy in the synthesis of natural amino-acids 
Silent discharge produces mamly sarcosine and glycme 
Spark discharge results m synthesis of several atypical 
amino-acids and also produces glycine, alanine, aspartic 
acid and glutamic acid In the thermal reactions, the 
production of predommantly natural amuno-acids m 
wide variety directs attention to the contiibution of 
thermal energy in the spark discharge masmuch as the 
electric spark 1s composed of heat and an electron stream. 
Thermal energy may therefore contribute to inereasmg 
the proportion of natural amuno-aeids ın the sparking 
synthesis over that m the silent discharge synthesis 

In summary, simple gases are thermally convertible 
to most of the amuno-aeids common to protein in a way 
that ıs sequentially compatible with other aspects of '' 
thermal theory of biochemical origms?:9:14 
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THERMAL POLYMERIZATION OF AMINO-ACIDS AND PRODUCTION OF 
FORMED MICROPARTICLES ON LAVA 


By Pror SIDNEY W. FOX 


Institute for Space Biosciences and Department 


HE thermal theory of biochemical o1igins}.? requires 

the geological occurrence of dry or hypohydrous 
regions at temperatures ranging up to 200° (refs 2-4). 
These conditions are indicated by experrments conducted 
in glassware. Accordingly, a test of the possibility of 
thermal polymerization of amino-acids and of the subse- 
quent production therefrom of formed micro-particles in 


a geological kind of environment 1s called for Although 

many suitable locales can be theoretically 

visualized5, a model of a hot dry lava field, 

for reasons indicated below, was selected p D 

for experimentation fe Poe ay 
In order to carry out the experiments, ai is n 


several pieces of lava were taken directly 
from the Kapoho field of the Island of 
Hawau on July 20, 1963 In a typical 
experiment, 22 g of amino-acid mixture 
A (ref 3) was placed m a depression on a 
200-g sample of lava and heated for 3-4 h 
at 170° m an oven set ın the open air of 
the laboratory The amuno-acids melted 
mto an amber-coloured viscous liquid; the 
latter did not disappear mto the pores of 
the lava 

To simulate the effect of tidal washes 
or of rain on hot lava, the hot rock was 
washed with approximately 20 ml of 
boiling bacteria-free 10 per cent sodium 
chloride solution or with hot bacteria-free 
water Some of the solution poured from 
the side of the sample of lava, and some 
poured through The turbid aqueous 
hquids ın each experiment were collected 
and examuned withm a few minutes of 
cooling, and found to contain huge num- 
bers of mucrospherest? The properties 
which are found or can be introduced into 
such muerospheres in glasswaie experi- 
ments simulating natural occurrences have 
been, described elsewhere?:$ The micro- 
spheres resulting from these experiments 
were mostly in the range of size of 0 9— 
1 lu with a few ranging to 4u ın diameter 
Some of these particles are shown m Figs 
1-4 The lava was examined under ultra- 
violet light, the site ın which the polymer 
rested was found to be yellow-green fluores- 
cent The underside of the rock, where the 
solution had passed through, was also 

found to be fluorescent 
Horowitz and Miller? have argued that 
*he amount of heat available from vol- 
^» 1s so small that ıt could not have 
Mfective in synthesizing organic 
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compounds This, of course, should not be mterpreted 


to mean that hfe could not origmate once or more, assum- 
ing the somewhat arbitrary assertion of Horowitz and 
Miller to be correct The possibility, however, that thermal 
energy could have been significant 3n pre-biological 
organic synthesis, as well as m frequent and energetically 
undemanding synthesis leading to cells, ıs brought out 
by the careful survey of the volcanologist, Bullard, who 
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Figs 1-3 Photographed under o1] immersion (x c. 1,085) Microspheres produced from 
the polymer formed on lava at 170° from the eighteen common amino-acids, by washin: 


of polymer with salt water Fig 4 (x c 2,712) g 
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has stated? “The average person may think that lavas 
are somethmg rare on the Earth’s surface To dispel 
this idea he needs only to consider, m addition to the lava 
flows from mdividual volcanoes, the great plateau basalts 
such as those which make up the Columbia River Plateau 
of the Pacific north-west of the United States Here, 
covermg most of Oregon and parts of Idaho and Washing- 
ton with an area of 200,000 square miles, are basaltic 
lavas reaching a thickness of 3,000 ft. and representing 
hundreds of flows superimposed one upon another When 
one realizes also that this 1s but one of many such areas 
of the Earth he obtains some appreciation of the tremend- 
ous quantity of lava on the Earth's surface" 

Durmg an investigation of organic compounds in vol- 
canc zones, I began a survey of geologically hot zones 
and have found, for example, that the hot dry condi- 
tions used in the laboratory are abundantly available 
within inches of the surface of cinder cones on Kilaeua- 
In and Kapoho On July 19 Mr Raymond J 
Geerdes, ranger of the Hawauan Volcanoes National 
Park, who checked temperatures, and (Mrs ) Raia J Fox 
and I ascended most of the way to the summit of the 
emder cone at Kilaeua-Iki Although the heat at the 
surface of the emder cone could be tolerated by feet 
encased withm ordmary shoes, temperatures of 160° C 
were found within 41m of the surface, as registered on two 
Weston bimetallic thermometers Temperatures of 20° 
were observed in locales approximately one-third to 
half-way up from the boardwalk at the base of the einder 
cone When measured temperatures began to register 
lugher values, they rose rather rapidly with altitude. 
Extensive zones at 120°-160° withm inches of the surface 
were found 

Extensive zones m the same range were found also at 
the principal emder cone at Kapoho on the followmg day 
These zones m both locales were dry, as should be expected 
above 100° Samples were collected at various tempera- 
tures as aseptically as possible under field conditions, 
and these were shipped as rapidly as possible to a deep- 
freeze compartment. Those control samples collected 
from zones at temperatures below 100° show frozen water, 
whereas the primary samples collected from zones at 
temperatures above 100° are dry 

These temperatures above 100° are found for eruptions 
which occurred at Kilaeua-Iki m. 1959 and at Kapoho in 
1960 Inasmuch as more than four hundred active vol- 
canoes are known on Earth, and some of these have more 
than one emder cone, extensive areas having the appro- 
priate physical conditions are m existence A simular pre- 
biological geophysics can thus be seriously entertained 

These laboratory and field observations support the 
inferences of ruggedness and potentiality of reaction over 
a significant range of conditions for the sequence involving 
thermal polymerization and aqueous spherulization The 
reactions are not disturbed by bemg carried out on lava 
exactly as found in the field Ammo-acid analysis of the 
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hydrolysate of such microspheres shows, however, a higher 
glutamic acid content and lower aspartic acid content 
than ıs found m the product ın glassware. The profiles 
are otherwise quite sumilar 

Control runs without ammo-acids yielded no muero- 
particles 

The conditions under which these transformations have 
been affected mught also apply to meteorites and their 
‘formed elements’*® masmuch as carbonaceous chon- 
drites have durmg travel m the Earth’s atmosphere both 
thermal gradients and water content!® These units and 
others? may be compared with those published for 
meteorites® 

The interpretation of these demonstrations assumed 
that amino-acids were present}! prior to lfe on the globe. 
The possibility that the ammo-acids might be formed m a 
thermal contmuum m a voleanic zone has recently been 
demonstrated! While the polymerization and spherul- 
ization steps are compatible with many modes of formation 
of ammo-acids", they fit conceptually most easily with 
thermal synthesis of amino-acids. The thermal synthesis 
is further more attractive on the basis that 1n the presence 
of silica 16 yields all or nearly all the ammo-acids common 
to protein, but no others beside perhaps 8-alanme 

These experiments furthermore emphasize that the two 
steps examined, besides bemg simple enough operationally 
to occur geologically, are very fast It 1s now demon- 
strably clear that transformations from primordial gases 
to pre-cellular forms could occur in a matter of hours. 
Concern about decomposition of the material, as stated 
earher”, 15 misplaced because the units ın aqueous suspen- 
sion would be protected from being heated over a period 
of years, and from radiation, etc 

This work was supported by the US National Aero- 
nautics and Space Admmustration, under grant NsG-173- 
62 and by a grant from the Eh Lily Corp Laboratory 
space has been partly provided by the Institute of Mole- 
cular Biophysics of Florida State University I thank 
Mr Robert McCauley for assistance 1n the laboratory and 
Mr Raymond J Geerdes m the field 
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CHEMICAL EVOLUTION AND THE ORIGIN OF LIFE 
By Dr, CYRIL PONNAMPERUMA 


Exobiology Division, National Aeronautics Space Administration, Ames Research Center, Moffett Freld, California 


“Ante, mare et tellus, et quod tegit omnia caelum, 
Unus erat toto Naturae vultus in orbe, 

Quem dixere chaos, rudis mdigestaque moles , 

Nec quidquam, nisi pondus mers; congestaque eodem 
Non bene junctarum discordia semma rerum ? 


r | *HUS wrote Ovid many centuries ago, and present-day 
theories are tending to the idea that hfe evolved m 
the murky dust cloud of the primitive cosmos 


The expeumental approach to the question of the origin 
of hfe ıs the culmmation of the naturalistic movement 
which began with the Renaissance and reached its height 
in the middle of the nineteenth century with the Darwmian 
theory of evolution. The idea of the biological unity of 
everything living, and the evolution of the higher forms of 
life from the lower—an idea which caused a revolt ang 
the humanists of the nmeteenth century—is t4 
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corner stone of modern biology If this concept of evolution 
18 pushed to 1ts logical conclusion, another form of evolu- 
tion has to be postulated, prior tô biological evolution, 
namely, chemical evolution 

With great insight the physicist, Tyndall, wrote m 
1871 ‘Darwin placed at the root of life a primordial 
germ, from which he conceived that the amazing richness 
and variety of the life now upon the earth’s surface 
might be deduced If this hypothesis were true, 16 would 
not be final The human imagmation would infalhbly 
look behind the germ and, however hopeless the attempt, 
would enquire mto the history of its genesis A desire 
mmediately arises to connect the present lıfe of our planet 
with the past. We wish to know something of our remot- 
est ancestry Does life belong to what we call matter 
or is 1b an mdependent principle inserted into matter at 
some suitable epoch, when the physical conditions became 
such as to permit of the development of life ?"'1, 

Our difficulty 1s not with the quality of the problem but 
with its complexity ‘The evolution movement", wrote 
Bergson, “would be a simple one, and we should soon be 
able to determine 1ts direction 1f life had described a single 
course like that of a solid ball shot from acannon But 16 
proceeds rather lıke a shell, which suddenly bursts into 
fragments, which fragments, bemg themselves shells, 
burst m them turn into fragments, destined to burst again, 
and so on for a time mcommensuiably long We percerve 
only what ıs nearest to us, namely, the scattered move- 
ments of the pulverized explosions From them we have 
to go back, stage by stage, to the origmal movement ’”? 
Even the formulation of this problem 1s perhaps beyond 
the reach of any one scientist, for such a scientist would 
have to be at the same time a competent mathematician, 
a physicist, and an experienced organıc chemist He should. 
have a very extensive knowledge of geology, geophysics 
and geochemistry, and, besides all this, be absolutely at 
home in all biological diserphnes Sooner or later, this 
task would have to be given to groups representing all 
these faculties and working closely together theoretically 
as well as experimentally Such was the view professed, 
by Bernal m 1949 (ref 3). However, to-day we have 
reason to be moie optmustic For the first time in human 
history, the sciences which arose as separate disciplines 
aie seen fused together, and this view stretches from the 
beginning to the end of scientific endeavour 

In the first stage of chemical evolution, the primeval 
cloud of hydrogen gas by a series of reactions--mplosion, 
fusion and fission—gave rise to the elements of the Periodic 
Table This event probably occurred 20 thousand million 
years ago About 15 thousand millon years later, when 
the solar system was bemg formed, the highly reactive 
elements probably existed m thew reduced form— 
methane, ammonia and water When the planet Earth 
was bemg born from the primitive dust cloud, 4 5 thousand 
milion years ago, the 1udimentary molecules which were 
the forerunners of the complex biological polymers of 
2 thousand million years later were perhaps already in 
existence 

In this scheme of things, life is only a special and very 
complicated form of the motion of matter It arose as a 
new property of matter which ıt had not possessed earher, 
and which only oceuried at a particular period in the 
existence of our planet and resulted from its orderly 
development ‘‘The origin of life was not an occurrence 
ascribed to some definite place and time," wrote Margolis‘, 
‘at was a gradual process operatmg upon the earth over 
an inconcetvably long span of time, a process of unfolding 
which consumed perhaps more milhons of years than 
was required for the evolution of all the species of hving 
thmgs" A long chemical evolution was considered 
necessary for the origm of life Three distinct chemical 
phases of this evolutionary process could be postulated, 
"norganie, organic chemistry and biological chemistry 

^^ then, may be considered to be an inevitable process 
” to appear m the cosmos wherever conditions 
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are favourable Samplng of galaxy population to the 
lmit attamable by present telescopes shows that there 
are more than 102? stars m the universe Like our own 
Sun, each one of these stars can provide the energy for 
plant and animal life Two factors become abundantly 
clear that there 1s nothmg unique about our Sun which 1s 
the mainstay of hfe on this planet, and that there aie 
more than 102° opportunities for the existence of hfe 
If we adopt a process of restriction and suppose that 
because of doubhng, clustering, secondary collisions, 
ete , only one star m a thousand has a planetary system, 
that only one out of a thousand of those stars with systems 
of planets has one or more planets at the right distance 
from the star to provide the water and warmth that proto- 
plasm requires, that of these stars only one out of a 
thousand has a planet large enough to hold an atmosphere, 
that the suitable chemical composition for hfe to arise 
occurs only once m a thousand times, only one star in 


1022 meets the necessary rigid requirements Even so, 
thore are 10* planetary systems suitable for life Such was 
Harlow  Shapley's conservative  estmnate* Su-Shu 


Huang, however, has imposed less-rigid requirements 
and has set the upper lunit of stars that actually support 
life as 5 per cent, that 1s, 1018 stars? 

This conclusion which astronomers have reached by the 
rigorous analysis of astronomical evidence was already 
prophetically described by the Italian, Giordano Bruno, 
in the sixteenth century “Sky, universe, all-embracmg 
ether, and ummeasurable space alive with movement 
all these are of one nature In space there are countless 
constellations, suns, and planets, we see only the suns 
because they give hght, the planets remain invisible, for 
they are small and dark There are also numberless 
earths circlmg around thew suns, no worse and no less 
inhabited than this globe of ours For no reasonable 
mund can assume that heavenly bodies which may be far 
more magnificent than ours would not bear upon them 
creatures similar or even superior to those upon our human 
Earth” 

The search for extra-terrestrial life is the prime goal of 
space biology The result of such a discovery may have 
an effect on human thinking far more profound than the 
Darwinian or Copernican revolutions If our salhes mto 
space should m the near future demonstrate that Martian 
hfe ıs a reality, and its omgin independent of life on 
Earth a certamty, we cannot escape the conclusion 
that there ıs nothmg unique about the origin of hfe on 
Earth and that the mterplay of cosmic forces and matiter 
would have given rise to a simular sequence of events m the 
countless number of planetary systems ın the universe 

While there 18 a distinct possibility of our finding an 
answer to the question of the existence of hfe in our own 
planetary system by an inspection of the planets with our 
immediate or remote sensors, the only way by which we 
can answer the questions for systems outside our planets 
is by makmg radio contact with other civilzations in 
outer space "There 1s one race of men; one race of gods, 
both have breath of hfe from a smgle mother But 
sundered power holds us divided, so that one 1s nothing, 
while for the other the brazen sky 1s established ther sure 
citadel forever", wrote Pindar m the sixth Nemean 
Ode 

However, we have the possibility of an experimental 
approach to the problem As the laws of chemistry and 
physics are universal, the retracmg of the stages by which 
life appeared on Earth would give strong support to the 
theory of its existence elsewhere in the universe Labora- 
tory expermments on Earth can reveal which materials 
and, conditions available m the universe might give rise 
to the basic chemical components of hving systems— 
nucleic acids and protems — Experiments may even reveal 
how the transition from chemicals to the orderliness of 
living systems may have occurred 

The idea of hfe arismg from non-life, o1 the theory of 
spontaneous generation, had been accepted for centuries 
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liquid displacement by a Teflon piston, which is 
controlled by the rotation of a calibrated drum. Each 
division on the drum represents 1/1,000th of the 
burette's capacity (5 ml, [0 ml or 20 ml), and the 
effective scale length is 75 inches, providing unrivalled 
readability. This coupled with absence of meniscus 


error gives accuracy considerably better than that of 
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motorized piston burette 
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aluminium base, a swivelling magnetic stirrer, and the 
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enables the volume of reagent dispensed to be recor- 
ded against time. 
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One had only to accept the evidence of the senses, thought 
the ancients worms from mud, maggots from decaymg 
meat, and mice from old Imen ‘The ancient Egyptians 
beheved m this Recall Anthony and Cleopatra, Act 
IL Scene VII, where Lepidus tells Mark Anthony, 
“Your serpent of Egypt is bred . . . now of your mud by 
the operation of our sun—so 38 your crocodile”. Aristotle 
had taught the same doctrme in his M. etaphysics Newton, 
Harvey, Descartes, van Helmont, all accepted this without 
serious question Even the English Jesuit, John Tuberville 
Needham, could subscribe to this view, for Genesis tells 
not that God created plants and animals directly but that 
he bade the earth and waters to brmg them forth “And 
God said let the earth brmg forth grass, the herb yield 
seed and the fruit tree yielding fruit... Let the waters 
Pe forth abundantly the moving creature that hath 

Oba. 

Pasteur’s rigorous experimentation outlawed the theory 
of spontaneous generation, which was based on incom- 
potent observation and the willingness to accept the 
superficial evidence of the senses The story of Louis 
Pasteur is often told to begimnmg students m biology as & 
triumph of reason over mysticism. But to-day we have 
evidence-for the contrary The reasonable view may be 
to believe m spontaneous generation though in a restricted 
and a logical sense 

Charles Darwin was a pioneer in the speculation on the 
early conditions for the origm of hfe In a letter to a 
frend he-wrote “But xf [and oh what a big xf !] we could 
conceive m some warm little pond, with all sorts of am- 
monia and phosphorie salts, hght, heat, electricity, ete , 
present that a protem compound was chemically formed 
ready to undergo still more complex changes”? Darwin’s 
own thinking could perhaps be traced to the mfluence of 
lus grandfather Erasmus Darwm who more than half a 
century earher had written that “all vegetables and 
animals now existing were originally derived from the 
smallest microscopic ones formed by spontaneous vital- 
ity”*®. This was too outrageous a declaration for the 
conservative thinkmg of Darwin’s contemporaries At 
the height of the controversy over the ongin of the species, 
little or no attention was paid to the remote question of 
the origin of hfe 

The great impetus, however, to the experimental 
investigation of the origin of life began with the Russian 
biochemist, Oparm Already m 1924 a prelimmary book- 
let was pubhshed by him in Russian pomting out that 
". . . there was no fundamental difference between a hvmg 
organism and lifeless matter The complex combmation 
of manifestations and properties so characteristic of life 
must have arisen m the process of the evolution of matter”. 
Thirteen years later, he published his book On the Origin 
of Life" This book has gone through three editions end 
18 the classic on the subject 

According to Oparm: “At first there were the simple 
solutions of organic substances, the behaviour of which 
was governed by the properties of ther component atoms 
and the arrangement of those atoms m the molecular 
structure But gradually as a result of growth and m- 
creased complexity of the molecules new properties have 
come into being and a new colloidal-chemical order was 
imposed on the more simple organie chemical relations 
These newer properties were determmed by the spatial 
arrangement and mutual relationship of the molecules. 
Even this configuration of organic matter was still msuffi- 
cient to give rise to primary living thmgs For this, the 
colloidal systems in the process of their evolution had to 
acquire properties of a still higher order, which would 
permit the attamment of the next and more advanced 
phase ın the organization of matter In this process 
biological orderlmess already comes into prommence 
Competitive speed of growth, struggle for existence and, 
finally, natural selection determmed such a form of 
material organization which is characteristie of living 
thmgs of the present time” 
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Independently of Oparm, Haldane had speculated on 
the early conditions suitable for the emergence of terres- 
trial hfe?*. “Now, when ultra-violet light acts on a mixture 
of water, carbon dioxide, and ammonia, a vast variety of 
orgamic substances are made, meludmg sugars, and 
apparently some of the materials from which protems are 
built up... Before the origm of hfe they must have 
accumulated till the primitive oceans reached the con- 
stituency of hot dilute soup To-day an organism must 
trust to luck, skill, or strength to obtein its food The 
first precursors of hfe found food available m considerable 
quantities, and had no competitors m the struggle for 
existence. As the primitive atmosphere contamed little 
or no oxygen, they must have obtamed the energy they 
needed for growth by some process other than oxidation— 
1n fact, by fermentation. For, as Pasteur put ıt, fermenta- 
tion 1s life without oxygen”. 

Twenty years after the appearance of Haldane’s paper 
in the Rationalist Annual, J D Bernal of the University 
of London theorized before the (British) Physical Society 
m a lecture entitled “The Physical Basis of Lifo"5: 
“Condensations and dehydrogenations are bound to lead 
to moreasmgly unsaturated substances, and ultimately 
to simple and possibly even to condensed ring structures, 
almost certamly contaming nitrogen, such as the pyrimid- 
mes and purmes The appearance of such molecules 
makes possible still further syntheses The primary 
difficulty, however, of 1magmung processes gomg thus far 
1s the extreme dilution of the system if rb 18 supposed to 
take place in the free ocean. The concentration of pro- 
ducts is an absolute necessity for any further evolution. 
One method of concentration would, of course, take place 
in lagoons and pools which are found to have frmged 
all early coastlines, produced by the same physical factors 
of wmd and wave that produce them to-day It has 
occurred to me, however, that a much more favourable 
condition for concentration, and one which must certamly 
have taken place on a very large scale, 1s that of absorption 
m fine clay deposits, marme and fresh water Our recent 
knowledge of the structures of clays has shown what an 
enormous role they still play m hing processes There 18 
probably to-day more hving matter, that is protem, m 
the soil and in the estuarme and sea-bed clays than above 
the surface or in the waters. It has already been shown 
that organic chemicals of a wide variety are preferentially 
absorbed on such surfaces ın a regular way — It 1s therefore 
certam that the primary photochemical products would be 
so absorbed, and durmg the movement of the clay might 
easily be held blocked from further possibly destructive 
transformations In this way relatively large concentra- 
tions of molecules could be formed". 

Among the first experiments designed to test some of 
the theories of the origin of life were those of Calvin and 
his associates, who, m 1951, wradiated water and carbon 
dioxide and obtamed significant yields of formaldehyde 
and formic acid!! In 1953, Stanley Miller, then a graduate 
student in Harold Urey’s laboratory, assembled a sample 
of the assumed primeval terrestrial atmosphere, consist- 
ing of methane, ammonia, water-vapour and hydrogen, 
and exposed 1t to an electric discharge, simulating hght- 
ning Ammo-acids and other orgame compounds found 
in living systems were formed? 

Smee this classical expermnent, several mvestigators 
have entered this field. Notable among them are Sidney 
Fox of Florida State University", and John Oro of the 
University of Houston. The majority of publications 
have dealt with the formation of amino-acids and the 
nucleic acid constituents, from a wide variety of condi- 
tions which may be considered pre-biological — Fox's 
work has centred around the origm of proteins A 
plausible answer seems to have begun to take shape. 
Protemoids have been obtamed by the thermal poly- 
merization of the 18 ammo-acids 1a 
a distinct tendency to form microspheres having diar” 
im a bacterial range Starting with ammoniv- 


- 


These protemoids have— 
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Oro has synthesized adenine and a number of biochemical 
mtermediates of purmes 

In our own laboratory, we have initiated a programme 
of research using the various forms of energy which were 
known to have existed ın the primitive Earth The con- 
stituents of the atmosphere of the primordial Earth are 
being exposed to ultra-violet hght, electric discharges, 
ionizing radiation and heat Tesla coils supply the 
lightnmg, germicidal tubes the ultra-violet light, the elec- 
tron beam of the lmear accelerator at the University of 
California, Berkeley, grves us our 8-particles. 'The reaction 
products are bemg analysed for amino-acids, purines, 
pyrimidines, ete An attempt ıs being made to polymerize 
these single units to produce the large molecules similar 
to the replicating systems we know to-day 

The results we have obtained so far are mdeed very 
encouraging Starting with the primitive atmospheres, 
we have been able to synthesize several constituents of 
the nucleic acid molecule—the purmes, adenme and 
guanine, the sugais ribose and deoxyribose, the nucleoside 
adenosme and the nucleotide adenylic acid Under 
similar possible primitive Earth conditions, adenosme 
triphosphate (ATP) appears to be formed 1n appreciable 
yield Pubhshed results from several laboratories thus 
demonstrate that the first and second stages of chemical 
evolution, namely, the morganie and organic, can be 
satisfactorily retraced m the laboratory. 

We are optimistic that the path of chemical evolution 
will be outhned m the laboratory The biochemical 
knowledge which has been amassed within a few years has 
given us a deep insight mto some of Nature’s most secret 
processes With this understanding to help us, the time 
needed to solve our problem may not belong We cannot 
deny the immensity of the prospect for any man’s philo- 
sophical position or shrink from its pursuit on account 
of the difficulty of the task 
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More than 500 years ago, Copernicus, m De Revolution- 
bus Orbiwm  Coelestvum. reversed the scientific thinking 
of his time about man’s place m the physical universe 
A hundred years ago, Darwm’s theory of evolution de- 
stroyed age-old beliefs of the uniqueness of man by 
tracing his origin from the brute To-day, we are gradu- 
ally learnmg to accept the Oparm—Haldane hypothesis 
that life ıs only a special and complicated property of 
matter and that au fond there 1s no difference between a 
livmg organism and hfeless matter 

To conclude with Harlow Shapley “The new discoveries 
and developments contribute to the unfolding of a magni- 
ficent universe, With our confréres on distant planets, 
with our fellow animals and plants of land, ar and sea, 
with the rocks and waters of all planetary crusts, and the 
photons and atoms that make up the stars—with all these 
we are associated m an existence and an evolution 
And as gropmg philosophers and scientists we are thankful 
for the mysteries that still he beyond our grasp". 
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TRANSFORMATIONS OF SQUID RHODOPSIN AT LOW TEMPERATURES 
By Da. TORU YOSHIZAWA and Pror. GEORGE WALD* 


Biological Laboratories of Harvard University, Cambridge, Mass 


T was recently shown that the irradiation of cattle 
I rhodopsm at liquid nitrogen temperature yields what 
at present appears to be the first intermediate m the 
bleachmg of this pigment, pre-lumirhodopsin? The 
conversion of rhodopsm to pre-lumirhodopsin seems to 
involve only the isomerization of the chromophore retinal 
(formerly retinene,) fiom the 11-cos configuration 1n rhod- 
opsin to the all-trans configuration in pre-lumu hodopsin 
Cattle rhodopsm at hqud mitrogen temperature has 
Amax 505 my, and the pre-lumurhodopsin derived from it 
has Amax 543 mp How the isomerization of the chromo- 
phore from 11-czs to all-trans causes such a large shift of 
spectrum toward the red raised a problem which was 
discussed ın some detail? 

It seems as though this problem should tako a particu- 
larly interesting form ın the case of squd rhodopsin 
Whereas the conversion by light of cattle rhodopsin to 
lumirhodopsin at about — 60? C shifts Amax from about 
502 my toward æ shghtly shorter wave-length, about 
498 mu, the wradiation of squid rhodopsin at — 65° C 
has been reported to shift Amax from 500 my to about 550 
my (ref 3) This1s already nearly as long & Amax aS that of 
any pigment derived from retinal Could there then be a 
squid pre-lumurhodopsm lymg still farther toward the 
red ? 

The mvestigation described here shows that the mradia- 

~ of squid. rhodopsin at liquid mitrogen temperature 
address ; Department of Zoology, University of Cambridge 


yields pre-lumirhodopsin, just as in cattle preparations, 
and with the same Amax 543 mu As with cattle prepara- 
tions also, continued uradiation at this temperature 
yields a steady-state mixture contaming rhodopsin (1 l-c18), 
preumurhodopsm (all-hons) and worhodopsin (9-c28) 
Since this ıs the first appearance of squid isorhodopsin, 
a special series of experiments was performed, to 1dentify 
15 and determine 1ts properties Also the problem wo have 
posed, the relationship between a possible squid pre- 
lumirhodopsin and lumirhodopsin, takes on a different 
cast with the realization that the Amax of squid, Jumirhod- 
opsin in fact hes, not as stated earlier at about 550 mu, 
but at about 530 mu 

Pre-lumirhodopsin Fig 1 shows & typical experiment 
m which squid rhodopsm 1s converted by irradiation at 
liquid nitrogen temperature to a steady-state mixture 
The absorption spectrum of squid rhodopsin 1n a glycerol- 
water mixture (2 1) at pH 9 5 and 0° Cis shown m curve 
1 On coolmg this preparation to —195°, the spectrum 
changed to curve 2 

In this mstance the absorbance! rose 1-47 times On 
similar cooling we had found the absorbance of 11 prepara- 
tions of cattle rhodopsin 1n 55 per cent glycerol to rise on 
the average 170 times It was pointed out, however, that 
this was not a reliable figure because the vitrified solvent 
cracks to various degrees at temperatures below — 100°, 
so producing a degree of scattermg that might seriously 
affect such measurements In any event, ın this slightly 
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Fig 1 Conversion of squid rhodopsin to pre-Iumirhodopsm at —195° 

(1) Rhodopsin in a glycerol-water mixture (2 1) at pH 9 5 and 0° (2) 
Cooled to —195° Irradiation at 436 my converts this to a steady-state 
muxture of rhodopsin, pre-lumirhodopsin and 150rhodopsin (3) Warnung 
to 0° m the dark allows the pre-lumirhodopsin 1n this mixture to bleach 
mainly to alkaline metarhodopsin (Amax 380 my), leaving a residual 
mixture of rhodopsin and isorhodopsin (4) Finally the preparation was 
completely bleached at 0° to alkaline metarhodopsin mixed with a little 

acid metarhodopsin (Amax 500 my) (5) 


different solvent mixture, 12 preparations of squid 1hod- 
opsin rose ın absorbance on cooling to — 195? from 1 05 to 
155 times, the average 1180 being 1 25 + 030 times 
The glycerol-water mixture contracts m volume about 
7-7 per cent 1n gomg from about 20° to —195° When this 
correction for volume contraction 1s made, the average 
rise in absorbance on cooling comes out to be about 
115 In addition, Amax moves from about 487 mu at 
25°, or 490 my at 0°, to about 497 mu at — 195° 

On irradiating the preparation in Fig 1 (curve 2) at 
436 my, the spectrum changed to curve 3, Amax slufting 
to about 512 mu The maximum absorbance also rose 
shghtly Curve 3 represents a steady-state mixture of 
1hodopsm, pre-lumirhodopsin, and isorhodopsin (The 
proportions of rhodopsin and isorhodopsin in such nux- 
tures will be evaluated below ) On warming the prepara- 
tion to 0? ın the dark the spectrum changed to curve 4 
The pre-lumirhodopsm component had bleached over the 
intermediate lumirhodopsm to a final mixture of the acid 
and alkaline forms of squid metarhodopsin', the alkaline 
form, greatly predominating at the relatively high pH of 
this experiment, while the rhodopsm and isorhodopsin 
remained unchanged — Finally, this preparation was 
bleached completely at 0° to acid and alkaline meta- 
rhodopsin by irradiating at 546 my (curve 5) 

These spectra are further evaluated as follows. By 
comparing the spectrum of a relatively pure preparation 
of alkalne squid metarhodopsin’ with curve 5 m Fig 1, 
the spectrum of the mert impurities present in this sample 
was estimated This was then subtracted from all the 
spectra m Fig 1 to yield the corrected spectra 1-5 in 
Fig 2 Knowing also the spectrum of relatively pure 
squid metarhodopsin5, one could evaluate the proportions 
of ths pigment and of the mixture of rhodopsm and 
isorhodopsin present ın curve 4 by solving simultaneous 
equations at two wave-lengths By this means we ob- 
tained curve 6 m Fig 2, the spectrum at 0° of the mixture 
of rhodopsm. and isorhodopsin present ın curve 4 Know- 
ing the effects of coohng on these pigments (see followmg), 
we can transform curve 6 to what ıt should be at — 195° 
Subtracting this last spectrum from curve 3 yielded the 
spectrum of squid pre-lumurhodopsm Thuis 18 shown as 
curve 8in Fig 2 

It ıs of considerable help ın analvsmg such an experi- 
ment that interconversions between rhodopsin and isorhod.- 
opsm at room temperatures exhibit an isosbestie pomt 
at about 500 mp, that is, the absorbance at 500 my 
iemams unchanged for mixtures of rhodopsm and 150rhod- 
opsm ın all proportions Usmg this and the other m- 
formation cited, one can compute that the proportions 
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—in terms of relative absorbance—of pigments in the 
steady-state mixture represented by curve 3 of Fig 2 are 
15 5 per cent rhodopsin, 29 0 per cent isorhodopsin, and 
55 5 per cent pre-lumirhodopsin One can also estimate 
from these data the absorbance of rhodopsm that is the 
molar equivalent of the pre-lumirhodopsm formed 
This 1s shown as curve 71in Fig 2 It 1s 1sosbestic with pre- 
lumirhodopsin at about 500 mp, and has an average 
maximal absorbance about 0 72 as igh 

Isorhodopsin The known rhodopsms are formed by 
couphng 11-c?s retinal with the opsins of various animals 
Similar photosensitive pigments, formed ın the same way 
from 9-czs retinal and various opsins, are called 1sorhod- 
opsins® So far as yet known, isorhodopsins appear m 
ietine only in very special circumstances? For the 
most part we know them only as artefacts, prepared by 
synthesis from one or another opsin and 9-czs retinal 

There has been no opportunity to synthesize such a 
pigment ın the squid, since we have not yet succeeded in 
preparing an active squid opsin ‘This gap 1s now filled 
with the preparation of squid isorhodopsm by the follow- 
ing procedure (Fig 3a) 

If squid rhodopsm 1s cooled to — 195° (curve 1) and 
irradiated at 579 muy, 16 18 transformed as shown 1n curves 
2-9 Amex moves from about 498 my to about 481 my, 
the maximal absorbance sumultaneously rising Curve 9 
m Fig 3, as will be shown shortly, represents a mux- 
ture of about 92 per cent 1sorhodopsin with 8 per cent 
rhodopsin 

Fig 3b shows the bleaching of such a preparation of 
squid 1sorhodopsin_ This preparation, at pH 9 5 and 10°, 
was irradiated at 579 mu, with periodic interruptions for 
the spectrum to be recorded (curves 1-9) A final irradia- 
tion of 213 min produced no measurable further effect 
(curves 9-10) This final product is the spectrum of 
alkalno metarhodopsm with a small admixture of acid 
metarhodopsin 

(Later this product was irradiated with hght of 546 my 
for 10 min, the absorbance fell slightly ın the ultra-violet 
(curve 11) When a short time later this spectrum was 
re-measured (Fig 7, curve 7), the absorbance had risen 
again slightly in the ultra-violet to yield a spectrum once 
again very much hke curves 9 or 10 of Fig 3b We are 
not sure what these small changes mean ) 

The bleachmg of squid rhodopsin and isorhodopsin, 
measured in alkaline solution under circumstances in 
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Fig 2 Spectrum of pre-lumirhodopsin Spectra 1-5 at the left are from 
Fig 1, but corrected for the presence of stable coloured impurities 
Curve 6 represents the mixture of rhodopsin and isorhodopsin present at 
0° in curve 4, or, normalized to —195°, the contribution of this mixture 
to curve 3 Subtracting this spectrum from (3) yields the spectrum of 
pre-lumirhodopsin(8) Curve 7 represents the spectrum of the equivalent 
concentration of rhodopsin at —195° These spectra are isosbestic at 
about 500 my, and pre-lumurhodopsin possesses a maximal extinct, 

about 1 3 times as high as that of rhodopsin 
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Fig 3a Conversion of rhodopsin into isoihodopsm at —195° by 

urad{fation at 579 ma (1) Squid rhodopsin in glycerol-water (2 1), 

pH 9 5, at —195° Curves 2~9 products of irradiation at 579 my for 

successive periods of 0 5, 0 5, 1, 2, 4, 8, 16 and 32 min The final 

spectrum (9) represents about 92 per cent 1sorhodopsin mixed with about 

8 per cent rhodopsin Itis up grids 31n Fig 7 and as curve 1 in 
1g op 
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Fig 3b Bleaching of isorhodopsin to metarhodopsin at 10°, yH 9 5, by 
irradiation at 579 mu (1) The result of warming to 10° the mixture of 
igorhodopsin and rhodopsin (92 8) represented by curve 9 of Fig 3a 

Curves 2-10 products of irradiation at 579 my for successive periods of 
10, 10, 20, 40, 80, 160, 320, 640 and 1,280 scc The fact that there 1s 
practically no change between spectra 9 and 10 shows that the reaction 
is completed The productis alkaline metarhodopsin mixed with a small 
amount of acid metarhodopsin Finally this was re-1rradiated for 10 min 

at 646 mz (11), the absorbance fell slightly m the ultra-violet 


which all mtermediate reactions are completed and one 
has only to deal with the formation of alkaline metarhod- 
opsin, 18 & first-order reaction Consequently the fall 
of concentration, measured as the decline of absorbance 
at 490 mu, when plotted logarithmically agamst time, 
yields straight lmes. When the bleaching ıs performed 
under identical conditions, as shown in Fig. 4—10° C, 
pH 95, radiation at 579 my at constant mtensity— 
rhodopsm bleaches very much more rapidly than 1s0- 
rhodopsm. This 15 in hne with previous observations 
which show that 9-c«s retinal isomerizes in the hght more 
slowly than ll-cw retinal and that cattle 1sorhodopsin 
goes to metarhodopsm much more slowly than does 
rhodopsm? In both mstances the difference ın rate 1s 
accounted for by smaller quantum yields for the conver- 
sion of the 9-czs than of the 11-czs species to all-trans 
This difference m behaviour yields a useful means of 
identifying squid isorhodopsm and rhodopsm and their 
proportions m mixtures As Fig 4 shows, the mixture of 
isorhodopsin and rhodopsm produced by irradiation at 
— 195° with 579 or 546 my. 1s almost all isorhodopsm 
The straight lne drawn through the bulk of these data 
cuts the zero ordinate at about 92 per cent It 1s by this 
that we estimated the proportions of isorhodopsin 
sm to be 92 8 in the product of irradiation in 
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Fig 3a (curve 9) When, however, rhodopsm 1s irradiated 
at short wave-lengths (436 my at — 195°), followed by 
warming to room temperature to permit the pre-Iumirhod- 
opsin in the mixture to bleach, the photosensitive residue 
bleaches as shown by curve 2 1n Fig 4. In this case the 
straight lne which represents the slope of bleaching of 
isorhodopsin cuts the zero ordinate at about 67 per cent, 
that 1s, following this radiation isorhodopsm and rhod- 
opsin are present ım the steady-state mixture in the 
proportions about 2.1. Curve 3 of Fig. 4 shows another 
variation of such an experiment m which rhodopsin, 
having been irradiated at 436 my to a steady-state mixture, 
was back-mradiated at 600 my. This essentially wiped 
out the pre-lumurhodopsm, reconverting 15 to & mrxture of 
rhodopsin and isorhodopsm ‘The bleaching of this final 
muxture yields a straight hne with the 1sorhodopsin slope 
cutting the zero time ordinate at about 59 per cent, that 
18, the product of this double irradiation was a mixture of 
isorhodopsin and rhodopsm m the proportion about 3 : 2 

Though what we have here called isorhodopsin appeared 
to be that pigment, because of the way ıt was formed, 1ts 
spectrum, and 1ts slow bleaching, we felt that its possession. 
of the 9-czs chromophore should be demonstrated directly 
This was done as follows (ef ref 9) 

A preparation of squid isorhodopsin, made as described, 
was heat-denatured by immersing m a water bath at 
70° for 30 sec to split the chromophore from the denatured 
opsm. The turbid product was cleared by centrifuging, 
and a preparation of cattle opsm in 2 per cent digitonin 
was added to the clear solution. This mixture was incu- 
bated ın the dark at room temperature for 3 h Its 
spectrum was then recorded; ıb displayed Amax 487 my 
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Fig 4 Analysis of mixtures of rhodopsin and 1sorhodopsin by kinetics 
of bleaching Each of these preparations was bleached by exposure to 
the same source of light (579 my) in glycerol-water (2 1) at 10? and 
pH95 The course of bleaching ıs first-order, the log concentration of 
pigment falling linearly with time Concentration was measured as the 
difference ın absorbance at 475 my between the unbleached or partly 
bleached and the completely bleached pigment (Ears). Rhodopsin 
bleaches very much more rapidly than isorhodopsin, yrelding a much 
steeper slope in the present type of plot, as shown Muxtures of rhodopsin 
and isorhodopsin display the :sorhodopsin slope throughout the later 
portions of bleaching, after the rhodopsin has been bleached away 

Extrapolating the straight line portions representing the bleaching of 
igorhodopsin to zero time yields 2 measure of the proportion of isorhod- 
opsin present in mixtures In the present experiments, steady-states 
were achieved at —195° by irradiation at various wave-lengths, and the 
pre-lumirhodopsin was aliowed to bleach to alkaline metarhodopsm by 
warming to 10°, leaving residual mixtures of rhodopsm and isorhodopsm 

After irradiation at 546 or 579 mu, the straight line representing 1sorhod~ 
opsin bleaching cuts the zero time co-ordinate at 92, that 18, the 
mixture contains about 92 per cent isorhodopsm, and 8 per cent 
rhodopsin After irradiation at 486 mg the mixture contains about 67 
per cent isorhodopsin, and after irradiation at 436 mu followed by 
re-urradiation at 600 ma the mixture contains 59 per cent isorhodopsin 
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close to the Amax of cattle isorhodopsm* On uradiating 
this preparation at 579 mu, 1b bleached with first-order 
linetics, much hke curve 1 in Fig 4. Tho bulk of tho 
bleaching was of the slow type typical of isorhodopsin, 
cutting the zero time ordinate at about 91 per cent 

This experrment had synthesized from the retinal 
obtained by denaturing such a mixture of squid 1sorhod- 
opsm and rhodopsin (92 8) as represented by curve 9 of 
Fig 3a, a comparable mixture of typical cattle 1sorhod- 
opsm with about 9 per cent rhodopsm The difference 
spectrum of ths hybrid product 1s compared with the 
difference spectra of cattle rhodopsin and isorhodopsm 
m Fig 5 It 1s clear that the product synthesized from 
squid retinal 1s identical with cattle isorhodopsm This 
completes the demonstration that what we assumed to be 
squid isorhodopsm had 9-c2s retinal as its chromophore 
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Fig 5 Identification of the chromophore of squid isorhodopsin as 
9-cxs retinal Difference spectra of authentic preparations of cattle 
rhodopsin (broken line) and cattle isorhodopsin (filled circles), compared 
with the product obtained by ineubating the chromophore from squid 
isorhodopsin with cattle opsin (open circles) The cattle isorhodopsm had 
been prepared by a similar incubation of cattle opsin with 9-e2s retinal M 
and the agreement of 16s spectrum with that of the pigment, prepared 
from the chromophore of squid isorhodopsin shows that the latter also 
must be 9-es (Actually, as pointed out 1n the text, the preparation of 
squid isorhodopsin was contaminated with a small amount of rhodopsin, 
and the product of ineubating its chromophore with cattle opsin 
similarly could be shown to contain about 9 per cent rhodopsin, searcely 
enough to displace the spectrum appreciably) 


Fig. 6 shows the absorption spectra of molar equivalents 
of squd rhodopsm and isorhodopsin. ‘These curves 
possess correct relative absorbances when made 1sosbestic 
at 500 mu. It had been shown earher that at room tem- 
perature cattle isorhodopsin possesses a maximum 
absorbance 107 times that of cattle rhodopsm*. Fig 6 
shows that squid isorhodopsm has a maximum absorb- 
ance 116 times that of the equivalent concentration of 
squid rhodopsin. 

Interconversion of «sorhodopsww rhodopsin and pre- 
lumarhodopsin It was shown earher that cattle rhodopsin, 
isorhodopsin, and pre-lumurhodopsin are perfectly inter- 
convertible by radiation at — 195? (ref 2) Figs 7 
and 8 show the samo to be true for the comparable squid 
pigments 

In Fig 7, curve 1 1s the absorption spectrum of squid 
rhodopsin at 10° On cooling the preparation to — 195° 
the spectrum rose to curve 2 On long-continued irradia- 
tion at 579 mu, the maximum absorbance rose and Amax 
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Fig 6 Absorption spectrum of squid isorhodopsin, compared with that 
of an equivalent concentration of squid rhodopsin (10°C) Such spectra 
shown ın Fig 3a (curve 9) and Fig 7 (curve 6), representing mixtures of 
92 per cent isorhodopsin with 8 per cent rhodopsin, were corrected for 
their rhodopsin content and base-line absorption to yleld the estimate of 
the spectrum of pure isorhodopsin shown here (curve 2), to compare 
with a corrected spectrum of squid rhodopsin the maximal absorbance of 
which has been arbitrarily made equal to 10 At this temperature the 
npeotram of squid ısorhodopsın possesses Amax about 473 mu, a maximal 
absorbance 1 16 times that of squid rhodopsin, and these two spectra 
share an tsosbestic point at about 500 mz 


600 


moved toward the blue as the rhodopsm was converted 
almost entirely to isorhodopsin (curve 3) On re-irradia- 
tion at 436 my, the maximal absorbance fell agam to an 
intermediate value, and Amax moved to about 512 mp, 
characteristics of the famuhar steady-state mixture of 
rhodopsin, isorhodopsin and pro-lumirhodopsin (curve 4). 
On re-irradiation at 579 my, the spectrum moved back to 
curve 5, identical with curve 3, all the pigments had been 
re-converted to almost pure isorhodopsm. On warmmg to 
10°, the spectrum fell to 6, which shows by its higher 
maximal absorbance and displacement toward shorter 
wave-lengths as compared with rhodopsin the properties 
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Fig.7 Interconversion of rhodopsin, 1sorhodopsin and pre-lumurhodopsin 
at —195° (1) Squid rhodopsin in glycerol-water (2 1) at pH 9 5, 10°C 


(2) Cooled to —195° Irradiation at 579 my yields a mixture of about 
92 per cent isorhodopsin with 8 per cent rhodopsin (3) Re-irradiation 
at 436 my yields a steadv-state mixture of rhodopsin, pre-Iumirhodopsm 
and isorhodopsin (4) Re-irradiation at 579 my brings the spectrum back 
to that of 92 per cent isorhodopsin (5), and this 158 then warmed to 10° 
(6) Comparison of curve 2 with 3 or 5 shows except for small correc- 
tions, the relation between the spectra of rhodopsin and isorhodopsm 
at —195°, curves 1 and 6 show the same relations at 10° Finally 

preparation was bleached completely to metarhodopsu, 




















zZ 


344 


08 equi = 
aui 
sees Z 
EEIE y: 
EE 


04 


























02 












































06 42 





Absorbance 


























04 : Ee 
ARS 


Zt 
E 


EE HECE 
eet FE 








02 






































500 
Wave-length (mu) 


Fig 8 Courseof the conversion of jacrnodopsis by n1adiation at 436 my 
to a steady-state mixture of rhodopsin, rsorhodopsim and pre-lumirhod- 
opsin (top), and the reversion of this mixture to isorhodopsin by 
irradiation at 579 mg (below) Squid rhodopsin 1n glycerol—water (2 1) 
at pH 9 5 and —195° had been inadiated at 579 mp to a mixture of 92 
per cent isorhodopsin with 8 per cent rhodopsin (curve 1, redrawn 
from curve 9 of Fig 3a) This preparation was irradiated at 436 mu 
for successive periods of 3 sec (2), 3 (3), 6 (4), 12 (5), 24 (6), 48 (7) and 
96 sec (curve 8) The latter, redrawn as curve 4 in Fig 7, represents the 
steady-state mixture of rhodopsin, isorhodopsin and pre-lumirhodopsin 
It 1s redrawn below as curve 1, and the preparation irradiated at 579 mu 
for successive periods of 1 sec (2), 1 sec (3), 2 (4), 4 (5), 8 (6) and 16 sec 
(7) This completed the rapid phase of the reaction, mainly involving 
the conversion of pre-lumirhodopsin to rhodopsin A further irradiation 
for 63 5 min completed the much slower conversion of the latter to the 
final mixture of 92 per cent isorhodopsin with 8 per cent rhodopsin (8) 
This last curve 1s redrawn as (5)1n Fig 7 Though the changes shown m 
this figure represent three-component systems, they exhibit a fairly 
sharp 1sosbestic point at about 502 my 


600 


of isorhodopsm Finally, this preparation was bleached 
completely to the usual product, alkaline metarhodopsm 
muxed with a little acid metarhodopsin (curve 7) 

Fig 8 shows the details of the conversion of 1sorhodopsin 
to the steady-state mixture of isorhodopsin, rhodopsin 
and pre-lumurhodopsin by radiation at 436 my (top), 
and the back-conversion to 1sorhodopsin by re-irradiation 
at 579 my (bottom) Perhaps the most remarkable 
feature of these results 18 the appearance in both these 
conversions of an almost perfect isosbestic point at about 
502 my Ordinarily isosbestic pointe are found when one 
substance 18 converted to another In this case we have 
clearly to deal with a three-component system, yet 1b 
exhibits, as Fig 8 shows, an excellent isosbestic point 

Tt 1s clear from these experments that, as was found 
earher for similar interconversions with cattle preparations, 
there 18 perfect mterconvertibility among squid rhodopsin, 
isorhodopsm, and pre-lumirhodopsm at hquid nitrogen 
temperature The basis of these transformations seems 
to be nothmg more complicated than the geometrical 
isomerization of the retmaldehyde chromophores It 
has already been pomted out that m such 1somerizations, 
each double bond 1somerizes independently of the others? 
The 9-czs or 11-czs chromophore can each isomerize on 
irradiation to all-trans, or the all-trans configuration can 
isomerize to erther of these cvs forms It 1s not possible, 
however, for 9-czs retinal to isomerize to ll-ew, or the 
erse, without gomg through the all-trans configuration 

ediate For this reason the irradiation of 
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thodopsm must yield pre-lumyrhodopsin, before pie- 
Iumirhodopsm by absorbing another photon can 1somerize 
to isorhodopsm, and conversely, isorhodopsin ean only 
go to rhodopsm by two steps, involving the absorption of 
two photons 

These transformations are also subject to certain kinetic 
conditions In the case of the free retmals and also the 
cattle retinal pigments, 1somerizations between all-trans 
and ll-cs are relatively rapid owing to relatively high 
quantum efficiencies, whereas those between all-trans 
and 9-c«s are relatively slow, owing to considerably smaller 
quantum efficiencies*:? These distinctions in rate are not 
so marked with the squid retinal pigments as with cattle 
retinal pigments or free retinal, though here also the 
9-c25 isomer interconverts somewhat more slowly than the 
11-cw with the all- ans isomer 

LIumuhodopsm It was shown earher in cattle prepara- 
tions that 1f the steady-state mixture formed by irradiating 
thodopsin at 436 my and — 195° 1s warmed to tempera- 
tures above — 140? in the dark, the pre-lumurhodopsm 
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Fig 9 Conversion of pre-lumirhodopsin to lumi hodopsrn by warming 
in the dark to —90°, and its reconversion to pre-lumirhodopsin by 
irradiation at —195° Rhodopsin at —195° (curve 1) was irradiated at 
579 my to 92 per cent isorhodopsin (2) This was then re-irradiated at 
436 mu to the steady-state mixture of rhodopsin, isorhodopsin and 
pre-lumirhodopsm (3) On warming this in the dark to —90°, the 
pre-lumirhodopsin went to lumirhodopsin , and on re-cooling to —195? 
the mis ture now yielded spectrum (4) Re-1rradiation at 436 my returned 
the spectrum to (5), eomeiding with (3), showing that the lumirhodopsin 
had been reconverted to pre-lumirhodopsin 
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Fig 10 An experiment to determine the spectrum of lumirhodopsin 
at —195° Squid rhodopsin in glycerol-water (2 1) at pH 9 5 and 10° 
(curve 1) was cooled to —195°, and then repeatedly warmed to about 
—55° and re-cooled to —195? until its spectrum had become stable at the 
latter temperatuie (2) Irradiation at 436 my yielded the usual steady- 
state mixture of rhodopsin, isorhodopsin and pre-lumirhodopsin (8) 
On warming in the dark to — 90°, the pre-lumirhodopsin went to lumirhod- 
opsin , and on re-cooling to —195° this mixture yielded curve (4) On 
warming in the dark to 10° the lumirhodopsin went to metarhodopsin, 
the mixture now yielding curve (5) Finally the preparation was bleached 
completely at 546 mu to alkaline metarhodopsin mixed with a little 
acid metarhodopsin (6) From curves 5 and 6 one can compute the 
contributions of rhodopsin and isorhodopsin to curve 4, and by sub- 
tracting these from (4) obtain the spectrum of lumuhodopsin This 18 
shown in Fig 11 
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Fig 11 Absorption spectra of equivalent concentrations of squid 

rhodopsin, pre-lumirhodopsin and lumirhodopsm at —195° These 

spectra were computed from those of Fig 10 by procedures simular to 

those used in Fig 2 Lumirhodopsin at —195° has Zmax about 530 my, 
and its maximal absorbance 18 1 03 times that of rhodopsin 
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18 converted to lumirhodopsm On re-eoohng to — 195? 
and rearradiating at 436 my, the lumurhodopsm is 
re-converted to pre-lumirhodopsm Thats, cattle lumi- 
rhodopsin can be converted to pre-lumirhodopsm by 
uradiation at liquid nitrogen temperature 

Fig 9 shows that the same 1s true of squid lumirhod- 
opsm Curve 1 of Fig 9 ıs the absorption spectrum of 
squid rhodopsin at —195° On irradiating at 579 my the 
spectrum moves to curve 2, almost wholly isorhodopsm 
On re-irradiating at 436 my the spectrum moves to curve 3, 
representing the familiar steady-state mixture of rhod- 
opsin, isorhodopsin, and pre-lumirhodopsin This mixture 
18 now warmed gradually to — 90° m the dark, to allow the 
pre-lumirhodopsin to go over to lumirhodopsm The mıx- 
ture is re-cooled to — 195° and its spectrum re-measured 
(curve 4) This now represents a mixture of the rhodopsin 
and isorhodopsin present m curve 3 and lumirhodopsin 
formed from the pre-lumirhodopsn of curve 3 On 
uTadiating this mixture at 436 mu the spectrum moves to 
curve 5, which 1s practically identical with curve 3, 
showing that this irradiation has converted the lumirhod- 
opsin present in curve 4 to pre-lumirhodopsin 

To determine accurately the absorption spectrum of 
Squid lumirhodopsin, the experiment shown in Fig 10 
was performed Curve 1 shows the absorption spectrum 
of squid rhodopsin at 10°C The preparation was cooled 
to —195°, then repeatedly warmed to — 90? and re-cooled 
to —195°, until the spectrum of the product at hquid 
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Physics Group, Royal Radar Establishment 
Dr D. H Parkinson 


Dr D H Parxrson has been appomted to the new 
post of head of Physics Group, Royal Radar Estabhsh- 
ment, with the rank of deputy chief scientific officer Dr 
Parkinson, aged forty-five, was educated at Gravesend 
County Grammar School (1929-37) and Wadham College, 
Oxford (1937-39 and 1945-49) In 1939 he jomed the 
Royal Artillery, was commissioned. in 1940 and in 1942 
seconded to Army Operational Research Group, with 
which he served for the rest of the War On returning 
to Oxford m 1945 he worked under Sir Francis Simon 
until 1949, when he was awarded hs PhD He 
jomed the then Telecommunications Research Establish- 
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mitrogen temperature had settled down to a stable 
absorbance (curve 2). The preparation was now irradi- 
ated at 436 my to yield the steady-state mixture of 
rhodopsm, 1sorhodopsm, and pre-lumirhodopsin (curve 3) 
Then this mixture was warmed to — 90° to allow the pre- 
lumirhodopsm to go over to lumurhodopsm (curve 4) 
The preparation was then warmed to 10? C, so that 
the lumurhodopsm bleached, mainly to alkaline mota- 
rhodopsin, leaving the usual residual mixture of rhodopsin 
and isorhodopsin (curve 5) Finally, these residual pig- 
ments were bleached at 10° and 546 mu to yield curve 6, 
primeriy alkaline metarhodopsm with a small admuxture 
of acid metarhodopsin. By a computation similar to that 
deseribed in connexion with Fig 2, the baselines of all 
these spectra were corrected, and tho proportion of 
rhodopsin and isorhodopsm in curve 5 was estimated 
This was corrected as before to liquid nitrogen tempera- 
ture Subtracting ıb from curve 3 yielded tho spectrum 
of pre-lumurhodopsin, and subtracting i6 from curve 4 
yielded that of squid lumirhodopsin. 

Fig. 11 shows the results of this computation the 1ela- 
tionships at equivalent concentration among the spectra 
of squid rhodopsin, pre-lumirhodopsin and lumirhodopsin 
Squid lumurhodopsin possesses Amax about 530 my, and a 
maximal absorbance 1 03 times that of rhodopsin 

Thermal stability ranges Wo have in several experi- 
ments observed the temperatures at which, on gradual 
warming, squid pre-lumirhodopsim goes over in the dark 
to lumirhodopsin and then metarhodopsm Whereas 
cattle pre-lumurhodopsin 1s stable between —195° and 
— 140°, squid pre-Ilumirhodopsin seems to have a nariower 
stability range, and to be converted appreciably to lum- 
rhodopsin at temperatures above —170°. As was shown 
earher?, squid lumurhodopsin ıs converted m the dark to 
metaihodopsin at temperatures above — 20° 

This work was supported in part by the US National 
Science Foundation and the Office of Naval Research We 
also thank Dr Ruth Hubbard for gifts of squid retine 
and permitting us the use of unpublished results, and 
Mr Paul K Brown for assistance with designing the 
equipment and help with using it 
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ment (now Royal Radar Establishment) m 1949 as senior 
scientific officer, was promoted to principal scientific 
officer in 1951 and senior principal scientific officer m 
1956, latterly holding the post of head of the Magnetics 
and Low-temperature Research Division in the Physics 
and Electronics Department, Royal Radar Establishment 
Recently, on behalf of the Department of Scientific and 
Industrial Research, he has been responsible for a design 
investigation of a national High Magnetic Field Labora- 
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Organic Chemistry at University College of South 
Wales and Monmouthshire Prof L Crombie 


Dg L Cromar, who has been appointed to the n, 
ereated chair of organie chemistry 1n the University Ja 
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of South Wales and Monmouthshire, takes to Cardiff his 
extensive experience in the fields of structure determina- 
tion and synthesis _ After spendmg most of the Second 
World War at Portsmouth Dockyard as a member of the 
Royal Naval Scientific Service and graduating m 1946 as an 
external student of the University of London, Dr Crombie 
jomed and became a leading member of S H Harper's 
research group at King’s College, London, where he soon 
showed his outstanding qualities as a brilliant experimen- 
tahst The fruitful collaboration with Harper m the field 
of pyrethrin chemistry continued for some years and laid 
the foundation for Dr Crombie’s contmued interest in 
msecticidal substances of natural origm and in spectro- 
scopic methods of structure determmation, especially m 
relation to geometrical isomerism These topies provide 
a thread of contimuity for his more recent extensive 
researches on structure elucidation and synthesis of roten- 
oids and lipid isobutylamides. These mvestigations were 
carred out durmg periods on the teaching staff of the 
Imperial College of Science and Technology and King’s 
College, where he has been reader m organic chemistry 
Both ın his researches and hus activities as a teacher Dr 
Crombie’s work 1s characterized by mtensive concentra- 
tion and by an elegant mastery of modern methods of 
organic chemistry 


Chemistry in the University of Essex. 
Prof. J. N. Bradley 


Dr J N. Brapiey has been appointed to the chair 
of chemistry in the University of Essex, Colchester Dr 
Bradley, after graduating with honours m chemistry m 
the University of Birmingham, carried out research there 
for hus Ph D. degree under the supervision of Sir Harry 
Melville and Prof J.C Robb In 1955 Bradley entered 
the Royal Aur Force and served with 99 Squadron R A F. 
with the rank of Flymg Officer. In August 1957 he was 
awarded a Commonwealth Fund fellowship tenable at 
Harvard University to work with Prof G B Kistiakowsky 
until June 1959. Bradley was appomted lecturer in the 
Department of Inorganic and Physical Chemistry m the 
University of Liverpool m October 1959 At Harvard, 
Bradley became interested ın reactions in shock waves, 
and with Prof Kistiskowsky he developed a time of 
fight mass spectrometer which would analyse the gas 
behind the reflected shock wave while the reaction was 
proceeding He applied this technique to investigations 
of pyrolysis and oxidation reactions In Liverpool he 
continued his study of shock waves and built up an 
active research group Bradley’s present interests include 
the emission from shock-heated gases, the mechanism of 
thermal ionization in shock waves by mass-spectrometry. 
and the combmation of flash photolysis and shock tube 
techniques He has also maintamed his early interest m 
the reactions of free radicals and the mass-spectrometry 
of cool flames; and he 1s the author of a standard work 
entitled Shock Waves ın Chemistry and Physics. Bradley 
was awarded the Meldola Medal m 1960 for his work on 
the kmetics and reactions involving active intermediates 


Biochemistry at the Royal Free Hospital School of 
Medicine, London Prof. W. J Whelan 


Dr W J. WHELAN has been appomted to the new 
chair of biochemistry at the Royal Free Hospital School 
of Medicme, University of London, as from October 1 
Dr. Whelan is a graduate of the University of Birming- 
ham, holding the degrees of PhD (1948) and DSc 
(1955) He was an assistant lecturer at Birmmgham 
durmg 1947-48, and ın 1948 transferred to the University 
College of North Wales, Bangor, with Prof. S Peat, when 
the latter became professor of chemistry there He 
served in Bangor until the end of 1955, becommg a senior 
cturer in 1954, then transferrmg to his present post as 
-member in the Department of Biochemustry at the 
ttute His earher research work in Birmingham 
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and Bangor, with Prof Peat, concerned the exploration 
of pathways of starch metabolism, and the application of 
modern chromatographic techniques to the study of poly- 
saccharide structures. In London he has been mainly 
concerned with the action patterns and substrate speci- 
fierties of starch- and glycogen-metabolhzmg enzymes, 
and the knowledge gamed earlier m regard to starch 
metabolism 18 now bemg apphed to investigations of 
glycogen metabolism New pathways of glycogenolysis 
have recently been recognized Dr Whelan has also been 
active in the affairs of the Biochemical Society, first as 
an editor of its Jownal, as meetings secretary, and 
latterly as mternational secretary, and secretary of the 
Federation of European Biochemical Societies Under 
his energetic direction, it can confidently be expected 
that an active school of biochemistry will develop at the 
Royal Free Hospital School of Medicine. 


Director of the National Institute of Agricultural 
Engineering : Mr. C. J. Moss 


Mr C J Moss has been appointed to succeed Mr W H 
Cashmore, as director of the National Institute of Agricul- 
tural Engmeermg, when Mr Cashmore retires on July 31, 
1964 Mr. Moss was educated at Northgate School, 
Ipswich, and the University of London, where he obtained 
honours in mathematics and was awarded the Sir John 
Wiham Lubbock Memorial Prize  Durmg the Second 
World War, Mr Moss worked m the aircraft mdustry and 
smoe then he has worked in the field of synthetic resin 
manufacture, with Imperial Chemical Industries Ltd , and 
was deputy director of the Central Engmeermg Establish- 
ment of the National Coal Board from 1958 until 1961, 
when he became assistant director-general in the Process 
Development Department of the National Coal Board. 


Collaboration between the U.S. House of Represen- 
tatives and the National Academy of Sciences 


Mr Gerorcs P MinnER, chairman of the House Com- 
mittee on Science and Astronautics, House of Repre- 
sentatives, Washington, D C, has announced that he 
and Dr Frederick Sertz, president of the US National 
Academy of Sciences, in collaboration with Congressman 
Emilio Q Daddario, chairman of the Sub-committee on 
Science, Research and Development, have agreed in 
punerple on the provision of certam services of the 
National Academy to the Committee It should lead to 
a series of investigations worked out between panels of 
the Academy and the Sub-committee The arrangement 
with the House Committee grew from activities of the 
Daddaiio Sub-committee, which has been seeking to 
identify the trouble spots in the Government—science 
relationship in order to evaluate better future Federal 
poheies Dr Seitz, as a witness before the Sub-committee, 
has analysed services which the Academy might properly 
perform The National Academy has been inereasmgly 
concerned im recent years with the interaction of science 
and public policy It now has a prominent committee of 
its own explormg aspects of this question, a committee 
headed by Dr George B Kistiakowsky, of Harvard 
University, a former science adviser to the President 

From its begmnings (a hundred years ago Nature, 
200, 396, 1963), the Academy has assisted in pro- 
grammes which have helped the United States to move 
into the top ranks of scientific achievement These have 
included investigations ranging from problems of counter- 
fertmg ın 1866 to preservation of the Declaration of 
Independence m 1880, and to the International Geo- 
physical Year of 1957-58, m which American scientists 
played a major part The Academy’s mvestigations have 
made important contributions to the establishment and 
growth of the United States Geological Survey, the 
Weather Bureau, the National Bureau of Standards and 
the Forest Service Mr Miller, commenting on the new 
working arrangement, said that he believes the Academy, 
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with 1ts hundred years of experience m fields of scientific 
endeavour, has much to offer in assisting the Congress- 
“We recognize the 1mportance of science to our national 
progress, and to the attamment of our national goals 
The unchallengeable standards and authority of the 
Academy, with its ability to draw upon the best talents 
in the country, 1s & reassurmg factor m the consideration 
of public policy”. . . 

Mr Daddario, expressmg his determination to mmple- 
ment the agreement ın the immediate future, commented: 
"The House Committee on Science and Astronautics has 
been charged with general jurisdiction in an area that has 
come to have great significance in recent years—science 
and technology At the same time there is a growing 
need to spend the vast Federal funds devoted to this 
field as fruitfully as possible, to provide stability to 
national policies and to give proper emphasis to creative 
research Thus the Academy’s advice will receive the 
most careful consideration m our future work  To-day's 
world places critical priority on scientific progress to shape 
the character of future civihzation Our basic problem 
m Government has been to bring the force of science 
and technology to serve the needs of our people I am 
confident that this new arrangement will make a major 
contribution to that end" Mr Daddario said that the 
agreement with the Academy is one of several such 
arrangements which his Sub-committee 1s workmg out 
with both private and Governmental groups to aid the 
full Commuttee with its future work on fundamental 
Government-—science problems 


US Support for Research on Cotton, Silk and Man- 
made Fibres in Britain 


Tur United States Department of Agriculture is to 
make a grant of £40,902 to the Cotton, Silk and Man-made 
Fibres Research Association’s Shirley Institute, Didsbury, 
Manchester The grant, which will be paid durmg tho 
next five years, 1s for the support of an investigation of the 
effect of caustic soda and other swelling agents on the fine 
structure of cotton The work to be carried out under the 
grant will consist of (a) a comprehensive, critical survey 
of the hterature on swelling treatments of cotton, (b) an 
expermmental mvestigation on the effect of swelling agents 
(prmerpally with caustic soda, but moluding other agents), 
on the fine structure of cotton cellulose, and on some 
physical properties which are changed by swelling treat- 
ments, to obtem information needed to improve cotton 
products The work will take place over the next five 
years, the first two of which will be concentrated on section 
(a), and the last three on the experimental investigation of 
section (b) The research 1s under the general direction of 
Dr J Honeyman, and the team will be headed by Dr 
J O Warwicker In addition to its importance for 
mercerization, treatment of cotton with swelling agents 1s 
necessary as prelimmary to the application of many easy- 
care and ereaso-resistant finishes Although quite a lot 1s 
known about the technological aspects of these processes, 
15 18 hoped that by a fundamental study of the changes 
brought about ın the fine structure of cotton by swelling 
agents, new and better processes for the modification of 
cotton willresult The research work embraced within the 
project 1s part of the Institute’s approved research 
programme so that the grant provided by the Umted 
States Department of Agriculture will not only enable the 
Institute to undertake research for the benefit of the 
industry at no cost to the trade but will also make it 
possible to meet the mcreasing demands of members for 
services of a more immediate nature 


Co-ordination and Development of the Earth Sciences 


In a memorandum recently submitted by the Geological 
Society of London to the Minister for Science on the Trend 
Report, grave concern is expressed at the lack of 
adequate provision m the Report for the co-ordmation and 
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development of the Earth sciences Geology, with mmor 
exceptions, was excluded from the terms of reference of 
the Slater Committee, whose conclusions essentially form 
the basis of the Natural Resources Research Council as 
proposed by the Trend Committee (Nature, 200, 1029, 
1963) The Society fears that the Trend Committee was 
handicapped in 1ts work and recommendations by a lack 
of formulated geological opmion To avoid fragmentation 
of base geological science and to remedy the omissions 
mherent in the proposed Natural Resouces Research 
Couneil, the Geological Society recommends for consider- 
ation the setting up of a unified administrative body to 
match the scientific coherence of the Earth sciences 

“This could be done m two ways indicated below (a) and 
(b) of which the former 1s preferred (a) The formation of 
an Earth Sciences Research Council which would take over 
the functions of (1) The Earth Sciences division of the 
proposed Science Research Council (1) The Geological 
Survey and Museum including its hydrological and atomic 
energy research (11) The Overseas Geological Surveys, 
not mentioned ın the Trend Report, but considered 
together with the Geological Survey and Museum by the 
Brundrett Committee (1v) The non-biological research 
of the National Institute of Oceanography (v) Other 
functions which the present arrangements are ill-adapted 
to fulfil, such as mvestigation of mineral resources through- 
out the world and co-ordination of scattered information 
ım these respects (b) If an Earth Sciences Research 
Council as outlined above should prove to be impractic- 
able, the same advantages could to some extent be 
obtamed by taking over all the above activities under tho 
Earth Sciences division of the proposed Science Research 
Council Responsibility for finance and organization of 
the Geological Survey and Museum, Overseas Geological 
Surveys, and National Institute of Oceanography would 
be analogous to the proposal m the Trend Report to 
allocate the Royal Observatories to the Astronomy divi- 
sion of the proposed Science Research Council ” 

The Society believes that considerable advantages would 
accrue from a co-ordinated pohey in finanemg related 
research m universities, the Geological Survey and 
Museum, the Overseas Geological Survey, the National 
Institute of Oceanography, ete Certamly m view of the 
activities which have come to the forefront recently— 
underground oi or gas storage, large-scale mineral 
developments m Britain or abroad, major tunnelling 
schemes, the disposal of 1adioactive waste, exploration 
of the contimental shelf, world mimeral (including oil) 
reserves—the Government should consider this memoran- 
dum with eare and foresight 


Purchase Grants for Museums and Galleries 


IN a written answer in the House of Commons on 
January 16, the Chief Secretary to the Treasury, Mr J 
Boyd-Carpenter, announced purchase grants for museums 
and galleries of £728,000 annually for the quinquennium, 
an merease of £300,000 on the annual level at the end of 
the previous quinquennium This includes £217,000 for 
the British Museum, £24,000 for the British Museum 
(Natural History), £8,000 for the Science Museum, £7,500 
for the National Museum of Antiquities of Scotland, 
£25,000 for the National Library of Scotland and £18,000 
for the National Library of Wales In addition, there are 
two special allocations, one of £45,000 a year to the 
British Museum for the mritial stockmg of the National 
Science Reference Library, and the other of £50,000 a 
year to the Tate Gallery Mr Boyd-Carpenter added that 
the Government had completed its consideration of the 
major recommendations of the report of the Standing 
Commission on Museums and Galleries on its survey of 
provincial museums and galleries Projects to which 
financial assistance was proposed included establishment 
by the Science Museum of a service of circulatmg exhy 
tions to provincial museums simular to that alw 
proposed for the Victoria and Albert Museum, 
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Government Research Studentships and Marine Re- 
actors 


Ix a written answer in the House of Commons on 
January 14, the Minister for Science, Mr Q Hogg, stated 
that of 4,036 Department of Scientific and Industrial 
Research studentships current on November 1, 1963, 
1,932 were awarded in 1963, of the last mentioned 203 
were m biology and biochemistry, 162 m chemical engm- 
eermg and metallurgy, 427 in chemistry, 110 in electrical 
engineering, 241 m other engmeermg, 114 m geology, 87 
mn human sciences, 242 m mathematics and 346 in physics 
Expenditure on the Marme Reactor Research Programme, 
covering investigations of various reactor systems, as well 
as the jomt Vulcan project with Belgonucléaire, from 
November 1961 to the beginning of 1964, was about 
£3 milion and work was contmumg on about the same 
scale 


Canadian Geotechnical Journal—Revue Canadienne de 
Géotechnique 


UNDER the above name a new journal has been spon- 
sored by the Canadian National Committee for the 
International Society of Soil Mechanics and Foundation 
Engineering (1, No 1, September 1963. Published under 
the sponsorship of the Associate Committee on Soil and 
Snow Mechanics, National Research Council, and the 
Geotechnical Engmeering Division, Engmeermg Institute 
of Canada Pp. 1-62 Toronto Editor, c/o Civil Engm- 
eermg Department, University of Toronto Distributed 
by the University of Toronto Press, 1963. Subscription 
5 dollars per year) It has been reahzed for many years 
that a great deal of mformation on the effects of time 
and permafrost on the properties of clay, and numerous 
documented records on performance, are scattered through 
many periodicals, the Journal has, therefore, been 
started to provide a medium for the publication of papers 
on the application of geotechnical research and so make 
easily accessible to practismg engmeers knowledge on the 
basic principles of soil mechanics and on regional charac- 
teristics It will be complementary to another new journal 
on research m all the earth sciences—part of the National 
Research Council’s Canadian Jounal of Research series 
Papers will be m either Enghsh or French with sum- 
maries ın both languages, and cach volume will consist of 
four issues ‘This first issue carries a foreword by K 
Terzaghi, the founder of modern soil mechanics, an 1ntro- 
duction by R F Legget, chairman of the Associate 
Committee on Soil and Snow Mechanics, and four papers 
dealing with (a) heave of spillway structures, (b) bearing 
capacity of foundations, (c) volume changes m undis- 
turbed clay profiles, (d) the modulus of elasticity of Leda 
clay It also contams a lst of symbols recommended by 
the International Society of Soil Mechanics and Founda- 
tion Engineermg (Paris, 1961) and a number of news items 


British Medical Periodicals 


A Select Inst of British Medical Perrodacals has been 
issued under the jomt imprint of the Royal Society of 
Medicine and the British Council (Pp 11+100 London. 
The British Council and the Royal Society of Medicme 
1963 5s, 1 dollar) The purpose of the lst 1s to help 
overseas readers booksellers and librarians m the selection 
and purchase of British medical periodicals It covers the 
field of medicme in its widest mterpretation, including 
such related disciples as biochemistry, pharmacy, 
nutrition, medical and social psychology, physiotherapy, 
nursing, dentistiy, and vetermary science The criteria 
for inclusion, are a United Kingdom imprint, a good stan- 
dard of content and production, British editorship, a 
wholly o: predominantly British editorial board, and a 
onderance of contributions from British authors 
ture and arrangement of the subject-matter of each 
described and details of format and publica- 
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tion, neluding subscription rates, addresses for orders and 
availabilty of back issues, are grven A useful general 
mdex ıs also included The list has been compiled by Mr 
L T Morton, hbrarian, National Institute for Medical 
Research, in consultation with Mr P Wade, librarian, 
Royal Society of Medicme 


Stellar Radial Velocities 


A LARGE part of the work of the Dommuon Astro- 
physical Observatory in Victoria, British Columbia, has 
been devoted to the determmation of the radial velocities 
of stars, particularly early-type stars of importance for 
the mvestigation of galactic structure and rotation The 
results of another large programme of observations have 
recently been published by R M Petre and J A Pearce 
(Publications of the Dommon Astrophysical Observatory, 
Vactorw, 12, No 1 Radial Velocities of 570 B Stars Pp 
1-90 Ottawa Queen's Printer, 1962) Radial velocities 
of 570 early-type stars and associated K-lme velocities 
were determmed from 2,320 spectrograms taken over & 
period of nearly twenty years The stars are mainly 
between types 09 and B6 and have apparent magnitudes 
mainly between 75 and 89, they are mostly located m 
the Milky Way north of dechnation + 20°. In addition to 
the two authors, many other members of the staff of the 
Observatory participated m the observations and in the 
work of measurement This work 1s a major addition to 
the known radial velocities of northern B stars Only 
three or four observatories ın the world undertake regular 
programmes of radial velocity observations This new 
work of the Victoria observers mamtams the high stan- 
dards which have come to be associated with the 
Dommuion Astrophysical Observatory 


Wood Anatomy 


Votume 5, Spermatophytes, has been added to the 
Atlas Anatomaque des Bow du Congo, and 1t meludes 54 
tree species belonging to 10 families, but 6 of the latter 
have but one 1epresentative each (Par Lucien Lebacq 
avec la collaboration de Roger Dechamps Pp 54+54 
planches Bruxelles Institut National pour P'Étude 
Agronomique du Congo, 1903) The remainmg famulies 
are the Rutaceae, Irvingiaceae, Burseraceae and Moha- 
ceae The last-mentioned family has a particular terest 
because ıt contains trees belonging to genera of economic 
importance which have a high reputation as cabmet and 
furniture woods—Entandrophragma, Guarea, Khaya, Lovoa 
and Turraeanthus The Atlas moludes a large sheet listing 
the species by families and tabulating the anatomical 
characters such as, in transverse section, the position of 
the parenchyma, the diameter of the vessels and the 
number of vessels per mm? The characters recorded for 
the tangential and radial sections are those concerning 
the medullary rays All these details are clearly mdicated 
by black rectangles for the usual or average feature and 
by outlined rectangles for any departure from ths But 
the Atlas itself 1s made up of two loose sheets for each 
species On the first are recorded the source of the 
authenticated specimens examined, the principal features 
of the wood and the anatomical characters in more detail 
than given on the large tabulated sheet On the second 
sheet are three microphotographs (x 76) of the trans- 
verse, tangential and radial sections The quality of the 
printmg throughout 1s very good and the latest volume 
of this well-known Atlas will be welcomed by wood 
anatomists for the information it contains and for the 
manner in which ib 1s presented 


Eucalypts 


In many parts of tropical Africa the natural forest has 
been cut out or degraded by over-cuttmg and the changed 
conditions of the environment require more accommodat- 
ing species than the mdigenous ones for reafforestation 
purposes Many good results have been obtained from 
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"Migo, 1963, 125 Franes) The first 
'ith the trials of 16 species of Eucalyptus on 
"Nue different sites and the experiment was laid out on 
 Tündomized. block design, giving 16 treatments and 5 
replications, using 200 trees per plot. Planting was made 
n 1954 and the statistics included those of the first 
ing, which took place at 5 years. The regression of 
moe on basal area was established and an analysis of 
mee completed. The results demonstrated the par- 
lar success in growth and volume production of E. 
oides. The author points out the difficulties of 
dling the field work for such an experiment because 
the large area required, and he suggests that it would 
ve been better to reduce the number of speeies to per- 


0 by some initial sorting trial, The second part is 
jarison of the production from eucalypt plantations 
ed as coppice-with-standards, with the standards at 
'"rious densities, and a simple coppice control. The 
results showed. no. significant ‘difference between the 
ments in total production. Therefore, the choice of 
ent is largely dependent on the type of produce 
.by the forest manager—a greater density of 
ndards being kept if more of the larger-sized material 
uired. This publication is interesting not only for 
account of the use of various species of Eucalyptus 
evation afforestation in tropical Africa but 
e statistical handling of the data. ‘The findings 

ell ihistrated by graphs. 


ciety for Analytical Chemistry 
MEETING on “Atomic Absorption Spectroscopy”, 
ng intly by the Midlands Section and the Physical 
lethods Group of the Society for Analytieal Chemistry, 
together with the East Midlands Seetion of the Royal 
Institute of Chemistry and the University of Leicester 
Chemical Society, will be held in the University of 
eicester on February 25. A social meeting, also arranged 
y the Midlands Section of the Society, will be held in the 
versity of Birmingham on February 28. Tt will 
lude a short talk on wines and a film. A one-day sym- 
: um on “Thin Layer Chromatography", arranged by 
|. the Midlands Section and the Thin Layer Chromatography 
Panel of the Society in conjunction with the Birmingham 
and Midlands Section of the Royal Institute of Chemistry. 
will be held in the University of Birmingham on October 
14, at which the plenary lecture will be delivered by Prof. 
Egon Stahl (University of Saarlandes), “Further inform: 
ation on all three meetings can be obtained from the 
cretary of the Midlands Section of the Society for 
Analytical Chemistry; Mr. M. L. Richardson, c/o John and 
Sturge, Ltd., Lifford Lane. Kings Norton, Birmingham 


: Birmingham 


University News: 
|. we titles of reader have been conferred on the fol- 


lowing: Dr. A. 8. Jones (chemistry); Dr. J. E. B. 
Randles (chemistry); Dr. J. L. Jinks (honorary reader in 

netios). Tho following appointments have been made: 
L eships. Miss Lorna Maclay (psychiatry). Research 
ships —0..0. Forbes (Senior Research Fellow), 


Hayward, Dr. J. Lines and Dr. P. O'Brien (medical 


| pharmacology) 
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Announcements 


Dr. B. R. Nunawan, director of the Ñ 
lurgical Laboratory, Jamshedpur (India), 
nominated on the Board of Directors of the | TUM 
Mineral Development Corporation of the Government em 
India. Pu 
AN international conference on “Lattice Defects . 
Quenched Metals" will be held at the Argonne Nationa 


Laboratory during June 15-17. Further information ean 


be obtained from R. M. J. Cotterill, Building 212, 
National Laboratory, Argonne, Illinois. ; 


A SYMPOSIUM on “Molecular Structure and >< 
scopy” will be held at the Ohio State University d 
June 15-19. Further information can be obtain 
Prof. H. H. Nielsen, Molecular Spectroscopy Symposium 
Department of Physies, Ohio State University, 174 West 
18th Avenue, Columbus, Ohio. » Sat 

THE twentieth meeting of the Conférence Internatio: 
des Grands Reseaux Electriques will be held i 
during June 1-10. Problems under discussion wi 
the fields of generation, transformation. and dis 
of high-voltage electrieal energy. Further in 
can be obtained from the British National 
C.LG.R.E. c/o Electrical Research Associat 
Road, Leatherhead, Surrey. ; 


Ax international symposium on "Tho Ch 
Natural Products", organized by the Science C 
Japan under the auspices of the International 
Pure and Applied Chemistry, will be held 
during April 12-18. Further information can be 
from the Organizing Committee, International Symp 
on the Chemistry of Natural Products, Science Com 
Japan, Ueno Park, Tokyo. 


red by R. B. Woodward ( 
University). Further information ean be obtair 
the General Secretary, the Chemical Society, 
House. London, W.1. 


Erratum. With reference to the communication 
entitled "Co-linearity of the Gene with the Polypeptide - 
Chain", which appeared in Nature of January 4, p. 13, 
Dr. S. Brenner has written to the Editor stating 
work of Dr. Yanofsky et al. on the co-linearity of he gene: 
and the protein of the tryptophan synthetase of E. coli 
was reported by Dr. Yanofsky at the 1963 Coll Sp e 
Harbor Symposium of Quantitative Biology, anc 
reference should have been made to the followi 
ofsky. C., Cold Spring Harbor Symp. Quant. Biol., 2 
the press); and in The Bacteria, 5. edit: by 
and Stanier, R. Y. (Academic. Press. 
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and other 
nce of industrial activity 
adjacent to the site ensure a 
a good environment for research. 

Pf Protein Chemistry was established in 
it of the C.S.I.R.O. Wool Research Labora- 
Who other two being the Division of Textile Physies 
z. Sydney and the Division of Textile Industry in Geelong. 
The Division was transferred from temporary premises 
in the city of Melbourne to the present site in 1952. Here 
it has been accommodated in two converted residences 
supplemented by a two-storey building. The new six- 
storey block (Fig. 1) provides approximately 29,000 sq. ft. 
of floor space, and it is planned ultimately to demolish 
the old residences and extend the new block to double its 
present size. 

Since the formation of C.S.I.R., the forerunner of 
C.S.LR.O., in the 1920's, several of the 
primary industry divisions have been en- 
gaged in research to improve wool produc- 
tion. Extension of this work to wool utiliza- 
tion is a relatively recent development. It 
was made in recognition of the fact that the 
wool grower, like the producers of other 
textile fibres, must promote his product 
technically. 

The main responsibility of the Division 
is to use protein chemistry and associated 
branches of science to enhance knowledge 
of the structure and chemistry of wool and 
to suggest how new information about the 
fibre might be put to immediate technical 
advantage in the industry. 

The professional staff of the Division in- 
cludes forty-five science graduates—thirty 
research officers and fifteen experimental 
officers—covering the disciplines of bio- 
chemistry, physical chemistry, organic chem- 
istry, biophysics and microbiology. of 
these research workers eight hold three- 
year post-doctoral fellowships. 

The ground floor of the new building 
accommodates physical chemistry equipment 
including an analytical centrifuge, moving 
boundary electrophoresis apparatus, and 
apparatus for light scattering, optical rota- 
tory dispersion, surface balance, radiotracer 
and spectroscopy investigations. The library, 
staff-room and lecture theatre occupy the 
first floor, biochemical laboratories the 
second floor, and organie chemistry labora- 
tories the third floor. The fourth floor is 
expected to be used for research on collagen, 


financed from wool funds. 








ocated in the two-store 
Administration activities are ac 

of the old residences and instrument V 
the other. 

To bring a variety of techniques to focus on à particular 
project, groups have been formed in the Division each 
of which includes representatives of several disciplines. 
The present groups deal with the structure, proteins, 
chemistry, yellowing and processing of wool and with the 
wool follicle. In addition to day-to-day collaboration 
members of each group meet together every two months 
to survey progress and to plan research for the ensuing 
period. ‘The arrangement is very flexible. Research 
staff may belong to one or more groups, and the number 
and scope of the groups are varied from time to time to 
meet the changing needs of the research programmo. 

Research in the Division is partly concerned with 
investigations of wool structure using techniques which are 
applicable to the intact fibre. Electron microscopy and 
X-ray diffraction investigations have revealed the presence 
of microfibrils, approximately 80 A in diameter, embedded 


myosin, and similar protein projects not 00311 iil 


An unusual feature is the provision of 
internal rooms along one side of the passage 
on each floor for use as dark rooms, constant 
temperature and constant humidity rooms, 
ar balances, speetrophotometers and other 
ed apparatus, and for textile testing. 
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Fig. 1. New Laboratory Build at the C,S.L.R.O. Division of Protein Chemistry, 
arkville, Melbourne 
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m an amorphous matrix. Recent investigations have 
shown the presence of an array of about eleven protofibrils, 
each 20 A in diameter, inside each microfibril The results 
from the X-ray vestigations suggest a segmented rope 
structure for each protofibril in which the strands consist 
of a succession of short lengths of «-helix The number of 
strands in the rope ıs believed to be three. 

Another phase of the wool structure programme 1s 
concerned with the extraction of proteins from the fibre 
and ther fractionation and characterization Rupture 
of the disulphide bonds m wool may be accomplished by 
performie acid oxidation, sulphitolysis with sodium 
bisulphite, or oxidative sulphitolysis through the combined 
action of bisulphite and a mild oxidizing agent However, 
thioglycollate reduction and extraction under mildly 
alkahne conditions ıs the method most commonly used, 
Oxidation of the reduced protems ıs prevented by troat- 
ment with 1odoacetate which reacts with the sulphydryl 
groups Low-sulphur and high-sulphur protem fractions 
are obtamed from the mixed S-carboxymethyl wool 
protems The low-sulphur protems are believed to come 
from the microfibrils, and optical rotatory dispersion 
measurements mdicate that they contam 50 per cent 
«-hehx The high-sulphur protems are believed to come 

- from the matrix and they contain little or no helical pro- 
tem Fractionation of the high-sulphur protems has been 
more successful than of the low-sulphur protems, and two 
of the high-sulphur protem preparations are believed to 
be relatively pure Both contam more cystme, serine, 
threonine and prole than wool and one 1s almost devoid 
of lysine and histidine 

Amino-acid analysis figures strongly ın the work of 
the Division and ıs used, for example, for following 
chemical changes m wool and for characterizmg wool 
protems In addition to a smgle column ion-exchange 
resin automatic machine a nme-column automatic machme 
has been designed. and largely constructed in the Division 
ib yields nme complete analyses m two days Methods 
have been developed of estmmating cystine and cysteme 
in the intact fibre based on amperometric titration, and a 
radioactive tracer technique is now also available for 
estimating cysteine in fragments from a single Mermo 
fibro The estimation of lanthionme m protem hydro- 
lysates has been speeded up and improvements have been 
made m the method of estimating tryptophan Determ- 
ination of acetyl groups m wool indicates that they mask 
the majority of N-terminal groups in the fibre 

Photochemical damage to wool causes yellowing and 1s 
produced by ultra-violet radiation from the Sun Research 
to develop a method of preventing yellowing has met with 
partial success and experiments are 1n hand to determine 
whether the method 1s likely to find commercial applica- 
tion Analysis of yellowed wool reveals partial destruc- 
tion of tryptophan, tyrosine and cystme, but the chemical 
nature of the yellow product responsible for the discolora- 
tion 1s not yet known Research on the photochemistry, 
chemical reactivity ard structure of wool ıs supported by 
imvestigations on cystine, tryptophan and the other 
ammo-acids of wool, and on synthetic peptides and their 
derivatives 

The wax sheet method of collecting wool roots developed 
in the Division m 1948 has enabled the protems of the 
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roots and the associated enzymes and metabolites to be 
investigated Low- and Ingh-sulphur protem fractions 
can be prepared from wool roots as for the fully keratin- 
ized fibre, although the sulphur contents of tho fractions 
arə appreciably lower than the corresponding fractions 
from wool Citrullme has been detected in peptide com- 
bination 1n a protem obtained from the inner root sheath 
Wool root extracts have been found to contam free ammo- 
acids, all the components of the citric acid cycle, and the 
enzymes phosphatase (especially pyrophosphatase), amino- 
acid dehydrogenases, esterase, catalase, transaminase and 
transpeptidase 

Research on the structure and chemistry of wool and 
other protems is already having an mmpaot on the wool 
industry Investigations of the hydrothermal shrinkage 
of collagen and subsequent ease of proteolytic enzyme 
and bacterial digestion led to the development of a method 
of digesting sheepskm pieces and damaged, wrinkly or 
short-wooled skins for the recovery of the wool The 
method 1s now ın use m several Australian fellmongeries 
Observations on the protection of soluble protems agaist 
damage suggested a commercial procedure for protecting 
wool against damage durmg carbonizmg It mvolves 
the addition of a certain type of non-ionic wetting agent to 
the sulphuric acid bath m which the burry wool 1s soaked 
before drymg and baking A third illustration of benefits 
for the wool industry arising from protem investigations 
1s the development of the formic acid dyemg process 
This method stemmed from the observation that formic 
acid has a remarkably good swelling and disaggregating 
action on the extracted wool protems Formic acid 
solutions of dyes likewise swell the fibre and allow the 
dye molecules to enter Swellng 1s reversed by washing 
m water but the dye 1s held m the fibre The method 1s 
now used commercially for prmting patterns on wool 
blankets and its application to top dyemg is bemg 
developed in the CSIRO Division of Chemical Engm- 
eering 

A number of projects of direct practical gmportance 
have been undertaken It has been found, for example, 
that the accumulation of wool wax on shearmg combs can 
be prevented by the appheation of a layer of polytetra- 
fluoroethylene to the lower surface, and the vacuum 
pressmg method of packmg wool m a polythene bag 
before insertmg 16 ın the jute bale reduces jute contamma- 
tion and facilitates handlmg The felt moulding process 
of feltmg wool to desired patterns m sheets or to three- 
dimensional articles such as berets and mittens has 
commercial potential, and the selection, dyemg and tan- 
ning of sheepskins for use ın hospitals and institutions 
for the comfort and protection of patients agamst the 
development of bed-sores are inereasmg on popularity 
The boiling of all-wool shrmkproofed hospital blankets 
m a special detergent to extend their hfe to three hundred 
or more laundry cycles 1s now standard practice m most 
Australian hospital launderies 

Sharmg the resources of the Division between research 
on the structure and chemistry of wool and on problems 
of immediate practical ımportance to the wool mdustry 
has produced an mterplay of ideas and stimulus that 18 
mutually advantageous to both aspects of the overall 
programme F G Lennox 
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SCIENTIFIC RESEARCH IN AUSTRALIA 


HE fifteenth annual report of the Commonwealth 
Scientific and Industrial Research Organization *, 
covermg the year ended June 30, 1963, follows the pattern 
of recent years To a general review of the year and a 


* Australa Commonwealth Scientific and Industrial Research Organiza- 
tion Fifteenth Annual Report, 1902-63 Pp 1v+162+25 photographs 
(Melbourne Commonwealth Scientific and Industrial Research Organiza- 
tion, 1963 ) a 
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brief account of significant developments in reseaich, a 
lst of published papers (nearly 50 pages) and hsts of 
members of the Advisory Council, State committees and 
staff are appended, together with the financial statement 
The report 1s illustrated 

Expenditure durmg the year amounted to nearly £13 — 
mulhon, the major items being £1 million on the Natje- 
Standards Laboratory, £135 mulon on physica! 
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chemical 1esearch, £1 mullon for biological research of 
agricultural mterest, £1 2 million for regional agricultural 
research, £971,000 for mdustries based on agricultural 
products, and £800,000 for work on plant and anımal 
diseases and pests The 210-ft radio telescope at the 
National Radio Astronomy Observatory, Parkes, com- 
pleted its first full year of routme operation, a new field 
station was established for pastoral research in Western 
Australa, a Computing Research Section was established 
to operate the network of computers and carry out basic 
research in computing and automatic data processing, 
and the Controlled Envuonment Research Laboratory, 
opened m August 1962, was able to provide unique 
features for growmg plants under a wide range of precisely 
controlled chmatic conditions 

Among the features of the year’s work noted m the 
report are the investigations of orgamie phosphate pre- 
parations from soils, which have shown that mositol phos- 
phates are a major component, while phosphorus determ- 
mation after extraction of soil with ammonium fluoride 
m hydrochloric acid has been found to give a reliable idea 
of the need for additional fertilizer Plant selection work 
has resulted m a new variety of rice, known as Sirena, 
which has been released for commercial pioduction to 
meet the needs of the northern Australian environment, a 
survey of the effects of nutrient deficiencies has shown 
that manganese deficiency causes profound changes in 
chloroplast structure A wet- and dry-bulb hygromoter 
has been designed to furnish a tool for transpiration 
measurements m research on cattle breeding and plant 
physiology, and 50 per cent reduction of bitter pit m 
apples has been achieved by spraying with calcium 
chloride or nitrate 

Blood tests haeo been devised for field-tests of the 
spread of infection in tick-mfested cattle in selected 
environments, and work on drenching sheep with carbon 
tetrachloride against liver fluke has emphasized the 
critical importance of correct drenching procedure 
Recent work at Armidale on posthitis m wethers has 
opened up new possibihtes for the prevention and even 
eradication of the disease from a flock, while a clearer 
insight into the nature and workings of genetic cor- 
relations has been achieved through experrmental breeding 
of Drosophila melanogaster An association between the 
proportion of follicles with grossly enlarged outer root 
sheaves and the severity of ermmp deterioration in wool 
has been confirmed, and the possibility of varymg the 
sulphur concentration m wool at will by dietary pro- 
cedures has been established It has also been demon- 
strated that elimination of copper contamination offers 
savings ın fat losses m churning which could represent 
some £200,000 to the butter mdustry Losses of casem 
have been greatly reduced and the uniformity of the 
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product mmpioved by a new method of precipitation from 
skommed milk, a study of phosphoric acids m organo- 
metallic research led to a new method of preparing organic 
phosphates 

A description of the structure of a hquid or highly 
compressed gas 1n terms of a disordered ‘tunnel’ structure 
has been developed givmg a picture in quantitative 
agreement with data from X-ray and neutron diffraction 
and permitting detailed calculations of the ways in. which 
macroscopic properties are determmed by the forces 
between the molecules From work on the chemical 
properties of atoms, new methods for studying reaction 
mechanisms and new processes for making conventional 
materials have been developed An mvestigation of the 
shapes and time distiibution of the hght pulses emitted 
m the early stages of ciystallization has provided a new 
and powerful tool for exammmg crystallization, m an 
investigation of fuel-cell reactions a novel process has 
been developed by which the catalyst 1s deposited directly 
on to the membrane surface by reduction 

Strong evidence has now been obtamed that at least 
some of the ammo-end groups of wool and of the high- 
sulphur and low-sulphur protems of wool are masked by 
acetyl groups A number of steroids and fluorene deriva- 
tives have been found to possess 1ce-nucleating properties 
comparable with those of silver 10dide, and «-phenazime 
surpasses silver iodide in this respect A simple radio- 
meter for measuring both net radiation and 1ts components 
has been developed and 1s now bemg manufactured 
commercially To assist the design of large fluidized bed 
units, an experimental programme is being conducted 
with fluidized beds of large cross-sectional area, it has 
been found that m the desalination of sea-water by 
evaporation. addition of very small amounts of polymers 
of low molecular weight, such as polyacrylic acid, to the 
sea-water prevents the formation of scale and the tube 
surface remains remarkably clean for long periods A 
laboratory prototype monochrometer suitable for pro- 
duction in Austraha has been built and tested and a 
manufaetuung prototype is bemg developed Basic 
investigations of the mechanism by which moisture con- 
tent changes produce deformation m tymber under load 
mdieate very close correspondence between the rate and 
extent of deformation and the rate and extent of change 
in moisture content Road tar with flow properties as 
good as those of bitumen has been made by adding 
10 per cent of coal to the tar before distillation provided 
moisture 1s present at the begmning of the distillation, 
an mvestigation of the denaturation of egg albumen unde: 
acid conditions indicates the presence of a small pro- 
portion of a component, S-albumin, which is indis- 
tinguishable from the remainder except for much greater 
stability to heat 


SCIENTIFIC RESEARCH IN CANADA 


‘HE fo1 ty-sixth annual report of the National Research 

Council of Canada * covers the year 1962-63, in which 
the Council provided financial support for 62 projects 
involving 44 companies, as well as 10 4 milhon dollars for 
research in the universities by way of 1,200 grants and 
575 scholarships and 160 fellowships, a further 4 3 millon 
dollars was provided through the Medical Research 
Council Some 19,000 technical enquiries from Canadian 
industries were handled durmg the year, and the Council 
now has a scientific research staff of 719 (inecludmg 144 
post-doctorate Fellows), 952 technical personnel and 845 
general service and administrative staff Of the 104 
mulhon dolars for university research, 6 6 million dollars 
was m grants to mdividual staff and 1 2 milhon dollars 


A, ^e National Research Council of Canada, Forty-sixth Annual Report, 
Pp 47 (Ottawa The National Research Council of Canada, 1963 ) 


for major equipment the total represents a 20 per cent 
morease on 1961—62 

The Division of Applied Biology 1s studying the lpo- 
protems of egg-yolk as experimental macromolecular 
models and also the effects of different ummersion cooling 
methods on the rate and amount of water absorbed by 
poultry durmg processing, and tbe structure and composi- 
tion of the ribosomes which form the raw material in ving” 
cells for muscle, hair, wool, bone and connective tissue 
Long-range fundamental projects form the bulk of the 
programme of the Atlantic Regional Laboratory, Halifax, 
and have included investigations on unusual chemical com- 
pounds in fungi, mosses, lichens and marme algae, and on 
the biosynthesis of hgnm and ergot alkaloids Funda- 
mental investigations at the Prawie Regional Laboratory, 
Saskatoon, have shown that the ergot fungus can be 
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induced to produce lysergic acid in culture medium, and 
that rapeseed contams sulphur compounds which affect 
the ease of hardening of the oil and have growth-depressant 
effects when rapeseed meal 1s fed to livestock 

The Division of Appled Chemistry has & marked 
interest in metallic corrosion, which has now broadened 
to include the examination of the formation of metal 
oxide films at high temperatures Work in the Division 
of Pure Chemistry is illustrated by that on the con- 
stituents of plants with reputed medicinal action, 1n which 
a new photochemical reaction with acid azides was used 
in the synthesis of the heterocyche system of diterpenoid 
alkaloids, and also by that on the thermodynamic proper- 
ties of some simple molecular crystals at very low tem- 
peratures 

In the Division of Apphed Physics the development of 
the temperature scale at very ugh and very low tem- 
peratures contmued and excellent progress 1s reported m 
thermal conductivity mvestigations Better standard 
hght sources are being developed for industrial colormetry 
and colour tolerances in the production of coloured 
materials are also being examined The outstandmg event 
m the Division of Pure Physics was the establishment of 
the plasma physics group, but the cosmic-ray group 
designed a successful mstrument package to detect 
energetic particles m the orbit of the Canadian Earth 
satellite Alouette, while considerable effort was concen- 
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trated on the de-Haas—von Alphen effect, which consists 
in magnetic oscillations of magnetic susceptibihty as a 
function of the magnetic field 

Among field research from the Division of Building 
Research the exploration of the performance of piled 
foundations ın permaforst was a major project, but housmg 
research continues to be pre-emment. The Division of 
Mechanical Engmeermg was concerned with the con- 
struction at Baie Comeau of a remforced concrete break- 
water, allowing the mmimum reflexion of waves. Con- 
struction of the National Aeronautical Establishmenit’s 
5-ft supersonic wind-tunnel was completed and consider- 
able effort went to developing a flymg simulator for 
investigating the complex stability and control problems 
of short- or vertical-take-off and landing aircraft The 
Radio and Electrical Engmeermg Division 1s investigating 
corona loss and radio interference, and has designed and 
built à compact medium-speed transistorized digital com- 
puter, using modular transistor-resistor logic throughout 

Besides brief reports from the Medical Research Council 
and Canadian Patents and Development, Ltd , the report 
mcludes the accounts for the year and lists membership 
of Council, ete Further details of the work of the Counel 
and of the membership of Committees, ete , together with 
lists of staff and of publications, are given in the Renew 
of the Natwnal Research Council, 1963 (NRC, No 7426 
Ottawa National Research Council of Canada, 1963) 


COCOA MIRID CONTROL 


A CONFERENCE at which entomologists and other 
cocoa research specialists from Cameroun, Ghana, 
Ivory Coast and Nigeria were present was held at the 
Cocoa Research Institute at Tafo, Ghana, durmg August 
6-7, 1963, to discuss the recent discovery that some 
cocoa murids m Ghana had developed resistance to certain 
insecticides Methods bemg used m Ghana to determine 
the distribution of resistant murids and tests to select 
alternative msecticides to replace lmdane were described. 
Owing to the short notice of the conference, delegates from 
some West African countries were unable to attend 

Distanteella theobroma (Distant) and Sahlbergella singu- 
laris Haglund (Hemiptera Muridae) caused heavy damage 
to cocoa trees m Ghana prior to the large-scale use of 
lindane (y-benzene hexachloride) ım 1956 Since spraymg 
began, annual exports of cocoa from Ghana have risen 
from a former average of about 240,000 tons to an average 
of 420,000 tons in the past three years At £150 per ton 
(the lowest price reached on the market durmg 1960-63), 
this increase in yield would be more than £26 million each. 
year This mecrease has been due m part to the heavier 
crops produced by mature trees once they are protected 
from murid attack, and m part to new plantmgs, which 
would have been more difficult to establish had minds 
not been controlled 

Since the delegates from Cameroun and the Ivory Coast 
reported no evidence of msecticide resistance m cocoa 
murids m their respective countries, and those from 
Nigeria had mdieations of probable resistance in only one 
small area, all papers were read by workers from Ghana 

Mr J N Telford outlmed the history of resistance 
in Ghana Failure to control murids with Imdane was 
noticed first at Pankese Cocoa Station m August 1961, 
and was shown to be due to the presence of D theobroma 
resistant to hndane and the cyclodiene msecticides! By 
January 1963, resistant D theobroma had, been found at 
three of the other twenty cocoa stations and at one group 
of privatefarms The cocoa stations, which are distributed 
throughout the cocoa-growmg area, have been sprayed 
four times each year since 1956 The Cocoa Disease and 
Pest Control Unit of the Ghana Mimstry of Agriculture 


mdependently surveyed private farms for resistant 
mirids One thousand two hundred and seventy-one 
murid concentrations, termed ‘pockets’, were sprayed 
with creasing strengths of lindane within a few days 
until control was achieved — Murids in only 37 pockets 
survived 0 5 per cent lmdane applied at the rate of 6 gal 
per acre Confirmation that the survivors m some of 
these pockets were resistant to hndane was obtamed by 
exposing them to dieldrin-umpregnated papers, dieldrm 
is preferred to hndane because ıt gives a more sensitive 
test for resistance All resistant mirids have come from 
the main cocoa area, and all pockets in the isolated cocoa 
area in the Volta Region were controlled by 0 125 per cent 
lmdane More extensive surveys, usmg dieldrin papers, 
are in progress, and results obtained so far from continuous 
exposure of D theobroma to these papers suggest that a 
single pair of genes 1s involved im resistance, but this can 
only be confirmed by testmg laboratory-reared murids 
Resistance has not been detected m the few S singularis 
tested in Ghana In the discussion that followed, 1t was 
learned that resistant S sngularis had been found 1n 4 of 
118 pockets tested m Nigeria 

Mr G Prins described methods recently developed for 
rearing D theobroma on cocoa seedings m. the laboratory 
Females laid more eggs when given only 6 h of hght each 
day end nymphal mortality was lowest in complete 
darkness, temperature and humidity were also mmportant 
factors D theobroma had been reared through three 
generations, and about forty progeny per female parent 
were obtamed consistently An artificial diet had been 
tried without success Laboratory mvestigations on the 
mheritance of resistance are planned 

Mr D G Peterson described the present field trials 
of alternative insecticides for the control of cocoa murids 
Mirids resistant to indane exhibited cross-resistance to the 
cyclodiene chlormated hydrocarbon compounds but not to 
DDT. the organophosphorus msecticides or carbamates 
An organophosphorus compound, ‘Sumithion’ (Imperial 
Chemical Industries, Ltd), and a carbamate, ‘Sevm’ 
(Umon Carbide Chemicals Co), had given promism~—~ 
results durmg laboratory tests and prelimmary 


Ni 


dT 


E 


354 


trials The field performance of both msecticides had been 
improved by imereasmg the volume of water from 5 to 
10 gal per aere, and by applying the insecticide directly 
to the cocoa trees, particularly the trunk and pods, instead 
of the general dispersion used previously with hndane 
A discussion of the several methods that had been used 
to evaluate the effectiveness of insecticides for mund 
control followed. 

Two papers were then read on the possible side-effects 
of msecticides Mr Peterson described precautionary 
tests carried out to detect whether tamt and residues 
are present 1n chocolate manufactured from cocoa treated 
with msecticides Dr B M Gerard described tests to 
detect undesirable effects of msecticides on msects other 
than minds It ıs known that dieldrin’, heptachlor and 
chlordane? cause imnereases m numbers of some mmor 
cocoa pests while hndane has not had any obvious side- 
effects of this nature The present tests consisted of 
monthly applications of ‘Sevm’, ‘Sum:thion’, lmdane and 
water, after five applications, mmor pest populations had 
not mereased noticeably on any of the treated plots, 
msect pollmation seemed unaffected and ants (the most 
numerous predatory insects on cocoa trees) seemed to be 
only slightly affected To mmumuize the chances of 
upsetting the ecological balance an msecticide with a 
narrow spectrum or very short persistence would be 
preferable 

The final paper on August 6 was a plea by Dr Gerard 
for more collaboration between cocoa research stations m 
West Africa, Cocoa research m the nme West African 
countries growing this crop was becommg moereasmgly 
isolated Collaboration could prevent unnecessary duph- 
cation of experiments, lead to simplification of some 
investigations and provide an impetus for many lunes of 
research. If entomologists m West Africa could co- 
operate in a survey of the relationship between cocoa 
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murids and controlling agents ıt mught be possible to 
eradicate these species from some areas In Ghana, $. 
smgularis was a major pest only ten years previously, 
but for at least the past two years had been difficult to 
find, D theobroma had not decreased to the same extent 
Differences between these species include parasitism, 
1-31 per cent recorded for S. sengulares* and virtually nil 
for D theobroma, and the greater activity of S sungularis 
which could render 1t more vulnerable to insecticides! 
He suggested that lindane may have played an mmportant 
part in this near-eradication, as m addition to bemg an 
efficient muridieide 1t had a short persistence so that any 
murids surviving treatment could be attacked by parasites 
only a few days later Suggestions were made for improv- 
ing control of cocoa pests 

Representatives gave details of methods used for mind 
contro] m Nigeria, Ivory Coast and Cameroun, and the 
importance and distribution of the two mirid species in 
these countries It was agreed that collaboration was 
desirable, and a furthei conference at Ibadan, Nigeria, 
has been arranged for March 1964 

Informal discussions on collaboration continued on 
August 7 Apparatus and techniques used in insecticide 
tests and rearing in the laboratories were demonstrated 
Mr A A Laryea explamed the method for detectmg 
resistant minds used by the Cocoa Disease and Pest 
Control Unit previously described by Mr. Telford The 
Unit’s spraying machine repair shop at Bunso was visited 
m the afternoon 

The Proceedings of this meeting are now available from 
the Librarian of the Cocoa Research Institute of Ghana, 
PO Box 8, Tafo, Akm, Ghana B M Gerarp 


1 Dunn, J A, Nature, 199, 1207 (1963) 

2 Entwistle, P F , Johnson, C G , and Dunn, E , Nature, 184, 2040 (1959) 
3 Armstrong, K. B , Rep W Afr Cocoa Res Inst , 1961-62, 28 (1963) 
‘Anon., Rep W Afr Cocoa Res Inst , 1944-45, 26 (1946) 


THE EXPERIMENTAL ANIMAL IN RESEARCH 


N advanced study institute on the general topic of 
“The Experimental Animal in Research” was held 

in Harrogate durmg September 9-20, 1963 
The North Atlantic Treaty Organization, which has 
always shown the greatest mterest in fostermg mter- 
national scientific co-operation, financially supported the 
meeting It was organized by Dr W Lane-Petter, director 
of the Laboratory Animals Centre (Medical Research 
Couned) and honorary secretary of the International 
Committee on Laboratory Animals, and his colleagues 
There were altogether 90 participants from 17 countries 
The idea of the organizers was to create something 
different from, the usual symposia or congresses and provide 
an atmosphere free from pressure of time Hence, ample 
time was allowed to each speaker to reveal his ideas, 
and the chairman was not compelled to interrupt the 
discussion of the paper on account of the clock In addı- 
tion, all the participants were accommodated, m the same 
hotel and were thus given every opportunity to know 
each other and to have informal discussions out of working 
hours Harrogate, a traditional place for meetings of all 
kmds, and its surroundings, offered recreations and 

facilities for excursions 

This advanced, study institute was the third of a series 
of international meetings devoted entirely to laboratory 
animals The first meeting of the kind was the symposium 
on “Living Animal Material for Biological Research’’}, 
held ın 1958 at Gif-sur-Yvette (France) The object of 
this ternational confrontation was to define the needs of 
biological research, examine the present situation and 
see what could be done to meet the demands of modern 
vy. In 1961, m Czechoslovakia, the second mter- 


national symposium on “The Problems of Laboratory 
Animal Disease"? was held. Disease 1s the first problem m 
laboratory animals science The different papers did not 
aim at bemg a complete review of individual diseases as 
such, but the purpose was mainly to consider, even when 
dealmg with a specific disease, the phenomenon of trans- 
mussible diseases in laboiatory animals from the pomt of 
view of etiology, epidemiology, contro] and eradication 
The third subject, “The Experimental Anmal in Re- 
search”, was a very broad one indeed But 16 was ın fact 
with design that the mstitute was not restricted to a 
specific subject This was felt to be the best approach to 
detect all present general trends concerning the needs of 
modern biological research and the different problems in 
the production of adequate laboratory animals In the 
introductory session, some few examples stressed the 
importance of the laboratory animal m research and of its 
shortcomings, the necessity for well-defined laboratory 
animals and hence the need for a termmology carrymg 
universal acceptance Then, problems concerning manage- 
ment m general and the different aspects of production 
were presented by several speakers Production of high- 
quality animals ıs possible only if a sound organization 
is set up with adequate facilities and well-tramed com- 
petent personnel The production of good laboratory 
animals is not a problem of husbandry only There 1s 
also the problem of controlling the characteristics for which 
the animals aie produced It entails complex scientific 
and technical problems and a galaxy of talents that, of 
course, cannot be realized m each production unit Hence 
the necessity arises of having ‘primary type colonies’, 
where the maximum of control ıs brought to bear on all 
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individuals From these colonies production units can 
obtain breeding pairs for sub-cultivation to a lmuted 
number of generations Control of quality ıs important 

Quality, as applied to a laboratory animal, 1s not a 
general characteristic easy to define, but is “the com- 
bination of a variety of factors dependent upon its parent- 
age, its environment, its nutrition and the contact ıt has 
had with disease producing agents”? Strains of laboratory 
animals which are mamtamed by strict mbreeding are 
not necessarily homozygous for all them genes. Even 
after a great number of generations of mbreeding, there 
aie different sources of genetic variability such as the 
residual heterozygosity due to over-dommance, and the 
possibility of spontaneous mutation The control of 
homozygosity 1s not easy At the present time, such 
techniques as skin grafting are used that are of Imuted 
value, controlling only a small number of genes The 
appheation of genetical tests, properly designed with 
adequate tester stocks, might help m this kind of control 

In all biological experiment variables must be apphed 
one by one. This mplies a rigid. control of the external, 
and of what can be called the ternal, environment, such 
as the flora of the animal The composition of the patho- 
gen burden of the animals ıs of the utmost importance 
Conventional laboratory animals carry loads of miero- 
organisms, which can be divided mto several categories 
These may be pathogens causing diseases, either m the 
form of epizootics with the possibilty of carrier animals 
showing no signs of evident disease, or m the form 
of sporadic losses difficult to eradicate, but always impair- 
ing both production and experimentation Pazhogens 
may be present that do not cause evident disease, such as 
commensals influencing the reaction of experimental 
animals, or low-grade pathogens that can cause serious 
disease under experimental conditions 

Not less difficult 1s the assessment of nutritional status, 
for the criteria can be different maxmum growth, 
maximum reproduction, maximum life-span, maximum 
iesisbanee or sensitivity So the pattern of nutrition 
depends on the goal, m other words on the type of research 
foi which the animal ıs gomg to be used 

The problems of environment were given a large place 
(38 per cent of the lectures), and meluded under this 
heading were all the papers dealmg with techniques used 
in the production of pathogen-free and germ-free animals 
The control of environment 1s mdeed extremely important 
in the production and utilization of laboratory animals 
The biologist 1s working with the phenotype of the 
animals, that 1s, organisms the characteristics of which 
are the result of heredity and environment. For some 
characteristics the influence of heredity 1s very low and 
the environment accounts for most of the phenotypic 
variability Moreover, environment does not act only 
durmg the development of the animal, environmental 
conditions under which the animal ıs kept durmg the 
experiment have a definite mfluence on the results 
Environment is taken in 1ts broadest sense and mcludes 
the physical environment represented by the buildmg, 
the air conditioning, heat, ight, equipment, etc , and 1t 
includes also many other factors, such as social factors 
that influence reproduction, for example, through olfac- 
tory stimuh 

Sessions on two days were devoted to the control of the 
microbial environment, in other words, to the new 
tecbniques of germ-free hfe Emphasis was put mamly 
on the technical aspects of the problem that apply not 
only to small laboratory animals but also to farm animals 
The conception of buildings for mass production of ‘clean’ 
animals was presented, and attention directed to the 
numerous pitfalls m such an operation Various techniques 
of sterilization were discussed, and the problem of the 
decontamunation of personnel was investigated In the 
husbandry of ‘clean’ anumals, the biggest hazard ıs the 
animal technician, because of inefficient methods of decon- 
tamination. 
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A small part of the programme was devoted to the 
problem of stram specificity. Examples given by pharma- 
cologists showed the differences among strams so far as 
sensitivity or resistance to specific drugs 1s concerned In 
fact, a new disciplme, pharmacogenetics, 18 developing, 
the mam purpose of which 1s to study genetically determ- 
ined variations m anımal species revealed by the effects 
of drugs 

One session covered the field of less usual laboratory 
animals, from cats and dogs to cockroaches 

The meeting directed attention to the followmg con- 
siderations Problems related to the production of high- 
quality laboratory animals are not relevant to husbandry 
alone A scientific approach 1s now necessary to produce 
animals that must be considered as biological reagents 
This new concept of the laboratory animal 1s a corollary 
of the fact that biological research has become more 
quantitatively mmded m its approach to solving its 
problems, more and more exact sciences are penetrating 
into biology (biophysics, biochemistry), and this leads to 
the concept of the laboratory animal as a precise tool of 
research The modern laboratory animal is a laboratory 
product, not a farm product Up to the past two decades 
the biggest handicap was the mdifference, both of many 
research workers and of others having responsibility m 
research programmes, to the importance of laboratory 
animals in the development of biological disciplmes The 
new attitude towards all these problems 1s now, fortun- 
ately, different, and more and more biologists regard now 
as elementary for their animals what were, some years ago, 
regarded as the highest standards 

The ideal laboratory animal, such as the user needs, 
would show some characteristics that can be defined m 
detail, but which are not always easily obtamed It 
should have a genetical background as precisely defined 
as genetical science allows, its food must be perfectly 
balanced and cover all its nutritional requirements at any 
time of its hfe, ıt must be free of all micro-organisms 
susceptible of mterfermg with the development of the 
experment and, finally, ıt must present the specific 
characteristics that the experimenter ıs lookmg for All 
these conditions have to be met m organisms that are 
growing, reproducing and dying, generation after genera- 
tion, or, 1n other words, secured 1n individuals m constant 
evolution that consequently cannot be standardized in the 
real meaning of the term Standardization mmphes that 
objects submitted to a control of conformity can be 
compared with those measured by a fixed and mvariable 
Standard It is not possible to fix such standards with 
hving material Rather, ıt ıs necessary to resort to the 
expedient of descriptions or specifications, which may 
be considered as the equivalents of standards used in the 
physical sciences It 1s possible to specify to a certam 
extent the genetical state of organisms, their health 
status, their nutritional status and their performances 
(sensitivity or resistance). Such a conformity control, 
however, needs for each specification an enormous amount 
of scientific and technical work This work cannot be 
performed, for obvious reasons, on all animals directly 
used as experimental animals and must be apphed on the 
basis of a sample, or in other words, on a small number of 
representative animals In addition, all these operations 
have to be repeated regularly m order to detect any 
deviation in any one of the specific characteristics defined. 

Out of these considerations of the control of quahty a 
general pattern concernmg the organization of the pro- 
duction of laboratory animals arises (1) There is a general 
agreement on the need for specifications, which must be 
formulated m well-defined terms with precise meanmgs 
and carrying universal acceptance (2) There 1s a need 
for centres where specified laboratory animals are mam- 
tamed under stret control, conforming with established 
definitions Such centres, designated as “primary type 
colony centres”, are anımal stations mamtammg “colons 
of any laboratory animals defined genetically ang 
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known nutritional and disease status” The function of 
such centres 1s to provide breeding stock for sub-cultiva- 
tion elsewhere To enlarge on these primary type colony 
centres, they can be organized on the basis of national 
centres that are usually controlled by official bodies 
Such organizations exist at the present time in about 
a dozen countries, and will soon be found 1n more The 
staff of these centres must melude scientists as well as 
properly tramed technicians, in order to apply all the 
1equred controls to the anımal colonies under their care 

This kind of operation is necessarily costly for this 
reason each primary type colony 1s usually hmuted to 
about 100 pairs of animals Animals produced m these 
centres are not used directly for experimentation but as 
breeding nuclei of high value, from which 16 1s possible to 
create mass production umts, where animals not essenti- 
ally differing from the stnetly controlled animals of the 
original primary type colony may be produced This 
mnphes that these units should not breed away more than 
a few generations from the primary type colony, in other 
words that each production unit should regularly get new 
breeding stock from the primary type colony centre 
This policy 1s the best safeguard against possible deviation 
and differentiation from the origmal defined stock From 
the point of view of genetics, such a system prevents the 
sphittmg up of major strains into sub-strains that, after a 
few generations, will be more or less different from the 
mother stram From the pomt of view of health status, 
primary type colonies are also a necessity Because of 
the considerable expenditure m the way of competence 
and resources for the production of gnotobiotie animals, 
efforts must be concentrated on primary type colony 
centres, in order to provide laboratories with all the 
necessary means (isolators, competent staff, etc ) for 
keeping nucle: of gnotobiotes of different species and 
strams Such nucle: will give any anımal unit engaged in 
production the possibility of rebuilding regularly, if 
occasion demands, 16s different colonies from animals with 
defined flora As at present conducted, recontamination 
with undesirable micro-organisms 1s not a rare event m 
large production units run under so-called specific patho- 
gen-free conditions , through faulty technique or, frequently 
enough, through contact with anımal technicians Gradu- 
ally a colony will build up a flora of its own, different 
from what 1b was in the original stock and different from 
that ın other colonies 

Production units have to run on economic lines and can 
eventually make money 1f they provide animals to other 
laboratories, whereas primary type colony centres cannot 
be expected to be self-supporting Their operation is a 
costly enterprise on account of the variety of strict controls 
that have to be applied to these animals, and of the refined 
techniques and the highly competent staff needed In 
addition, m most cases, national primary type colony 
centres have to maintain an ineonveniently large number 
of strams of different species, many of which are mfre- 
quently demanded On account of these stringent require- 
ments for conformity with specification, very few national 
centres, not to say none, m existence to-day correspond 
to the definition of an ideal primary type colony centre 

Out of this discussion arises the question of the necessity 
for a few regional centres, run on an international basis 
with powerful financial means An mternational centre 
should be able to provide any national centre in the area 
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covered by its activity with breedmg nucle: of speci- 
fied animals of all strains of different species It should 
carry on large research programmes, mamly m the fields 
of research relevant to the production of ngh-quahty 
anmals genetics, nutrition, pathology, as well as hus- 
bandry ın general that meludes, as well as the care of the 
animal, both the influence and contiol of 1ts environment 
Finally, an international centre should provide suitable 
traming, particularly for scientists aspiring to take charge 
of animal divisions (national centres or production units), 
especially in genetics as applied to laboratory animals, 
and 1n the new techniques of germ-free life 

In lme with other fields of research, this new field, 
called ‘laboratory animal science’, cannot develop without 
international co-operation Progress realized in the field 
of laboratory animals m. different parts of the world can 
only be fragmentary, but ıt can be accelerated and 
generalized through mtense mternational contacts, ex- 
change of scientists through scholarships, exchange of 
consultants, publications, meetmgs All these activities 
directed at international co-operation are, in fact, bemg 
pursued by the International Committee on Laboratory 
Animals ‘This organization has been able, since 1957, to 
work along these hnes through the generous support of 
the most important organizations the World Health 
Organization, the United Nations Educational, Scientific 
and Cultural Organization, and also the International 
Union of Biological Sciences, the Council for International 
Organization of Medical Sciences, the International Union 
of Physiological Sciences, the International Union Against 
Cancer and the International Union of Biochemistry. 

To summarize the present trends concernmg the pro- 
vision of laboratory animals, ıt may be said that there 1s 
an inereasmg demand for defined laboratory animals 
Quality controls are necessary for which competent 
scientists and fully tramed technicians are indispensable 
In addition, more elaborate facihties are necessary to 
create an optimum constant environment Consequently 
the cost of laboratory animals of the future will definitely 
merease, and more provision will have to be made m the 
budgets of research laboratories under the headmg 
of laboratory animals 

Standardized specifications for laboratory animals are 
conceivable only through some degree of centrahzation 
For this reason, official centres breedmg animal stocks in 
conformity with specification are necessary International 
primary type colony centres could be created, and national 
centres are bemg developed In some countries, large 
production stations will be equipped to produce experi- 
mental animals on an mdustrial basis 

Public health 1s the concern of the whole of humanity, 
and 1s entirely dependent on progress made in biological 
and medical research Laboratory animals are the raw 
material on which these sciences are working It 1s, 
therefore, of vital :mportance for the advancement of 
medical knowledge that large numbers of high-quahty 
laboratory anunals be produced This 1s an international 
problem M A SasoURDY 


1 Iamng Anvmal Mateiial for Biologwal Research Proc Intern Comm Lab 
Animals Symp , edit by Lane-Petter, W (International Committee on 
Laboratory Animals, Carshalton, 1958) 

2? The Problems of Laboratory Ammal Disease Proc Second Intern Comm 
Tn Symp ,edit by Harris, R J C (Academic Press, London, 

2 Patterson, J 8 , Quality ın Laboratory Animals, Laboratory Anvmals Centre 
Collected Papers, 8, 5 (1959) 


PUBLIC HEALTH AND OUTPATIENT NURSING 


lp ie among the many publications of the 
World Health Organization are its Public Health 
~-~mners, which publish, for the general public, papers 

^ have been prepared for the Organization on 


particular health questions One of these questions—the 
shortage of well-tramed nurses and the problem of how 
our hospitals should be staffed—is a serious matter in 
almost every country in the world In Pubhe Health 
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Paper No. 21, entitled The Staffing of Public Health and 
Outpatient Nursing Services, Methods of Study*, Mass 
Doris E Roberts, Nurse Consultant to the United States 
Pubhe Health Service, has tackled the social and other 
complex factors mvolved 

Emphasizmg the health services for patients who are 
not m hosprtal, Miss Roberts has produced a guide to 
methods of study of the problem which is designed to 
help all kinds of public health services, meluding hospitals, 
to determine the number and composition of the nursing 
staff they will require 1n order to provide efficient and 
economical nursing for the communities they serve 
Successive chapters deal with the principles of staffing, 
factors which influence the pattern of staffing and methods 
of estimating the staff requirements Examples are given 
of the forms used for the study of timo and activity 
involved and the progress of patients, and one section 


* World Health Organization Public Health Papers No 21 The Staffing 

of Public Health and Outpatrent Nursing Services By Doris E Roberts. 

101 (Geneva World Health Organization, London HMSO r 
1963 ) 4 Sw francs, 68 8d , 125 dollars 


UNIFORM METHODS 


"Ioa origin of the International Commussion for 
Uniform Methods of Sugar Analysis goes back to 
1897 when an international meeting was convened in 
Hamburg m order to attempt to smooth out differences 
which had arisen in international trade over the determ- 
ination of the sugar content m raw sugar It soon became 
obvious that a standardization of methods of analysis 
would have to come first and this led to the foundation 
of the International Commission, to which twenty-one 
countries were affihated m 1962 

Progress ın science and technology makes ıt necessary 
for a permanent organization to review the position from 
time to time and to recommend improved definitions 
and methods for use in the laboratories of the sugar 
industry Despite the efforts of the International Com- 
mussion for Uniform Methods of Sugar Analysis over many 
years, the situation is characterized by the following 
quotation from the report of the proceedings of the 
thirteenth session *, concerning Ash" (p 7) “Uniformity 
1n expressing results ıs obviously lacking, and although 
local customs and preference are strong factors 1b 1s felt 
that this 13th Session should strongly stress the desirability 
of endeavourmg to attam uniformity" This situation 1s 
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gives & useful guide to the establishment of nursing 
services where these do not exist A bibhography com- 
pletes a useful and well-prmted monograph which should 
be useful to all who have these difficult problems in 
hand 

Analyses of the financial cost of the kind of plannmg 
suggested and of the total cost of the services provided 
were apparently not withm the scope of this enquiry 
Nor was the difficult problem of the recruitment of nurses, 
nor the madequate salaries paid for the devoted and 
essential services that nurses render Everyone who has 
worked in a hospital, or has been ın one as a patient, will 
surely agree that nurses of all grados should be paid much 
more than they can, even ın these days of high wages, 
expect Hospitals could not function without ther 
nursing staff, and 1t should be recogmzed, without delay, 
that tho nursing profession is a highly skilled vocation 
which should be rewarded with salaries that are comi- 
mensurate with the devoted services performed 

G LAPAGE 


OF SUGAR ANALYSIS f 


further illummated m the discussion of such an important 
subject as “Reducmg Sugars” (p 15) “the difficulty is 
pomted out of havmg too many ICUMSA methods ; 
16 was about time to reduce the number .. and to put 
an end to the reigning confusion, . . 1b was often very 
difficult to recommend definitely one method to the 
exclusion of all other methods, it 18 proposed that an 
additional recommendation be made to maugurate 
studies for the purpose of a possible selection of official 
methods" 

While battling with these general difficulties, the report 
deals with many specific problems under 29 subject 
headmgs, and 16 1s probably true to say that, whereas 
lnghly accurate analyses are possible, the methods are 
often too cumbersome for routine application and in many 
cases “sampling presents the most difficult problem” 
(p 113) J EISNER 


* International Commussion for Uniform Methods of Sugar Analysis 
Report of the Proceedings of the Thirteenth Session held at the University 
of Hamburg and at the Atlantic Hotel, Hamburg, Germany, from August 26 
to August 31,1962 Pp vi--125, (Keston, Kent International Commission 
for Uniform Methods of Sugar Analysis, Paris Syndicat National de 
Fabricants de Sucre de France, New York Sugar Research Foundation 
Ine , 1963 ) 28s , 19 NF, 4 dollars 


OPTICAL AND IONOSPHERIC OBSERVATIONS ON THE ACTIVITY OF 
THE SOLAR CENTRE OF SEPTEMBER 1963 


By Pror M ANASTASSIADIS, Dr D. ILIAS and Dk C CAROUBALOS 


lonospheric Institute 


AND 


Dr C MACRIS 


and D P. ELIAS 


Astronomical Institute, National Observatory of Athens 


OLLOWING a period of relatrve calm, intense solar 

activity occurred during the period September 13-30, 
1963 In this article we report briefly the optical and 
radioelectric observations as well as certam geophysical 
observations carried out at the National Observatory of 
Athens, comparmg them, where possible, with those of 
November 1960 (ref 1) and discussmg the most typical 
observed events 


A solar activity centre appeared on the west hmb on 
September 13 at about 15000 T (B = 126°N, L = 311°, 
Mac Math region 6964) while an older centre was develop- 
ing on the solar disk (B = 105°, L = 90°, Mac Math 
region 6961) Centre 6964 reached a maximum aiea on 


September 21 estimated at 1190 x 10-5 of the surface of — 


Its optical configuration was 
The muere 


the solar hemisphere 
type H and it had a ‘plage filament’ 
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Fig 1 Optical and geophysical data obtained during the period September 13-30, 1963 
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condensation which accompanied this activity was 
unusually strong on 2,980 Mejs (S = 30 x 10-2? W/m*Hz) 
(ref 2) Itis well known that such centres produce more 
than one geophysical event*-4 (repetition centres) 

Fig 1 presents data obtamed m Athens during the period 
September 13-30 together with certam additional data 
landly offered to us by other stations In the first graph 
(a) the most mportant flares of this period, namely, those 
produced by solar activity centre 6964, are shown Of 
these flares, those observed directly by the solar section, of 
Athens Observatory are marked by the letter 4 Tho 
following graphs, (b), (c) and (d), show SID, bursts recorded 
by the radiotelescope on 2,980 Mc/s and the riometers 
These are followed by (e) variations m the horizontal 
component H of the geomagnetic field and (f) the neutron 
monito1 recordings kindly supphed by Nera Finally, 
graph (g) shows the variation m the critical frequency of 
the F region 

Of all the flares observed we discuss only those for which 
a corresponding important burst, which can be considered 
as of type IV form, was recorded on 2,980 Mc/s The radio 
emission from a solar flare gives a direct indication of the 
passage of ionized streams of gas through the Sun’s 
atmosphere and 1s directly related to the subsequent 
geophysical disturbance® 

On September 16 a flare of importance 2+ was observed 
and photographed every 30 sec m the Ha hne It started 
at 1303 and consisted of two separate filamentary branches 
The east filament, which became the larger, appeared 
first on the penumbra of the sunspot group The second 
filament appeared a few seconds later and both then 
extended to cover the two main sunspots The flare then 
decreased in extent and uncovered the sunspots at 1306 
UT Observations on this area continued and revealed 
a renewal of activity begmning about 1 h 40 mun later 
when the flare again covered the sunspots The observed 
maximum covering was at about 1542 v T when sunset 
commenced Comparing the observed covermg and 
uncovering of the sunspots by the flare with the intensity 
of the radio burst 1ecorded simultaneously on 2,980 Mc/s 
we find a close correlation m time The intensity maxima 
recorded on 2,980 Mc/s at 1305 and 1642 uT comeide 
with the total covering of the sunspots while the observed 
temporary decrease in imtensity durmg the afternoon 
hours took place when the sunspots were not completely 
covered It has recently been found that a correlation of 
this type can be expected in the presence of a flare accom- 
panied by corpuscular emussion*-? Behaviour similar 
to the foregomg was also observed during the evolution 
of the flare of September 26 Both flares can be considered 
to have been accompanied by corpuscular emission 
although that of September 16 was not followed by clearly 
discernible typical geophysical phenomena such as SSC, 
Forbush decrease, 1onospheric storms, etc , because 1t was 
preceded by another corpuscular flare on September 15 
Fiom an examination of the geomagnetic disturbances 
and other variations on the graphs in Fig 1 i6 can be 
stated that at least three of all the flares of solar centre 
6964 were accompamed by corpuscular emission, that 15, 
the flares of September 15, 20-21 and 26 

The 30-Me/s riometer results show a similarity m absorp- 
tion with those observed ın Athens durmg the November 
1960 events! The cosmic noise-level decreased durmg 
September 16 until sunrise on September 17 Absorption 
of about 1 db can easily be seen m our origmal recordmgs 
even durmg the night-trme hours We attributed the 
similar mght-trme values durmg the November 1960 
events to auroral absorption, and there 1s no reason 
not to do so in the case of corpuscular flare of September 
15 As we have stated previously’, the riometer can. also 
be used as a solar radio activity monitor m our middle 
latitude and in this connexion the cosmic noise-level 
on the 60-Mc/s riometer recordings [for September 18, 
19 and 20 shows solar radio activity as an enhancement of 
the ‘continuum’ durmg day-time hours with a renewed 
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increase on September 21, probably due to the flare of 
September 20-21  Durmg the day-time flare of Septem- 
ber 26, the 60-Me/s riometer recording also shows e simul- 
taneous outburst of typical type IV form From the 
foregomg observations on riometer data, as well as from the 
following aonospheric observations on the F region, the 
assumption of the occurrence of at least three corpuscular 
flares 1s strengthened 

From an examunation of the influence of the threo 
afore-mentioned flares on the ionosphere, we distinguish 
three ionospheric storms which appear ın graph (g) as 
mtense and characteristic variations of fjF', This case 18 
rare not only in the 1onospheric storms bemg due to the 
same centre of solar activity but also because they were 
separated by time-mtervals of relative calm, permitting 
clear observations We first assume that each storm is 
related m tıme to the recorded SSC Each 10nospheric 
Storm appears as an important decrease of the Jof: 
value (negative phase) followed by an enhancernent of 
the value (positive phase) which gradually falls during 
the varymg time period between one storm and another 
until ıt reaches the normal value The maximum of the 
positive phase appears at different times after the begm- 
ning of each ionospheric storm Thus, for the first storm 
the maximum was observed three days after ıt started, 
for the second two days after and for the third on the 
followmg day ‘This difference seems to be related to the 
duration of the negative phase which decreases gradually 
from the first to the third storm It must be noted that 
in November 1960 the observed variations of f,7, after 
the strong cosmic flare showed a longer duration for 
the second ionospheric storm, but no accurate observa- 
tions were possible as the successive ionospheric storms 
were not sufficiently separated 

In the September 13-30 storms the observed amplitude 
deviation of f,F, from the median value, which shows 
the deviation in the maximum density (Nm) of the F 
layer, follows 1n a general way the world-wide pattern for 
an average middle latitude 10nospherie storm, that 1s to 
Say, an increase above median m winter time and a 
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decrease m summer time!^! In our case both phases 
are present and Nm fluctuates about median value A 
close exammation of the graph (g) reveals an mitial shght 
positive phase followed by the strong negative phase 
mentioned here A decrease m Nm does not, of course, 
give any indication as to whether removal or redistribution 
of 1onization has occurred during the negative phase, and 
a calculation of total electron content has therefore been 
made using the signals from satellite 61 Omron 1 and 
applymg the Faraday rotation method Our results 
mdicate a decrease of approximately 40 per cent m the 
olectron content durmg the negative phase of tho fust 
1onospherre storm, which m this particular case 18 m agree- 
ment with the statistical results published recently by 
other mvestigators?? 

From all the foregomg observations on the events of 
September 13-30 we can conclude that solar centre 6964 
was a repetition centre which produced at least three 
flares accompanied by corpuscular emission and simul- 
taneous activity on 2,980 Mc/s The optical observation 
of the covering and uncovermg of the sunspots correlated 
well in time with the vauations in the recordings on 
2,980 Mc/s Finally, the resulting successive ionospheric 
storms appeared with negative phase of differmg duration 
while during the first of the storms a decrease in the total 
electron content was confirmed 
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ANOMALOUS OUTPUTS OBTAINED ON REPETITIVE READING OF 
MAGNETIC FILM STORAGE CELLS 
By J. G. EDWARDS 


The General Electric Co, Ltd, Central Research Laboratories, Hirst Research Centre, Wembley, Middlesex 


p the course of a programme to mvestigate the switching 

properties of continuous uniaxially anisotropic films of 
80Fe17N13Co (ref 1) deposited on an aluminium substrate 
we have observed an anomaly m the outputs obtamed 
when a bmary information storage cell on the film 1s 
read repeatedly The cells have a pair of drive conductors 
formed from strips 1 mm wide and 2 mm apart parallel 
to the easy axis of the film A similar pair of conductors 
18 placed parallel to the haid axis of the film and ıs con- 
nected to a differential sense eirreui As deseribed by 
Wilhams?, these four element cells give no output when 
mutially subjected to a uniform bias field or when the 
easy axis of the film is skewed with respect to the con- 
ductors because, on application of the drive pulse, an 
output 1s obtained only when there 1s a difference in the 
settmgs of the film beneath the two conductors of the 
sensmg system On repeatedly applymg 2-amp drive 
pulses of 10 ns duration to the cell, however, we observed 
that, mstead of remaming zero as expected, the output 
EMF seen in an oscilloscope sometimes varied continu- 
ously and regularly with successive drive pulses taking 
about 200 drive pulses to complete a full cycle. Some 
cycles are shown in Fig 1 


While these anomalous effects do not always appear 
in the same form, the films can be broadly classified 
according to their dispersion of easy axes ag (ref 3) The 
mechanism responsible for resetting the cell as the drive 
pulse ends appears to be dependent on time, the reset 
being less for the longer drive pulses Neither the thick- 
ness nor the anisotropy field of the film appears to be very 
critical m the ranges 800-2000 A and 3-7 cersteds The 
anomalous effects are, however, observed only if any 
steady magnetic fields are below about 03 cersteds. 
Even the Earth's field ıs sufficient to modify the effects 
appreciably In order to obtam consistent starting 
conditions the whole film was set m one direction before 
applymg the repeated drive pulses and the films then fall 
into four mam categories 

(1) Films with ag greater than about 3° give zero output 
for any amplitude (0-6 amp) or length (6-500 ns) of drive 
pulse This 1s the expected behaviour for all films In 
general the behaviour of films m this group ıs independent 
of drive-pulse amphtude and of orientation of the test jig 
m the Earth’s field 

(2) Films with og between 2? and 3? give nearly zero 
outputs for long drive pulses When shorter pulses 
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Fig 1 Envelope of peak cell output as successive drive pulses are 

applied for different orientations of the test Jig 1n the Earth's field 

Drive pulses 2 3 amp, 10 ns long, 2 ns rise-time Film 1600 A, Hk 

47 crsteds, Ho34 cersteds,ag10° Anes cell output (mV), No of 
drive pulses 





Fig 2 Typical domain structure obtained after repetitive application 

of drive pulses (composite photograph) The position of the drive con- 

duetors 18 shown by the two horizontal bands which are parallel to the 

easy axis The top band 1s almost entirely set one way and the bottom 

band shows a domain pattern of alternately set regions which move 

horizontally on application of successive drive pulses producing a field 
1 the hard direction 


(typically less than 50 ns long) are used the output m- 
creases from zero in the first 50 pulses to leave a nearly 
steady output which becomes larger with the shortening 
of the pulse If the film ıs turned beneath the con- 
ductors this steady output is reduced and disappears at 
9*—3? skew of the easy axis 

(3) For films with ag between 13° and 2° the steady 
output for a given pulse-length 1s greater than that of 
films m the second group The films of this group differ 
from those m the second in that 1f the drive-pulse ampl- 
tude 1s changed after a steady output has been established 
there 1s usually an oscillation ın output which subsides in 
a few hundred pulses to leave a new steady output the 
magnitude or polarity of which can differ from the origmal 
one For pulses 6 ns long a fluetuating output can be 
obtained provided the skew of the easy axis 18 less than 
about 4°, but the precise effect obtained depends critically 
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on the drive current and the orientation of the test jig 1n 
the Earth’s field 

(4) Films with ag less than about 1 3° almost invariably 
give cycheally varying outputs as m Fig. 1 provided the 
skew 18 less than about 1? and the pulse-length 1s less than 
about 20 ns However, the amplitude of the fluctuations 
and the number of pulses in a complete cycle are depend- 
ent on the drive current 4nd the orientation of the test 
JE 

In order to view the effects magneto-optically we used 
a test jig in which the conductors could be removed from 
the film and substrate to allow viewing by reflexion and 
then be replaced in their origmal positions on the film 

These observations show that if a film of groups 2, 3 
or 4 is first set completely m one direction and a drive 
pulse ıs then apphed to ıt, the settmg of the strips of 
film beneath the drive conductors 1s ieversed As further 
short drive pulses are apphed small patches within the 
strips change back to them orgmal setting and these 
patches then grow until a stable size 1s reached (the size 
depending on the film properties) When the domains 
cease to grow, the steady output 1s obtained A typical 
domain pattern 1s shown m Fig 2 In films of group 4, 
where a varying output 1s seen, the whole domain pattern 
moves away from a nucleation centre (typically a fault 
in tho film), each domain keeping nearly the same stable 
size as 1b moves After a domain has been nucleated, ıt 
grows steadily as more drive pulses are applied pushing 
the whole of the orignal domain structure away from 
its centre and along the drive conductor. When the new 
domam has reached the stable size a reversed nucleus 
appears within 16 and the whole pattern is agam moved 
along the drive conductor As each domam arrives 
beneath the sense conductor ib gives a corresponding 
output when the drive pulse 1s apphed 

The observed effects are thought to be due to eddy 
currents induced m the conducting substrate when the 
drive pulse 1s applied the eddy currents initially maintain. 
the field due to the film within the substrate but reverse 
the field outside the substrate This reversed eddy 
current field at the film (“trapped flux field"*) 1s thus m 
the direction of the original domain setting and of the same 
magnitude as the field due to the origmal domam It 
therefore tends to reset the domain to 1ts original direction 
as the drive pulse falls The eddy currents due to each 
domaan spread beneath the sites of the adjacent domains, 
and so the smaller domams, which initially produce the 
larger external field and hence the larger restormg trapped 
flux field, will tend to grow at the expense of the larger 
domains Any discrepancy in the sizes of domains of 
different settings (as m Fig 2) 1s ascribed to easy axis 
bias fields In separate expermnents we have found that 
the field due to the eddy currents decays with a time 
constant of about 250 ns, thus explainmg the observation 
that longer pulses cause less domain growth 

Since we know that skewed films require larger easy 
axis fields to overcome the easy axis component of the 
drive field when they are set usmg the conventional 
orthogonal field system, 15 follows that skewed films will 
also be influenced less by the trapped flux fields Simularly, 
a film of high dispersion of easy axes (which 1s equrvalent 
to havmg small parts of the film skewed) will be less 
influenced, by the trapped flux fields The precise mechan- 
ism of recurring nucleation when the drive-pulse amphtude 
13 kept constant is not understood at present, but we 
ascribe the output fluctuations that occur for a few pulses 
when the drive-pulse amplitude 1s changed to the nuclea- 
tion of a new domain by the easy axis component of the 
drive field at a misaligned part of the film (perhaps at a 
flaw in the film) 


3 Bradley, E M, J App Phys , Supp , 38, No 3, 1051 (1962) 
2 Willams, M , Proc Inst Elec Eng , Part B, Supp, 21 (1902) 
3 Crowther, T S, J App Phys , 34, No 8, 580 (1963) 

*Pohm, A V, etal, Proc Intermag Conf., 9-5 (1963) 
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ELECTRON SPIN RESONANCE INVESTIGATIONS OF RADIATION-INDUCED 
FREE RADICALS IN DNA AND RNA AT LOW TEMPERATURES: 
EFFECTS OF WATER 


By RAYMOND A. PATTEN* and WALTER GORDY 


Department of Physics, Duke University, North Carolina 


Re eee free radicals ın pure, dry 
samples of DNA and RNA at room temperature 
have been detected with electron spin resonance! In 
their native configurations ın the cell, the nucleic acids 
DNA and RNA presumably contam much water of 
hydration It ıs thus desirable to learn about the effects 
of absorbed water on the induced electron spm resonance 
signals Because of the high dielectric loss of water and 
because of the rapid recombination of electron spins in 
fluid systems, 16 1s not feasible to make election spm 
resonance imvestigations of the nucleic acids with high 
water concentration at room temperature Nor ıs it 
possible at room temperature—because of their fast 
escape—to detect the electron spm resonance of any 
hydrogen atoms which might be produced by irradiation 
from either the nucleic acids or the absorbed water For 
these reasons we have examined solid solutions of DNA 
and RNA m water at the temperature of liquid helium, 
42° K. Although the results are not applicable directly 
to similar systems at room temperature, they should be 
helpful to an understandmg of the influence which water, 
hydrogen-bonded ın an ordered, ice-lke structure to the 
nucleic acids m the cells, exerts on radiation damage 

The cryostat which we used has been described pre- 
viously? The samples were irradiated with a 700-cure 
cobalt-60 y-ray source directly m the absorption cell, 
which was maintained at a temperature of 42° K 
Dosages of the order of 10° rads were given The electron 
spin resonance observations were made at the same 
temperature, at a frequency of 23 kMe/s 

Free radicals «n DNA and RNA wrradiated at low tem- 
perature. Tho electron spin resonance signals for pure 
DNA and RNA (with no water) obtamed at 42° K are 
similar m form to those found at room temperature, only 
much stronger for the same dosage of radiation. Fig 1 
shows the resonance for DNA That for RNA is similar 
We estimate the efficiency of free radical formation at 
4 2° K to be comparable with that for the amino-acids 
at room temperature, of the order of one unpaired spm 
per 100 eV 

Measurements of G, the energy required for the pro- 
duction of an unpaired spin m the nucleic acids at room 
temperature, have led to values? rangmg from 6,000 to 
100 eV. This confusmg disagreement has been at least 
partly cleared by Muller’, who showed that the number 
of observable unpaired spins levels off and remains essen- 
tially constant with mereasmg irradiation dosages above 
2 x 10°rads Thus, for dosages higher than this, apparent 
G values are observed, which are abnormally high. The 
original measurements by Shields and Gordy with y-ray 
dosages of 7 x 10° rads yield G values of 2,000 eV for 
both DNA and RNA Ther explanation that this abnorm- 
ally high G value 1s caused by a recombination of spins 
at room temperature ıs consistent with the saturation 
effect found by Muller At low temperature, recom- 
bination of spins does not occur, at least not as rapidly 
as at room temperature, and low G values are observed 
for relatively high radiation dosages In a preliminary 
investigation, F Patten and W  Gordy* found that at 
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77° K the efficiency of production of free radicals m 
DNA is much higher than at room temperature for 
dosages of 7 x 105 rads When, however, the samples 
irradiated at 77? K were allowed to warm to room tem- 
perature, spm-recombination reduced the electron spin 
resonance signal to that obtamed after irradiation of the 
samples with the same dosage at room temperature Our 
results at the temperature of 42° K on pure dry DNA 
and RNA are in agreement with these findings 

Effects of water on the formation of free radicals wm the 
nuclew acids and the nucleotides Fig 2 shows the electron 
spin resonance curves obtamed for DNA solutions with 
differing amounts of water A curve showing the electron 
spin resonance of pure water 1s given for comparison 
The results for RNA solutions (not shown) are similar to 
those for DNA The outside lines, separated by 504 gauss, 
arise from trapped hydrogen atoms. The central com- 
ponent of the two lower curves arises mainly from radicals 
formed from the DNA, although there 1s a weak central 
component due to other radiation products of water, as 
is evident by comparison of this curve with that for pure 
water 

One feature to note m these results is the marked 
decrease m the formation of free radicals from DNA, 
RNA, and certain of the nucleotides when the water 
concentration 1s mcreased above 50 per cent (by weight) 
To reahze the order of magnitude of this effect, one 
should compare the strong signal of the pure DNA with 
the central components of the curves m Fig 2, which 
were obtamed under conditions of comparable radiation 
dosage and spectrometer sensitivity If the water had no 
effect on the formation of free radicals im the nucleic 
acids, one would expect the central component of the 
curves for a water concentration of 67 per cent to be 
about one-third the strength of the signals for pure DNA, 
shown in Fig 1 Actually, the central component arismg 
from DNA ıs scarcely detectable for this concentration 
This effect 1s very sensitive to the amount of water m the 
median range of concentration Note the large increase 
in the electron spn resonance signal caused by the DNA 
component when the water concentration 1s lowered from 
67 to 50 per cent 

The effects of water found here m solutions frozen at 
4 2° K mdieate transfer of energy from the nucleic acid 


Fig 1 Second derivative of the electron spin resonance absorption curve 
for pure DNA at 4 2° K, »-irradiated with 105 rads The centre of the 
resonance corresponds to a gjfactor of 2 00 
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Fig 2 Electron spin resonance curves for y-irradiated DNA-water 
systems at 4 2° K (radiation dosage 10* rads) The two outside com- 
ponents separated by 504 gauss arise from hydrogen atoms , the central 
absorption arises mainly from free radicals produced from the DNA 
component The modulation was adjusted to give approximately first 
derivatives of the actual absorption contour for the sharp hydrogen 
atom lines This degree of modulation gave a more complex form of 
distortion to the broader central components The observations were 
made at a frequency of 23 kMo/s Concentrations are given in per- 
centage of total weight 


to the water matrix Equal weights of the nucleic acid 
and the water mtercept approximately equal amounts of 
y-ray energy, but the free radicals are formed mamly 
from water for concentrations of water greater than 
50 per cent by weight. A rather direct electron spin 
resonance evidence that excitons can move through the 
ice lattice at low temperature has been obtained by 
Rexroad and Gordy?, who showed that the signals from 
hydrogen atoms were actually stronger than those from 
the deuterium isotope in irradiated deuterium oxide 
samples m which the hydrogen isotopic impurity was less 
than 1 per cent. This phenomenon was interpreted as 
indicatmg energy migration via excitons through the 1ce 
lattice This finding, although for the solid-state at low 
temperature, suggests that excitons similarly may move 
through hydrogen-bonded chains of water molecules held 
between macromolecules in biological systems Likewise, 
the present investigations indicate that radiant energy 
absorbed by DNA or RNA may be transferred to, or 
dissipated in, such water chains 

The very rapid inerease in the strength of DNA or 
RNA signals as compared with water signals when the 
water concentration 1s decreased from 67 to 33 per cent 
indicates that the relative ease of formation of hydrogen- 
atom radicals ın the water component requires a cluster, 
or at least a dimer, of water molecules. Thus the forma- 
tion of hydrogen-atom radicals ın the water 1s probably 
a co-operative effect shared by two or more molecules m 
which a hydrogen atom and some other free radical near 
it are formed. Possibly, clusters of water molecules are 
required to encage hydrogen atoms and OH radicals to 
prevent their recombination 

In their mvestigations of nucleic acids at room tem- 
perature, Shields and Gordy! found that moist ar caused 
the electron spin resonance signals m irradiated DNA and 
RNA to decay completely withm three days, but that 
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dry au or oxygen had no noticeable effect within this 
time The present observations indicate that water 
molecules, hydrogen-bonded to the nucleic acids, may 
have the effect of reducmg the formation of free radicals 
m DNA and RNA and thus of providing protection for 
the cells. Radiation survival data on seeds? and on brine 
shrimp eggs? show that water vapour exerts a protective 
or healing effect on some cells given radiation dosage 
Correlations have been found between these survival data 
and the quenching of the radiation-mduced electron spin 
resonance patterns*® on admussion of water vapour to 
the irradiated samples It 1s possible that these effects of 
water for the nucleic acids and for the cells are related 
to those observed here 

For equal mixtures (by weight) of water with certain 
nucleotides—adenylic acid, eytidyhe acid, and guanylic 
acid—the signal obtamed can be attributed almost 
exclusively to radiation products of the water In con- 
trast, for the equal mrxture of water with the nucleotide 
uridyhe acid, a strong central component is obtained 
which is not characteristic of water and which presumably 
arises from the uridylie acid (Fig 3) 

From these comparisons, one might predict that the 
uridyhe component m RNA 1s largely responsible for the 
central component m the 1 1 solutions of these com- 
pounds with water, also that the uracil unit m RNA 1s 
the one most likely to be affected by radiation Thyma- 
dyhe acid, which we have not yet exammed, should give 
a strong signal for the 1 . 1 concentration since 1t 1s formed 
from 5-methyl-uracil Likewise, the thyamme unit 1s the 
one most probable m DNA-water systems to form free 
radicals under irradiation 

Hydrogen-atom resonance in the irradiated nuclere acid— 
water complex Although no hydrogen-atom signals were 
detected for the water-free nucleic acids, they were de- 
tected for the nucleic acid—water solutions irradiated and 
observed at low temperatures An interesting observation 
is that the two components of the hydrogen-doublet, 
which are significantly different in mtensity m pure water 
and m solutions with 67 per cent water concentration, 
become equal in mtensity when the water concentration 
is reduced to 33 per cent in either DNA or RNA The 
mequahty of the two components was first detected by 
Rexroad and Gordy?, who attributed the phenomenon to 
a difference in the electronic spin relaxation times for the 
two transitions The spin lattice relaxation time of the 
electron spm in hydrogen atoms trapped at 4 2° K is so 
long that the resonances are saturated with micro-wave 
power even in the micro-watt range Thus, under such 
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Fig 3 Electron spin resonance curves for y-1rradiated nucleotide—water 

systems at 4 2° K (radiation dosage 10* rads) Concentrations are given 

1n percentage of total weight The curves represent approximately first 
derivatives of the actual absorption contours 
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conditions of power saturation as those under which the 
resonances are observed in this mvestigation, the two 
components of the hydrogen-doublet will have a different 
signal strength 1f the transitions mvolved have a different 
spin-lattice relaxation time Such a difference could 
occur if the resonance of a second radical (which has a 
stronger coupling to the lattice and hence a significantly 
faster relaxation time) should overlap one of the com- 
ponents but not the other Through a process of resonance 
exchange, the electron spm of the hydrogen atom could 
transfer 1ts quantum of energy to the second radical, 
which could then transfer ıt to the lattice Since this 
transfer would be induced by a magnetic dipole spin-spin 
interaction, the second radical must be close to the 
hydrogen atom, probably not more than a few angstroms 
away Ifit should have an anisotropic g tensor with all 
principal elements in the range of 2 00-206, ıt could 
overlap the lower-field component and imerease its 
observed intensity without affecting the higher-field com- 
ponent of the doublet MeMillan, Matheson and Smaller? 
found that the OH resonance has principal g values 
ranging from 20077 to 20127, with a nuclear coupling 
constant of 413 gauss Thus the OH radical, which 1s 
one of the radiation products of water, should not overlap 
either component of the hydrogen doublet Possibly the 
overlapping resonance 1s produced by a radical formed 
from a cluster of two or more water molecules This 
possibility 1s supported by the fact that the assisting 
relaxation process vanishes for the lower concentrations 
of water in the nucleic acids From the apparent equality 
of the two hydrogen components, we conclude that the 
water molecules are almost completely separated and are 
individually attached through hydrogen bonds to the 
DNA or RNA at the water concentration of 33 per cent 
Tt 18 mteresting that hydrogen atoms are still produced 
from these separated water molecules although, as pre- 
viously mentioned, they are not produced from dry DNA 
or RNA at 42° K 

Mn++ resonance in the muclew aced—water complex In 
the course of these measurements we discovered that 
Mn** resonance could be detected im the water solid 
solutions of most commercial samples of RNA and m 
some samples of DNA The Mn** resonance was not 
detected m the pure, completely dry, samples of either 
DNA or RNA, at least not m a form which could be 
identified When the samples contamed dissolved water, 
however, the six components of the Mn** hyperfine 
structure could be detected at low temperatures m both 
irradiated and unirradiated samples Fig 4 shows the 
Mn** hyperfine components of an irradiated solid-state 
solution of RNA. These components are sharp and have 
the 95-gauss spacing detected m various plant materials! 
such as tree leaves and pme needles taken directly from 
trees This same spacing 1s found for the Mn** hnes of 
hquid water solutions Samples of DNA and RNA have 
been found to contain traces of various transition ele- 
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Fig 4 Electron spi resonance curves of equal mixtures, by weight, of 
RNA and water, y-irradiated at 4 2°K The short 81), equally spaced, 
Arrows indicate the six components of the Mn** hyperfine structure 
These components arise from a trace component of Mn in the RNA 
sample, which was obtained from Pabst Laboratories Their detection 
does not depend on irradiation So that the signals would be com- 
parative, the mixtures were given a y-ray dosage of 10° rads The two 
outside components thus produced, indicated by the longer arrows, arise 
from hydrogen atoms, and the broad central component arises from 
‘A Compare with Fig 2 


ments? The nature of the binding and the biological 
significance of these ions 1s not known Recently, an 
examumnation?? of the bmding of metals deliberately added 
to DNA in water solution has been made by measurement 
of the nuclear magnetic relaxation times of the protons 
of the water The hyperfine spacing observed for the 
Mn** ions mn the present work 1s essentially the same as 
that for Mn++ ions in water solution "Thus we conclude 
that 1f the water does not dissolve the Mn from its position 
in the DNA or RNA molecule, then water molecules 
must be able to cluster about the Mn++ so as to alter 
significantly the crystalline field actmg on ıt — Possibly 
in the cell, where water is always present, the Mn++ 
bound to the nucleic acid has a cluster of water molecules 
about 1t, as 16 evidently does ın the experiments for which 
the Mn** hyperfine structure is observed The technique 
of adding a little water to make the Mn++ detectable and 
identifiable may be a very useful one in observations with 
electron spin resonance of the relative amounts of Mn++ 
in samples of DNA and RNA from various natural sources 

This work was supported by US Air Force Office of 
Scientific Research grant AF—AFOSR 62-327 
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SOME BED MEASUREMENTS 


By Da J N. CARRUTHERS 


National Institute of Oceanography, Wormley, Godalming, Surrey 


S far back as 1681 the existence of an undercurrent 
flowmg along the Bosporus towards the Black Sea 
beneath the oppositely running speedy surface waters 
was announced by Count Marsilh 1n a letter addressed to 
Queen Christina of Sweden 
In September and October of 1917 and again in May, 
June and July of 1918, Alfred Merz (later of Meteor 
Expedition fame) carried out a great campaign of observ- 
ing in the Bosporus durmg the couse of which he occupied 


186 stations At all but two of these he made current 
measurements from surface to near bottom, working 
elways from an anchored ship and usmg his own type of 
Ekman meter Merz having died in 1925, the massive 
material was worked up by his student, Lotte Moller!, into 
@ monumental treatise from which the references can be 
obtained to the work of any investigators who I may 
name below as having worked in the Strait before 1928 
Not surprisingly, the great mass of currents data gleaned 
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by Merz has always been fully accepted, but 1ts working-up 
by Moller has been several times assailed 

Whereas the English Captam Spratt (m 1871) demed 
the existence of a northwards-flowmg undercurrent, his 
very distinguished successor, Captam W J L Wharton, 
later Admural and long-time Hydrographer of the Navy, 
made the first irrefutable proof of 1ts existence one year 
later Observing from HM Surveying Vessel Shearwater, 
Wharton worked two sections across the Bosporus using 
deep-riding drogues. When a very ingenious drogue of 
hus was submerged to 20 fathoms nominal depth he had 
the “wonderful sight” of seomg its surface floats “tearmg 
through the water to windwards" 

The hterature contams a number of references to fishing 
boats makmg headway towards the Black Sea against 
strong opposmg surface currents by dint of lowering 
heavily weighted nets down to near-bottom m order to 
benefit from favourable traction by the undercurrent 
Rouch, two of whose books?* contam a very useful 
account of the water movements m the Bosporus, declares 
that he had never seen this practice durmg several years 
of residence at Therapia The same author states that 
at the latitude of Therapia and ın the northern reaches 
of the Bosporus generally, the undercurrent flows faster 
than does the contrary surface current As foundation 
for this Rouch mentions an experience of his with a deep- 
riding float contrived by lmking together with a suffici- 
ently long length of twme two equal-sized bottles One 
of these was sealed empty and the other sealed heavy 
with a suitable content of sand ballast His deep-ridmg 
float so made travelled resolutely agamst the surface 
current. 

Hovasse* reports a very mpressive experience to the 
same effect relating to the date September 14, 1932 
After takmg temperatures m the upper waters on a wnd- 
less day with his unanchored boat quite stationary, he 
lowered the wire carrying his thermometer to below 40 m 
depth and found himself bemg pulled towards the Black 
Sea by “la violence du contrecourant”’ 

This experience, which involved water-pressure on & 
wire and a water bottle only, stands as remarkable evidence 
of the strength of the undercurrent at the time 

It was in 1881 and 1882 that the Russian Captain (later 
Admiral) Makaroff made his celebrated current measure- 
ments m the Strait (1,000 im number) to clear up the 
question of the undercurrent which was even then regarded 
in. Constantinople circles as a sort of fable 

A feature of great mterest with regard to Makaroff's 
mvestigations was his very successful utilization of a 
remarkably smmple and workmanhke current-measurmg 
mstrument of bis own devising This, his fluctometer (or 
flussumétre), had the very desirable characteristic that st 
could easily be made to mamtam depth when lowered 
from an anchored ship through fast-moving water because, 
unhke the situation with telometermg instruments used 
in much later days to httle avail, there was no need for 
any concern about the strength of an electric cable when 
affixmg a heavy terminal weight to the suspension lme 

I have seen 15 written that the first-ever current meter 
using an electric signalling device was constructed in 
1859 by Ch. Ritter (chief engmeer of the French Service 
des Ponts et Chaussées) and used m the Bosporus, but 
no account of such activity has yet been found However, 
great credit goes to Lieutenant Albert de Gueydon for the 
observations which he made m the Bosporus m 1886 
workmg from the ship Pérel with a most-mgenious 
electrical current-meter of his own devising 

Because ıb ıs not my intention here to cite from the 
existing largo hterature on the Bosporus currents more 
than will suffice to give pomt to a few recent measurements 
of a kind new to the region, I need do no more than formu- 
late such a brief background 

Several authors have remarked on the fact (“chose 
bizarre" as de Gueydon terms 16) that both Wharton and 
de Gueydon reported that, below 50 m depth under a 
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proved north-gomg countercurrent, there was yet another 
current running m the same sense as the surface waters, 
that 1s, towards the Sea of Marmara 

This directed my mterest to the mvestigation of the 
water movements nght on the bottom—or at least a 
modest number of mches above the bed of the strait 
Such an interest was remforced by other considerations 
as well Evidence exists that under meteorological 
conditions produemg strong winds from 4 northerly 
pomt the Bosporus may be filled entirely with Black 
Ses water to the annihilation of the north-gomg under- 
current With strong southerly wmds (conditions of 
‘Orkoz’) the usual south-gomg surface flow can be totally 
arrested and reversed without any accentuation—even 
with & dimmution—of the north-gomg undercurrent 

Ullyott and Ilgaz** have put forward the view that the 
undercurrent (the ‘kanal’) which flows along the Bosporus 
towards the Black Sea becomes progressively entramed 
within the oppositely running upper water body to such a 
degree that very little of ıt may actually enter the Black 
Sea proper under the most usual conditions. 

The arguments marshalled by Ullyott on tho basis of 
his own rich experience and his own observations agamst 
those of Moller purporting to reveal a mechanism of inter- 
dependence between undercurrent and wind conditions 
are most cogent It suffices here to note that, because the 
entire Bosporus can on occasion be completely occupied 
by Black Sea or by Marmara water dependent on oppos- 
itely strong wind conditions, there will of necessity be 
transitional states when it ıs reasonable to expect the 
existence of a ‘very thin’ bed current not observable by 
means of current meters suspended from a ship Further- 
more, at such times as a north-runnmg bed current might 
be nearly non-existent, the weather conditions would 
presumably be such as to preclude—or at least vitiate— 
measurements made with a suspended current meter 

Because of the considerations dwelt on no more than 
very hghtly ın the foregomg remarks, 1b would indeed be 
extremely mterestmg to carry out a systematic examuna- 
tion. of the bed currents throughout the entire 32-km-long 
strait for long enough to cover all meteorological situations 
Very simple apparatus exists to make this possible, 
apparatus which does not depend on weather in itself 
the only Imit set by the weather would apply to the 
observing ship(s) which need not anchor m the Bosporus 
where excellent near-shore sights exist on which to keep 
position more than well enough to swt the apparatus 

The opportunity recently presented itself for making 
what are thought to be the first measurements of bed 
current m the Bosporus This was during the holding of 
a Unesco Course on Oceanography which was staged 
durmg the latter half of October 1963 at the Baltaliman 
Hydrobiological Institute, University of Istanbul The 
facilities were excellent m pomt of availability of ships, 
but, of course, tame did not serve to carry out anythmg 
liko a systematic scheme of work 

Working from the Instrtute’s excellent little ship Aa: 
(and sometimes from a motor launch) with assistance from 
the Unesco students and the ship’s company, I employed 
my used-on-bottom simple indicating jelly bottles’ and 
(for weak currents) my leanmg-tube current indicator 
(Pasa)? 

In such shallow water the latter was used without 1ts 
customary hot-water envelope and without its own usual 
pay-out line 

Table 1 gives the results obtained at such of the positions 
as were more or less m the middle of the Bosporus or of 
its junctions with the two connected seas The tábulsted 
directions are magnetic but, because the regional declina- 
tion 1s so small (three degrees), they can be taken also as 
true 

Though of small amount these data have the advantage 
of novelty m that they reveal the existence at the times 
stated of a current right on bottom which entered from 
the Sea of Marmara, was of notable strength m the 


No 4917 January 25, 1964 


Table 1 
Dat Position 
Station (October (North Depth Current (towards) 
963) latitude) (m) knots direction 
1 18 41° 4’ 100 150 due N 
2 18 41° 6 2’ 75 0 60 i 
3 21 41° 5 6’ 62 1 25 $5 
7 21 (near 5 but later) 62 0 67 » 
10 22 41? 13 6’ 62 0 50 NNW 
(Black Sea Junction) 
12 24 40? 50’ 0 14 due N 
(Marmara off 
Prince’s Islands) 
14 24 ? 58’ 0 09 NW 


(Marmara entrance) 


narrowest middle reach, and which emerged mto the 
Black Sea. It :s perhaps worthy of special remark with 
respect to our first four stations which were located within 
the reach occupied by the Devil's Current (Cherian 
Akandist) which can run—south-gomg on the surface, of 
course—at the rate of 5 knots and even more, that we 
encountered a stream running towards the Marmara at a 
speed estimated by the captam to be about 3$ knots 
Although the ship was steamed into ıb to keep position 
between promunent shore sights, to make the on-bottom 
observations below such a modest depth of water involved 
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the paying-out of some 650 m of the hght fishing hne we 
were using in order not to drag the mdicator. As was 
expected in such a smuous strait the width of which varies 
from about 2 km at the Marmara junction to about 4 5 km 
at that with the Black Sea and which includes & narrow 
portion httle wider than 0 5 km, the bottom water move- 
ment was not always towards a northorly point well away 
from middle 

In embayments, evidence of the presence of reaction 
currents (the “‘Buchtstrome’” of Moller) was found It 
will be of interest to discover one day how the water right 
on bottom moves at times of northerly and southerly 
storms respectively 

I thank Mr I. Artuz for generous help at all times 
durmg the course of the work 
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AGE OF THE MIOCENE — PLIOCENE LIMIT IN ITALY 
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"Es age of the Mount Capanne granodiorite intrusion 
m Elba Island has been determined on several samples 
by rubidium/strontium! and potassium/argon? methods 
The results are in concordance and show an age of 7 
mulhon years This age will be used here for a discussion 
on the age of Miocene—Phocene limit in Italy 

The outcrop of the granodiorite of Mount Capanne 18 a 
consequence both of gravity shdings and of the erosion 
of the superposed layers These layers include granite— 
porphyry and porphyritic aphte m dykes Gravels of 
these rocks are found in some marme sediments of Neo- 
genic age in the West of Tuscany as far as 100 km from 
Mount Capanne 

Elba Island was at first considered a very improbable 
origin for these gravels because of its distance and its 
geographical position The mtrusion of Gavorrano 1s 
undoubtedly closer to the places m which the gravels are 
found Therefore this mtrusion was thought to be a 
probable origin for these gravels in spite of the absolute 
absence of any kind of porphyritie rocks in ıt. In order to 
avoid this difficulty a complete erosion of rocks intersected 
by the injections of dykes related to the granoduoritie 
body was supposed?-* 

It ıs now known that the small outcrop of Gavorrano 
granodiorite 1s due to a system of faults more recent than 
the mtrusion? The greatest part of the pluton is still 
buried and the surrounding rocks are just the same as 
those which must have been present above the outerop- 
ping granodiorite These rocks have been widely explored 
by mune-ore works, but no porphyritic rock has ever 
been found 

On the contrary, the close analogy of the gravels with 
the Elban rocks has become more evident, particularly 
on the ground of a very rare and characteristic tourmalmi- 
ferous type of aphte (eunte) The omg of gravels 
from Elba Island, assumed as certam first by De Wijcker- 
slooth®, has since been discussed and supported by new 
petrographic arguments by Marmelh"? As this point 


1s now fairly well established, the determmation of the 
age of the Mount Capanne mtrusion makes possible a 
discussion of the age of the sediments ın which the gravels 
have been found 

A Phocene age has been supposed by Matteucci!, who 
first found these gravels near Roccastrada, Grosseto. 
Lotti?, on the ground of new findings near Massa Marit- 
tima, Grosseto, has considered the conglomerate as a 
part of the lacustrine hgnitiferous series (Upper Miocene), 
and Novarese* gave the same interpretation for the con- 
glomerates found by him in Bruna Valley, Grosseto 
Lotti, by discovering a new locality south of Capalb:o, 
Grosseto, quite a long way from the aforementioned 
ones, confirmed the Upper Miocene age once more 
Recently a Torton:an age and a long fluvial transportation 
from Elba Island has been assumed by Marmelli® 

On a re-examination of all the aforementioned localities, 
to which we can add a new one between Pomarance and 
Saline di Volterra, the marme nature of the conglomerate 
has become evident In fact, m the conglomerates and 
particularly in the argillaceous levels associated with 
them, marine faunas have been found m which Pycnodonta 
cochlear navicularws (Brocchi) and Amussvum cristatum 
(Bronn) are very common species So the age of the 
conglomerates 1s to be discussed considering therr strati- 
graphical position m a marine series 

The little evidence of the deposits of the first Neogenic 
marne cycle m Tuscany (Burdigahan—Tortonian cycle) 
has been carefully exammed m recent years, and the 
presence of rocks related to the Elban mtrusion has to be 
excluded; these deposits are certainly of an older age On 
the contrary, all the conglomerates belong to the Upper 
Miocene—Pliocene series which, where continuous as near 
Sahne dı Volterra, includes (a) red conglomerates, lacus- 
inne marls and hgnitiferous clays (lower Messinian), 
(b) marme clays (lower Messmian), (c) calcareous clays 
with gypsum beds and lenses of salt (Messmian), (d) clays 
meluding some gravels and conglomerate layers; (e) blue 
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Here the Piacenzian cycle begms with an 
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arenaceous coquma, passing somewhere 
to a conglomerate without Elba gravels, 
which ıs transgressive on the afore- 
mentioned level (d) including Elba gravels 
Moving towards the basin edge (S Dal- 
mazio), the first Piacenzian sediments are 
transgressive directly on the pre-Miocene 
iocks However, moving towards the 
centre of the smkmg areas (for example, 
near Volterra), the sedimentation of clays 
begms just on the gypsum In this case 
the clays of the same age of sediments 
observed near Saline dı Volterra m level 
(d) are not easy to be distinguished m the 
field from the superposed Piacenzian clays 
This would explam why the Tuscan 
geologists have been inclined to put the 
Mio-Phocene hmt just after the evaporitic 
formation with gypsum and to consider 
the superposed clays to be Piacenzian 

Actually some authors" have recognized, 
even ın the continuous clay series, a forma- 
tion different from the superposed, Piacen- 
zian (sensu stricto) clays The ‘whitish 
clays with Pteropoda’ or ‘Pycnodonta 
navicularis level’ described by them are 
only a different facies of level (d) sedi- 
ments These formations correspond 
exactly with the Lower Phocene as 
defined by Mayer-Eymar, whose definition 
of Pliocene 1s considered the only reliable 
one because Lyell’s definition of 1835 1s 
only very general 

According to Mayer-Eymar®, the Mio- 
Phocene hmit 1s considered to be between 
S'DAEMAZIO the ‘““Messimian (from Messina, Sicily) and 

' the Tabianian (‘Tabiano layers’ from 
Tabiano, Parma) (to which belongs also 
the ‘Trubi formation’ m South Italy, 
named Zancleano by Sequenza)"!* 

The Tabianian 1s followed by ‘‘Piacen- 
zan (from Piacenza) (= ‘Castellarquato 
layers’ near Piacenza)" 

The equivalence of the aforementioned 
formations in the Volterra Basm with 
‘Tabiano layers’ m the region examined 
by Mayer-Eymar 1s indicated by the fact, 
that some sediments of the Tuscan 
Neogenic series are present m the opposite 
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Fig 2 Schematic geological cross-section between Volterra and S Dalmazio explanation 


of the letters 1n the text 


clays (Piacenzian), (f) yellow sands (Astian) At Saline 
di Volterra the Elba gravels are present m level (d) 

The aforementioned succession exists also elsewhere 
in the south of Tuscany, but level (c) was not observed in 
the localities between Massa Marittima and Bruna Valley, 
where the conglomerates contaming Elba rocks are more 
evident In such cases these conglomerates he in uncon- 
formity on the hgnitiferous formation of the lower 
Messiman and melude a microfauna which possesses, as 
1n level (d) at Saline di Volterra, evident Pliocene affinities 
Therefore the idea that the conglomerates containing Elba 
gravels belong to the lacustrme formation of Lower 
Messmian, as was at first supposed, can be excluded 
On the contrary, 1t can be shown that everywhere they 
were formed from the end of gypsum sedimentation until 
the begmning of the Piacenzian—Astian cycle 

The mdependence of this last cycle im respect to the 
previous ones 1s determined by the existence of some large 
sinking areas on the edges of which the Piacenzian sedi- 
ments appear to be transgressrve This ıs evident near 
Pomarance, where the Upper Miocene-Phocene series, 
continuous at Salme di Volterra, becomes discontinuous 


site of the Apennine as allochthonous 
Khppes which moved in different times by 
gravity sliding from south-west to north- 
east as a consequence of Apennine orogenic phases In 
Mareccchia Valley, for example, these Khppes are inter- 
bedded twice m the autochthonous sediments (Upper 
Tortonian and Upper part of Tabianian)1* 

The sedimentation of Elba gravels occurred just after 
the Mio-Phocene mit As a consequence this lmit 
must be more recent than 7 million years In order to 
determine how recent as compared with this age, we can 
observe that (1) no granodionte gravels have been found 
in the conglomerates of Tabiaman age mcluding granite— 
porphyry and porphyritie aphte, (2) granodiorite gravels 
are, on the contiary, common in the Piacenzian sediments 
of Pianosa Island 

From these points ıt ean be deduced that the denudation. 
of the granodiorite body ın Elba Island must have occurred 
very rapidly before the Piacenzian sediment began to 
be deposited. This was a consequence of the remarkable 
uphft of the Elban region, caused by plutonic intrusion, 
in spite of the general smking of the Tirrhenian area This 
uplift made possible for a short time the existence, east 
of Mount Capanne, of an extended emerged land, on the 
coasts of which the Elba gravels of Tuscany were deposited. 
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In conclusion we can say that these conglomerates were 
formed just after the uplift of this land, at the same time 
or shortly after the consolidation of the mtrusive rocks 
As the Elba gravels are present, starting m the first beds 
of the Tabianian, the age of Mio-Plhocene limit can be 
assumed to be between 6 and 7 million years 

This conclusion 1s a confirmation of considerations made 
by Curtis e£ al © and shows a remarkable difference from 
the age of 12 million years established for the limit Mio- 
, Phocene as defined m North America This difference in 
age may be a basis for the solution of many problems 
related to the mtercontmental vertebrate migrations 
(for example, Hypparion) 
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A SUGGESTED NOMENCLATURE FOR FINE-STRUCTURAL 
COMPONENTS OF KERATIN AND KERATIN-LIKE 


PRODUCTS OF CELLS - 


By Dr E. H MERCER 


Australian National University, Canberra 


Dr B. L MUNGER 


Washington University School of Medicine, St Louis, 
Missouri 


I5 the recent hterature concerning the process of keratin 
formation, as revealed by electron microscopy, different 
terms have been used to describe the special intracellular 
products appearmg during keratmzation As a iesult, 
communication between mvestigators has been hindered, 
and apparent differences of opinion have not been easily 
resolved The problem was especially evident at a recent 
conference on the biology of keratimization (held at the 
University of California Conference Center, Lake Arrow- 
head, Califorma, during June 5-9, 1963) The use of 
uniform terms would iesult in clearer communication 
between various groups of morphologists investigating 
keratmizing epitheha and related non-keratinizing epithe- 
ha, and would provide a morphological basis for a less- 
confusing nomenclature for biochemists and chemists 
examining these same organs and cell products In order 
to resolve these differences in nomenclature of the various 
special cell products related to keratiization, a simplified 
nomenclature 1s suggested for use both by morphologists 
and chemists 

Before any definition of terms 1elating to keratmization 
1$ formulated the term ‘keratin’ itself must be defined 
We propose that until further chemical and morphological 
facts are available the followmg classical characterizations 
of keratin are reasonable ‘Keratins are protems produced 
by epithelial cells, and usually retamed within the cell 
They are insoluble in the usual protein solvents, due to the 
presence of numerous disulphide bonds between peptide 
chams Keratms may be predomimantly filamentous, 
predominantly amorphous, or mixtures of filamentous 
and amorphous elements’ This characterization 1s neces- 
sarily broad, and does not hmut keratin to one specific 
protem, and in fact almost precludes the finding of a 
smgle protem as the only constituent or the definitive 
component of the keratms Further, this characterization 
does not place any limits on the type of molecular struc- 
ture present m keratins As our knowledge increases, 
other proteins may have to be included or excluded A 
few protems, such as that contamed 1n the hardened cells 
of the internal root sheath have to be excluded, smce 
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present data! mdicate a lack of both disulphide and 
sulphide Qualifying adjectives, such as ‘cortical’, 
‘epidermal’, or ‘cuticular’, should be used where needed 
for excluding ambiguity 

With this as a basis, 16 15 suggested that the following 
terms should be apphed to the morphological structures 
composing keratins Wherever possible, the same terms 
should be used for morphologically similar structures in 
related non-keratinizing epithelia such as vaginal mucosa, 
oral mucous membrane or the internal root sheath of the 
han 

Faber (Fibre) The portion of the hair protruding above 
the epidermis, including the cuticle of the cortex, the cortex 
and the medulla 

Fibl A group of filaments which may or may not 
include a matrix — Fibiys may be visible by hght micro- 
scopy and have often been called ‘tonofibrils’ by light 
mci oscopists 

Filament A long thiead-hke unit usually 50-100 A in 
diameter present in many keratins, pre-keratmuzed cells 
and in the cells of non-keratmuzmg epithelia (that is, 
hair cortex, epidermal basal cells, and oral mucous mem- 
brane?-5) In some keratins, such as that of the feather, 
the filaments have a diameter of only 30 A (ef 7) 

Protofilamenis Thread-hke units associated with each 
other m some arrangement to form the filaments The 
only protofilaments yet described are the approximately 
20-A-diameter units described by Rogeis and Filshie*? 
in the filaments of the cortex 

Intrafibrila: mati An electron-dense layer lying 
within the fibrils and separatmg the filaments? 

Intrafilamentous matriz An electron-dense layer lying 
within the filaments and separating the protofilaments*: 

The fact that some of these structures have not been 
deseribed in some locations, such as intrafibrillar matrix 
in the epidermal basal cells and unhardened cells of the 
internal root sheath, should not preclude use of the 
remainder of the terms m these areas Modifying adjec- 
tives, such as ‘basal cell’, ‘epidermal’, ‘vaginal’, ‘feather’, or 
‘internal root sheath (IRS) may be used to indicate the 
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histological location of the structure. If awkward terms 
such as ‘oral mucous membrane-fibrils’ or ‘internal root 
sheath-filaments’ are to be used, they may be abbreviated 
to ‘OMM-fibrils’ or ‘IRS-filaments’, after initial use m & 
paper The termmology elected here is largely similar 
to that applied to collagen®, which has the advantage of 
an orderly arrangement by size. In addition, the terms 
are sufficiently close to the terms previously used by light 
mueroscopists and many electron microscopists to allow 
easy transition to the new terminology 

One of the aspects of this nomenclature has been the 
dropping of the prefix ‘tono’? This prefix 1s derived from 
the Greek tonos, meaning tension and implymg that all the 
filaments and fibrils are under tension Since the evidence 
for this notion 18 inconclusive, since 16 does not differentiate 
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structure m different locations, and since 16 15 awkward to 
use with the adjectives describing location, 16 18 suggested 
that the prefix ‘tono’ be deleted 

This work was supported ın part by grants CA-03424- 
06, CA-04955+05 and GM-10102-01 of the US National 
Institutes of Health. 
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CYTOLOGICAL OBSERVATIONS ON A BOVINE LYMPHOSARCOMA 
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Divisions of Microscopic Anatomy and Clinical Pathology, Ontario Veterinary College, Guelph, Ontario, Canada 


ARIOUS chromosome abnormalities have been 

reported to be associated with the disorders of the 
hemopoietic &ystem!-*. Recently ıt has been demon- 
strated that certam types of leukemias are Inked with 
specific chromosome traits? Although much cytological 
work has been done on diseases of blood in human bemgs 
during the past decade, relatively little 1s known about 
the cytological features of domestic animals suffering 
from similar disorders. Reports from both Europe and 
America mdicate that lymphosarcoma occurs at a high 
frequency ın certam herds of cattle? This communica- 
tion concerns our cytological observations on & Holstem 
heifer which died of lymphosarcoma, 

The animal, a 19-month-old Holstem, was admitted to 
the Ontario Vetermary College chnie with symptoms of 
lymphomatosis. At this time, all superficial lymph nodes 
were enlarged with those in the cervical region causing 
difficulty m breathmg and swallowing Tho results of 
hematological exammations were as shown here 


Hemoglobin 7 5 g[per cent 
Packed cell volume 023 
Leucocytes 204,800 
Neutrophils 4 per cent 
Lymphocytes 96 per cent 


The majority of lymphocytes carried the irregular or 
clover-leaf-shaped nuclei (Figs 1 and 2) of typical bovine 
lymphosarcoma’ 

The anımal died the day after ıt was admitted to the 
chnic. Autopsy revealed extensive infiltration of tumour 
affecting the liver, spleen and the lymph nodes of visceral 
and peripheral regions and a diagnosis of acute lympho- 
sarcoma, was reported 

A fow hours before the animal died, a biopsy was taken 
aseptically from the left prefemoral lymph node for 
cytological investigation The tissue was rmsed in 
phosphate buffered saline and explant cultures were made 
m Leighton tubes followmg the double covershp method? 
24 h after incubation, the culture medium was decanted 
mto a centrifuge tube and fresh medium was supplied 
to each tube culture The floatmg lymphocytes im the 
decanted fluid were first sedimented by centrifugation and 
then treated with cold distilled water for 15 mm. After 
re-sedumentation the pre-treated cells were fixed 1n Carnoy 
and stamed m orcein!® The explant cultures were left 
undisturbed until a profuse growth of fibroblast-like cells 
was observed around the tissue fragments Metaphase 
stages 1n these cultures were arrested with colchicme and 
chromosome preparations were made following the pro- 
cedure described elsewhere? 


The results of chromosome analysis on cultured cells 
of the lymph node are shown in Table 1 Of 64 cells 
analysed from the 24-h-old cultures only 12 cells (approx- 
mately 18 por cent) carried 60 chromosomes (Fig 3), 
resembling those of the normal female karyotype (Fig. 4) 
im all except two autosomes The exceptions concern 
one of the chromosomes of the pairs numbered 25 and 
29 ın the photokaryotype The arrows indicate the 
chromosomes which appear to be different from their 
counterparts m the normal karyotype (Fig 3) Besides 
the 60 chromosome type cells, the 24-h-old culture had 
48 more cells in the drploid range, 39 cells (approximately 
61 per cent) carrying 61 chromosomes and 9 cells (14 per 
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Fig 1 


Fig 2 Higher magnification of blood smear showing lymphocytes 


(Wright stain) 
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Fig. 3. Metaphase plate and photokaryotype of a cell with 60 chromosomes from a 24-h-old culture (orcein stain) 
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Fig. 4. Metaphase plate and photokaryotype of a normal cell from kidney cultures of a cow (orcein stain) 


Some analysable cells were also obtained from the double 
coverslip cultures incubated for 10 days. Of 29 cells 
analysed, 11 carried 60 chromosomes resembling those 


cent) with 62 chromosomes. Only 4 cells were observed 
with chromosome counts far different from the normal, 
one of which carr ied 30 chromosomes while the remaining 


3 showed more than 100 chromosomes (Table 1). 


The metaphase plate and the photokaryotype of the 


predominant cell type in the 24-h-old cultures are shown 
in Fig. 5. 
karyotype also exhibit the changes noted in the 6( 
chromosome type cell of this culture. The extra chromo- 
some in this cell type is obviously a sub-metacent 
resembling the X chromosomes of Bos taurus (Fig. 4 
arm ratio". 
observed in these three sub-metacentrics 
translucent enlargements were measured!?, Two of these 
sub-metacentrics measured 9:5 units each, while one 
approximated 11 units. However, a comparison of the 
X chromosomes in cultured cells of à normal cow showed 
that the two X chromosomes differ in total length by 2 
units in 4 out of 5 nuclei. 


when 


The autosome pairs numbered 25 and 29 in this 


A slight difference in overall length Was 


‘wore detected ( 


of the normal female karyotype of Bos taurus (Fig. 4), 3 
shg 1 61 chr 1 resembling those observed in the 
type of the 24-h-old cultures ( (Fig. 5) and 
Y remaining 17 had chromosome numbers ranging from 


ies of Feulgen stained nuclei 
incubated for 24 h in order 
to ap kanea the nuclear sex of the cell type with 3 sub- 
metacentrics. Of 50 nuclei examined critic 
2 Bi arr b dies w id in 15 nuclei no distinct "er bodios 
Fig. 6). Sex chromatin bodies were not 
observed also in the or i 
coverslip cultures (Fi 7). 
The distribution of chromosomes in the 24-h-old cultures 
suggests that the cell type with the extra sub-metacentric 
chromosome is mitotically more efficient than the other 
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Fig. 6. Lymphocyte nuclei. Arrows indicate the sex chromatin bodies 
in two nuclei, No distinct sex chromatin body is visible in one nucleus 
(Feulgen stain) 


cells observed in these cultures. The occurrence of this 
cell type in such a high percentage in 24-h-old cultures 
clearly indicates that a large percentage of cells in the 
explanted tissue also were of the 61 chromosome type. 
The decrease in number of this cell type and the apparent 
increase in the 60 chromosome type cells in 10-day-old 
cultures suggest a ‘preference’ by the culture environment 
of normal fibroblast-like cells over the neoplastic cells— 
assuming that the chromosomes of the fibroblast-like cells 
in our culture are normal. Similar phenomena have been 
observed in the primary cultures of a Novikoff hepatoma’ 
and in one of our cell strains derived from a rat tumour". 

The genetic nature of the extra sub-motacentrie chromo- 
some in the predominant cell type of this neoplasm is 
not known. The presence of 2 Barr bodies in 35 out of 
50 lymphocytes in the 24-h-old cultures seems to suggest 
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Metaphase plate and photokaryotype of the predominant cell type observed in 24-h-old culture (orcein stain) 


failure to detect the sex chromatin bodies in any of the 
fibroblast-like cells of the 10-day-old culture may be due 
to the limitation of the orcein procedure. The extra 
chromosome resembles the bovine X chromosomes in arm 
ratio, and the slight difference in length between the 
3 sub-metacentries seems to be in conformity with that 
observed between the X chromosomes of the normal cow 
we have examined. Differences in length between the 
two units of a pair, probably due to inconsistent contrac- 
tion, have beon observed in cultured cells!*. If the dis- 
erepancy observed in this case is attributable to unequal 
contraction in the X chromosomes it would seem that 
the modal cell of this neoplasm was derived. from the 60 
chromosome type cells observed in 24-h cultures (Fig. 3) 
in a single step involving either a mitotic nondisjunction 
or an endoreplication of one of the X chromosomes. The 
60-chromosome cell itself differs from normal bovine cells 
probably in a rearrangement concerning one of the con- 
stituents of pairs 25 and 29 (Figs. 3 and 5). The presence 
of some cells carrying two X chromosomes of the normal 





Fig. 7. Nuclei of the double coverslip cultures. No sex chromatin bodies 


that the extra sub-metacentric is an X chromosome. Our present (orcein stained) 
Table 1, FREQUENCY DISTRIBUTION OF CHROMOSOME NUMBERS IN 24-H-OLD AND 10-DAY-OLD CULTURES OF LYMPH NODE BIOPSY FROM A HOLSTEIN WITH 
LYMPHOSARCOMA 
No. of chromosomes per cell Total 
30 53 58 59 60 61 62 63 90 93 116 118 124 178 182 
No. of cells 24-hculture 1 0 0 0 12 39 9 0 0 0 0 1 1 1 0 64 
counted 10-day culture 0 1 1 2 11 3 2 3 2 1 2 0 0 0 1 29 
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karyotype in our cultures indicates that the animal was 
not a total triple X intersex. 

r or not this chromosome trait is characteristic 
of all bovine lymphosarcomas is not known, since, to our 
knowledge, this is the first report of chromosome work on 
bovine leucosis. We are also not certain that the cell type 
with the extra sub-metacentric was the progenitor of 
the malignant lymphocytes of the peripheral blood 
and the other lymph nodes. It is possible that the clone 
of cells carrying the extra chromosome was confined to 
the prefemoral lymph node. 

This work was supported in part by a research grant 
from the National Cancer Institute of Canada. Wo 
thank Dr. K. H. Rothfels, Department of Botany, 
University of Toronto, for providing the cytological pre- 
parations of a normal cow. 
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NATURE AND ORIGIN OF INITIAL BODIES IN LYMPHOGRANULOMA 
: VENEREUM 


By Dr. J. A. ARMSTRONG and Ds. SYLVIA E. REED 


National Institute for Medical Research, London, N.W.7, and Department of Bacteriology, 
The London Hospita! Medical College, London, E.l 


Ms psittacosis group of organisms, including the 
agents of trachoma and lymphogranuloma venereum, 
are obligate intracellular parasites. The infectious 
particles, or elementary bodies, measure about 0-34 in 
diameter. They are commonly described as viruses, 
though such classification is not easily reconciled with 
available evidence on their chemical composition and 
biological properties. Early microscopical investiza- 
tions*? established that multiplication involves a complex 
growth-cycle, in which large developmental forms known 
as initial bodies occur within a characteristic cytoplasmic 
inclusion. More recently, electron microscopy revealed 
` structural details of the elementary bodies and confirmed 
the existence of developmental forms, some of which 
appeared to be incomplete*-. Evidence from both light 
and electron microscopy has contributed to the view that 
multiplication, to some extent at least, occurs by fission 
of intact organisms*-*. Nevertheless, the mechanism by 
which organisms enter the host cell, and immediate con- 
sequences thereof, have proved elusive. There has been 
no general agreement on the precise origin and significance 
of initial bodies; and the idea of a preliminary virus-like 
phase of replication, in which infecting particles lose their 
individuality, has received some support. Thus, in an 
examination of cell cultures infected with the T’ang strain 
of trachoma agent the earliest inclusions identified by 
electron microscopy, some 12 h after inoculation, ccn- 
tained a confluent reticulum‘. Inclusions of this character 
were also reported in cells infected with an agent of 
meningopneumonitis, and were interpreted as viral 
matrices*:’, 

Our purpose here is to present the findings of more 
recent experiments concerned specifically with the early 
part of the growth-cycle, in HeLa cell monolayer cultures 
inoculated with the JH strain of lymphogranuloma 
venereum (LGV). At least 80 per cent of the cells were 
infected, as judged by the formation of typical cytoplasmic 
inclusions within 24 h. Sampling of cells for electren 
microscopy began immediately after exposure to the 
inoculum for 30 min at 37° C, and was repeated at intervals 
of Lh, 2h, 4h, 6h, 12 h, 15 h and 24 h after inoculation. 
Part of each sample was fixed with osmium tetroxide by 
the standard method of Palade*, and part with potassium 
permanganate as described by Luft!*: this material was 
embedded in methaerylate. Additional specimens taken 
Oh, 3h, 6h, 15h and 24h after inoculation were fixed in 


the solution of Kellenberger et al. (1 per cent osmium 
tetroxide in veronal-acetate-saline buffer, with caleium 
chloride, at pH 6-1) followed by washing in 0-5 per cent 
uranyl acetate and embedding in either methaerylate or 
‘Vestopal’. Thin sections were examined with a Philips 
EM 75B electron microscope. 

Not surprisingly, elementary bodies of LGV proved 
similar on section to those of psittacosis and trachoma. 
With an overall diameter of about 325 my, each showed 
an electron-dense core surrounded by a somewhat folded 
limiting membrane (Fig. la). The core consisted of 
closely packed granular material and a localized fibrillar 
nucleoid. In cultures fixed immediately after inoculation 
(0 h) elementary bodies were observed in contact with 
the outer surface of cell membranes, the latter showing 
various degrees of invagination (Fig. 2a). Some elementary 
bodies were already situated in apparently closed cytotic 
vesicles just beneath the cell membrane. Profiles of this 
nature, compatible with the phagocytosis of elementary 
bodies and other material from the inoculum, were common 
up to 2 h after inoculation but became infrequent E 
subsequent samples. In mierographs covering the period 
up to 6 h after inoculation, engulfed elementary bodies 
showed a regular sequence of structural changes accom- 





A 


Fig. |. Sectioned LGV elementary bodies (a) and an initial body (b). 
Kellenberger's fixative. (x 66,000) 








Fig. 2. Sequential stages in the transformation from adsorbed elementary 
y to intracellular initial body. a, Fixed directly after inoculation ; 
b, c and d, fixed 1 h, 4h and 6 h afterwards ( x 32,000) 


panied by enlargement (Figs. 2b-d); there was nothing to 
suggest enzymatie digestion leading to morphological 
eclipse. These appearances were essentially the same with 
all three fixatives. Expansion of the core during the 
first 4 h brought the fibrillar nucleoid element into greater 
prominence. By 6 h, however, most elementary bodies 
had grown into structures about lu in diameter, each with 
a bilaminar limiting membrane; their nucleoids had 
apparently dispersed in the midst of proliferating granular 
material. There can be little doubt that these transformed 
elementary bodies correspond to the initial bodies seen by 
light microscopy, and we shall refer to them as such. 

Examination of cells fixed 12-24 h after inoculation 
showed that during this period initial bodies were migrat- 
ing from the peripheral cytoplasm into an area next to 
the cell nucleus normally occupied mainly by Golgi 
vesicles. Their aggregation coincided in time with the 
emergence of definable juxtanuclear inclusions in parallel 
cultures stained by Giemsa’s method for light microscopy. 
The fine structure of these developing inclusions was found 
to depend very substantially on the method of prepara- 
tion. Fixation with Palade’s solution, or with potassium 
permanganate, resulted invariably in a pattern similar 
to that of early inclusions described previously in cells 
infected with the agents of trachoma and meningo- 
pneumonitis; each consisted of more or less confluent 
fibrillar material and incomplete bilaminar membranes 
(Fig. 3). Inclusions of this type were never found in 
specimens fixed by the Kellenberger method. Instead 
the inclusions were vesicular, and contained discrete 
initial bodies in a homogeneous fluid-like matrix (Fig. 4). 
Provided Kellenberger’s fixative was used, morpho- 
logy of the inclusions was the same regardless of whether 
the cells were embedded in methacrylate or ‘Vestopal’. 
The individual initial bodies (Fig. 15) were bounded by an 
intact bilaminar envelope reminiscent of the combined 
cell wall and eytoplasmie membrane of bacterial cells. 
In places, the outer layer of the envelope had lifted away 
slightly from the inner layer, which was evidently adherent 
to the enclosed contents of the initial body. The contents 
seemed to be mainly ribosome-like granules associated 
with irregular areas of lower density containing strands of 
fine fibrillar material. The frequent occurrence of pairs 
or groups of initial bodies, and of certain profiles with 
prominent constrictions, was at least consistent with the 
notion of multiplication by fission (Fig. 5). 

These findings show that fixation of LGV-infected cells 
with osmium tetroxide by Palade's method, or with potas- 


NATURE 


January 25, 1964  vo..2o: 


sium permanganate, is likely to cause severe damage to 
initial bodies during a critical period 12-24 h after inocula- 
tion, notwithstanding good preservation of fine structure 
in the surrounding host cell. Rupture of initial body 
envelopes and consequent outflow of contents clearly ac- 
count for the confluent type of inclusion. It can scarcely 
be doubted that the intact form of the initial bodies seen 
after using Kellenberger's solution represents more nearly 
their natural state, although fixation of the host 
cells was then actually less satisfactory. It may well be 
significant that this fixative was developed specifically for 
optimal preservation of bacterial fine strueture!!, 





Fig. 3. Developing juxtanuclear inclusion, 15 h after inoculation. 
Palade's fixative ( x 16,000) 





Fig. 4. The appearance of an inclusion 15 h after Inoculation when fixed 
with Kellenberger's solution. go the discrete initial bodies 
( x 16,000) 


A 
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Fig. 5. Profiles of initial bodies in a 24 h inclusion, suggesting multiplica- 
tion by fission ( x 32,000) 


We conclude that the following sequence of events 
oceupies the early part of the growth-cycle of LGV in 
HeLa cells. Phagocytosis of infectious elementary bodies 
triggers-off their direct transformation into initial bodies. 
These gather together to form an inclusion, and enter a 
period of development during which they are readily 
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| l. At this time they are actively dividing. No 
sign of cross-wall formation was seen in the apparently 
dividing initial bodies, and the constrictions observed 
suggest a simple pinching-off process similar to that shown 
by Gram-negative bacteria”. Previous reports of a viral 
matrix, and of incomplete developmental forms, in cells 
infected with the related agents of trachoma and meningo- 
pneumonitis*-" were presumably based on misinterpreta- 
tion of the artefact caused in early inclusions by the 
particular fixatives used. 

In respect of morphology and developnient there seems 
to be no serious objection to the idea that the psittacosis 
group may have originated by ecological specialization 
of free-living bacterium-like ancestors. Biochemical 
investigations have shown that probably both types of 
nucleic acid occur in the infectious particles!, in addition 
to muramie acid? which is regarded as a key constituent 
of the mucopeptide in bacterial cell-walls. Add to this 
evidence the susceptibility of these agents to various 
antibiotics, and there remains little justification for 
regarding them as viruses. 
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QUANTITATIVE ANALYSIS OF OSTEOPOROSIS IN CORTICAL BONE 


By Dr. P. J. ATKINSON 4 
Biological Research Unit, Dental School and Hospital and Department of Medical Physics, University of Leeds 


A REDUCTION of total bone mass occurs throughout 

the human skeleton with age as a result of progressive 
resorption. ‘This process commences in endosteal cancel- 
lous bone, advances through the cortical bone and finally 
involves periosteal bone. At any age there is a gradient 
of resorption within the cortex with maximum porosity 
at its endosteal surface. 

Many methods have been used to evaluate the degree 
of porosity in human bone. A loss of cancellous bone 
would be expected as the earliest sign of osteoporosis. 
Beck and Nordin, using a camera lucida principle, determ- 
ined the percentage loss in bone mass in samples from iliac 
crest. They assayed the degree of porosity by comparing 

les with an arbitrary nine-point scale. Jowsey* 
studied cortical bone by microradiography and determined 
porosity by estimating the percentage of incompletely 
closed osteones in different quadrants of cross-sections of 
mid-femoral shaft at different ages. These workers 
showed that bone increases in porosity with age; but 
neither method of assay has been used to estimate the 
distribution of porosity throughout the full width of 
cortical bone. 

Other workers have attempted to assess bone density 
changes by clinical radiography, whereby the whole 
skeleton may be surveyed. The principle of this method 
 eonsists of a radiographic comparison of the skeleton 

with a standard of known composition. Doyle’ used this 
technique using an aluminium step and made a 
point-by-point survey of the density of the lower end of 


the ulna. Barnett and Nordin‘, on the other hand, related 
the patient’s skeletal density with that of a suitably 
prepared cadaveric specimen using & simultaneous radio- 
graphic technique The radiographs were 
densitometrically and tracings indicative of changes in 
the vertebral body density compared with those from the 
cadaveric specimen. 

In the present work, osteoporosis has been quantitated 
by a systematic assay in the full width of cortex of stand- 
ard samples of femoral bone. All the Haversian spaces 
occurring in this cortical zone have been measured. The 
changes in porosity occurring with age, the extent of 
resorption within the bone cortex and the degree of cortical 
thinning are expressed graphically. 

Femoral cortical bone was sampled post mortem from 
subjects aged 15-90 years and transverse sections taken 
at right angles to the femoral axis. The site of sampling 
is shown in Fig. 1. The method of sampling and the 
preparation of the histological material have been de- 
scribed in a previous paper*. 

A graticule of 1-mm spaced parallel lines, each line 
31-5 mm in length, was prepared photographically. The 
graticule was placed emulsion face down on the enlarged 
photomicrograph, the upper line parallel to and in contact 
with the periosteal surface. (At a magnification of 10 times 
and with the graticule line 31:5 mm in length, the femoral 
periosteal curve was negligible.) A travelling line micro- 
meter, capable of measurements of the order of 0-1 mm, 
enabled the amount of space and solid in the photo- 
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4——— HISTOLOGICAL 
SPECIMEN 


Fig. 1, Site of sampling femoral cortical bone 


micrograph to be recorded with an accuracy of + 3 per 
cent. With the aid of a lens the distance along each 
graticule line occupied by Haversian space was measured. 
After traversing along each graticule line the number of 
spaces and the length of line oceupied by space was 
recorded. The system employed is indicated diagram- 
matically in Fig. 2. 

Porosity in bone is the result of an increase in the 
number of spaces or an increase in the size of spaces already 
present. In the bone examined porosity increased pro- 
gressively from endosteum to periosteum. It was found 
that the greatest number of spaces occurred in the end- 
osteal cortex until the smaller spaces merged to form larger 
spaces. Both these processes advanced from endosteum to 
periosteum, one following the other. As the endosteal 
resorption spaces enlarge, the division between cancellous 
and cortical bone is no longer clear and an arbitrary 
division has to be made in each case. When total resorp- 
tion space is plotted against the distance from the peri- 
osteum, the point where the slope of the graph approaches 
infinity was considered to represent the endosteal margin 
of cortical bone. 

Figs. 3-5 are graphs of the measurements obtained from 
the femoral cortical bone of subjects aged 21, 45 and 70 
years. Each point on the graph represents the total 
space covered by five graticule lines. The curve of each 
graph commences at the periosteum and ends as the end- 
osteal cortical margin is reached. The decreasing number 
of points on each graph with increasing age indicates 
cortical thinning. The increased incline of the graph 
demonstrates that the remaining cortex becomes progres- 
sively more porotic with advancing age. The graphs have 
been selected from 26 cases investigated, to illustrate the 
observed trend of increasing porosity with age. A larger 
series is to be examined so as to provide a more detailed 
interpretation. 

The method of mensuration described has been shown 
to indicate the degree of cortical thinning and the extent 





Fig. 2. 


Diagram of apparatus for measuring Haversian spaces 
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Fig. 3. Graph of measurements of the porosity in femoral bone from a 


subject aged twenty-one 
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Fig. 5. Graph of measurements of the porosity in femoral bone from a 
subject aged Mer 
Total space/line, mean of five lines 


of osteoporotic change within the femoral cortex. It is ax 
improvement on the direct measurement of cortical bone 
density previously used by me* in that it provides a 
method of measuring the extent of osteoporosis in histo- 
logical sections. In view of the tendency for cortical bone 
to be progressively resorbed from endosteum to peri- 
osteum as age advances, it is important that measurements 
are carried out throughout the whole cortical thickness. 

It has been shown that resorption of bone results in 
both cortical thinning and an increase in porosity of the 
remaining bone. This increase in porosity is distributed 
unevenly in the cortical bone but remains greatest in the 
endosteal region. The apparatus described measures the 
uneven distribution in the different depths of cortical 
bone; thus a quantitation of early osteoporotic changes 
and distribution of porosity in more advanced cases is 
made possible. 

Spaces are measured down to sizes of the order of 0-01 
mm (104) and the overall accuracy of the method is + 3 
per cent. The advantage of differentiating between corti- 
eal thinning and the distribution of resorption spaces 
within the remaining cortex is that it will enable a more 
accurate determination of age differences to be made. 
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From the 26 cases examimed cortical bone demonstrates 
many variations and degrees of resorption from the fourth 
decade onwards Smee an index of these osteoporotic 
changes can be produced, this apparatus will be a useful 
adjunct to clinical radiography It 1s anticypated that 
cortical bone from other sites will show the same progres- 
sive changes shown 1n the anterior femoral shaft 

Ithank Dr R G Burwell for his assistance in develop- 
mg this apparatus I also thank Mr E L George, who 
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constructed the apparatus, and Mr 
prepared the graticule 

This work was supported m part by a grant from the 
Medical Research Council 
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SUSPENSION CULTURE OF MAMMALIAN CELLS AND 
MACROMOLECULAR GROWTH-PROMOTING 
FRACTIONS OF CALF SERUM 


By Dr B T. TOZER and Dr S J PIRT* 


Microbiological Research Establishment, Porton Down, Wilts 


PTIMAL media for animal cell growth have mvaniably 
contamed serum Although chemically defined 
media supporting the giowth of a few cell types have been 
devised, if a few per cent of whole or dialysed serum 1s 
added to such media, growth is much faster and more 
consistent, Dupree et al! have recently discussed this 
effect of seum The serum effect may be attributed to 
the presence of one or more growth factors However, 
the nature of such factors 1s still undefined or in 
dispute 
Sanford et al ? fractionated serum into four fractions by 
the alcohol precipitation method and found that any of 
the fractions (various albumins and globulins) could 
substitute for whole serum One of the globulin fractions 
was found to promote growth m static cultures without 
attachment of the cells to glass Other reports?-111" have 
indicated that both albumam and globuln fractions are 
1equired for optimal actzvity In general, these reports 
show that bovme serum albumm Fraction V, togethe: with 
an «-globulin, can substitute for the serum Fisher et al? 
concluded that the active «-globulin 1s identical with 
fetum, a glycoprotem present m high concentration in 
foetal calf serum However, the concentration of fetum 
required (2 mg/ml ) was quite high, and the growth rate 
with fetum was considerably less than ıt was with whole 
serum At a much lower concentiation (05 ug/ml) 
fetum was still effective in causing cell stretching and 
adherence to glass Attempts to isolate more active 
smaterial from fetum have failed!?, and im the same work 
it was noted that appheation of mild fractionation 
methods readily caused loss of the growth-factor activity 
An a-globuhn fraction, which showed & high growth- 
promoting activity for celis, was obtamed from normal 
sera by Lieberman and Ove? The active material was & 
glycoprotem which, at & concentration of a few ug/ml, 
caused flattenmg and adherence of cells to glass How- 
ever, 16 only pormutted growth for a limited number of 
sub-cultures — Liebeiman e£ al ™ also obtamed similarly 
active material from foetal calf serum, but they found ıt 
was not identical with fotum 
Another attack on the problem has been to try to 
separate from serum protem a low molecular weight 
substance, assumed to be normally bound to the protem 
Some workers!?-1* have achieved this by prolonged dialysis 
or enzymatic degradation of serum protem, but the active 
dialysable growth factor remams otherwise uncharac- 
teiized 
The main conclusions we draw fiom this analysis are 
(1) part of the serum activity 1s supphed by the albumin, 
(2) a second fraction, probably a globulin, 1s also required, 
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(3) the flattenmg of cells and them adherence to glass do 
not correlate well with the growth-factoi activity and 
therefore may be due to another factor not essential for 
growth 

In our approach to the problem we made two innova- 
tions. One was that serum fractions were assayed by a 
suspension culture method m contrast to the monolayer 
culture assay used by other workers This seemed 
necessary because attachment of the cells to glass m 
monolayer culture may mvolve a ‘flattenmg’ or ‘stretch- 
ing’ factor, separate from the growth factor m serum 
The separation of these two could result m failme of the 
monolayer culture method The second mnovation was 
the use of electrophoresis and gel-filtration to fractionate 
the serum in contrast to the precipitation and DEAE 
column methods used by other workers (We thank the 
Biochemistry Department, Imperial Chemical Industries 
Pharmaceuticals Division, for making available to us its 
column. electrophoresis apparatus for the mutial experi- 
ments) This article describes these new techniques for 
isolating the serum growth factor, and throws new light 
on its growth-promoting function 

Measurement of growth-factor actwity Deseriptions of 
the basic culture technique and of the L and ERK cell 
types which were used are published elsewhere!t:83? 
Duplicate cultures were set up m shake-flasks with 10 ml 
of medium ‘The composition of the culture medium 1s 
given m Table 1 Bovine serum albumm, imeulin, 
thyroxme and catalase were added because a part of the 
serum actrvity could be attmbuted to them Allowance 
was made for the salt content and volume of the fractions 
so as to make all cultures isotonic and of a standard 
volume, that 1s, 11 ml The moculum cells (usually 
harvested from a solora culture’, but otherwise from 
monolayers) were washed and re-suspended m phosphate 
buffered sahne!* The initial cell concentration was 09 
to 1-3 105 cells/ml Cultures contammg whole serum 
(5 per cent of the medium volume), and cultures without 
serum or fraction, were run m addition to cultures con- 
taming serum fractions Cell populations were followed 
until the maximum was passed (about 4 days) The 
growth-factor activity in 0 5 ml whole serum was defined 
as 1 unit and the growth-factor activity of the serum 
fraction was determmed by the followmg formula 
(maximum population with fraction munus maximum 
population without serum or fraction) /(maximum popula- 
tion with 5 per cent serum munus maximum population 
without serum or fraction) 

Specific growth-factor activity was obtained by dividing 
the growth-factor activity/ml of sample by the optical 
density of the sample at 280 mp In the section deahng 
with growth-piornotang effects of serum fractions the 
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Table 1 CULTURE MEDIUM 
Amuino-veids mg/l Inorganic salts 1 mg/l 
Lactalbumin hydrolysate* 5,000 NaCl 4,200 
L-Glutamine 100 KCl 500 
L-Glutamic acid 300 CaCl, 200 
DL-Methionine 100 MgCl, 6H;O 200 
L-Arginme hydrochloride 250 MnCl, 4H;O 1 08 
Vitamins Inorganic salts 2 
Inositol 04 NaHCO, 2,500 
Biotin 0 04 NaH.PO, 2H.0 500 
Choline 12 Phenol red 10 
Foltc acid 0 46 Sugar 

Nicotinamide 12 Glucose 6,000 

Calcium pantothenate 12 Antibiotics 
Pyridoxine hydrochloride 0 20 Neomycin 100,000 units/i 

Thiamine hydrochloride 20 Bovine serum albumin 
Riboflavin 92 Fraction V 2,000 mg/l 
Hypoxanthine 100 Insulin 40 units/l 
Vitamin Bis 10 Thyroxine 12 mg/l 
Crystalline beef catalase 1 mg/l 

Sodium carboxymethyl- 

cellulose 1,000 mg/l 


* Nutritional Biochemicals Corp , Cleveland, Ohio 


amount of serum fraction is expressed as the volume of 
serum from which the fraction was derived 

Fractionation of calf serum The value of electro- 
phoresis as a tool for the fractionation of serum was 
investigated in two batch experiments usmg a cellulose 
powder column” and two different batches of dialysed 
calf serum, namely, 3944 and 796 The 
protem content of the fractions was meas- 
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separation of serum into 3 peaks was highly reproducible 
and typical of the results obtamed with other sera? The 
first (that 1s, fastest) peak contamed «- and -macro- 
globulins, the second peak y-globulm and the third peak a 
mixture of albumm and «- and Q-globuhns Thus, on 
‘Sephadex @200’ the «- and G-globulins have been separ- 
ated mto two fractions on a molecular size, rather than 
on an electrophoretic charge, basis The highest specific 
growth-factor activity was located m the trough between 
fhe first and second peaks, that 1s with the «- and p- 
macroglobulins, but there was also considerable growth 
factor present ın the second peak. 

Comparing these results with those obtained by electro- 
phoretie fractionation, 1t 18 evident that the only general 
class of protem rich m growth factor as indicated by both 
methods of fractionation 1s the a- and B-macroglobuhns, 
and 16 1s suggested that the main growth-promotmg factor 
for suspension culture of mammalian cells 1s present m 
this fraction of calf serum proteins - 

A combmatien of these two methods of fractionation 
and of other methods applicable to macroglobulins 1s now 
bemg mvestigated Meanwhile, however, the application 
of the electrophoretic fractions to certam problems ın cell 
culture has been mvestigated 
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ured as the extinction at 285 my. determ- 
med in cells of 1 cm hght-path and the 
nature of the protems was determmed by 
cellulose acetate strip electrophoresis Frac- 
tions were prepared for growth-factor assay 
by dialysis against a suitable salt solution 
and the results obtamed with serum 796 
are shown in Fig 1 The highest specific 
growth-factor activity, 70 times that of the 
original serum, was found in fraction 11, 
which contamed both albumin and «- 
globulin, but considerable activity was also 
present m all the albumun fractions and 
some activity was shown by the B-globulm 
fractions The results of the experiment 
using serum 3944 confirmed thus distribu- 
tion of growth-factor activity 

Followmg these encouraging results, 
serum fractionation by continuous-flow 
paper ‘curtain’ electrophoresis m 8& Beck- 
man model CP cell was exammed  Dialysed 
calf serum was fractionated in pH 8 6, 
I 0 02 veronal buffer at the rate of 100 ml 
per day and the fractions were analysed 
for protem and growth-factor activity 
as above The highest specific growth-factor activities 
were once more observed in the albumm and «-globulin 
fractions, no detectable activity bemg found in the 
y-globuhn fraction Much lower specific growth-factor 
activities were observed m fractions from the continuous 
flow as compared with those from the column electro- 
phoretic techmque The reason for this 1s not understood, 
but may be due to absorption of growth factor on the 
‘curtam’ (cf ref 21) 

Srmultaneously with the electrophoretic separations a 
different method of fractionation was investigated m which 
the serum was submitted to gel filtration on the cross- 
linked poly-dextran ‘Sephadex 200’ Separations were 
carried out with serum volumes equal to 2-4 per cent that 
of the gel column using pH 7 0, J 0 17 phosphate buffered 
saline as eluent ‘The fractions were analysed for protem 
and growth-factor activity as above except that the 
growth-factor activity of the serum fraction was expressed. 
as the ratio, cell population obtamed with fraction cell 
population with whole serum (0 5 ml in 11 ml culture), 
both populations bemg determmed after 4 days (this 
method of expressing growth-factor activity was after- 
wards replaced by the formula given above), and the 
results of two experiments are given m Fig 2 The 
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Fig 1, Electrophoretic fractionation of calf serum 796  Dialysed serum (50 mi ) was 
apphed to a column (3 
buffer After 38 h at 60 m amp, 1,200 V the zones were eluted and collected in 15 
fractions @, Extimction (E) of the fractions was determined. 
the effect due to veronal b 
values of Eogom, 


171, distribution of protem determined by cellulose acetate strip electrophoresis 


8 em x100 cm) packed with cellulose in pH 8 6, I0 03 ven 


at 285 my to minimize 
dá, specific growth-factor activities were calculated from 


uffer , 
of veronal by dialysis, 


determined on the samples after removal 
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Fig 2 Fractionation of calfserum 796 (12 ml )on a ‘Sephadex 200’ gel 
column (4cm x40 cm) Eluent,pH 7 0, 20 17 phosphate buffered saline 
Fraction volume 24 ml x, Exp S3, O, Exp $4; Extinction. 
Corresponding samples from experiments 53 and S4 were pooled before 
analysis for protem distribution (J ) by cellulose acetate strip 
electrophoresis and for specific growth-factoractivity—hatched columns 
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Fig 3 Effect of whole serum (3944) and electrophoretic fractions of the 

highest mobility on yield of L cells Amount of fraction 18 expressed as 

that volume of serum from which the fraction was derived ©, with 

serum, 6, with fraction 3-0 Fraction 3-0 was obtained by pooling the 
seven electrophoretic fractions 3-9 inclusive 


Growth-promoting effects of the electrophoretic fractions of 
highest mobility. (albumin and part of a-globulin). The 
growth-promoting effects of these fractions of highest 
mobihty were determmed im the following way A series 
of cultures were set up which were identical except that 
either serum or a fraction derived from the same batch 
of serum was incorporated in the medium m different 
amounts The cultures were continued for 7-9 days, 
during which time growth ceased, and the maximum 
yield in each culture was determined The results are 
plotted in Fig 3 They show that m the cultures with 
the serum fraction the yield was directly proportional to 
the amount of fraction (expressed as volume of serum 
from which the fraction was derived) up to a concen- 
tration of 0 5 ml /11 ml. culture Once the maximum viable 
cells population had been reached there was a drop in the 
viable population of about 50 per cent m three days, 
though the total count mereased by about 20 per cent 
(viable and ‘non-viable cells were distinguished by trypan 
blue stammg) This drop in viable count was most marked 
with whole serum. In this case, despite the lower maximum 
population the maximum growth rate of the cells was 
mdependent of changes m serum concentration and of 
substitution of fraction 3-9 for whole serum This 
indicates the establishment of an inhibitory condition 
which might be due to an mmbalance in the amino-acids 
Owing to the mhibitory effect with whole serum, valid 
percentage recoveries of the growth factor after frac- 
tionation could not be calculated 

The effect of the fractions on growth of ERK cells was 
not so thoroughly mvestigated because growth of these 
cells m suspension has generally been poor. The effect 
of fraction 3-9 on maximum yields 1s shown in Tablo 2 
The results show that fraction 3-9 could act as a sub- 
stitute for the serum in growth of ERK cells. 

The growth rate at different periods ın the culture is 
represented, in Table 3, by the reciprocal of the mean 
generation time (fa) over the period. Table 3 shows that 
changing the concentration of fraction or serum had an 
insignificant effect on maximum growth rate, which, m 
all cases, was obtamed muitially Hence, the serum frac- 
tions did not accelerate growth but had the effect of 
prolongmg the growth period 

The offect of serum combmed with fractions on the 
yield of L cells ıs shown m Table 4 In the case of L cells, 
addition of fraction to an optimum volume of whole 
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Table 2 EFFECT OF ELECTROPHORETIC FRACTIONS OF HIGHEST MOBILITY 
ON GROWTH OY ERK CELLS 





Amouní of serum 


Maximum population 
or fraction* in 


(millions/ml ) 





Serum or fraction 11ml eulture —— 

(ml ) Exp 1 Exp 2 
Serum 3944 05 0 48 0 48 
Fraction 3-9 10 0 44 0 28 
Serum + fraction 3-9} t 0 39 0 52 
None 0 0 23 No growth 





* Amount of fraction 1g expressed as that volume of serum from which the 
fraction was derived 
TO 5 ml serumx1 0 ml fraction 3-9 


Table 3 “EFFECT oF SERUM FRACTION ON GROWTH RATE OF L CELLS 











Amount of serum Growth rate, (ta)-! 








Serum or or fraction* in 
fraction 11 ml culture Time-interval (days) 
(ml ) 0-2 2-4 47 7-9 

None 101|0 0 0 
Serum 3044 0 25 1141/0 0 0 
xe ik 0 50 107|020]|0 0 
ait m 100 105 | 023 | 0 0 
3r $3 150 108 |021;0 0 
Fraction 3-9 0 25 114/037 /0 0 
m » 0 50 100/044/|020]0 
» ” 1 00 0 74 | 037 | 050 | 0 

us " 1 50 098 |017 | 035 | 008 





igs log 2 (time-interval) 
log final population —log initial population 
* See Table 2 


serum gave a greater yield than with the serum alone, 
and 1n one case (serum 796 with fraction 1-6) the yields 
with whole serum and with fraction were completely 
additive. These results mdicate that for L cells with the 
optimum amount of serum the growth factor provided 
by the fractions was the yield-hmitmg nutrient The 
combination of serum and fraction 3-9 had no sg- 
nificant effect on the maximum growth rate of L cells 

L cells were sub-cultured five times 1n tho course of 14 
days m media with either whole serum 796 or fraction 
4-5 from it On sub-culture, some of the culture was 
added to fresh medium so as to decrease the count to 
01 milhon cells/ml The results are given m Table 5 
They show that the cells went through eight generations 
(calculated from the formula for logarithmic growth) 
both with serum and fractions, so that the growth rates 
and yields were sustained and identical with either serum 
or fraction Without serum or fraction, the cells died out 
m the second generation The fact that some growth 
occurred without serum or fraction suggests either that 
the inoculum cells contamed a reserve of the growth 
factor or that the serum-free medium contained some of 16 
and, if the latter, either the bovine serum albumun or 


Table 4 EFFECTS OF COMBINING SERUM AND FRACTIONS 


Amount of serum 
or fraction* in 
11 ml culture 


Maximum population 
(million/ml ) 


Exp 1 Exp 2 


L cells with serum 3944 and 
fraction 3-9 


Serum or 
fraction 


Serum 3944 
Fraction 3-9 
Serum + fraction 3-9 
No serum or fraction 








L cells with serum 796 and 
fraction 4-8 
Serum 796 
Fraction 4-8 
Serum + fraction 4-8| 
No serum or fraction, 





L cells with serum 796 and 
T P apium 1-6 


Serum 796 05 4 — 
Fraction 1-6 10 1 08 — 
Serum 4 fraction 1-6| 05410 1 46 — 
No serum or fraction| 0 0 24 — 


* See Table 2 

+ Exp 1, 10 ml fraction, Exp 2, 0 26 ml fraction 

i Exp 1, 05 ml serum+10 ml fraction, Exp 2, 0 5 ml serum 4- 
0 25 ml fraction 
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laetalbumm hydrolysate would seem to be the most 
hkely source Assuming that the serum-free medium 
eontemed & small amount of the growth factor, the 
failure to maintain the cells in serum-free medium needs 
to be accounted for This may be attributed to the fact 
that the cells died rapidly m serum-free medium once the 
maximum population was attamed, so that cells used for 
sub-culture may have been mostly dead 








Table 5 GROWTH OF L CELLS WITH SERUM FRACTION OVER A SERIES OF 
SUB-CULTURES 
Culture Duration Degree of multiplcation* 
No (days) A B 
1 2 3 20 279 42, 
2 2 2 73 0 58 2 39 
3 8 3 30 — 3 55 
4 3 3 06 — 3 12 
5 4 2 65 — 02 





i, control (0 5 ml serum 796 per 11 ml culture) 

B, without serum or fraction 

C, fraction 4-5 (0 5 ml per 11 ml culture) from serum 796 
* Final population/imitial population 


The electrophoretic fractions of highest mobility have 
been found to carry all the growth-factor activity of the 
whole serum for L cells and possibly also for ERK cells 
The growth factor mcreased the yield of cells but not the 
growth rate Hugher yields/ml were obtamed using the 
isolated fraction in place of serum m L cell cultures 
because ıt avoids the mhibition which develops with 
whole serum None of the dialysed fractions when added 
to the whole serum caused mhibition of growth of L cells 
It may be that the mhibition arises from the dialysable 
part of the serum, but this part may be dispensed with 
since the whole of the activity has been found to be 
associated with the macromolecular part The inhibition 
which develops with whole serum makes it a crude 
standard for assay of the growth factor For further 
purification work, ıt will be necessary to set up & more 
suitable standard free of mhibrtory effect 
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Occasional trouble was encountered m the fractiona- 
tion procedure though microbial contammation of 
‘Sephadex’ columns and of the curtain electrophoresis 
apparatus Maimtenance of strict asepsis does not seem 
to be feasible at the moment, the best precaution aval- 
able seems to be to diminish. the load of contamimants as 
much as possible 

The isolation procedure shows that the growth-factor 
activity 18 carried by small parts of the serum protems, 
namely, one of macroglobulin molecular weight, and a 
second which moves electrophoretically close to or with 
the albumin 

We thank Mr E H J Thackeray foi determination 
of growth-factor activity, and Miss M. Stubbs for assist- 
ance 
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ACTION OF p-I-ALKYL-2-(a-HYDROXYBENZYL)-BENZIMIDAZOLES 
ON TISSUE-CULTURE CELLS INFECTED WITH POLIOVIRUS 


By Dr. D. G. O'SULLIVAN, DANICA PANTIC and A. K. WALLIS 


Courtauld Institute of Biochemistry, Middlesex Hospital Medical School, 
London, W I 


HBB (I, R! = H) has notable selective activity against 
type 2 pohovirus, but ıts activity 1s small agamst the type 
] and type 3 viruses! The protection given to cells 
imcreases with the introduction, at position 1, of alkyl 
groups of mcreasing cham-length (up to C;), the 1-propyl 
compound giving considerable protection against all three 
poloviruses? As each compound possesses an asym- 
metric carbon atom, 15 18 necessary to determine whether 
or not the activity ıs shared equally between the enantio- 
morphs (I, R? = a and R? = b) Levorotatory mandelic 
acid has the (Fischer-projection) D-configuration (IT), and 
consequently the 2-(a-hydroxybenzyl)-benzimidazoles (I, 
R? = a) obtamed from this compound are also named 
with the prefix D  r-Isomers (I, R? = b) were not pre- 
pared owing to the maccessibility of L(4-)-mandehe acid, 
but a set of p-isomers (I, R? = a) were obtamed and then 
properties compared. with those of the DL-compounds 

D(—)-2-(«-Hydroxybenzyl)-benzimidazole (T, R! = H, 
R? = a) was prepared by heatmg, under reflux for 7 h, 
o-phenylenediamme (1 mole) with p(—)-mandelie acid 
(1 mole) ın M hydrochloric acid (2 5 moles) The hydro- 
chloride separated on cooling (yield, 72 per cent) and gave 
white prisms, m p 209°-211°, from ethanol-ether (Found 
C, 645, H, 48, Cl, 132, N, 104, C,,H,,CIN.O requires 


C, 64 5, H, 50, Cl, 13 6, N, 108 per cent) In ethanol, 
the hydrochloride had [«]23 = — 69? (c = 076) Addition 
of saturated sodium bicarbonate to the hydrochloride in. 
water gave the D(—)-base which formed white needles 
from aqueous ethanol 


OH 
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D(+)-N-Alkyl denvatives of HBB (Table 1) were 
similarly prepared from Dp(—)-mandele acid and the 
appropriate N-alkyl-o-phenylenediamme? The hydro- 
chloride of the 1-butyl derivative (yield, 57 per cent) was 
redissolved and treated with charcoal before precipitating 
the base As the remammg hydrochlorides were much 
more soluble, the bases were directly precipitated from 
the reaction mixtures Products were crystallized fiom 
aqueous methanol with charcoal treatment, the methyl 
derivative formmg white plates, and the ethyl, n-propyl 
and n-butyl derivatives formmg white needles (Table 1) 


Tible 1 D-l-ALKYL-2-(a-HYDROXYBENZYL)-BENZIMIDAZOLES (I, R?=a) 
[a]. Required Found 
E EtOH Yield Formula (76) (96) 
c—0 85 (965) [v H N C H N 
—T 60 CuHaN,0 751 54 125 747 56 129 
Me +171 50 C&H4NI0 750 59 118 755 61 118 
Et +171 55 CQH&4N.O0 763 64 111 760 61 «112 
Pre 4144 40 C,H4N,0 767 68 105 764 71 105 
Bur +187 35 O4H4N,0 772 72 100 775 75 101 


Replacement of the carboxyl group of p-mandehe acid 
(alt = — 149° [EtOH, c = 171]) by the benzimidazolyl 
group alters the specific rotation to — 7° (Table 1) 
Further marked change follows the introduction of an 
N-alkyl group and the dextrorotation of the latter com- 
pounds then falls slightly with inerease m chaim-length 
(Table 1) 

Comparative tests with ERK cells showed that each 
D-compound has almost the same toxicity as the corre- 
sponding Dr-compound (Table 2) Maximum tolerated 
concentrations of DL-compounds in Table 2 are more accur- 
ate than those previously quoted? The protective action 
of compounds was determined by infectmg monolayers of 
ERK cells m tubes with three dilutions of a pohovirus 
(type 1, L Sc 2 ab, type 2, P 712, Ch, 2 ab, type 3, Leon 12 
ab) Times (to the nearest 0 25 day) were noted when 
half the cells had undergone cytopathic change in controls 
Delay m onset of cytopathic change resulting from the 
presence of half the maximum tolerated concentration of 
test-compound was an indication of the effectiveness of 
the compound?‘ 


Table 2 MELTING-POINTS AND apres TOLERATLD CONCENTRATIONS 
(1) R H Me Et Pit Bue 
Mp D-Isomer 98-9 190-1 194-5 143-4 121 
(C) DL-Isomer 205-7 158-9 170-1 141-2 184-5 
MTC D-Tsome1 210 210 140 80 60 
(uM) DL-Isomei 210 210 160 80 60 
p-Isomeis of 1-methyl-, l-ethyl-, l-n-propyl- and 


1-n-butyl-2-(«-hydioxybenzyl)-benzmmidazoles showed the 
same protective actions against the cytopathogenicity of 
types 1, 2 and 3 poliovirus as those of the respective DL- 
isomers? ‘It follows, therefore, that the L-1somers would 
behave simuarly and that the protective action of the 
l-alkyl compounds 1s not related to the configuration at 
the a-carbon atom 

Other properties of the p-1-alkyl derivatives are closely 
similar to those of their racemates, thus solubilities, 
ultra-violet absorption spectra (Table 3) and infra-red. 
spectra (4,000-600 cm-*) of the isomers are almost identical 
and even melting-pomts are not widely separated (Table 2) 


Table 3 SpFcTRi OF HBB (I, R!—H) AND OF ITS 1-METHYL DERIVATIVE 
(I, R!—Me) 


DL-HBB D-HBB DL-l-Me- | D-1-Me- 
HBB HBB 
I-R »(NH) 3,250 3,270 
str » (CH) and) 3,090 3,090 2,950 3,050 3,050 
freq »(OB) J 2,810 2,810 2,820 2,800 
(cm-*)* » (OH) 2,660 2,710 2,700 2,700 
U-v 2 (e) 217 217 217 217 
abs (13,500) (14,100) (15,000) (15,450) 
mar 248 248 254 254 
(mz) t (6,650) (7,200) (7,850) (8,300) 
275 275 277 277 
(8,500) (8,700) (7,250) (7,800) 
282 5 282 5 285 285 
(8,500) (8,550) (7,250) (7,600) 


* 1 5 per cent in potassium chloride dishs, TO 0025 per cent in ethanol 
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Investigation of infra-red spectra of many simula: 
compounds shows that the mam CH stretching frequency 
as close to 3,000 em-1, with lower intensity peaks at slightly 
lower frequencies, the broad band at 3,090 or 3,050 cm~ 
(Table 3) contains, m addition, absorption due to inter- 
molecularOH O bonding (as present in simple alcohols) 
The broad band near 2,700 cm- (Table 3) 1s probably due 
to mtermolecular OH. Nz hnkages which, in the case 
of the l-alkyl compounds, could arise from dimers (III) 
Steric considerations make polymeric association less 
hkely Heterocyclic rmgs m a dmeric molecule of the 
I-methyl compound can be approximately coplanar, but, 
where the alkyl group ıs larger, 1$ 1s more probable that 
the heterocyclic 1mgs he m roughly parallel planes The 
experimental evidence mdicates that the configuration 
at the «-carbon atom has httle mfluence on hydrogen 
bonding oi on related properties in the 1-alky] compounds 


Ph N 
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A NN 
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Presence of the NH group m pL-HBB gives rise to more 
hydrogen-bonding possibihties, both with itself and with 
other molecules Consequently, pt-HBB probably exists 
1n a polymeric form in the solid However, p-HBB pos- 
sesses & much lower melting-pomt and a shghtly greater 
solubility in chloroform than DL-HBB Greater differ- 
ences exist between the mfra-red spectia, m potassium 
chloride disks, of DL- and D-HBB than between spectra 
of the enantiomorphs of the l-methyl derivatives It 
seems that less extensive association exists ın solid n-HBB 
than mits DL-isomer The «-phenyl group, probably lying 
in a plane perpendicular to that of the heterocyche ring, 
may influence the hydrogen bonding of D-HBB but exerts 
no effect m the p-1-alkyl derivatives 


Table 4 PROTECTION GIVEN BY DL-HBB AND D-HBB TO CELLS INFECTED 


WITH TYPES 1, 2 AND 3 POLIOVIRUS 
Mean delay (days) between infection with virus and degeneration of 


Virus half the cell population 
cone * Type 1 Type 2 Type 3 
on- Con- on- 
trot Dut pi trolt DIŞ D$ trol} DLt pt 
1029 10 125 125 125 175 20 10 125 15 
10-7 15 175 20 175 225 275 15 1 75 20 
10 20 225 30 225 35 4 25 20 225 25 


Times are quoted to the nearest quarter of a dav 

* Initial virus concentration (before dilution) ~107 ? TCD;, units 

T Infected controls contaming no protective agent Uninfected and 
untreated contiols survived more than 5 days 

i Present at 100 uM. concentration 

3 Present at 50 LM. concentration 


Comparison of the protections afforded by DL- and 
n-HBB against the cytopathogenicity of types 1, 2 and 
3 pohovirus (Table 4) shows that, m each case, the 
D-lsomer is slightly superior to DL-HBB Spatial orienta- 
tion of the phenyl group at the «-position appears to exert 
a minor influence on the protective action 

We thank the National Fund for Research mto Polio- 
myelitis and Other Crippling Diseases for financial support 


1 Hollinshead, A C,and Smith, P K,J Pharmacol Exp Therap , 128, 54 
(1958) Tamm,I, Bablanian, R , Nemes, M M , Shunk, C H , Robin- 
son, F M , and Folkers, K , J Exp Med , 113, 625 (1961) 

2 O'Sullivan, D G,and Wallis, A K , Nature, 198, 1270 (1963) 

? Freudenberg, K, Brauns, F, and Siegel, H , Ber, 56B, 193 (1923) 
Freudenberg, K , and Markert, L , «bd , 58B, 1753 (1925) Pratesi, P, 
La Manna, A, Campiglio, A, and Ghislandi, V , J Chem Soc , 2069 
(1958), 4062 (1959) 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


OH Absorption Profile in the Direction of 
Sagittarius A 


WE would like to confirm Wemreb, Barrett, Meeks and. 
Henry’s! discovery of the hydroxyl (OH) radical in the 
interstellar medium at frequency 166736 Mc/s Fig 1 
shows observations of the Sagittarius A source in the 
frequency range 1,667 672-1,667 210 Mc/s These obser- 
vations were made between December 2 and December 9, 
1963, with the 33-ft antenna at the Hat Creek Radio 
Astronomy Observatory of the University of California, 
Berkeley We used a switched-frequency receiver m 
which the comparison. channel was fixed at 1,669 Mc/s and 
the signal channel, of bandwidth 50 ke/s, was scanned 
over the spectrum at the rate of 0 93 Mc/s per hour The 
output of the receiver was digitized ‘Print-out’ occurred 
every 23 3 ko/s durmg the scan, this corresponds to an 
integration time of 90 sec per point For the receiver 
used we found an excess system noise of 750? K We may 
thus expect (and we find) a root mean square uncertainty 
of 0 7° K fora single readout The mean error of a plotted 
point on the OH curve in Fig lis + 013° K. The plotted 
frequency profile represents the mean of 29 scans 

We did not succeed in detecting the OH hine in absorp- 
tion in Cygnus X (« = 20h 30m, 8 = + 400?) or m 
emission m the galactic anticentre region (a = 5h 30m, 
è = + 30°) on the basis of observing series similar to that 
shown for Sagittarrus 4 in Fig 1 Ifthe OH hne does exist 
1n the Cygnus X and anticentre regions, 1t must be substan- 
tially weaker than the principal OH absorption hne m 
Sagittarius A, and may have a brightness temperature not 
exceeding 01° K The failure to detect OH in emission 
m the anticentre region with a level of uncertamty of 0 1? K 
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Fıg 1 The upper diagram shows the neutral hydrogen profile observed 

for Sagittarius 4 (Sgr A), the lower one the OH profile observed for 

Ser A The scale of brightness temperature for the two profiles 18 

shown on the left The frequency scale for HI (in Me/s) 1s shown at 

the top of the diagram, the frequency scale for OH (in Me/s) 18 at the 

bottom The two profiles are drawn so that corresponding points of the 
Innes are one over the other 


in our observations 1s consistent with the negative results 
obtained by Penzias? 

For comparison purposes, we have plotted in Fig 1 the 
profile of Sagittarius A as observed in neutral hydrogen. 
In the drawing the frequency scale of the HI line has been 
adjusted to that of the OH lme m accord with the expres- 
sion Avog = [w(OH)/v,(HI)]Avpgr, where v, represents the 
rest frequency of a lne From our observations we find 
the rest frequency of the F = 2 — 2 transition of OH to be 
1,667 360 + 0 015 Mc/s, m excellent agreement with the 
result obtained by Wemreb, Barrett, Meeks and Henry! 

The general similarity of form exhibited by the HI and 
OH lines in the Sagittarius A source is strikmg The 
strongest HI absorption lines at approximately the rest 
frequency are clearly present m OH, as is the weak HI 
absorption feature at 1,420 55 Mc/s (1,667 53 Mc/s m OH). 
It 1s to be regretted that our observations stop short of the 
OH frequency characteristic of the 3 kiloparsec arm 
absorption at 1,420 66 mn HI There 1s a shght mdication 
in our observations that the 3 kiloparsec arm absorption 
may be expected in OH 

The most notable difference between the HI and OH 
profiles 1s the lack of emission (compared with absorption) 
m the OH profile This ıs not unexpected From the 
deepest OH absorption shown in Fig 1 we compute an 
optical depth of 0022 + 0004 We anticipate that the 
excitation temperature of the OH will be of the order of 
10° K because of the probably dommant role of radiative 
excitation There may thus be OH emission of the order 
of 0 2? K at the rest frequency ın areas adjacent to the 
Sagittarius A source The emission m the spectral range 
upward from the rest frequency will be less than this. Our 
observations do not permit us to confirm or to deny emis- 
sion of this low value, but they do indieate that OH 
emission 1s comparatively less important than that of HI 
because of the lower excitation temperature of OH 

Weunreb. Barrett, Meeks and Henry! find the abundance 
ratio of OH/HI to be of the order 10-7 ın the direction of 
Cassiopeia A Our observations show a similar abundance 
ratio in the direction of the galactic centre 

We thank Mr. Donald S Sproul for his help with the 
recerver, and the observers at the Hat Creek Radio 
Astronomy Observatory, Robert Conrad, Kenneth Evans, 
David Lesh and Werner Scharlach, for their help 

The Radio Astronomy Laboratory is supported by 
contract Nonr 222(66) with the Office of Naval Research 
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Berkeley. 
a Nee ee A H, Meeks, M L,and Henry, J C, Natwe, 200, 
? Penzias, A A , Meeting of Amer Astron Soc , Washington, D C , Decem- 


ber 26-28, 1963 [See also, Nature, 201, 279 (1964) ] 


A Radio Spectrograph with High Sensitivity 
and High Time Resolution 


Work has recently been done on the fine structure m 
time of solar radio emission This fine structure 18 charac- 
terized by short-hved variations of the intensity, they 
may have either small or large intensities! 

For these investigations a conventional swept-frequency 
radio spectrograph? lacks sensitivity when a large 
frequency band 1s combmed with high time resolution. 
To overcome this difficulty the Utrecht Observatory makes 
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use of a receiver with 7 fixed channels, each channel 1 Me/s 
wide The centre frequencies of the channels are evenly 
spaced with a frequency difference of 2 Mc/s The central 
frequency of the complete receiver had several values in 
the past, but at the moment 1s 274 Mo/s 

With this receiver interesting results were obtamed by 
investigating the time and frequency profiles of the miero- 
structures There 1s strong evidence that these fine struc- 
tures are individual events mtermediate between single 
storm bursts and large-scale phenomena Most of these 
events occur associated with major solar radio events 

As 16 18 not possible to make a complete classrfication of 
these intermediate phenomena from observations withm 
a small overall bandwidth, ıt 1s very desirable to have a 
multi-channel spectrograph which covers a larger 
frequency band with equal sensitivity and response time 

At the end of 1962 the design and development were 
started for a receiver with 60 channels, intended for the 
frequency band 160-320 Me/s 

This new spectrograph will be used ın combination with 
a parabolic reflector with a diameter of 10 m A log- 
periodic antenna will serve as the primary feed 

The signal passes & broad band radiofrequency pre- 
amplifier with a low-noise figure and 1s then divided into 
12 adjacent frequency channels, each channel havmg & 
radiofrequency bandwidth of 13 3 Mc/s 

To elunmate mterfermg signals and Spurious responses 
so far as possible this division was realized with filters 

After conversion to an intermediate frequency the 
broad-band channels were split up mto 5 sub-channels each 
with a band-width of approximately 2 Me/s 

The further processing of the signals included quadratic 
detection, linear and logarithmic amplification and low- 
pass filtermg 

The quadratic detection was realized by usmg & semi- 
conductor diode at low level In this way ıb was possible 
to achieve an accurate response over a large dynamic 
range, which 18 m this case at least 30 db 

Much attention was directed to the stabihty of the 
system For this purpose improved choppmg techniques 
were used Despite the complication of having an mstru- 
ment which consists of 60 channels, the design was made 
in such a way that re-calbration and mamtenance will 
be reduced to a mmmum 

The 60-output voltages will be presented on & 35-mm 
film m order to obtam dynamic spectrograms in the same 
Style as those produced by swept-frequency recervers?, but 
with more detail For detailed exammation and for 
calibration a fast moving-coil recorder with 6 channels 1s 
avalable This recorder can be connected to any 6 output 
voltages out of the 60. At tho moment a prototype of one 
channel of the spectrograph 1s completed and 1s being 
tested 


Table 2 NEW ARSENOPYRITE-TYPE COMPOUNDS, 
AE AND THE MAGNETIO SUSOEPTIBILITY Xmol 
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PHYSICS 


New Semiconducting Arsenopyrite-type 
Compounds 


In a 1ecent paper! we reported on semiconductivity in 
CoSb,-type compounds The ternary analogues of these 
polycompounds are formed by the arsenopyrite group 
The monochnie minerals arsenopyrite, FeAsS, and gud- 
mundite, FeSbS, closely correspond to the mineral 
safflorite, CoAs, They have the same number of valence 
electrons and we therefore expect their cations to have tho 
same d-electron configuration In CoAs, we have found a 
magneton. number much smaller than that corresponding 
to one unpaired spm! A measurement of the magnetic 
susceptibility of a natural arsenopyrite crystal (from 
Altenberg, Silesia, the same on which resistivity measure- 
ments were performed earher?) of unknown purity showed 
a very similar behaviour (see Table 1) 


Table 1 MAGNETIC SUSCEPTIBILITY OF NATURAL ARSENOPYRITE FlAsS 


T (°K) 10° žmo (CE 8 umts) 
298 + 83 
200 + 112 
82 + 202 


With a correction of — 50 x 10-°egs units per mole 
for the diamagnetism of the 10nie cores m FeAsS a mag- 
neton number of ~ 0 7 upon; 13 derived 

In addition to the known minerals we had synthesized 
the semiconducting compounds FePS and FeAsSe (ref 2) 
which also belong to the arsenopynte type In order to 
establish the full analogy between the safflorite and the 
arsenopyrite family, we have now prepared corresponding 
ruthenium and osmium compounds All samples were 
made by sintering pressed pellets of the intimately mixed 
components at 700°-900° C The non-metallic character 
of all the new compounds was confirmed by measuring the 
thermoelectric power, the electrical resistivity and/or the 
diffuse reflectance Some of these preliminary measure- 
ments are listed in Table 2 As was the case for the 


LATTICE CONSTANTS AND PRELIMINARY DATA OF THE THERMOELECTRIO POWER a, THE ENERGY GAP 
IN THE LAST COLUMN THE CORRESPONDING SAFFLOBITE-TYPE COMPOUNDS ARE LISTED OF WHIOH THOSE 


IN PARENTHESES ARE STILL HYPOTHETICAL 


a 800° K (uV]^ C) 


10° žmo (cgs units) 
Boom tem- Liquid Ny 
perature temperature 


AE (eV) Analogous 








RuSbTe 
OsPS 
OsAsS 
OsSbS 


OsPSe 
OsAsSe 


OsAsTe 











RhP, 
RAE) 
(RhPSb 
> 1,000 (n) (RhPAs) 
250 (n) RhA 
200 (n) 


180 (n) 
150 (n) 


~ 1,000 (n) 
> 1.000 (n) 


(IrPAs) 
50 (p) 


(IrPSb) 


(IrPAs) 
TrAs, 


TrAsSb 


> 1,000 (n) 
250 (p) 





250 (p) 
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corresponding _ safflorite-type compounds all samples 
tested magnetically revealed a weak, almost temperature- 
independent diamagnetism 

Ib 1g felt that the lst of compounds in Table 2 1s not 
complete Phases such as RuPTe, OsSbSe, OsSbTe, ete , 
belonging to the arsenopyrite family may exist More- 
over, since the energy gap m RuSbTe 1s still fairly large 
and smce a bismuth-contammg, safflorite-type compound 
«-RhBi, 18 known, RuBiSe and/or RuBiTe may also 
exist though we did not succeed m synthesizing them 

I thank Prof G Busch, Federal Institute of Technology, 
Zurich, who kindly made available his Gouy balance for 
the magnetic measurements, Dr P Guiesecke, Cyanamid 
Research Laboratories, Stamford, who supphed me with 
some diffuse-reflectance curves, and Miss E Rittershaus, 
who took the X-ray diagrams 

F HULLIGER 
Cyanamid European Research Institute, 
Cologny, Geneva 

1Hulhger, F , Physics Letters, 4, 282 (1963) 
2 Hulhger, F , Helv Phys Acta, 82, 615 (1959) 


Angular Distribution of Random Close-packed 
Equal Spheres 


Some features of the radial distribution of randomly 
arranged equal spheres in close packing have been shown to 
agree well with the radial distribution found by neutron 
and X-ray diffraction for simple hquidst The co-ordinates 
measured previously for a cluster of 1,000 steel balls were 
used to find the relative angular positions of neighbours 
im the first, second and third shells 

The boundaries of the various shells were taken as the 
rumuma in the radial distribution To provide more 
precise information on the position of the minima the radial 
distribution was recalculated The minima were found for 
the first shell at 13,, the second at 21,, the third at 31 
and the fourth at 41 sphere diameters The average 
number of neighbours 1n the first shell so defined was 12 3 
In contrast, the average number of ‘nearest’ neighbouis 
taken to ll diameters ıs 93 The average number of 
neighbours in the second shell 1s 39 and 1n the third 98 

The ‘polar’ distribution was found as follows For a 
large number of reference origins or centres each of the 
balls m the first shell was chosen 1n turn to define a polar 
axis and then for each axis the polar angles 0, to all the 
neighbours in the various shells were calculated A 
variable œ = 3(1 — cos 0) was used m the distribution 
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W= i (1- COS 8) WHERE 8 i5 THE POLAR ANGLE 


Fg 1 Histograms of the angular distribution of neighbours relative 
to a first-shell neighbour as pole 
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lig 2 Contours showing the complete average angular distiibution 
of the first-shell neighbours 618 the polar angle, » the azimuth, P 18 
a peak, V a valley This map 1s the result of smoothing a series of 
50 histograms similar to that in Fig 1, but each for smal] intervals of 
azimuth (27/50) and with 16 equal intervals of the variable 


histograms Equal meiements of e correspond to equal 
solid angles about the centre The numbers of neighbours 
in each interval Aw for the full azimuthal angle 27 were 
averaged over all the axes foi each centre and then over 
all the selected centres With uniform angular distribu- 
tion. the ordinate of the histogram would be a constant 
Fig 1 shows the histograms of the polar distributions for 
the first three shells In the case of the fust shell 520 
centres were selected For the second and thud shells 
only 110 centres were used because of the limited size of the 
cluster The first shell shows a sigmficant amount of 
angular structuie The second shell exhibits a structure 
which complements that of the first shell However, m 
the third shell the angular sti uctwe, which like the second 
1s relative to a selected neighbour in the first shell, has 
been almost entirely lost It might be noted that the area 
under each curve represents the number of neighbours m 
the shell 

The angular positions of neighbours in the first shell 
were further determined by findmg azimuthal angles, 9, 
1elative to a direction fixed by a plane through the polar 
axis and a neighbour in the first peak of the polar distribu- 
tion Averages were taken over all possible reference 
planer, poles, and centres Here 450 centres were used 
The density distribution of the first-shell neighbours was 
plotted by contours with a circle (Fig 2) The sphere the 
surface points of which define the direction ın space of the 
neighbours 1s mapped on the mtenor of the circle The 
centre of the cucle O correspondr to the pole The neigh- 
bour definmg the reference plane and hence the direction 
9 = O hes m the lme segment at A The distribution of 
such neighbours hes between c = 0 24 and 0 26 and has & 
maximum near 0 = 60? The scale for poler angles has 
been chosen to make equal areas of the circle 1epiesent 
equal areas of the sphere The volume under the con- 
towed surface ıs equal to the average number of neigh- 
bours m the first shell when the radial distances are 
measured by w and the unit of azimuth is taken as 27 
The method of mappmg produces appreciable distortion 
for large polar angles, but this effect 1s not serious since 
in that 1egion the structure of the distirbution 1s not 
pronounced 

The mai features of the plot of Fig 2 are the symmetry 
about the 9 = 0 plane, and the two sharp ridges centred 
on O and A which end ın the sharp peaks near @ = 55°, 
ọ = + 70? and — 70° There are three further ridges at 
6 = 110° and centred at 9 = + 100° = + 180°, and 
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= — 100? The apparent lateral spreading of these three 
ridges 1s partly a consequence of the distorted mapping 

If the angular positions of the nearest neighbours in 
1egular close packing are superimposed on Fig 2 they do 
not seem to show a significant relationship to the positions 
of the peaks and ridges 

The structure of the angular distribution is clearly that 
which 1s imposed by the condition of close packing and 
can be considered analogous to the short-range structure 
displayed ın the radial distribution The relative angular 
distribution of the molecules in monatomic liquids cannot 
be found by diffraction methods and so 16 1s not possible to 
compare our results on the model with experimental data 
for real liquids However, 1t seems likely that the angular 
distribution. of random close packing 1s directly related 
to the geometrical structure of simple liquids 

Acknowledgment is made to the National Research 
Council of Canada for financial assistance and to the 
Institute of Computer Science at the University of Toronto 
for the use of the 7090 computer 

G D Scorr 
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GEOPHYSICS 


Terrestrial Flow of Heat in the Brent Crater 


During the summers of 1961, 1962 and 1963 tempera- 
ture gradient measurements weie made im & hole drilled 
in the Brent Crater!, which is thought to be-of Cam- 
brian age and ıs about three miles north of Cedar Lake 
m Algonqum Park, Ontario This hole, which was 
started on March 10, 1959, and completed to 3,489 ft on 
May 23, 1959, mamly passes through limestones and 
shales for the top 750 ft and then through a complicated 
series of rocks ranging from indurated tuffs to porous 
breccias By the time the first measurements were made 
1n 1961 the hole had become blocked at a depth of 1,285 ft 

Tho thermal conductivities of the rocks were determined 
from «n situ measurements at 8 points along the hole from 
100 ft through 1,200 ft Since details of the technique 
and methods used to reduce the data and check the 
accuracy of the results will be pubhshed elsewhere, only a 
brief desciiption will be given here 

The thermal conductivity probe is essentially a cylind- 
rical heater with a length to diameter ratio of not less than 
20 (ref 2), and with the present arrangements the accuracy 
of a single conductivity determination 1s not much better 
than 10 percent A number of different probes have been 
used involving different materials and shghtly different 
end geometries, they have been checked against one 
another by repeating measurements at given points along 
the hole ‘However, they all have bottle brush type 
seals? at each end and the temperature measurements are 
made by either a single, or a multiple, differential thermo- 
couple with the cold junction located 18 m below the 
lower seal and the hot junction, or junctions, located on 
the outer surface of the probe and equidistant from each 
end of the probe Both ac and de heating methods 
have been used, with more consistent results from the d c 
mothods, the heat mput bemg such that rises of tempera- 
ture between 2° and 5° C aro observed The output from 
the thermocouples 1s amphfied (this 1s not always necessary 
with multiple thermocouples) and either recorded con- 
timuously or measured at specified times on a portable 
potentiometer 7 

The mean thermal conductivity of the rocks below 
800 ft, which range from mdurated tuffs to porous 
breccias, was found to be 0 0056 callem sec °C, with a 
standard deviation of 0 0007 Above 800 ft the conduc- 
tivity was found to be 00086 + 00019, if one particu- 


NATURE 


383 


larly hgh result, which may have been due to leaky 
seals, 1s 1gnored—the value ıs 0 0079 + 0 0014 

For the deteimmation of the temperature gradient, 
different sets of temperature measurmg equipment were 
used in each year In 1961 a straightforwaid Wheatstone 
bridge arrangement was used, in 1962 a prototype version 
of the 1963 equipment‘ was used In each year the tem- 
perature-depth relation exhibited a small but definite 
curvature and for this reason a least squares quadratic 
equation, rather than the more usual straight line equation, 
has been fitted to the results for each year The relation- 
ships over the lange 300-1,285 ft, with the standaid 
deviation of the measured temperature from the fitted 
curve, are as follows- 
51 x 10? Z — 4698 x 107 Z? (+ 00 
66 x 10 Z — 6507 x 10-7 Z? (+ 002°C) 
31 x 10? Z — 7300 x 107 Z? (+ 002 


1961 06 = 5066+ 47 
1962 0 = 4098 + 5 
1963 024600--5 


Where 0 ıs the tempereture at the depth Z ft from the 
surface 

It can be seen that the temperatures have been slowly 
changing over the years, and that between 1961 and 1963 
the gradient has changed by 14 per cent at Z = 0 and by 
6 per cent at Z = 1,000. However, between 1962 and 
1963 the changes in gradient are 3 per cent at Z = 0 and 
< 03per cent at Z = 1,000, all changes are referred to the 
1963 values These data a1e consistent with the behaviour 
of a borehole returning to equihbrium after disturbance 
of the temperatures by diillng fluid, although the possi- 
bility that the upper regions of the hole are disturbed by 
subterranean water flows cannot be entirely ruled out 

Since the portion of the hole above 700 ft has not quite 
ieturned to equilibrium only the lower 500 o: 600 ft 1s 
used to compute the terrestrial heat flow from the foregomg 
results, the value so found 1s 0 73 ucal/cm?/sec and may be 
as much as 15 per cent m enor due principally to the 
scatter in the values of thermal conductivity This some- 
what low value ıs consistent with low values of heat flow 
found elsewhere in shield areas throughout the worlds 

This work was supported by the National Research 
Council of Canada and forms Canadian Contribution No 
42 to the International Upper Mantle Project 
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Anomalous Galenas and the Continuous 
Diffusion of Lead 


Ix the mvestigation of the isotopes of ‘common lead? 
i6 was found! that anomalous galenas fiom a given area 
produce lead 1sotope ratios which, when represented on & 
?5Pb/*4Pb versus *"Pb/?*Pb plot, dehneate a straight 
hne Russell and Farquhar suggested that this result 
would. be produced 1f common lead with normal or non- 
anomalous isotopic composition were mixed with radio- 
genic lead Thus the position of a pomt along the hne 
would be deteimuned by the ratio of common lead to 
radiogenic lead Assuming this process to have occurred, 
then Russell and Farquhar gave arguments to set limits 
bounding the time interval withm which uranium could 
have generated radiogenic lead of the requisite kind 
They further showed that if one could say that the uranium 
started producmg new radiogenic lead at a time #,, then 
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at a definite subsequent tme tz, determmed by the slope of 
the hne m the ?'5Pb/2*Pb versus ?""Pb/**Pb plot, this 
radiogenic lead must be garnered from its parent uranium 
and at some date mixed with the normal lead It was 
assumed thab the mixmg was essentially contemporaneous 
with the separation of radiogenic lead at te 

More recently, Kanasewich? has suggested that one may 
be able to assume that ¢, 1s equal to the tıme of formation 
of the normal common lead component That 1s to say the 
following tectonic sequence 1s imagmed at à time ¢, non- 
anomalous common lead 1s removed from some uniform 
environment (mantle or lower crust) and incorporated m 
the crust either m galeng deposits or m some more dis- 
semmasted form Simultaneously uranium and thorium 
are mtroduced into the same area At a later time £,, as à 
result of some metamorphism, the normal lead 1s mixed 
with the radiogenic lead generated between £, and t, and 
concentrated mto anomalous galena deposits Thus, since 
the ‘age’ of the non-anomalous component may be found 
using, say, the Gerhng-Holmes-Houtermans? isochron 
technique, then ż, 15 now determined merely from the lead. 
isotope data and, of course, once £, 1s fixed then 4, 1s also 
known  Kanasewich gave several examples of the use of 
this interpretation, but one of the major difficulties 1s the 
large numerical uncertainty m estimate of t; 

These concepts of the origm of anomalous lead isotope 
ratios, then, are based on the assumption that the radio- 
genic lead causing the anomaly was generated unmterrup- 
tedly ın some environment from /; to t, and then suddenly 
removed m some event from its parent uramum How- 
ever, in view of the increased amount of evidence favouring 
contmuous diffusion losses of lead from uranium 
munerals!-* ıt 18 mteresting to ask whether the radiogenic 
lead required could be supphed by the lead lost from 
uranium-bearmg minerals by diffusion If this is so, 
then how are the afore-mentioned estimates of t, and t 
affected ? 

To answer the first question let us look at Fig 1, where 
a Wetherll-Tilton ‘concordia’ plot? 1s shown for a postu- 
lated history in which uranium-bearmg mmerals were 
formed 2,800 m y ago and underwent an episodic lead- 
loss about 600 my ago As was shown by 'Tilton5, such a 
discordant lnear age pattern could also have been pro- 
duced by contmuous diffusion up to the present. The 
diffusion pattern dips down to the origm as shown, but 
experimental results usually he along the straight hne 
section above the divergence, and in the case illustrated 
16 would not be clear in which way the discordancy arose 
The positioning of the pomts along the line would be 
determmed, in the episodic loss case, by the fraction of 
lead lost from the mmeral In the case of continuous 
diffusion the positioning would be an indication of the 
size of the parameter D/a?, where D = diffusion coefficient 
in the mineral and a = mineral radius, the mmeral beng 
assumed to be spherical, to have a uniform uranium dis- 
tribution and D bemg assumed equal for both lead isotopes 
Evidently, then, in this particular case the radiogenic 
lead removed in & sudden episode 600 my ago would 
have an identical 2°’Pb/?°SPb ratio with that of the lead 
lost continuously by diffusion from 2,800 my ago to the 
present day for all values of D/a? = 310-3 yr- Thus if 
Kanasewich’s analysis of anomalous galenas were to 
indicate t, = 2,800 my and t, = 600 my then one could 
interpret this to be due to addition of the lead lost episodi- 
cally 600 my ago from the munerals shown m Fig 1 
However, we have now seen that the same anomalous 
galenas would result if the radiogenic lead. were the result 
of continuous diffusion from 2,800 m y ago until now for a 
wide range of values of D/a? and if this radiogenic lead 
were incorporated into the galenas ın a recent metamorph- 
ism Thus the diffusion-loss model m this case predicts a 
metamorphism and galena mineralization 600 my later 
than the episodic model value 

The particular example of ¢, = 2,800my , t, = 600m y 
was chosen for illustrative purposes but the extension of a 
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diffusion interpretation to other values of ¢, and t, 18 
obvious The significant point ıs that the appropriate 
radiogenic lead for a given set of anomalous galenas may 
be generated by diffusion loss from mmerals having & wide 
range of Dja? values That is, ıb 1s not necessary to 
postulate a specific ad hoc smgle value for D[a* for the 
mmerals providing radiogenie lead for subsequent incor- 
poration into galenas It 1s noteworthy that if the same 
value of 4, 1s chosen on the two interpretations, the value 
for t, predicted by the diffusion-loss method 1s always less 
than that found from the episodic-loss model, In certain 
mstances the choice of t, by Kanasewich’s criterion could 
lead to negative values for ta on the diffusion-loss model 
In such cases 1t might be possible to rule out the diffusion 
mechanism or modify ıt, or equally hkely, 1t might indicate 
that ¢, 18 not chosen so simply as Kanasewich suggests 
Thus 7, can always be raised by lowering t, 

Accordingly then one might have the following mechan- 
ism for production of anomalous galena leads Non- 
anomalous, common lead 1s generated m the mantle or 
lower crust Jn some orogenic event ıt 1s placed m the 
crust In a later metamorphism this lead 1s mixed with 
radiogenic lead derived by diffusion from minerals bearmg 
uranium and thorium and this resultant lead forms anoma- 
lous galenas In reconstructing such a hustory, it 1s 
probably most sound to estimate t, by independent abso- 
lute age measurements and thence to calculate t, using 
the various models mentioned 

Since presumably the lead lost from radioactive 
minerals 1s the lead responsible for anomalous galenas, 
then it 1s rmportant to recognize that if there 18 an am- 
biguity surroundmg the mechanism of the lead loss from 
the one set of minerals, then there must be simular uncer- 
tamty surrounding the lead addition to the other set The 
attraction of a diffusion theory 1s perhaps maimly in its 
requirement of merely a mild metamorphism which will 
mobilize lead already removed from crystals and presum- 
ably, therefore, ın an easily accessible location No doubt 
we will find that both mechanisms have in fact operated 
either separately or together 

I thank Profs R M Farquhar, R D Russell and 
J T Wilon for them advice This work has been sup- 
ported by grants from the National Research Council of 
Canada and the Geological Survey of Canada 
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Rim Structure of the New Quebec Crater, 
Canada 


Tue New Quebec Crater 15 a circular lake-filled depres- 
sion, two miles in diameter, m the acid Archaean gneisses 
of northern Quebec (613° N , 736° W) A bedrock rim 
encircles the crater rismg 1,300 ft above the crater floor, 
and 300 ft above the surrounding barren lands The 
rocks of the rim consist of quartzo-feldspathie gneisses 
identical to those outside the rim except for various degrees 
of hydrothermal alteration The structure of the rim 1s 
unique, and is a relatively recent deformation of the 
regional Precambrian structure Curviplanar structure 
elements are shown m Fig 1 The vertical north-trendmg 
&neissosiby common to the gneisses of this region 1s system- 
atically deformed 1n the rim such that strikes are radial 
to the crater Precambrian faults crossing the rim aro 
deflected as much as 30° toward the centre of the crater 
Analysis of the grid defined by gneissosity and faultmg 
shows that the diametrical distance between two points on 
opposite sides of the crater has been decreased 2,500 ft 
by this deformation. Rock sheeting 1s approximately 
horizontal outside the rum, but m the rm dips radially 
outward at angles varying from 10° to 85°, averaging 
about 33? (ref 1) These results show that the rim 1s the 
remnant of a structural dome, approximately a spherical 
eap 18,000 ff m diameter and 2,000 ft high ‘The arc 
distance across this cap is 2,600 ft longer than the 
diameter, and the inclination at the edge 15 33° 

Epidote 1s common in the mm rocks, occurring as 
seams, diffuse patches, and large perfect crystals, but 18 
rare or absent m similar rocks outside the rm — Sericite 18 
abundant m the rm rocks, but 1s not found in rocks 
outside the rm 

Impact orgin for ths crater was postulated 15 years 
ago? because of its topographic form, but detailed geo- 
logical investigations 1n. 1962 failed to discover meteorite 
fragments, highly shocked or shattered rocks, shatter 
cones, or any evidence of a catastrophic explosive event. 
Matemal previously thought to be throw-out from an 
unpact® was shown to be felsenmeer 
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Wig 1 Structural elements In the new Quebec crater region Heavy 

broken line, trace of faults, light dashed lme, trace of gneissosity, 

strike and dip symbols, average strike and dip of sheeting The scale 
par is one mile long 
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The absence of ejecta, presence of hydrothermal 
alteration, and structure of the rmn, suggest the crater 
originated by collapse of a dome supported by hydrous 
fuds Ths model predicts a lens of breccia beneath the 
crater, composed of rock formerly m the crater and the 
overlying dome If the crater and the overlying dome are 
approximated by spherical caps 11,000 ft m diameter, 
with depth 1,300 ft and heght 1,500 ft respectively, and 
if 16 be assumed that the rock expanded im volume by 10 
per cent on crushing, the volume of breccia is 158 x 10% 
cubice ft The volume of breccia found by Innes* m the 
Brent Crater, which 1s of similar size, 18 1 91 x 10% eubie 
ft The comeidence suggests that gravity anomaly com- 
parable with the — 55 mulligals found over the Brent 


Crater will be found over the New Quebec Crater This 
prediction has recently been confirmed by Innes! 
K L Corrie 


Geological Survey of Canada, 
Ottawa 
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Graptolites in the Indian Sub-continent 


ALTHOUGH geological work has been m progress 1n India 
for well over a century, an important laeuna—the absence 
of graptolites in the sub-contient—bhad  remamed 
unbridged until quite recently when one of us (V J G) 
made this mteresting find The conviction that this 
lacuna would be bridged one day was emphasized by the 
Senior author as long ago as 19411 and agam successively 
m 19562, 1962? and 19634 

The earhest reference to the possible occurrence of 
graptolites in India 1s by Lyddeker* which 18 also quoted by 
Middlemiss* However, no authentic record was known 
and, despite the extensive field mvestigations of the 
Geological Survey of India and other field parties, the gap 
remained unbridged. Later, Cowper Reed’ discussed 
certain differences supposed to exist between the Huma- 
layan and Shan (Burmese) hfe provinces m pre-Carbon- 
iferous times, notably the absence~of graptohtes m the 
former La Touche? was obviously mfluenced by the 
presumed lack of graptohtes in the Himalayas when he 
postulated the presence of an ‘unsurmountable barrier’ 
between the Himalayas and Burmese regions from the 
Ordovician until the close of Silurian times According to 
La Touche, well-preserved specimens of Didymagraptus 
were discovered by Coggin-Brown from the Pu-pjao Beds 
of Yunnan which he considered equivalent to the Naung- 
kangyi (Ordovician) formation of the Southern Shan 
States Cowper Reed? has referred to the discovery of 
graptolites ın the Southern Shan States by V P Sondh: 
That assemblage apparently indicates, according to 
Gertrude L Elles (mref 9, p 210), the Monograptus cyphus 
Zone (Silurian), also known from the Panghse-pye grapto- 
hte band of the Northern Shan States 

When discussmg the Lower Paleozoic of India and 
Burma and its faunal anomalies Sahni? observed — '"The 
absence of graptolites in the Himalaya is considered 
further evidence of lack of affinity between the Burmese 
and Himalayan Ordovician But graptohte honzons are 
notoriously elusive, and too much importance cannot be 
attached to them, especially where such highly folded 
rocks as of the Himalayas are concerned, and graptolites 
may yet be found m the Himalaya In this connexion, 
the discovery of graptolites (genus ? Diplograptus) m Iran 
may be cited” Sahni‘ agam referred to these anomalies 
in his Holland Memorial Lecture: “Tho complete absence 
of graptolites in the Himalayas also needs careful and early 
attention It would be unfortunate, mdeed, to leave the 
gap unbridged for I feel certain that the graptohte facies 
will be found m the Himalaya one day It must be 
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Fig 1 Didymogiaptus (?) from Kashmir (x c 13) 


remembered that graptolites occur m soft black shales 
which are likely to be overlooked ın the field These gaps 
can only be filled by well organized expeditions to the 
Himalayas and careful search in hkely areas” 

With this end in view, and with the broader objective 
of revismg Himalayan stratigraphy and paleontology, 
work was organized in 1962 by the senio author resulting 
in the present find in the Kashmir Himalaya 

The graptolites apparently occur (as 1s often the caso 
with graptolites) in profusion, for on a rock surface measur- 
ing barely two square inches, six specimens can be seen 
(Fig 1) ‘Though the material ıs not well preserved and 
no sicula has been seen we tentatively identify the speci- 
mens as Didymograptus (2) If this identification 1s correct 
16 indicates an Ordovician age for the strata This 1s 
significant because the nearest known graptolite occur- 
rences are in Silurian strata in the Northern and Southern 
Shan States Further work 1s ın progress and details will, 
be given in due course 


M R Saunt 
V J GurrA 
Geology Department, 
Panjab University, 
Chandigarh, 
India 
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Temperate Water Planktonic Foraminifera in 
Quaternary Sediments of the Arctic Ocean 


MxcROPAIZEONTOLOGICAL and lithological investiga- 
tions, undertaken last summer on five sediment cores from 
the Arctic Ocean basm, are presented in this communica- 
tion To our knowledge, this 1s the first instance in which 
tests of planktonic Foramimifera known to-day to mhabit 
temperate oceanic wateis have been found in Arctic 
Ocean deposits The sediments were raised from the 
Alpha Rise, which extends from north of Ellesmere Island 
to the Siberian Shelf, and 1s subparallel to the Lomonosov 
Ridge 

At the laboratory the cores were opened, photographed, 
and lithologically described For microscopic examma- 
tion, samples of approximately 5 g were taken at 5-10 cm 
intervals, dried, weighed, and washed through a sieve of 
53u mesh The coarse fraction was then dried at 100° C, 
weighed for the second time, and the percentage by weight 


NATURE 


January 25, 1964 vo 201 


of the fraction gieater than 53u was calculated For 
samples with low concentration of foramumferal shells, the 
tests were concentrated by the use of heavy liquid carbon 
tetrachlorıde 

Silty clay sediments with 
pebbles of various shapes and degrees of roundness were 
found throughout the cores Among these fragments, 
some are coated with a thm film of manganese oxide 
These rock fragments and finely divided manganese oxide 
minerals were found to be most abundant in the brown. 
layers rich m Forammifera The brown sediments owe 
their colour to the oxidized minerals, providing evidence of 
exposure on the sea floor for a period of time before burial, 
whereas the hght-tan silty layers barren of Foraminifera 
were accumulated more rapidly The mottled appearance 
of the deposits, due to mixing of sediments by burrowing 
organisms, characterizes the entire sedimentary column 
Well-defined zonation, based on differences in sediment 
colow and faumstie changes m consecutive layers, suggests 
different climates as well as unlike physical and chemical 
conditions at the water-sediment interface and downward 
from the interface, durmg and shortly after the deposition 
of these stratigraphical umts There 1s a conspicuous 
lithological correlation between cores DSA 3,4, 5 and 6 
DS A 2, the longest of the cores, appears to correlate with 
the other four, although most of its corresponding layers 
are thinner, probably due to its topographical location. 
Lying at a depth of 1,521 m, this core was exposed to a 
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Fig. 1 Variation in ratio of Foraminifera to sand ın coarse fraction 
(> 534) of core DS A2 TW signifies presence of temperate water 
planktonic Foraminifera 


No 4917 January 25, 1964 


DSA2 


DSA8 DSAA DSA5 DSA6 


A 
AD 
AB 


n 






50 









Fig 2  lLithologreal correlation between cores White areas mdicate 

silty layers, hatched areas indicate foraminiferal-rich layers A, 

Globorotaha crassaforms , B, G wflata, C, G sp, D, Globigerioides 
sp , E, Sphaerovdinella dehiscens 


greater extent to the action of deep currents which swept 
away part of the unconsolidated hght sediments, whereas 
the other four cores, raised from deeper regions (Table 1), 
were more sheltered from the effect of these currents Two 
distinct horizons were recognized in these cores (1) brown 
layers rich m Foraminifera, consisting of many mdividuals 
belonging to few species of planktonic Foraminifera, with 
Globigerina pachyderma (smistral) as the mam constituent, 
(2) hght tan, silty layers, intervening the brown Fora- 
munifera-rich layers, ın which the minerogenic component 
makes up 98-99 per cent of the coarse fraction (Fig 1) 
In these silty layers several species of planktonic Fora- 
munifera which are known to-day to mhabit open ocean 
temperate waters were found The two genera, Globo- 
rotalea crassaformis (Galloway and Wissler), and Globiger- 
nodes sp (immature form), were most frequently 
encountered; other temperate water  Foraminifera 
were present, too, in lesser numbers (Fig 2) CoreD S A 2 
had the largest number of temperate water Forammufera, 
most of them occurrmg at the level of 9-9 7 em, where 
they make up approximately 27 per cent of the total 
planktonic foraminiferal population None of the tem- 
perate water Foraminifera listed m Fig 2 was seen m the 
brown layers rich in Foramimifera Parker! gives the 
geographical range of Globorotala crassaformas m South 
Pacific sediments as “north of 45° S ” 

Although the temperate water species of the silt layers 
(see Fig 2) were not observed m the 223 examined 


Table 1 Location, DEPTH AND LENGTH OF CORES 
Core Latitude Longitude Depth (m) Length (em) 
DSA 2 83° 52' N 108?12'W 1,521 206 
DSA S8 84° 12' N 168° 33’ W 2,400 95 
DSA.4 84° 21’ N. 168° 49° W 2,041 116 
DSA 5 84° 28’ N 169° 04’ W 1,934 125 
DSA 6 85° 15 N 167° 54’ W 1,842 88 
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samples from the layers rich m Foraminifera, their 
presence ıs not ruled out, if found, however, their per- 
centage would still remam insignificantly small 

The tan, silty layers probably represent relatively short 
recurring periods of more active surface water interchange 
between the Arctic and the neighbouring oceans during the 
Pleistocene It is not certam whether these temperate 
water forms actually hved m the Arctic waters or whether 
the empty tests were carried there from other seas by 
currents The scarcity of Foramunifera ım the light-tan 
sit layers might be due to more rapid glacial melting 
induced by temperatures higher than those prevailing 
to-day m the Arctic region, decreasing the surface water 
salmity which consequently would (1) reduce foraminiferal 
production (Foraminifera have a limited salinity tolerance 
range), (2) increase the deposition of clastic material, thus 
changmg the Forammifera/mmeral ratio 

Ithank Dr J W Mills, chairman of the Department of 
Geology, Washmgton State University, for providing 
facilties for the completion of this work, and Dr P E 
Rosenberg for helpful suggestions 

This work was supported by US Steel grant 2700— 
963470, and US Office of Naval Research grant Om 
266(48) under the direction of Dr Maurice Ewmg 
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CHEMISTRY 


Beer's Law and the meta-Polyphenyls 


Ir 1s now generally accepted that Beer’s law always 
holds for dilute solutions, and that the deviations some- 
times met with are due to & change m the nature of tho 
absorbing entity with concentration 

The minimum mean separation of, for example, meta- 
sexiphenyl molecules ın solution at a concentration of 10-5 
molar is approximately four molecular diameters, and i6 
seems mconcervable that such physically inert molecules 
should mteract at this or lower concentrations, or 1eact 
with solvents such as sumple alicyclic or alrphatie hydro- 
carbons m which their absorptions have been measured 
Nevertheless, there are two sets of results purporting to 
show, at least by 1mphoation, that the polyphenyls do not 
obey Beer’s law in the concentration range 10-3-10-5 
molar Thus Woods ef al} report for 3,5,4'-briphenyl- 
bipheny], values for emax at Amax of 5 8 x 10* and 6 2 x 104 
at concentrations of 138 x 10-5 and 2 93 x 10-5 molar, 
respectively, in the same solvent Silverman and Houk? 
have stated that the molecular extinetion coefficients of 
meta-polyphenyls merease with increasmg dilution m the 
range of concentration 10-5 to 10-? molar Ther results 
are compared with those of some other workers m Fig 1 

As part of an analytical vestigation of the radiolysis 
products of certam polyphenyls?, ıt was of importance for 
us to know tho relationship between absorption and con- 
centration for these substances We have, therefore, 
re-exammed the absorption of m-terphenyl, m-quater- 
phenyl and m-sexiphenyl m cyclohexane solutions over a 
range of concentration spanning those used by previous 
workers On account of the high extimction coefficients of 
the compounds, this involved measurmg the absorption 
of solutions varying m optical density from 0 1 to > 40 
so we assumed the validity of Lambert’s law and varied 
the cell length The m-polyphenyls used were rigorously 
purified‘ specimens of compounds synthesized by two or 
more unambiguous routes‘, and cyclohexane was distilled 
from lithrum aluminium hydride through a 12-in Widmei- 
Schenk column Two spectrophotometeis wero used for 
the measurements a manually operated Hilger Uvispek 
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Fig 1 Plot of emax versus number (n) of benzene nuclei for meta- 
polyphenyls O, Gillam and Hey, Q, Woods et al , , Silverman 


and Houk 


H 700 mcorporating s thermostated cell compartment, 
and a double-beam Optika CF-4 automatic recording 
instiument A series of solutions of known concentrations 
were prepared, differing 1n optical density by 04-08 The 
mosb dilute solution was compared with solvent using 
matched l-cm cells, the next solution was measured 
against the first and so on, the change in optical density 
between solutions of successively increasing concentration 
being recorded, until only about 0 1 per cent of the incident 
hght was bemg transmitted through thecells Then 1-mm 
cells were used to compare solutions from another series 
each ten times more concentrated than the corresponding 
solution from the first set 

The results are shown m Fig 2, where for clarity 
individual pomts are omitted It 1s seen that there ıs an 
apparent deviation (which 1s aggravated by the method of 
plottmg) from Beer's law with mcreasing concentration, 
owing probably to the dimmuishing sensitivity of the 
instruments as comparators as the amount of energy at 
Amax Teaching the sensors 1s drastically reduced, and 
becomes comparable with the amount of hght of longer 
wave-lengths reachmg the sensors by internal scattermg 
On reduction of the path-length, however, the rectilmear 
relationship between emax and concentration 1s restored 
We conclude that, at least m the case of these three com- 
pounds, the law 1s obeyed to a first approximation at con- 
centrations below 10-3 molar 

Two reasons for the discrepancy between our results and 
those of Silverman and Houk? can be tentatively sugges- 
ted Furst, the concentrations used by these workers 
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were such that the amount of hght bemg transmitted at 
the wave-lengths of maximum absorption must have been 
small Secondly, tho higher m-polyphenyls used were 
obtained from pyrolysed m-terphenyl and identified by 
molecular weight determinations The pyrolysis or radio- 
lysis of polyphenyls® gives higher polyphenyls of mixed 
isomeric content Purely meta-lmked polyphenyls have 
much higher extinction coefficients than any corresponding 
isomers’, so the madvertent melusion of traces of other 
isomers, which would not be revealed by molecular weight 
measurements, would have the effect of makmg the 
observed absorption lower than the true value 

The situation with regard to branched polyphenyls like 
3,5,4'-tiphenylbiphenyl, where possibilities of molecular 
association through mechanical entanglement cannot be 
ruled out, evidently merits further investigation 

J A. CapE* 
A PILBEAM 
Chemustry Division, 
Atomic Energy Research Establishment, 
Harwell, Didcot, Berks 

* Present address CENTO Institute of Nuclear Science, PO Box 1828, 

Tehran, Iran 
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Effect of the Aromatic Ring Current on 
Nuclear Magnetic Resonance Splitting 
owing to Molecular Dissymmetry 


Tue effect of molecular dissymmetry on the proton 
magnetic resonance multiplication has been the subject of 
a number of recent pubhieations!-?, as has been the findings 
that the rmg current of an aromatic nucleus can be used 
as an intramolecular probe to obtam additional structural 
1information-? 

In order to study the effect of the aromatic ring current 
on the H! nuclear magnetic resonance sphttmg we have 
synthesized a series of phthalides (I) and tetrachloro- 
phthahdes (II) substituted with alkyl groups m the 3-posi- 
tions  Phthahdes were selected because of them rigid 
structure and the fact that attached alkyl groups are held 
laterally above or below the aromatic rmg well withm the 
reach of the anisotropic magnetic field due to the rng 
current? 
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Thus far we have obtamed three types of resonance 
multiplication type 1 characteristic of a —CH,X group 
the protons of which are magnetically non-equivalent, 
type 2 characteristic of an alkyl group with the general 
formula —C(CH;,),X the proton magnetic resonance spec- 
trum of which shows two separate absorptions for each of 
the two methyl groups, and type 3 characteristic of the 
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same group as type 1, namely —CH,X, with, however, an 
unsymmetrieal multiplet m the proton magnetic resonance 
spectrum of the methylene group All spectra were 
1ecorded at 60 me/s using a Varian 4-80 spectrometer 

3,3-Dibenzylphthalide (spectrum a, Fig. 1) 15 an example 
oftypel The H! trace of the benzylic methylene group 
consists of a doublet which reflects two magnetically non- 
equivalent protons This type of resonance doubling 1s 
observed whenever the —CH,X group 1s attached to an 
atom bearmg three other non-equal substituents (or two 
different substituents and an unshared electron pair)® and 
18 held to be caused by molecular dissymmetry?:10 

3-Isopropyltetrachlorophthalide (spectrum b, Fig 1) 1s 
an example of type 2 The separate proton resonance of 
the two methyl groups of the isopropyl moiety are spread 
44 c/s apart, a chemical shift which to our knowledge 1s the 
largest ever reported for this type of splhttmg. The proton 
magnetic resonance spectra of isopropyl radicals occasion- 
ally show two separate methyl resonances®:*-11, whenever 
such resonance doubling occurs the isopropyl group appears 
to be m an asymmetric environment 

The proton magnetic resonance trace of 3-1sopropyl- 
tetrachlorophthalde remams sharp and unchanged 
throughout the temperature range of 298°-433° K This, 
together with the mformation obtamed from suitable 
space-filling models, indicates that the resonance multi- 
pheation 1s not caused by a rotational barrier? and wo feel 
justified m concluding that the doubling can be attributed 
to molecular dissymmetry We pomt out, however, that 
the spectrum of 3,3-dusopropylphthahde has only one 
methyl signal instead of two 
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Fig 1 Proton magnetic resonance spectra a, 3,3-Dibenzylphthalide, 

the methylene signal of the benzyl group, centred at 8 35 ppm ,is 

doubled, 6, 3-isopropyltetrachlorophthalide, 44 c/s separate the 

resonances of the magnetically non-equivalent methyl groups of the 

isopropyl moiety, c, 8-ethyltetrachlorophthalide, the resonance 

multiplet of the methylene group of the ethyl, centred at about 9 05 
ppm,lacks symmetry 


3-Ethyltetrachlorophthalide (spectrum c, Fig 1) exemp- 
lfies type 3 The spectrum of the methylene group of the 
ethyl consists of a non-symmetrical multiplet of twelve 
signals and seems to have been formed from an octet of 
which only the lower field half was doubled 

Although all the sphttmgs that we have observed in 
the proton magnetic resonance spectre of the alkyl- 
substituted phthalides and tetrachlorophthalides cannot 
be explained satisfactorily at the present time, we suggest 
that they are related to molecular asymmetry and the 
effect of the magnetic amsotropy of the aromatic ring 
current 
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To elucidate the magnetic properties, shape, and size 
of the aromatic ring current, we are mvestigating the H! 
resonance spectia of alkyl groups strategically positioned 
m relation to the aromatic nucleus in other suitable 
molecules 
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Formation Constants of Some Mixed 
Compl exes resulting from the Reaction of 
Disodium Nitrilotriacetate with Metal 
Versenates (EDTA) 


Bv the addition of disodium nuitrilotriacetate (HX) 
to a metal versenate (MeY), a mixed complex 1s formed 
and the pH of the solution 1s lowered due to the followmg 


reaction 
MeY + HX—> MeYX + H (1) 


The titration with sodium hydromde of a solution con- 
taining equivalent amounts of metal versenate and 
disodium mirilotriacetate results ın a sharp end-pomt 
when an equivalent amount of base (sodium hydroxide) 
18 added 

The formation constant of the mixed complex defined 
by the equation. 
_ [MeYX] ? 
= [MeY] [X] (2) 
1s easily calculated from these titration curves by the 
method of Martell and Chaberek? 

If a is the number of moles of sodium hydroxide added 


per mole of disodium nitrilotriacetate, then at every pomt 
of the titration the following equations are valid 


K, 





Ca = [MeY] = [MeY] + [MeY X] (3) 
Cy = [HX] = [HX] + [X] + [MeYX] (4) 
Ca = Cz (5) 
aCs = [X] + [MeY X] + [OH] — [H] (6) 
From equations 3, 4, 5 and 6 we obtain 
[X] = K((1—2a)05 t E} (7) 


H 
(MeY] = [x]{1 +} (8) 
[MeY X] = C4 — [MeY] (9) 
In the foregoing equations, K 1s the acid dissociation con- 
stant of disodium nitrilotriacetate (K= 1 86 x 10-15, ref 2) 


5mlCu?01M + 5ml Na¥ 01M +5 ml NaHYOIM+ 
Table 1 Pil NaNO. 25M + bmi H,O +2 ml NaOH OSM 


a pH 10° X 10° MeY 10° MeY X Kr 
205 159 39 120x10: 

08 93 3 64 134 64 13410" 

07 97 541 112 83 1 27 x 10% 
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To calculate the formation constant of the mixed 
complexes, we used the equations 2, 7, 8, and 9 In this 
work the trtrations were carried out at a constant ionic 
strength of 05 kept with sodium mtrate In Table 1 1s 
presented a selection of results obtamed imn a typical 
titration 


Table 2 
Me Log Ky Me Log Ky 
Mn+? 266 Alt 5 95 
Cot? 350 Hg** 278 
Feot? 483 Cd*? 256 
Cut? 211 Ph+? 305 
Nv 266 Zn? 2 62 


Table 2 shows log K; of some mixed complexes (Me YX). 
So far no assumption 1s made with regard to the co- 
ordmation number of the cation in these mixed complexes 
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Oxygen Content of Purified Argon Gas 


SiwcE most high-temperature chemical systems are 
sensitive to small partial pressures of oxygen im argon, 
which 18 commonly used as an inert atmosphere, 1b 1s of 
interest to know the oxygen content of the argon used, at 
least to withm an order of magnitude 

A series of expermnents has been carmed out using a 
sold electrolyte o m f cell 


| (P0,)1|ZrO; (97 5), CaO (2 5)|(Po,): 


at 950° C At this temperature, 1t has been shown! that 
the potential across this cell 1s 


E = Cln(po,)1/(P0,)2 
where C = RTJAF. 


The system used ıs shown 1n Fig 1 Using air as the 
referenee po, the cell potential will be proportional to 
po, m the argon atmosphere on the other side of the 
stabilized zircoma tube In order to avoid difficulties 
arising from the potentials induced 1n the electrodes by the 
ac furnace current, the latter’s control system was 
designed as ‘on-off’, and readings only taken during the 
‘off’ cycles 

Argon (99 995 per cent) was fed into the system via a 
purifying tram, shown in Fig 2, passing eithor directly 
mto the measurmg gauge, or first through an Ni/Ni0 
calibiating furnace This latter furnace, when mamtamed 
at any temperature between 1,000° C and 1,300° C, 
gives a controlled po, of between 10-3? and 10-§ atmo- 
spheres which may be calculated from the Gibbs free 
energy change of the reaction 2 Ni + O, = 2 N10, when 
Ni and NiO are in the Raoultian standard states 

Using this method of calibration, and also by evacuating 
the gauge from air to a known low pressure, 1t was found 
that the potential across the cell was reproducible, and 
accurate, to within 5 per cent of the theoretical value 

Measurements were taken on argon which had been 
subjected to various treatments, passmg through the 
system at a flow rate of 11 /h, with the followmg results 


Treatment 20, (atm ) at 950° C 
i None 107 
(ii) Dried with CaCl,, and anhydrone 30-5 
(in) Dried as above, passed over T1 at 
950° C, Ca at 500° C 10-4 


The flow rate required to maintain the foregomg partial 
pressures will depend on the leak rate of the system used 
In the present system the leak rate was 0 01 lusec, tested 
without the drying tram It ıs assumed that m such a 
system, from the results obtamed, with a shght positive 
pressure inside that the diffusion rate of oxygen in from 
the atmosphere is vory slow If the gauge was isolated, 
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Fig 1 Oxygen concentration cell 1, Pt/Pt13Rh thermocouple, 

2, alumina tube, 3, platinum electrode lead, 4, black wax seal, 5, black 

wax insulated seal, 6, ‘O’-ring seal, 7, water-cooled head with inlet 

and outlet gas tubes, 8, black wax seal, 9, ‘Mullite’ tube, 10, platinum 

electrode lead, 11, alumina radiation shields, 12, stabilized zirconia 
tube, 13, platinum wire ‘spider’, 14, platinum foil 


We 


p 






Fig 2 Argon gas train A, Calcium chlonde tubes, B, anhydrone 

tubes, C, titanium at 850? C (ın silica boats), D, calcium at 500°C 

Gn iron foil boats), E, Ni/N10 at 1,000°-1,300° C, F, oxygen 

gauge at 950° C, G, to vacuum pump, or chemical system, H, pH 
meter, or potentiometer 


with 101 atm pure argon inside, at 10-4 atm partial 
pressure of oxygen, 1t was found that the po, value rose to 
10-2 in lh, to10-°m 8h 

It 1s suggested that the optimum conditions for a low 
po, would be to maintain a finite flow rate slow enough to 
allow the purification tram to extract the maximum 
amount of oxygen, but fast enough to prevent any concen- 
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tration of oxygen arising duo to leaks mto the system 
With the normally encountered leak rates, this flow rate 1s 
about 11 /h 

The high value for the oxygen partial pressure obtamed 
directly from cylinder (99 995 per cent) argon 1s attributed 
to the dissociation of water vapour at the measuring tem- 
perature 950° C, and may be greatly reduced by drymg 
treatment only It will also be observed that the ultimate 
partial pressure of oxygen obtamed in this system, 10-14, 
1s about four orders of magnitude lower than that attamod 
in a very good high vacuum system It may be seen, then, 
that purified argon provides a very much better protective 
atmosphere at high temperatures than does a high vacuum 
system 
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Photodecomposition of 1,4-Dialkyl- 
I,4-diphenyl-2- Tetrazenes 


Durna the course of chromatographic studies on 
1,4-dimethyl-1,4-diphenyl-2-tetrazene (I), C,H,(CH,)N— 
N=N—N(CH,)C,H;, a new expermental anti-cancer 
agent, there was noticed a blue colour developmg on the 
window side of a column contaming solutions of (I) 
Subsequent mvestigation revealed that (I) and certam 
other 2-tetrazenes undergo extensive photochemical decom- 
position The crude end-products of the decomposition 
show no activity ın our anti-cancer screening programme?:? 
The recent report by Schoental! that certam carcmogenic 
N-alkyl-N-nitroso-urethanes are phototransformed to 
2-tetrazenes (presumably  photostable) enhances the 
importance of our observations to workers mterested in 
the biological properties of 2-tetrazenes 

When solutions of (I) in organic solvents are exposed to 
sunlight or light from a mercury-vapour lamp, one 
equivalent of nitrogen is released over the course of a few 
days Concentration of the remainmg solution leaves a 
thick dark oil from whch two substances are separated 
A, N-methylaniime, bp 45°-48° C/1 25 mm and 192° 
C/760 mm, n3) 1 569, mfra-red spectrum and picrate salt 
(mp 145° C) identical to authentic N-methylanilme, 
B, 1,2-dumnethyl-1,2-diphenylhydrazme, bp 122°-124° 
C/0 20 mm, n¥ 1 601, identical to the product obtamed 
by Wieland and Fressel5 by thermal decomposition of (I) 
However, the infra-red and nuclear magnetic resonance 
spectra of B were best explamed by a mixture of 10 
per cent N-methylaniline m 1,2-dimethyl-1,2-diphenyl- 
hydrazme Crystallization of B from methanol gave 
colourless, but thermally and photochemically unstable, 
crystals, mp 32° C*. Found: C, 79 17, H, 7 63; N, 13 02 
per cent, calculated for C,,H,,N,. C, 79:21; H, 7 60, 
N, 13 20 per cent It was apparent then that on distilla- 
tion 1,2-dymethyl-1,2-diphenylhydrazime decomposed in 
part to N-methylaniline 

Ultra-violet spectra of (I) undergomg photolysis in 
solution reveals a progressive and ultimately complete 
loss of the azo chromophore (345 my)—the reaction mıx- 
ture then possessing a spectrum indicative of a N-methyl- 
aniline function 

Photolysis of (I) m hydroxylated solvents such as 
methanol or £-butanol proceeds as described with an 
additional oxidatrve process (inhibited by ascorbic acid) 
generating first a brlhant blue colour, followed by pro- 
gressive darkening Chromatography of the end product 
on neutral alumma reveals at least eight uncharacterized 
components rangmg in colour from violet to red 

Other 1,4 - dialkyl - 1,4 - diphenyl - 2 - tetrazenes, for 
example, 1,4-chethyl,1,4-di-n-propyl, and 1,4-di-n-butyl, 
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undergo photolysis m a similar fashion The oxidative 
coloration process drops off rapidly with mereasing alkyl 
chain length On the other hand, a nitro group m the 
phenyl ring confers photostabilty to the tetrazene cham, 
for example, 1,4-dimethyl-1,4-b2s(4-nitrophenyl)-2-tetra- 
zene and its 6zs-2,4-dmitrophenyl analogue are photo- 
stable In confirmation of Schoental's* photosynthesis of a 
tetrazene from an N-nitrosoamme we found that N-methyl- 
N-nitroso-4-nitroanilme on exposure to sunlight for 19 
days gives a 3 per cent yield of 1,4-dimethyl-1,4-b25(4- 
nitrophenyl)-2-tetrazene, mp 237° C 

We thank Mr L Brancone and staff for the rmero- 
analyses, Mr W Fulmor and staff for the nuclear mag- 
netic resonance spectra, and Drs A W Vogel and A E 
Sloboda of our Experimental Therapeutics Research 
Section for the anti-cancer screening data 
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Identification of Calcium Hydrogen Phosphate 
Dihydrate Crystals in Human Fibrocartilage 


RECENTLY, we identified microcrystalhne calerum pyro- 
phosphate dihydrate m certam pathological human 
Synovialfluds! Roentgenograms of the involved jomts 
showed «calerfieations in cartilagmous structures, the 
echnical picture was distmetive enough to suggest & specific 
syndrome, which we named ‘pseudogout’? In two cases 
multiple cartilages were examined post mortem end most 
contained locahzed deposits of these crystals? The nter- 
planar spacings found on X-ray diffraction powder pattern 
aie virtually identical with those reported for calerum 
pyrophosphate dihydrate prepared by Brown et al‘ by 
hydrolytic degradation of calerum polymetaphosphate 
gel Monoclinic and triclinic dimorphs have been identi- 
fied by these same workers In human material, the 
triclime  dimorph predommates although interplanar 
spacings indicative of the monoclmie form are detected 
frequently® 

Crystallographic analysis of localized deposits of cal- 
erfic material m fibrocartilagmous structures excised from 
human bemgs post moriem revealed deposits of calerum 
pyrophosphate dihydrate and, more commonly, another 
microcrystalline substance These crystals exhibited 
strong positive birefringence under crossed Nicols using a 
first-order red plate compensator and varied from 0 öp to 
3p ın sıze The interplanar spacmgs and relative mten- 
sities of powder patterns prepared from 7 different 
specimens showed virtual identity with calcium hydro- 
gen (ortho) phosphate dihydrate (CaHPO, 2H,0) hsted 
in the standard Index of X-ray Deffractwon Patterns? 
(Table 1) 

Analysis of the crystals by mfra-red spectrophotometry 
confirmed the identification as calerum hydrogen ortho- 
phosphate dihydrate Emission spectroscopy showed 
calcium as the only metalhe cation present! 

A clue to the origin of microcrystalline calerum ortho- 
phosphate crystals m human cartilage may be obtamed 
from the work of Brown et al ‘4, who found that ‘inter- 
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TED VISUALLY) OF CRYSTALS FROM HUMAN FIBROCARTILAGE 


Standard 


d 


HOND NAA 
omea DCOCNWNHW 
Odor ONATHOR 


* Spacings are given in Å Relative intensities were estimated 1n each case by arbitrarily assigning the value of 100 to the strongest line and com- 


panmg the less-dense lines with this standard 


mediate I’, the first crystal to be formed m the hydrolytic 
degradation of calcium polymetaphosphate, became 
crystalline orthophosphate if kept ın its mother liquor 
With extra water another crystallme phase, ‘intermediate 
II’ (caloxum pyrophosphate dihydrate), appeared between 
intermediate I and calemm orthophosphate ^ These 
relationships are summarized in Fig 1 


monocalecium phosphate 
| heat 


| H0 
calcium polymetaphosphate 
(polymer gel) 


H0 
Intermediate I> intermediate II 
(crystalline) (crystallme calcium pyrophosphate 
| dihydrate) 


calcium orthophosphate 
(crystalline 


Fig 1 Relationships of microcrystalline calcium pyrophosphate and 
orthophosphate in hydrolytic degradation of calcium polymetaphos- 
phate, as described by Brown et al (ref 4) 


In this small series, the deposits m 8 given case are 
entirely composed either of one type of crystal or the other 
Moreover, multiple cartilages m a given case show deposits 
Tt is suggested on this basis that the factors responsible for 
crystal deposition are not purely local. The factors may 
be, at least m part, related to metabolic disturbances, 
perhaps to one or more enzymatic deficiencies 
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AM0615, US Pubhe Health Service, Bethesda 
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Ester-hydrolysing Activity of Urokinase 
Preparations 


NirROPHENYL esters have proved to be very useful in 
examining hydrolytic enzymes? The usually rapid rate 
of hydrolysis can be conveniently followed by the produc- 
tion of nitrophenolate 10n which itself 18 measured by an 
increased absorption at 400 mu These esters appear to be 


hydrolysed at the same ‘active sites’ of the enzymes 
which are involved m the catalytic process with other 
synthetic or natural substrates*-* Furthermore, when 
examining the effect of a given enzyme on a series of 
nitrophenyl esters with different substitutions m the acid 
portions, a pattern of specificity emerges which is fully 
comparable with that obtained with more conventional 
substrates5:? 

Urokinase, isolated from human urme and obtainable 
m. a high degree of purity®*, 1s a plasminogen activator 
which catalyses the transformation of this zymogen to 
the proteolytic enzyme plasmm The activity of uro- 
kinase 1s usually determined by measuring the proteolytic 
potential of the formed plasmin on various protem sub- 
strates such as fibrm® and casein!*, or on synthetic sub- 
strates!112 In many instances, 1t would be desirable to 
assay urokinase activity directly without mvolvement of 
the coupled plasmmogen-plasmm system Previous 
mvestigations have already demonstrated that urokmase 
can split the synthetic substrates p-toluenesulphonyl-L- 
aigmune-methylester and t-lysme-ethylester®?* This 
communication describes the catalytic activity of wo- 
kinase preparations of varying degree of purity on the 
hydrolysis of p-nitrophenyl carbobenzoxy-L-tyrosinate 

Initial rates of ester hydrolysis (that 1s, production of 
nitrophenol) by urokinase preparations were measured at 
30? m a Cary automatic recording spectrophotometer The 
cuvette contamed 24 ml ofa 5 1 mixture of 0 15 M 
sodium chloride and isopropanol, 0 4 ml of a 0 2 M trus- 
(hydroxymethylammomethane)hydrochloric acid buffer of 
pH 8, 0 1 ml of the urokmase contaming solution and 0 1 
ml of the ester substrate dissolved in acetone (13 8 mg of 
p-nitrophenyl carbobenzoxy-L-tyrosmate m 10 ml) The 
enzymatic rates were corrected for the non-enzymatic 
solvolysis of the ester which was measured by substituting 
0-1 ml of rs buffer for the urokinase solution 


Table 1 COMPARISON BETWEEN FIBRINOLYSIS PROMOTING AND p-NITRO- 
PHENYL  CARBOBENZOXY-L-TYROSINATE  HYDROLYSING ACTIVITIES OF 
UROKINASE PREPARATIONS 


Relative purity of Initial rates of ester 
‘Fibrinolytic’ units preparations, based hydrolysis per 'fibrino- 


Sample (Abbott) per mg on ‘fibrinolytic’ lytic’ unit, moles/ 
No of protem units per mg of 1 /sec/'fibrinolytic" 
protein unit 
1 500 (1) 78 x 10-1 
2 14,000 28 24 x 101 
3 70,000 140 14 x 107? 


The results are presented ın Table 1, where the third 
column gives the ratios of ester hydrolysmg and fibrino- 
lysis promoting activities of the various urokimase 
preparations exammed It is of interest to note that 
samples 2 and 3, though of appreciably different states of 
purity, showed quite simular esteratic rates per umi of 
fibrmolytic activity Thus, pending investigations with 
urokinase preparations of even greater specific fibrinolytic 
activities, 1t may be assumed for the time bemg that the 
hydrolysis of the ester ıs due to the fibrinolytie principle 
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The ımpure enzyme concentrate (sample 1), however, 
clearly contamed an esterase m addition to urokinase. 

Usmga3-ml cuvette, urokmase preparations contammg 
500—1,000 fibrmolytic units may be conveniently assayed 
m a matter of a few mmutes The amount of urokmase 
required. could, of course, be further reduced with the use 
of a smaller cuvette 

On a weight basis, sample 3 (the preparation of highest 
purity) was approximately one-fiftieth as active m 
hydrolysmg the ester as trypsin (Mann Research Labora- 
tories) under identical conditions However, the ester 
hydrolysmg activity of urokmase, unlike that of trypsm, 
was not influenced by soya bean trypsm mbibitor 
(Armour) Thus the presence of trypsin as impurity in 
the urokinase preparation may be excluded. 

Heatmg (15 mm m steam) destroys both fibrmolyhe 
and esteratic activities of the urokinase preparations 

This work was supported by a research career award 
(HE-K6—-3512) and by & grant (HE-02212) from the 
National Heart Institute, National Institutes of Health, 
US Pubhe Health Service 
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Solubilization of Mouse Liver Glycogen 
Synthetase and Phosphorylase during 
Starvation Glycogenolysis and its Reversal 
by Cortisol 


DunixG starvation, glycogenolysis 1s associated with the 
release of the enzymes phosphorylase and glycogen syn- 
thetase from insoluble granules into the cytoplasm This 
event is accompamed by a decrease m the activity of 
glycogen synthetase and a transient increase m phosphory- 
lase activity The phenomena can be prevented by the 
prior admunmstration of the glucocorticoid, cortisol 
Moreover, once the alterations have occurred, they can be 
reversed by glycogenesis produced by either cortisol 
injection or glucose feeding DOCA. was meffective 

Food was withheld for 24 h from 3-month-old male 
AJAX mice beginnmg at 9am Twelve animals were 
killed to serve as controls for other groups of six which 
were killed at regular intervals up to 24 h later Injections 


Table 1 
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HOURS OF STARVATION 
Fig 1 Effects of starvation on the cytoplasmic location and activity 
of phosphorylase and glycogen synthetase ‘The control values for 
each enzyme are indicated by —— for supernatant and for particles 


The ordinates for phosphorylase and glycogen synthetase represent 
specific activity in umoles product/mg/protem/h and the ordinate for 
glycogen, grams per cent Jank rectangles=supernatant, dotted 
rectangles = particles 

of DOCA or cortisol (a gift from the Upjohn Co, Kala- 
mazoo, Michigan) (1 mg m 0 1 ml ) were grven to separate 
groups, and sterile distilled water (0 1 ml) was injected 
into all the other anmals (Fig 1, Table 1) In another 
series of expermments, the interval of starvation was 
extended to 30 h durmg the last srx of which the animals 
were under the influence of cortisol or DOCA (Fig 2) 

The hvers were removed and chilled <A 10 per cent 
homogenate was immediately prepared in 0 25 M sucrose- 
0 001 M EDTA-0 1M sodium fluoride solution The super- 
natant fraction was obtamed by centrifuging the homo- 
genate for 30 mm at 100,000g m a refrigerated Spmco 
model L preparative ultracentrifuge The supernatant 
solution was separated from particles, which were then 
suspended ın the original volume of fresh medium Liver 
glycogen was extracted from the fresh liver with hot 30 
per cent potassium hydroxide solution, precipitated from 
the extract with ethanol, and measured as glucose units 
by Dische’s cysteme-sulphuric acid reaction? The homo- 
genate (Table 1), particulate and supernatant fractions 
(Figs 1 and 2) were assayed for the activities of glycogen 
synthetase! and phosphorylase? Specific activity for 
glycogen synthetase 1s expressed as umoles of UDP 


GLYCOGEN SYNTHETASE AND PHOSPHORYLASE ACTIVITIES IN LIVER HOMOGENATE PREPARATIONS AS RELATED TO STARVATION 


CORTISOL GLY,COGENESIS 





Corticoid administered at time zero 
Phos- 





Glycogen 

















starva- synthe- n t* p* phorylase n t* p* synthe- n tf pT phorylase n èt 
ton |tase(S A) (SA) tase (S A ) (SA) 
873416 12 995+ 98 15 Cortisol 
352 +11 6 13 >005 | 1,419+129 9 46 <001 313428 6 02 >0 05 949 +114 6 48 «001 
293 +19 8 35 «001 | 1,592 +428 9 36 <001 | 2650120 6 08 005 1,1574195 6 44 <001 
226414 6 67 «001 | 1,443 126 12 20 «001]| 281417 6 28 <0 02 1,18i+180 6 16 -005 
202419 6 68 «001 | 1,0233 81 4 10 >005 ir dd 6 34 <001 1110cr116 6 08 >005 
i 12 2344 9 5 012 >005 1,508+ 84 6 06 >005 
* Land p values have been computed for each group as compared to the respective value at time zero 


t4 and p values in the corticoid group have been obtained by utihzing 
S A ,specific activity 


the corresponding 


non-corticoid starvation group for comparison 
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STARVATION 24 26 27 28 30 
o 2 3 4 6 — CORTISOL 
HOURS 


Fig 2 Reversal by cortisol of glycogenolysis and of alterations in 
phosphorylase and glycogen synthetase. See legend to Fig 1 for 
explanation of ordinates and symbols 


formed per mg of protem? per hour and for phosphorylase 
as umoles of morganic phosphate per mg of protein per 
hour 

During starvation-induced glycogenolysis (Table la 
progressive decline m the activity of glycogen synthetase 
was most clearly demonstrated after 24 h In contrast, 
phosphorylase activity rapidly mereased, maintamung a 
higher value up to the 12 h interval and returning to the 
zero time activity by 24h All these effects were prevented 
by the admmuistration of cortisol but not by the injection 
of the mmeralocorticoid, DOCA. 

Both phosphorylase and glycogen synthetase underwent 
alterations 1n their cytoplasmic locations during starva- 
tion (Fig 1) In the case of phosphorylase, after 8 h 
starvation almost all the enzyme activity was to be found 
in the soluble phase whereas 16 formerly was associated to 
the greatest extent with msoluble particles As for 
glycogen synthetase, 1t had become solubilized to some 
extent by 4 h, but this level was unchanged after 12 h 
There was, however, a progressive decrease in particulate 
glycogen synthetase which explams the decline in the 
homogenate values recorded in Table 1 The injection of 
cortisol but not DOCA prevented these events (Fig 1) and 
also corrected them once they occurred (Fig 2) Results 
similar to those recorded for cortisol m Fig 2 were 
obtamed by administering glucose (0 4 gm m 0 6 ml) by 
stomach tube 6 h before death and after 8 h of starvation 
(elapsed time = 14h) 

The phenomenon of solubilization of phosphorylase and 
glycogen synthetase, which occurs after 12 h starvation, 
was demonstrated ın mbred male mice of strains other than 
AJAX, (057B6, AKR, C3H, BALBC, C57B10B) 
Female mice of the AJAX and AKR strams were also 
exammed and their hvers exhibited the phenomenon 

Adopting the conditions of Lelor and Goldemburg?*, 
mouse hver homogenate was fractionated at mereasing 
centrifugal forces Glycogen synthetase and phosphory- 
lase were measured in each of the cell particulate fractions 
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collected m this manner and these results appear in 
Table 2 


Table 2 INTRACELLULAR DISTRIBUTION OF GLYCOGEN SYNTHFTASE AND 
PHOSPHORYLASE IN NORMAL MOUSE LIVER 


Glycogen 


Fraction (ref 4) synthetase 


Phosphorylase 
(SA) 

Homogenizing medium 

Sucrose (0 26 M-EDTA (0 001 M) + NaF — NaF* 


+ NaF (0 1 M) 
(01M) (01M) 
102 0 


Mitochondria 70 

Microsomes 25 125 0 
Glycogen pellet 805 2240 533 
Supernatant fluid (25,0009) 01 44 0 45 


* Specific phosphatase for phosphorylase exhibits full activity m the 
absence of fluoride leading to mactivation of phosphorylase 


The results in Table 2 show that mouse liver glycogen 
synthetase and phosphorylase are located in the glycogen 
pellet to the greatest extent, a fact which has been reported 
also for rat liver‘ In addition, the glycogen pellet 1s also 
the location of specific phosphorylase phosphatase judging 
by the low value for phosphorylase when fluoride 18 
mussing from the homogemzmg medium This is a condi- 
tion which releases the full activity of phosphorylase 
phosphatase from its inhibition. by fluoride 

In summary, 15 would appear that the liver cytoplasmic 
glycogen particle 1s & complex metabohe unit consisting 
of a combination of the polysaccharide with glycogen 
synthetase, phosphorylase’, and phosphorylase phosphat- 
ase It seems unlikely that random physical binding 
and release of enzyme play a major part m the phenomena* 
of glycogenolysis and glycogenesis described here Thus, 
for example, the present experiments show an independent 
temporal behaviour of two of these enzymes during 
glycogen depletion, glycogen synthetase being solubilized 
before phosphorylase and with subsequent glycogenesis, 
phosphorylase becoming attached to particulate glyeogen 
before glycogen synthetase Moreover, the specific 
activity of particulate phosphorylase and glycogen syn- 
thetase vary inversely with each other during the first 8h 
of starvation Accordingly, the results suggest the exis- 
tence of a metabolically active glycogen multi-enzyme 
granule in liver cytoplasm 

This work was supported by grants from the American 
Cancer Society (P106 and P107), New York and the 
National Institutes of Health, Bethesda, Md (AM-— 
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Reaction of Cysteine and Glutathione with 
Derivatives of Many Sympathomimetic Amines 


THE mechanism of the reactions between cysteine and 
glutathione and oxidation products of epmephrme and 
norepinephrine! «n vitro has remamed obscure Examina- 
tion of the reactions between. these sulphydryl substances 
and derivatives of the many sympathomimetic com- 
pounds? other than the catecholamines promised to clarify 
the subject Because 15 oxidized almost all the sympatho- 
mimetic ammes to pink compounds, hydrogen peroxide 
was used to examme the sympathomimetic amme-SH 
group reaction For nearly every sympathomimetic 
substance, the presence of hydrogen peroxide and cysteme 
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or glutathione led to the rapid formation of a yellow 
solution Further investigation disclosed that the phenyl 
ring was necessary for the appearance of the yellow colour 

To a test tube was added 1 ml of a 4 per cent solution of 
sodium chloride containing 50 mg of the compound under 
investigation and 2 ml of the sodium chlonde solution 
alone* or 2 ml of a sodium chloride solution contammg 
40 mg of cysteme free base (Nutritional Biochemical 
Corporation) Then, 4ml of 30 per cent hydrogen peroxide 
(Baker reagent grade) was added at zero time The tube 
was immediately placed ın bowing water and kept there 
for 3mm The time for the appearance of the yellow and 
pmk colours and ther intensities were noted After 
mechanical loosenmg of the hydrogen peroxide bubbles 
adherent to the sides of the cuvettes, the absorbancies of 
the cooled solutions were measured in the Beckman DU 
Spectrophotometer with tungsten lamp The relatively 
high absorbancy of the hydrogen peroxide prevented 
useful measurements ın the ultra-violet range 

For nearly every sympathomimetic amine, a distinct 
yellow colour appeared withm 20 sec in the presence of 
cysteine and rapidly reached a maximal value In general, 
the mtensiby and time of appearance of both the yellow 
and pink colours were proportional to the number of 
hydroxyl groups m the molecular structure Thus, such 
dı- or tri-hydroxyl amines as l-epmephrme bitartrate, 
dl-soproterenol hydrochloride, l-phenylephrme hydro- 
chloride, and dl-normetanephrme hydrochloride yielded 
the most mtense colours Hydroxyl-free molecules, such 
as d-amphetamine sulphate phenyltertiary butylamme 
hydrochloride, naphazoline hydrochloride, and methoxy- 
phenamme hydrochloride, yielded relatively faint colours 
Colours of intermediate mtensity resulted from such mono- 
hydroxyl compounds as methoxamine hydrochloride, 
ephedrine sulphate, phenylpropanolam ne hydrochloride, 
and hydroxyamphetamme hydrobromide 

The requirements for the formation of the yellow colour 
were expermnentally defined. Solutions contamimg only 
cysteme or glutathione and hydrogen peroxide remained 
colourless The absence of sodium chloride did not affect 
the appearance of the yellow colour, but no colour 
appeared in the absence of hydrogen peroxide Cyclo- 
pentamme hydrochloride and propylhexedrme hydro- 
chloride, with their saturated ring structures, and histam- 
ine dihydrochloride and 1-histidine, with their unsaturated 
5-member rings, yielded neither yellow nor pmk solutions 
despite the fact that ther side-chams contained the 
—C—C—N— structure characteristic of the sympatho- 
mimetic amines Some water-soluble compounds which 
contamed the phenyl rmg but no side-chain structure m 
common yielded the yellow colour The intensiby of the 
yellow colour was greater for such hydroxyl-contammg 
compounds as phenol, salicylic acid, and pyrogallol than 
for such hydroxyl-free molecules as benzoic acid, phenyl- 
acetic acid and benzyl-trimethylammonium chloride Of 
this group of compounds, only phenol developed a colour 
(pink) m the absence of cysteme The mtensity of the 
yellow colour was, in general, greatest when equimolar 
amounts of cysteme and the compound under mvestiga- 
tion were present, and a Imear relationship existed 
between the colour intensity and the concentration of each 
substance The absorbancy curves for all the yellow 
solutions resembled each other regardless of the colour 
intensities, and the same was true of the pmk solutions 
(Fig 1) Glutathione yielded essentially the same results 
as cysteme but at a slower rate Serme and methionine 
were ineffective 

The experimental results indicated that, m the presence 
of hydrogen peroxide, derivatives of phenyl-contaming 
compounds reacted with the sulphydryl groups of cysteme 
and glutathione The reaction did not mvolve catalysis, 
since approximately equal amounts of the reactants were 
ioquired The only necessary molecular structure appeared 
to be the phenyl rmg, since the nature of the side-chain 
was not crucial m the presence of the phenyl rmg, while 
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for solutions contammg the followmg substances, prepared as described 

in the text Curve 1, d-amphetamine sulphate, curve 2, d-amphetamine 

sulphate plus cysteme, curve 3, l-phenylephrme hydrochloride, curve 
4, -phenylephrine hydrochloride plus cysteme 


in its absence, characteristic side-chams were ineffective 
The fact that cysteine reacted 1n the presence of hydrogen 
peroxide with derivatives of many aromatic compounds 
lacking in sympathomimetic action did not necessarily 
rule out high specificity of the reactions between cysteme 
and the sympathommetic ammes in a physiological 
environment A controlling factor might be the avail- 
ability of enzymes capable of simulating the action of the 
hydrogen peroxide The —C—-C—N— side-cham might 
enable the sympathomimetic amines to fit into reaction 
configurations n vwo specific for them The existence of 
the chemical reaction between derivatives of aromatic 
compounds and cysteme or glutathione was not only of 
significance in its own right, but could also stimulate a 
fruitful search for similar enzymatic reactions an vwo 

This work was supported by grant AM 06525 from the 
US National Institutes of Health The sympatho- 
mumetic ammes were generously suppled by many 
pharmaceutical companies in the United States. 
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Enzyme Defect in a Case of Xanthinuria 


THE enzyme xanthme oxidase which catalyses the 
oxidation of hypoxanthme to xanthme and of xanthine 
to uric acid ıs present m human liver, smallantestinal 
mucosa and milk", although the levels of activity appear 
to be somewhat lower than m animals Dent and Philpot? 
and Dickinson and Smelhie* reported on a patient with 
xanthine urmary stones, increased urmary oxypurme 
excretion and very low blood and urme uric acid levels 
They suggested that this patient was either unable to 
oxidize xanthine to uric acid or that there was a failure 
of xanthme reabsorption by the renal tubules, or that 
both these defects were present Y 

We have encountered another case of xanthmuria, a 
23-year-old woman suffermg from pheochromocytoma 
and heart failure in whom a diagnosis of xanthmuria was 
suggested by the incidental finding of a very low level 
of serum uric acid Unlike the previous case, there was no 
chnical or radiological evidence of urmary caleuh The 
dimmished amounts of uric acid and mereased quantities 
of oxypurines m the patient's serum and urme determined 
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Table 1 URIO ACID AND OXYPURINE-LEVELS IN THE URINE AND SERUM 
OF THE{PATIENT WITH XANTHINURIA 








No of Patient No of Normal 
determ- |} determ- | —————— —— — 
mations | Average| Range | mations | Average Range 

Urinary 
uric acid 42 5 2-12 22 426 250-600 
(mg/24 h) {ref 7) 
Urinary 
oxypurines 30 178* | 100-358 9 158 11 3-218 
(mg/24 h) (ref 8) 
erum 

uric acid 10 04 03-05 100 45 2-6 
(mg/100 ml ) (ref 9) 

Serum 

oxypurines 14 05 0409 10 013 0-0 25 
(mg/100 ml )) (ref 10) 





* Approximately 90 per cent xanthme and 10 per cent hypoxanthine 


by enzymatic spectrophotometric methods** are presented 
in Table 1 

Specimens of this patient's Jejunal mucosa were 
obtained by means of a Crosby biopsy capsule on four 
occasions, homogenized in 0 154 M potassium chloride 
(approximately 50 mg of tissue to 15 ml of the solution 
at 0°-4° C), centrifuged (105,000g for 1 h at 4°C), and 
dialysed against approximately 600 ml of 0154 M 
potassium chloride at 0°-4° with mechanical agitation for 
Lh Similar biopsies were obtained from control subjects 
The xanthine oxidase activities of the homogenates were 
determined radiochemically by ther ability to convert 
xanthine-6-"C to “CO, in the piesence of uricase at 
pH 83 and at 37°, and by ther ability to convert 
xanthopterm to leukopterm determmed spectrophoto- 
fluorometrieally^ (Table 2) (Further details of these 
methods of measurmg xanthine oxidase activity will be 
pubhshed elsewhere ) Our standard assay procedure, in 
which amounts of homogenate contamung about 0 05- 
0-1 mg protein were incubated for 15 mm with xanthine- 
6-4C, failed to detect any xanthine oxidase activity in 
the xanthmuric patient’s biopsy tissue, however, moreas- 
ing the sensitivity of the method approximately 20-fold 
by using more tissue and a longer period of meubation 
showed the presence of 0 01-0 1 per cent of the xanthme 
oxidase activity found m specimens from control subjects 
(Table 2) The lactic dehydrogenase and guanase activities 
of the biopsies from the xanthmuric patient and non- 
xanthmurie control subjects were ın the same range, 
indicating that the tissue was metabolically active There 
was no evidence of an inhibitor of xanthine oxidase m 
the intestinal mucosa, serum or whole blood of the 
xanthinuric patient 

The conversion of hypoxanthme to xanthine was mvesti- 
gated by mcubatimg portions of the mucosal homogenates 
(approximately 0 05-0 10 mg of tissue protein) for 1 h 
with hypoxanthine-8-4O in f(i(hydroxymethyl)-ammo- 
methane (ris) buffer pH 81 at 37? The radioactive 
products of the reaction were separated by high-voltage 
electrophoresis (40 V/em Whatman 3 MM paper, 25°, 


Table 2 


XANTHINE OXIDASE ACTIVITY OF HUMAN JEJUNAL MUCOSAL 
Biorsirs 

















Xanthine oxidase 
Age Xanthme | Xanthopterin 
(yr) Diagnosis (10-* zmoles) | (10-5 ui moles) 
oudived/mg | oxidized/mg 
protein/h protein/h 

22 | Xanthinuria 6 0 

Pheochromocytoma 11 0 
(taking dibenzyline) 

32 | Pheochromocytoma 4,750 549 
(5 weeks post- 13,040 900 
operative) 

12 | Malignant phæo- 8,690 — 
chromocytoma 7,430 565 
(taking dibenzyline) 

22 | Normal volunteer 12,430 605 

26 | Normal volunteer 8,880 paz 

37 | Hypogonadism 16,570 673 
(taking chorionic 22,700 130 
gonadotrophin) 23,610 132 

20 | Normal volunteer 11,530 585 
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0 05 M borate buffer pH 9 0 contammg ethylenediamine 
tetraacetate 0 001 M), m the presence of carrier amounts 
of xanthme, hypoxanthine and uric acid and identified 
by autoradiography (Ansco non-screen X-ray film) of the 
electrophoretograms. The radioactive and ultra-violet 
light quenching areas of the electrophoretograms were cut 
out, immersed ın 17 ml toluene containmg 2,5-diphenyl- 
oxazole (0-45 per cent w/v) and 1,4-b28-2-(5-phenyl- 
oxazolyl)-benzene (001 per cent w/v), and ther 
radioactivity measured in a Packard "Priearb' hquid 
seintillation spectrometer The observed values were 
corrected for quenching m the paper and phosphor by 
electrophoresmg standard amounts of radioactive refer- 
ence compounds. Xanthme-8-“C formation in specimens 
from the xanthmurıe patient was less than 0 1 per cent 
of that observed ın the non-xanthmuric subject (Table 3) 
The identity of the xanthine spots was confirmed by 
treating portions of the homogenates, which had been 
incubated as described here, with milk xanthe oxidase 
and co-electrophoresmg these reaction mixtures The 
xanthme spots were also eluted and converted to uric 
acid by treatment with xanthme oxidase 


Table 3 OXIDATION OF HYPOXANTHINE-8-*C BY XANTHINURIC AND 


NON-XANTHINURIO HUMAN JEJUNAL BIOPSY TISSUE 









D p m in purines separated by electrophoresis 
Xanthine 










Subject 


Xanthinuria 


Hypoxanthine Uno acid 


186,000 








Normal 






154,000 3,600 
Control (hypoxanthine- 180,000 1,160 
8-40 only) 197,000 84 1,880 





Radioactivity mn oxypurines was obtained after meubating homogenates 
of the xanthmuric and a normal subject's jejunal biopsies with hypo- 
xanthine-8-“C for 70 mm 50 ul of the reaction mrxture were co-electro- 
phoresed with carrier amounts of the reference compound, and the positions 
of the latter identified by their relationship to single reference spots when 
examined 1n ultra-violet hght The amounts of tissue protein present were 
0 30 mg and 0 37 mg for the xanthinuric and normal subject, respectively 
The numbers shown are the absolute radioactivity (disintegrations/min) of 
each spot corrected for background radioactivity The control system 
contained water in place of tissue homogenate 


We conclude that the oxidation of both hypoxanthine 
and of xanthme ıs grossly deficient im this patient 
presumably due either to an abnormality of the xanthine 
oxidase molecule which affects the active centres for 
both these oxidations or to a gross deficiency m the 
amount of enzyme present It appears that xanthme 1s 
formed m such patients by an alternative metabolic 
pathway which does not require xanthme oxidase The 
possibility that this may mvolve the oxidation of mosinic 
acid to xanthylic acid 1s bemg investigated 
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Chloramphenicol Inhibition of Polyuridylic 
Acid Binding to E. coli Ribosomes 


TEE conformational similarity between chloramphenicol 
and pyrimidine nucleotides has led us to the hypothesis 
that the antibiotic mterferes with the attachment of an 
RNA molecule to the ribosome!?, Similar suggestions 
have also been made by other workers’ We now wish 
to 1eport expermnents showing that the association 
between 1*C-polyuridylhi acid and purified ribosomes from 
E coh 18 whibited an vitro by chloramphenicol, whereas 
the association between ™C-phenylalanme-sRNA and 
ribosomes 1s not 

The mbosomes and 100,000g supernatant ($—100) were 
prepared from alumma-ground E col; B by the method of 
Matthaei and Nirenberg?, except that the ribosomes were 
washed an additional two times by sedimentation in 0 1 M. 
ir-hydroehlorie acid buffer with 001 M magnesium 
acetate, 0 06 M. potassium chloride, 0 006 M mercapto- 
ethanol, pH 7 8 (buffer B), contamıng 0 5 M ammonium 
chloride to deactivate mbonuclease? This was followed 
by an identical wash with buffer B alone S-—100 was 
dialysed versus buffer B before use High molecular 
weight “C-polyuridylic acid (poly U 178,000 c pm /mg at 
30 per cent counter efficiency) was obtained from Miles 
Laboratories It was found, by paper chromatography, 
to contam no more than 5 per cent of free umdyhi acid as a 
contamunant and no other contammants of low molecular 
weight. ™4C-phenylalanme-labelled sRNA (280,000 c p m / 
mg) was prepared by phenol extraction? followed by 
purification on ‘Sephadex G—50' 

In a typical experrment, 10 ug of !*C-poly U, 4 mg of 
E coh ribosomes and 0 1 ml. of S—100, used as a source of 
sRNA (~2 mg/ml), were mixed in 1 ml of buffer B at 
0° C. No energy source was added One sample was used 
as a control whereas the other contamed 20 pg/ml of 
chloramphenicol Immediately after mixmg, the two 
samples were transferred to a 5-20 per cent (w/w) hnear 
sucrose density gradient and centrifuged for 3 h at 
25,000g 1n the SW-25 head of the Spmneo model L prepa- 
1ative ultracentrifuge, at 4°C The sucrose solutions used 
for the gradient centrifugation of the chloramphenicol- 
contaming sample contamed 20 pg/ml chloramphenicol 
At the end of the centrifugations, 33-34 fractions were 
collected from each tube and 0 4 ml ahquots from each 
tube were counted on a “Iri-Carb’ hquid semtüllation 
counter Control runs established the fact that quenching 
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by sucrose and chloramphenicol was neghgible at the 
concentrations used 

The results are shown ın Fig. 1 Curves a and b represent 
the distribution of radioactivity m the control and 
chloramphenicol-contammg sample, respectively, demon- 
strating that less polyuridyhe acid is associated with the 
ribosomes in the presence of chloramphenicol and more 
remains in the supernatant fraction Curves c and d 
represent the distribution of optical density throughout 
the gradient, indicating that only a small fraction of the 
ribosomes in the mixture have formed polysomes, since 
the poly U 1s present m a limiting concentration. Similar 
experiments performed using different ratios of chloram- 
phenicol : poly U - ribosomes have shown that the magni- 
tude of this effect varies from 15 to 45 per cent inhibition 
of bmding and depends on the concentrations of all three 
constituents Omission of S—100 results ın a much lower 
degree of association between poly U and mbosomes, 
suggesting that added sRNA 1s essential for the formation 
of the complex m this system It ıs worth emphasizmg 
that the observed association 1s most likely non-enzymatic 
since ıb occurs at 0° C and in the absence of an energy 
Source This ıs consistent with the notion that the effect 
of chloramphenicol results from a weak, van der Waals 
type interaction, rather than from a process involving the 
formation or breakage of covalent bonds 

To test the effect of chloramphenicol on the attachment 
of specific sRNA, 4 mg of ribosomes, 100 ug of 1C-poly U 
and 130 ug of #4C-phenylalanme-sRNA were mixed in 1 ml 
of buffer B, with or without chloramphenicol, at 22? C, and 
then subjected to density gradient centmfugation as 
deseribed here The results shown m Fig 2 demonstrate 
that even in the presence of 200 ug/ml of chloramphenicol 
(present throughout the gradient as well as ın the meubate) 
the distribution of radioactivity carried by the ribosomes 
1$ the same as in the control In parallel experiments no 
incorporation of label into peptide hnkage was found unde1 


398 


these conditions, so that all the label can be assumed to 
represent phenylalanme-sRNA Thuis result 1s consistent 
with the recent findings of Cannon, Krug and Gilbert’, 
but the experiment differs from theirs m that 1t tested for 
the bindmg of a specific sRNA and m the presence, rather 
than ın the absence, of messenger 

Details of these expermments, as well as experiments 
demonstrating that chloramphenicol does not interfere 
with the formation of peptide hnkages per se, will be 
reported m a fortheoming communication 

This work was supported by US National Science 
Foundation grant GB-578 and US Public Health Service 
grant G7M-—09591 
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Hydroxylation of Phenoxyacetic Acid and 
Anisole by Aspergillus niger (van Tiegh) 


INVESTIGATIONS of the hydroxylatmg activity of A 
miger have been earried out mainly m connexion with the 
metabolism of the phenoxy- and naphthyloxy-alkyl- 
carboxylic &oids*?, at least in part because of the import- 
ance of these compounds as herbicides We have been 
examining the action of this organism, usmg van Tiegh 
strain, on various benzenoid compounds, and since our 
iesulós for the hydroxylation of phenoxyacetic acid 
differ fundamentally from those obtained. with van Tiegh 
(Mulder) strain!, we wish to report our findings for both this 
compound and the related aromatic ether, anisole 

A replacement culture technique was used with both 
substrates The organism was grown on a glucose salt 
medium contaming l per cent malt at 25? for 72h The 
medium was then removed and the mycelium was washed 
and, ın the case of phenoxyacetie acid, resuspended in a 
0 001 M solution of the substrate at pH 8 0 (0 01 M phos- 
phate buffer) After incubation for periods of 3, 5 and 7 
days, carried out on & rotary shaker at 25°, the medium 
was analysed for phenolic products Because of anisole’s 
msolubihty and toxicity, the technique was slightly 
modified in this case the substrate was dissolved ın about 
seven times its volume of carbon tetrachloride and this 
solution was placed at the bottom of each culture flask 

The mam product from phenoxyacetic acid was iden- 
tical to 2-hydroxyphenoxyacetic acid in the following 
respects (a) Rr 0 44 at room temperature, m butanol- 
ethanol-3 M ammonia (4 1 5), (b) colour reactions with 
the detecting reagents ferric chloride—potassrum ferrı- 
cyanide (pmk) and diazotized p-nitroanilme (yellow); (c) 
ultra-violet absorption (Amax 275 my at pH 2 0 and 288 mu 
at pH 110), (d) retention time m. gas chromatographic 
analysis on diethyleneglycol adipate polyester Authentic 
4-hydroxyphenoxyacetic acid had Rr = 0 27, gave blue 
and red spots, respectively, with the two detecting 
reagents, and had Amax 287 mu at pH 20 and 306 my at 
pH 11 0, and material with these properties could not be 
detected ın the extract Gas chromatographic analysis 
1evealed the presence of phenol as a minor product 

The product from anisole was found by paper chroma- 
tography to contam guaiacol (o-methoxyphenol), but the 
meta- and para-isomers were not detected Gas chroma- 
tography on diethyleneglycol adipate polyester, usmg 
conditions m which phenol and the three methoxyphenols 
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were completely resolved, showed that at least 95 per cent 
of the mono-hydroxylated product was the ortho-deriva- 
tive, but the occurrence of very small peaks with retention 
times equal to those of the meia- and para-derivatives 
indicated that the possibilty of their bemg present could 
not be entirely excluded Gas chromatography also 
showed that phenol was present in almost as large a 
quantity as guaiacol when incubation was stopped after 
3 days but ın lower yneld relative to guaiacol after 7 days 
Reduction of the pH of the ineubation medium from 8 to 7 
lowered the yield of hydroxylated products, while at pH 6 
no hydroxylation could be detected. 

The reactions of these aromatic ethers mdicate that an 
orthorhydroxylase 1s produced by the organism This 1s in 
contrast to the report that the van Tiegh (Mulder) stram 
1s relatively non-specific in its hydroxylating activity 
towards phenoxyacetic acid, grvmg both ortho- and para- 
hydroxy derivatives with predomunance of the latter* It 
appears that the difference arises from a difference m the 
strams used, and a further study of this, as well as of the 
enzymaticnature of thehydroxylating system, 1s1n progress 
Finally, 1t 1s interesting to note that O-de-alkylation occurs 
with both substrates, as 1t does also 1n the liver microsome 
hydroxylatmg system? 

Smera M Bocxs 
J R LINDSAY SMITH 
R O C Norman 


Dyson Perrins Laboratory, 
South Parks Road, Oxford 
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Inhibition and Reversal of Swelling of Rat 
Heart Sarcosomes by Reduced 
Diphosphopyridine Nucleotide 


ADENOSINE triphosphate (ATP) has been known for 
some time to inhibit or reverse the swelling of isolated rat 
liver mitochondria!-§ Contraction by ATP of sarcosomes 
from pigeon-breast muscle? and from rat heart’ has also 
been reported The results hitherto available suggested 
that the contraction of mitochondrial particles 1s unique 
to ATP, smece triphosphates of other nucleotides were 
found to be meffective As an outcome of investigations 
on the swelling-contraction characteristics of rat heart 
sarcosomes 16 has now been found that while diphospho- 
pyridme nucleotide (DPN) 1s a powerful inducer of par- 
ticulate swellng?:2, the reduced nucleotide (DPNH) 1s as 
effective as ATP to contract swollen sarcosomes 

Male Sprague-Dawley rats (300-370 g) fed ‘Purma 
Chow’ were used Isolation of the heart sarcosomes? and 
the swellmg tests (by the photometric method) were 
patterned on procedures?:3):: previously described The 
test system used here is given m the legend to Fig 1 
All expermnents were carried out with three to five 
anmals Examination by phase-contrast microscopy 
(x 970) under blue-green light was used to ascertam the 
morphological mtegrity and mobility of the isolated par- 
ticles, and, furthermore, that the crease of optical density 
measured photometrically following addition of DPNH or 
ATP corresponded to actual contraction of the sarcosomes 

Investigations of the dependence on pH of swelling 
carried out previously with various mducers and usmg 
liver mitochondria!:?:19, and at present using heart sarco- 
somes m hypotonic medium, indicate that for swelling the 
optimum pH ıs 7 4-7:5 On the other hand, the pH range 
for reversal or inhibition of sarcosomal swelling 1s different 
There 1s no reversal at pH 6:8-7 2 of hypotonic (Fig 1) or 
thyroxme-induced (Fig 2) swelling by addition of DPNH 
up to a final concentration of 1 5 x 10° M 
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Fig 1 Inhibition and reversal by DPNH of hypotonic or DPN-induced 
swelling of rat heart sarcosomes The test system consisted of 1m] 0 04 M. 
sucrose + 0 03 M éres(hydroxymethyl)ammomethane solution adjusted 
mutially to pH 74, to which was added DPN when the experments 
involved this swelling mducer. Opíical density changes were followed 
at 520 my at 23°-25° O For reversal of hypotonic swelling with DPNH, 
the pH was adjusted to 3 8-4 5 with small volumes of dilute hydrochloric 
acid after addition of the nucleotide All pH data represented on the 
figure are terminal values measured at the end of the respective swelhng 
or contraction run 


Sarcosomal contraction 1s immediately induced, how- 
ever, in all nucleotide-added test systems by brmgmg the 
pH to between 35 and 45 with small aliquots of 1 N 
hydrochloric acid Because of the low pH of the medium, 
followmg DPN-addition, no hydrochloric acid ıs required 
for DPNH-induced contraction of sareosomes swollen by 
15 x 10- M DPN, or when the mhubition of swelling 1s 
studied in the simultaneous presence of DPN and DPNH, 
both at 8 x 10- M (Fig 1) At 8 x 10° M DPN wa 
powerful mducer of swellmg, while DPNH at ths concen- 
tration. (at the pH. optimum for swelling) has no effect on 
this phenomenon Reversal by DPNH 1s due to the 
1educed nucleotide and may not be ascribed to the lower- 
ing of the pH since, depending on the type of swelling 
studied, addition of hydrochloric acid to swollen sarco- 
somes produces very slight or no merease (Fig 1) or 
considerable further decrease (Fig 2) of optical density 
Reversals of swellmg by DPNH, similar to that with 
thyroxme-swollen sarcosomes (Fig. 2), were observed 
when swelling was mduced by 5 x 10- M. CaCl,, 3 x 10-7 
M PO,?-, 7 x 10- M arsenate, 1 x 10-3 M phlorizin or 
2 x 10-5 M 4-chloromercuribenzoate (POMB) Experi- 
ments now under way mdicate that the swelling of liver 
mitochondria 1s also reversible by DPNH 

Control experiments show that DPNH-nduced. sarco- 
somal contraction 1s not due to its products of decompost- 
tion m acid medium {In the reversal experiments with 
DPNH (Fig 1) the pH was adjusted with hydrochloric 
acid 30-40 sec followmg addition and mixmg of the 
nucleotide to the test system However, when the order 
of addition of DPNH and hydrochloric acid was inversed, 
the extent of reversal decreased to less than one-third, 
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possibly because substantial decomposition of the nucleo- 
tide had taken place before penetration mto and/or 
adsorption to the sarcosomes Furthermore, DPNH- 
induced contraction is not due to the inhibitor. substance’ 
described by Fawcett et aj, smee nucleotide prepara- 
tions of various origins and used freshly, or frozen and 
thawed repeatedly, gave comparable results 

Amytal and azide at 5 x 10-3 M and 2,4-dimitrophenol 
(DNP) at I x 10-* M and 2 x 10-4 M do not affect 
DPNH-produced reversal of DPN-mduced swellmg Other 
mhibitors of respiration and phosphorylation enhance 
contraction 1n the followmg mereasmg order antimyom A 
2 x 105 M«PCMB 1 x 10-4 M< 2,3-dimercaptopropanol 
1 x 10- M«pentachlorophenol 1 x 10-* M. 

Investigation of ATP-mduced contraction of various 
types of sarcosomal swellmg revealed identical pH 
requirement to that of DPNH-mduced contraction Con- 
traction was not observed at pH 6 8-74 with ATP at 
1 x 10-? M m the presence of 3 x 10- M MgCl, with or 
without bovine serum albumm However, ieversal of 
swellng by ATP + MgCl, (without bovine serum albumin) 
readily occurred between pH. 3 5 and 5. At this optimum 
pH range ATP-produced contraction was not mhibited 
either by PCMB or DNP, both at 1 x 10-13 M or 2 x 10-* M. 
Pronounced mhibition was produced with 2 x 10-2? M 
sodium fluoride 

No systematic study of the pH-dependence of contrac- 
tion of mitochondrial particles from any tissue seems to 
have appeared In his three reports on ATP-induced 
contraction of liver mitochondria Lehninger states?-5 that 
the pH of the potassium chloride tesb medium, buffered 
by 002 M ¢res(hydroxymethyl)ammomethane, was 7 4 
before addition of ATP There 1s no statement on the pH 
of the medium after ATP addition, nor that the ATP 
added was brought to neutrahty before addition How- 
ever, in hus recent review!’ he maintamed that contraction 
occurred at pH 74 Re-examination of Lehnmger's 
expermental conditions m our laboratory clearly shows 
that, when the ATP molarity 1s brought to between 
3 x 10 and 1 x 10- M with disodium ATP mm the afore- 
mentioned buffered test medium, the final pH 13 not 7:4 
but between 4 and 5, the pH at which contraction was 
mdeed found by us to occur im heart sarcosomes The 
sareosomal contraction by  DPNH desorbed here, 
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Fig 2 Reversal by DPNH of thyroxine-induced swelling of rat heart 

sarcosomes Expermmental conditions were identical to those given 

m the legend to Fig 1, except that the test system used here contained, 
in addition, 5 x 102 M ?-thyroxine 
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the aad pH-requirement for this phenomenon when 
using either ATP or DPNH, and the absence of PCMB- 
mhibition of ATP-induced contraction at the optimum pH, 
tend to question the vahdity at least for heart sarcosomes 
of the proposal" that the contractile protem(s) may be 
part of the phosphorylating coupling sequence 
This work was supported by the US Puble Health 
Service research grants H-6769 and CA 05431 A more 
detailed report of these and related mvestigations 18 M 
preparation 
Note added wn proof Substantial amounts of DPNH 
remam unchanged even after mcubation as long as 2 h 
at pH values down to 3 5, as measured by absorption at 
340 mp There 1s, on the other hand, total loss of DPNH 
when meubated at or below pH 25 The 340-my absorbing 
material ıs unchanged DPNH, since the acid-treated. 
preparations, brought to pH 7, can support a high rate 
of DPNH-cytochrome c reductase activity 
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Fluoroacetate and Cyanocobalamin Absorption 
in the Rat 


Ir has been shown m this laboratory that the admunis- 
tration of fluoroacetate to 3-month-old female rats of the 
Scott-Russ strain mhibits the absorption of cyanoco- 
balamın! This was done by tube-feeding each animal 
with 15 ng ®8Co-labelled cyanocobalamm 2 h after 15 had 
received an intraperitoneal injection (80 ug/100 g body- 
wt ) of sodium fluoroacetate Hach animal was killed 24 h 
after feeding, and after removal of the stomach and intes- 
tines the radioactivity of the carcass was determmed by 
dissolving 1$ as completely as possible in strong nitric acid 
and counting m & scintillation counter 

Since fluoroacetate had no effect on the absorption of 
labelled coenzyme B,, 15 was concluded that the enzymatic 
conversion of cyanocobalamm to coenzyme Bi, was an 
essential factor m the absorption of the former compound 
across the small intestine and that this conversion could 
be part of an active transport mechanism, possibly requir- 
mg a nucleoside triphosphate as & source of energy It 
therofore seemed that some hght mught be shed on the 
mechanism of absorption if the experiments were repeated 
and the ammals were killed at varying tunes after tube- 
feeding, since ıt was hoped that fluoroacotate might be 
slowing some fairly rapid active process and thus render 
1t more susceptible to experimental observation 

The results obtained are shown m Fig 1 The numerals 
im brackets indicate the number of animals killed at each 
&me-anterval Although the curves are essentially of the 
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same shape, 16 would appear that fluoroacotate poisonmg 
has rendered the mitial slow absorption phase much 
more obvious than in the control anmals In both the 
control and test groups this phase 1s followed by & period 
of rapid absorption which 18 m turn succeeded by another 
period of slow absorption Fluoroacetate has mamly had 
its effect on the rapid middle period m so far as it has 
delayed its onset and dimumushed its extent By extra- 
pola&mg the steep lnes of the muddle period on to the 
abscissa 15 can be shown that the active phase of absorp- 
tion in the normal rat commences on an average approxim- 
ately 60 min after feeding and some 160 min later m the 
animal poisoned with fluoroacetate At these tumes the 
uptake of the vitamin by the mucosa of the small intestine 
1s approximately the same! Since this portion of the rat 
mtestme 1s that part active in the absorption of cyanoco- 
balamun?^, 1t follows that absorption mto the body occurs 
when the uptake by this portion of the intestine has 
reached a certam level In our experments* this was 
about 10 per cent of the admunistered dose at the times 
stated In other words, absorption from the intestmal 
mucosa cell into the body probably occurs at à more or less 
definite cellular content of the vitamm or its coenzyme 
This triggermg mechanism seems to be mdependent of 
fluoroacetate The delay in onset of the active phase 
brought about by fluoroacetate may be due to an effect 
of this substance on passage across the cell membrane, 
although 1:5 18 difficult to explam why this delay does not 
apparently occur with coenzyme ,,, unless m the poisoned 
animals the energy required for the conversion of cyano- 
cobalamm to the coenzyme detracts from a hmuted 
amount available for passage across the membrane 
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Fig 1 Carcass radioactivity at varymg times after tube-feeding 
O, Control animals, @, fluoroacetate poisoned animals Each pomt 
is the average of a number of observations indicated in parentheses 


The fluoroacetate effect 1s probably not due to an action 
on the mechanical processes concerned, with passago of 
materal along the mtestmnal tract? This 1s borne out by 
the fact that fluoroacetate poisonmg does not affect the 
intestinal absorption of coenzyme B,» (ref 4) 

I$ would be tempting to speculate that the periods of 
slow absorption are part of a ‘mrxng’ process mvolving 
phenomena such as diffusion of the vitamin and flow of tho 
tissue fluids In this way the radioactive material could 
find 15s way to all the loci of vitamin By, or 1ts coenzyme 
withm the body 

Tt ıs unlikely that the rapid active process 18 part of the 
intrinsic factor mechanism, since 1t 18 now known that the 
absorption of coenzyme B,, from the intestine also requires 
intrinsic factor’. ‘There ıs no reason to suspect that the 
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mechanism here mvolved 1s different from that concerned 
with cyanocobalamin One would, therefora not expect a 
different action of fluoroacetate in each cage If this 
supposition 18 correct, the intestinal absorption of eyanoco- 
balamm would first involve attachment to the intestine by 
means of mtrmsic factor?, followed by an active process 
within the intestinal cell bringing about conversion to the 
coenzyme, which m turn is followed by release to the 
blood stream 
A L Larner 
A W Hopson 
Department of Clinical Chemistry, 
University and Royal Victoma Infirmary, 
Newcastle upon Tyne 
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Effect of Experimental Allergic 
Encephalomyelitis Serum on Fatty Acid 
Output of Brain Slices 


THE imjection of preparations of spmal cord mto 
certain animals has been shown to cause the development 
of an allergic encephalomyelitis!? We have been exam- 
ining the effects of the addition of serum from guinea pigs 
suffermg from experimental allergic encephalomyelitis 
(EAE) serum on the metabolic activity of slices of rat 
brain tissue, as measured by vnm viro techniques Other 
workers have shown that serum from affected animals can 
cause tissue breakdown m tissue cultures?:4, and the 
results of our experiments, m which we measure net free 
fatty acid output of bram slices incubated 1n a balanced 
medium are consistent with the hypothesis that HAE 
serum causes à degenerative change 

Spinal cord (about 0 5 g) from normal guinea pigs was 
homogenized in 3 cc Freund's adjuvant and the homo- 
genate was injected intradermally at 4-6 sites on the back 
of healthy guinea pigs About 01 ml. was myected at 
each site After the animals developed the characteristic 
paralysis, they were bled At the same time, samples of 
blood from normal guinea pigs were obtained The blood 
was allowed to clot and the serum which was obtamed was 
stored in the refrigerator until used 

Cerebral tissues were obtamed from normal Wistar rats 
of about 150 g weight, with a Stadie—Riggs sheer Two 
slices were obtained, the ‘first slice! bemg the outer 
(cortical) layer, and the ‘second slice’ was of immediately 
underlying tissue — Each slice was divided into two halves, 
and one half was mcubated m 25 ml of a modified 
Gey-Gey medium’, which contamed 300 mg per cent 
glucose, 2 0 per cent bovme serum albumm and 04 ml 
of normal guinea pig serum The other half was meubated 
m à simular medium, except that EAE serum was used 
instead of normal guinea pig serum Incubations were 
done for 3h m a 25-ml Erlenmeyer flask in & Dubnoff 
shaker At the end of this time, duplicate 1 mi ahquots 
of the medium were removed for extraction and determ- 
mation of free fatty acids according to the procedure of 
Dole? Controls, without tissue, were simiuarly run in 
order to allow a measurement of fatty acid output from 
the tissues In many experiments, another sample of the 
medium was used for a determmation of glucose concen- 
tration with an Autoanalysei, so that measurements of 
glucose uptakes could be obtamed 

The results of the determmation of net fatty acid output 
by the cerebral tissues are shown in Table 1 There seems 
to be httle difference between the ‘first’ shee and the 
‘second’ slice, but the presence of the EAE serum has 
caused an increase 1n free fatty acid output m both 
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Table 1 FATTY ACID OUTPUT OF CERLBRAL SLICES 
(uequiv /g wet weight) 
First slice Second slice 
Normal serum EAE serum Normal serum HAE serum 
78 100 92 117 V=18 
Normal globulm EAE globulm Normal giobulm EAE globulin 
94 116 70 97 Nz4 
Analysis of variance 
Source of variation df Mean square F P 
Between animals 21 24 63 200 005 
Between slices 1 8 46 «1 not significant 
Between sera 1 106 26 864 601 
Interaction 
(sera x shees) 1 001 «1 not significant 
Error 63 12 30 


A comparison of the effects of globulin and sera showed no significant 
difference in the actions of these two additives to the incubation media. 


For some of the sera, a globulin fraction was prepared 
by ammonium sulphate precipitation followed by dialysis, 
and this globulin fraction, dissolved m a volume of medium 
equal to the volume of the original serum, gave simular 
results to the unfractionated serum This suggests that 
an antibody may be mvolved <A few tests m which the 
EAE serum and the normal serum were meubated with 
epididymal fat pad tissue indicated that there was no 
difference m the effects of the two types of sera on this 
tissue, so there 18 probably some degree of tissue specificity 

In a very rough way, net fatty acid output was accom- 
panied by an mereased glucose uptake, but the correlation 
was so poor that there was no statistically significant 
difference between glucose uptake values of tissues 
exposed to EAE serum, compared. with tissues exposed to 
normal serum 

The mereased net free fatty acid output of the bram 
slices exposed to EAE serum 1s consistent with the 
picture of myelin breakdown observed by Bornstem and 
Appel? and Pette and Pette* Presumably some of the 
lipid structures in the myebn are breaking down to give 
the fatty acids which appear m the media Occasionally 
we have observed a decrease in fatty acid ın the medium, 
with both control sera and EAE sera, and this probably 
reflects the dynamic state which no doubt exists Further 
work is planned on mvestigations of turnover of lipid 
constituents under the mfluence of the EAE serum 

The nature of the agent responsible for this effect 1s 
not known It 1s attractive to thmk of 16 as an antibody, 
but this hkely hypothesis ıs yet unproved The possibility 
of an enzyme has not yet been completely ruled out 

Many EAE sera have a high fat content, but the free 
fatty acid content of the flasks contaming the HAE sera 
1s very close to that of the flasks contemmg the normal 
sera, (mean values are 1 3 and 1 1 m equiv /1 , respectively), 
so 16 1s unlikely that the difference of fatty acid level per se 
contributes to this observed difference 

This work was supported by a grant from the Multiple 
Sclerosis Society of Canada 
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Ciliastatic Action of Smoke from Filter-tipped 
and Non-tipped Cigarettes 


Tue cilastatic effect of tobacco smoke has been 
examined by several workers litis known that mammahan 
cii» stop beatmg after a relatively short exposure 
Although attempts have been made to fractionate tobacco 
smoke in order to find out which fraction 13 most harmful, 
httle work has been done to compare the effects of 
different kinds of smoke 
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To make 16 possible to draw any biological conclusions 
from the results of such an expermment 1t ıs essential to 
expose cia to tobacco smoke under near physiological 
conditions By means of the smoke dosage apparatus 
described by Dalhamn ef ai? such conditions can be 
created The apparatus permits the admrxture of a small 
quantity of fresh smoke to the air inspired. at each breath 
and allows the animal to breathe fresh air between doses of 
smoke At the same time cihary activity can be measured 

To evaluate the possible difference ın eihestetie action 
between smoke from filter-txpped and from ordinary 
cigarettes, the following experment was performed 
Three brands of cigarettes, 1 without, and 2 with, filter 
taps, were used. Cats anxsthetized with urethane were 
tracheotomized and the tracheal caha observed under a 
microscope by incident hght — Cihary movement visible in 
the light reflex was photographed with a high-speed cmé- 
camera’ The machine was adjusted to deliver a puff of 
smoke, the volume of which corresponded ın terms of body- 
weight to a human puff of 35¢¢ The smoke was delivered 
via, & face mask and was administered at the begining of 
every third mhalation Ten puffs were drawn from each 
cigarette, between cigarettes the animals were given a 
rest-period of 5 mm The suction which produced each 
puff was kept constant and the cigarettes were smoked to 
an equal length Recordings of the ciary rate were made 
before and immediately after an exposure of 10 puffs 
Rates were then determined by projectmg the developed 
films on a screen at reduced speed The clary beat was 
clearly visible and could readily be counted 

Five cats were exposed to the filterless cigarettes, 5 to 
each of tho filter types and 5 acted as controls Exposure 
of one cat to one type of cigarette was followed by exposure 
of a second cat to a second type, and so on The controls 
were attached to the smoke dosage machine in the same 
way as the exposed cats but breathed air only In another 
experiment, 3 cats were exposed to the smoke from one 
type of filter-tipped cigarette without any rest period 
between cigarettes Twenty cigarettes (10 puffs each) 
were smoked 
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The present material is too small to allow statistical 
treatment m. detail, but the following facts are obvious 
from the results as seen in Fig 1 The ciary beat 
frequency m control anımals was not altered durmg the 
90-mm observation period The animals exposed to the 
two types of filter-typped mgarettes did not show any 
decrease m cihary activity after 8 cigarettes Smoke 
from the filterless cigarettes stopped cihary activity m 
3 of the 5 cats after 5 cigarettes and ın one animal after 
6 cigarettes The fifth anımal was not affected at all 
Cihary activity returned at & normal rate after 10 mm im 
2 of the animals, whereas no activity reappeared ın the 
remaining anumals durmg the 15-min observation period 
When filter-tipped cigarettes were smoked without rest 
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periods, no alteration im cilary activity was observed in 
the three cats tested It thus seems that tho cihastatic 
effect of tobacco smoke from the cigarettes without filters 
is much more pronounced than from the filter-tipped 
cigarettes tested in the present study Further expe- 
ments are in progress to investigate the importance of the 
rest period between cigarettes on ciliastatic activity 
T DALHAMN 


Statens Institut for Folkhalsan, R RYLANDER 


Stockholm 


1 Miis R , Badré, R , and Vignon, B , Bull Acad Nat Med ,20, 416 


? Dalhamn, T , von Essen, E , Kayland, A , and Rylander, R „Inten J Ar 
Water Pollution, 7, 511 (1963) 


? Dalhamn, T , Acta Physiol Scand , 49, 242 (1961) 


Proprioceptor Organs in the Antennules of 
Squilla mantis 


THE antennules of Squilla mantis have been shown by 
Schaller! to be puneipal organs ın food capture They are 
4-6 em long in the adult animals and consist of three 
segments, the terminal segment bearmg at its distal end 
three: long lash-hke extensions which are themselves 
repeatedly segmented The first three segments of the 
antennules have relatively few sensory hærs along their 
lengths but there are numerous fine hairs on the terminal 
lashes? The basal jomt of the antennule allows the whole 
appendage to move m any direction, but the jomts 
between the first and second, and the second and third, 
proximal segments allow movement m only one plane, 
that 1s lateral outward flexion from the extended position 
The animals normally hold the antennules extended 
laterally but will pomt them forwards at objects brought 
into their visual field! 

Vital staining with methylene blue has revealed pro- 
prioceptor organs associated with the jomts between the 
first and second, and the second and third, proximal seg- 
ments of the antennules The two proprioceptor organs 
which have different structures are shown in Figs 1 and 2 
The first type (Fig 1) which occurs in the Joint between the 
first and second segments consists of a sheet of elastic 
strands and associated bipolar sensory cells The system 





Fig 1 Camera lucida drawing of the dorsal half of the jomt between 

the first and second proxima] segments of the right antennule of Soula 

mantis The large arrow indicates the direction of lateral flexion and 

the small arrows show the direction in which the elastic system 1s 

stretched 1, Segment one, 2, segment two, e, articular membrane, 

5, bipolar sensory cells, e, slashin strang system, n, nerve Scale, 
g 
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rsal half of the joint between 
of the ett d antennule of 
the direction of lateral 


is attached at several points to the dorso-lateral walls of 
the first segment of the antennule, extends across the 
joint between the first and second segments and attaches 
to the proximal edge of the second segment. In freshly 
stained and unfixed preparations mechanical flexion of the 
joint was seen to cause a distortion of me elastic tissue and 
tal processes of the 


groups and appear to have their distal processes term- 
inating in the same portion of the elastic sheet as the 
others in their group (Fig. 3). The different groups are in 
turn associated with different planes of the elastie system. 
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The seeond type of proprioceptor organ (Fig. m 
between the second and third proximal joints, consists of 
a thin tendon to which an elastic membrane and bipolar 
sensory cells are attached. The tendon stretches from the 
median lateral wall of the second segment across the joint 
and attaches to the inside proximal edge of the third 
segment. This point of attachment is shared with the 
tendon of the extensor muscle of the third segment. 

The lengths of the bipolar sensory cells vary from 
hersein ae 20 and 50g, it is possible that some of 
them are associated with scolopale organs in the same way 
as are the bipolar cells found in proprioceptor organs of 
the decapods*. It is p that electronmicrographs will 
provide more details of 

A preliminary ectro A I investigation was 
conducted on the first type of proprioceptor (Fig. 1). An 
antennule, with the third segment and terminal lashes 
cut off, was removed from the animal, and the first seg- 
ment firmly embedded in a block of plasticine. The joint 
between the first and second segments could then be 
effectively flexed by moving the second segment through 
approximately 20° with a stylus operated by an electro- 

et. The antennular nerve occurs as a number of 
naturally subdivided nerve bundles each pone 
innervating a diserete region of the antennule. 
which responded to flexion of the joint could be found by 
recording from all the bundles in turn. 

The most commonly observed response to mechanical 
flexion of the joint through approximately 20* was a sharp 
burst of activity corresponding with the rapid displace- 
ment of the second segment followed by a marked increase 
in the rate of discharge of the nerve fibres in response to 
maintained flexion. This response fell off gradually over 
the first 1 or 2 min of the maintained displacement but 
then settled to a new and higher rate of discharge which 
was seen to be maintained for periods of up to 15 min. 
Further flexion resulted in an inerease in the number of 
units firing as well as a further increase in the frequency of 
the firing units. Return to the initial position prd 
resulted in a return to the initial rate ol discharge 
each electrical recording iment the periere was 
stained with methylene blue and the fibres were traced to 
the proprioceptor organ. Recordings were made from 
the whole nerve bundle containing too many units to be 
separately identified and, therefore, no conclusions can be 
drawn as to the function of the different groups of cell 
bodies. However, the observed recruitment of units with 
increased flexion of the joint suggests that different cell 
bodies may be sensitive to different degrees of flexion. 

The antennules of Squilla are important as chemo- 
receptors during the characteristic prey capturing 
behaviour’, but the presence of proprioceptor organs which 
can accurately monitor the relation of the segments one to 
another may be important during the pointing of the 
antennules and may also function in directing angle 
of the strike, correlated with the apparent absence of such 
a mechanism in the eyestalk. 
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Absorption of lodine from Ingested Water- 
cress 


WarkncnESS (Nasturtium officinale, R.Br.) is a rich 
source of iodine, the amount it contains probably depend: 
ing on the amount of iodine available to it during 
The availability of the iodine in cress to man was reed 
by von Fellenberg?, who concluded from balance studies 
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on himsolf that only about 65 per cent of the iodine 
ingested was absorbed. We have examined this problem 
further by using watercress grown in water containing 
iodine-131. The plant was grown in a greenhouse in 
water culture, starting from shoots of commercial origin. 
After 4 weeks’ growth, carrier-free iodine-131 was added 
to the nutrient solution. The watercress was harvested 
one week later, and amounts containing 25 uc. were fed to 
two hospital patients who were recovering from myo- 
cardial infarction. These patients also received carbim- 
azole in a dose of 15 mg four times daily in order to prevent 
the uptake of iodine-131 by the thyroid gland. Urine and 
feces were collected for the next three days and their 
content of iodine-131 was measured. In both patients 
there was complete recovery of the ingested iodine-131 in 
the urino, and negligible amounts were detected in the 
feces. This indicated complete absorption of the iodine 
from the gastro-intestinal tract. 

Autoradiography of the watercress was carried out. The 
highest concentration of radio-iodine was found to be in 
the stems of the plants, especially their thicker parts 
(7-8 mm). The leaves of the watercress contained very 
small amounts of iodine-131. "We believe that this is a 
possible explanation for the findings of von Fellenberg. 
Tf the leaves and thin stems of watercress alone are eaten, 
only a fraction of the iodine in the plant is ingested, 
because the thieker stems contain the greatest proportion 
of iodine. There is no evidence that the iodine of water- 
eress is not completely absorbed from the gut after 
ingestion. 

We thank Dr. G. Bond of the Department of Botany, 
University of Glasgow, for his help in growing the water- 
cress. 

C. M. MAILER 
M. T. HARRISON 
E. J. WAYNE 


University Department of Medicine, 
Gardiner Institute, 
Western Infirmary, Glasgow. 
! Chilean Iodine Educational Bureau, Iodine Content of Foods, 90 (Shenval 
Press, 1952). 


tyon Fellenberg, T., Biochem. Z., 142, 246 (1923). 


PATHOLOGY 


Inhibition of the Growth of Implanted 
Mouse Carcinoma by an Irradiated Bacterial 
Culture 


Tr has recently been reported that, in mice, the growth 
of an implanted mammary mouse carcinoma is inhibited 
if the host is given an irradiated live culture of Escherichia 
coli to drink’. This is so similar to the results of feeding 
such animals with irradiated muscle or thymus tissue, or 
an aqueous extract of these tissues previously reported?, 
that it can be expected that there is a common factor. 
The experiments recorded here were made in an attempt 
to elucidate this peculiar phenomenon. 

A 48-h culture of E. coli in ‘Oxoid’ broth was made and 
filtered to remove the baeteria. This filtrate was irradiated 
with a dose of 150,000 r. Some A,@ mice, grafted with the 
Compton 22 mouse mammary carcinoma, were given, in 
unlimited quantity, the irradiated liquid to drink while 
other grafted mice were treated by subcutaneous injection, 
receiving daily 0-5-1-0 ml. No animal was treated until 
the grafted tumour had appeared and was palpable, This 
eliminated the possibility that the failure of a graft to take 

ight be included in the records as a success. 

4 drinking experiments (Fig. 1), there were: (a) 18 
controls all of which grew well. (b) 9 animals treated of 
which 1 tumour showed no effect, 6 showed inhibition and 
2 disappeared. 

In 3 injection experiments there were: (a) 14 controls of 
which one graft failed. The remainder grew well. (b) 4 
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Day after grafting 





Fig. 1. (Ref, B 77.) Six A,G mice with Compton 22 mouse 

mammary carcinoma, Nos. 1, 2 and 3 given subcutaneous injections 

of an irradiated (150,000 r.) filtered ‘Oxoid’ broth culture of Esc ia 

coli from a to œ. Nos, 4, 5 and 6 given injections of the same liquid 
which had not been irradiated 


animals treated of which 1 tumour showed no effect, 1 
showed inhibition and 2 disappeared. 

Summing up: 31 controls grew well. In 13 treated 
tumours 2 were unaffected, 7 showed inhibition and 4 dis- 
appeared. 

These experiments demonstrate that there is no neces- 
sity for live bacteria to enter the alimentary canal in order 
to obtain the results reported by Compton'. Such results 
can be obtained more conveniently by subcutaneous 
injection of the irradiated bacteria-free culture liquid. 
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Fig. 2. (Ref. B 93.) Six A.G mice grafted with Compton 22 

mammary carcinoma, Nos. 1, 2 and 3 Injected suboutanedualy | with, 

autoclaved dialysed ‘Oxoid’ broth irradiated (150,000 r.) from the 
eleventh to seventeenth day. Nos, 4, 5 and 6 controls 
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Ay = Exp. 184. No.11 
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= Exp. 518 No.2 
B, = Exp. 518 No.9 


| known from experiments of Compton and Pannett? 
t aqueous extracts of meat contain a substance con- 
ently designated precursor y which, on irradiation, is 
anged into an agent z which inhibits the growth of 
cancer grafts in mice. Now culture broth is essentially an 
yi us extract of meat, and the question arises, in con- 
sidering Compton's experiments with E. coli, whether the 
‘unseeded broth in which the cultures grew will, on irradia- 
tion, produce an active inhibitory agent. Experiments 
have shown conclusively that this is not so. It might 
. reasonably be assumed that the autoclaving at 115? C has 
destroyed the precursor y in the extract of meat, But 
her investigation proves this view to be untenable. 
in three experiments (Fig. 2), autoclaved ‘Oxoid’ 
th was made four times the usual strength and dialysed 
in the cold room. The volume increased from 
o 35 ml. After irradiation (150,000 r.) the dialysed 
duct was used for daily injections (0-5 ml.) into tumour- 
afted mice. 
Of 18 animals there were 11 controls and 7 treated 
animals. Inhibition occurred in 6 of the injected mice and 
no effect was observed in 1. 
i Therefore, it is more reasonable to conclude that the 
autoclaved broth still contained precursor y (or a similar 
substance) and that the failure to reveal its presence was 
due to some low molecular weight product of heating the 
meat extract (designated for convenience z) which inter- 
fered with the action of X-rays on precursor y. This 
interfering product was removed by dialysing. The pre- 
cursor y would seem to be, therefore, of a molecular size 
"between that of native proteins which have been removed 
by heat and such moleeules that will pass through a 
anlysing membrane. 
'riments a 48-h culture of E. coli in ‘Oxoid’ 
ed into two parts, one of which was heated 
Both portions were irradiated (150,000 r.). 
that the portion which had been heated had 























ected result. It suggests 
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present in ‘Oxoid’ broth which is not destroyed even by 
autoclaving. It indicates the possibility of more than one 
degradation product present in meat which can be a 
precursor of v, a substance perhaps formed during the | 
synthesis and metabolism of protein by the growth of the 
E. coli in the nutrient broth. 

In testing irradiated extracts for inhibitory effects on 
grafted carcinoma it is frequently found that a slowing | 
effect on the growth of a tumour is evident for a certain: 
time and then the injected substance seems to lose i 
activity and the tumour increases in size with an 
increasing acceleration. It sometimes looks as thoug! 
active substance had almost suddenly disappeared. 
consideration of the manner of growth of a graft 
light on this phenomenon. p i 

When a small graft takes, its cells immediately begin to _ 
divide and we have the case of a body increasing in size ata 
rate proportional to its weight at any moment. This is 
represented by the well-known formula W = Aest where 
W = the weight of the graft at time t, A = the weight of : 
graft at time of insertion, e is the base of natural loga- | 
rithms, and g is a specific factor for each graft. E 

In Fig. 3 curves were made from actual examples. These 
curves show: (1) how quickly the rate of growth incre: 
with time; (2) how, if between two doses of inhibit 
agent, a greater volume of tumour is produced th: 
destroyed by the former dose, no further inhibition 
demonstrated if the dose remains the same. Ii 
clear, in testing inhibiting extracts whieh presumab! 
very little of the active agents in them, that it is ne 
to operate with small tumours. Only when the 
agent has been isolated will it be possible to use a 
concentrated preparation and destroy large tumours 
can also be understood how, on ceasing to treat ap 
ticular animal, the tumour may grow with what seems 
be an almost explosive quality. 2 

Another point must be referred to. Often in an exp. 
ment the active agent will be seen to inhibit some tum 
and have no effect on others. This has always 
put down to biological variation in the treated an 
Some light would seem to have been thrown on 
what this variation is, in a recent paper by A. 
Györgyi et al.* in which the authors report the fin 
two agents in extracts from muscle thymus and fibrou 
tissue, one of which promotes the growth of cance 
mice while the other inhibits it. Obviously, the g 
promoting substance may, in some animals, be present in 
such amount as to be able to mask and annul the small. 
doses of inhibitory agents present in the preparations used — 
in experiments deseribed here. €. y 

I thank Sir Arthur Porritt for putting laboratory 
facilities at my disposal in the Biochemistry Department ` 
of the Royal College of Surgeons, and Dr. Cyril Long for — 
his help and criticism. M V 
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IMMUNOLOGY 


immunological Characteristics of some 
Dehydrogenases ee 

Tue finding of five isozymes of lactic dehydrogenase 
(LDH) in each of a series of higher organisms has led to. 
many investigations, which are.concerned with the 
ture of these isozymes and their interrelations 
Recently, the application of immunological method: 


Lactic 
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Fig. 1. Comparison by double diffusion of pig-heart and beef-heart 


LDH. Coloration by a LDH specific reaction (ref. 7) 


The following crystallized enzyme preparations were 
available, for which we thank Prof. G. Pfleiderer and 
Dr. E. D. Wachsmuth: (a) LDH from pig-heart, which 
contained mainly isozyme I (numbered from the anode 
after electrophoretic migration) and a small amount of 
isozyme II; (b) LDH from beef-heart with isozyme I and 
II in the proportion 2:1 and traces of isozyme III; 
(c) a crude crystalline preparation of LDH from human 
brain with all five isozymes, the fifth of which represented 
only about 3 per cent of the total activity; (d) pure 
isozymes I and V from pig, shown by electrophoretic 
examination on cellulose acetate film to be free from detect- 
able traces of the other isozymes. 

Rabbits were immunized with pig-heart and beef-heart 
LDH. Each animal was injected with a total of about 
25-35 mg of protein, partly in combination with the 
complete Freund's adjuvant. 'The enzymes proved to be 
good antigens. 

The immunological experiments were carried out with 
the aid of the usual methods—double diffusion and 





Fig. 2. Immuno-electrophoretic analysis of human-brain LDH 
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Fig. 3. 


Coloration by a LDH specific reaction (ref. 7) 
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phoresis at pH 8:2; coloration by a LDH specifie reaction (ref. 7) 





A and B, Comparison by double diffusion of the isozymes I and V from pig. 
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immuno-electrophoretic analysis in agar or agarose*, 
micro-precipitation and passive hemagglutination. While 
the precipitin lines in agar were generally visible to the 
naked eye and could be stained with reagents like amido- 
black, LDH-specifie staining? was found to be à much more 
specific and sensitive method for their detection. As 
already known? the LDH-anti-LDH-complex has a distinct 
and stabilized LDH activity. 

With the help of all the aforementioned methods we 
found in most cases eross-reactions between the LDH's of 
different origins. Our antisera against pig-heart LDH 
(anti-pig-heart LDH) and beef-heart LDH  (anti-beef- 
heart LDH) reacted with both isozymes of pig-heart 
LDH and beef-heart LDH and with the isozymes I, IT, ITI 
and IV of human brain LDH (anti-pig-heart LDH had to 
be concentrated to half its volume to give the latter 
reactions). Concerning the immunological behaviour of 
the human isozyme V, we cannot yet make any definite 
statement because of its low concentration in our prepara- 
tion. Figs. 1 and 2 give some examples, showing in double 
diffusion the identical precipitin lines of pig-heart and 
beef-heart LDH with an anti-pig-heart LDH and in 
immuno-electrophoretic analysis the reaction of the human 
isozymes I-IV with an anti-beef-heart LDH. 

The isozymes I and V from pig proved to be anti- 
genically distinct. While anti-pig-heart LDH precipi- 
tated in double diffusion only isozyme I (Fig. 3a), one of 
our anti-beef-heart LDH’s reacted with both isozymes; 
the double diffusion demonstrated a clear-cut reaction of 
non-identity (Fig. 3b). A slight fading of the precipitin 
lines after crossing each other leaves open the possibility 
of the existence of a small amount of antibody in this 
serum reacting with both isozymes I and V. The different 
antigenic specificity of the two isozymes was confirmed by 
absorption experiments. The antisera could be absorbed 
with one of the isozymes and the activity towards the other 
one—shown by microprecipitation and passive hæmag- 
glutination—persisted, 

In certain cases the precipitin lines, which we obtained 
with the isozymes, seemed to be double 
lines lying very close to each other. Fig. 2 
shows very distinetly such double lines 
for the human isozymes I, II and III in 
immuno-electrophoretic analysis. 

The finding of cross-reactions between 
LDH's of different origin is contrary to 
the results of Markert and Appella*, but in 
good agreement with those of Gregory and 
Wroblewski*, which were obtained by 
means of enzyme inhibition tests and indi- 
cated the existence of analogous cross- 
reaetions,  Amino-acid analysis and the 
comparison of peptide patterns after 
tryptic degradation of different LDH's, 
carried out at the Frankfurt Instituto*:*, 
also argue for a very similar structure of 
the corresponding LDH-isozymes from 
various higher organisms. The different 
antigenic specificity of the isozymes I and 
V from pig, already observed in beef?:* and 
in chicken!®, and also the similarity of the 
antigenie structures of the human isozymes 
I-IV (Fig. 2) are in agreement with the 
hypothesis that the LDH-isozyme molecule 
is composed of four sub-units, isozyme 
I (V) being built of four units ‘B’ (‘A’), the 
isozymes IT, IIT and IV being 'hybrid' 
forms!*.1, i 

It is not yet explain 
with certainty the meaning of the double 
precipitin lines. So far as we can see, they 
should indicate the presence of molecules 
possessing different antigenic structures 
in a single electrophoretically homogeneous 
LDH isozyme. 
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attempt to delineate the nature of these supposed 
nic differences is at present in progress. 

hank Dr. P. Grabar for advice, and one of us (K. R.) 
es to thank him for allowing the work to be carried 
his laboratory at the Institute Pasteur. 
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munization with a Synthetic Cholesterol- 
ester Antigen and Induced Atherosclerosis 
pe in Rabbits 
ossibility of modifying the atherosclerotic process 
unological means has been suggested recently?-3, 
| alo} immunized rabbits with B-lipoproteins 
lated from serum of cockerels maintained on high 
cholesterol diets. Tt was reported that immunized animals 
developed less atherosclerotic plaques in the aorta when 
a cholesterol-containing diet than did control animals. 
xperiments which we have performed and also in 
reported by others‘, the results obtained by Gero 
d not be confirmed. 
sis of rabbit aorta lipids after different inter- 
cholesterol feeding, we confirmed previous investi- 
reporting that the severity of atherosclerosis was 
more closely to inerease in cholesterol esters than to 
ree cholesterol per se (Table 1). It was of 
fore, to investigate the influence on develop- 
rosclerosis of immunization with an antigen 
cifically against cholesterol esters. 
AND ESTER CHOLESTEROL CONTENT OF RABBIT AORTA 
DURING DEVELOPING ATHEROSCLEROSIS 
Severity of Aorta cholesterol content Relative increase 





atherosclerosis ^mg/100 g wet wt.* above normal 
Tange (%)t Free Estet Free Ester 
cuo 100 + 10 10 £8 0 0 
sapta 121 4 35 t6 0:21 25 
515-30 145 + 36 dá tT 045 $94 
730-50 243 X 20 193 + 29 1:43 18.3 
50-100 287 + 21 248 + 42 1-87 23:3 


2 ^t = S.E., of mean. : 
i ue of commercial rabbit pellets supplemented with 1 per cent chole- 


COWEOTOL. - ^ 
(0, 1 Expressed: as percentage of aorta surface involved with atherosclerotic 


E : : An antigen with the required properties was synthesized 
-as depicted schematically here, by coupling cholesterol 
[ sebaeyl chloride with bovine albumin. 
SQ R—OH + CICO(CHQ,COC] > 










ROOC(CH44,COCI 


MERE (sebacyldiehloride) (cholesterol sebacyl chloride) 
umin-NH, = ——> albumin NHCO(CH,),COOR 
ne amino-groups (albumin cholesterol-sebacate antigen) 
‘of albumin 
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bovine albumin (10 g Fraction V) in isotonic saline. (1 1). 
The pH was maintained at 83 by dropwise addition of 
sodium hydroxide. Pyridine was added and the mixture 
stood overnight at 4°. The product, precipitated by 
addition of one volume of acetone alcohol (À : 1), was 
filtered, washed repeatedly with ethanol ether (1: 1) and 
air dried. The resulting powder was refluxed in a Soxhlet 
apparatus with ethanol ether ( 
activity. Yield was 9-5 g of a pale yellow powder having 
9-5 moles of bound "C.cholesterol per mole al 








per mole of protein. The immunological 

efficacy of this product has not yet been tested.) This 
was dispersed in dilute alkali, saturated alum solution was. 
added, and the precipitate was suspended in isotonic 
saline (containing merthiolate as preservative) for injec- 
tion. ps 


Table 2, LIPID-LEVELS IN SERUM OF NORMAL AND IMMUNIZED RABBITS 
FOLLOWING CHOLESTEROL FEEDING eee We 





Total 
Group No. No. of Total lipid cholesterol 
and treatment rabbits (mg/100 ml.)* (mg/100 mi.)* 
I Normal diet, 
21 weeks 3 
II immunized, 
6 weeks; 
normal diet, 
21 weeks 4 
III Normal diet, 
6 weeks; 
1% chole- 
sterol, 15 








310+ 93 3215 — 14402 | 


260 + 44 41+6 20x01 


5 44074348 — 1,802442 18404. 


weeks 8 2,082 + 210 1,020 + 46 2:2x0:2 
Group Til vs. 


Group IV P «0:001 P «0-001 P>008 P«0 


Groups II and IV animals were immunized: twice weekly for 6 weeks wit! 
synthetic antigen. Groups I and III were maintained as uniram 
controls. Rabbits in ps III and IV were then placed on ik eho. 
diet for 15 weeks. Values given are for plasma lipid-levels after 21 weeks 
ceding death and examination of aortas for atherosclerotic plaques, - 
grade represents the mean percentage of the aorta surface cove: 
atherosclerotic plaques, n 

*+ = S.E. of mean, 









were examined for atherosclerotic plaques. By pr 
of the plaques on to a standardized grid. stenci 24 
intensity of atherosclerosis was scored as percenta; 
involvement of the aorta surface (Table 2). No plac 
were observed in either normal or immunized. animals 
the standard diet (groups I and II). Intensity of plague 
in the immunized group fed cholesterol (30 per cent): 
significantly less than in control animals (66 per cent) - 
maintained on the same diet. Both total lipids and total — 
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atherosclerosis?*»?, Investigations are being conducted 

on the clearance rate of carbon-14-labelled cholesterol 

esters from serum of immunized animals to test certain 

of these hypotheses. 

This investigation was supported by U.S. Public Health 

Service grants HH-05062-04 and 1—-K3-Ca-16,730-01. 
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Cellular Fixed Antibodies in Transplantation 
Immunity 


THE role of lymphocytes in transplantation immunity 
has been proved since the investigations of Mitchison* and 
Algire e£ al.2. For the question in which way the lympho- 

may react with the tissue antigens the experiments 
of Berrian and Brent* are interesting. The binding of 
tissue antigen to lymph-node cells of sensitized animals 
can be demonstrated in vitro by the decrease of antigen 
content in solution. 

The aim of our investigations was to examine the 
existence of cellular fixed antibodies in transplantation 
immunity first with the antiglobulin-consumption test 
described by Steffen* and modified by Warnatz et al.*: and 
second with a fluorescein-labelling technique. As recip- 
ients, 200 healthy male mice of the inbred strain C57B1 
were used. For sensitization a suspension of spleen and 
thymus cells from mice of the inbred strain AKR in a 
concentration of 4 x 10° cells was injected intraperi- 
toneally. Seven days after the beginning of sensitization 
skin grafts of the AKR-donor strain were performed 
according to Billingham and Medawar’s technique’. Six 
days afterwards the animals were killed; the grafts were 
examined macro- and micro-scopically. From apparently 
sensitized mice the regional lymph-nodes as well as the 
non-regional lymph-nodes, the spleen and the thymus were 
obtained. 

For the antiglobulin-consumption test*-*, suspensions of 
lymph-node, spleen and thymus cells of the sensitized 
mice were prepared in a Ca** free thyrode solution. These 
cells which were to be investigated for sessile antibodies 
were incubated in vitro with antigenic extracts of spleen 
and thymus or renal cells of the donor strain in a concen- 
tration corresponding to 2 x 10° cells. After removal of 
the excess antigen by washing with thyrode solution the 
cells were mixed with a rabbit antiserum of a known titre 
and specifically directed against the tissue antigen of mice. 
The decrease in titre of the antiserum which was determ- 
ined by the passive hemagglutination technique of 
Boyden?* was used as an indication of cellular fixed anti- 
bodies. In controls either no antigen or antigenic 
material of another than the donor strain was applied. 
Finally, lymph node, spleen and thymus cells of unsensit- 
ized animals were investigated. 

In the experiments with the fluorescein-labelling tech- 
nique? we assumed that cells with fixed antibodies show a 
fluorescence after incubation with the corresponding 
labelled antigen as a sign of antigen-antibody reaction. 
For this purpose lymph nodes of sensitized mice were 
frozen deeply immediately after removing the organs, 
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sectioned at 12u and fixed in methanol. The labelling 
of the antigenic extracts was performed corresponding 
to the method of Coons et al.1° and v. Mayersbach". For 
labelling, a dose of 0-02 mg fluorescein isothiocyanate per 
mg protein was used and the excessive dye was removed 
by dialysis. Finally, the labelled extracts were purified 
by passage through a column of DEAE-collulose** or by 
absorption with powder of rabbit liver. The sections of 
lymph nodes were incubated with the labelled antigen at 
37° C for 30 min and after washing they were examined by 
a Zeiss fluorescence microscope. In controls lymph nodes 
of non-sensitized mice were investigated and labelled tissue 
extracts of other than the donor strain were used. Some 
sections were stained by hzmatoxylin-eosin for localiza- 
tion of the fluorescent structures. 

The results of the investigation with the antiglobulin- 
consumption test are summarized in Table 1. 


'Table 1 
Steps of a geometrical dilution row of 


Antigen rabbit antiserum 
? $ ‘8 4q"B $.97 coe 
Lymph node and Spleen AKR +++ l = = = = = 
spleen cells of famwyARR + Ft eo = = =e 
sensitized mice SpleenC57B1 + + + + + + — - = 
— ++ + + t+ +t + - = 
Lymph node and Spleen AKR n ES a S a S, 0— —cÓÀÁÀB 
spleen cells of Muy AER. + ea + ee cou 
non-sensitized Spleen CS7B1 + + + + + + - - = 
mice — ++ + Bl $+ + tO = 
Rabbit antiserum + + + He + & + X 


The results of the antiglobulin-consumption test after incubation of 1 h 
node and spleen cells of 200 sensitized and 50 non-sensitized mice, respectively, 
with the correspon antigen and following treatment with a heterologous 
antiserum of known titre (1 : 612) as well as the results of the controls are 
recorded, The consumption of the rabbit antiserum is determined by the 
decrease of hemagglu tion titre. 


After incubation of lymph node and spleen cells with the 
specific antigen, the titre of the heterologous antiserum 
was reduced about 5-6 steps; after treatment with tissue 
extracts from other than the donor strain or in the 
experiments in which the cells were not incubated with 
antigenic extracts at all, a reduction in titre of 2-3 steps 
could be observed. ‘The same decrease in titre was 
obtained in controls with lymph node and spleen cells of 
non-sensitized animals. 

In the investigations with the fluorescein-labelling 
technique, the sections of regional lymph nodes from 
sensitized mice showed a positive result after incubation 
with the specific antigenic extract. In all lymphocytes 
of the positive sections a distinct fluorescence of cyto- 





Fig. 1. Section of a lymph node after treatment with the correspond! 
fluorescein-labelled antigen poang 
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plasma was observed, the unstamed nucleus, however, 
appeared as a dark disk In the histological picture a 
fluorescent network was seen due to the densely packed 
lymphocytes (Fig 1) In the nonzegional lymph nodes a 
fluorescence was observed i most cases, too How- 
ever, using tissue extracts of other than the donor stam 
or m sections from non-sensitized mice there was, apart 
from few exceptions, a negative result 

These findings obtamed by the antiglobulin-consump- 
tion test and the fluorescence labellmg method indicate 
that cellular fixed antibodies exist and that they can 
specifically react with the corresponding antigen 
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RADIOBIOLOGY 


A Pitfall of Low Specific Activity 
Radioactive Thymidine 


Dvunrine the courso of investigations into the action of 
X-radiation on synthesis of DNA in cultured mammalian 
cells, we have found an effect of low specific activity radio- 
active thymidine that can profoundly confuse the results of 
such experrmentation The action of X-radiation on DNA 
synthesis in HeLa S3 and Chmese hamster (DFAF-33, 
supphed by Dr G Yergaman) ıs such that a plot of the 
dose-response yields a two-component curvet? In order 
to determine if the steep component was due to pool 
dilution, the effect of specific activity was investigated 

Cultures were meubated foi 5 days before irradiation 
and ther media changed two days before Irradiation 
was accomplished with a 300-kVp, 20-m amp X-ray unit 
under conditions of mimimal scatter, with the culture 
flasks rotatmg on a turntable during the irradiation 
After wradiation the media m the flasks were removed and 
1eplaced with those contaming the radioisotope(s) Incub- 
ation with the tracer occurred for 1 h, after which the 
cultures were plunged into ice water, the media rapidly 
removed, the cells washed twice with buffered saline, and 
incubated with ice-cold 4 per cent perchloric acid for 5 min 
The nucleic acids were extracted by a modification of the 
method of Scott etal? The DNA contents of the extracts 
were estimated by measurmg the absorbancy at 267 my 
and the radioactivity measured by mixing 1 ml of the 
extract with a toluene-based scmtullation countmg flud 
and counting in a Packard Trı-Carb spectrometer The 
separate tritium and carbon counts were determmed by 
adjusting the two channels for optimal separation of their 
counting efficiencies, usmg internal standards, and by 
simultaneous equations! 

In early experiments only one dose (300 r ) was used, 
after the irradiation one set of control and irradiated 
cultures was incubated with L ue /ml tritiated thymidine, 
at 6 7 c./mM (0 036 ug/ml ), and the other sot with 1 uc /ml 
tritiated thymidine, at 100 mc /mM (24 ug/ml) Typical 
results illustrated m Table 1 show that incorporation of 
tritiated thymidine mto DNA of cultures incubated with 
higher concentrations (lower specific activity) of thymidine 
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Table 1 EFFECTS OF 300 R X-RADIATION ON INCORPORATION OF HIGH 
SPECIFIC ACTIVITY TRITIATED THYMIDINE (6,700 MO/MM) AND Low 
SPEOIFIO ACTIVITY TRITIATED THYMIDINE (100 MC /wM) INTO HELA S3 DNA 


Specific activity of Specific activity 
tracer material ecpm/ug DNA Irradiated Depression 
(me /mM) Control (per cent) 
6,700 313 + 15 191 + 27 39 
100 20 € 5 24 +1 17 


was less suppressed by the irradiation than cultures 
meubated with the high specific activity material Thus 
our results seemed to agree with those of Hell, Berry and 
Lajtha*, who showed a simular effect with ascites tumour 
cells, in veta 0 

However, further work usmg guanine labelled with 
carbon-14, a low specific activity material (3 me /m™M), 
failed to confirm the results This tracer was used at a 
concentration of 10 ug/ml (022 uc/ml), more than 
enough to swamp any pool effects, yet 1t yielded. results 
simula: to high specific activity tritiated thymidino 
Therefore, double-labelling experiments were performed, 
as follows | Eagle's medium was piepared at a volume 
sufficient foi all flasks m the experiment (20 DFAF-33 
cultures) “C-guanine was added to give 0 22 uc /ml and 
tritiated thymidme (at 6 7 c /mM) to give l ue /ml The 
medium was then divided into two parts, and to one part 
was added 4 ug/ml unlabelled thymidine, effectively 
ieduemg the tiztiated thymidine specific activity m this 
medium to 60mc /mM Fow cultures each were irradiated 
with 200 r, 800 r, 1,600 r , 9,200 r , and four served. as 
Sham-rradiated controls Two of each of the four eultures 
of each treatment were incubated for 1 h with the medium 
containing the tracer amount of tritiated thymidme and 
the remamder with the medium contaming 4 ug/ml 
thymidme The results aroe shown m Fig 1 In each 
case the “C-guanine results parallel the tritiated thymidine 
results reasonably well However, both tracers exhibit 
less X-ray-induced mhibition with the medium containing 
4 ug/ml thymidine 

The clue to the real basis of this effect 1s found m tho 
comparison of the carbon-14 specific activities m the 
control cultures In the series with tiacer amount of 
thymidine the specific activity of carbon-14 of controls 1s 
over twice that in the series with 4 pg/ml thymidine 
Morris, Reichard, and Fischer? have demonstrated that 
thymidine, ın relatively high concentrations, inhibits the 
1ate of DNA synthesis m mouse tumour cells in culture, 
and we have shown the same effect m HeLa and 
DFAF-33* From the results presented hero, 1 18 apparent 
that this effect of thymidine 1s such that 1t masks some of 
the effects of X-radiation on the DNA synthesizing system 
by detracting from the part of rato depression contributed 
by the steep component of the X-ray dose-response curve 
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Fig 1 Influence of thymidine content of labellmg medium on the 

dose-response of DFA F-33 DNA synthesis to X-ray One series con- 

tamed 0 036 ug/ml thymidine (HSA H?TdR), the other 4 036 ug/ml 

thymidine (LSA H?TdR) Both series contamed the same !*C-guanine 

content (10 ng/ml , 3 me /mM) and the ume tritium content (1 uc [ml , 
as 
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. Guanine, on the other hand, apparently does not affect 
DNA. synthesis rate 
Such results, also observed with HeLa S3 cultures, 
illustrate that radioisotopic compounds of low specifie 
activity must be checked to assure that the necessarily 
high concentrations of metabolites are not affectmg the 
system under study These expermuents also underscore 
the value of using several doses ın radiobiological mvesti- 
gations 
ROBERT B PAINTER 
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Differences in the Distribution of Zirconium-95 
and Niobium-95 in the Rat 


ZxgcONIUM-95, one of the y-ray emitting isotopes in 
fall-out, has a physical half-life of 65 days It decays to 
mobium-95 which emits y-rays and 
has a physical half-hfe of 35 days 
Therefore, both these isotopes contr- 
bute to the total radiation hazard of 
fall-out During the first year, these 
two isotopes share no less than 20 per 70 
cent of the total activity of fission 60 
products aged from a few days to one 
year! A knowledge of the meta- 
bolism of the parent isotope (zircon- 
1um-95) in relation to that of the 
daughter, (mobium-95) 1s essential m. 
order to estimate the total mternal 
radiation hazard due to 95Zr—"Nb be- 
cause the parent and the daughter 
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(biceps, flexor, brachioradial, quadriceps femoris, adductor 
and gastrocnemuus), the liver, kidneys, gonads, heart, lungs 
and spleen from each anımal were dissected ummediately 
The same tissues from all animals were combined and 
homogenized in an Omni mixer The physical decay 
patterns of the nuchde pair, *5Zr—5Nb, in various homo- 
genates, and standard sample of ™Zr—"“Nb, administered 
to the animals were determmed simultaneously by 
standard y-somtillation spectrometrie methods*. The 
y-activities of the standard sample, as well as those of 
tissue homogenates on various days, were expressed as per 
cent of their y-activities on the first day, the day of killing 

The physical decay patterns of the standard sample of 
Zr- Nb, and of *Zr—"Nb accumulated by the various 
soft tissues, are reproduced in Fig 1 The decay pattern 
reported for pure nicbium-95 18 shown 1n the samo figure 
for comparison The physical half-hves of °Zr—*"Nb found 
in the soft tissues examuned are shorter than the ‘effective 
physical half-hfe’ of administered *5Zr-?5Nb (82 days) 
The decay patterns of *5Zr—5Nb accumulated by the bone 
and blood are plotted m Fig 2 The physical half-hfe 
of "5Zr-**Nb ın bone has a longer half-life (2 108 days) 
than the physical half-hfo of mjected *5Zr-*5Nb (82 days) 
Therefore, the bone has accumulated the parent isotope 
(Zr) preferentially The increase in the activity 
of *5Zr— Nb 1n the bone during the early period of decay 
curve 1s due to the accumulation of the daughter 
(niobrum-95) due to the dismtegration of the parent 
(zircon1um-95) This behaviour corresponds to the merease 
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decay ab different rates Further, the ó 
photopeak energies of zirconium-95 
(072 MeV) and mniobium-95 (0-764 
MeV) are so close to one another that 
it 18 not possible to resolve and identify 
the mdividual photopeaks of the 
parent and daughter isotopes by y- 
somtillation spectrometry! Therefore, 
we have determined the physical 
decay patterns of %Zr—*Nb accumul- 
ated by rat tissues to determine 35 
whether some tissues show preference 
for zirconi1um-95, while others concen- 
trate mobrum-95 in four days after 2 
intraperitoneal administration of Zr- 
Nb m transient equihbrium (Fig 1) 30 

A. group of twelve male white rats 80 
of Sprague-Dawley stram weighing 70 
between 230 and 280 g were injected 60 
intraperitoneally with 40 6 ue /kg of 
carrier-free ?5Zr—5NDb as oxalates in 
normal saline Bone is the critical 
organ for **Zr—*Nb, and of all tissues, 
bone accumulates the highest level of 
y-activity four days after admunistra- 35 
tion of *52r—"*Nb to ammals?-* There- 30 
fore, at the end of four days, the 
anumals were decapitated and the blood 
was drained into & heparmzed beaker 
The bones (humerus, ulna, raduus, 
femur, tibia and fibula), the muscles 
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Fig. 2 Decay patterns of *Zr—*Nb accumulated by rat bones and 
blood in 4 days after imtraperstoneal administration 
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in activity of zirconium-985 chemically separated from the 
daughter The sample of *Zr—*Nb from the blood has 
the shortest physical half-hfe (45 days) of all the samples 
of *5Zr—*Nb from the rat tissues This indicates that blood 
shows preference to retain the daughter (niobium-95) 
Therefore, our results show that, although zirconium, and 
niobium are m the second transitional series and resemble 
each other m many of their physico-chemical properties, 
rat tissue membranes show differential transport between 
zirconium-95 and niobium-95 
This work was supported by Army Contract No. 
MRDC-DA-49-007-995 and A E C Contract No AT-(40- 
13066 One of us (B V R 8 ) was supported in part by 
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Increased Urinary Pseudouridine Excretion 
in Rats following Irradiation 


PsEuDOURIDINE has occurred in all hitherto analysed 
biological systems as a component of soluble mbonucleie 
acid. Other types of ribonucleic acid do not contain 
bound pseudouridine Free pseudouridine 1s not utilized for 
the synthesis of ribonucleic acid, and, so far, no phospho- 
kinases have been found which catalyse pseudouridine 
phosphorylation! Hence, pseudoundime hberated during 
the degradation of soluble ribonucleic acid ıs no longer 
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metabolically active and leaves the organism by means 
of urmary excretion Tho urmary pseudouridine-level 
depends on the physiological state of the organism In 
some disease states there occurs a steep rise in the urinary 
excretion of pseudouridine Considerably enhanced 
amounts of pseudouridme excreted were found m pationts 
with leukemia, gout and psoriasis?- All thus seems to 
indieate that mcreased excretion of pseudouridime may be 
expected m such cases where increased tissue degradation 
occurs "Though the type of the degradation of the lower 
components of nucleic acids differs m indrvidual anımal 
species, we presume that, as a rule, pseudouridine 1s the 
end-product of the degradation of pseudouridylic acid 
bound m soluble ribonucleic acid We presume, there- 
fore, that urinary psoudouridine may be used as a suitable 
indicator for the degradation of tissue soluble ribonucleic 
acids The urmary excretion of the rest of nucleic acid 
eatabohtes grves a general picture of the degradation of 
either a complex of nucleic acids (uric acid?) or of deoxy- 
ribonucleic acids (for example, deoxycytidine m rats) 

Smce no results concerning the effect of exposure of the 
organism to ionizing radiation on urmary pseudoundme 
excretion were available, we exammed the problem 

White female Wistar rats weighing 150—180 g received 
whole-body irradiation, 18 9 r /mm, at a distance of 100 em 
at 200 kV, 15 m amp, and using a 0 5-mm copper filter 
In each of the experimental groups there were 4 animals. 
The urmes of the animals m individual groups were 
collected in 24-h periods Pseudouridine was isolated on 
‘Dowex 2 X 8’ (200-400 mesh) m formate cycle, using 
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Fig. 1 Pseudourldine excretion following single whole-body Irradiation 
with a dose of 600 r The values represent the amount of urinary 
pseudouridine excreted by one rat in 24 h 
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elution with 01 M ammonium formate at pH 101 and 
further purification by means of paper chromatography m 
the system? methanol/ethanol/eonc hydrochloric acid/ 
water = 50 25 6-19, followed by chromatography m 
n-butanol saturated with water Pure psoudouridme in 
eluates was determmed spectrophotometrically 

Maximal urmary pseudouridine excretion in the 
uradiated animals was noted on the day follomng the 
exposure of the animals to 1omzing radiation (Fig 1), on 
subsequent days the level of excreted pseudouridine 
dropped by 25 per cent of the values seen prior to irradia- 
tion The increase 1n urmary pseudouridine is practically 
a Imear function of ionizing radiation dose (Fig 2) The 
question remains open as to which tissue of the rat’s body 
represents the chief source of post-irradiation pseudo- 
uridine 

In view of the fact that pseudouridine represents a 
constant component of human urme and a sensitive 
indicator of some diseases, m further work we have been 
investigatmg urmary pseudouridine excretion m human 
bemgs recorving X-ray therapy, our amm is to find whether 
or not psoudouridine excretion might be used as an early 
test for exposure to 10mzmg radiation 
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A Digital Computer Method for Dating 
Short Tree Ring Series 


TREE ring dating of samples of wood of unknown age 
is usually accomplished by optical matching of graphed 
tree ring thickness data Optical matching works well 
with large samples of gymnosperm wood the ring thick- 
nesses of which vary widely from year to year Small 
samplos of less ‘sensitive’ hard woods may be more rehably 
dated xf, for each possible date, the product-moment 
correlation coefficient 1s computed between the unknown 
and known tree ring vectors 

As part of a study of an 80-year-old oak-beech forest 
at the State University of New York campus at Oyster 
Bay, New York, 15 was desired to determine the date of a 
fire (or fires) which had burned over parts of the study 
plots  Exammation of the graphed tree ring thickness 
data of several hvıng trees and pieces of burned wood 
mdicated that optical methods of comparison would be 
madequate Accordingly, a programme was written m 
Fortran TL for an IBM 1620 computer to compute the 
product-moment correlation coefficient for every possible 
meaningful registration of the known and unknown tree 
ring vectors. 

The programme has the following features 

(1) The mean and standard deviation of all values of 
both vectors entering into the computation of the corre- 
lation coefficient, as well as the correlation coefficient 
itself, are punched out for each possible date considered 

(2) The range of possible dates for which the correlation 
coefficient 1s computed may be specified for each pair of 
vectors entered 
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(3) One reference vector (for example, a hving tree, or 
yearly rainfall data) may be stored ın the machine and a 
number of unknowns run by 16 1n sequence 

(4) The programme allows one to elummate the width 
of a given ring in the sample from the computation of the 
correlation coefficient, while still preserving the chrono- 
logical order of the remaining rings (that 1s, a ‘blank’ rag 
may be entered) 
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Fig 1 Graph of correlation coefficients between tree ring vectors of 

wood from dead oak tree (No 5) and three living trees (Nos 2, 3 and 4, 

Quercus 1ubra L) Maximum correlation 18 obtained when age of 

tree No 5 1s assumed to be 12 years O, Tree No 5 versus No 4, 
@, tree No 5 versus No 3, A, tree No 5 versus No 2 
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Fig 11s a graph of the correlation coefficients versus 
assumed age, obtained for a piece of oak wood of unknown 
age, when compared with three different specimens taken 
from living trees (Quercus rubra L ) from the same area 
(N B ‘age’ here refers to the number of years between the 
time the most recent rmgs of wood were formed by the 
compared trees ) On the assumption that the maximum 
value of the product-moment correlation coefficient 18 
obtained when rings of the same year are compared, 1t 
may easily be seen that the age of the unknown wood 1s 
most probably 12 years 

Table 1 shows the most probable age and correlation 
coefficients at that age, for four pieces of wood of unknown 
age compared with wood from three living trees and with 
each other In every case the magnitude of the correlation 
coefficient was always a relative maximum The ambigui- 
ties of dating in the table are never greater than 1 year (foi 
example, tree No 7 versus trees No 1 and No 2, or trees 
No 8&8 and No 6 compared with each other and with trees 
No 3 and No 4) The difference in age of the wood of 
tree No 7 and the other dead trees was further investi- 
gated and ıt was found that several rings had been dropped 
from the outside of the original section A date of 12 


















































Table 1 
Tree Living Dead 
No 1 3 4 5 2 6 7 
Total 
64 49 61 25 17 26 40 rings m 
o section 
(0 851) 
0 0 
; (0 815) | (0 861) 
L 
~12 —12 —12 
(0 634) | (0 793) | (© 769) 
-18 —13 —18 -1 
(0 790) | (0 680) | (0 597) | (0 64) 
i -13 | —13 | —13 0 -2 
(0 743) | (0 736) | (0 569) | (0 869) | (0 638) 
i ~20 | -19 | -19 | -6 | -7 | -7 
á (0 622) | (0 824) | (0 703) | (O 437) | (0 748) | (0 332) 














The numbers ın each box represent the most probable relative age of the 
corresponding samples and (im parentheses) the correlation coefficient 
obtamed for that assumed relative age For example the wood from tree 
No 618 most probably 13 years older than the wood from tree No 4 For 
that assumed age a correlation coefficient of 0 569 was obtained Every 
correlation coeficient was a relative maximum The number of Tings in 
eaoh, en 18 mdicated in the second row under the corresponding tree 
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years for the new section was obtamed when compared 
with trees 1, 3, and 4 Subsequent to this computation we 
learned from an eyewitness that the fire occurred in the 
autumn of 1949, 1275 years before our sections were 
taken This date falls between our computed estimates of 
12 and 13 years 

The same computer programme may be used to com- 
pute correlograms of tree ring vectors, and we are in the 
process of mterpreting these correlograms in terms of the 
physiology of the tree 
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Effects of a Night Break of Red Fluorescent 
Light on Leaf Growth of Callistephus 
chinensis (var. Queen of the Market) 


Tux results described here are fiom the initial pat of an 
experiment on the effects of short days of 8 h of natural 
hght with and without an interruption of 1 h 1ed fluoras- 
cent (cadmium borate) light in the middle of the 16 h dark 
period The plants were grown first m seed boxes and 
then m pots, on trolleys ın a glasshouse (13? C night mm, 
19° C day mn), and had natural daylight from 8am to 
4pm GMT They were then pushed into two dark com- 
partments for the night The treatments began imme- 
diately the seed was sown The disposition of pots on the 
trolleys and the orentation of the trolleys wore re- 
randomized weekly and the night break compartment was 
changed over each week Thus although some position 
effect was confounded with treatment the former com- 
ponent should have been small The total radiant energy 
during the night break (46 x 10-? cal/om?, Kopp solari- 
meter) was about 0 5 per cent of the visible component of 
natural radiation in the glasshouse for an 8-h day during 
January While the mght break light was on the tem- 
perature rose gradually to 2° C above the unillumimnated 
compartment and returned to normal again in about 
30 mn The oscillation of temperature due to the on-off 
cycle of the thermostat was + 0 5? C, so the small rise 
has been ignored 

The seeds were sown on January 4 in John Innes com- 
post (7 I 1) in seed boxes, seedlings emerged on January 
ll and were later thmned out On March 5 they were 
transplanted to 35 in pots and a harvest of 8 plants per 
treatment was taken A second harvest of 8 plants per 
treatment was taken on May 10 Table 1 shows the 
results for the first harvest, and the bottom 10w indicates 
the probability of obtaining such a difference by chance 


Table 1 
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The red light treatment incieased the early expansion 
of the leaves giving a higher specific leaf area, but, as 
shown by the leaf + cotyledon weight ratio, did not alter 
the overall distribution of dry weight about the plant In 
consequence, the leaf area ratio m the night break treat- 
ment was higher and we may infer that the increase in 
leaf area did not cause a reduction m its photosynthetic 
efficiency as ıt was accompanied by a 24 per cent greater 
total dry waight This dry weight difterence was not 
quite significant at the conventional level for the first 
harvest, but at the second 9 weeks later the difference was 
116 per cent and highly significant (P < 0001) By this 
time, howaver, the simple initial effect on early leaf 
expansion was overridden by ontogenetic drifts due to 
Increase m size and the onset of flowermg of the night 
break plants Values obtamed for the percentage of the 
fresh weight remaining after drying at 80? C were not 
significantly different in the case of leaf + eotyledon and 
were identical for stem + root 

The special significance of these effects 1s that a night 
break of low-mtensity red fluorescent light causes greater 
leaf expansion than occurs in short days alone and that, 
as 2 result of this greater leaf surface, the plants increase 
in dry weight more quickly Observations have also been 
made using tungsten light instead of fluorescent with 
simular results A present experiment on the variety 
Dwarf Queen showed significant differences in leaf area 
(27 per cent merease, P < 0 05) after four weeks and in 
total dry weight (65 per cent imcrease, P < 0 01) after 
seven weeks of night breaks with tungsten hght The 
type of effect noted here could, therefore, be of advantage 
1n commercial crop production under glass in winter as the 
irradiation, usmg conventional lights, gives faster seedling 
establishment at a time when growth 1s normally slow 
The interrelations of the leaf growth effects and the 
promotion of flowemng will be discussed elsewhere 
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Interrelationship of the Potato Root Eelworm, 
Heterodera rostochiensis Woll., Rhizoctonia 


solani Kuhn and Colletotrichum atramentarium 
(B. and Br.) Toub., on the Growth of the 
Tomato Plant 


Morean? considered that Rizzoctona solam contributed 
to the condition known as ‘potato sickness’, where a 
potato crop was seriously attacked by Heterodera 
rostochiensis Miles? and Goffart?, m their investigations 
of the potato root eelworm, concluded that the root fungus 
R solam did not play a significant part ın causing the 
potato crop to fail In recent years there has been a 
renewed interest in the interrelatxonship of nematodes and 
fungi 

In our researches on the potato root eelworm and 
fungi on tomato plants, ıt has been shown that there is 


DATA FROM HARVEST OF MAROH 5, 1963 














% dry weight 








IH 
| Area of fresh weight 
Dry weight (mg) | dent it T " E fie | — 
Lea Stem + Cotyledons Leaf area eaf weigh eafarea  ! eaf + 
Cots ledons Root Total | (cm?) ratio (cm?/g) ratio (em*?/mg) | Cotyledons pes + Root 
282 128 410 156 384 0 69 0 56 105 134 
Nn 348 162 510 217 432 068 0 63 | 97 13 4 
P «01 «025 «01 «001 «002 — «001 | «025 — 





SD, 8 h natural daylight , NB, 8 h natural daylight with 1 h red fluorescent light 1n middle of the dark period 
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an interaction between the potato root eelwoim and 
R solam and also between R solam and Colletotrichum 
atramentarvum 

A pot experiment consisting of twelve repheates of 
each of the following treatments was set up in 1963 
(a) H rostochensis, (b) H. rostochwnsw and R solani, 
(c) H rostochensis and O atramentarvum , (d) R solam , 
(e) C atramentas vum , (f) R solam and C atramentarvum , 
(g) H rostochiensis, R solam and C atramentarvum , 
(h) sterilized compost only 

The sterihzed compost was kept for sxx months before 
use because of the inhibiting effect of freshly sterihzed 
soil on the hatching of the eelworm eggs A small quantity 
of eelworm cysts per pot was used (20 larvee/g soil) since 
macroscopic plant eelworm symptoms were not wanted, 
the fungus moculum was added at the same time. Nine- 
week-old tomato plants of variety Star F, hybrid were 
planted m 10-n pots ın 10 kg of compost 

Three weeks after planting, the tomato plants showed 
a significant growth check m treatment (b) but not m 
treatments (a) and (c) Treatment (d) caused a slight 
growth check, but not treatment (e) Treatment (f), how- 
ever, produced a highly significant growth check as 
severe as in treatment (g). 

The interaction between potato root eelworm and E 
solant confirms the findings of Gramger and Clark‘ on 
potatoes The mteraction between the two fungi R 
solant and O atramentarwm, reveals interesting mform- 
ation on possible synergism between different species of 
fungi m the etiology of root diseases of plants 
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West Mams Road, Edinburgh 9 
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Role of the Cotyledon in Sensitivity to Cold 
of Cacao Seed 


Ir has been shown by Boroughs and Hunter! that cacao 
seeds are quite sensitive to cold Viability of the seed, 
measured by germination, and growth, 1s reduced to a low 
percentage by treatment at 6° for 8 mm My previous 
mvestigations have shown that treatment at 4° for 10 min 
is sufficient to inhibit growth of the seed completely, 
although post-treatment at 37? for 10 min restores 85 per 
cent viability to the seeds*? After 15 mun at 4°, no 
amount of post-heat treatment at 37° will restore viability 
to the seeds? It became necessary to pm-point the locus 
affected by cold in the seed — Since I had succeeded in 
growing excised cacao embryos in sterile culture‘ and, with 
Casas’, had successfully measured respiration in cacao 
embryos using a Warburg respirometer, a sumple method 
of separating the cacao embryo from the cotyledonary 
material presented itself 

Seeds of Theobroma cacao (clone UF 613) were immersed 
for 2 h m water at 4° Normal or control seeds were 
ummersed for 2 h m water at 25? At the end of this treat- 
ment embryos or cotyledonous tissues were excised and 
placed in Warburg flasks, approximately 0 2 g of tissue 
was used in each case Differences m volume were made 
up by adding distilled water The reaction mixtures also 
contamed 100 uM phosphate buffer, pH 70, and, when 
dextrose was added, 100 uM dextrose in the side-arm 
Potassium hydroxide was added to the centre well 

For embryo culture, normal or chilled embryos were 
excised and transplanted to a cacao embryo culture 
medium contaming dextrose This culture medrum has 
been described mn an earher publication 

Fig 1 shows that there exists no difference m chilled or 
normal embryos in either their endogenous respiration or 
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Fi 1 Respiration ın normal and chilled embryos of cacao in the 
presence and absence of dextrose @, Normal, O, chilled, Bi, normal 
with 100 uM dextrose added, [], chilled with 100 »M dextrose added 
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Fig 2 Respiration m normal and chilled cotyledonous tissue ın the 
presence and absence of dextrose @, Normal with 100 uM dextrose 
added, O, normal, Bi, chilled with 100 4M dextrose added, D, chilled 


m respiration in the presence of dextrose. There 1s & higher 
rate of respiration m the presence of dextrose in both 
normal and chilled embryos, but this would be expected if 
the embryos could metabohze the sugar Boned controls 
exhibited no activity. 

Fig 2 presents results showing respiration ın normal and 
chilled cotyledonous tissue m the presence and absence 
of dextrose Chilled material with or without dextrose 
has a higher mitial rate than normal material. Indeed, 
addition of dextrose to chilled material does not augment 
its respiration, as in the case of normal cotyledonous 
tissue After 6 h, the rate of respiration of the chilled seed 
falls below that of the normal cotyledon. In chilled prepa- 
rations, the initial rapid oxidation was accompanied by a 
browning reaction of the flask contents Boled controls 
showed no activity. 

Table 1 outlines survival values of embryos after normal 
and cold treatments and transplantation to embryo 
culture medium In all cases, growth over 2 cm, leaf 
production and production of chlorophyll were taken as 
enteri& for viability in the embryos growing in sterie 
eulture. 'The losses recorded were consistently the result 
of Penicillium spp contamunation. It can be seen m 
control b that the cold treatment was sufficient to prevent 
germination. and survival of the whole seed. 

These results seem to mdicate that the major effect of 
cold 1n cacao seeds 1s centred in the cotyledonous tissues 
and not m the embryo The embryos apparently are not 
affected by cold, since they grow well in culture after cold 
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Table 1, SURVIVAL OF CACAO EMBRYOS AFTER EXPOSURE TO LOW 
TEMPERATURE 
Treatment No. of seeds No. viable 
Controla Seeds at 25°, 2h 20 20 
Controlb Seeds at 4°, 2h 20 0 
Testa Seeds at e 3 nf then embryos x : 
transplan o ture medium 2 7 
Test b era ri a e, 2 h, then 86. 1 
‘ ransplan culture medium 9 
Test c Seeds at 4°, 2 h, then embryos a uu 
Test d L 


ture medium 
Excised embryos at 4°, 2 h, then 
transplanted to culture medium 20 15 
treatment at 4°. It is unlikely that some lesion caused by 
cold is overcome in the embryo by the culture medium 
itself, since the only organic molecule present is dextrose, 
and, of course, the agar base. If one couples the foregoing 
results with the observation that respiration is not affected 
by cold in embryonic tissue, but is affected in cotyledon 
material, it would seem to indicate that the area affected 
is the cotyledon of the seed, 

Tt had been noted that chilled seeds released a brown- 
coloured pigment while attempts were being made to 
germinate them‘. A normal seed of this clone would not 
release this pigment. Such a phenomenon might indicate 
disruption of cells in the cotyledon. The higher initial rate 
of oxygen uptake in chilled seeds may well be due to release 
of polyphenol from cells of the cotyledon and subsequent 
oxidation by polyphenol oxidases. Griffiths* has reported 
the polyphenols and their oxidases in cacao. Addition of 
this brown pigment to normal seeds or embryos had no 
effect on subsequent growth and survival, so that the 
pigment's role as an inhibitory substance in this pheno- 
menon can be ruled out. 

Investigations with sulphur-35 by Casas and Ibáñez’ in- 
dicate that the transport of 80,7 in chilled seeds, from 
cotyledon to embryo, is significantly lower than in normal 
seeds. These results seem to indicate widespread cellular 
damage to the cotyledonary tissue, resulting in a disturb- 
ance of the transfer of food substances to the embryo of 
the seed. How cellular damage might occur at 4° is a 
subject of speculation. A low temperature might affect 
the physical state of some lipid important to the structure 
of the cotyledon. It is known that a great amount of 
lipid material exists in these seeds; however, it is im- 
possible, at this moment, to state with certainty that a 
change in the physical state of the lipids is responsible 
for the effect of cold on seeds of cacao. 

This investigation was supported by the U.S. Atomic 
Energy ission under contract AT(30-1})-2043. 

Note added in proof. Since most botanists normally 
inelude the cotyledon when referring to the plant embryo, 
I should clarify that in my reference to the cacao seed 
'embryo' I mean the small white body which represents 
the axis, excluding the cotyledons. 
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Fossil Urodeles in Early Lower Cretaceous 
Deposits of Makhtesh Ramon, Israel 

Iw a previous communieation!, fossil frogs were described 
from the Early Lower Cretaceous of Makhtesh Ramon, 
Israel. A continuation of this investigation has disclosed 
the occurrence also of fossil urodele material (Fig. 1) from 
the same bed and locality. 

The material consists of thirteen specimens preserved, 
wholly or in part, either as limonitic petrified skeletons or 
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Fig. 1 


as imprints in soft silty rock. The animals are small and 
average 25 mm snout to vent with a tail-length of about 
17mm. The vertebral count averages 34 in the most com- 
plete specimens of which 13-17 are trunk elements with, 
consistently, a monovertebral sacrum and atlas. In all 
instances the latter has a small centrum with a high neural 
arch. The trunk vertebre are uniformly opisthocalous 
with expanded zygapophyses and well-developed neural 
spines. The transverse processes carry true ribs which are 
bifid, stout and posteriorly directed. "The sacrum is dis- 
tinguished from the trunk elements by its rather better 
developed transverse processes and ribs. Of the caudal 
vertebre, only the anteriormost three carry ribs; the 
remainder are further distinguished by having pronounced 
hemal arches. The skull is triangular, well ossified and 
lacks a quadrato-jugal. Both premaxille and maxille 
seem dentigerous as do the characteristically S-shaped 
prevomers which extend as far back as the otic 
The shape and nature of these prevomers, coupled with the 
general opisthoccely of the vertebral components, suggest 
that these fossil forms had salamandrid affinities. 

The rock sequence exposed at Makhtesh Ramon repre- 
sents the central breached part of the Ramon anticlinor- 
ium in the Central Negev, southern Israel, and ranges in 
age from Middle Triassic to Cenomanian. The Lower 
Cretaceous section is mainly of terrestrial origin and con- 
sists of fluviatile and wolian ‘Nubian Sandstone”? directly 
underlain by a prominent sheet of basalt. This latter, 
especially in the west, consists of two main flows between 
which runs a red clayey soil overlain by a 2-5-m thick silty, 
lacustrine formation containing the fossil amphibians. 
This fossiliferous layer is cross-bedded, fine-grained, 
limonitie and abounds with agglomerates, volcanic bombs 
and tuffa, all of which point to a pronounced voleanic 
activity during that period. Associated with the am- 
phibians were found the following plant assemblage: 
Brachyphyllum obesum, Schizolepis, Cladophlebis ef. dun- 
beri, C. cf. browniana, and Desmiophyllum sp., thus indicat- 
ing a Lower Cretaceous age*. Since the Lower Cretaceous 
guide fossil plant, Weichselia reticulata, is abundant 
throughout the section, both above and below the basalt, 
this age may be taken as definite. Furthermore, a marine 
intercalation lies some 50 m above the fossil urodeles and 
carries various ostraeids (including Exrogyra tuberculifera = 
Coquand) typieal for the Neocomian and especially com- 
mon in the Valanginian (Mishinievski, personal communi- 
cation) Regional stratigraphic considerations, on the 
other hand, suggest an Aptian age to the marine inter- 
ealation (Arad, personal communication). In both cases, 
the urodeles, since they oceur near the bottom of the 
section, should be alloeated to the lowermost Lower 
Cretaceous when the climate was much more humid than 
it is at present as evidenced by the formation of a red 
basaltic soil*. 
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. The present finds (which will be described 
i letail elsewhere) are therefore regarded as particularly 
_ significant and. bolster the fossil record of a group the 
earliest known representative of which stems only from 
the Upper Jurassic and is based on the evidence of an 


incomplete femur’. 
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: : . Carbon Dioxide Fixation in Marine 
| Invertebrates: Quantitative Relations 


Two main pathways of carbon dioxide fixation have 
been demonstrated in marine invertebrates, the carboxy- 
lation of propionate to form succinate in the oyster!, and 
the carboxylation of pyruvate to form malate in flat- 
^sworms?. The presence of enzyme systems capable of 
"using carbon dioxide for synthetic purposes has been 
-established in representatives of 14 phyla of animals*, and 
<- many micro-organisms‘. Evidence continues to accumu- 
late in support of the idea of Krebs? that carbon dioxide is 


|, &n essential compound in the metabolism of all cells. It 


| has been stated often that if the citric acid cycle is to 
t5 provide intermediates for biosynthetic reactions, fixation 
is necessary to replenish the supply of acids. 
< The physiological significance of carbon dioxide fixation 
in animals, however, remains obscure. Bishop* suggested 
that fixation might influence respiratory quotients, and 
called for further critical analyses of sources of variation in 
respiratory quotient determinations, particularly carbon 
' dioxide fixation and release. We have performed experi- 
ments with the marine triclad flatworm Bdelloura candida 
in order to examine the quantitative relations between 
fixation rates, and respiratory rates and quotients. 

Specimens of Bdelloura were taken from the legs and 
gills of the horseshoe crab Limulus polyphemus collected in 
Little Narragansett Bay, Rhode Island. Oxygen con- 
sumption and respiratory quotients were determined at 


_ 268° C by the standard Warburg method’ with an apparatus 
52 made by Gilson Medical Electronics. 
' ment, three flasks with 10 per cent potassium hydroxide 


In each experi- 


‘were paired with three lacking alkali. Ten worms were 


e placed in filtered sea water of 31-0 parts per thousand 


salinity to make a total fluid volume of 1-0 ml. in each 
flask. In order to determine the effects of fasting, experi- 
ments were conducted just after collection, and daily for 
ten days without feeding. Worms were weighed in 
groups of ten with an analytical balance. Tho entire 
series of respiration experiments was performed twice. 
Carbon dioxide fixation rates were dotermined from 
radioactivity of the dried organic material of worms 
exposed to NaH*CO,. In each of eight experiments 10 
Bdelloura were incubated at 25? C for 60 min in a 10-ml. 
'. Warburg flask containing 1-0 ml. of sea water with added 
__ radioactive bicarbonate. The water was at pH 8-0 and 
31:0 parts per thousand salinity, which contains 1-91 
umoles total carbon dioxide per ml. according to the 
tables of Harvey*. The stock solution of NaH™CO, was 
-obtained from California Corporation for Biochemical 
- Research, and consisted of 50 ue. in 0-09 ml. water. There 
were 6-25 umoles of bicarbonate with a specific activity of 
8:0 me. per mmole. This was diluted to 1-0 ml. with sea 
water to give 7-99 umoles of total carbon dioxide, 
In each fixation experiment 0.10 ml. (5 pe.) of the 
diluted NaHCO, was added to 0:90 ml. sea water to form 
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dium into the 
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ito the side-arm, and pipetting 1 ml. of cold 

acetone into the main compartment, killing the worms 
rapidly. They were homogenized in an all-glass tissue 
grinder, with added 0-1 N hydrochloric acid to bring the 
homogenate to pH 3 and liberate any residual bicarbonate. 
The material was spread in a thin layer on disks of lens 
paper in stainless steel counting pans, and dried to 
constant weight in a desiccator. Sample thickness was 
0-2-1-0 mg/em?, and self-absorption corrections to zero 
thickness were applied to all counts, which were made 
with a shielded Nuclear-Chicago D-47 flow counter. 
Aliquots of 0-20 uc. of the NaHCO, used had a measured 
radioactivity of 296,700 c.p.m./uc. 
The oxygen consumption of Bdelloura declined only 
slightly during ten days of fasting (Fig. 1)... The mean rate 
was 15 umoles oxygen/g/h. Respiratory quotient (Fig. 1) 
decreased from 0-75 immediately after. collection to a 
minimum of 0-64 on day 4, then remained at that value. 
A sharp fall on day 1, followed by partial but temporary 
recovery, was characteristic of both series of experiments. 
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Fig. 1. Oxygen consumption and dei doh ^ quotient of Bdelloura 
candida related to days without feeding. Closed circles represent 
oxygen consumption in ul./mgfh with e to right, and n circles 
represent respiratory quotient (R.Q.) with seale to left. Each point 
is the mean of duplicate experiments us 


"Tho results of eight carbon dioxide fixation experiments 
are presented in Table 1. The mean rate was 2-36 umoles 
carbon dioxide assimilated/g/h, and there was no evidence 
of an effect of fasting. The estimated total carbon dioxide 
of the medium is 2-52 wmoles per ml. plus a half the amount 
produced in 1 h in the corresponding respiration experi- 
ments. Fixation of carbon dioxide by Bdelloura candida 
has been shown to occur mainly via carboxylation of 
pyruvate to form malate*. The malic enzyme reaction 
requires energy input in the form of reduced coenzyme 
(NADPH), and thus does not occur spontaneously. This 
makes unlikely passive exchange of carbon-14 between 
carboxyl groups of organic acids and bicarbonate of the 
medium. Decarboxylations would be expected to produce 
two opposing effects on the measured rate of fixation: the 
addition of previously fixed “CO, to the medium, and the 
addition of unlabelled carbon dioxide of metabolic origin. 

There was a regular loss of weight during the ten days 
of fasting. Animals with a mean weight of 5-3 mg lost 
0-13 mg per day. On day 9 the excretion of ammonia 
of a group of 60 worms was determined by the Conway 
microdiffusion method’. They were held for 12 hin 4-0 rol. 
filtered sea water at 23° C, and 1-0 ml. samples were 
analysed. The ammonia excretion rate was 45 moles 
ammonia/g/day. : 

The observation that ammonia is excreted during fasting 
while there is only a slight decline in oxygen consumption. 
suggests that respiration is maintained in part by protein 
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Table 1 CARBON DIOXIDE FIXATION-RATE OF Bdelloura candida DETERM- 
INED BY UPTAKE OF RADIOACTIVITY FROM NaHCO; INTO ORGANIO 


MATERIALS 
Wet wt Radioactivity of 
of 10 dry samples, Total CO, CO, fixation-rate 
Day worms corrected inmedium (umole/h) (#moles/g/h) 

(mg) (cpm) (uo)  (umolesml) 
0 51 66,687 02245 2 80 0 1259 247 
2 55 65,030 02212 281 0 1241 226 
$ 48 13974 0 2492 277 0 1380 288 
4 49 54,935 0 1851 216 0 1020 208 
5 46 84,000 Q 2160 274 0 1184 257 
6 43 44,524 0 1500 272 0 0818 190 
8 48 46,830 01578 275 0 0868 181 
10 38 60,500 02039 270 0 1100 22 


Mean 
Standard deviation + 039 


eatabohsm The respiratory quotient usually assigned to 
protam, and one which might be expected m these animals, 
13080 The observed respiratory quotient after four days 
of fasting was 0 64, which 18 even too low to be explained 
on the basis of hpid oxidation Clearly some factor other 
than the nature of the food substance metabolized is 
necessary to explam the discrepancy between expected 
and observed respiratory quotient 

According to the results summarized m Table 2, the 
rate of carbon dioxide fixation on a molar basis 1s 15 8 per 
cent of the oxygen consumption rate of Bdelloura If this 
fraction of carbon dioxide withheld for synthesis 1s added 
to the fraction released, a corrected respiratory quotient 
value of 0 80 1s obtamed, equal to that expected Drawn 
from the literature and also presented m Table 2 are three 
other examples of lack of agreement between observed and 
expected respiratory quotients m which carbon diomde 
fixation may be an important factor. 


Table 2 RELATION OF CARBON DIOXIDE FIXATION TO RESPIRATORY 
QUOTIENTS, FIGURES IN PARENTHESES ARE NUMBERS OF EXPERIMENTS 
ONLY THE RESULTS FOR Bdelloura ARE ORIGINAL 

Ob- Ex- Cor- 
Species COs fixation Os uptake Relative served pected rected 
(umoles/gfh) (umoles/g/h) fixation RQ RQ RQ 
Bdelloura 230-0390 1496+209 0158 0 64 080 080 
candida (8) (19) (11) 
Heterakws 10 54 43 75 0 241 074 100 098 
gallznae (2) (21) - (20) 
Rattus rattus Vat 226 5 0 063 Q0) 100 100 
Neurospora 0 301 179 0 168 079 100 096 
crassa (3) 


In the case of Heterakis gallinae, a nematode parasite of 
fowl, fixation was determined under nitrogen, but other- 
wise conditions were the same as m the respiration experi- 
ments at 41°C The results are those of Fabairn!? and 
Glockln and Fairbairn". Because of the disappearance 
of glycogen, the respiratory quotient was expected to be 
10 or greater By adding the relative fixation to the 
observed respiratory quotient, a corrected value of 0 98 1s 
obtained 

The rate of fixation by rat hver slices (Rattus rattus) at 
37° C, under 95 per cent oxygen and 5 per cent carbon 
dioxide in the presence of pyruvate, was determmed by 
Landau et ai! Oxygen consumption was calculated 
from handbook data?® for slices at the same temperature 
with pyruvate and glucose present. The observed 
respiratory quotient with glucose as the substrate 1s 0 94, 
an average from the work of two laboratorres'^!5 Addition 
of 6 per cent relative fixation to the observed respiratory 
quotient brmgs agreement with the expected value 

The rate of carbon dioxide fixation by the mould 
Neurospora crassa has been calculated from the results of 
Strauss!i* by assumung 10 per cent counting efficiency, 
accordmg to the description by Fuller!’ of a contemporary 
zas-flow counter This rate and the consumption of 
»xygen by Neurospora are, unlike the other data in Table 2, 
jn the basis of ymoles per mg dry weight Uptake of 
xxygen and respiratory quotient are the results of experi- 
ments by Heplar and 'TTatum35, with sucrose as the sub- 
strate and mcubation at 30? C, as m the fixation experi- 
nents Correction for fixation equal to 17 per cent of the 
sonsumption rate of oxygen helps to account for the large 
leviation from an expected respiratory quotient of 1 0 for 
sucrose oxidation 


NATURE 


417 


A correlation has been made between carbon dioxide 
fixation and respiratory quotient m a marme flatworm 
An analysis of published results suggests a similar correla- 
tion in three other heterotrophic organisms Whenever 
unexpectedly low respiratory quotients are found, carbon 
dioxide fixation may be an important factor 

This work was supported by US National Science 
Foundation grant G18076 C S HAMMEN 

Adelphi Collego, PUR eam 

Garden City, New York, and 

Maime Research Laboratory, 

Noank, Connecticut 
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A Possible Vector of Endotrypanum schaudinni 
of the Sloth Choloepus hoffmanni, in Panama 


Endotrypanum schaudinm, a hemofiagellate of sloths, 
has a very wide geographical distribution in America, 
stretchmg from the Amazonian Basm m the South to 
Coste Rica m the North It has been shown that the 
infection 1s hmited to animals which live in forest regions!. 
Sloths of the genera Bradypus (three-toed sloths) and 
Choloepus (two-toed sloths) from the Atlantic side of the 
Isthmus of Panama were examined, and 54 per cent of the 
two-toed sloths were found infected with Æ schaudinm 
This area was, therefore, hghly endemic for endotry- 
pamasis, suggesting that a hughly efficient transmission 
was occurring at the tme No mfection was found, 
however, in 11 threo-toed sloths, but this genus apparently 
seldom enters the endemic rain-forest habitat 

Using & two-toed sloth as ‘bait’, an attempt was made 
to find the vector of Endotrypanum ‘The sloth was 
placed on a platform 30 ft up a large tree m the rain- 
forest, and any insects found feeding on the anımal were 
collected and taken to the laboratory for dissection and 
identification A wide range of insects was found, the 
commonest being species of mosquito, hoisefly and sandfly 
The greatest number of flies of any one genus found, over a 
period of 24 h, were Phlebotomus Large numbers of these 
fhes were collected in short periods of time, but even 
mimimal change of optimum feeding conditions (for 
example the shghtest breath of wind) would completely 
disperse them 

Jn some of the Phlebotomus, dissected the day after 
feedmg, active perrpheral blood forms of E schaudynni 
were seen in the blood meal These represented a 'for- 
tuitous xenodiagnosis’, for at the time 16 was not known 
that the sloth was infected ^ Endotrypamum was later 
identified by stamed blood films, m fresh blood and m 
cultures from the animal 

Typical blood forms of E. schaudenme, now extra- 
cellular, were still present m the stomach of Phlebotomus 
three days after the msects had fed In addition there 
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were a few extracellular rounded forms—morphologically 
similai tothe initial stages seen m primary isolations in 
blood agar cultures obtained from mfected sloths Lepto- 
monads were found in the remnants of the blood meal of a 
P sanguimarvus which had fed on the infected sloth 
4 days earher The blood meal and flagellates were still 
enclosed m the peritrophic membrane, while the rest of 
the mtestme was completely free of flagellates It may 
be presumed, therefore, that the parasites were derived 
from the blood meal 

Leptomonads were also demonstrated m 21 per cent of 
the Phlebotomus species taken from human ‘bart’ on the 
same platform These mfections were typified by small 
rosettes throughout the hmd gut More active single 
leptomonads were seen m the lumen of the hind gut and, 1n 
some fles, in the lumen of the Malpighian tubules It 
could be argued that this infection m the wid fhes was an 
sect Leptomonas species, but this 1s considered unlikely, 
as of 262 male Phlebotomus dissected in the past few 
years, none had flagellate infections? 

Further evidence of the development of E schaudanm m. 
Phlebotomus was obtained by feeding laboratory-reared 
P sanguinaivus on the sloth. On the third day, the blood 
meal still contained. Endotrypanum peripheral blood forms 
In one fly, on the sixth day, the mfection was found m the 
hind gut and consisted of twelve rosettes of flagellates 
The rosettes were small and composed of no more than 4 
organisms m. each group The station and nature of the 
flagellates presented, therefore, an identical picture to 
some of the mfections observed ın wild-caught flies 

In the other insects found feeding on the sloth, there 
was no multiplication of the parasite In some clean 
laboratory triatomid bugs, experimentally fed on the 
same and other sloths, the active forms did not survive 
for more than 24 h These results confirm m full the 
findings of Cunha and Muniz?, Montero-Geit and Deane* 

It could further be argued that the sloth may have had 
an unsuspected Leishmama mfection, and, 1f this were the 
case, 1b would follow that the mfection 1n the sandflies was 
a Lewhmanw and not Endotyypanum For the reasons 
which follow, 1t would seem to us that we were dealing 
with stages of Endotrypanum and not a Lewhmania 

The sloth has never been reported to be a host of 
Leishmania Cultures made from sloths with Endotry- 
panum in ther peripheral blood invariably produced 
leptomonads identical to those discussed From other 
sloths, m which peripheral blood forms of Endotrypanwm 
were absent, consistently negative cultures were obtamed 
These observations are based on the examunation of 150 
sloths from many localities The strans of E schaudinne 
isolated from the ‘bait sloth’ and other sloths have, as yet, 
failed to mfect hamsters and other laboratory animals 
This further supports the view that the leptomonad isola- 
tions were not members of the genus Lewshmama Further, 
no typical tissue stages of Lesshmama were demonstrated 
in impression smears of the mternal organs from sloths 
infected with E schaudwma 

The absence of anterior infections m. both the clean 
experimentally infected flies and the wild naturally 
infected flies ıs also atypical of the genus Lewhmanaia* 
Finally, ıt has been shown that endotrypaniasis is endemic 
in forest regions! In this habitat the most common 
genus of insects found feeding on sloths was Phlebotomus 
The species involved in this study (P gomez P sanguin- 
arvus, P trapider and P / ylephiletor) all feed arboreally 
and are rain-forest species, as are most of the species 
1ecorded from this part of the world’ In open regions of 
the same locality, sandflles were not found feeding on 
sloths or human beings. Where the possibility of con- 
tact with the tropical forest habitat was unlikely, or their 
habits precluded them from the endemic 1egions, sloths 
were uniformly negative foi mfectnons of E schaudenna 

It 1s often difficult to identify with any certainty flagel- 
lates found m the alimentary tract of wild-caught blood- 
sucking msects Such mfections may be either a species 
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of flagellate that 1s restricted to the msect, or a stage m 
the life-history of a flagellate that 1s also parasitic 1n verte- 
brates. In & recent publication, MeConnell* and his 
colleagues stated that out of 18 leptomonad isolations 
from wild-caught Phlebotomus, only 4 produced Leishman. 
Donovan bodies when they were moculated mto hamsters 
Furthermore, using the agar-diffusion precipitin technique, 
a complete Jack of cross-reaction was noted between a 
Panamanian human stram of Lewhmanw, and two lepto- 
monad isolates from wild-caught Phlebotomus, similar to 
those that had failed to mfect hamsters This work mdi- 
cates that more than one species of leptomonad flagellate 
is present ın the wild-caught Phlebotomus of Panama 
That some of the sandfly leptomonad mfections reported 
from this region?:$ are members of the genus Lewshmania 
seems certam, but so far as the nature of the majority of 
the infections are concerned 1t is only possible to say that 
they are perhaps mammahan 1n. origm? 

The present evidence suggesting Phiebotomus as the 
natural vector of E schaudenm 1s supported by the work 
of McConnell*, and m turn offers an explanation as to 
the orig of at least some of these wild Phlebotomus 
leptomonad infections that could not be incrimmated as 
stages m the life-cycle of a Leishmama 

This work was supported in part by a Wellcome travel- 
ling fellowship I thank the Gorgas Memorial Laboratory, 
Panama, for providing me with space and equipment, and 
Dr P T Johnson, whose supply of clean Phlebotomus and 
whose dissections of both groups of flies made this work 
possible I also thank Dr M Hertig and bus colleagues 
for the identification of the wild-caught Phlebotomus 

J J Saw 
Department of Parasitology, 
London School of Hygiene and Tropical Medicme, 
London, W C1 


1Shaw, J J, J Protozool , 10 (Supp ), 30 

*Johnson,P 'F., McConnell, 8 , and Herbg, M , Exp Paraeu ,14, 107 (1963) 
3 Cunha, A M , and Muniz, J , Mem Inst Osw Cruz , 41, 179 (1944) 

! Montero-Gei, F , Rev Biol Trop (S José), 4, 41 (1950) 

5Deane, L M, Rev Inst Med Trop S Paulo, 8, 15 (1961) 

°Hertig, M , and McConnell, E , Exp Parası , 14, 92 (1963) 
7Farchild,G B , and Hertig, M , Ann Ent Soe Amer , 52,121 (1959) 

* McConnell, E , Ezp Parasit ,14, 123 (1963) 


An Unusual Phenomenon in the Electrical 
Properties of Mammalian Skin 


AN investigation mto some aspects of electrical inju y 
iS at present bemg carried out on gumes pigs In an 
attempt to establish basic conditions, thereby enabling a 
‘standard’ electric shock to be mfhcted, some time has 
been devoted to the determination of skin resistance 
The resistance of mtact dry skin varied between wide 
limits and was mfluenced by many factors The range 
was 12,000-20,000 Q A sub-dermal electrode reduced 
this to about 5,000 Q 

The variability of resistance was mmimized by havmg 
(a) & neutral electrode consisting of a saline-soaked pad 
on which the depilated anzsthetized animal lay, (b) a 
sub-dermal electrode consistmg of a needle transfixmg a 
fold of skim with crocodile elips on either end 

Constant voltage shocks of up to 150 V for up to 5 sec 
were administered in 28 animal experiments Resistance 
was determmed immediately prior to each shock, using a 
de galvanometer, which was automatically switched out 
of creuit during the passage of the shock current Fou- 
tuitously, the galvanometer was switched m again xnmed- 
lately afte: wards 

The results were as follows (1) Resistance between the 
sub-dermal and neutral electrodes ranged from 3,500 to 
5,000 Q (2) Resistance vared according to the 
polarity of the electrode. (3) Passage of a shock current 
produced a fall m the 1esisbance, the degree of fall bemg 
proportional to the duration and voltage of the shock 
(4) The fall m resistance was profound (to as low as 200 
£3, but the extent of fall depended on the polarity 
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It took several minutes to: return to normal. (5) The 
_ phenomenon was confined to the zone through which the 
current had passed. In the immediate proximity, resis- 
ET was normal. 
A localized fall of resistance, therefore, occurs in guinea 
skin following the passage of an electric current. The 
s appear to become a d.c. battery. 
GEORGE Joss 
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lentity of Larval Redfish Populations in the 
eu. North Atlantic 


Tum large redfish or ocean perch was of little importance 
to commercial fishing fleets in the North Atlantic until 
.1930, the total landings from all areas being below 
20,000 metric tons per annum. Since then, however, 
American and Canadian fishermen have directed more 
_ attention to redfish, and after 1945 German, Icelandic and 
ussian fishing fleets deployed a large effort. The annual 
atch increased to 385,000 metric tons by 1955, since 
when it has been maintained at about this level. Redfish 
, are caught off the coasts of North America between Cape 
Cod and Labrador, off Greenland and Iceland, and from 
reas in the north Norwegian and Barents Seas. There 
serious lack of information about the identity of 
opulations, the fecundity, and the growth-rate, all 
which are essential for a proper understanding of the 
iology of the species. 
The adults of the large redfish, Sebastes marinus (L.), 
separated into marinus and mentella types. Both 
o-viviparous, and the larva have been distin- 
əd by the absence or presence of isolated melano- 
ventrally at the root of the primordial caudal 
the young stages taken by the Hardy Continuous 
n Recorder survey in areas south and south-west 
sland were without sub-caudal melanophores and 
have been considered as the marinus type. They are 
tind during the period May-July in every year’, and 
during May their numbers average 45 millions (and range 
, up to 700 millions in the centres of abundance) under 
each square mile, extending over a total area of about 
a quarter of a million square miles of ocean which is not 
_ fished by commercial vessels (Fig. 1). 



















































yh o 


© Fig. 1. Distribution of young Sebastes in May, based on sampling with 
^ plankton recorders during 1956-62. Broken lines indicate regions in 
hich the sampling was insufficient to determine the precise boundary 
distribution. The black cirele s snowi the position of Ocean Weather 
ee oD 








The crew of the Dutch weathership Cumulus caught 
ling at Ocean Weather Station A (62° N., 
ig May-June 1961. Experimental fishing 
| out with the help of British and Dutch 
ipying this station from April until 
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September 1962, with the purpose of examining the 
parent stock producing the large larval concentrations 
regularly found each year in this and adjacent areas. 
Each ship was provided with a sea-rod and reel, 400 m 
of line, and three hooks fitted to metal lures (or spinners). 
A total of 120 fish were caught, weighed and measured: 
of these 30 specimens were preserved in formalin and 
returned to the laboratory. (This sample, although small, 
is believed to be the largest from this area which has 
been available for detailed study.) All these specimens |. 
were the mentella type, the majority being caught at 
120-150 m depth. All the females (27) had. ‘spawned’, - 
but in some a few larvee were retained. None of these _ 
larva had sub-caudal melanophores, and would there- 
fore have been considered as marinus type if they had 
been caught in plankton samples. du 

These observations, along with preliminary resulta from 
some other recent investigations, east doubts on. the 
validity of the criteria which have been used to dis- 
tinguish the larval stages of the different specific or sub- 
specific groups of Sebastes. It is clear that more funda- 
mental research is needed, on both adults and larvie, . 
before the separate stocks of this potentially valuable 
fish ean be identified. p 

This work is being continued by weatherships of France, 
Holland, Norway and Britain, which have caught more 
than 400 specimens. The results show that adult redfish 
of the mentella type were present in this area (midway 
between Iceland and Greenland, over water more tha 
1,500 fathoms deep) in every month of the year. Thi 
an unexpected result and one of great importance in | 
assessing the possible extent of this oceanie fishery re- 
source. 

G. T. D. HENDERSON 


Oceanographie Laboratory, 
Craighall Road, 
Edinburgh 6. 
Henderson, G. T. D., Bull, Mar. Ecol., $, 173 (1961). 


MICROBIOLOGY 


Formation of g-D-Fructofuranosyl-a-D-ribo- _ x 
hexopyranoside-3-ulose by a Micrococcus Sp. — 


Some time ago we described the formation of B- 
p-fructofuranosyl-a-p-ribo-hexopyranoside-3-ulose  ("het- - 
sucrose’) from sucrose by cultures of Agrobacterium 
tumefaciens'. Bernaerts and De Ley, who had previously: 
reported that hexoside-3-uloses were produced by an 
organism tentatively classified as an Alcaligenes sp.*, have 
recently confirmed our results by identifying their organ- 
ism as Agrobacterium tumefaciens’. In addition, these 
authors state that the ability to produce such compounds, = 
as ketsucrose is limited to members of the genus Agrobac- 
terium, and propose that this property be utilized as & 
diagnostic test for A. tumefaciens and A. radiobacter. We — 
have now isolated a Micrococcus sp. from soil which con- — 
verts sucrose to ketsucrose. ux 

An agar medium containing inorganic salts and 5 per 
cent sucrose! was inoculated with an aqueous extract of 
soil, incubated at 28?, and the resulting colonies. were 
purified. Each isolate, growing in the same aerated liquid 
medium, was tested daily for the possible presence of 
ketsuerose by spraying alkaline triphenyltetrazolium 
chloride solution* on a drop of the culture filtrate which. 
had been previously dried on filter paper. Cultures that 
reduced the reagent immediately, producing a bright pink 
spot, were examined by paper chromatography in m-pr 
panol/ethylacetate/water (7:1: 2). Ketsucrose runs 
the leading edge of the sucrose band in this solvent sys 
The chromatographs were sprayed with the urea phosp 
reagent of Wise et al.* and held at 100? C for 3-5 
conditions under which ketsuerose reacts to give 
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Fig. J}. Electron micrograph of Micrococcus sp. (x 10,000, uranium 
shadowed) 


red and sucrose a blue colour. The culture filtrate of one 
of the organisms so tested contained a small quantity of a 
substance with the chromatographic mobility and spray 
reactions' of ketsucrose. 

The substance was isolated by repeated chromatography 
on 46 cm x 56 cm sheets of Whatman 3 MM paper and 
identified by comparison with authentic ketsucrose 
using: (a) cellulose thin-layer chromatography with both 

hases of a mixture of ethyl acetate/pyridine/water 
(2 : 1 : 2); (b) paper chromatography in n-propanol/ethyl 
acetate/water (7 : 1 : 2); and (c) paper electrophoresis in 
0-05 M. sodium borate, pH 9:2. Reduction of the isolated 
ketsucrose with sodium borohydride yielded sucrose and 
the p-allosyl analogue of sucrose, «-p-allopyranosyl-$-D- 
fructofuranoside, which was identified by its characteristic 
mobility in borate paper electrophoresis and by spray 
reactions’. 

The isolated bacterium was a small, aerobic, Gram- 
variable coecus (Fig. 1) commonly occurring in pairs. 
less frequently singly and in short chains. When tested 
for hexoside-3-ulose production according to Bernaerts 
and De Ley’, it gave a negative reaction. Colonies on yeast 
extract lactose agar were yellow, raised, entire, and 
glistening. Gelatin liquefaction, starch hydrolysis, and 
indole production were negative. Nitrite was produced 
from nitrate. Acid but not gas was produced from glucose, 
lactose, and sucrose. No galls were produced on tomato 
(Lycopersicon esculentum), sunflower (Helianthus annuus), 
chrysanthemum (Chrysanthemum morifolium), or bryo- 
phyllum (Kalanchoe pinnata). On the basis of these 
characteristics the organism has been tentatively classified 
as a Micrococcus sp. 

These results show that the ability to form hexoside-3- 
ulose is not restricted to the genus Agrobacterium and 
suggest that it might be more widespread. If, as has been 
proposed?, these compounds are intermediates in hexoside 
metabolism, one would ordinarily not expect to find them 
in the culture medium. Thus, the screening technique 
utilized here, which is more sensitive than that described 
by Bernaerts and De Ley?, would only detect bacteria, like 
Agrobacterium spp. and Micrococcus sp., in which the inter- 
mediate accumulates. A different screening technique is 
needed to demonstrate the presence in other bacteria of a 
metabolic pathway involving hexoside-3-ulose formation. 

Since bacteria of at least two separate genera accumu- 
late hexoside-3-uloses in their culture medium, a test for 
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A. tumefaciens based on the presence of these compounds 
is of questionable value. In addition, due to differences in 
ability to produce hexoside-3-ulose among strains of 
A. tumefaciens, some strains may not produce enough to 
give a positive reaction. A number of tumorigenic 
strains of A. tumefaciens tested by the method of Bernaerts 
and De Ley? give a negative reaction under conditions 
which elicit positive results from other strains of the same 
organism*'?, 

We thank Prof. Peter Gray and Mr. James Oschman for 
preparation of the electron micrograph and Miss Anya K. 
d'Azevedo for assistance. 
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institutional grant from the American Cancer Society. 
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L-Glutamic Acid Formation from 2-Furoic 
Acid by Soil Bacteria 


Fon the purpose of demonstrating the metabolism of 
furan compounds by micro-organisms, we have attempted 
to isolate from many soil samples those micro-organisms 
which can produce some enzyme systems cleaving furan 
rings. As a result, we obtained numerous strains capable 
of growth on various kinds of furan compounds such as 
2-furoic acid, furfuryl alcohol, 2-furaldehyde, ete., in the 
presence of inorganic nitrogen and other inorganic 
supplements. These strains were shown not to grow if 
furan compounds were omitted. 

Several of these strains, when grown in the media 
containing 2-furoic acid, the sole source of carbon, and 
some inorganic salts, showed an accumulation of a fair 
amount of L-glutamic acid in their culture fluids, especially 
No. 5863, which was identified by us after a series of 
taxonomic investigations to belong to genus Pseudomonas, 
showed the highest accumulation. Identification of 
L-glutamic acid produced was carried out by comparing 
Rr values on paper and thin-layer chromatograms in two 
kinds of solvent systems, n-butanol/acetic acid/water 
(4:1:2 v/v) and phenol/water (7:3 v/v), with that of 
authentic sample as well as by microbioassay using 
three strains of lactic acid bacteria, Lactobacillus ara- 
binosus 17-5, Leuconostoc mesenteroides P-60 and Strepto- 
coccus faecalis R, each of which shows different responses 
to r- and p-glutamic acids. 

In one experiment with No. 5863, tho culture was 
carried out as follows. Ten ml. of a medium (pH 8-0) 
containing 1 g of 2-furoie acid (neutralized with sodium 
hydroxide), 0-4 g of urea, 0-1 g of K,HPO, and 0-01 g of 
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fresh cells grown on a nutrient agar supplemented 
er cent (w/v) of 2-furoie acid, followed by shaking 
ube at 28? C. After incubation for 70 h, the 
fluid was freed of cells by centrifugation and the 
umption of 2-furoie acid and the accumulation of L- 
mic acid were determined. Determination of 2-furoic 
às based on ultra-violet spectroscopy at the wave- 
length of 253 my. under the acid conditions and that of 
utamie acid on microbioassay. The figures obtained 
ere as follows: 2-furoie acid consumed (A): 7:45 mg/ml.; 
utamic acid produced (B): 2-01 mg/ml; (B)/(A) x 
: 27-0 per cent (the highest figure throughout a series 
these experiments reached up to 45 per cent), final 
9-0. In addition, it was further revealed by the 
entioned chromatography that no ninhydrin- 
Jositivo substances other than r-glutamic acid were 
umulated in tho eulture fluid. 
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2 Days 
Accumulation of L-glutamie acid by a species of Pseudomonas 
The medium contained 1 g of 2-furoic acid (neutralized 


i Oy. TH,O. Boise) ot 3 í as s nin a pelsceatver 

A flask on a rotary shaker at 28° C 

n - another experiment, accumulation of r-glutamic 

: aeid was followed with tho growth of No. 5863. The 
experimental process was nearly the same as above 
_ except that the micro-organisms were grown in an Erlen- 
.meyer flask on a rotary shaker. As shown in Fig. 1, 
_Inglutamic acid began to accumulate in 2 days, when the 
growth had reached its maximum. 
From these results, it was demonstrated, for the first 
time, that furan compounds also suffer from attack by the 
enzyme systems of various micro-organisms, supplying 
: the energy needed for their growth. 

Furthermore, the utilization of furan compounds as 
raw materials in fermentation industries seems possible. 
|. The metabolic pathway in No. 5863 generating L- 
_ glutamic acid from 2-furcic acid with a good yield is now 
| under investigation 
We thank Dr. T. Miki of our laboratories for the pre- 


paration or 2-furoie acid. 
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VIROLOGY 


Virus Antigens in Kidneys of Mice infected 
with Influenza A 


Aw earlier report! deseribed the discovery of infective 
virus in kidneys of mice infected intranasally with in- 
fluenza A virus. These observations have been extended 
by comparing the egg infectious titres in lungs and. kidneys : 
at intervals after inoculation and detection of specific virus - 
antigens in these organs by an immunofluoreseent. tech- 
nique, 

The PES strain of influenza A virus used had. denk. ü 
transferred 71—78 times in mice after many passages in 
eggs. Virus grown in eggs and contained in infi eted | 
allantoic fluids were used io inoculate strain dd miee . 
averaging 10g in weight. Virus diluted in broth was given 
by an aerosol inhalation procedure described previously’, in 
which the amount of virus reaching the lungs had been | 
determined to be approximately 10? LD,, and 105 EID. 
and all mice died 5-7 days after inoculation. Groups of: 
three mice were killed at varying times and the lungs and - 
kidneys were removed for virus titration in eggs and 
immunofluoreseent studies . using the 
method’. ‘The antiviral serum used had been prepared in 
guinea pigs by intranasal administration of allantoie fluid. 
containing PES virus and had a complement-fixing 
body titre of 1 : 256 against both viral and soluble anti; 
of the homologous virus. Cryostat sections of each o 
were fixed in cold acetone for 45 min and dried. The prepa. 
rations were treated for 30 min at 37° C with an overlay | 
rene rps | a mixture of guinea pig complement diluted > 

: 20 and 1 : 32 diluted antiviral serum. After washing, 2 
oe were stained with the anti-complement antibody 
conjugated with fluorescein isothiocyanate as previously ' 
described’, The ratio of fluorescein to protein was.5 x 10-3, 
and the concentration of 0-5 mg protein/ml. was used for a 
staining. After 30 min incubation at 37° C, the prepara- 
tions were washed again and mounted with a semi- s 
permanent mounting medium‘, MEC 

Typical results of this experiment, repeated three times, 
are shown in Table 1. An increased titre in lung suspen- 
sion was observed 6-24 h after infection and reached a | 
maximum of 108 EIDyW/g 8t. 72h. In contrast, infective 
virus was not found in kidney tissue in 24 h and. s 
greatest titre observed was 10** at 120 h after infection. EU 
















Table 1. INFLUENZA A VIRUS TITRES IN LUNGS AND KIDNEYS OF Mic AT 
INTERVALS AFTER INTRANASAL INOCULATION 


Hours after ~log EID aig 
inoculation Lang “Kidney 
1 28 < 10 
6 3:2 < 10 
24 TT « ro 
72 8-2 20 
120 8-2 3-9 


Inoculation was carried out by an aerosol inhalation procedure tet, 2» i 
with about 10* reaching the lungs of each mouse SUR 


Virus antigens in lung sections were first seen in ikowe = 


taken 6 h after infection with the number of affected | P 
cells and the intensity of fluorescence in the cells increasing 
in subsequent samples. The fluorescing epithelial cells . 
were bronchial and alveolar and virus antigens were 
located either in the cytoplasm only or in both the eyto- 
plasm and nuclei of the cells. A similar immunofluores- . 
cent location of antigen in lung tissue of miee infected 
with swine influenza virus is reported in the litera- 
ture’. 

The virus antigens detectable by the immunofluorescent . 
procedure were also found in renal cells, although early in... 
the course of infection (6 and 24 h), no specific staining was 
observed. By 72 h after infection, fluorescent sta 
materials appeared in cells lining portions of pri 
convoluted and straight tubüles. In the sections ol 
at 120 h after infection, much more antigen. 





complement . . 
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by fluorescence. Although specifie staining was most 
intense in the proximal tubules, some antigen was observed 
in cells along the loops of Henle to collective tubules and 
in a few epithelial cells of glomeruli. The virus antigen 
stained was localized mostly in the brush border of the 
free surface zone, but not in the nucleus and other zones 
of the cytoplasm. This was evident from the double 
staining (Figs. 1-4). The fiuorescent materials were 
distributed as diffuse masses rather than as particulates. 
By hematoxylin-cosin staining, cells showed various 
pathological features, that is, swelling, weak stainability 
of the cytoplasm and nucleus, nuclear pyenosis and cyto- 
plasmie destruction. 

Several features suggest that virus antigens found in 
kidney tissue originated from the lung infections, although 
an alternative explanation, renal in situ synthesis, cannot 
yet be ruled out. The amounts of specific staining which 
appeared in kidneys at 120 h seemed almost equal to the 
maximal seen in lungs, but the greatly reduced infectious 
virus titre in kidney suspensions indicates that much of the 
staining antigen may be degraded virus adsorbed or 
engulfed by cells of renal tubules. This contention is also 
supported by the localization of cytoplasmic staining in 
kidney cells while lung cells often exhibited antigen 
in nuclear as well as cytoplasmic areas. Further work is in 








Figs. 1-4. 


same field in each preparation were again photographed (b in each figure). 
Figs, 2-4, x c, 270 
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Kidney sections of mice 120 h after infection with PR 8 virus, The sections 
were stained by immunofluorescent procedure and photographed (a in each figure). 
Afterwards, the same sections were double-stained by the hematoxylin-eosin and the 


Fig. 1, x ¢. 67; 
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progress to delineate more carefully the role of kidneys 
in the pathology of influenza. 
Nakao ISHIDA 
TAKEJIRO MORIZUKA 
Yorro HiNUMA 


Department of Bacteriology, 
Tohoku University School of Medicine, 
Sendai, Japan. 
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Photographic Detection of Bands in Gel- 
diffusion Precipitin Tests with Viruses 


Banps of precipitation in gel-diffusion precipitin tests 
with viruses are usually recorded by photographing the 
bands with a suitably arranged light source, and a refine- 
ment of this method was described by Klontz et al.!. 
Markham and Smith? showed that the position of ultra- 
violet light-absorbing fractions separated 
by paper chromatography could be recor- 
ded by photographing the paper in ultra- 
violet light. Weintraub et al. used an 
analogous method to record the position of 
viruses which were fractionated by agar-gel 
electrophoresis. This communication de- 
seribes a similar method for recording the 
position of bands produced in gel-diffusion 
precipitin reactions between viruses and 
antibodies. 

Gel-diffusion tests were performed in 
Petri dishes or on quartz slides (7:6 em x 
2-6 em x 0:1 em) containing a layer about 
1-5-20 mm thick of 1 per cent agar 
prepared in 0-14 M sodium chloride or 
0:05 M (pH 7) phosphate buffer and con- 
taining sodium azide. Wells were cut in 
the agar and preparations made from virus- 
infected and uninfected plants or antisera 
were added to the wells. The Petri dishes 
and slides were kept in a moist atmosphere 
for a few days. The agar containing the 
wells was stripped from the Petri dish and 
placed directly on the surface of contact 
photographie paper (Ilford C4) and photo- 
graphed at about 15 em from the source 
of ultra-violet light. Photographie paper 
was placed behind the quartz slide and then 
exposed to ultra-violet light as before. The 
source of ultra-violet light was a lamp 
similar to that described by Markham‘. 
Exposures of about 15-30 sec were usually 
sufficient to resolve clearly the virus-anti- 
body bands as white lines on the contact 
paper. 

Fig. 1 shows some results obtained using 
this method. In A and B, the agar was 
photographed on a quartz slide and in C, D 
and E the agar was stripped from the Petri 
dish. The agar was prepared in 0-14 M 
sodium chloride (A, B and E) or in 0-05 M 
(pH 7) phosphate buffer (C and D). In A, 
sap from plants infected with tomato 
aspermy virus (1 and 3) and sap from 
uninfected plants (2 and 4) were tested 
against tomato aspermy virus antiserum 
(a). In B, sap from plants infected with 
carnation mottle virus (1 and 3) and sap 
from uninfected plants were tested against 
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Fig.1. Photographs taken in ultra-violet light of gel-diffusion precipitin 
reactions with plant viruses 


carnation mottle virus antiserum (a). In € and Æ, sap from 
plants infected with carnation mottle virus (1) and sap 
from uninfected plants (2) were tested against carnation 
mottle virus antiserum (a). In D, concentrated (2) and 
unconcentrated (3) sap from plants infected with tomato 
aspermy virus and similar preparations from uninfected 
plants (1 and 4) were tested against tomato aspermy virus 
antiserum. 

The method described here was easier to use and resolved 
bands more clearly than other photographie methods. In 
some gel-diffusion tests (for example, E) a multiplicity 
of bands were produced and these were clearly shown on 
the photographs taken in ultra-violet light. Sheets about 
1:5-2-0 mm thick of 1 per cent agar can be removed with- 
out difficulty from glass surfaces. However, it is not neces- 
sary to remove the agar if the test is performed on quartz 
slides. We have also used the method to record the position 
of precipitation bands in immunoeleotrophoresis. 

A. D. THOMSON 
Plant Diseases Division, 
Department of Scientific and Industrial Research, 
Christchurch, New Zealand. 
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Some Properties of Bovine Papilloma Virus 


Ir is possible to obtain a virus from bovine warts by 
tumour grinding and homogenization followed by differen- 
tial centrifugations and 1 h ultra-centrifugation at 
100,000g (ref. 1). 

This virus, when examined through the electron micro- 
scope with the negative staining method described by 
Brenner and Horne, appears as mulberry-like particles, 
made of capsomeres clearly distinct one from the other, 
whereas no surrounding membrane can be seen. The 
diameter of the particles is about 475 Å. Each eapsomere 
is approximately 75 A long and 50-60 A wide. A great 
proportion of capsomeres have a central and longitudinal 
cavity. If we refer to Horne and Wildy, these viruses 
have a cubie symmetry of icosahedric type. The fact that 
a peripheral crown with 16 capsomeres is seen in most 


NATURE 


423 


cases and that 23-27 capsomeres can be counted on the 
photographs suggests that the whole particle is made up 
of 42 capsomeres'. 

The virus can be concentrated and partially purified by 
equilibrium sedimentation in cæsium chloride (average 
density: 1-30 g/ml.; centrifugation, 28,000g for 48 h). 
Thus two absorption peaks are obtained in ultra-violet 
light at densities of 1,330 and 1,300. After dialysis, 
electron microscopic examination shows that the first peak 
is rich in intact viral particles. The second one contains 
only a few particles which are often altered, and also cell 
debris. 

These particles are composed of proteins and deoxy- 
ribonucleic acid. The characterization of this DNA and 
the examination of its infective potency are in progress?. 

The infectivity of bovine papilloma acellular extracts is 
well known for calves and horses*-*. We have investigated 
oncogenic properties of this virus on rodents. Several 
hundreds of rats, mice (C,H/eB, C57/BL) and hamsters 
were inoculated through different routes of injection 
within three days following birth with bovine papilloma 
extracts. Control series were injected through the same 
route with acellular extraets of papillomatosis-free calf 
skin, which were prepared according to the same method as 
the tumour extracts. 

No tumours appeared on rats or 057/BL mice. How- 
ever, C,H /eB mice subcutaneously inoculated and hamsters 
inoculated through the same route of injection and by 
scarification with the papilloma extracts have developed 
tumours on the injection spot whereas corresponding 
controls remained normal’. 

Thus 70-90 per cent out of the inoculated hamsters 
according to the experimental series develop, within an 
average period of 100 days after the inoculation, tumours 
either multiple, consisting of a group of nodes developed on 
an indurated and depilated cutaneous area, or single, which 
look like a very hard node 8-15 mm in diameter. 

Histological studies show a very dense fibrous prolifer- 
ation of the superficial and deep derm. This aspect is 
rich in young cellular elements with some mitosis but 
without large cells. The disorganized arrangement of the 
cells and the frequent dissociation of the muscular fibres 
by fibrosis lead one to suspect that these lesions are malig- 
nant, although it cannot be definitely stated as certain. 

In all cases, the epidermis and the cutaneous appendages 
are normal and there is no aspect of inflammation. The 
tumours which oceur on mice (C,H/eB) look quite similar 
macroscopically as well as microscopically to those 
observed on hamsters. 

After 4-6 months of observation no tumour has re- 
gressed: some are stationary, most of them are growing 
steadily and they can reach 3 om in diameter. We 
have not observed metastasis and we have not been able 
to graft these tumours in homologous recipients. 

No anti-polyoma and anti-S V40 antibodies have been 
found on any animals which have developed. tumours. 

Attempts to cultivate the bovine papilloma virus in 
vitro did not allow us to observe any cytolytical effect when 
inoculated into hamster kidney, monkey kidney, mice 
fibroblasts or embryonic calf skin cell cultures. 

However, à cell transformation has been observed 
within a period of 6-8 weeks on embryonic calf skin 
primary cell cultures either in monolayers or in clotted 
fragments, when placed in contact with the virus extract 
suspension for 2h at 37° C. Within a few days after the 
inoculation, an intense acidification of the supernatant 
fluid can be noticed in the inoculated flasks compared with 
the controls, but without cytopathie effect. 45-50 
days after the inoculation of wart extracts, some foci of 
elongated, eriss-crossed cells can be seen in the infected 
cultures. 

These foci invade the whole of the culture surface in an 
average time of ten days. By that time, the cell sheet is 
made of very numerous spindle, criss-erossed cells which 
aetively multiply. 










= new ce ular morphological pede. 
us ) morphological transformation can be seen in control 
3 cells remain epithelial-like and their arrangement 
egular. The supernatant acidification is weak. Tryp- 
ization is difficult and these cells could not be main- 
ined alive for more than 120 days. 
Staining of the transformed cells does not reveal any 
© inclusion bodies in the cytoplasm or nucleus. Chromo- 
somal investigations of the transformed cells show until 
the thirteenth passage a modal number of 60 chromosomes, 
as in normal bovine cells. 
= Grafts of these cells in the cheek pouch of cortisone- 
treated hamsters have failed. 
Search for polyoma and SV40 viruses in the super- 
“natant from the transformed cells also proved nega- 
tive. 
ow This cellular transformation is very similar to that 
< recently described by Black et al.*, when using a diploid 
-cell line of foetal bovine conjunctiva. 
‘The significance of this phenomenon is still uncertain. 
‘Further ‘experiments are in progress in order to investi- 
y gate the specificity and exaet nature of this transforma- 
Bon. c 
In eonelusion, the different properties of the bovine 
papilloma virus which we have described, concerning the 
ultrastructure (42 capsomeres), the nature of the DNA, the 
-sedimentation equilibrium (1,330), the oncogenic potency 
4n vivo and in vitro, make this virus very similar to 
those of the Papova group with which it should be 
_ classified. 
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GENETICS 


Factors affecting the Frequency of Tricotyly 
in Antirrhinum majus 


Tre incidence of tricotyly varies widely among a 
number of varieties of Antirrhinum majus which have 
been maintained by self-pollination for many years at this 
Institute. Present work! on instability at the pallida locus 
has made possible the scoring of large families of seedlings 
for cotyledon number. The highest frequency occurs in a 
homozygous. for the mutable allele pallida-recurrens 
and showing a high mutation frequency at the pal 
paire, High). A second line homozygous for an 
allel oft the pale type, but showing a very much lower 
mutation frequency (pal, Low), produces no, or very few, 
"^tricotyledonous seedlings. Other lines show various 
intermediate frequencies, Some of the frequencies shown 
in material raised from seed matured and sown under 
glasshouse conditions are given in Table 1. 















No. of sed- - 





CERES See dines Bp ee E No. of tines | Tinge scored: I tricots 
Unrelated to pale ; 26 C3X:509 — 00050038 
pal’, High 3 360 05 BO) 
pale, Low 1 105 9 
Crosses m back-crosses to x 

pal’, High 7L 9,049 86 
Crosses and back-crosses to DON 
pare, Low 30 3,912 HE ys 
pal’, High x A. meonanthum 4 446 OR: 


A high incidence of tricotyly is seen not only in the. 
palrec, High line, but also in the progeny of crosses of this 
line to other unrelated lines and in subsequent back-cross 
generations. This indicates that tricotyly is inherited, - 
at least to some extent, a conclusion that has been reached 
by others??. Crosses between palrec, High and A. menan- A 
thum showed a suppression of tricotyly. 2: 

During a series of tests on the effect of temperature on 
the unstable recurrens allele it was found that seed matured 
at 15? C produced a yours frequency of tricotyly than | 


seed matured at 25? C (Table 2). The two groups of : 
Table 2 D 
Tue UE during A 3 
Line development No. of seedlings % Vricots. 
pal’, High 15 5,124 211. 
25 5,208 Yl 
F re, High 15 3,843 105 
Deren 28 2,941 0-9 


+ paliibocolorata line exhibits a frequency of 2-5 per cent tricotyly from i 
seed developed in glasshouse conditions. á 


parental plants were established from one plant by cuttings | 
and were therefore genetically identical. 'The plants were 
grown from cuttings to seed harvest in controlled-tem: 
perature rooms set at 16 h light for 15? C and 10 h light 
for 25° C; these settings enabled the plants to flower at. 
approximately the same time although the maturing o! 
the seed was considerably slower at the lower temperature 

The results show some genetical control of tricotyly and. 
more strikingly, that the stability of a basic. taxcnom 
character is strengly dependent on the temperature durin 
sced formation. It is interesting to note, though it may 
b. merely a coincidence, that the lines showing the greates 
instability, as evidenced by tricotyly, also show the greates 
instability at the pol loeu. An increase in temperature 
promotes greater stability in both respects. 


B. J. HARRISON 
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Y-linkage in Man 


Stern’, analysing the evidence concerning the mode of 
inheritance of 16 traits which were suspected to be com- 
pletely Y-linked in man, emphasized that in organisms. 
with heterogamy of the male sex, complete Y-linkage of 
genes with full penetrance is characterized by: (a) occur-. 
rence of the trait in males only; (b) its re-occurrence in all: 
sons of affected males; (c) the daughters of affected men. 
being not only phenotypically normal but also, in addition. 
not having affected offspring. One of the traits discussed 
was hypertrichosis of the ears (hypertrichosis pinne 
auris?), and Stern criticized the original pedigree published 
by 'Tommasi?** on grounds of its having been based on 
unreliable hearsay evidence. He concluded that judgment: 
on the mode of inheritance of this trait should be post- 
poned until better evidence became available. x 

Later? I investigated the inheritance of the trait in 
three families, one of which is my own, from Andhra 
Pradesh, India... The phenotype of hypertrichosis pinnm- 
auris is characterized in most cases by the presence of 
long hairs growing closely together on the ‘helix of the ears, 
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The youngest affected male observed was seventeen years 
old The pedigree of my family contamed 51 males and 
56 females of more than seventeen years of age, and. 40 
males and 39 females of below seventeen years of age m 
seven generations Thirty-three of the 51 adult males 
were examined by me personally One relevant male, 
numbered 10 in the fifth generation, was not available at 
that time for exammation by me This mdividual has 
smce been exammed by me and found to show clear 
manifestation of hypertrichosis of the pmnæ of both ears 
His father and his three brothers are all affected, his three 
sisters are unaffected, and the eldest sister (V—2), whose 
husband 1s unaffected, has an unaffected son aged 
twenty-six years The pedigree thus satisfies, without 
exception, the three important conditions for complete 
Y-hnkage stated here 

No attempt was made to obtam hearsay evidence 
concerning the male V—10 at the time of previous invest1- 
gation because, as I have already emphasized®, such 
evidence could be unrehable for at least three reasons 
(a) shght manifestations may be overlooked, (b) a heavy 
growth of hair near the external auditory meatus may be 
musreported by an informant as a positive, (c) mter- 
mediate manifestations may be regarded as negative by 
persons accustomed to seeing extreme manifestations 

Recently published work has included additional 
Y-hnked pedigrees from India by Gates et al®? Sarkar 
et al * published 7 pedigrees from India, one of which is 
fully compatible with the hypothesis of complete Y-link- 
age Dronamraju and Haldane? criticized the methodology 
of this work of Sarkar e? al and concluded that the 
evidence published was insufficient to support the hypo- 
thesis of autosomal dommance Slatis and Apelbaum?? 
made observations on Israeh men carrying the same Y 
chromosome as an affected propositus and concluded that 
"the data agree with the hypothesis that this trait 1s 
determuned by a gene on the Y chromosome” These 
authors further reported that in Israel the proportion of 
men with hairy pmnz increases with age, perhaps up to 
sixty years or so, and they postulated a hairy pinna allele 
that causes early onset of the trait among Indians I made 
observations on 1,780 men in India and Ceylon, and found 
that the frequency of men with hairy pmnz in Orissa and 
Ceylon increased significantly with age up to the age of 
forty-five years or so, and suggested that several genes 
may be involved m controlling the expression of the 
phenotype!!-!3 It 1s likely that there are different alleles 
for the early and late ages of onset, and that the relative 
frequencies of these alleles may vary significantly between 
and within populations, assummg that the phenotypes 
investigated by different authors are the same Further, 
as I have suggested earher? “It 1s not of course impossible 
that an indistmguishable, but autosomally determmed 
character may. be found in another famıly” 


K R DRONAMRAJU 
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STATISTICS 


Estimation of Blood Vessel Surface Area 
and Length in Tissue 


THE problem of estimating the total surface area of the 
blood vessels m a cubic millimetre of tissue which arose 
1n an examination of tumours! ıs dealt with in this 
communication First, the ideal case is examuned in 
which all the necessary information is available and 
then the actual case ıs examined in which only limited 
information is available The comparison leads to a 
reasonable approximation of the vessel surface area 

Complete information case (1) Complete information 
about the number and lengths of vessels of various 
diameters in a cubic millimetre of tissue could be reported 
in the following form The diameters indicated are 
the class mud-points; there are no vessels with diameters 
less than d, or greater than dz 


Table 1 FORMAT IN THE COMPLETE INFORMATION CASE 
Diameters d, da ds dk 
No of vessels per mm? Ni Na N; NA 
Average length of vessels Dy La D; Lr 


The actual information would consist of numbers m 
place of the various letters The total number of vessels 


L 
in a cubic mm is X3 N: 


1 
(2) Assummg that the vessels are cylindrical, the 
volume 1s given by 


L 

X Nds (1) 
= 

and the surface area by 


A=n X NiLid, (2) 


Partral information case (1) The actual data are 
simular to Table 1 but differ in that the volume of tissue 
examined ıs indeterminate and the length of the vessels. 
cannot be measured Vessels are measured in order 


Table 2 FORMAT IN THE PARTIAL INFORMATION CASE 


Diameters di ds d; d, dy 
No of vessels 
(tissue volume unknown) ? Ns Ns Ms eo ee A 


The lower case n 18 used ın the partial information case 


A compaiison of Tables 1 and 2 indicates that if N; 19 
largo or Lr ıs large or 1f both are large relative to the other 
values then the corresponding n; will tend to be lage 
relative to the others For example, if N, ıs the largest 
of the N; values and L, 1s the largest of the L; values 
then n, 18 expected to be the largest of the n, values In 
other words, the size of n; 18 duectly proportional to the 
number of vessels ın a given diameter class and to the 
average length in the class 

(2) The second piece of actual data is V’, an estimate 
of the total vessel volume in à unit volume of tissue V’ 
18 obtained by the Chalkley count procedure? 

(3) The data available are not sufficient to obtain A’, 
an estimate of the total surface area per mm?, without an 
approximation: Defining the total length of vessels in a 

k 


mm? as 23 NLi=L, we take (p, L) as an approx- 
a1 

imation of the length of vessels in the sth class wheie 

pia] rn 


Approximately, p; L=N, Li (3) 
Of cou se, Zp; L=L 
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(4) With this approximation and the Chalkley estimate, 
V', both inserted m equations 1 and 2, the following 
equations are obtamed 


v = 4 Epid? 
and A’=rip; Ld, 
V^, pi, and d; values are available from the data Solving 


the first equation for L and substituting 16 in the second 
we get 





4V’ 
L’ (an estimate of L) =n} pide pid? (4) 
; , (Epid 
and A’ = 4V'\ 5 D: ds) (5) 


The latter provides the estimate of total surface area 
sought ‘The fraction on the nght ıs the ratio of the 
average diameter to the average squared diameter (not 
average diameter squared) An improper simphfication 
1s. A’=4 V'/Xpidq It 1s possible to obtain estimates of 
the surface area in each diameter class also, but these are 
less reliable 


Joun D HAYNES 
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New York 
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An Objective Method of Weighting in 
Similarity Analysis 
Tue use of ‘symilarity’ methods of hierarchical classi- 
` fication ın numerical taxonomy ıs now well-established, 
and ıs particularly associated with the successful studies of 
Sneath e? al 1-3 In these methods individuals or groups 
are successively united in larger groups to form a hierarchy 
or ‘family tree’, the am being to unite the most similar? 
individuals or groups first Various coefficients of sims- 
larity have been proposed, some of which are discussed by 
Dagnehe!, but they are usually closely related to the 
Euchdean distance between individuals (or between 
centroids of groups) plotted m an N-dimensional space 
where the jth co-ordinate for an mdividual is 1 if he 
possesses the jth of the N attributes considered, and 0 if 
he lacks 1t 
It has always been known that these methods may fail 
if very few attributes are available or if many of the 
attributes are lacked (or possessed) by nearly all the 
mdividuals This disadvantage is not so marked m 
Tanunoto's* method, where the individuals are clustered 
about a number of apices, or ‘most typical members’ of 
their clusters, the apices bemg determined by the use of a 
similarity measure closely related to Sneath’s However, 
this method becomes cumbersome when the number of 
individuals greatly exceeds the number of attributes 
Thus both Sneath’s and Tanmmoto’s methods may be 
1nappropriate 1n, for example, ecology, where few species 
may be present and some of these may be rare; a similar 
difficulty may arise m such human sciences as psychology, 
sociology or crimmology Sneath has always stressed 
that his methods are not, and are not intended to be, 
applicable to such data The difficulty arises as a result 
of the intrinsically low information content per individual 
of the sample to be classified, there may well be a large 
number of equally good ‘best’ fusions available at any 
stage, and the one actually chosen may set the course of 
the subsequent analysis on an unprofitable path Further 
information must, therefore, be imported mto the 
system 
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One obvious step 1s to assert that some attributes are 
more important than others ın determining similarity 
This may be decided from outside the data’, using prior 
knowledge of the field, but this usually destroys the 
1mpersonahty that ıs the single most desirable feature of 
these systems Alternatively, we may determine the scale 
along each axis of our N-space (that 1s, estimate the relative 
importance of each attribute) mternally from the data 
themselves 

In another (monothetic) method of hierarchical classi- 
fication, known as association analysis’, the ‘:mportance’ 
of the attributes (in a rather different sense) 1s measured 
in the followmg way xs 1s calculated between every 
pair of attributes 7 and k (m terms of the number of 
mdividuals possessmg or lacking them singly or jointly) 


x 
#3 


mvolve a particular attribute 7 Although association 
analysis and similarity methods aro not truly comparable, 


we decided empurically to investigate the use of ix x" 


and the sum i y% 1s formed of all the x? which 


mentioned here as a weighting coefficient for the jth 
attribute ın a smmlariby analysis Accordingly, writing 
the co-ordinates of two individuals (or of the centroids of 
two groups) as (Ziz 235, ty Hn) and (Xo, Log 

oz €,N) we define the square of the distance between 


N 
them as Z l (ty — zy, E yel and we successively 
DEM 


pool the two nearest mmdividuals or groups with nearest 
centroids (not the groups with nearest neighbourmg points 
as originally proposed by Sneath?) 

Although we make use of x? calculations, the analysis 18 
not probabilistic Probabilistic sumilarity methods could 
be defined and developed (we are working on this), but 
here we have simply devised a convenient grouping of 
pomts plotted ın an arbitrarily-scaled Euchdean space, 
the purpose of this 1s to give rise to testable hypotheses 
about the groups so formed and ıt 1s only in the testing of 
these that probability enters We shall discuss this more 
fully elsewhere 

The process has been tested by hand computation on 
the Beauheu Road Community, already analysed by 
association analysis? This contains 615 individuals 
specified by only 6 attributes, two of which are rare, and 
generates so many ambiguities by the standard similarity 
method that the sorting process cannot begin The new 
method produces an elegant, unambiguous and informa- 
tive classification This suggests that the method may 
prove to be valuable, both m ecology and in taxonomy 
sensu stricto, for some cases where the existing standard 
methods have proved unsuitable A programme is being 
prepared for the Ferranti Pegasus computer 

This work was supported by a grant from the Home 
Office, we thank Mr L Mockett for assistance with the 
computation. 

W T Wr1iaMs 
M B Date 


Department of Botany, 
University of Southampton 


P. MacNauGHTON-SMITH 


Home Office Research Unit, 
'Thames House South, 
Millbank, 

London, SW 1 


1 Sneath, P H A,J Gen Mnacrobwl , 17, 201 (1957) 

*Sneath, P H A,and Cowan, S T.J Gen Macrobwl ,19, 551 (1958) 
3 Sneath, P H A , and Sokal, R R , Nature, 193, 855 (1962) 

*Dagnele, P, Bull Serv Carte Phytogeog , B, 5, 7 (1960) 

S'Tanmmoto, T T, IB M Corp, New York (1958) 

¢ Proctor, J R , and Kendrick, W B, Nature, 197, 716 (1963) 

7 Willams, W T ,and Lambert, J M ,J Ecol , 48, 689 (1960) 


No 4917 January 25, 1964 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 27 


INSTITUTION OF ELECTRICAL ENGINEERS ELECTRONICS DIVI 
SION (Joint 
meetmg with the COMPUTER GROUP of the BRITISH INSTITUTION OF xir 
NGINEERS, at the Institution of Electrical Engineers, Savoy Place, London, 


W C2), at 230 pm and 530pm ll - 
o Pe T women p m —Colloquium on “The Interconnection 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of Lond 
Du Cane Road, London, W 12 — one EN 
Absorption of Protonm" © ), at 4 pm —Prof D H Smyth "Intestinal 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London, 


id Dat b 30 pm-—Mr James Lawrie "Hugh Miller—Geologist and Man 


ROYAL SOCIETY oF ARTS (at John Adam Street Adelphi, London, W C 2), 
at 6 pm—Prof W H McCrea, FRS "Soviet Russa To-day- À 5 
(First of four Cantor Lectures ) g a a aa a HORIS 


Tuesday, January 28 


UNIVERSITY OF LONDON Qn the Anatomy Theatre, University College 
Gower Street, London, W C 1), at 115 —D i “Tn. 
venting the City of the Pune i z DN To Bonafenberg dn 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster 
London, S W 1), at 5 30 p m —M. ro MA SU - 
Harbour Traffic in Hong Kong" di un M Survey of: Orosa 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savo 

» y 

pate: pe o] 2), at ae m EU SIDIE on la mtenände Tech: 
10N an istribution Systems” opened by M 
Todd, Mr N L W Hills and Mr A J Ruddock d VET 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 5 30 p m —Discussion on “Automatic 
Start-up of Power Stations" opened by Dr P D Aylett, Mr © Ayers and 
Mr E B Johnson 


PARLIAMENTARY AND SCIENTIFIC COMMITTEE, GENERAL COMMITTEE (in 
Committee Room 11, House of Commons, London, S W 1), at 5 30 pm — 
Address by Sir Donald Gibson (Director General of Researeh and Develop- 
ment, Ministry of Public Buildings and Works), on the work and plans of 
his Department 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 

Medicine, Keppel Street, Gower Street, London, W C 1), at 530 pm — 

Eror E in ibornhorst A nadrenergie Activity m Man” (Sixth of twelve 
entific Basis o d 

Postgraduate Medical Federation )* rM Rr Edu 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-84 Gordon 


Square, London, W C 1), — A 
Squa or pondon, w ), at 5 45 pm —Mr E S Higgs “Some Stone Age 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, Westminster, London, 8 W 1), at 6 p m —Discussion m 
New Trends m Chassis Lubrication” 


SOCIPTY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, 8 W1), at 630 pm —Mr L N Phillips 
Cie of Heat Resisting Aromatic Polymers Using Friedel} Crafts 


SOCIETY OF INSTRUMENT TECHNOLOGY, AUTOMATION SECTION (at Manson 
House, 26 Portland Place, London, W 1), at 7 pm —Mr E H Higham 
and Mr M Houston “Some Automatic Control Techniques Applied 
m Ice Cream Manufacture" 


Wednesday, January 29 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
ab 2 30, pm —Prof Franz Bergel, ERS “Chemistry and the Art of 
Healing” (Sir William Jackson Pope Memorial Lecture) 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Royal Society of Medicme, 
has teed Street, London, W 1), at 4 p m —Meeting on "The Assay of 
enieillins 


GEOLOGIOAL SocrETY (at Burlington House, Piccadilly, London, W 1), 
at 5 pm —Dr C Wells ‘Pathological Eprpodials and Tarsus m Streio- 
saurus macromerus from the Kimmeridge Clay, Stretham, Cambridgeshire", 
Dr R W R Rutland and Dr R Nicholson “Tectonics of the Caledonides 
of Part of Nordland, Norway " 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W C1), at 530 pm—Prof G Muller (Harvard) “Psychological Studies 
of Language 1 The Perception of Sentences” * 


BRITISH INSTITUTION OF RADIO ENGINFERS, TELEVISION GROUP (at the 
London School of Hygiene and Tropical Medicme, Keppel Street, Gower 
Street, London, WC 1), at 6 pm —Symposium on “Television Receiver 
Production Techniques” 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (jomt meeting 
with the OILS AND Fats GROUP, at 14 Belgrave Square, London, S W 1), 
at 6pm—Dr J B M Coppock “Chick Oedema Factor” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (jomt meeting with 
the SOUTH-WEST ESSEX TECHNICAL COLLFGE CHEMICAL SOCIETY, at the 
South-West Essex Technical College, Forest Road, Walthamstow, London, 
E 17), at 7 p m —Film Show 


Thursday, January 30 


INSTITUTION OF AGRICULTURAL ENGINEERS (at the Royal Society of 
Arts, 6 John Adam Street, Adelphi, London, WC 2), af 1045 am — 
Meetmg on "Improvement of Working Conditions for Farm Machinery 

peratives" 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at the Royal Overseas League, Park Place, St. James's Street, 
London, SW 1), at 230 pm —Dr F Mayo and Prof M W Thrmg 
“Chemical Engmeering — Which Way ?” 
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ROYAL SooreTY (at Burlington House, Piccadilly, London, W 1), at 
4 30 pm—Prof R Dulbecco ‘‘Configurational and Biological Properties 
of the DNA of Tumour-Producing Viruses” 


UNIVERSITY OF LONDON (at King's College Hospital Medical School, 
Denmark Hill, London, S E 5), at 4 30 p.m —Prof R A McCancte ‘Renal 
Function Before and After Birth” * 


MINERALOGICAL SOCIETY (at the Geological Society, Burlington House, 
Piccadilly, London, W 1), at 5 p m —Scientific Papers 


UNIVERSITY OF LONDON (at Westfield College, Kidderpore Avenue, 
London, N W 3), at 515 p m —Dame Kathleen Lonsdale, FRS ‘Non- 
conformity in Nature” * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 530 p m —Informal Discussion on “Automation in 
Pivu Health Engineering” mtroduced by Mr F N Green and Mr S H 

amty 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC 1), at 530 pm — 
Dr R J Linden “The Regulation of the Output of the Mammalian Heart". 
(Seventh of twelve lectures on “The Scientific Basis of Medicine" organized 
by the British Postgraduate Medical Federation )* 


UNIVERSITY OF LONDON (at Wye College, near Ashford, Kent), at 5 30 p m 
—Sir Wiliam Holford “Growth and Form m University Building" * 


SOOIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (joint 
meeting with the BRISTOL SECTION, in the Chemistry Department, The 
University, Bristol), at 6 30p m —Mr G F Morton ‘Recent Develop- 
ments 1n Tyre Technology" 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (jomt meeting with 
the KINGSTON COLLEGE OF TECHNOLOGY CHEMICAL SOCIETY, at the College 
of Technology, Penrhyn Road, Kingston, Surrey), at 7 pm —Prof C € 
Addison ‘Structural Aspects of Metal Nitrate Chemistry" 


Friday, January 3l 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 10 a m —Mr T Kennedy “Cancer of 
e Stomach” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 p m — 
Prof G Porter, FRS "The Law of Disorder” 


Saturday, February | 


LONDON COUNTY CoUuNOIL (at the Hormman Museum, London Road, 
Forest Hill, London, S E 23), at 330 p m —Miss Olga Ford ‘Persian 
Architecture" * 


Monday, February 3 


UNIVERSITY OF LONDON (in the Physics Theatre, University College, 
Gower Street, London, W C 1), at 5 30 P m —Prof H Alfvén (Royal Insti- 
tate of Technology, Stockholm) “Plasma ın the Laboratory and the 

osmos”. 


ROYAL SOOIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm —Prof A Nove “Soviet Russia To-day—Agriculture" (Second 
of four Cantor Lectures) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 6 30 pm —Dr W P Grove ‘Recent Progress 
im Radioactive Chemical Manufacture” 


INSTITUTION OF ENGINEERING INSPECTION, the MATERIALS AND TESTING 
GROUP of the INSTITUTE OF PHYSICS and the PHYSICAL SOCIETY, the 
SOCIETY FOR NON-DESTRUCTIVE EXAMINATION, and the NON-DESTRUCTIVE 
TESTING SOCIETY OF GREAT BRITAIN (at the Institution of Mechanical 
Engineers, 1 Birdcage Walk, Westminster, London, S W 1), at 715 pm — 
Dr R Barnes “The Relation between the Structure and Properties 
of Crystalline Materials” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

LECTURER and an ASSISTANT LECTURER (preferably pure mathematicians) 
IN MATEEMATIOS—Ihe Secretary, The University, Aberdeen (January 31) 

LECTURER or SENIOR LECTURER IN STATISTICS—The Secretary, The 
Royal College of Science and Technology, George Street, Glasgow, C1 
(January 31) 

LECTURER (with & degree in education and teachmg experience) IN THE 
DEPARTMENT OF EDUCATION— The Secretary, The University, Aberdeen 
(January 31) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN PHYSICS, 
CHEMISTRY, BIOCHEMISTRY, ENGINEDRING, METALLURGY and PHARMA- 
CoLOGY—The Registrar, The University, Liverpool, quoting Ref No 
CV/449 (February 3) 

LFCTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF JNORGANIO 
AND STRUCTURAL CHEMISTRY—The Registrar, The University, Leeds 2 
(February 3 

SECOND CHAIR OF CHEMISTRY at the University of Otago, Dunedin, 
New Zealand—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (New 
Zealand and London, February 4) 

LECTURER/ASSISTANT LECTURER (qualified ın pure mathematics) IN 
MATHEMATICS—The Registrar, The University, Keele, Staffs (February 7) 

LECTURER or ASSISTANT LECTURER IN MATHEMATICS at the University 
College of Rhodesia and Nyasaland—The Secretary, Inter-University Council 
for a Education Overseas, 29 Woburn Square, London, W C1 (Feb- 
ruary 

EXPERIMENTAL OFFICER (with previous experience in at least one branch 
of spectroscopy) IN SPECTROSCOPY IN THE DEPARTMENT OF CHEMISTRY 
in the Faculty of Science—The Registrar, The University, Manchester 13 
(February 8) 

LECTURER or an ASSISTANT LECTURER IN THE DEPARTMENT OF STATISTIOS 
—tThe Secretary, The University, Aberdeen (February 8) 

ASSISTANT LECTURER IN INORGANIO CHEWSTRY—The Secretary, Battersea 
College of Technology, Battersea Park Road, London, S W 11 (February 10) 
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LECTURER (Grade II) (preferably with an mterest ın numerical analysis 
or operational research) IN THE COMPUTER UNIT (Department of Mathe- 
matics)—The Registrar, University of Bristol, Senate House, Bristol 2 
(February 10) 

ASSISTANT LECTURER IN THE DEPARTMENT OF ELECTRONIC COMPUTING— 
The Secretary, The University, Aberdeen (February 15) 

CHAIR OF ELECTRICAL POWER ENGINEERING, and CHAIR OF SOCIOLOGY— 
The Registrar, The University, Southampton (February 15) 

CHAIR OF SOCIAL AND PREVENTIVE MEDICINE—The Registrar, The 
University, Manchester 18 (February 15) 

LDOTURER IN THEORETICAL CHEMISTRY—The Secretary, The University, 
Edinburgh (February 17) 

LEOTURER or ASSISTANT LFCTURER IN BACTERIOLOGY—The Registrar, 
The University, Leeds 2 (February 17) 

LECTURERS or ASSISTANT LECTURERS (2) (preferably with interests in 
the morphology or taxonomy of a plant group or m plant pathology) IN 
THE DEPARTMENT oF BoTANY—The Registrar, The University, Hull (Feb- 
ruary 19 

LEOTURER (preferably with an honours degree or equivalent qualifica- 
tions) IN THE DEPARTMENT OF CIVIL ENGINDCERING—The Secretary, Battersea 
College of Technology, London, 8 W 11 (February 20) 

ASSISTANT LECTURERS IN CHEMISTRY—The Secretary, The University, 
Aberdeen (February 21) 

ASSISTANT LECTURER or LECTURER IN PsYonoLoay—-The Registrar, 
The University, Keele, Staffs (February 22) 

DS POST-DOCTORAL RESEARCH ASSISTANT (preferably with experi- 
ence in X-ray crystallography, solid state thermodynamies, low tempera- 
ture techniques or computing) IN THE DEPARTMENT OF CHEMISTRY, to 
work on aspects of crystal structure thermodynamics—The Registrar, The 
University, Keele Staffs (February 22) 

LECTURER IN MATHEMATICS m St Salvator’s College—The Secretary, 
University of St Andrews, College Gate, St Andrews, Scotland (February 22) 

POST-DOCTORAL RESEARCH FELLOW IN CHEMISTRY, to work on the mstru- 
mentation of far infra-red and high resolution Raman spectrometers and/or 
the application of these techniques to the study of the vibrational spectra 
of pporganio, a moeone mihe Registrar, The University, Manchester 13 

ebruary 2 

ASSISTANT LECTURFR or LEOTURER IN BIOCHEMISTRY— The Registrar, 
The University, Hull (February 28) 

ASSISTANT LECTURER or LECTURER IN INORGANIC CHEMISTRY—The Sec- 
retary, The Royal College of Science and Technology, George Street, 
Glasgow, C 1 (February 29) 

TUTORIAL STUDENTS IN THE DEPARTMENT OF CHEMISTRY—The Secretary, 
The University, Aberdeen (February 29) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (Ph D standard) 
IN CHEMISTRY, PHYSIOLOGICAL CHFMISTRY, AGRICULTURAL CHEMISTRY, 
AGRIOULTURAL BOTANY, HORTIOULTURE, MICROBIOLOGY, GEOLOGY, PHYSIOS 
or related subjects—The Registrar (Room 22, ORB), The University, 
Reading (March 4) 

IMPERIAL CHEMICAL INDUSTRIES FELLOWS (preferably with the degree 
of Ph D or equivalent research experience), to carry out origmal research 
ur xr d or Physics—The Registrar, The University, Keele, Staffs 

arc] 

IMPERIAL CHEMICAL INDUSTRIES FELLOWS FOR RESEARCH IN PHYSICS, 
CHEMISTRY, COLLOID SCIENCE, BIOCHEMISTRY, ENGINEERING, METALLURGY, 
PHARMACOLOGY, CHEMOTHERAPY or related subjects—The Secretary- 
General of the Faculties, University of Cambridge, The Old Schools, Cam- 
bridge (April 30) 

TURNER AND NEWALL FELLOW FOR RESEAROH IN ENGINEERING, CHEM- 
ICAL ENGINEERING, INORGANIO CHEMISTRY, PHYSICAL CHEMISTRY, METAL- 
LURGY or PHYSIOS—The Secretary-General of the Faculties, University of 
Cambridge, The Old Schools, Cambridge (April 30) 

ASSISTANT PROFESSOR, an ASSOCIATE PROFESSOR, and 2 PROFESSOR 
(with research interest in solid state, low temperature, nuclear or theoretical 
Physics) IN THE DEPARTMENT OF PuHysicS—The Chairman, Department 
of Physics, University of Alberta, Edmonton, Alberta, Canada > 

ASSISTANT PROFESSOR (with 2 Ph D in pharmacognosy or plant chemistry) 
IN THE SCHOOL OF PHARMACY—Dr J R Murray, Director, School of 
Pharmacy, The University of Mamtoba, Winnipeg, Canada 

LECTURER (honours graduate m a biological science, and preferably 
interested 1n organizing a course in genetics) IN MICROBIOLOGY IN THE 
DEPARTMENT OF APPLIED MICROBIOLOGY AND BIOLOGY—The Secretary, 
The Royal College of Science and Technology, George Street, Glasgow, C 1 

PHYSIOLOGIST or ZOOLOGIST (with an honours degree in zoology or 
physiology and some experience in the field of mammalian reproduction) 
In a small unit investigating the biochemical and physiological properties 
of cervical secretions with particular reference to fertilty—The Secretary, 
National Institute for Research m Dairying (University of Reading), Shin- 
field, Reading, Berks, quoting Ref 64/3 


REPORTS and other PUBLICATIONS 


(not included tn the monthly Books Supplement) 


Great Britain and Ireland 


The Scientific Proceedings of the Royal Dublin Society Series A Vol 1; 
No 13 Studies on the Formation and Anomenzation of Sugar Acetates 
By P S O'Colla, E E Lee and D McGrath Pp 337-342 2s Vol 1, 
No 14 Measurement of the Uranium and Thorium Content of Rocks 
Using an EMI 953B, 5 Inch Photomultiplier Tube By F N Byrne Pp 
313-364 4s Series B Vol 1,No 8 Breeding of Lions 1n the Dublin Zoo 
(1857-1962) By Dr Arthur E J Went Pp 67-82 3s Vol 1,No 9 The 
Place of a National Arboretum in the Irish Economy By Prof J Doyle 
With Notes by H M Fitzpatrick and Prof T Clear Pp 83-92 28 Vol 1, 
No 10 Recent Studies on Urea Utilisation by Ruminants By Dr Allen 
D Tillman and Dr D M McAleese Pp 93-112 5s (Dubhn Royal 
Dublin Society, 1963 ) [2211 


Other Countries 


Transactions of the Royal Societv of New Zealand Botany Vol 2, No 6, 
(July 5, 1903) — Gastrodws minor Patrie, an Epiparasite of Manuka By Ella 
O Campbell Pp 73-82 Vol 2,No 7,(August 23,1963) Pollen Morphology 
of New Zealand Species of Myrtaceae By D J MoeIntyre Pp 83-108 
Vol 2, No 8, (August 23, 1963) Parasitism ın Ezocarpus bidwille Hook, f 
By B A Fineran Pp 109-120 Vol 2, No 9, (August 28, 1963) The 
Origin of Periderm 1n Some New Zealand Plants By D E Robinson and 
Janet K Grigor Pp 121-124+plate1 Vol 2, No 10, (August 30, 1963) 
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Notes on Unama (Cyperaceae—Carocoideae) from New Zealand, New 
Caledonia, Kerguelen and Amsterdam Islands By B G Hamln Pp 
127-131 General Vol 1, No 7, (May 31, 1963) A New Zealand Phyto- 
chemical Register—Part 1 By S$ G Brooker B F Cam and R C 
Cambie Pp 61-88 Vol 1, No 8, (August 8, 1963) The Supra-Littoral 
Fringe of New Zealand Sand Beaches By R J MacIntyre Pp 89-103 
(Wellmgton Royal Society of New Zealand, 1963 ) [2211 
Transactions of the Royal Society of New Zealand Geology Vol 2, Ño 5, 
(July 7, 1963) The Question of High Pleistocene Shorelines By C A 
Cotton Pp 51-62 Vol 2, No 4, (May 24, 1963) Upper Pleistocene 
Succession ın the Inland Part of Wairarapa Valley, New Zealand By Paul 
Vella Pp 63-78 Vol 2, No 5, (August 5, 1963) Geology of the 
Koetthtz-Blue Glacier Region, Southern Victoria Land, Antarctica By 
H R Blank, R A Cooper, R H Wheeler and I A G Wilis Pp 79-100 
Vol 2, No 6, (August 5,1963) Designation of a Lectotype for the Normal 
Species Belemnopsis alfurwa (Boehm) 1907, (Cephalopoda, Dibranchiata) 
By G R Stevens Pp 101-104+plate1 Vol 2, No 7, (August 5, 1963) 
The Alpine Fault By R P Suggate Pp 105-130 (Wellington Royal 
Society of New Zealand, 1963 ) (2211 
Transactions of the Royal Society of New Zealand Zoology Vol 3, No 1, 
(May 24,1963) Wing Development and Evolution of New Zealand Lucanidae 
(Insecta Coleoptera) By Beverley A Holloway Pp 99-116 Vol 3, No 12, 
(June 7, 1963) Tetraphyllidean and Diphyllidean Cestodes of New Zealand 
Selachians By Claude G Alexander Pp 117-142 Vol 3, No 13, (May 24, 
1963) A New Family and Genus of Somasteioidea By H Barraclough 
Fell Pp 143-150+plate 1 Vol 3, No 15, (August 12,1963) Revision of 
the Genus Megacolabus Broun 1893, (Coleoptera Curculionidae Rhyparo- 
sominae) By Brenda M May Pp 151-164 Vol 3, No 16, (August 15, 
1963) The North Otago Shelf Fauna Part 3 Chordata, Sub-phylum 
Gnathostomata By John Graham Pp 165-170 Vol 3, No 17, (August 13, 
1963) Notes on some New Zealand Mollusca in the British Museum By 
R K Dell Pp 171-178 Vol 3, No 18, (August 5, 1963) Pachn TÜpSiS 
mannus (Rathbun), a New Crab for New Zealand Waters By R Dell 
Pp 179-180 Vol 3, No 19, (August 28,1963) New Zealand Cave Fauna 
2 The Limestone Caves Between Port Waikato and Piopio Districts 
By Brenda M May Pp 181-204+plates 1 and 2 Vol 3, No 20, (August 
28, 1963)  Aichibenthal Mollusca from Northern New Zealand By R K 
Dell Pp 205-216+plate 1 Vol 3, No 21, (August 28, 1063) The 
Mollusca of the Genus Argobuccuum (Family Cymatudae) By R K Dell 
ie +plates 1 and 2 (Wellington Roval Society of New Zend: 
2! 


Australia Commonwealth Scientific and Industrial Research Organization 
Division of Plant Industry Technical Paper No 18 A Vegetation Survey in 
the Macquarie Region ByE F Biddiscombe Pp 26+Splates (Melbourne 
Commonwealth Scientific and Industrial Research Organization, 1963 ) [2211 

New Zealand Forest Service Forest Research Institute Forestrv Research 
Notes, No 27 Assessment of an Animal-Control Campaign in the Harper- 
Avoca Catchment By C Batcheler and P C Logan Pp 27-6 
photographs (Wellington Government Printer, 1963 ) [2211 

Umted Nations Science and Technology for Development Report on 
the United Nations Conference on the Application of Science and Technolcgy 
for the Benefit of the Less Developed Areas Vol 1 World of Opportunity 
Pp vii267 (New York United Nations, 1963 ) 6 dollars [2211 

Mitteilungen aus der Biologischen Bundesanstalt fur Land- und Forstwirt- 
Schaft Berlin-Dahlem Heft 108, (Juli1963) 34 Deutsche Pflanzenschutz- 
Tagung der Biologischen Bundesanstalt fur Land- und Forstwirtschaft in 
Lubeck, 8-13, Oktober 1962 Pp 187 80 DM Heft 109, (August 1963) 
Zur Peemitussing der Arthropodenfauna Nordwestdeutscher Kartoffelfelder 
durch die Anwendung Synthetischer Kontaktmsektizide Von Paul Stemer, 
Dr Fritz Wenzel und Dr Dietrich Baumert Pp 38 850 DM (Berlin- 
Parlem Bıologıschen Bundesanstalt fur Land- und xu 

1 

Pflanzengeographische Kommission der Schweizerischen Naturforschenden 
Gesellschaft Beitrage zur Geobotanischen Landesaufnahme der Schweiz, 
Heft 44 — Waldgesellschaften 1m_Westlichen Aargauer Mittelland, mit 
Emer Farbigen Waldkarte Von Hans Komad Frehner Pp 96 (Bern 
Verlag Hans Huber, 1963 ) 32 50 Sw francs, 3250 DM (2211 

Festschrift—Dr he Albert J Schmidein: zu semem achtzigsten Geburts- 
tagam3 November 1963 Herausgegeben von der Direktion und von den 
wissenschaftlichen Abteilungen der Wild Heerbrugg AG, Heerbrugg/Schweiz 
Pp 126 (Heerbrugg, Schweiz Wild Heerbrugg, 1963 ) [2211 

Bulletin of the American Museum of Natura] History Vol 125, Article 4 
A Revision of the South American Genus Hyphantus (Coleoptera, Cur- 
culionidae, Otiorhynchinae) By Patricia Vaurie Pp 239-304 (New York 
American Museum of Natural History, 1963 ) 1 50 dollars [2211 

Institutt for Atomenergi Kjeller Research Establishment Kyjellcr 
Report No 50 Coolant Void Reactivity Measurements in a D40 Moderatcd 
Lattice with 7 Rod UO, Fuel Clusters By F W A Habermann Pp 32429 
figures (Kjeller, Norway Institutt for Atomenergi, Kjeller Research 
Establishment, 1963 ) [2211 

United States Department of the Interior Geological Survey Profes- 
sional Paper 382-A — Stratigraphy and Structure of the Rainier and USGS 
Tunnel Areas, Nevada Test Site By W R Hansen, B W Lemke, J M 
Cattermole and A B Gibbons Pp vi+49+plates 1-6 Professional Pape: 
403-F Muneralogy of Selected Soils from Guam By Dorothy Carroll and 
John C Hathaway With a section on Description of Soil Profiles by Carl B 
Stensland Pp iv--53 Professional Paper 414-H Crystalline Rocks of 
the Potomac River Gorge nea1 Washington, DC By John C Reed, Jr, and 
J Joly Pp i1-+16+plates 1 and 2 (Washington, DC Government 
Printing Office, 1963 ) [2211 
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APPOINTMENTS VACANT 


MATHEMATICAL 
PHYSICISTS 


The United Kingdom Atomic Energy 
Authority invites. applications from 
candidates with good honours degrees 
for either Research Fellowships or 
permanent appointmenis in Mathe- 
matical Physics 


There are two posts, (a) to study 
neutron spectra in moderated assem- 
blies, in the neighbourhood of 1 Kev, 
and (b) to work on problems with 
radiation and matter not in local tem- 
perature equilibrium For the latter, 
some background in low density 
astrophysics 1s desirable 


Starting salaries will be assessed with- 
in the range of £850 to £1,900, de- 
pending on age and experience A 
house, or substantial assistance with 
house purchase, will be available to 
married officers living beyond normal 
daily travelling distance 


Please write, stating post of interest 
and preference for permanent ap- 


pointment or Research Fellowship, 
to 


The Semor Recruitment Officer 
(Ref. 3242/34), 


A W.R.E , Aldermaston, Berks. 


COUNTY BOROUGH OF 
SOUTHEND-ON-SEA 
EDUCATION COMMITTEE 
COLLEGE OF TECHNOLOGY 
Principal T L Morgan, MSc, 


AMICE, AMIStruct E 
Required as soon as possible 


DEPARTMENT OF SCIENCE 
SENIOR LECTURER IN PHYSICS 


Salary ın accordance with the Burnham 
Technical Scale—re, £1,895 by £55 to 
£2115 Help with removal expenses in 
approved cascs 


Details and forms of application obtain- 
able from the Principal, College of Tech- 
nology, Victoria Circus, Southend-on-Sea 
Completed forms to be returned to the 
Principal within 10 days of the appearance 
of this advertisement 


D B BARTLETT, 
Chief Education Officer 
Education Department, 
Civic Centre, 
Victoria Avenue 
Southend-on-Sea 





SENIOR TECHNICIAN IN CHARGE RE- 
quired with experience of physiology and 
pharmacology Qualification City and Guilds 
Advanced Certificate or equivalent. Salary scale 
£860 to £1115 per annum — Applications, with 
names of two referees, to Secretary, St Mary's 
Tospital Medical School Paddington, London, 


Scientif 


D.S TR. 


() ROAD RESEARCH LABORATORY, 
Thorntonhall, near Glasgow 

1 CIVIL ENGINEER OR PHYSICIST 
for research on soil mechanics and materials 
used in road construction, and 

2 CHEMIST OR PHYSICIST for research 
on bituminous road matenals, mainly with 
the effect of photo-oxidauon and weather- 
img processes on bituminous binders 

Both posts graded Scientific Officer/Senior 
Scientific. Officer 

Duties include laboratory investigations and 
full scale exper:ments on public highways , 
close co-operation with the main laboratory 
at Harmondsworth, Middlesex Contacts 
maintamed with other scientists and engm- 
eers at home and abroad Information and 
Library serv'ces, design offices, workshops 
and other facilities available (AB/058 ) 
Q) FIRE RESEARCH STATION, 
Boreham Wood, Herts 

ENGINEER or APPLIED PHYSICIST 
with some engineermg knowledge (graded 
Scientific Officer /Senior Scientific Officer) 
for research on behaviour of building struc- 
tures and materials 1n fires, and allied prob- 
lems, eg, the movement of smoke and hot 
gases from fires in buildings Both labora- 
tory and large-scale facilities. available for 
experimental work, the results of which are 
generally required for application to modern 
building practice — (E/AI/015) 

(u) BUILDING RESEARCH STATION, 
Garston, Watford, Herts 

SENIOR SCIENTIFIC OFFICER or 
SCIENTIFIC OFFICER for Acoustics 
Section, to work on basic problems of 
sound transmission through panels, using 
new large-scale special facilities — Qualifica- 
tions in physics or applied mathematics 
with interest ın theoretical physics, wave 
motion or elastic theory required A 
Senior Scientific Officer recruit would take 
charge of a small team — (E/AF/085) 
Qv) TROPICAL PRODUCIS INSTITUTE, 
56/62 Gray's Inn Road, London, WC1 
Junior Research Fellow to work ın the 
field of MICROBIOLOGICAL CHEM- 
ISTRY, to study the mould metabolites of 
toxicogentc fungi associated with mouldy 
oilseeds, foods and feedingstuffs QUALI- , 
FICATIONS First- or second-class 
honours degree in chemistry or biochem- 
istry, or equivalent At least two years’ 
postgraduate experience essential, preferably 
in biochemistry or organic chemistry The 


Fellowship ıs tenable for three years 
SALARY Between £975 and £1,310 
annually  (YE/728/3) 


APPLICATION Forms from Director at above 
addresses, quoting appropriate reference 
Closing date February 25, 1964 for (i), 
February 4 for remainder 





DEPARTMENT OF 
AGRICULTURE AND 


FISHERIES FOR SCOTLAND 

FRESHWATER FISHERIES 

LABORATORY, Pitlochry 

EXPERIMENTAL OFFICER or ASSIST- 

ANT EXPERIMENTAL OFFICER (un- 

established) to join a team investigating the 

biology of salmomd fish The dutes will 

probably include much field work Degree 

ım zoology preferred 

AGRICULTURAL SCIENTIFIC 

SERVICES, Edinburgh 

THREE  EXPERIMENTAL OFFICERS 

Or ASSISTANT EXPERIMENTAL 

OFFICERS (anestablished) as follows 

(a) Seeds Section—development and super- 
vision of routine tests for seed-borne 
disease 

(b) Seeds Section—general duties in. connec- 
tion with testing and certification of 
seeds, recognition and assessment of 
crop vaneties (other than potato) 








a D 


c Civil Service 





work in laboratory, plots, farm crops 
and seed warehouses involved 

(c Potato Section—general duties ın con- 
nection with potato crop, involving 
mamtenance of reference collections, 
assessment of disease, field experiments 
and crop certifications 

Degree including Botany or Agneulture 

strongly preferred 

PARTICULARS from Establishment Officer, 

DAFS, Room 166, St Andrew’s House, 

Edinburgh, 1 Closing date February 4, 

1964 





WAR DEPARTMENT 

ROYAL MILITARY COLLEGE OF 
SCIENCE, Shnvenham, Swindon, Wilts 
LECTURER/SENIOR LECTURER ın 
ELECTRONICS, RADAR AND TELE- 
COMMUNICATIONS to teach at Univer- 
sıty level and lecture to degree and special- 
ized postgraduate courses Extensive well- 
equipped workshops and Jaboratones are 
available Research 1s encouraged and may 
be of one’s own choice, or with a group 
studying imteractions between microwaves 
and discharge plasma, and will be suitable 
for publication or submission for a higher 
degree QUALIFICATIONS First- or 
second-class honours degree, or equivalent, 
in Electrical Engineering or Physics, and a 
sound knowledge of electromics preferably 
with experience of radar, guidance of 
missiles, or telecommunications Research 
experience in a teaching, industrial or other 
Institution an advantage SALARY 
Senior Lecturer, £1,438 to £1,772 , Lecturer, 
£791 to £1,309 Starting pay may be above 
minimum, credit for postgraduate experi- 
ence and National Service Superannuation 
under FSSU Prospects of permanency 
Residential accommodation for single man, 
prospects of a house for married man 
Further particulars and forms from the 
Registrar, at the above address 





KROME OFFICE 

FORENSIC SCIENCE LABORATORY, 
Ty-Glas Road, Llanishen, Cardiff 

Chemist or Physicist (Scientific. Officer) to 
join a group working on the SCIENTIFIC 
EXAMINATION OF HANDWRITING 
AND QUESTIONED DOCUMENTS from 
all parts of the country Training will be 
given ın the specialized techniques required 
so that previous experience 1s not necessary 
APPLY to the Director at above address 
Closing date February 5, 1964 


SCIENTIFIC OFFICER/SENIOR 


SCIENTIFIC OFFICER 
SALARIES S O £791-£1309 

(Increments and special £95 award for 

approved post-grad experience) 

SSO £1438-£1772 

(Starting salary may be above minimum) 
Salaries are supplemented in the London Area 
QUALIFICATIONS 
so Ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 
As above plus at least 3 years post- 
graduate research Age 26 to 31 


ASST. EXPERIMENTAL 
OFFICER/EXPERIMENTAL 


OFFICER 

SALARIES AEO £490 (age 18) - £691 
(age 22) — £858 (age 26) — £1053 
EO £1164-£1431 

Salaries are supplemented in the London Area 

QUALIFICATIONS 

Degree, Dip Tech, HNC or equivalent 

ın appropriate subject Under age 22, 

minimum qualification is 2 GCE ‘A‘ levels 

in Scientific subjects AEO age [8-27 

EO 26-30 
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Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W | 
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Do you know how you recognise a friend's face ? 


Can a machine be made to do the same ? 


This type of problem ts being studied by EMI Electronics, 


Ltd 


If you too are interested in this research, and are 


about 30 years of age with Mathematical ability and perhaps 
some knowledge of electronics, you are invited to apply 


for a post with a small research group investigating this 


problem An ability to generate new ideas and enthusiasm 


for team research is essential, with programming experience 


anradded advantage 


Applicants must be capable of original 


thought and preferably with PhD or at least an Honours 


Degree 


Please write, giving brief personal details and qualifications, 


quoting reference E/4/3 to 


GROUP PERSONNEL MANAGER 04213/F, E.M.I, 
LIMITED, HAYES, MIDDLESEX 


"Shell" Research Limited 


TUNSTALL LABORATORY (SITTINGBOURNE, KENT) 


A vacancy exists for a member of a team investigating 
the toxicological properties of chemical and oil 
products The work will consist of (1) the supervision 
of a specific pathogen-free rodent experimental unit, 
and (2) the conduct of toxicological investigation 
into the effects of the ingestion of chemicals, in 
conjunction with other members of the team 

The position ıs an important one and applicants 
should possess a qualification 1n physiology, 
pharmacology, medical and veterinary science or 


similar fields 


Preference will be given to applicants 


with a higher qualification and postgraduate 
experience in a field relevant to the proposed work 


Please apply to 


"SHELL" RESEARCH LIMITED, 
RECRUITMENT DIVISION (PNDL/11), 
SHELL CENTRE, LONDON, S E.1 


UNIVERSITY OF WINDSOR 
DEPARTMENT OF PHYSICS 
WINDSOR ONTARIO, CANADA 
POSTDOCTORATE FELLOWSHIPS IN 
PHYSICS 

Applications are invited from candidates wish- 
ing to pursue research in one of the following 
fields low energy nuclear physics (beta- and 
gamma-ray spectroscopy), electron spin reson- 
ance, molecular beam masers, optical pumping 
and inelastic collistons in alkali vapours The 
stipends amount to $4,000 for unmarried Fel- 
lows or $5,000 for male married Fellows 

Inquiries should be addressed to Dr L Krause, 
Head, Department of Physics, University of 
‘Windsor 





UNIVERSITY OF SOUTHAMPTON 


Apphcations are invited for the post of Lec- 
turer m Physiology in the Department of Physio- 
logy and Biochemistry — Candidates should have 
a degree in physiology pharmacology or medi- 
cme Postgraduate research experience of Ph D 
or equivalent standard essenual Salary scale 
£1,250 by £60 to £1,670 by £80 to £2,150 with 
an efficiency bar at £1,750 FSSU and child 
allowances The initial salary will depend on 
qualifications and experience 

Further particulars should be obtamed from 
the Secretary and Registrar, the Umversity, 
Southampton, to whom applications (seven copies 
from United Kingdom applicants), should be sent 
not Jater than February 14, 1964 


January 25, 1964 





WOOL RESEARCH 
ORGANIZATION OF 
NEW ZEALAND 


A TEACHING AND RESEARCH 
FELLOWSHIP IN BIOCHEMISTRY 


at 
LINCOLN COLLEGE 


Applications are invited from persons gradu- 
aung PhD ın biochemistry this year, or with 
some years post-doctoral experience in biochem- 
istry, for a teaching and research Fellowship being 
established at Lincoln College, University of 
Canterbury, in association with the Wool Re- 
search Organization of New Zealand 

The teaching duties will involve approximately 
one hundred hours of lectures and seminars and 
two hundred hours supervision of practical work 
of biochemistry students per annum 

In addition the successful applicant will be re- 
quired to undertake fundamental research on the 
biochemistry of the wool root and surrounding 
tissue with a view to acting as consultant to the 
research worker whose duties are outlined in 
the advertisement below 

The allocation of time between teaching and 
research will be reviewed in 1966 when the 
laboratory to be built for the Wool Research 
Organization adjacent to Lincoln College is ex- 
pected to be ready for occupation 

Commencing salary £1,280 per annum to £1,780 
per annum, according to qualifications and ex- 
perience 
B BIOCHEMIST OR ORGANIC CHEMIST 


The Wool Research Organization of New Zea- 
land (Inc) wishes to engage a well-qualified 
chemist, preferably with an interest in microbio- 
logy and enzyme chemistry, for developing im- 
proved chemical methods of removing wool from 
sheepskins 

A strong group doing basic research on the 
chemistry and biology of skin and hair at Lincoln 
will be available for consultation, and the ap- 
pointee will also be free to do some basic re- 
search in this field 

The position offers an opportunity to make 
an important contribution to one of New Zea- 
land’s major export industries 

Initally, the appointee will be posted to the 
Leather and Shoe Research Association, Welling- 
ton, where a laboratory has been newly fitted out 
for this work In about three years’ time the 
appointee may be transferred to the Organuza- 
tion’s laboratones which will be built at Lincoln, 
near Christchurch 

Commencing salary £1,000 to £2,000 per 
annum according to qualifications 

Fair and reasonable expenses will be paid for 
the appointee and ther famihes in taking up 
ried Additional information may be obtained 
rom 

The New Zealand Scientific Liaison Office, 

BCSO, 

Africa House, 

Kingsway, LONDON, WC2 

Applications, stating age, nationality, qualifi- 
cations, and the names of two referees, should 
be sent direct to 

The Director, 

Wool Research Organization of New Zealand 

(Inc ), 
Private Bag, 
Christchurch, NEW ZEALAND 
by March 4, 1964 





CENTRAL ELECTRICITY 
GENERATING BOARD 


MIDLANDS REGION 
RESEARCH AND DEVELOPMENT 
DEPARTMENT 


LIBRARIAN 


The post of Libranan in the Research and De- 
velopment Department Laboratories located at 
Hams Hall Generating Station will become vacant 
ın May, 1964 

Applicants should be Chartered Librarians and 
previous experience m a technical Library or In- 
formation Service of an Engimeenng or Science 
Group would be an advantage 

The duties of the post, besides classifying, stor- 
ing and issuing scientfic information, includes 
literature searches, scanning engineenng reports 
for features of research and development interest 
and handing of inquines There will also be 
scope for developing the present services to meet 
the expanding needs of the department 

The salary for the appointment will be in ac- 
cordance with Grade 3 of the NJ C Agreement 
(£815 to £990 per annum) 

Applications, stating age, qualifications, experi- 
ence, present position and salary should be sub- 
mitted to the Regional Personne] Officer, Central 
Electricity Generating Board, Midlands Region, 
53 Wake Green Road, Moseley, Birmingham, 13, 
by February 28, 1964 Please quote vacancy 
number 19a/64MR 
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Two new accessories are announced for the Unicam SP 500 ultraviolet and visible spectrophotometer The SP 500 
itself is further improved by the incorporation of new, all-enclosed potentiometers These potentiometers have the 
advantage of longer lıfe and greater accuracy, and are sealed to exclude dust. The hydrogen lamp has now been 
replaced by a deuterium lamp which gives a higher radiation output throughout the ultraviolet 


SP. 595 Autocell 


The new Unicam Autocell (pat. app) replaces the sample cell and 
provides automatic filling and emptying without need for direct access, 
by simple control of a small suction pump (not provided) The Autocell 
speeds operation and reduces fatigue, eltminates risks of cell breakage 
and sources of error due to cell mismatch, spillage or cleaning, and 
reduces the capital requirement for costly cells 


Sample volume required is 5 ml and the sample may be recovered if 
necessary Tests have shown that less than 1% of sample volume 
remains after emptying and the sample comes into contact only with 
fine bore polythene or stainless steel tubing The Autocell fits directly 
into the SP 580 Universal Cell Housing. 


Delivery ex stock Price (UK)... £40 


SP. 590 Electrophoresis Strip 
Scanning Accessory 


Based on the original design by Bennett,” the accessory is designed 
to scan agar, starch and acrylamide gels mounted on 3” x 1” micro- 
scope slides and cellulose acetate strips If silica slides are used, 
electrophoresis patterns may be examined directly in ultraviolet light 


A precision mechanism, free from back-lash, moves the slide across 
the light beam, which is accurately defined by an auxilliary slit A counter 
indicates traverse in units of 01 mm The SP 590 replaces the cell 
housing of the SP 500 Spectrophotometer for this purpose 


Delivery ex stock Price (UK) £48 100 


Please write for further details of these two exclusive new accessories 
which add to the versatility of the SP 500 Spectrophotometer. 


* Biochim Blophys Acta 63 (1962), 298 
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JUST PUBLISHED 


THE PLASTICITY OF 
METALS 


A new book by Prof M. Kurren which investigates the 
relationship between the plastic deformation of metals 
and their macro- and microstructures, and hence estab- 
lishes sound principles of working for the engineer 
designing tools and planning stages of fabrication. The 
metallurgist and physical scientist. will also find much to 
interest them, the work being a unique record of a life- 
time's planned research 


280 pages 357 illus., over half being special photomicro- 
graphs 75s. net 

















DYEING & CHEMICAL TECHNOLOGY 
OF TEXTILE FIBRES 


This new edition by Dr. E R Trotman has been wholly 
rewritten. and enlarged and now incorporates much 
additional information on natural and synthetic fibres 


651 pages 300 illustrations 3rd Edn 120s. net 


Charles Griffin & Company Lid 
42 Drury Lane—London WC2 
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Spectropolarimoter 


POLARMATIC 62 


Provisional Specification : 
RANGE—200 to 600 millimicrons. 


ROTATION—Up to | 4 degrees at 200 millimicrons 
positive or negative 


SAMPLE TUBES—Between | and 25 mm length in 
magazine holding 4 tubes 


OUTPUT—Meter indication. for manual plotting, 
strip chart or X Y. plotter 


RECORDING TIME—200 to 600 millimicrons in 20 
minutes 


ILLUSTRATED DETAILS WILL APPEAR 
IN OUR NEXT ADVERTISEMENT 


The electronic umt for this instrument is manufactured by Bendix 
Electronics Ltd of Nott ngham 


prem mE 


PHONE: ARCHWAY 2270 “`: 


71 HORNSEY RISE, LONDON, N-19. 
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HOW MANY MINISTERS? 


HE debate on higher education m the House of Lords 

on December 1] and 12 was concerned very largely 
with whether the responsibility for education should rest 
with one Minister or two, but most aspects of the Robbins 
Report (Nature, 200, 925, 1963) were covered in a number 
of notable speeches, including one from Lord Robbins 
hmuself Opening the debate, Lord Taylor, while ex- 
poundmg the Labour Party view, covered the issues 
fearly He emphasized that ıt was already much more 
difficult to get into a university than a generation ago 
and agreed that the case for the wide, general degree, 
with much less specialization at an early stage, had been 
proved He also msisted that a university degree was not 
a passport to a safe or easy hfe and that university 
teachers had a technical responsibilty to provide men 
and women, professionally competent, with not only a 
social but also a moral responsibility Lord McNair, who 
followed, dealt more especially with the question of 
admmustrative responsibility, after observing that he had 
not yet made up his mind as to the future position of the 
teacher traming colleges, although they were already very 
much closer to the universities than twenty years ago 
Commentimg on university admission, he thought that an 
applicant for admission should have a purpose, not 
necessarily vocational but at least a desire to improve 
lumself and make himself a more useful citizen More- 
over, he stated that ıt was most important to facilitate 
late entry into lugher education—universities could do 
much harm to students who come to them m the wrong 
frame of mund 

Lord MoNair was the first speaker to endorse emphatic- 

ally the recommendation of the Robbins Report to place 
the University Grants Commission along with the Research 
Councils and a Muustry of Arts and Science. He sub- 
mitted that the first conditions of the success of the 
universities had been ther freedom and mdependence, 
the second, their flexibility of administration and variety 
and ıt was essential to preserve these characteristics as 
universities become inereasmgly dependent on public 
funds Speaking for the Government, the Earl of Bess- 
borough said that ın accepting at once the mmediate 
targets for expansion, the Government beheved they 
could be fulfilled and were determmed to provide the 
necessary resources There was a major need m ther 
short-term expansion for co-ordmation at Munusterial 
level, but he did not commit the Government as to tho 
form this should take He gave exphcit assurance as to 
the provision for overseas students, though the numbers 
of such students might not merease proportionately so 
fast as those of British students The Archbishop of 
Canterbury, who endorsed Lord Taylor’s plea that 
universities should produce men and women of character, 
and with reverence for persons and for the things of the 
mind, wondered whether standards could be maintamed 
particularly durmg the next three years He questioned 
whether the Robbms Report brought out sufficiently 
what the mamtenance of standards involved ‘He was also 
the first speaker to support the mmority recommendation 
for two Ministries dealing with education. 


Lord Robbms hmnself began by insisting that the pro- 
posals of the Report mvolved no lowermg of standards of 
entry and that there was no reasonable ground for doubt- 
mg that sufficient talent would not come forward if we 
were willing to help ıt He pointed out that at the same 
time the Report had emphasized the need for more 
courses with a broad rather than a deep coverage The 
immediate expansion mught involve some temporary 
worsenmg of staff-student ratios and some crowding of 
lecture rooms and hbraries, but provided adequate help 
was forthcommg from the Government the task could be 
done It was not sufficient for the Government to review 
the situation m the spring the need was very urgent 
and decisions had to be taken now if the universities were 
to be convinced that the Government was m earnest over 
expansion The Government and its advisers appeared 
to be totally unaware of what happened to the academic 
talent the universities would need Next, Lord Robbms 
argued cogently for the admmustrative proposals of the 
Report The whole tenor of its recommendations was to 
abobsh unnecessary obstacles and false distinctions, and 
once agam he urged that whereas without educational 
functions the universities would fail m their mussion, 
without the pursuit of research and the advancement of 
learning the educational function would languish or 
ossfy From his experience as a university teacher, he 
questioned whether the Mmustry of Education could 
adapt its outlook to the requirements of institutions in 
which the claims of teachmg and research must be evenly 
balanced He did not agree with Lord Taylor that 
it was.necessary to have two Ministries to ensure at 
least two channels of support for research Any clash 
between the functions of the Research Councils and 
the universities, on one hand, and tho schools on the 
other, should be settled at Cabmet and not at depart- 
mental level. 

Lord Todd was critical of the Report m respect of its 
effect on the provision for trammg technologists. He 
urged that 1t was essential that the colleges of advanced 
technology should hold on to the pattern of technological 
education which they had been developmg so success- 
fully. Furthermore, he thought that if the existing 
universities and the proposed ‘special institutions’, 88 
well as the colleges of advanced techi.ology, all expanded 
to 10,000, Britam would have an adequate supply of 
technologists and the pressure on the universities would 
be reduced Probably the most emphatic speech m favour 
of one Mimster came from Lord James of Rusholme, who 
from his own experience strongly discounted the fears of 
the universities that ther autonomy and research 
activities would be endangered by bemg placed under 
the Muuster of Education The strength of the univer- 
sities lay in their combmmg the work of the teacher and 
research worker under one roof, and often m one person 
Moreover, the separation of the universities from the 
colleges umpoverished the universities themselves as well 
as the schools ultimately we were concerned with young 
men and women On emergency measures, Lord James 
commented that ıt was essential to try to use graduate 
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students for some teaching, as well as make greater use 
of young university teachers from overseas, and resolutely 
examine Britams teaching methods to make sure that 
there was no over-teaching or excessive lectures In this 
connexion he claimed that an immediate £400,000 to 
finance postgraduate scholarships m the arts and social 
sciences would make an mvaluable contribution to the 
provision of university teachers 

Lord Stamp put the question of overseas students m 
the context of Britam’s future as a ‘power for good’ m 
Commonwealth development, and Viscount Simon referred 
to the danger which could attend university expansion if 
pushed so far that 1t created a body of people who could 
find no adequate opportunity for employmg their talents 
Lord Brain, while eritical of the proposal to put the 
Research Councils and the umiversities under one 
Minister, and urging the need for the Research Councils 
to remam semi-autonomous, with direct access to the 
Minister for their executive officers, was chiefly concerned 
with the expansion of medical education. He urged that 
an immediate enquiry mto the future of medical practice 
m the health service was needed, and an assessment of the 
requirements of different kinds of doctors over the next 
twenty years and the educational facilities needed to 
produce them Lord Amulree also referred to medical 
education and thought that this aspect of university ex- 
pansion was not sufficiently stressed m the Report, but 
while he agreed as to the need for more doctors he, like 
Lord Brain, thought that not enough was known about 
the distribution of that need Wıth Lord Silkm, he was 
strongly 1n favour of a single Minister of Education and 
also stressed the importance of the University Grants 
Committee being entirely mdependent of Government or 
departmental control 

Lord Eccles, who followed, agreed with Lord Silkin 
that m considering the position of the teacher trammg 
colleges we should also be concerned with the professional 
standing of the teachers He thought, however, that the 
Robbins proposals would place the Minister of Education 
m an impossible position from which a way out must be 
found, though he hoped that for the, sake of raising the 
status of the teaching profession the universities would 
take on the trammg colleges Furthermore, he thought 
that the only solution to the difficulties which would 
arise lay m appomtmg a single Miünister of Education 
who could delegate the admmustration and finance of the 
colleges to universities through the Grants Commussion, 
and, on the other side of his Department, watch the 
interests of the schools, intervening if necessary to secure 
the right balance and size m trammg facilities. Lord 
Eccles also supported Lord Todd m his remarks about 
technological education, eriticizmg the Committee for its 
failure to appreciate the value of part-time and par- 
ticularly sandwich courses ın thus field, and 1ts neglect of 
the links between higher education and dustry. While 
he admitted that the traming of technicians was strictly 
outside the scope of the Report, he thought because of 
the dependence of scientists and technologists on the 
technician, the trammg of technicians should not have 
been overlooked and that the expanding universities 
would soon have to provide courses for those who intend 
to become technicians. Finally, he was emphatic that 
those who thought that there should be & single Minister 
of Education were as anxious as any of the vice-chan- 
cellors to see that the great traditions of the British 
universities should be preserved, 
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This same pomt was strongly supported by the Bishop 
of London, who urged that the responsibility for educa- 
tion could not be divided because education itself was 
indivisible He warmly welcomed m principle, and largely 
in detail, the recommendations of the Report regarding 
the teacher trammg colleges Lord Shepherd was con- 
cerned essentially with business education and the 
importance of mproving the standard of management 
He referred also to the report of the Franks Commuttee 
dealing with British busmess schools, and thought that, 
like the Robbins Committee, this Committee, which 
also proposed the creation of two busmess schools and 
their assimilation mto two of the universities, had under- 
estimated the demand He asked for some special assist- 
ance for these schools, which he thought were the basis 
for research, and he also called for some attention to be 
directed to the teaching of modern languages Viscount 
Caldecote was concerned lest the engmeermg and techno- 
logical departments of universities should not become 
fully mtegrated m the mdustnal hfe of the nation, that 
colleges of advanced technology might be tempted to 
follow the university pattern rather than that which they 
had already developed m association with mdustry, and 
that science might continue to recerve too much attention 
and prestige at the expense of engineering and technology 
He also thought that the Robbins Report placed too much 
emphasis on quantity and not enough on quality, that 
there was real danger that Britam might try to expand 
at a greater rate than the supply of good teachers justified 
It was mmperative that a high proportion of first- and 
second-class graduates should take up teaching if the 
educational system was not to deteriorate He, too, was 
in favour of a single Minister 

The opposing view was strongly put 1n a controversial 
speech by Lord Chorley, but the most penetrating speech 
on this issue was probably that of Lord Bridges, who 
asked for some clarification of the question of mmusterial 
responsibility, as well as on where the primary responsi- 
bility lay for policy concerning the universities as à whole 
and also the financial responsibilty for Government 
expenditure on universities On pohey, Lord Bridges 
agreed that 1t was clear that the Robbms Committee 
mtended this to rest with the University Grants Commit- 
tee, but Lord Bridges pomted out that the new tasks 
confronting the Commission would demand a very much 
stronger organization and a larger full-time staff. As 
regards financial responsibility, he pomted out that, given 
the large merease m university expenditure, the Grants 
Commission would work only if the nation as a whole 
beheved that the universities were efficiently and econ- 
omaeally run, and the Commission must devise a system to 
ensure public confidence. On munisterial responsibility, 
Lord Bridges was not convinced by the argument of the 
Robbins Committee, and he thought that a single Minister 
m charge of education up to university level, higher educa- 
tion and scientific research would have too big a task; 
rather than two Ministries, he even suggested a somewhat 
more loosely limited. organization of three Ministries might 
be more efficient. In concludmg the debate for the 
Government, the Earl of Dundee was non-commuttal on 
this question of administration, and said httle about the 
long-term programme of expansion. On the short-term 
programme he was emphatic that standards should, and 
would, be mamtamed, moreover, he agreed as to the 
importance of giving adequate attention to the trainmg 
of technicians. 
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AFRICA REVIEW 


Wild Lives of Africa 
By Juhette Huxley. Pp. 255 + photographs. (London. 
Collins Pubbshers, 1963) 30s 


e c years ago, before my first visit to tropical 
Africa, I read Juhan Huxley's Africa Veew I found 
it an ideal mtroduction to the country, and my apprecia- 
tion of what I later saw was greatly enhanced JI found 
those who had hved ın East Africa for many years divided 
m their opmion of the book The more observant were 
amazed how a newcomer saw and reported 1n such a fresh 
way things they had experienced but never properly 
observed The less-observant were very critical of anyone 
who could write a book after only a few weeks’ travel, 
when they had written nothmg after perhaps 30 years, 
they did not reahze how important the power to observe 
18 m order to have an experience to record 

With such favourable memones ‘of her husband's 
earher volume I came to Lady Huxley’s new book with 
some misgivings Although she had not lived for periods of 
years in Africa, she had not come fresh to the country as 
she accompanied her husband on his tours in 1929 (when 
Africa View was concerved) and knew much about the 
problems of conservation and wild-hfe management 
She has, in fact, produced a book that is a pleasure to read 
and one which gives the reader many new ideas When 
reading about places I have visited, I recaptured old 
experiences m such a way that I could almost see—and 
smell—it all over agam New places, events, animals and 
plants are described so that they all seem vividly real, 
much more real than m the laboured catalogues which 
make up so many books on Africa 

Lady Huxley writes with a purpose, underlined by Sir 
Julian ın his introduction and postscript She shares his 
passionate care for wild-life conservation, and her book 
may well convert many less susceptible to more official 
publications I would only disagree with her on one point 
She mmphes (p 237) that before man was dominant "species 
and the communities to which they belonged continued 
to thrive and survive” This is only partly true The 
majority of animal species which have evolved were extinct 
before man started to modify their habitats The danger 
to-day 1s the speed with which man acts—far quicker than 
new species can evolve to fill the new mches Many types 
of elephant have died out all over the world in the past, 
but if man exterminates the present examples, no new 
species will ever be produced to take their place 

Ths book gives a vivid account of wild-hfe m Afra, 
and of what those who are concerned with 1t do and feel 
to-day Let us hope that, m a few years’ time, it will not 
be just a description of something which has gone for ever 
Lady Huxley has made a substantial contribution to her 
husband’s efforts to prevent this from happening 

K MELLANBY 


COMPARATIVE GENETIC ANOMALIES 
OF DEVELOPMENT 


The Pathology of Development 

A Study of Inherited Skeletal Disorders m Animals 
By Prof Hans Gruneberg Pp xiv+3094+9 plates 
(Oxford Blackwell Scientific Pubhecations, 1963) 70s 
net 


HIS book, like Prof Gruneberg’s earlier one, Anznal 

Genetics and Medicine, published m 1947, belongs to 
that rare and invaluable class which, though written by 
an expert m one highly specialized branch of biology, 1s 
yet both lucid and stimulating to workers m other special- 
ized branches, not only geneticists and pathologists, but 
also embryologists, anımal breeders and cliniciens will’ 
find in 1t much to excite thor interest 
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As its sub-title mdicates, 1b directs mam attention to 
those genetic disorders in which anomales of skeletal 
development are prominent, but ıt gives also much 
information on the concomitant non-skeletal malforma- 
tions which are often also present After a prehmmary 
chapter on genes, pleiotropism and other general concepts, 
there are four chapters on systemic anomalies of skeletal 
development, four on anomalies of the axial skeleton, 
two on those of the limbs, two on sundry mmor variations, 
and an interesting concluding chapter of general com- 
ments. Not a few of the anomales reviewed have their 
human counterparts, for example, the ehondrodystrophies 
of rodents, sheep, cattle and dogs, osteopetrosis ın the 
rabbit, and various anomahes of the extremities But, 
as the author pomts out on p 92, strict homologies 
between simular disorders m different species are not to be 
expected and mdeed are not genetically possible 

To many anomales due to mutant genes, especially 
those without named human counterparts, breeders and 
geneticists have given some odd nicknames, for example, 
“pudgy”, “loop-tail’, "sploteh", “kmky-tail”’, “fidget”, 
ete Prof Gruneberg’s clear outlmes of what is known 
of the histogenesis and structural pathology of these, and 
of the concomitant anomalies which often coexist, should 
do much to lead to replacement of the nicknames by 
more informative pathological nomenclature Scattered 
throughout the book pathologists will find many un- 
expected and interesting tit-bits of mformation, for 
example, that osteopetrosis m the rabbit 1s accompanied 
by enlargement of the parathyroid glands, that dental 
anomalies accompanying several skeletal disorders may 
include odontome-like masses, and that in the extreme 
malformational syndrome ın the mouse called by Hummel 
*disorgamzation", supernumerary limbs or parts of limbs 
may develop ectopically from various parts of the 
skeleton 

Most of the 160 illustrations are clear and mformative 
lne drawings, others are excellent photomicrographs 
or X-ray photographs A well-chosen bibhography 
contams 350 references to British, American, German and 
French sources, all with full titles, and the book concludes 
with a comprehensive mdex The clarity, sucemetness 
and impeccable style characteristic of the author’s previ- 
ous works, and the freedom from misprints and other 
mmor errors of this attractively produced volume, 
make ıt a pleasure to read R A Wus 


THE PROTOZOA 


Introduction to Protozoology 
By Prof Regnald D Manwel Pp xu+ 642 
Edward Arnold (Publishers), Ltd , 1961 ) 60s 


T ıs always pleasant to see a new book on the beauty 
and fascmating variety of the organisms called the 
Protozoa, and Prof Manwell has certainlv dealt with them 
thoroughly m this book Begmnmg with a chapter on 
their nature, variety and habitat, he briefly discusses m 
this chapter Dobell’s conception of them as bemg non- 
cellular, but decides to adopt the conventional view that 
they are unicellular, although, as he characteristically puts 
it, ‘Nature evolved Protozoa before man evolved defim- 
tions”, such as that of the cell, which possibly. he suggests, 
has less meaning nowadays than it had formerly Ho also 
rightly points out that there are objections to classifymg 
some of the Protozoa as animals After discussmg 
parasitism among them, and meidentally expressing & 
definition of parasitism and its relationships to symbiosis 
and commensalism which some readers will probably 
question, he briefly mdicates some of the ways in which the 
Protozoa affect man and his welfare Some marne and 
freshwater Protozoa may, he suggests, seriously mfluence 
the amount of radioactive substances in man, because 
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they can concentrate ın themselves “as much as & 
thousandfold" radioactive substances m water derived 
from nuclear fission and fusion and these substances may 
be “passed along the food cham until they eventually 
reach man” Protozoa are, on the other hand, very useful 
for research on genetics, sex, senescence and populations 
and also for nutritional research, all of which are much m 
the public eye at present 

In the followmg chapters the author gives us, after an 
interesting chapter on the part played by the microscope 
m the history of protozoology, ten chapters, which 
occupy rather less than half the book, on the antiquity of 
the Protozoa, and on their ecology, structure, nutrition, 
metabolism, locomotion, growth and differentiation, 
encystment, reproduction and genetics The next five 
chapters are devoted to the four classes of the Protozoa, 
and subsequent chapters deal with parasitism and sym- 
biosis among them, the flagellates living in the reproduc- 
tive and alimentary tracts of ther hosts, the trypano- 
somes and their relatives, the intestinal amebe, the 
malarial parasites and coccidia, the parasitic cihates and 
certain species of doubtful status The book concludes 
with a chapter on the techniques of protozoology, one on 
protozoology in the United States, a glossary and index 
and a list of journals and books from which further inform- 
ation can be obtained, the latter supplementing the useful 
bibliographies grven at the ends of the other chapters of the 
book In the list of books here given there ıs no mention 
of such valuable works as Brumpt’s Préc de Parasitologie, 
Manson’s Tropical Diseases, Caullery’s Parasitism and 
Symbiosis and English works on vetermary parasit- 
ology 

In a book so comprehensive as this 1t 1s mevitable that 
some readers will find statements with which they do not 
agree, but the author has undoubtedly put a great deal of 
careful work mto a text which gives us much more than 
an introduction to the subject It 1s full of detail, and 
statements made ın ıt are sometimes challengng Some 
readers will feel, perhaps, that the author’s style 1s too 
diffuse and some may prefer the more objective approach 
of the standard text-books They may not expect, for 
example, to read that the Protozoa are all “hke the 
descendants of Adam, condemned to work for a hving" 
(p 100). or that they “can depend on no inquiring proto- 
zoologist to play the role of fairy godmother, and labor- 
1ously work out the diet they most hko” (p 104), and 
the definition of a parasite as an “unmvited guest” 1s surely 
misleading The author, in fact, seems to draw little or 
no distiction between parasitism and symbiosis or 
commensalism, though he does, ın a footnote, note that 
parasites are "sometimes" regarded as organisms which 
necessarily do harm to ther hosts The parasitic species 
themselves, however, are well described, though the 
author gives no more than a few lines, m the chapter on 
species of doubtful status, to the Babesudae and 
Theilerudae, which are so important to the vetermarian 

The illustrations are numerous and each of them ıs given 
two numbers, one which indieates the chapter m which 
they appear and the other their sequence m each chapter, 
a method which does not help the reader to find tho illus- 
trations he wants Most of the hne drawings aro well 
reproduced from the works of other protozoologists, but 
some of thom scarcely do justice to the beauty of the 
organisms displayed or to the clarity and good drawing of 
the origmals "The enlargement of the figure of the oocyst 
of Emera tenella, for exemple (p 528), to about seven 
times the size of Tyzzer’s orginal drawing destroys the 
clarity and delicacy of the original and there 1s no explana- 
tion of the meanmg of the coarse blobs and ovals here 
represented and no indication of the actual size of the 
oocyst In passing, ıt may be noted that Figs 1, 2 and 3m 
Fig 254 were drawn by Wenyon, who described these 
coccidian species and were taken, with acknowledgement, 
from his paper by Becker, to whom they are here ascribed 
It would have been useful, too, to have had, m the cap- 
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tions of the figures, full references to the papers or books 
from which they are taken “After Kofoid and Swezy", 
or “after Kirby, J Parasitol’ and similar references do 
not help the reader much Nor do the photographie illus- 
trations compare well with those ın standard text-books 
If different paper had been used for prmtmg them on, 1t 
mught have removed the impression that some of them give 
that one ıs lookmg through a misted mucroscope lens 
Among them, however, are some that are both informative 
and strikmg, such as that of the slime mould Plasmodvum 
(p 67) and the one of the trichocysts of Paramecvum seen 
through the electron microscope (p 70) 

In general, as one puts down this book, one fools that 1t 
1s easy to criticize and difficult—indeed, nowadays very 
difficult—to write a book so full of nformation and cover- 
mg so wide a scope The reader will learn much from ıb 
and, although we have several excellent books in English 
on medical and vetermary protozoology, the English 
language does need more books which deal, as this one 
and the others quoted in ıt do, with every aspect of this 
mportant subject G LAPAGE 


SELF-REPEATING PATTERNS 


Advances ın Morphogenesis 

Vol 2 Edited by M Abercrombie and Jean Brachet 
Pp x:--388 (New York Academic Press, Ine , London 
Academic Press, Inc (London), Ltd , 1962) 89s 6d 


HE hereditary process in micro-organisms, with a 

generation time measured m minutes, has proved 
amenable both to description and experimental mvestiga- 
tion at the molecular level Ths 1s rightly regarded as a 
major achievement When the generation time extends 
over months or years, and when, throughout this long 
period, the comparative durability of the hereditary 
material seems beyond doubt, the complex of devices for 
forming a vehicle (the soma) for these relatively unchang- 
ing sexual elements and the emergent patterns of structure 
withm this self-mamtammg vehicle (morphogenesis) 
enforce the recognition that there remain problems in the 
physical and chemical characterization of hving systems 
awaiting solution A publication such as Advances wm 
Morphology 1s a welcome remunder that morphology— 
unfashionable though this term may be—affords un- 
limited opportunity for research at all levels of com- 
plexity Whatever the nature of the nuclear code might 
be, sight must not be lost of the fact that extra-nuclear 
mechanisms within the egg are necessary to ‘read’ this 
eode, and having read, to respond by promoting specific 
syntheses m time and space to bring about the morpho- 
genesis of the complex creatures of our gross macroscopic 
experience One merit of this volume 1s the many possible 
approaches at many types of level to the problems of 
morphogenesis ıt sets out This publication 1s thus most 
valuable for all biologists, but especially so for those who 
approach biology through the allegedly more exact 
techniques of physics and chemistry 

Tartar (Seattle) reviews his own work on the cilate 
Stentor m which morphogenesis "involves neither cellulari- 
zation nor intercellular relationships" His experiments 
reveal an interdependence between nucleus and cytoplasm 
and emphasize the role of the cortical pattern Form, he 
considers, ‘‘need not be derived from the self-organization 
of free molecules, but would arise by elaboration of 
pre-existing form" 

“The Symmetrization of the Egg of Vertebrates”? is 
reviewed by Clavert (Strasbourg), most attention bemg 
directed to the eggs of amphibians and birds Spermato- 
zoon, rotation, gravity and compression all play a part in 
the ‘reaction of symmetrization’, but 1t 1s always the last to 
act that ıs determmmg Early symmetrization seems to be 
associated with total segmentation of the egg, the sym- 
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metrization being retarded m yolky eggs with discoidal 
cleavage, 

The mnportant question of the time of initiation of 
enzyme activity and how such activity varies throughout 
development and metamorphosis m anuran amphibia, 
especially in relation to the energy sources for develop- 
ment, 1s surveyed by Urban: (Camermo) The findings 
are collated with crustacean and insect development. 
Since much of this work appeared m Italian an English 
review 1s all the more welcome. 

The survey by Shaffer (Cambridge) of morphogenesis in 
cellular slume moulds, *"The Acrasina”’, 1s almost on the 
scale of a monograph. The highly eritical approach 
developed ıs most stimulating and many controversial 
claims receive short shrift. A new terminology 1s argued 
with enviable logical precision The author, as an active 
worker in this rapidly expanding field, gives needed 
emphasis to ambiguities of interpretation associated with 
the nature of the materal and with techniques of handling 
it It is refreshing to have such insights expressed in 
the first person If more scientific writing had this quality 
of immediacy there would be less talk of “the two 
cultures”. 

Mileire (Brussels), m “Histochemical Aspects of Limb 
Morphogenesis in Vertebrates”, 1s concerned especially 
with the contmumg controversy regarding the relative 
roles of the mesoderm and ectoderm in hmb development 
Ribonucleic acids, polysaccharides, alkaline and acid 
phosphatases have been localized in a sufficiently compre- 
hensive series of stages in the mammal The treatment 1s 
deseriptive rather than analytical The importance of the 
apical epidermal ridge to be inferred from experimental 
study 1s gtven biochemical plausibility, however, the 
origin of the marked asymmetries in later umb morpho- 
genesis remains a mystery 

Changes im “The Protems m Embryonic and Larval 
Development" are outlined by Ranzi (Milan) After a 
useful description of his salting out and m techniques, 
supplemented by immunological methods, he reviews 
the changes m compositional profiles of embryonic 
protems during normal development in the sea-urchm 
and amphibian Then follow analyses of the protems of 
echinoderm embryos treated so as to give anımalızed and 
vegetalized forms  Ranzi interprets the treatments as an 
“enlargement or mbhibition of the areas m which a process 
of protem denaturation, necessary for new protem syn- 
thesis, 18 acting" 

Krause and Sender (Wurzburg) describe concisely the 
wide variation m type of *Ooplasmie Reaction Systems in 
Insect Embryogenesis” and so perform a useful service 
for biologists without German ‘The subject-matter :s so 
concise that summary or characterization m a few words 
1s impossible Anyone concerned with the analysis of 
development must read it 

Lender (Paris) shows how by the use of methyl-green 
pyionin technique the recognition of neoblasts m Planaria 
1s facilitated These neoblasts form regeneration blastemas 
which, ünder a vaiety of mductive mechanisms, become 
determined along a divergent path of organ differentiation 

Rychter (Prague) in. “Eixpermental Morphology of the 
Aortic Arches and the Heart Loop m Chick Embryos” 
gives a fascmating description of the results obtamed by 
temporary occlusion with tiny silver chps (which are 
soon discarded by the embryo), of particular arches or 
parts of the heart loop m four-day chick embryos Notable 
msights mto hemodynamics and the origin of vascular 
septal defects derive from what 1s essentially an artificial 
operation, and the range of plasticity and resource m 
compensatmg for the interference shown by the developing 
chick 1s both bafflmg and awe-mspirmg 

Altogether a most rewardmg volume The usefulness 
of the reference lists appended to each chapter would be 
increased beyond measure if the titles of the papers could 
be given in full There are both author and subject mdexes 

S Sarre 
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THAT LEAN AND HUNGRY LOOK 


Malnutrition and the Eye 

By Donald Stewart McLaren. Pp xix4 390. (New York 
Academic Press, Inec., London Academic Press, Inc 
(London), Ltd , 1963.) 111s. 


Advances in Ophthalmology 

Vol 14 Edited by E B. Straff. (Bibhotheca Ophthal- 
mologica, Faso 63.) Pp vi--286 (Basle and New York 
S Karger, 1963) 66 Sw francs, 66 D.M 


N author, circumspect enough to write what amounts 
to & rare if not the first book on a specialized topic, 
has an enormous advantage over the common or garden 
text-book hack, he sets a standard for the future without 
having to run the gauntlet of critical comparative 
anatomy Even if this high premium 1s discounted, 
Malnutrition and the Eye ıs exemplary in many ways 
Divided into three sections which cover the bearing 
nutrition has on vision, malnutrition m animals, and m 
man respectively, the book 1s well orgamized, and provided 
with virtually two indexes the usual one at the end and a 
most detailed list of contents at the beginning The 
structure and development of the eye are well presented, 
if simplified as space demands. 

“Malnutrition m Animals” deals with total and aqueous 
manimation and the effects these have on ocular growth 
Much mteresüng information is given on the results of 
vitamin A-deficiency, and one only wishes that some of the 
illustrations (for example, Fig 15) showed some contrast 
The effects of vitamin B on the cornea, conjunctiva and 
other ocular tissues are also discussed This treatment 1s 
repeated in relation to many elements, protems, carbo- 
hydrates, cholesterol and fats, and rounded off with a 
consideration of congenital malformations and toxic 
agents The discussion on human malnutrition follows a 
simular analytical pattern, enablmg one to pick out m- 
formation on a given topic at a glance The author's 
unfamiharity with some of the principles underlying dark- 
adaptation (such as p 184) causes less regret than the 
all too restricted use of world maps this becomes striking 
when Dr McLaren rightly states that the role of malnutri- 
tion in trachoma has never yet been properly studied 
Not everyone is able, or wishes, to be an Albert Schweitzer, 
carrying healing to the millons whose visual hfe 1s brief, 
but even the luxury of ‘fundamental’ research might be 
rendered more economical by the provision of a few maps 
which the price of this splendid book ought to be able to 
take 1n its stride 

The information contamed in the fourteenth volume 
of Advances «n Ophthalmology 1s, of necessity, more lumuted 
Its topics are related, in one way or another, to the retina 
The first (by S Kruger) deals with thrombotic glaucoma, 
the orgm of which is obscure although its mme:dence 18 
preceded by thrombosis of the central retmal vem, whence 
it derives its name ‘The author directs attention to 
disputes regarding its etiology and stresses the need for 
a detailed study of prothrombin-levels, due account 
bemg taken of the patient's age Rather surprisingly, 
she believes the fact that this secondary glaucoma tends 
to appear in the sixth or seventh decade pomting to a 
correlation with vascular sclerosis 

P Karlı deals with spontaneous and expermental 
retinal degeneration in a variety of anımals Thus article 
clearly overlaps ın part with Dr MeLaren's book and shows 
perspicacity in the appraisal of Wald’s interpretation of 
the biochemical consequences of vitamin A-deficiency as 
related to the structure of 10ds Work on 10do-acetate 
earried out at Buffalo, the Institute of Ophthalmology, 
London, and elsewhere 1s well reviewed (and, mncidentally, 
the illustrations leave little to be desired), but the 1eader 
must be pardoned if he 1a1ses an eyebrow on seeing Fig 6 
the visual threshold of the normal mouse differs from 
that of the mouse "à rétme entièrement dépourvue de 
cellules visuelles photoréceptrices” by a factor of 105 
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This is odd But, ın general, the review 18 instructive for 
it relates structural to functional anomalies even. 1f, as 18 
inevitable ın a young subject, the approach is correlative 
1ather than explanatory 

The last and longest of the surveys, by W Straub and 
M. Severn, reads like a retino-biography Its very title, 
‘Retina (1952-1959)”, promises a catholicity of approach 
that ıt fails to fulfil, and a thoroughness of execution that 
it achieves Its mtroduction deals with 1etmal anatomy, 
skirts over retinal chemistry, dives into vegetative 
physiology, skates over objective and subjective tests, 
delves into ophthalmodynamometry, immerses itself into 
electroretinography—which it fails to distmguish from 
action-potential physiology—and concludes with two 
pages on ‘sundry matters’ Not a hne too soon The 
authors are more at home in hstmg vascular diseases and 
ietinopathies, congenital and hereditary anomalies, 
although ther geneial lack of criticism 18 not restricted 
to the section on senile effects “‘Retinal detachments” 
conclude this well-documented survey But would it not 
have been just as useful to confine the 1eview to the 
extensive bibliography with full titles (translated mto one 
of the major Western languages where necessary) ? 

- R A WEALE 


ANIMAL PATHOLOGY 


Pathology of Domestic Animals 

Vol 2 By K V F Jubb and Peter C Kennedy Pp 
xv+613 (New York Academic Press, Inc , London 
Academic Press, Inc (London), Lid, 1963) 171s 6d 


HIS volume completes a comprehensive account of 
the Pathology of Domestic Anwnals As m the 

first volume, the authors present a vast amount of detailed 
information as a logical and coherent story of disease 
processes in the different organ systems A good deal of 
1elatively new mfoimation culled fiom tho literature has 
been brought together m book form for the first time 
The pathology of the domestic animals covers such a very 
wide field with the complication of species variations, as 
well as the large number of conditions common to all, that 
to attempt to embrace this m a two-volume work 1s indeed 
ambitious However, the authors, in the main, have 
succeeded admurably in ther task 

The first two chapters describe the lesions (macroscopic 
and microscopic) to be found throughout the alimentary 
tract These are followed by chapters which deal with 
hepatic and pancreatic pathology. There is a short 
chapter on the peritoneum, retroperitoneum and mesen- 
tery followed by a lengthy account of the diseases of the 
uumaiy system Pathological processes in the central 
nervous system, the musculature and the skin 1ece1ve 
their full share of attention and, for the fist time, the 
pathology of the diseases of the organs of special senses, 
the eye and ear, are comprehensively discussed The 
literature on existing information on the normal structures 
of the ear of animals ıs widely scattered and a valuable 
feature of the chapter on auditory defects 1s the bnef 
annotation of the work on this subject These two chapters 
on eye and ear have been prepared m collaboration with 
Dr L Z Saunders and are especially worthy of note 

This book 1s more discursive than the first volume and 
includes rather more chmical mformation No doubt this 
will sustam the student's mterest and also be useful to 
the non-vetermary reader, but 1t could, with advantage, 
have been reduced ‘The chapter on skin diseases 1s 
disappointng Thero ıs a long chronicle of the changes 
which occur in a wide range of conditions, but little 
attempt 1s made to relate these changes to the basic 
physiology of the skin In recent years there has been 
much progress ın the biological sciences m relation to 
dermatology and ıb 1s a pity that some of this information 
has not found its way mto this section 
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Parts of the chapter on liver disease may be confusing to 
students because the authors take as the basis of hepatic 
structure the unit of Rappaport This unit 1s orientated 
to the portal vessels and them bile ducts so that on this 
basis the familar centrilobular necrosis becomes periacmar 
necrosis Tho discussion on fatty deposition in hepatic 
cells fails to distinguish clearly between micellar fat and 
globular fat and, although there 1s a useful account of the 
agents which damage mutochondna, the importance of 
deranged phospholipid metabolism 1s not stressed It ıs 
probably lack of phospholipid synthesis which 1s the most 
frequent cause of hepatic cell damage and hence a prime 
cause of fatty deposition m. the cell 

Although throughout the book the bibhography is 
extensive and mternational, there 1s, at times, surprisingly 
httle reference to geogiaphical pathology Variations m 
the disease picture in different areas of the world do not 
receive sufficient attention, for example, the regional 
differences of ‘blue tongue’ and the peculiar geographical 
distribution. of tonsillar carcmoma of the dog There 1s 
some disparity between the space devoted to the various 
vesicular diseases of animals Tho pathogenesis and 
pathology of a major epizootic disease such as foot-and- 
mouth disease should have been given more attention A 
section devoted to the pathogenesis of the virel exan- 
themata m. general would have been useful and, although 
Fenner’s work on mouse pox 1s included n. the references, 
some mention of 1s principles and probable application to 
other poxes should have found its way into the text 

Tho two volumes are concerned with macroscopic and 
micioscopic morphological changes Future editions 
would be more valuable 1f attention were directed to tho 
underlymg biochemical derangements which produce 
cellular abnormalities Such melusions need not merease 
the overall size of the work because type examples of 
basic patterns of disease, used selectively, would avoid 
some needless repetition 

The binding and printing are excellent The book is 
well produced on good quality paper, the lavish illustra- 
tions m particular demand praise, they are all remarkably 
clear and have concise explanatory legends The authors 
and publishers are to be congratulated on producing & 
definitive work on animal pathology, the framowork and 
the substance of which will stand the test of time and 
become the accepted text of this important subject 

A R JENNINGS 


ELECTRONS AND WAVES 


Microwave Tubes and Semiconductor Devices 
By G D Sms and I M Stephenson Pp xxn-+388 
(London and Glasgow Blackie and Son, Ltd , 1963 ) 75s 


IGROWAVE Tubes and Semaconductor Devices 1s 
intended foi the student of physics or electrical 
engineering who wants to acquire & comprehensive view 
of microwave techniques, and also for the teacher who 18 
always m danger of missing something new m this fast- 
growing field It may come as a surprise to anybody but 
a specialist that after less than thirty years from the 
start the techniques of microwave generation and ampli- 
fication have developed to such an extent that a book of 
388 pages can be little more than a dictionary of ingenious 
devices and methods 
The mam part of the book, 288 pages and 10 chapters, 
18 devoted to microwave tubes, the last two chapters deal 
with maseis and semiconductor devices The main part 
centres on a single physical problem on the generation 
or amphfication of short electromagnetic waves by means 
of free electrons In all devices the electrons act as 
couplers between electromagnetic fields of different fre- 
quencies, drawing power from one and transferring 1t to 
the other Such a unified problem appears to call for a 
unified treatment, but 16 1s no reflexion on the authors 
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that their book reads rather like a hst of ingenious inven- 
tions, connected only by a thin thread It 1s rather a 
reflexion on their students, because the authors are very 
competent mathematicians, who could well have pro- 
duced a unified, deductive mathematical theory, so that 
all devices (also those which do not yet exist) would fall 
into their place But they are also experienced teachers 
m a department of electrical engineermg, and ıt appears 
that in ther judgment such a mathematically based 
treatment would have been above the head of the average 
student One may thmk, though, that they have gone a 
little too far All their mathematics 1s compressed into 
some fifteen pages of appendixes The text contams only 
formule without proof Will ıt really help the student if 
he memories that a velocity jump upwards reduces the 
noise jn an electron beam, without a proof, which would 
have taken only two lmes of mathematics, or a simple 
diagiam ? "Will anybody who has only memorized the 
Manley—Rowe relations be able to apply them correctly ? 
This 15 a book which ought to go into several editions, 
revised and brought up to date I wish that m the second 
edition the authors would add fifty pages or so of mathe- 
matics for the student who has more mental equipment 
than just & memory 

I do not want to obscure by these strictures the fact that 
this ıs a highly useful and important book, from which 
almost everybody will learn many new things Some idea 
of the contents 1s given by the chapter headings general 
principles, electron guns and focusing, klystron amplifiers, 
the reflex klystron, the travellmg-wave tube amplifier, 
slow-wave structures, further tubes of the travelling-wave 
type the magnetron and related tubes, parametric devices, 
cyclotron wave tubes, masers and semiconductor devices 
The hst of the “‘-trons’’ discussed would fill almost a page 
Apait from bemg a text-book for the student, this book 
is a most umpressive documentation of the staggering 
amount of inventive ingenuity which has gone mto one 
of the explosive technical developments of our times 

D GABOR 


PHYSICS OF FAILURE 


Physics of Failure in. Electronics 

Edited by M F Goldberg and Joseph Vaccaro Pp 
vi+255 (Baltimore, Md Spartan Books, Inc , London 
Cleaver-Hume Press, 1963 ) 60s 


AS the complexity of systems using electronic com- 
ponents mereases, the designer is contmually bemg 
confronted with new difficulties One of the most challeng- 
mg of his problems is that of ensurmg reliability Two 
typical classes of system where component stability is of 
crucial importance are those which are used in the control 
of mussiles or artificial satellites, and those which will 
replace the present generation of digital computers In 
the first class of system, reliabihty must be of the highest 
oider &ince once the missile 1s fired no servicing 18 possible 
In the second, one 1s more directly concerned with the 
statistical probabihty of component failure for, although 
servicing is theoretically possible in this case, rb 18 not 
always practically so—4f the system contams some 
8 milhon active and 20 millon passive components (as one 
such envisaged system does) ıb 1s unlikely that the system 
will ever work, unless component rehabihty 1s of the very 
highest order, because failure probability wil always be 
eritacally mgh somewhere in the system 

The two classes of problem are, of course, not really 
distinct, nor are the questions that they raise How- 
ever, the latter type perhaps better illustrates the 
difficulty facmg the engineer In order that the most 
complex system shail function at all satisfactorily, the 
mean hfetime 1equired of any component may well be so 
long that ıt ıs nnpossible to predict its achievement by 
merely life-testing samples from production batches If, for 
example, a mean lifetime of 5 years were needed—hbefore 


NATURE 


435 


sampling technique could establish that component 
rehability of this order had been achieved—the system 
design would most probably have become obsolete 

Clearly the need for a new approach to the problem 
has become critical and ıt 1s this situation which has given 
birth to ‘the physics of failure’ as a subject ın its own 
right The aim of the ‘failwie physicist’ is to investigate 
the causes of failure of components at the molecular 
engineering’ level, thereby establishing the precise way 
m which his components are hkely to fail under environ- 
mental stresses This done, he should then be able to 
design components the lifetime of which under known 01 
predicted stiesses can be calculated from a set of 'failuie 
equations’ The production batch tests on which predic- 
tion of rehability has for so long been based tell us nothing 
of the fundamental failure mechanisms and, in conse- 
quence, this new approach to the problem involves radi- 
cally different techniques The problem in general 1s 
admirably presented m the several survey papers contained 
m Physics of Failure in Electronics, which represents the 
proceedings of the first symposium ever to be eniirely 
devoted to the subject This was held m Chicago in 
September 1962 under the sponsorship of the Applied 
Research Laboratory of Rome Air Development Centre 
and the Armour Research Foundation of the Jlhnois 
Institute of Technology, and was attended by 350 people 

Apart from the survey papers, many more specific 
aspects of the subject were discussed Several of the 
papers meluded deal with failure of specific components, 
for example, “The Physics of Resistor Failme’’, “The 
Effect of Radiation Damage on Capacitance of Siheon 
Diodes", ete , while others are more concerned with what 
are essentially basic materials problems Among these 
are to be found such topics as “A. Study of the Primary 
Modes of Failure Occurring at Material Interfaces in Thin- 
Film Solid State Devices" and ‘Dislocation and Semu- 
conductor Device Failure’ Among ‘active’ devices 
specifically considered are traveling-wave tubes, and two 
pepers consider the effects of residual gases on tube 
behaviour and hfe There are of course also, as 1s to be 
expected, a number of papers devoted to failure mechan- 
isms in transistors, tunnel-diodes and other active, solid- 
state devices 

The precepts of this emergent branch of physical/ 
mathematical science are, as we have said, outlimed im the 
survey papers, and even if the outlme 1s not altogether 
without ambiguity and contradiction, the volume presents 
an excellent introduction to a new way of thinking about 
an old problem It ıs unusual for published symposium 
proceedings to provide & good mtroduction to a subject, 
but this book 1s an exception and fully deserving of a 
place on the shelves of both the engineer/physicist 
approachmg the subject for the first tme and the reha- 
bihty/hfe-study scientist for whom these problems have 
been a bane for so long G D Sms 


SUGAR TECHNOLOGY 


Proceedings of the International Society of Sugar Cane 
Technologists 

Eleventh Congress, Mauritius, September 24-October 5, 

1962 EdiedbyJ R Wilhams Pp lvi+1250 (Amster- 

dam, London, New York Elsevier Pubhshing Company, 

1963) 200s 


HIS handsome, but not handy (weight 6 lb ), volume 

contains the texts of papers presented to the eleventh 
congress of the International Society of Sugar Cane 
Technologists Various aspects of the cultivation of 
sugar cane (agriculture, breeding, entomology, pathology) 
are dealt with m 105 papers (770 pages), 16 papers (120 
pages) and 19 papers (200 pages), respectively, a10 devoted 
to certam problems of processmg and engineermg 
encountered in the raw sugar factory, and 7 papers (75 
pages) contam some information concernmg by-products 
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In this review no attempt will be made to evaluate the 
papers concerning cane, but the last paragraph of the 
chairman’s address to the Agricultural Section, by H 
Evans, well indicates the scope of the investigations bemg 
pursued in many cane-growing countries ‘Summarizing, 
one may stato that future progress from the agricultural 
side will depend on a steady stream of new superior 
varieties, better contiol of pests and diseases, a better 
understanding of the sugar cane plant m relation to its 
environment, and finally the harvesting of the sugar 
that is produced in the field by most economical means and 
with the smallest possible unavoidable losses" (p 65) 

From the section dealing with processmg one major 
theme emerges to which the majority of the papers are 
devoted, directly or mdirectly, namely that of producing 
raw sugar of better 'refinabihby! (the word ‘refinabilty’ 
does not occur m any of the texts, but has been used for 
many years by me) Thisis clearly stated in the chairman's 
address to the Processmg Section, by H W Ken “tho 
pioblem 1s that of ehmmatmg from the raw sugar those 
mmor impurities which introduce refinmg difficulties , 
in a highly competitive world market the producer (of 
raw sugar) clearly recognizes his responsibility m gaming 
acceptance of his product (by the refiner)” (p 846) This 
recognition has come late m the cane industry compared 
with the beet mdustry, m which attention to the quahby 
of raw sugar, for the ease of refinmg, has been directed 
smce the begining of this century, the importance of 
quahty standards has, however, dwindled in the beet 
mdustry, owing to the fact that nearly all the sugar ıs 
now produced as direct consumption white sugar in the 
factory (not refinery) (see Honig, 3, 453, 1963) 

For the cane industry ‘refinabilty’ or ‘refinmg quahty’ 
(p 950) 1s becoming increasingly important, and awareness 
of this 1s expressed by several authors “raw sugar 
manufacturers m various cano growing countries are 
(now) prepared to spend not meonsiderable amounts of 
money ın endeavours to supply & product which satisfies, 
as nearly as possible, the requirements of the refining 
industry” (p 869), “a more realistic approach to the 
problem of deciding on the most economic raw sugar 
quahty could be made possible by a joint effort of raw 
sugar manufacturers and refiners” (p 871), “many raw 
sugar manufacturers (are now) anxious to provide refiners 
with a satisfactory product” (summary p 876), “pro- 
ducers are quantity- but not quality-mmnded It might 
become progressively more difficult to sell the product” 
(Discussion p 877) The experiments described and the 
ideas expressed in the papers indicate that a concerted 
effort by raw sugar manufacturers and refiners 1s needed 
for evolving an economic method for improving the 
rofinabilty of raw sugar Some of the papers do not 
touch on this problem, but deal with other topics, and, on 
the whole, they do not appear to make a significant 
contribution to the advancement of the processing practice 

The section headed ‘““Engmeormg” is in fact mamly 
devoted to '"The Processing of Sugar Cane into Juice and 
Fibre”, and this is the title of an excellent paper by 
J H Payne (p 971) The trend of development is 
summed up m this paper “Scientific examination seems 
to show conclusively that 1t would be more rational to 
apply persuasive (m tho diffuser) rather then forceful (m 
the usual mills) means to induce the juice to leave its 
esllular abode” (p 990) However, only two papers are 
devoted to the diffuser, namely that already mentioned, 
by J H Payne (p 971), and the other by A F de la Calle 
(p 991), and most of the other papers deal with problems 
arising from the operation of cane mills This fact alone 
indicates that, despite much pubheity given m recent 
years to various types of diffusers for cane, there 1s little 
to report of actual success with any diffuser (m contrast 
to the beet mdustry), the main difficulty still bemg that 
of adequately preparing the cane for the diffuser Of the 
few papers dealmg with problems of engmeermg proper, 
that on "Novel Ideas m Cane Mill Design” (p 1052), by 
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P M Grandjean, deserves special attention, provided that 
designs of mulls are still of interest m view of the 
immmence of the solution of the problems of the diffuser 
together with those of cane preparation and bagasso 
dewatering without recourse to any mulls. 

The section on by-products 1s a scanty one and indicates 
that httle practical progress has been achieved in this 
field which seemed so full of promise a few years ago 

J EISNER 


BUILDING AND THE WEATHER 


Design with Climate 

Bioclmatie Approach to Architectural Regionalism By 
Victor Olgyay Pp vin+190 (Prmceton NJ  Prince- 
ton University Press, London Oxford University Press, 
1963) 120s net 


UCH has been written recently of ‘the two cultures’, 
and of the need to bridge the gap between them 
Building scientists may be 1egarded as bemg on one side 
of this ‘gap’ and architects on the other, and 1n this sense 
Design with Climate may be seen as an attempt to bridge 
the gap by making architects aware of scientific 1nforma- 
tion which can help them to design bette: buildings, and 
by helping them to understand ıb 

In attempting to review this book, then, one must ask 
two questions—first, does 1t tell the architect how ho can 
design buildings so that they take account of climate, 
and secondly, 1s the material that 1s presented scientifically 
correct ? 

There can be no doubt that the book could extend the 
awareness of architects to climatic problems—aithough 
all must already have some ımpleıt knowledge of tho 
subject or all them bwldmgs would be failures It con- 
tams m places summaries which emphasize the important 
factors to be considered, for example, at the end of 
chapter 9, “Wind Effects and Aw Flow Patterns". The 
section on shading devices which control the amount of 
solar radiation entermg wmdows is clearly written, as 
would be expected fiom one of the co-authors of an earlier 
work Solar Control and Shading Devices However, I find 
much of the rest of the book obscurely written—one 1s 
brought up short, for example, by the sentence “‘evapora- 
tion decreases dry-bulb temperature” (p 20), and by “the 
mean value (of the solar constant) 1s 1 94 cal/em?/mm, 
which 18 generally accepted as equivalent to 420 Btu/ft */ 
hr" (p 32) 

The book 1s intended to deal with the design of buildings 
which will be comfortable to live m—and chapter 2, “The 
Bioehmatie Approach", tites to explain how the climate 
affects man's comfort, starting with some vague diagrams 
which do nothing to illuminate the text The charts 
followmg this, showmg the effects on human comfort of 
varying one element in the environment, may, m a work 
such as this, tend to give a misleading impression of a 
degree of precision which is not warranted by the existing 
state of knowledge in this field 

Many of the photographs and diagrams are poorly 
reproduced, often on too small a scale for legibility One 
pair of diagrams (Fig 78-9), purporting to show the 
diurnal and annual variation of wind speed and direction 
at two heights at one place, are not only almost illegible, 
but have different scales of wind-speed, neither of which 1s 
specified ! Others are carelessly drawn—some wind-roses 
have arrows pomting mwards, others have them pomting 
outwards and m the absence of explanations 1n the text 16 
1s not possible to be certain what eithe: means 

One could quote other faults, fo: example, some non- 
sensical ‘equations’, but enough has been said to mdicate 
that, far from ‘bridging the gap’, a book like this deepens 
the gulf, by making scientific work and its results seem 
more obscure than the unfortunate reader thought they 
would be R E Lacy 
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Comprehensive Biochemistry 

Vol 7, Part 1. Protems Edited by Marcel Florkm and 
Elmer H. Stotz Pp xu+280. (Amsterdam, London and 
New York Elsevier Pubhshmg Company, 1963 ) 75s. 


EVERAL treatises on proteins have appeared m recent 
years, and most have been considerably larger than 
this volume, although 1t should be noted that there are 
further sections on mdrvidual protems m the succeeding 
volume 1n this series The present treatment accorded to 
proteins 1s neither exhaustive nor exhausting Most of the 
book 1s well written, but there are certam features which 
ment eriticism The omission of any account of the general 
methods of synthesizmg peptides is to be deplored, smee 
15 18 m this field that organic chemists and biochemusts 
have combmed so effectively to establish relationships 
between the biological activity and structure of poly- 
peptides The first two chapters deal with the occurrence, 
classification, preparation, and analysis of protems {E G. 
Young) and the chemical methods of determming and 
modifying protem structure (H Fraenkel-Conrat) 

The remamder of the book 1s devoted to physical 
methods of mvestigating protems The topics covered 
inelude acid-base properties and electrophoresis of 
protems (R Trautman), protem mteractions and denature- 
tion (H A Scheraga), osmosis (R L Baldwin), 
sedimentation, diffusion and partial specifie volume (K O 
Pedersen), and spacial configuration m protems (D W 
Green) This volume has apparently been m preparation 
for a considerable tame Trautman and Scheraga admit 
that their chapters were written ın 1960-61, and ıb 1s fairly 
obvious that the remamder of the book ıs of similar 
vintage One of the reasons given by the editors for 
publishing this treatise m numerous small volumes was 
the desire to provide a contemporary picture of bio- 
chemistry Ths aim has been only partially successful in 
this volume Some of the authors have attempted to 
make amends when the book was in proof by directing 
attention to more recent developments and citimg addı- 
tional references It 1s to be hoped that later volumes will 
not suffer a similar delay ın publication, for this kind of 
comprehensive survey of biochemistry is desperately 
needed D T ELMORE 


La Tolérance Acquise et la Tolérance Naturelle a 


l'Egard de Substances Antigéniques Définies 
Colloques Internationaux du Centre National de la 
Recherche Scientifique, No 116, Royaumont, 25-28 Jum, 
1962 Pp 490 (Pars Éditions du Centre National de la 
Recherche Scientifique, 1963 ) n p 


dq 44 participants ın the Royaumont Symposium 
included two from Eastern Europe. Of the 24 papers, 
19 are m English and 5 1n French, one of the latter carries 
an English summary 

It was generally accepted by the speakers that a state 
of tolerance may be induced when the dose of antigen 13 
sufficiently large m relation to the number of immuno- 
logically competent cells present ın the injected animal 
Factors which brmg this about are discussed in the first 
group of papers—size of dose, neonatal paucity of 
immunologically competent cells, thymectomy, the mjec- 
tion of Fround’s adjuvant, X-irradiation and the 
admumustration of 6-mercaptopurme, thioguamme, folic 
acid antagonists or alkylatmg agents 

Three papers discuss methods of suppression or abroga- 
tion of tolerance—X-radiation, the injection of antibody, 
the transplantation of immunologically competent cells 
and immunization with related antigens Natural tolerance 
to autologous antigens is considered in three papers, one 
of which examines the failure of natural tolerance m casos 
of allergic encephalitis Several papers cover other 
aspects, such as the types of cells involved m mmuno- 
logical reactions, the effects of thymectomy, the 
non-specific globulin response to the injection of Freund's 
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adjuvant and tolerance to chemical antigens Tho final 
two papers discuss theories of mmunological reactions 

A feature of great value m this volume 1s the verbatim 
reporting of audience discussions of each paper, and the 
whole symposium closes with an extensive general discus- 
sion As would be expected, the meeting together of this 
group of distinguished immunologisis stimulated much 
discussion and speculation, which ranged widely within the 
field of theoretical immunology Yet the presentation 1s 
lucid The book is recommended both to specialists m 
the field and to those whose experience may be less, but 
whose interest is keen 


A Guide to Subcellular Botany 
An Introduction to the Structure and Functions of Plant 
Cells m the Light of Modern Developments By C A 
Stace Pp xi--148. (London Longmans, Green and Co , 
Ltd, 1963) 15s. 
HIS little book deals with the structure (physical and 
chemical) and functions of the various paris of the 

plant cell, and naturally draws heavily on the new informa- 
tion provided by the electron microscope It 1s written at 
& level held to be switable for school srxth-formers, 
students ın ther early years at universities, and teachers 
The book 1s 1n three sections devoted respectively to plant 
compounds, cell structure, and genes and enzymes Hach 
of these 1s divided into sub-sections which are not headed 
as chapters but are so described in cross-references, & 
numerical reference might have been tidier 

Mr Stace is well informed and writes mterestbmgly and 
concisely, aided by clear diagrams No attempt is made to 
gloss over the many gaps m existmg knowledge of the 
ultrastructure of cells Misprints and faults ın expression 
are few, though a sentence on p 108 can be read to imply 
that ib 13 m order to ignore facts which happen to be 
yneonsistent with a particular hypothesis Tho use of the 
term ‘dogma’ in reference to the concept that DNA 1s the 
ultimate genetic particle 1s open to several objections— 
surely ‘theory’ or ‘hypothesis’ can continue to serve m 
such mstances Some reference to the possible bearmg of 
the now information concerning coll structure on the 
uptake of water and solutes would have been welcome 

Though 15 18 becommg customary for general botanical 
text-books to mclude some description of sub-cellular 
structure, there was undoubtedly a need for the fuller 
treatment possible m a book devoted entirely to these 
aspects, and many botanists will be grateful to the author 
for fillmg this gap Whether school pupils or oven univer- 
sity students in their early years will have the time to 
master so much detail 1s debatable G Bonp 


Boolean Algebra 
(The Commonwealth and International Library of Science, 
Technology, Engmeermg and Liberal Studies) Mathe- 
matics Division Vol 6 By Prof R L. Goodstem 
Pp vn+140 (Oxford, London, Paris and Frankfurt 
Pergamon Press; New York The Macmillan Company, 
1963) 12s 6d 
D: his remarkable essay, Mathematical Analysis of Logic 
(1847), George Boole gave the first really successful 
reduction of propositional logic to an algebraic calculus 
The same calculus supplies an algebra of sets or classes, 
perhaps a more concrete mstance for the novice, and Prof 
Goodstem begms his tract here He then proceeds to 
discuss vanous axiomatizations of the system, returnmg 
to the algebra of sentences or propositions as another 
exemplification The last chapter deals with partially 
ordered sets and lattices The author ıs primarily mter- 
ested m structure, so that the book forms a good 
mtroduction to the elegant austerities of modern abstract 
algebra The anatomy of Boolean algebra is clearly dis- 
played and expounded, and the reader can add a good deal 
of flesh by working through the numerous examples, for 
which the generosity of the author has provided full solu- 
tions at the end ofthe volume T A A BROADBENT 
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ROLE OF RESEARCH AND DEVELOPMENT IN PRODUCTIVITY : 


THE NEXT 


íi reseach and development for mdustry should 
have a clear-cut objective, as 18 seen 1n the require- 
ments of the Armed Services, was advocated with some 
emphasis by Sir Harold Roxbee Cox, chairman of the 
Council for Scientific and Industrial Research, at the final 
plenary session of the National Productivity Yeai con- 
ference, “Productivity—the Next Five Years", held at 
Eastbourne during November 26-28 

The second day of the conference had been devoted to 
discussion on & number of papers presented to five streams 
research and development, education and traming, 
production, marketmg, retail distribution* The chai - 
men of the five streams had then summarized the con- 
clusions for presentation to the conference at the closmg 
plenary session, 

Sir Harold Roxbee Cox was chairman of the Research 
and Development stream, having as vice-chairman Mr 
Jack Cooper, Trades Union Congress General Council 
member and general secretary of the National Union of 
General and Municipal Workers 

Sir Harold’s task was to summarize the deliberations 
which followed a series of papers Jt wes no easy assign- 
ment smce the presenters of the papers were Sir Harry 
Melville, secretary, Department of Scientific and Industrial 
Research (“The Application of Research”), Mr D L 
Nicolson, chairman of Production Engmeermg, Ltd 
(‘Operational Research and Management”), Mr G B R 
Feilden, group technical director of Davy-Ashmore Ltd 
(*Engmeermg Design”), Dr J S Bla, assistant research 
director, Stewart and Lloyds, Ltd (“Technical Information 
and Co-operation”), Dr A T M. Wilson, adviser on the 
use of social sciences, Unilever, Ltd (Human and Social 
Sciences and Productivi&y") and Dr D G Christopherson, 
vice-chancellor of the University of Durham (‘“Traming of 
Technologists’’) 

In a foreword to the printed papers, Sn Hairy Melville 
pomted, out that operational research provided a powerful 
means of investigating the likely behaviour of industrial 
processes and revealing present weaknesses ın. production 
“Progress 18 most hkely’’, he wrote, ‘when there 1s adminis- 
trative and business experience with scientific and technical 
knowledge and this combination—rare ın one mdividual— 
can be remedied by the creation of special institutions such 
as the National Research Development Corporation ”’ 

Sir Harry Melville also declared “It seems that a new 
philosophy of management 1s needed and a better under- 
standing of the new techniques of management made 
available by science 

“I would not wish to argue that 1t 1s necessary for boards 
of directors to be qualified operational research workers 
or scientists But it 1s desirable, in my view, for manage- 
ment to have sufficient understanding of what scientific 
methods and scientists can accomplish and sufficerent 
sympathy with the scientists’ outlook to derive the 
maximum, possible benefit from their work” 

The paper presented by Sir Harry Melvilie had been 
contributed to by Mr R A E Walker, secretary, 
National Research and Development Corporation (“Inno- 
vation in Industry and NRDC”), Dr C L Cutting, 
director of research, British Food Manufacturing Industries 
Research Association (“‘Contribution of Food Research. to 
Productivity”), Mr P:H Hammond, Autonomics Division, 
National Physical Laboratory ("Optional and Adaptive 


* Printed papers of the five streams at the Nafional Productivity Year 
conference are available with the proceedings of the two plenary sessions at 
five guimeas per set of six volumes or one guines (post paid 1n the United 
Kingdom) for the “Research and Development" volume from the British 
Productivity Couned, Publications Section, Vintry House, Queen Street 
Place, London, EC 4 


FIVE YEARS 


Process Control"), Mi P G Hodgkinson, chief production 
engineer, British Ship Research Association (“Research 
Programme of the BSRA Production Division"), 
Mr R E Jeanes, Buildmg Research Station (“The Critical 
Path Method"), Mr J Pacitti, Rubber and Plastics 
Research Association (“Tho Importance of Operational 
Research in the Selection of Technological Development 
Projects”), Mr A J Robmson, Warren Sprig Labora- 
tory, Department of Scientific and Industrial Research 
(“Overall Control m Mineral Processmg”), Mr J B 
Woodhead, National Engineering Laboratory (Hydrostatic 
Power Transmissions), Dr M P Belfe, deputy director, 
British Leather Manufacturers’ Research Assocation, and 
Mr H E L Freytag, information officer, British. Boot, 
Shoe and Alied Trades Research Association (“High 
Productivity in the Leather and Footwear Industries") 

The efforts of the National Research and Development 
Corporation to secure the use by mdustry of the mven- 
tions m its portfoho were outlned It was stated that 
the price to the user 1s, normally, a royalty on sales of 
some form of levy 

Illustrations of the application of operational research 
were given 1n papers on “The Critical Path Method" and 
on “The Importance of Operational Research to the Selec- 
tion of Technological Development Projects" The former 
illustrated that the critical path method can be used to 
umprove pioductivity in building, and the Building 
Research Station has vestigated this method for plan- 
ning the design contract procedure and site operation of 
the school built at Daventry as a lve project for the 
National Productivity Year by Northants County Council 

The second paper showed that operational research 
could often suggest the need foi innovation and help 
generally ın the selection of technological development 
projects 

Some general aspects of planning and production control 
were illustrated m the paper for the British Ship Research 
Association These included. network systems of planning 
and production control, numerical relation of machme 
tools, coding systems and traming to assess the function 
of mtroducmg new methods, statistical quality control and 
other work 

In the other, shorter, papers, the director of the Food 
Manufacturmg Industries Research Association con- 
sidered the contribution of food research to productivity , 
members of the staff of the British Leather Manufacturers 
and Shoe and Alhed Trades Research Associations dis- 
cussed high productivity in the leather and footwear 
industries, the National Engmeermg Laboratory paper 
dealt with hydrostatic power transmissions which can 
greatly improve the productivity of machine tools, earth- 
moving and other off-the-road vehicles, and also 10ad 
vehicles 

Finally, those by the National Physical Laboratory and 
Warren Spring Laboratory discussed developments in 
automation 

The paper presented by Mr D L Nicolson was con- 
tributed by Mr Patrick Rivett, Arthur Andersen and Co , 
and president of the Operational Research Society 
(“Operational Research—The Next Five Years’’), Mr 
W D Harrison, Production-Engmeermg Ltd (“‘Opera- 
tional Research and Management’s Responsibilities") and 
Mr R M Currie, of Impenal Chemical Industries, Ltd , 
Central Work Study Department (““Management Sciences 
A Plea for Co-ordmation’’) 

Mr Rivett saw two general lines of future advance 
First, there was the development of valid measures m 
fields not yet subject to measurement An important 
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development was the derivation by operational research 
workers of mathematical models of industrial situations 
from which ıt was possible to deduce the appropriate 
measure to be applied ın judgmg the performance of 
management and the attractiveness (or productivity) of 
alternative policies 

“The derivation of proper measures of performance 1$, 
perhaps, the most difficult task facing management and 
operational research worker ahke", he said 

The other line of progress leading to important pay-offs 
was that m which complex operations were lmked He 
referred to critical path scheduling and to the fact that 
until the development of the computer the sheer size of 
many problems would have defeated human ingenuity 

The remaming problem was that of the relationship 
between the industiial executive and the operational 
research worker He stressed that operational research 
would not make the hfe of the manager easier, but ıt 
would be essentially different and his task might well be to 
consider more philosophical imponderables or even basic 
questions of morahty 

Mr Harnson thought that operational research had 
three main characteristics The business 1s regarded as an 
mtegrated system, busmess activities bemg mterrelated 
80 that an overall appraisal of the results of specific actions 
on the system can be achieved, mathematical models are 
used. to simulate the conditions and predict the results of 
actions, a mixture of different diseiplines 18 used to accom- 
plsh this, for example, physics, economics, statistics, etc 

“The advent of electrones", he said, “was leading to the 
automation of planning and control, to the re-design of 
control mechanisms and was likely to effect a complete 
change not only in the accuracy and degree of planning 
possible, but 1n the relative 1mportance of planning itself ? 

Mr Currie regretted that, m many firms, there were 
conflicts between 11val scientific diseiplines such as work 
study, operational research, ergonomics, ete , which, but 
for their names, would be seen as different facets of 
scientific method properly apphed 

“Very few firms", he declared, “have a cential service 
devoted to buildmg the bridges between the faculties and 
tbe factories and. often the motive of self-aggrandisement 
means that each of the competitive diserplines claims that 
its techniques can cover the whole range of mdustnal 
problems Our survival depends on making the best use of 
qualified men and women and the work of definition and 
co-ordination of the disciplines 1s the task of management ” 

Then came the paper presented by Mr G B R Feilden, 
this was m three sections by Mr H G Conway, joint 
managing director of Short Bros and Harland (‘Design 
and Designers"), Dr E H Frost-Smuth, director of 
research, Stavely Research Department (‘‘Future of 
Engineermg Design") and Prof R E D Bishop, Kennedy 
professor of mechanical engmeermg, University College, 
London (“The Production of Designers by Universities and 
Colleges of Advanced. Technology") 

Mr Conway suggested that one difficulty was the desire 
of the young draughtsman to get off the drawmg board m 
view of the limits of seniority, reward, and to membership 
of the learned societies, ete One solution might be a change 
m the hierarchy of the design office providing for parallel 
gradings of draughtsmen, semor draughtsmen, etc , 
traimung with design engmeers (individual workers with 
creative ability) either from the drawing board or from the 
university ‘With few exceptions, there 1s no formal 
course directing young engmeers towards design and the 
young graduate from the university is ill-equipped for 
design in the normal routme of industry”, he said m his 
paper “On the other hand, industry may not be ready to 
use him in the best way ” 

Dr Frost-Smith believed that others frequently piofited 
from pioneermg work in British research laboratories 
because design engmeermg had been iegarded as a 
‘Cinderella’ by universities and industry — "It 1s no solu- 
tion”, he suggested, “simply to offer higher salaries to 
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designers to attract science and engineering graduates to 
design, the problem ıs more fundamental and involves 
more extended education and traimmg Creative ability 
cannot be taught but at least a means can be devised to 
recognize 1t early, much can be done under the heading of 
traming ” 

The designer should certamly be tramed in engineering 
and physics but he should be familhar, as many weie not, 
with new methods of analysmg designs successfully such 
as thermoplastic models to assess vibration modes and 
weak spots 1n structures, the use of computers, ete The 
designer must also be tramed in problems of production 
and economics 

Perhaps, what was needed was a basic university tiaming 
for all engineering giaduates along the present Imes, 
governed by a further period of specialization and trainmg 
as @ research worker or designe: This might well mean 
more than three years’ traming, but engineering science 
would not be the first profession to face this need 

Prof Bishop considered that although there was much 
of great merit 1n the present system of engmeeimg educa- 
tion m the universities and colleges of advanced tech- 
nology, plaemg instruction entirely in the hands of 
professional teachers tended to weaken the lmk between 
education and mdustry There was advantage in. having 
a body of qualified engineers m the teaching profession 
uncommitted to an mdustiy and the present system had 
produced engineers of the highest calibie, the defect was 
m having only one system 

The present scheme did not lend itself to the pioduction 
of designers because students were not able to come down 
to industrial and commercial detail It mught be well to 
augment the present system with anothei, allied to that 
adopted on the Contment, n which menof honours graduate 
calibre would receive tiaming every bit as demanding as 
to-day’s but one that would not have to wander so far from 
contemporary practice 

Two papers, on technical information and co-operation, 
presented by Di J S Blair were contributed by Di D F 
Galloway, director, Production Engmeeing Research 
Association, and Mi R E Overbury, Information Division, 
Department of Scientific and Industrial Research 

Both concerned the media and methods used by the 
authors’ organizations to make known the iesults of 
research 

Dr Galloway stated that the Production Engineeiing 
Research Association had obtained striking evidence of 
the opportunities for impioving pioductivity im British 
industry in the course of thousands of efficiency projects 
conducted by the Association m many different types of 
factory These projects had resulted in average mmprove- 
ments m production efficiency of about 30 per cent m com- 
plete workshops Even larger gains had been achieved in 
some factories 

He cited the case of a medium-sized company which, 
m. & few weeks, raised the output of its machme shop by 
60 per cent without increasing its labour force, and with 
very little new equipment The net annual value of the 
increased output was approximately £50,000 

Mr Overbury explained that the Department of Scien- 
tific and Industrial Research disseminated technical mn- 
formation through fifteen research establishments, the 
National Lending Library for Science and Technology, an 
information division at its London headquarters and 
branch offices in Cardiff, Edmburgh and Newcastle 
Indirectly, the Department supported the laison and 
information activities of fifty-three research associations 
and a group of regional technical information centres 

Dr T Lupton Birnungham College of Advanced 
Technology, and Mi A B Cherns, Giants Division, 
Department of Scientific and Industrial Research were 
the authors of the papers piesented by Dr A. T M Wilson 
on “Human and Social Sciences" 

Since the Elton Mayo experiments m the 1920's, said 
Dr Lupton, 1t had become accepted that the working 
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group, rather than the individual, was the significant unit 
m industrial organization So the task of managerial 
control was one of influencmg the standards which groups 
set, particularly ın relation to productivity Hence, the 
need to trai foremen and managers m. social as well as 
technical skills, enabling them to mfluence the standards 
of the groups they controlled, the need to involve workers 
in company affairs and decisions through joint consulta- 
tions, the importance of effective communication of 
ideas, and, generally, the meuleation ın the employee of a 
sense of identification and belongmg to the company 

Mr Cherns outlmed some of the mam areas of research, 
noting the progress stimulated by two world wars Modern 
ergonomics, for example, emerged from the problems of 
presenting information in compheated operations control 
rooms or aircraft cockpits m such a way that the operator 
could act efficiently with a minimum of error or strain 
Nowadays, 16 was not considered efficient to tram opera- 
tives to do a job more difficult than 1t need be The 
operative’s capacities and behaviour were taken into 
account in designmg a man-machine complex 

Out of another war eme1gency—the choosing of suitable 
officers—developed the ‘house party’ method of leadership 
testing This was now used by several leading industrial 
firms, the Civil Service and some nationalized mdustries 
for selecting senior staff 

Another important area of research was that of the 
sociotechnical system—a phrase invented by the Tavistock 
Institute Here, the unit of study was the whole factory or 
plant, comprising a technical and a social sub-system 

“The first 1s concerned with raw materials, markets, 
scientific knowledge and so on", said Mr Cherns ‘The 
second 1s concerned largely with the flow of information 
and 1s dependent on the physical demands made by the 
technical sub-system Hence, a technological change 
reacts on the social sub-system, which has to adjust to a 
new equilibrium — This, in turn, affects the operation of 
the technical sub-system 

“The conclusion 1s that the social sub-system must be 
carefully studied to fit ıt to the technical sub-system 
and so that the effects of technical change can be pre- 
dicted 

“The introduction of a new technique can arouse not 
only doubts and suspicions but also, more importantly, 
upset methods of organizing, apportioning and controlling 
work, distort the functioning of the working gioups and 
remove the previous basis for effort baigamung An 
effective ‘critical path analysis’ would take mto account 
the elements of organizational change ” 

Papers on the tramung of technologists were by Dr 
Christopherson (‘‘Essentials of the Technological Um- 
versity”) and Dr E Rudd, Department of Scientific and 
Industrial Research (‘Postgraduate Tramimng and the 
Technologist”) 

Dr Christopherson, who presented both papers, 
suggested that a university should be able to award higher 
degrees and semor doctorates He wanted sufficient 
maintenance giants for research students, time for the 
staff to carry out their own research and a proportion of 
well-qualified candidates applying for admission 

“This last requirement", he declared, ‘depends, 
probably, on the technical university ‘image’ bemg 
attractive to s1xth-form schoolboys and, therefore, able to 
compete with the life of comparative freedom that many 
look forward to at a university m preference to a cramped 
engineering degree course at a technical college 

“A compromise must be found but only the universities 
can decide how much learnmg 1s necessary and how much 
can be fitted into three years ” 

Dr Rudd pointed out that the reluctance of technolo- 
gists and apphed scientists to receive postgraduate traimng 
m research was not a new problem It existed thirty 
years ago but now ib was causing widespread concern 
In 1963, some 1611 scientists started postgraduate 
studies but only 369 were technologists 
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“Those who believe that the British economy suffers 
from lack of the application of 1esearch rather than lack 
of basic research by British scientists, favour the develop- 
ment of research schools in applied sciences”, he said 
“Others question the suitability of an apprenticeship in 
academic 1esearch as preparation for a career 1n industrial 
research—except perhaps m the Service-based mdustries ” 

As stated, the presentation of these papers and the 
ensuing discussions took up the whole of the second day of 
the conference 

Sir Harold Roxbee Cox, summing up on the third day, 
followed up his suggestion of a mulitary-style objective m 
research and development by quoting a delegate who 
claimed. that much piesent-day research was not commer- 
cially viable He added his own opinion that there was “a 
danger of creating a great pool of scientific fact which 1s 
not going to be applied profitably” 

In discussion, the necessity for speculative projects was 
made clear By this was meant that there were certain 
objectives which, if achieved, would be of tremendous 
value to Britam’s economy but against which the odds 
of thew being successfully developed were so great 
that Government would need to help in financing them 

Another pomt made was the vital importance foi 
industry to be interested in after-sale performance The 
mmphed criticism was that too many sections of mndustiy 
ceased to bemterested in their products after they were sold 

Exploration of after-sale performance could lead to 
improvements in design and, in this connexion, the need 
for close integration of all the departments of an industrial 
organization was underlmed, particularly close collabora- 
tion between the sales and engmeering forces 

An estimate was quoted that growth ın industry was 
90 per cent dependent on technological development and 
10 per cent on new cash formation American statistics 
were mentioned which showed that high-growth companies 
were those with high expendituie on research and develop- 
ment 

Speaking on technical information, Sur Harold Roxbee 
Cox said precise language was not only necessary to the 
scientist for the accurate transmission of ideas but also 
for the accurate development of those ideas “It was, I 
think, at this stage of our discussions that we discovered 
that managing directors were uninformed about 
logarithms’’, he added ~ 

Three factors which were mentioned as influencing 
young people (1) The idealism of the young, 1t needed 
to be explamed to them that essentially industry was a 
pubhe service (2) They tended after being members of 
large communities while at school and university to be 
attracted by professions which give them, early in hfe. 
mdividual responsibility (3) The mages of some pro- 
fessions as represented to them were maccurate and 
unattractive, school-leavers were more hkely to be 
influenced by undergraduates than older persons 

Concluding, Sir Harold said “Whilst we must always 
be ready to use new methods, we must at the same time 
be critical It does not follow that because a thing 1s new 
or has been used successfully somewhere else that it 1s 
gomg to be successful here We must make our own 
dispassionate evaluations 

‘Looking back over one of the most interesting days of 
discussion in which I have ever been conceined, I would 
say that the most umportant idea emerging was the shoe: 
necessity to o: gamaze 1f we are to channel our research and 
development effort ın the next five years ın the ways most 
effective for the giowth of the economy 

“T believe a deliberate effort 1s needed 1n each firm, in 
each industry, and 1n the nation as a whole, to select those 
practical objectives which aie likeliest to profit the 
nation’s economy” 

The first- and thud-day plenary sessions of the five 
stieams were presided over by Lord Netherthorpe, chau - 
man of the British Productivity Council Thirty-nine 
national bodies co-operated in the whole conference 
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Announcing A New Series 


ORGANOMETALLIC SYNTHESES 


Editors 


J. J. EISCH 
The Catholic Umversity of America 


R. B KING 
Mellon Institute 


A series of volumes which will provide the research worker with reliable procedures for the preparation of specific 


organometallic compounds 
In preparation: 


Volume I—Transition Metal Compounds by R. B. King 
Volume II—Non-Transition Metal Compounds by J. J. Eisch 


Each subsequent volume will contain a. wide variety of synthetic procedures submitted by experienced workers 


in organometallic chemistry 


Further information concerning the membership of an editorial board and the submission of synthetic procedures 
for publication 1n the series will be forwarded to research laboratories throughout the world by the editors 





Non-Stoichiometric Compounds 


Edited by LYON MANDELCORN 
January 1964, 674 pp , 160s 6d. 
Dynamzc research and critical analysis are brought to 
a sharp focus by the prominent contributing authors The 
book treats in detail the non-stoichiometric compounds 
which include oxides, sulfides, selenides, and tellurides, 
and inclusion compounds of morganic, organic, and 
solution types 


Handbook of 


Preparative Inorganic Chemistry 


Second Edition 

Edited by GEORG BRAUER 
Translated by Scripta Technica, Inc 
Translation Editor, Reed F Riley 


Volume 1, 1963, 1002 pp , 257s 6d 
Volume 2, in preparation 


Review of the Second German Edition: 


“It well deserves to take its place, as it undoubtedly 
will, among the standard reference works, and it is a 
welcome addition to the literature of a branch of chemistry 
which, until recently, has been all too poorly served." 

—The Chemical Age 


Microscopic Characters of 
Artificial Inorganic 
Solid Substances 
Third Edition 


By ALEXANDER NEWTON WINCHELL and 
HORACE WINCHELL 


Early 1964, about 350 pp 


The book presents available data on and a graphic 
summary of the optical properties of inorganic solids, and a 
reference to readily available X-ray powder data of the 
substances described 


Fluorine Chemistry 


Edited by J. H. SIMONS 
Volume 3, 1963, 240 pp., 80s. 
Volume 5, February 1964, 505 pp , 118s 


Review of Volume 1 : 


“Altogether, this is an excellent production, authorita- 
tively written ” 
— Nature 


Review of Volume 2 : 

“The articles are of excellent quality. Each author 
has surveyed the literature thoroughly and has given 
complete references to the literature ” 

—Journal of the American Chemical Society 


Detailed information available upon request 


111 Fifth Avenue, New York 10003 ^... 








-':.; Berkeley Square House, London, W;l . 


Telephone HYDe Park 6436 
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PERGAMON PRESS BOOKS 


Relais Eod 





Progress in the Science and Technology of the Rare Earths 


Volume 1 

Edited by LE ROY EYRING, Professor of Chenustry, Arizona State University 

The first volume 1n this series contains sixteen specially contributed papers reviewing progress over the past five 
years 1n the general subject areas of geochemistry, metallurgy, physical phenomena, analysis and applications 
An assessment of the direction of future progress 1s included 

540 pages £6 net ($17 50) 


Librarians wishing to receive future volumes, automatically on publication, are invited to place a Continuation Order 


Propagation of Radio Waves at Frequencies Below 30 ke/s 


(AGARDograph 74) p 
Edited by W T BLACKBAND, Royal Au ciaft Establıshment, Farnborough 


A collection of papers aimed at improving the understanding of the factors controlling propagation at these 
frequencies and, by study of the ionosphere, assisting the development of faster aircraft 


478 pages £7 net ($20 00) 


Recent Developments in the Theory of Plasticity 


W OLSZAK, Z. MROZ and P PERZYNA, Polish Academy of Sciences 


Presents a comprehensive account of the subject, focusing attention on those trends which are considered 
essential for the future development of the theory and which are of particular importance in engineering 
applications It also contains a critical discussion of some basic concepts of the theory developed ın earlier 
years 


204 pages 50s net ($7 50) 


Aseotropy and Polyazseotropy 
W SWIETOSLAWSKI, Institute of Physical Chemisti y, Polish Academy of Sciences 


The author bases his approach on the proof that most organic raw materials are polyazeotropic mixtures, 
forming in the known and unknown azeotropes New methods for precise determination of the composition 
and other physico-chemical characteristics of azeotropes consisting of two, three and four components are 
described It also introduces a new classification of different groups of azeotropes and zeotropes 


224 pages 70s net ($10.00) 


Effects of Ionizing Radiation on the Reproductive System 


Edited by w D CARLSON, Department of Veterinary Medicine, Colorado State University, and F. X. GASSNER, 
Late of the Department of Veterinary Medicine, Colorado State University 


A collection of papers containing the latest information on the basic anatomy. physiology and biochemistry of 
reproduction, with particular emphasis on the alteration of these normal features by 10nizing radiation 


480 pages 100s net ($14 00) 


————— HH ————— áá—— ———— —— — -—————— 


Offered for sale by 


ROBERT MAXWELL & CO LTD 


International, University and Industrial Booksellers 
Subscription Agents, Specialists in Out-of-Print and Difficult-to-Get. Publications 
Waynflete Building, 1-8 St. Clements, Oxford 


Pergamon Press books are distributed in the Western Hemisphere and the Philippines by the Macmillan Company, 
60 Fifth Avenue, New York 11, N Y 
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PRODUCTION OF PENICILLIN IN THE UNITED STATES (1941—1946)* 
By Dr A. N. RICHARDS, For.Mem R S. 


Emeritus Professor of Pharmacology, University of Pennsylvania 


LEMING's publication of his discovery of penicillin in 
1929 (ref 1) and his description of its properties 
which led him to suggest “that 15 may be an efficient 
antiseptic for appheation to or injection mto areas m- 
fected with peni sensitive muerobes" 1s so widely 
known as to make a review in this connexion superfluous 
The destruetibihty of peniedhn by various physical, 
chemical, and enzymatic treatments and its consequent 
elusrveness were responsible for failure to isolate 1t and 
hence to recognize its virtues during the followmg ten 
years? Then in the period 1939-41, H W Florey, E 
Chain and the group whch came to be known as the 
‘Oxford team’ succeeded m making a dry powder from 
the broth in which the mould had been cultivated which 
possessed, extraordmary antibacterial qualities and was not 
toxic to animals, animal tissues and leucocytes They 
confirmed and amplified Flemmg’s mvestigations and 
added the anımal protection tests which proved wn vwo 
1t8 antibacterial power and its lack of toxiaty® They 
then conducted ten human therapeutic tests five of which 
were severe gystemue mfections with pyogenic organisms 
resistant to other means of therapy, three of these patients 
were cured, two died, one because the supply of penicillin 
was exhausted, the other, after arrest of the mfection, died 
from damage that had oecurred before penicillin was 
started Fou: of the other five were superficial infections, 
treated locally with pemeillin and cured One, an infant, 
was treated successfully for a bladder mfection by oral 
administration? 

These results were sufficient to convince Florey and his 
colleagues that if penicillin could be made available it 
would prove to be uniquely useful m treatment of war 
wounds British chemical and drug manufacturers, 
already overburdened, would not then undertake the 
tasks of mass production, the instabihty of the compound, 
the mmuteness of the amounts which could then be ob- 
tained from Pencdlum cultures and pre-occupation with 
muhtary obligations of more immediate promise were 
reasonable deterrents ‘‘The penieilhn content of crude 
brew at Oxford with the medium and stram of fungus 
then m use was about 1 to 2 units per ml” (A unit was 
later defined as 06 pg of the mternational standard ) 
“Sixty per cent of this might be lost durmg extraction 
and purification, so that on the evidence then available, 
every case of severe sepsis might need the brewmg and 
processmg of as much as 2,000 htres of medium Tt 
appeared, therefore, that the cost would be high and the 
number of eases that could be treated by parenteral 
1njeetion would be few” (Florey et al , Antibiotics, 2, 650) 

In the hope that American chemical manufacturers 
mught be persuaded to undertake the task of mass-produc- 
tion, Florey and his colleague Heatley, aided financially 
by the Rockefeller Foundation, came to the United 
States in the summer of 1941 bringing some of their active 
powder and copies of the long paper by the Oxford group 
which was to appear in the Lancet of August 16, 1941 
They landed in New York on July 2 and went at once to 
New Haven, where Florey’s children had been staymg at 
the home of Dr John F Fulton durmg the bombing of 
London Ross G Harrison, chaman of the National 
Research Council, advised them to see Charles Thom, 


* A more detarled account of the American effort 1s contained m the U S 
Federal Trade Commussion's Report on Antibiotics Manufacture, US 
Government Printing Office, Washington, D C , Appendix II, pp 302-354, 
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mycologist ın the US Department of Agriculture, and a 
recognized authority on Penecalla They saw Dr Thom 
in Beltsville, Maryland, and he ın turn directed them to 
the Northern Regional Research Laboratory (NRRL) 
of the US Department of Agriculture at Peoria, Tinos, 
one division of which was devoted to fermentation They 
arrived at Peoria on July 14 and were weleomed by the 
director, O E May, and by the head of the fermentation 
division, R D Coghill The programme of work which 
began on the next day and which contmued durmg the 
following four years was directed toward improvement of 
the culture medium, selection of more productive strains of 
Penacillzum, umprovements m methods of assay and 


“extraction and search for strams of Pemcillewm which 


would produce penicillin when grown 1n submerged culture. 
All that the Oxford group had made thus far had come 
from surface cultures grown m various contamers, latterly 
rectangular ceramic vessels contammg a hire of broth 
The Peoma group had had experience in submerged 
fermentation m ther production of glyconie acid 

Florey stayed at Peoria for a few days only, Heatley 
for nearly six months, after which he jomed the Merck 
scientific staff at Rahway and worked with them for six 
additional months Penicillm became the chief subject 
of research m the Fermentation Division of the Peoria 
laboratory for the following five years Their results 
have been pubhshed in detail’, but since they were of 
major importance to work in other orgamizations, rb 18 
appropriate that a summary be given here 

One of the first and most significant of the changes made 
in the composition of the culture medium was suggested 
by A J Moyer, namely, the addition of corn steep liquor 
This increased the yield from 2 to 40 units per ml 
Further work on composition of tbe medium led to an 
additional five-fold merease when growth was conducted 
in Erlenmeyer flasks Another mmportant change m the 
medium was the substitution of lactose for glucose In 
these changes, which meluded studies of pH, salt content, 
and search for more productive strains of Pemweihum, 
Dr Heatley’s help particularly with his method of assay 
was highly important 

The genus Pemedhum contams many streams m the 
P notatum chrysogenum group Before the work was 
finished thousands of these had been tested, soils and 
organisms in souls from all over the world having been 
obtamed through the help of the Army Transport Com- 
mand Up to the middle of 1943, all the penicillm pro- 
duced was by surface-culture methods such as that origm- 
ally used by the Oxford group At first Fleming’s stram 
of the mould was used, then a stram (N R R L -1249 B21) 
from the Peoria collection gave up to 300 units per ml 
A still more productive stram (NRRL 1951 B25) came 
from a mouldy cantaloupe found im & Peoria market 
Afterwards, a mutant (X-1612) was produced at the 
Laboratory of the Carnegie Institution at Cold Spring 
Harbor by treatment with X-ray which yielded 500 units 
per ml, and from this, through the collaboration of the 
Universities of Mmnesota and Wisconsin, was produced 
by the action of ultra-violet hght the stram Wes 9176, 
which yielded 900 units per ml Durmg the earher period, 
investigation of the possibility of penicillin production m 
submerged culture yielded a stram, N R R L -832, which 
when tested m large vats gave good promise All these 
strains and. all useful mformation obtamed in the Peoria 
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laboratory were bemg given to the commercial firms which 
were struggling with the problems of mass-production 

Florey returned to the East early in August 1941, and 
on his way visited the plants of the Eh Luly Co, the 
Connaught Laboratories, Merck and Co, Inc, Sharp and 
Dohme, the Eastman Co, E R Squibb and Sons, and 
the Lederle Co — With the exception of the work m pro- 
gress at the Merck Laboratories, what he found gave hum 
httle encouragement In Philadelphia on August 7, 
1941, he visited me, then professor of pharmacology in 
the University of Pennsylvania, he had worked m my 
laboratory for a few months some fifteen years earlier 
Ihad recently been appointed chairman of the then newly 
formed Committee on Medical Research (CMR), a 
division of the Office of Scientific Research and Develop- 
ment (O S R D ), created by presidential order of June 28, 
1941, “to initiate and support scientific research on medical 
problems affecting the national defense”. Dr Vannevar 
Bush became director of the OS RD, and his approval 
was required for the recommendations of C M R and their 
governmental financial implementation 

'The progress made by the Oxford team and the results 
which Florey presented convinced me that a collaborative 
effort such as Florey envisaged should be undertaken A 
decision to that effect was approved by Dr Bush and 
formally acted on by the CMR at 1ts sixth. meeting on 
October 2, 1941 A resolution was passed that “the 
Chairman be authorized to suggest to mterested persons 
the desirability of a concerted programme of research on 
penicillin involving the pooling of information and results, 
and 1f the responses are favourable, to proceed to arrange 
for a conference on the subject" 

That first conference was held on October 8, 1941, m 
the office of the director of OSRD, Dr Vannevar 
Bush, who presided The others attendmg were the 
chairman, myself, the vice-chairman of the CMR, 
Lewis H Weed; the chairman of the Division of Chemistry 
of the National Research Council, Wilham Mansfield 
Clark, the chief mycologist of the Department of Agricul- 
ture, Charles Thom, and the four research directors of 
commercial firms thought to be capable of producing 
penicillin, namely, R T Major of Merck and Co, Ine , 
George A Harrop of E R Squibb and Sons, J H Kane 
of Charles Pfizer and Co Y SubbaRow of Lederle 
Laboratories. Major expressed the intention of Merck to 
proceed with production and to share mformation in 80 
far as was legally permissible The others were non-com- 
mittal but promised to submit the views of the heads of 
their Companies at a future conference 

On October 20, 1941, Dr Charles Thom, ın response to a 
request by the Chairman of © M R , submitted a report on 
existing mterest in penicillm research and production 
among commercial companies Merck had shown the 
most serious interest and had made the most progress 
Squibb, Pfizer and Lederle had done httle, Eh Lilly and 
Parke-Davis were scarcely aware of the problem Dr 
Thom commended the work of the Peoria laboratory and 
urged that OS R D (C M R ) should merease their working 
funds. (This was done m February 1942 through & con- 
tract with neighbourmg Bradley Polytechnic Institute 
amounting to 8,000 dollars, similar help continued. until 
July 1, 1944, and amounted to more than 37,000 dollars ) 

A second conference was held on December 17, 1941 
It was attended by myself, the charman of CMR, 
Coghill, director of fermentations at Peoria, and the heads 
of the four companies, Merck, Squibb, Pfizer and Lederle 
Coghill reported the progress which had been made m 
improving yields of penicillin at Peoria, and agreed that 
results from that laboratory should be communicated 
not only to the C M R but also to all commercial produc- 
ers Merck expressed the mtention of his Company to 
make penieillm-produoetion a major effort and willingness 
to share mformation with other companies 1f permutted 
by the Department of Justice The others were less 
positive, but agreed to make periodic reports to the CM R 
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and to give discretion to CM R to circulate their nformu- 
tion 

On January 12, 1942, anticipating that a supply of 
penicillin would soon be available, a request from the 
chairman of the CMR was transmitted to Dr Perrin H 
Long, chairman of the Committee on Therapeutic and 
Other Agents of the National Research Counci, that 
arrangements be made by that Committee for the clnical 
testing of penicillin. when ıt should become available Dr 
Long agreed, and at a meeting of the Chemotherapy Com- 
mittee on February 4, 1942, appomted Drs Champ 
Lyone, Chester S Keefer, Francis G Blake, M H Dawson 
and Wesley Spmk to undertake this responsibility 
They were requested to learn of the prospects of a supply 
of pemeilhn It was agreed that staphylococcie sepsis 
should be the clinieal condition first to be investigated 

In June 1942, Dr Long was commissioned in the US 
Army Medical Corps and assigned to service overseas, 
and Dr Chester S Keefer succeeded him as chairman of 
the Committee Dr Keefer continued as organizer of 
civihan tests until after the end of the War. The penicillin 
used was supphed by the OSRD (CMR) gratis to 
patients, and full records of every case were assembled in 
Dr Keefer's office for final publication 

In February 1942, Merck and Co , Inc , and E R Squibb 
and Sons, formally agreed to undertake a collaborative 
programme of penicillm research and development The 
agreement included full exchange of research and produc- 
tion information, joint ownership of inventions and the 
inclusion of such “other firms who have made definite 
contributions to the solution of the problem” should they 
apply Charles Pfizer and Co , previously fearful because 
of possible hazards to their citric acid production, was 
meluded on September 30, 1942, the agreement remamed 
m force until February 1945 

From the begmnings of the production programme until 
February 1943, all the pemicillm produced by the com- 
mercial companies except that needed for ther own 
mvestigations was given to the CMR for chnical tests 
arranged by the Committee on Chemotherapeutic and 
Other Agents of the US National Research Council‘ 
(Between October 1941 and November 1942 one Company 
gave to CMR 1,820 g of ‘penicillin’, produced at æ cost 
of more than 86,000 dollars for labour, salaries and 
chemicals only ) Then the OS RD in February of 1943, 
on recommendation of C M R , contracted to pay penicillin. 
producers at the rate of 200 dollars a millon units, a 
figure acceptable to the companies but actually lower than 
cost. Afterwards, as production processes and yields 
improved, periodic downward revisions of rates of pay 
were made until ın 1945 it was 6 dollars per million units 

On March 14, 1942, enough penicillin was available for 
the treatment of only one case The drug was supplied 
by Merck and Co and given to Drs Bumstead, Creadick 
and Blake of New Haven for treatment of the wife of a 
Yale professor, seemingly at the point of death from 
puerperal sepsis Intravenous mjeotions of this penicillin 
produced a dramatic recovery 

Between March and June of 1942 there was enough for 
10 cases, all supplied by Merck and Co, Ine Up to 
February 1943, there was enough for 90 additional cases, 
and on August 28, 1943, the Chemotherapy Committee 
published m the Journal of the American Medical Associa- 
tron a report of the treatment of 500 civilian cases con- 
ducted under their auspices The mfections meluded 
in that report were Staphylococcus aureus bacteremia, 
local Staphylococcus aureus infections and streptoooccic 
infections resistant to sulphonamides, pneumococcic, 
Streptococeie, and staphyloccic meningitis and empyema, 
pheumococcic pneumonia resistant to sulphonamudes, 
subacute bacterial endocarditis 

(The production of pemeillin m the Oxford Laboratories 
continued durmg the absence of Florey and Heatley in 
the United States, and this penicillin, together with some 
provided by Imperial Chemical Industries (Dyestuffs), 
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Ltd, was used m the treatment of 187 cases by Dr and 
Mrs Florey, described m The Lancet of March 27, 1943 
In thirteen of fifteen of these, administration of penicillin 
was by intramuscular and/or intravenous injection All 
the rest, because of scanty supply of penicillin, were 
treated by local application Öne of these thirteen, 
Case 12, August 1942, staphylococcus menmgitis, was at 
St Mary’s Hospital, the penicillin having been supplied 
by Florey at the urgent request of Fleming Several 
intrathecal injections were made m addition to the intra- 
muscular The dramatic recovery of this patient is said 
to have led Fleming and Raistrick to appeal to the 
Mister of Supply for governmental support of penicillin 
manufacture This appeal resulted in a meeting on 
September 25, 1942, attended by those most interested 1n 
penieillm, including Fleming, Florey and Raistrick, this 
m turn led to the formation of the General Penicillin 
Committee through which was launched the British 
Government control of penicillin production ) 

As the available supply of penicillin increased, the num- 
ber of clinical investigators authorized to conduct the 
investigations was increased As ieported in August 
1948, they were Drs F G Blake, A L Bloomfield, 
M H Dawson, Robert Leman, John Hürshfeld, Frank 
Horsfall, Adolph Hutter, C S Keefer, J S Lockwood, 
Champ Lyons, F J Mahoney, R D McClure, C F 
MeKhann, F L Meleney, R A Nelson, E A. Park, 
D W Richards, George Robb, David Smith, Wesley 
Spmk, W 8 Tillett and W Barry Wood 

On May 22, 1943, the chairman of CMR published in 
the Journal of the American Medical Association an 
authorized statement acquainting the medical profession 
in the United States with the status of penicillin produc- 
tion and its therapeutic effectrveness It stated that 
the early promise contamed in the reports of Florey, 
Cham and their collaborators had been completely 
realized, but that unless production should be expanded 
at a rate greater than was then foreseen, the supply for 
eivihan needs would be very limited 

Treatment of military casualties by penicillin began on 
April 1, 1943, when Dr Champ Lyons, a member of the 
Chemotherapy Committee of the National Research 
Council, was authorized by Surgeon-General James Magee 
of the US Army to inaugurate at the Bushnell General 
Hospital, Brigham City, Utah, a programme of treatment 
of patients from the Pacific area, they suffered from 
chronic mfections which had resisted other forms of treat- 
ment for more than a year—compound fractures, osteo- 
myehtis, infected wounds of soft tissues and blood stream 
mfections (The opportunities for rigorous tests of 
penicillm presented by patients ın the Bushnell Hospital 
was brought to Dr Keefer’s attention by Lieut -Col 
F B Queen, pathologist of the hospital ) On June 3, 1943, 
a second military unit was established at Halloran General 
Hospital, and Dr Lyons was placed in charge of a pro- 
gramme of trammg medical officers in the use of penicillin 
at these and at nme other hospitals in the Zone of the 
Intenor His report on the treatment of 209 patients in 
these hospitals was published in the Journal of the Ameri- 
can Medial Association of December 18, 1943 It con- 
tains a description of reactions to penicillin, of modes of 
administration and dosages in streptococcie, staphylococcie 
and clostridial infections and of the complexities en- 
countered m the surgical treatment of chronically mfected 
wounds The success of this programme was such as to 
lead the Army to accept penicillin as the outstanding 
means of treatment of pyogenic infections and somewhat 
laterto commission Dr Lyonsand assign him to troops in the 
Mediterranean area to conduct a similar programme there 

The programme of eivihan chnical trials continued under 
Dr Keefer’s authority until the end of 1945 (In June 
1944 the organization of the CMR was revised and Dr 
Keefer was appomted medical admunistrative officer ) 
In mid-1943 the supply of penicillin mereased so that, as 
has been stated, on August 23 of that year a summary of 
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the treatment of 500 cases was published by the Chemo- 
therapy Committee At the end of the War the records 
of 10,000 civilian cases were assembled and them detailed 
analysis was published in 1948 (ref 6) 

The dramatic results of penicillm treatment of service 
casualties at Bushnell and the other army hospitals, to- 
gether with the mcreasmg number of successes reported 
from civilian hospitals, led the War Production Board 
(WPB) im 1943 to recognize the necessity of greatly 
increased production So far the chief sources of supply 
had been Merck, Squibb, Pfizer, Abbott and Winthrop, 
now ib was time for the W P B to take responsibility for 
increased production In May of 1943 the Office of 
Production Research and Development of that Board 
instructed Mr Fred J Stock, Chief of the Drugs and 
Cosmetics Division, to work with C M R for an aggressive 
expansion of production facilities Of 175 companies 
surveyed before the end of 1943, 21 were selected as having 
the capacity to justify the financial assistance afterwards 
given by WPB The additional companies were 
Hoffmann-La Roche, Reichel (now Wyeth) Laboratories, 
Upjohn, Lederle, Parke-Davis, Lilly, Schenley, Ben 
Venue, Commercial Solvents, Cheplm Laboratories, Cutter, 
Harrower, Heyden Chemicals, Lambert, MacLean, Mce- 
Kesson and Robbins, and Sharp and Dohme 

Foreseeing the problems sure to arme from this expan- 
sion complicated because of different degrees of skill and 
experience, by the necessity for full exchange of mforma- 
tion and for decisions on awards of patent rights, on 
Apri 27, 1943, Dr Bush mvited Elhu Root, jun , to help 
in the construction of a broad programme m which the 
foregoing considerations should be adjusted without giving 
any manufacturer a monopoly derived from Government 
support 

On July 16, 1943, the WPB Bureau of Drugs and 
Cosmetics commandeered the entire industrial pemeillin 
output in order that ıt should be equitably allocated 
to the Army, Navy, Public Health Service and OS RD 
(C M R ) according to their needs 

Durmg the second half of 1943 and from then on the 
problems of submerged culture were being solved both at 
Peoria and, m some of the commercial plants, fermenta- 
tions bemg conducted m tanks of many thousands of 
gallons capacity Whereas 1n the first five months of 1943 
only 400 millon units of penicilun had been made and 
supphed to Government agencies, between June 1 and 
December 31, 1943, 20 5 billion units (U S ) were made *, 
and by the end of April 1944 the Army and Navy require- 
ments were bemg supplied, more was bemg allocated to 
OSRD and the US Pubhe Health Service and ship- 
ments to American allies had begun 

In May 1944, a WPB Pemieillm Producers Industry 
Advisory Board was formed to develop a programme of 
limited distribution to ervilans, and a Civihan Penicilhn 
Distribution Unit, of which Mr Stock was chairman, was 
established in Chicago which included representatives of 
the Government Services and the American Medical 
Association A thousand hospitals, chosen for reasons of 
size, location and competence of staff, were named as 
depot centres and given the task of providing a luted 
equitable supply to the rest of the nation As the penicillin 
supply increased, the number of depot hospitals was 
mereased in January 1945 the number was 2,700 and 
the amount of penicillin distributed was 35 bilhon units, 
m March of that year, distribution through ordmary 
eivilian commercial channels was commenced 

Fig 1 shows the stages through which production of 
pencilln in the United States passed from zero, 10 months 
after Florey’s visit, to 650 billion units per month at the 
time of the Japanese surrender m August 1945 On 
D-day m 1944, June 6, the total pen:eillin available from 
American and British sources was enough for the treat- 
ment of casualties of the Normandy invasion 


* A “billion” m Britain and Germany equals a million million, in the 
United States and France, however, 1b equals a thousand million 
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Fig 1 Peniillin production in the United States Closed circles represent monthly rates legends relate these to Florey’s visit and to the events 
which followed 


Venereal Disease 


Gonorrhoea Flemmg’s ongmal experiments showed 
that the gonococcus was highly susceptible to the anti- 
bacterial action of penicillin m vitro Hence, the first 
programme of clinical trials planned by the Committee on 
Therapeutic and Other Agents early m 1942 included 
among iis five items gonococcus infections resistant to 
sulphonamides In the Commuittee’s report of the effec- 
tiveness of penicillin ım 500 cases, there were included 
129 cases of gonorrhea, with 100 per cent of prompt cures 
It therefore became the diug of choice in the treatment of 
gonoirhoea as soon as supplies of penicillin became avaul- 
able and hospitahzation of soldiers with this disease then 
became unnecessary 

SyphWis In June 1943, Dr John F Mahoney of the 
US Public Health Service discovered m experiments on 
rabbits and clmical trials on four patients that syphihtic 
infections could be brought under control by penicillin 
This discovery gave a new and highly important turn to 
the exammation and treatment of that disease Previous 
attempts to establish experimental infections for controlled 
investigation had met with little success In October 
1943, the Sub-committee on Venereal Diseases of the 
National Research Council held a conference which 
cluded the heads of eight civihan venereal disease 
clinics, seven representatives each of the Army and Navy 
Medical Services, three from the Public Health Service, 
and one each from the British Central Scientific Service 
and the Canadian Army Medical Corps Five members 
of the CMR were present This meeting can be con- 
sidered as the begining of a revolution in the treatment of 
syphihs It was agreed that the eight crvilan clinics 
together with one each of the Army, Navy and Public 
Health Service should co-operate ın the treatment of early 
syphihs It was expected that a monthly supply of 40 
milion units of penicilln would be available for the 
treatment of a total of 350 patients In December 1943, 


the Panel on Syphihs again met, revised the schedules 
of mvestigation and adopted a programme continuing, 
until the end of the War which came to melude 25 crvihan 
chnics and 35 mamtamed by the Public Health Service 
On June 26, 1944, the Army adopted penicillin as the 
routme treatment of syphihs While it did not become 
clear that penicillin cures the disease, 1b was quickly 
learned that the patient promptly becomes non-infectious 
and that the necessary period of his hospitalization 1s 
greatly shortened, hence, as in the case of gonorrhoea, 
a great saving of effective manpower was accomplished 


Chemistry of Penicillin 


From the beginnings of knowledge of penicillin, chemists 
expected that its chemical structure would be discovered 
and 1ts synthesis would follow Durmg the years 1mmedi- 
ately followmg Florey’s visit to the United States, years 
in which predictions of its usefulness were being fulfilled, 
15 seemed unbelievable that the enormous amounts which 
would be demanded when its therapeutic power should 
have become established and widely known could be 
obtamed by the natural processes of fermentation It 
seemed, that only 1f an economical method of chemical 
synthesis could be discovered would its value to mankind 
be reahzed Accordmgly, withm the groups m the 
United States as well as m Britam which had become 
mtensively mvolved in the investigation of 1ts production, 
chemists were eagerly searching for clues to 1ts chemical 
constitution 

It 1s not within my capacity to describe the progress of 
the work which finally led to the accomplshment of the 
two objectives—determmation of the constitution of 
penieillm and its synthesis The official account has been 
published as a joint mternational record by Hans T 
Clarke and John R Johnson for the United States and 
Sir Robert Robmson for Great Britam under the title 
Chemastry of Penrcallan (Princeton University Press, 1949) 
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A brief summary ıs eontamed m the History of the Second 
World War Medical Research (HM S O , 1953) 
Collaboration between the scientists of the two countnes 
up to the end of 1943 was informal and far from complete 
Both groups made great progress m examination of the 
degradation products of penielhn American workers 
seem to have been responsible for at least one of the most 
useful discoveries, namely, the crystallization of sodium 
benzyl penicillin by MePhillamy, Winterstemer and Ahcino 
of the Squibb Laboratories Two other achievements may 
be mentioned m this connexion (1) The discovery that 
the pemedhn, obtained by surface culture, mvestigated 
by the British chemists 1s not chemically identical with 
that investigated by the Americans, obtamed from deep 
fermentations Analytical results from Merck laboratories, 
and the examination of erystalhne compounds made by 
treatment of penicillin with benzylamme (Peoria labora- 
tories) were factors m this discovery ‘This led to the 
designations Penieilhns F and G (US), I and II (Great 
Britam) (2) The discovery m the Peoria laboratory that 
phenyl acetic acid 1s obtamed on hydrolysis of penicillin 
and that the addition of phenyl acetic acid to the culture 
medium increases the yield of penicillin Eh Lilly and 
Co adopted the practice of adding derivatives of phenyl 
acetic acid to culture media m thew production plant 
In the second half of 1943, encouraged by progress 
toward understanding of the chemistry of penicillm as 
well as by the spectacular results of therapeutic trials, 
stimuated also by the fear that natural fermentation 
could not supply the future need for penicillin and hence 
that a synthetic method must be devised 1f possible. 
officials of the two Governments, United States and 
Great Brita, began plans for the establishment of 
formal mtergovernmental collaboration The director of 
OSRD, Dr Vannevar Bush, appointed a committee of 
three chemists, Hans T Clarke, Roger Adams and R D 
Coghill, to survey and report on chemical personnel and 
organizations within the United States fitted by skill and 
facilities to advance the chemical problem He proposed 
to Sir Edward Mellanby, secretary of the British. Medical 
Research Council, that a simular mvestigation and report 
be formulated m Great Britam and that a system of 
prompt and full exchange of information be adopted by 
the two Governments The resultmg plan became 
effective early in 1944 and continued until the end of the 
War It contamed the extraordinary provision that the 
determination of ownership of patent rights, origmatmg 
from mventions in the United States, should be made by 
the director of OSRD Included ın this ternational 
effort were four British and five American universities, 
five British and ten American commercial firms, one 
British and four American Government agencies, two 
Butsh and two American research foundations The 
number of particrpants was more than 300, the number of 
reports exchanged was about 700 The usual legal 
difficulties which ineluded the drafting of contracts accept- 
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able to all parties were successfully solved by the general 
counsel to OS RD, Mr John T Connor, and his succes- 
sor, Mr Oscar M Ruebhausen 

The outcome of this tremendous joint effort can be 
summarized by the statements that (1) an encyclopedia 
of information had been assembled concerning the chemi- 
cal constitution and behaviour of a new group of com- 
pounds—peniellhns—not hitherto found in Nature, (2) 
minute amounts of a substance had been synthesized by 
both the Amenean and British investigators which 
proved to be identical with natural penicillin both with 
respect to antibacterial activity and destructibihty by the 
penicillin-destroymg enzyme, penicillmase, (3) by the 
isotope dilution method, identity of the synthetic and 
the natural substance was made certain 

These scientific achevements did not, however, bring 
with them change m commercial production of penicillin 
Fermentation piocesses had become so productive and 
economical that ıt can be said without gross exaggeration 
that the cost of manufacture of 100,000 units of pemoillm 
is scarcely more than the cost of material and labour 
required to put it into an ampoule and that the scientific 
results gave no prospect that a competitive synthetic 
process of commercial production of peniedlm would be 
devised 

Fig 1 shows the progress of production and supply of 
peniculin by commercial organizations from February 
1942 until the end of the War What began as a trickle 
from a few companies became a flood of billions of units 
as better media and more productive strains were dis- 
covered and a greater number of industrial umts engaged 
in production The followmg quotation is taken from 
Volume 2 (p 651) of the book Antbroles, assembled by 
Florey and the Oxford group 

“ — too high a tribute cannot be paid to the enterprise 
and energy with which the American manufacturing firms 
tackled the large-scale production of the drug Had ıt 
not been for their efforts there would certainly not have 
been sufficient penicillm by D-day m Normandy in 1944 
to treat all severe casualties, both British and American,’ 

It might be added that the efforts of American manufac- 
turmg firms could not have been so promptly and success- 
fully put forth had not the agencies of the United States 
Government and the National Research Council mentioned 
in this account supplied courageous understanding and 
essential support 
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THE BRITISH MUSEUM (NATURAL HISTORY) — UNIVERSITY OF LONDON 
JOINT PALAZONTOLOGICAL EXPEDITION TO NORTHERN 
RHODESIA AND TANGANYIKA, 1963 


By | ATTRIDGE, Da H W BALL, Dr A. J CHARIG and Da C B. COX 


HE nmeteenth century was a time of exploration 
TA colonization Many Europeans m newly explored 
territories throughout the world—maunly soldiers, doctors, 
mussionaries and engineers—were interested in fossils, 
they collected what they found, and, 1f British them- 
selves, they usually sent ther material to the British 
Museum for appraisal and deseriptton The collections of 


Permian and Triassic reptiles thus obtamed from the 
Karoo rocks of southern Africa melude the types of many 
new genera and species, and are of great historical and 
scientific value Yet they often consist only of skulls, the 
collectors having ignored any post-cranial material, and 
are often poorly preserved and prepared Moreover, they 
frequently lack precise geographical and geological 
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information, so that a typical label may even read “From 
the Karoo of Cape Colony” 

Twentieth-century collecting practice has become more 
methodical, with greatly improved excavation techniques 
and accurate recording of all relevant details Itis difficult 
for any but the professional paleontologist, adequately 
supplied with money and resources, to collect large fossils 
in this way m comparatively remote country, and the 
quantity of such material submitted to the British 
Museum (Natural History) by amateurs, for this reason 
and for others, has dechned Even professional geologists, 
conducting routine surveys, can usually do no more than 
pick up chance discoveries of weathered surface material. 
It is therefore not surprising that, until now, the Museum 
had recorved practically no further reptile material from 
the Karoo, either from the well-known deposits of South 
Africa or from the other fossihferous areas discovered 
further north, :xts collections of such material could 
therefore no longer be compared in either quality or 
quantity with those of institutions in South Africa 
itself 

The afore-named Expedition, which returned to England 
recently, has now remedied this situation to some 
extent with large collections of good material for both 
display and research It was conceived and organ- 
ized by four London paleontologists Alan Charig and 
H. W Ball, of the British Museum (Natural History), 
and John Attridge and Barry Cox, both lecturers m 
zoology m the University of London (at Birkbeck and 
King’s Colleges, respectively) Dr Ball unfortunately 
suffered a recurrence of an mjury to his back and was 
obliged to return home after only one month, but the 
others remamed m Africa from June until October 
Several other workers helped them for shorter periods 
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It was decided to visit two parts of 
Africa which appeared to be of especial 
interest (Fig i) The upper Luangwa 
Valley of Northern Rhodesia had been 
surveyed ın 1928 and 1935 by Dixey!^, 
whose collection of vertebrate fossils, 
deposited in the South Afmcan Museum 
(Cape Town), was described by Boonstra?, 
but the maccessibulity of the region had for 
long prevented any further mvestigation 
Durmg 1960-61, however, James Kitching, 
of the Bernard Price Institute for Paleonto- 
logical Research, University of the Wit- 
watersrand, visited the area with Alan 
Drysdall, of the Northern Rhodesia Geo- 
logical Survey’, they found vertebrate 
fossils both im the Upper Madumabia 
Mudstone of the Permian, where they were 
extremely abundant, and m the Triassic 
Ntawere Formation and Red Marl This 
material is at present in Johannesburg 

The other area concerned was the 
Ruhuhu Valley in south-western Tan- 
ganyika, where vertebrate fossils had fust 
been found m 1930 (ref 5) Good collec- 
tions made m 1933-35 (now m Cambridge, 
Tubingen and Munich) had shown the 
presence of both Permian and Triassic 
terrestrial vertebrate faunas, just as m 
Northern Rhodesia There was already 
an extensive literature on the many new 
forms found It was evident, however, 
that there were many other new forms 
represented by tantahzingly incomplete 
materal, that further knowledge of all 
these creatures was highly desirable, and, 
further, that the Trassie fauna m particu- 
lar was hkely to be of great 1mportance in 
investigations of evolution, stratigraphical 
correlation and paleogeography 

The party set out m two Land-Rovers 
from Salisbury, Southern Rhodesia, they were jomed in 
Lusaka by James Kitching, whose uncanny ability as 
a field collector is almost legendary Kitchmg stayed 
with the Expedition for four weeks in the Luangwa, 
showed them the known fossiliferous areas, and himself 
discovered a large proportion of the material collected 
there 

Camp was set up near Sitwe, a small village m Northern. 
Rhodesia on a tributary of the Luangwa, 125 miles north 
of the District headquarters at Lundazi and close to the 
Nyasaland border As the dirt road ended at Sitwe, and 
as the fossils were scattered over some 400 square males of 
almost unmhabited mopane scrub, 1t was necessary to 
make or reopen quite extensive stretches of track One 
such track was 32 miles long and crossed 20 river-beds, 
which, though generally dry at this time of year, were 
mostly steep-walled, the construction of drifts to render 
them passable by Land-Rovers required a great deal of 
labour The thick cover of grass and small bushes had 
then to be burned off before searching could begm — Local 
men were employed for all these jobs and for carrying 
the fossils back to the vehicles 

About 220 specimens, weighing (packed) some 2-3 tons, 
were collected in this area) Most of the materal was 
from the more richly fossihferous Permian beds, the 
Upper Madumabisa Mudstone, where the fossils usually 
occur 1n red or purple ferruginous nodules, though many 
Specimens consist only of skulls (Fig 2), some more or 
less complete skeletons were found (Fig. 3) As m the 
South African Karoo, the anomodonts or dicynodonts 
(herbivorous synapsid reptiles) account for about 90 per 
cent of the specimens from the Upper Permian The rest 
of the fauna consists almost entirely of carnivorous 
synepsids (gorgonopsians and therocephahans), though 
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Anomodont skull from the Permian Madumabisa Mudstone of 
Northern Rhodesia 





Fig. 3. 


Anomodont skeleton from the Permian Madumabisa Mudstone 
of Northern Rhodesia, as found 


pareiasaurid cetylosaurs are found occasionally. The 
genera and species identified indicate levels equivalent to 
the Endothiodon and Kistecephalus zones of South Africa. 

The Triassic fossils, on the other hand, are generally 
almost free of matrix, occurring as dissociated elements 
which have weathered out of the soft dark red mudstones 
and grits of the Ntawere Formation and Red Marl. They 
are not normally abundant; yet at one locality the side 
of a small hill was found to be covered with 500-600 
absolutely clean anomodont bones, mostly post-cranial, 
of which some were complete. Other, less common 
elements in the Ntawere fauna are the remains of large 
cynodonts, pseudosuchians, a large amphibian and the 
fresh-water bivalve Unio karrooensis. This faunal assem- 
blage is later than that of the Lower Triassic Cynognathus 
zone of South Africa, and may therefore be of Middle 
Triassic age; and the discovery of pseudosuchians, not 
recorded by earlier expeditions, is of particular importance 
in this connexion. 

After breaking camp at Sitwe, the Expedition was 
joined in Lundazi by three new members: A. W. 
Crompton, director of the South African Museum in Cape 
Town; Dr. Barney Hirschson, a Cape Town radiologist, 
who acted as medical officer; and A. R. I. Cruickshank, 
assistant leeturer in zoology in 
Edinburgh. The whole party then drove around the 
northern end of Lake Nyasa to the Ruhuhu Valley in 
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Tanganyika. Camp was set up near Litumba, a Bene- 
dictine mission fifty miles west of the Ruvuma Regional 
capital at Songea. As before, motor tracks to the fossil 
localities were constructed by local Africans; the total 
length of these was less than in Rhodesia (about 20 miles), 
but some of the watercourses still carried sufficient water to 
make it necessary to build bridges rather than drifts. The 
bridge over the Rutukira River was more than 100 ft. long. 

Stockley* and Nowack* had indicated the general areas 
in which bone had been found, but their lack of accurate 
maps had made it impossible for them to indicate the 
precise localities. Each area, therefore, had now to be 
searched for exposures. These were usually found where 
the harder strata outcropped to form low ridges or hillocks, 
in the walls of dried-up streams, and, in particular, in the 
systems of small gulleys and eroded flats often to be 
found at the heads of streams. As the country is fairly 
level and much of it was covered by donse high grass, 
generally too green to burn, fossiliferous exposures were 
difficult to find. The local Africans, however, soon learned 
what the fossils looked like and the sort of place in which 
they might be found, and, being well acquainted with the 
area, they too discovered many new localities. Altogether 
the Expedition found thirty-five localities yielding good 
bone. 

W. W. Bishop, curator of the Uganda Museum, Kam- 
pala, joined the Expedition in its final stages to map 
these localities and to study their stratigraphical 
relationships. His work was of immense help to the 
Expedition; it showed, among other things, that most 
of the Triassic localities are exposures of one compara- 
tively rich fossiliferous level, though a few localities below 
and above this level were also found. 

Twenty-seven fossil localities, scattered over an area of 
some 50 square miles, were in the Middle Triassic Manda 
Formation (K8). This Formation consists of fairly soft, 
pink and purple sandstones and green and purple marls. 
Though bones found in the sandstones are usually free of 
encrustation, those in the marls are often coated with a 
hard layer of variable thickness and composition. If they 
had not already been weathered out, the fossils were 
easily excavated from the soft rock, fragile and articulated 
specimens being strengthened and protected by a plaster- 
of-Paris jacket. 

Four groups of reptiles were found in the Manda 
Formation, in approximately equal numbers: archosaurs, 
rhynchosaurs, anomodonts and cynodonts. The most 
important archosaur discovery was an incomplete skull 
and jaws 2 ft. long (Fig. 4) superficially similar to those of 
a large modern crocodile, with 4}-in. teeth; previous 
finds of archosaur skull material in Middle Triassic beds, 
except in Argentina, had consisted only of isolated 
fragments. Several small excellently preserved archosaur 
skeletons were collected, sometimes articulated, at least 
one with its skull. An unusual find was an isolated archo- 





Archosaur skull from the Triassic Manda Formation of 
Tanganyika, after excavation 


Fig. 4. 











. for, while no dinosaurs ha 


`- vide excellent museum exhibits. It should permit descrip- 

‘tion of the internal anatomy, 

skull of Stenaulorhynchus. 
- There are also a number of nearly complete anomodont 
skeletons, some in articulation, of which one may belong 
to the genus Kannemeyeria. A large skull represents a 
new anomodont genus. 

"The eynodont material includes some excellent partial 
skulla, some with complete brain-cases and others with 
teeth. The fauna is of particular interest as it contains 
many small and relatively unspecialized forms which may 
“throw some light on the origin of mammals. 

The Manda fauna considered as a whole is similar to 
the Ntawere fauna of Northern Rhodesia; in particular, 
both faunas include Unio karrooensis. The Ntawere, 
however, differs in one striking respect—the apparent 
absence of rhynchosaurs. It is interesting to note that 
one Manda locality, below the richest level, yielded an 
anomodont provisionally identified as Kannemeyeria—a 
venus found hitherto only in the Lower Triassic Cyno- 
EE hus zone of South Africa. If this specimen is indeed 
| Kannemeyeria, it might indicate that the genus persisted 
‘into Middle Triassic times, the fauna of which is not well 
represented—if at all—in South Africa. 

- The collecting in the Ruhuhu Valley, in contrast to 
that in the Luangwa, was concentrated on the Triassic 
beds. The Expedition, however, also found a few Permian 



























localities, which yielded a predominantly anomodont 
`: fauna, including some excellent specimens of the anomo- 
"dont Endothiodon. It was at first assumed that the latter, 
like those already described from the same region, were 
from the Kawinga Formation’ (K6, Lower Bone Bed, 
"Lower bone-bearing series, etc., of earlier &uthors); but 
Dr. Bishop established that they were, in fact, from the 
underlying Ruhuhu Beds (K5), which had been thought 
to contain no vertebrate remains. These Ruhuhu Beds, 
‘and perhaps the lowest part of the Kawinga Formation, 
are therefore homotaxial with the Endothiodon zone of 
„South Africa. The Permian vertebrates from Tanganyika, 
‘like those from Northern Rhodesia, usually occur as 
5 nodules in the mudstones of the Ruhuhu Beds and the 
-- Kawinga Formation, but they lack the heavy ferruginous 
-covering characteristic of the Rhodesian specimens. 
- Tho weight of fossil material collected in Tanganyika, 
comprising some 230 specimens, was about 2-3 tons 
(almost exactly as in Rhodesia). Thus a total of 5 tons 
of Permian and Triassic fossil reptiles, represented by 
450 entries in the field catalogue, has now arrived in 
England from the collecting areas of East and Central 
Africa. Its development in the laboratory (using both 
.@ mechanical methods and acid techniques) will necessitate 
some years of work, but it is hoped that the more promising 
matorial may be described fairly quickly. 

The general organization of the Expedition may be 
contrasted with that of the pioneers of the nineteen- 
‘thirties—Dixey, Stockley, Parrington and Nowack—who 
travelled about the country by ‘porter safari’. It might 

8 aradoxical that the present Expedition, equipped 
-< with motor-vehicles, was far less mobile than its pedestrian 

‘predecessors. On ‘porter safari’ a camp was set up at the 
nearest convenient site to a promising fossil locality, so 
that virtually the whole of each working day could be 
spent at that locality and any others nearby; the com- 
paratively small quantity of equipment and stores was 














Manda Formation or from beds ~ 


964 z Vot. 201 






where 


the crossing of major rivers necessitated enormous detours. 
On the other hand, the size of the Expedition, together 
with the use of Land-Rovers, made it possible to explore 
an extensive area from each of the base camps and to 
work two or three scattered fossil localities simultaneously ; 
and even quite distant sites could be visited by setting up 
a small temporary camp nearby. Such a party, moreover, 
could include specialists on several groups of reptiles, 
with various skills in collecting techniques and goneral 
Expedition duties. 

At this point it is fitting to pay tribute to the pioneers 
of the thirties, who not only endured uncomfortable 
living conditions but also risked their health—which, in 
some cases, was permanently impaired. The 1963 party 
enjoyed the convenience of refrigerators, regular supplies 
of fresh food, newspapers and mail, and effective equip- 
ment for the sterilization of water; modern drugs and 
anti-snake serum were available, a qualified medical 
practitioner was with them for part of the time, and, had 
it been necessary, their Land-Rovers could have trans- 
ported them to hospital in a matter of hours. 

Experience shows that the following points are impor- 
tant. First, it is better to seek now localities rather than 
those of previous collectors, which are genorally difficult 
to find and often worked out. Secondly, all temptations 
to make other sorts of natural history collections——plants, 
insects, etc.—should be resisted; time does not allow. 
Thirdly, it is essential that an expedition of this nature 
should include an expert cartographer and stratigrapher, 
supplied with all available large-scale maps and aerial 
photographs. At the same time, experience has modified 
the rather critical attitude adopted by members of the 
Expedition towards those early collectors from the South 
African Karoo who so often ignored post-cranial material ; 
when limitations of time impose a choice between collecting 
one skull, together with every tiny fragment of its not 
particularly informative skeleton, and, alternatively, col- 
lecting several superb skulls and leaving the associated 
skeletons behind, there is sometimes a good case for 
choosing the latter. 

The Expedition was financed by the Department of 
Scientific and Industrial Research, the Royal Society, the 
Percy Sladen Memorial Fund, the Godman Exploration 
Fund and Shell Research, Ltd. Free heavy transport. 
free services of many kinds, advice on various topics and 
the necessary collecting and export licences were gener- 
ously given by Government and university departmonts, 
museums, other institutions and individuals far too 
numerous to mention here; and many companies in 
Britain and southern Africa kindly supplied food and 
drugs either free or at reduced cost. So much help made 
it possible to plan the Expedition with a minimum of 
financial worry. 

The four ‘full-time’ members of the Expedition also 
thank the five ‘part-time’ members mentioned here for 
their invaluable co-operation and help; the Bernard 
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Price Institute, the South African Museum and the 
Uganda Museum for releasmg such semor members of 
the staffs, and, last but not least, the many friendly, 
helpful and cheerful Africans who worked so hard on the 
Expedition's behalf ın both Northern Rhodesia and 
Tangenyika 
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NEWS and VIEWS 


Physics at the University of Lancaster: 
Prof. E. R. Dobbs 


Dr E R Dosss has been appomted to the chair of 
physies at the new University of Lancaster Dr Dobbs 
graduated at University College, London, m 1943, where 
he began research under Prof E N da O Andrade on 
the viscosity of liquid metals He was appomted to the 
academic staff of Queen Mary College ın 1949 and worked 
in low-temperatwe physics on properties of the solidified 
inert gases, utilizing X-ray crystallography and ultrasonic 
techniques After two years’ leave of absence m the 
United States at Brown University, where he worked on 
mucro-wave acoustics, he went to the Royal Society Mond 
Laboratory, Cambridge, as an Associated Electrical 
Industries Fellow, contmumg to work in the field of 
microwave acoustics applied to sohd-state problems He 
has recently been visiting physicist at the Argonne 
National Laboratory, Chicago Dr Dobbs has a wide 
experience of the oxperunental methods of solid-state 
physres and teaching experience gained 1n several different 
university traditions which will serve him in good stead 
m the new University of Lancaster 


Biochemistry at the University of Canterbury, New 
Zealand: Prof. B. H. Howard 


Dre B H Howanp, who has been appomted to the 
newly created chair of biochemistry at Lincoln College, 
Umwversity of Canterbury, New Zealand, 1s a graduate of 
the Unrversitty of Manchester Owmg to war-time 
conditions he was not mmediately able to take up a post 
in the field of biochemistry, which was hus main interest, 
but was employed for some time in commercial and 
Government laboratories In 1947 he moved to the London 
School of Hygiene and Tropical Medieme as personal 
assistant to Prof H Raistrick where he carried out 
work on the metabolic products, especially the colouring 
matters, of Penjwllvum and Aspergillus species. This 
work was mecorporated m a number of papers m the 
Beochemual Journal, and durmg this period Howard 
obtamed a PhD degree of the University of London 
His work ın London also included some teaching of bio- 
chemistry and microbiology In early 1954 he jomed the 
staff of the Rowett Research Instituto m the Micro- 
biology Department where he started an mvestigation 
mto the biochemistry of the rumen protozoa, a field 
which at that time was virtually unexplored Since then 
he has published alone, or in collaboration with Dr 
Abou Akkada, a visiting worker at the Institute, some 
ten papers on this subject His work m this field has 
greatly extended knowledge of the metabolism of the 
anaerobic rumen protozoa and has laid a foundation on 
which future workers can build Dr Howard was elected 
a Fellow of the Royal Institute of Chemistry m 1958 
In 1961 he spent a year in New Zealand as a Department 
of Scientific and Industrial Research Semor Fellow 
at the Plant Chemistry Laboratories, Palmerston North 


Agricultural Chemistry at the University of Leeds: 
Prof. D, Lewis 


Dr D Lewis has been appomted to the char of 
agricultural chemistry m the Department of Agriculture, 
University of Leeds, from a date to be arranged Dr. 
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Lewis graduated with honours m agricultwal chemistry 
at the University College of Wales, Aberystwyth, in 1946, 
and was awarded the degree of MSc m 1947 He then 
entered the School of Biochemistry at the University of 
Cambridge and, a year later, he obtamed honours in 
Part II of the Natural Science Tripos (biochemistry) Ho 
was elected senior scholar of St John’s College He jomed 
the staff of the Department of Microbiology m the 
University of Sheffield ın 1949 and was awarded a Ph D. 
degree by that University in 1951. He was a member of 
the staff of the Agricultural Research Council Institute 
of Ammal Physiology, Cambridge, from 1952 until 1958, 
his research was mamly concerned with certain aspects 
of protem nutrition of sheep and their thyroid function 

He was appomted lecturer m agricultural chenustry at 
the University of Nottingham m. 1958 and promoted to a 
readership m agricultural chemistry ın 1961 


Medical Microbiology at St. Thomas’s Hospital Medical 
School: Prof A P. Waterson 


Dr A P WarERSON has been appomted to the chair 
of medical microbiology at St Thomas’s Hospital Medical 
School Dr Waterson, who is forty years of age, was 
educated at Epsom College, Emmanuel College, Cam- 
bridge, and the London Hospital Medical College, where he 
quahfied m medicme m 1947 At Cambridge, Waterson 
was placed m Class 1 both 1n the Natural Sciences Tripos, 
Part I, and m Part II (biochemistry) After house 
appomtments at the London Hospital and service m the 
Royal Am Force m Germany, he took the MRCP 
(London) in 1950 and returned to Cambridge as house 
physician at Addenbrooke’s Hospital, where he afterwards 
worked for two years ın the clinical laboratories He was 
appointed University demonstrator m pathology m 1953 
He took the MD (Cambridge) m 1954 Since 1958 he 
has been University lecturer ın pathology He is a Fellow 
of Emmanuel College, and a tutor and director of studies 
m medicine at the College Followmg some work on the 
titration of viruses by plaque formation ın tissue culture, 
his research has been concerned principally with an 
investigation of the structure of the viruses of man and 
other vertebrates, and of the biological sigmficanco of the 
components of the viral particle This has mvolved 
particulerly the viruses of the mfluenza and paramfluenza 
groups, and also the measles group He ıs the author of 
Introduction to Ammal Virology (1961) 


British Technical Co-operation Overseas 


Iw reply to questions in the House of Commons on 
January 14, the Secretary for Technical Co-operation, 
Mr R Carr, said Britam was spending nearly £1 milhon 
in the present financial year on supporting research m 
Britam, for the benefit of developmg countries He im- 
stanced the Anti-locust Research Centre, the Tropical 
Products Institute and the Tsetse Fly Laboratory, opened 
at Bristol in December Grants were also made by his 
Department for research at universities and other insti- 
tutions On the advice of the Colonial University Grants 
Advisory Committee, he had allocated £325,000 to the 
new University of Basutoland, the Bechuanaland Pro- 
tectorate and Swaziland from funds available under the 
Commonwealth Development Act, 1963, for the three 
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years begmning ın Ápiil 1963, and the Intei-University 
Council for Higher Education Overseas was helpmg to 
find the staff needed Further aid would be given from 
funds admimstered by the Secretary of State for Common- 
wealth Relations and for the Colonies, and, outside 
Britam, from the Ford Foundation and the United States 
Agency for Aid for International Development He 
estimated that his Department had placed about 2,500 
technical experts (of whom 136 received special tramimg) 
m developing countries at their request since 1ts founda- 
tion On the low-priced book scheme, Mr Carr said 
that the estimate of £150,000 for expenditure and com- 
mitments given to the House on April 12, 1962, referred 
to total expenditure since the meeption of the scheme 
in 1960 The estimate of £200,000 for 1962-63 antıcı- 
pated approval of many more titles m the year than 
were eventually given Tho process of selection and 
approval, imcluding consultation with publishers and 
with interested bodies overseas, such as the Indian 
University Grants Commission, was not entirely withun 
the control of the Government, and hence the estimate 
exceeded the actual expenditure ^ Final approval for 
a largo number of selected titles was expected shortly 
As regards development of the Overseas Information 
Services in 1964-65, he was proposing further develop- 
ment of the activities of the British Council, particularly 
in teaching English language, m the production of tele- 
vision and other films, in the programme of bringing 
visitors to Bnitam, and in British Information Services 
in the newly independent countries, such as Zanzibar 


Government Grant to British Ship Research Association 

Tae largest grant yet made to a research association 
in the Department of Scientific and Industrial Research’s 
scheme 1s to be given to the British Ship Research Associa- 
tion The terms will cover the five years from April 1, 
1963, and, 1n favourable circumstances, the grant could 
amount to as much as £700,000 per annum The shup- 
buildmg industry ıs makmg a very considerable effort to 
improve further its efficiency m the face of increasingly 
severe competition from abroad In future, if the ship- 
building and marme engineermg mdustries contribute a 
minimum of £600,000 per annum, the Department will 
match every £1 the Association receives from them with 
a grant of 10s (up to a maximum Government contribu- 
tion of £500,000 & year) In addition, to encourage 
shipowners and operators who already take an active 
part m the Association's work to make even greater use 
of the facilities that ıt can provide, the Department will 


match £l for £l any contribution they make (hmuted to 


a maxumum additional grant of £200,000 per annum) 
The old terms of the Department’s grant were that 25 per 
cent was paid on a mmimum contribution from mdustry 
of £600,000 with a maximum grant lmited to £200,000 
The British Ship Research Association was formed m 
May 1962 by the amalgamation of the British Shipbuildmg 
Research Association and the Parsons and Marine En- 
&imeermg Turbine Research and Development Association 


Food Research and the Future of the Ditton Laboratory 


In 1962 the Agricultural Research Council announced 
that it mtended to set up a Food Research Institute at 
Norwich, to which ıt would transfer that part of the work 
of the Low Temperature Research Station, Cambridge, 
not concerned with meat and also much of the work that 
is undertaken at the Ditton Laboratory, Maidstone It 
is mtended that the new Institute should be developed 
into a major centre of food research, and an umportant 
sector of the work wil be concerned with post-harvest 
problems, including those of storage and transport This 
work will be very largely in contmuation and enlargement 
of the research programme to be transferred from the 
Ditton Laboratory, including tbe investigation of the 
biochemistry of fruit, with particular reference to ripenmg 
processes, the mycology and bacteriology of stored crops; 
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the storage and handling of soft fiuit and vegetables, 
and work on potatoes, especially on storage and dormancy 
problems As the new Institute at Norwich will not be 
completed before 1966, the transfer of work from Ditton 
to Norwich will not take place until after that date In 
the meantime, the Ditton Laboratory will continue to 
develop its present programme so far as its resources 
allow, thereafter, by agreement with the Fast Mallmg 
Research Station, the premises and equipment of the 
Ditton Laboratory (which is now situated withm the 
boundary of East Malling) will be transferred to that 
Station, the Laboratory will cease to operate as an 
independent establishment Hast Malling Research 
Station will m due course become responsible for work 
now done at Ditton on the storage of apples and pears m 
controlled environments (meludmg the necessary engin- 
eering services) on storage rots arismg from orchard 
mfections and on the chemical composition of frut m 
relation to orchard treatment This work forms a natural 
extension of much work now done at East Malhng and 
will be integrated mto rts programme In recent years, 
because the necessary resources were not available at the 
Glasshouse Crops Research Institute, some research on 
the storage, handing and transport of cut flowers has 
been undertaken at the Ditton Laboratory This work will 
be transferred to the Glasshouse Crops Research Institute 
as soon as the necessary arrangements can be made. 


International Journal of Leprosy 


Ar the eighth International Congress of Leprology, 
held in Rio de Janeiro durmg September 12-20, 1963, Dr 
Esmond R Long, emeritus professor of pathology, Henry 
Phipps Institute, University of Pennsylvama, was 
appointed editor of the International Journal of Leprosy, 
in succession to Dr H W Wade, pathologist emeritus of 
the Leonard Wood Memorial for the Eradication of 
Leprosy (American Leprosy Foundation), who founded 
the Journal m 1933 and has been iis editor ever smee 
Dr Long assumed his new duties on January 1, 1964 
The address of the Editorial Office is 1832 M St NW, 
Washington, DC, USA 20036 


International Journal of Rock Mechanics and Mining 
Sciences 


THIs new journal is ‘international’ in the sense that 16 
has a strong editorial board, headed by Dr A Roberts 
of the University of Sheffield, which 1s drawn maanly from 
academic circles m the Umied States, Canada and the 
United Kmgdom, and editorial correspondents in nme 
other countries (International Journal of Rock Mechanws 
and lang Sciences, Vol 1, No 1 (January 1964) 
Pp 1-126 Subserption rates (4) For hbranes, Govern- 
ment establishments, research laboratories, eto , £10 
(30 dollars), (B) For mdividuals who place ther orders 
directly with the publisher and certify that the journal 
IS for ther personal use, £3 10s (10 dollars) (London 
and New York Pergamon Press, 1961) In tho first 
issue articles originate from the United Kingdom, Czecho- 
slovakia, France and the United States They are all 
published m Enghsh The journal is excellently produced, 
and the first issue contams, apart from editorial matters, 
eight mam articles Of these, five deal with rock maechanies 
topics, one with underground electrical mstallations and 
two with mine ventilation Tho articles are authoritative 
and include contributions from several authors with 
established mternational reputations If the standard 
of the first issue can be mamtamed in subsequent issues, 
the journal should fill a leng-felt need by providing access 
for research workers, teachers and practising engmeers to 
advances m mmimg science m many countries 


Gravitational Collapse and other Topics in Relativistic 
Astrophysics 


AN international symposium on “Gravitational Collapse 
and other Topies m. Relatrvistie Astrophysics”, sponsored 
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by the Southwest Center for Advanced Studies, the 
University of Texas and the Yeshiva University, was held 
at Dallas, Texas, durmg December 16-18, 1963 The 
symposium was notable foi produemg many mteresting 
and exciting ideas on the 1mplosive final stage of ‘stars’ of 
large mass (~ 108 solar masses) The purpose of the sym- 
posium was to see 1f any progress could be made towards 
understanding the strange radio sources identified with 
optical objects of almost stellar appearance Theoretical 
and observational investigations were reported and will be 
published as a book by the University of Chicago Press 


Electrochemical Research on Aqueous Systems at 
Elevated Temperatures and Pressures 


AxN informal seminar on ‘Electrochemical Research on 
Aqueous Systems at Elevated Temperatures and Pres- 
sures” was held at the Central Electricity Research 
Laboratories, Leatherhead, on December 13 The meeting 
was organized by the Physical Chemistry Section at the 
Research Laboratories as a result of a research programme 
on the properties of supercritical water and boiler cor- 
rosion Prof W F K Wynne-Jones (University of New- 
castle upon Tyne) acted as chairman, and Mr J M 
Ward welcomed the visitors on behalf of the Central 
Electricity Research Laboratories Prof E U Franck 
(Institute for Physical Chemistry and Electrochemistry, 
Karlsruhe) opened the seminar with the lecture “Research 
on Aqueous Systems at Elevated Temperatures and 
Pressures at the Institute for Physical Chemistry and 
Electrochemistry, Karlsruhe” In ıt he described the 
pressure equipment and conductance cells that had been 
used in the measurement of the conductivity of dilute 
aqueous solutions at temperatures and pressures up to 
800? C and 4,000 kg/em?, respectively He also described 
work on decomposition voltages and the visible and 
ultra-violet spectra of solutions Prof Wynne-Jones then 
gave an address on '"The Conductivity of Salt Solutions 
at Temperatures up to 200° C and Pressures up to 2,000 
kg/cm?” In xt he considered the effect of the change m 
1oni¢e radu on conductivity In the afternoon, Prof G J 
Hills (University of Southampton) spoke on “Theoretical 
Developments ın Aqueous Electrochemistry” He con- 
sidered the application to conductivity and 10n mobilities 
of the transition state theory of Eyrmg and described the 
work carried out at the University of Southampton on 
conductivity and mterfacial volumes The meeting was 
then opened to discussion for the remainder of the after- 
noon Great mterest was expressed in new unpublished 
data, presented by Dr K E Bett (Imperial College of 
Science and Technology), on the viscosity of water from 
10° to 75° C and at pressures between 1,000 and 9,000 
kg/cm? Prof E U Franck gave a short account of the 
use of computers to calculate the 1onie strength of 
solutions at elevated temperature and pressure The 
meeting was then closed, and Mr Waid, on behalf of the 
Research Laboratories, thanked the visitors for attending 


Books for Chemical Engineers 


Tan Institution of Chemical Engineers (16 Belgrave 
Square, London, S W 1) has recently published a pam- 
phlet, Books for Chemical Engineers The books referred 
to are mainly the proceedings (papers and discussion) of 
various symposia which have been organized by the 
Institution ın recent years The topics covered are the 
handhng of sohds, the mteraction between fluids and 
particles, process optimization, catalysis m practice, 
chemical process hazards, distillation, mstrumentation 
and computation m process development and plant 
design, the sealng-up of chemical plant and processes, 
the organization of chemical engineering processes, par- 
ticle size analysis — Fortheomung publications will deal 
with: civil and structural engineering considerations m 
chemical plant design, the less common means of separa- 
tion, chemical engineering m the metallurgical industries 
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The pamphlet gives the contents, price and date of each 
publication. Jt ıs noteworthy that ıt proved possible to 
publish the proceedings of a symposium held m June 
1963 in the same year 


Research and the Paper Industry 


What We are Dorng 1s a publication issued four timos a 
year by the British Paper and Board Industry Research 
Association, of St  Wimfred's Laboratories, Welcomes 
Road, Kenley, Surrey It 1s compiled by the Association's 
Mill Enquiry and Liaison Service, and 16 1s composed of 
two parts, the larger of which is intended to mmplement 
its title The smaller 18 a confidential section issued to 
members of the Association only, it ıs excluded from 
issues sent to non-members such as the copy under 
review, which therefore may justifiably be regarded mainly 
as a publicity effort This bemg the case, 15 1s natural to 
find that ıt deals appropriately, if 1ather superficially, 
with the general activities of the Association, and in 
particular with such matters as the mformation service, 
book reviews, and a report on baling wires which evidently 
1s regarded as suitable for release to non-members The 
interesting article on the mformation department con- 
tains an outline of subject classification ın terms of the 
decimal system of reference Several pages of abstracts 
from the foreign literature complete this issue It will 
be appreciated that a publication shorn of its most 
valuable scientific contributions will be only of passing 
interest to readers of Nature who are not members of 
the Association This should not be allowed to lead 
to an underestimate of the value of the research work 
bemg carried out by the Association This 1s concerned 
primarily with the fundamental properties of paper and 
its fibres and their bearmg on the processes of the industry 
It ıs less concerned with the raw materials used or with 
the uses of paper, the latter being rather the province of 
the Prmtmg, Packagmg and Alied Trades Research 
Association The present pubheation serves a useful 
purpose in directing attention to the existence of the 
Association. (which has grades of membership covering a 
wide range of alhed trades), and the crumbs of mforma- 
tion 16 supphes may perhaps whet the appetite of non- 
members for some more solid fare x 


The Royal Society and Nuffield Commonwealth Bur- 
saries Scheme 


AwARDS under the Royal Society and Nuffield Founda- 
tion Commonwealth Bursaries Scheme have been made 
as follows Prof H N Barber, professor of botany. 
University of New South Wales, to enable him to study 
botanical physics at Rothamsted Experimental Station 
and elsewhere m the United Kingdom, Prof B S Basak, 
professor of physics, Presidency College, Calcutta, to 
enable him to learn modern techniques m crystal structure 
determination, with special reference to the application 
of computers to crystallographic calculations, at Oxford, 
Dr M J P Canny, university lecturer in botany, Cam- 
bridge, to enable him to visit Makerere College, Uganda, 
in order to measure the apparent diffusion constant of 
sucrose in the translocation system of cotton, and to 
assist ın setting up a radioactivity unit there, Dr Chew 
Wee-Lek, Botanic Gardens, Singapore, to enable him to 
study the generic Iumits of the Urticaceae m preparation 
for a taxonomic revision of the Malaysian species, at 
Cambridge, Dr J B Falls, associate professor of zoology, 
University of Toronto, to enable him to visit Canberra in. 
order to study acoustical behaviour of Australian magpies 
and to gam a knowledge of ecological conditions and 
research in Australia, L V Hawkins, senior lecture: in 
geophysics, University of New South Wales, to enable 
him to take part m research at the Imperial College of 
Science and Technology in the fields of seismology and the 
elastic behaviour of rocks, A C Jenkms, senior lecturer 
(analyst) m agricultural chemistry, University of Adelaide, 
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to enable him to visit the Rowett Research Institute, 
Aberdeenshire, and elsewhere in the United Kingdom in 
order to extend his knowledge of the chemistry and 
structure of plant protems and peptides, Dr C K Job, 
associate professor of pathology, Christian Medical 
College, Vellore, South India, to assist him to study 
modern techniques 1n experimental pathology at Univer- 
sity College Hospital Medical School, London, Dr T 
Langford-Smith, semor lecturer m physical geography, 
University of Sydney, to enable him to study pleistocene 
stream traces 1n Kenya (and western United States) as a 
guide to pleistocene pluvial changes, and to study soil 
development m loess from selected sites m the United 
Kingdom, Dr P B C Matthews, university lecturer in 
physiology, Oxford, to assist him to gam experience of 
neurophysiological techniques and their application to the 
study of the central nervous system and to advance 
knowledge of cerebellar function, at the Austrahan 
National University, Canberra, Dr D F Mettrick, 
lecturer m zoology, University of West Indies, Kingston, 
Jamaica, to assist him to study new techniques mn experi- 
mental parasitology at the University of Glasgow, Dr 
R L Specht, reader in ecology, University of Melbourne, 
to enable him to visit Oxford ın order to study recent 
techniques developed there for mvestigation of the phos- 
phorus nutrition and growth of heath communities on 
infertile soils, Dr D R Westbrook, lecturer in mathe- 
matics, University of Singapore, to enable him to gam 
contact with other mathematicians working in the field 
of the theory of elasticity, at Melbourne, Dr A Wright, 
lecturer in vetermary anatomy, University of Sydney, to 
assist him to visit the University of Hong Kong 1n order 
to develop techniques for surgery on birds and to conduct 
a collaborative research project on the effect of hormones 
on avian kidney function 


The Pharmaceutical Society of Great Britain. Awards 

THe Pharmaceutical Society of Great Britam has 
instituted two new awards which will be known respec- 
tively as the Charter Gold Medal and the Charter Silver 
Medal The Charter Gold Medal will recognize the out- 
standing service rendered by the member to the Society, 
or generally in promoting the mterests of pharmacy The 
Charter Silver Medal will recognize simular outstanding 
service rendered by the member locally 

Charter Gold Medals for 1964 have beon awarded to 
W S Howells, who was vice-president of the Society m 
1941-42, president fiom 1942 until 1944, and treasure: 
from 1947 until 1963, Dr T E Wallis, emeritus curator 
of the Pharmaceutical Society’s Museum A. Charter Salve 
Medal has been awarded to H R Edgecombe, who has 
been prominently associated with local pharmaceutical 
organization simnoo 1934, having served. as president and 
as secretary of the South-West London Chemists’ Associa- 
tion for more than twenty years 


Postgraduate Awards in Agricultural Research 


A BOOKLET, which 1s entitled Postgraduate Student- 
ships and Fellowships offered ın 1964, and issued by the 
Agricultural Research Council, details the postgraduate 
research studentships and fellowships to be offered in 
1964 by the Agricultural Research Council (Pp 23 
London Aguicultural Research Council, 1964) The 
Council offers thirty postgraduate studentships m Agricul- 
tural Research, including vetermary tramung grants, the 
closing date for applications ıs March 16 Two vete:mary 
research fellowships, tenable for a period of up to three 
years, are offered to workers holdmg a vetermary qualifica- 
tion and with at least three years’ experience 1n vetermary 
research, and three agricultural research fellowships, also 
tenable for a period of up to three years, will be open to 
honours graduates m science with not less than three 
years’ postgraduate experience Applications for these 
awards can be made at any time Candidates for the post- 
graduate studentships and research fellowships must be 
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British subjects The booklet also contams sections on 

the scope of agricultural research, the openings available 
m agricultural research and advisory research, regulations 
governing awards, analysis of subsequent appointment of 
holders Two appendixes deal with (l) State-aided 
agricultural institutes and Agricultural Research Council 
mmstitutes and units, (2) Scottish Agricultural Advisory 
Service agricultural colleges 


Announcements 


HRH Prior Pure, Duke of Edinburgh, has agreed 
to become patron of the Ian Clunes Ross Memorial 
Foundation The Foundation was established in 1959 m 
memory of the former chaman of the Commonwealth 
Scientific and Industrial Research Organization, Australia 
An initial objective ıs to build a national science centre 
near the University of Melbourne, already more than 
£4280,000 has been raised towards this project. 


Pror R G D Arran, professor of statistics m the 
University of London since 1944, has been appointed a 
member of the Council for Scientific and Industrial 
Research Prof Allen was at one time statistical adviser 
to HM Treasury and a consultant to the United Nations 
Statistical Office He has been a part-time member of 
the Air Transport Licensmg Board smce 1960, he 1s also 
chairman of the Committee set up in 1963 by the Mumuste1 
of Housing and Local Government to examme the mmpact 
of rates on different sections of the community, and is 
treasurer of the British Academy 


A CONFERENCE on “Finishes for Remforced Plastics", 
organized by the Reinforced Plastics Group of the Plastics 
Institute, will be held m Birmmgham on February 20 
Further information ean be obtamed from the Plastics 
Institute, 6 Mandeville Place, London, W 1. 


A CONFERENCE on “Dielectric and Insulating Materials", 
arranged by the Institution of Electrical Engineers, will 
be held m London durmg April 8-10 Further information 
can be obtamed from the Secretary, Institution of Elec- 
trical Engineers, Savoy Place, London, W C 2 


A SYMPOSIUM on "Ecology and the Industrial Society", 
arranged by the British Ecological Society, will be held 
at the University College of Swansea durmg April 13-16 
Further information can be obtamed from Mi G T 
Goodman, Department of Botany, University College, 
Singleton Park, Swansea. 


A MEETING on “Chemotherapy of Tiopical Diseases 
Ameebiasis, Helmmthiasis, Trypanosomuasis”, arranged 
by the Fine Chemicals Group and the Nottmgham Section 
of the Society of Chemical Industry, will be held m 
Nottingham durmg April 6-7 Further mformation can 
be obtained from Mr F E Rymull, Allen and Hanburys, 
Ltd, Ware, Herts 


A MEETING, which is bemg organized by the Sooiété de 
Chimie Biologique to celebrate its fiftieth anniversary, 
wil be held m Paris durmg April 6-9 Subjects under 
discussion will include the chemistry of heredity, bo- 
chemistry of antigens, mechanisms of enzymatic action, 
transfer of energy Further mformation can be obtamed 
from La Société de Chimie Biologique, 4 avenue de 
DPObservatoire, Paris 6 


THe third imternational symposium on ‘Flemmg’s 
Lysozyme” will be held in Milan during April 3-5 Sub- 
jects under discussion will include biology of lysozyme, 
lysozyme and lysozyme-like substances, lysozyme action 
agamst viruses, bacteria and protozoa, therapeutic use 
of lysozyme ın general medieme, surgery, pediatrics, 
oculistics, neurology, phthisiology, dermatology, gynz- 
cology, urology, oto-rhmo-laryngology, odontostomato- 
logy Further mformation can be obtamed from Prof G 
Podio, c/o “A Flemmg" Institute, Via Modica 6, Milan 
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DISARMAMENT AND WORLD SECURITY 


HE eleventh Pugwash Conference on Science and 
World Affairs was held m Dubrovnik, Yugoslavia, 
durmg September 20-25, 1963, and a brief statement on 
the Conference 1s included in the second of a series of 
quarterly Pugwash Newsletiers, which are now bemg issued. 
by the Contmuing Committee of the Conferences (1, No 2, 
October 1963) ‘The first of these Newsletters (July 1963) 
includes a brief note by Sır Nevil Mott on the British 
Pugwash Group, formed in April 1963, and a contribution 
from Prof H A Tolhoek and Prof K D Lapterouthnmg 
some general piinciples for a zone of disarmament m 
Europe, 1n which, besides suggestions for a research pro- 
gramme, the part which scientists could play 1s mdicated 
The main theme of the eleventh Conference was “Current 
Problems of Disarmament and World Security", and five 
working groups were formed to consider problems of 
general disarmament, consequences of the spread of 
nuclear weapons, denuclearized zones, especially in 
Central Europe and the Balkans, role of non-aligned 
nations m disarmament and world security , and the partial 
test ban, the problems of detection and the next steps 
The meeting followed closely on the nuclear test ban 
tieaty, and the effect of the treaty in reducing mter- 
national tension was ummediately apparent, while the 
reports from the workmg groups showed that much 
progress had been made m reaching a common under- 
standing on important praetical issues, m clamfymg 
different pomts of view and in advancing novel sug- 
gestions for further study and consideration The first 
working group suggested that rapid agreement might be 
obtamed for establishing control posts at major transport 
centres withm agreed areas of Central Europe These 
would give warning of any surprise attack requiring the 
massmg and transport of large numbers of conventional 
arms and forces Moreover, military officers with adequate 
means of communication with ther Governments, from 
each side should be stationed with the troops of the other 
side within these areas It was agreed that during the 
period of disarmament, world security would have to be 
guaranteed by the umbrella forces of the United States 
and the USSR alone Control and mspection of the 
process of disarmament should be effected by & permanent 
International Disarmament Organization enjoymg all 
necessary privileges and powers 
The second working group recommended more effective 
control of fissile materials, that the major powers should 
transfer their fissile material through the International 
Atomic Energy Agency and not bilateral agreements, and 
that international centres for nuclear technology for 
peaceful purposes should be established to discourage the 
waste of manpower and resources by many small nations 
It also recommended that the security of countries which 
forgo the construction of nuclear weapons should be 
guaranteed by strengthening the system of collective 
security, for which the great powers should accept 
responsibility within the framework of the United Nations 
From the third working group came recommendations 
suggestmg that all Governments directly concerned in 
Central Europe should enter mto negotiations to lessen 
tensions m the area and establish a denuclearized Central 
Europe and that the Governments of the Balkans. Africa 
and Latm America should conclude a treaty bannmg 
nuclear weapons from that part of the world, and con- 
forming to the United Nations Charter, with arrangements 


for international mspection The fourth working group, 
stressing the contribution which non-aligned nations could 
make by their renunciation of nuclear weapons and 
establishing atom-free zones, suggested that these nations 
should set up institutes or groups to investigate the 
mulibary, strategic and technological problems of dis- 
armament Such action could create in good time a 
competent body of personnel for an International Dis- 
armament Organization 

The fifth workmg group, stressmg the importance of 
early progress towards disarmament, suggested that 
scientists should take every opportumty to influence 
publie opmon so that the test-ban treaty was supported 
by all nations, including France and China It also sug- 
gested a co-ordinated seismological programme, with full 
interchange of records of explosions and earthquakes, 
between the United States, the USSR and the United 
Kingdom, with other nations contributing later, and that 
the major powers should negotiate a ban on orbiting 
nuclear weapons Proposals for international scientzfic 
co-operation made at the seventh Pugwash Conference 
in September 1961 already agreed, or formally proposed, 
include various forms of co-operation m space, plans for 
a world medical and biological research centre, a broaden- 
ing of the exchange of scientists between the United 
States and the USSR, and projects to drill deep mto 
the Earth’s crust such as the Mohole project The twelfth 
Conference has just been held m Udaijpur, India, and 
meluded on its agenda discussions of technical, medical 
and scientific assistance to the development of new 
nations 

In the same issue of the Pugwash Newsletter the secre- 
tary-general, Prof J Rotblat, rephes vigorously to some 
criticism that the Pugwash movement 18 becoming sterile 
and less fruitful of ongmal ideas Prof Rotblat points 
out that the importance of a new idea often depends on 
where, when and by whom 1t was suggested, while he 
admits that the "black box” scheme may have been pro- 
posed earher, 16 was only when taken up at a Pugwash 
Conference that 16 became an important issue The public 
statements regarding the Pugwash Conferences give no 
ferr measure of their achievements and in particular of 
the stimulating and fertilizmg character of the discussions 
between East and West ‘This was as evident as ever at 
Dubrovnik, and even when these problems are bemg 
tackled at mternational stitutes all over the world 1b 1s 
likely that the Pugwash movement will still have an 
important part to play Prof Rotblat believes that the 
Pugwash movement ıs seething with new ideas and that 
its origmal purpose, to make scientists all over the world 
conserous of their social responsibilty and to induce them 
to take an active part 1n tackling the grave issues resulting 
from progress m science and technology, 1s as urgent and 
as valid now as ın 1955 The evidence of such reports as 
have yet appeared on the Dubrovnik Conference would 
seem to support Prof Rotblat rather than his critics 
There can be no two opinions as to the urgent necessity 
to take full advantage of the improved situation resulting 
from the test ban treaty to promote peaceful co-existence 
between East and West and disarmament, particularly 
perhaps in reducing the spread of nuclear weapons, reliev- 
ing public anxiety about contamination of the atmosphere 
with radioactive material and discouragmg the search for 
an anti-missie system. 
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DISTRIBUTION AND DEVELOPMENT OF THE WORLD'S 
PEAT DEPOSITS 


ps first International Peat Congress was arranged 
under the auspices of Bord na Mona m Dubhn in 
1954 Subsequent efforts to hold a second congress were 
abortive until the Soviet authorities agreed m 1962 to 
orgamze ıt in Lenmgrad during August 15-22, 1963 
The country and venue were most appropriate since 
the USSR possesses more than 60 per cent of the 
world’s estimated peat deposits and more than 70 per 
cent of the world output of peat, peat products and their 
agricultural and industrial applications 

More than 700 scientists attended, including academi- 
cians and technologists, from 26 different countries, includ- 
ing nearly every European country, the USSR and its 
associated Repubhes, the United States, Canada and Cuba 
Delegates were welcomed at the inaugural session on 
behalf of the Soviet authorities and the City of Leningrad 
Many national reports were presented summarizing the 
geography and development of the peat resources of 
individual countries Vamety was the keynote Peat 
claimed, some degree of primary significance in countries 
such as the USSR, the Insh Republic, the United 
States, Finland, Denmark, Norway, Sweden, West 
Germany, the German Democratic Republie, Poland, 
Holland and Canada, where peat resources were either 
extensive per se or relatively extensive as a proportion of 
national territory, or especially significant because of the 
relative lack of, for example, coal deposits or other fuels 
On the other hand, peats were locahzed and of relatively 
secondary significance m such countries as Cuba, Israel, 
Italy, Britam and Roumania, either because of their 
limited occurrence or because other sources of fuel and 
power, for example, coal, had overshadowed then 
development. 

Afterwards four separate sections arranged concurrent 
sessions for paper-reading and general discussions The 
sections were concerned with (1) genesis, stratigraphy 
and geography of peat deposits (28 papers), (2) winnmg 
and processing of peat (30 papers), (8) utilization of peat 
and peat deposits m agriculture (31 papers); (4) peat 
physics and chemistry, chemical technology and balneo- 
logical use of peat (27 papers) Thus, m all, 116 papers 
were presented 

In Section 1, four chairmen presided, S Tyuremnov 
(USSR), E Kivinen (Funland), S Schneider (Bulgarian 
Democratic Republic) and A Olenm (US SR) The 
distribution and classification of peats m the British 
Isles were discussed by A J Howard (Northern Ireland), 
R A. Robertson (Scotland), J A. Taylor (Wales) and 
A J.P Gore (England) Table 1 shows the relative distri- 
bution of the world’s peat resources m relation to indivi- 
dual countries 

More than half (60 7 per cent) of the world’s peat 1s con- 
centrated m the U S S R , not only m the Leningrad region 
but also m those lands lymg broadly south-east of tho 
Ural Mountains and north-east of the Caspian Sea Fm- 
land clams 8 2 per cent of the world's peat On average 
about 32 per cent of the land area of that country 1s bog 
—one Finnish hectare m three In northern Fmland 
the average approaches 41 per cent, m southern Finland 
about 24 per cent In places m the far north more than 
60 per cent of the land 1s covered by peat Clearly, the 
boglands of Finland are a resource both as land area and 
as peat Consequently, research mto peat materials, and 
the reclamation and management of peatland, are well 
matured An interesting paper delivered by B Y 
Pessi! deseribed the effects of the addition of mmeral soil 
on the temperature conditions of cultivated peat land 


Temperature changes although small (1°-3° C, but 
occasionally up to 6° C) have been shown to bo statistic- 
ally and ecologically significant J A Taylor? has 
undertaken similar work on south-west Lancashire moss- 
land by applying marl (local boulder clay) at the traditional 
Lancashire rates of 100-200 tons per acre on specially 
prepared and tripheated plots —Prelummary results show 
temperature mereases of a similar magnitude to those 
quoted by Pessi, and they are especially manifest durmg 
high and late summer, namely, June-September. This 1s 
not to underestimate the chemucal and physical and 
ultimately biological changes mduced by adding cal- 
careous marl, but a parallel modification of the temperature 
régime also occurs 

Canada, with 7 8 per cent, occupies third position in the 
international hst Much of the Canadian bogland 1s 
uninhabited and unexploted A valuable paper given. 
by N B Radforth? dealt with the methods and results of 
an aerial survey of so-called ‘orgamic-terrain’ 1n Canada 
Some 250,000 acres have been surveyed and it is estimated 
that they could produce 200 milhon tons of peat fuel 
and 15 milhon tons of peat material for other purposes 
However, the availability of superior sources of fuel meant 
that commercial use of peat fuel 1s virtually nil and the 
major uses of peat are in agriculture and horticulture. Of 
considerable academic interest, however, are the mvestiga- 
tions of organie terram by mterpretation of photographs 
taken from the aur, especially m environmental engineering 
with particular reference to problems of transportetion 
of peat-land 

In the United States (6 2 per cent), more than two-thirds 
of peat production 1s concentrated ın California, Indiana, 
Michigan and Washmgton Specially adapted, mechanized. 
methods have been developed, the peat bemg largely 
used for soil improvement in gardens, nurseries and green- 
houses  Marketmg includes specially arranged pie- 
packmg Future expansion of the markets wil be re- 
stricted to agriculture and horticulture since the reserves 
of coal, oil and natural gas are so large 


Table 1 WORLD PHAT RESOURCES (ESTIMATED)* 
Per cent of Total area 
Country world m milhon 
resources hectares 
q USSR. 60 7 73 
(2) Finland 82 10 
(8) Canada 78 95 
(4) United States (without Alaska) 62 75 
(5) Germany (East and West) 43 525 
(0) Great Britain and the 
Irish Republic 48 5 25 
(7) Sweden 41 50 
(8) Poland 13 15 
(9) Indonesia 11 135 
(10) Norway 07 10 
(11) Cuba 04 0 45 
(12) Iceland 0 26 03 
(13) Japan 0 18 02 
(14) New Zealand 014 0 165 
(15) Denmark 0 01 0 12 
(16) Italy 0 01 0 12 
(17) France 0 01 0 12 
(18) Hungary 0 08 01 
(19) Netherlands 0 041 0 046 
(20) Argentina 0 041 0 046 
(21) Roumania 0 041 0 046 
(22) Czechoslovakia 0 025 0 30 
(23) Austria 0 018 0 022 
(24) Yugoslavia 0 013 0 015 
(25) Spain 0 005 0 006 
(26) Others 0 026 0 03 
Total 100 0 121438 


*These figures have been estimated from sources made available in papers 
and exhibits at the Congress They are all estimates and ın general tend to 
be conservative It 1s likely that future surveys will extend the list of 
countries and increase selected national proportional areas so as to create a 
larger global total 
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Substantial peat deposits exist ın both East and West 
Germany (4 3 per cent m all), and significant contributions 
have been made to the academic classification of bogs mto 
high, intermediate and low types and to the mechanized 
methods of peat-wmning, in particular for horticulture 
Peat products, that js, peat mixed with organic waste, 
earth or mineral fertilizer, have been extensively intro- 
duced Peat is also used m medicine and as a source of 
activated coal 

In Great Britain (43 per cent), the Highland zone and 
its marginal lowlands, for example, ın Lancashne, Shrop- 
shue and Somerset, monopolze much of both the hill 
peat and lowland bogs with the major exception of the 
East Anghan Fenlands The intensive agricultural 
appiopuation of the latter and the relative insignificance 
of peat deposits m England, both areally and economically, 
are reflected in the fact that no official delegate for England 
was nominated for the Congress A J P Gore (the Nature 
Conservancy)? dealt with the comparative ecology of peats 
at different elevations in the Pennines, and both R A 
Robertson (the Macaulay Institute for Soi Research) 
and J A Taylor referred, where appropriate, to English 
peats m the course of their papers on Scotland and Wales 
respectively The reports of the Scottish Peat Commit- 
tee for 1954 and 1962 have summarized the evidence and 
indicated the possibilities of development? The peat 
survey has been concerned to obtain data for the area 
depth and solids content of the major bogs, and to investi- 
gate the physics and chemistiy of the peat types So far, 
103,000 acres (42,000 hectares) have been covered, of 
which 77,000 acies (31 000 hectares) are located im the 
Highlands and Islands where the bulk of Scottish peats 
occur The remainder includes such bogs as Flanders 
Moss (4,000 acres) ın Perthshire, Airds Moss (3,800 acres) 
in Ayrshire and Lochar Moss (4,800 acres) in Dumfries- 
shire Although many of these deposits are suitable foi 
exploitation as fuel, large-scale industrial development 1s 
by no means ummment and energies will be concentrated 
on scientific mvestigations of the peat deposits with 
1eference to the realization of their maximum potentiali- 
ties for agriculture, horticulture and afforestation For 
example, judging by comparative costs m Ireland, electri- 
city could be produced, using steam, for generation and 
mulled peat and/or de-watered peat foi fuel, but a subsidy 
of 045d per unit would be needed to enable peat to 
survive competition with coal, oul, hydro-electric power 
and nuclear energy Again, peat-briquettes could only 
supplement the household fuel market m Scotland On 
the other hand, Scotland supplies leSs than one-third of 
the annual output of peat for horticulture and moss 
litter (80,000 tons per annum) and could supply more At 
present some 14,000 tons is imported from Ireland 
annually The techniques of afforesting peat-land have 
been investigated and developed by the Forestry Com- 
mussion® Reclamation of peat-land «n situ for agriculture 
gives good agricultural land eventually, but the costs 
and delay are normally beyond the scope of the mdividual 
farm turn-over 

In Wales, Taylor? has concluded that m reviewmg the 
historical and contemporary significance of Welsh peats, 
the academic, scientific. afforestation and conservational 
interests dominate over commercialization both of agri- 
cultural and industrial potentialities Quaternary research 
in Wales has lagged behind that in Southern Ireland and 
East Angha when glacial and imterglacial chronologies 
have been calculated Generalized hypotheses such as 
those expounded by Mitchell® require local testing The 
investigations of Bartley?:1?, Watson!!, Seddon!?, Wood}, 
Taylor! and Stewart! are notable here Agam Borth 
Bog has recently become the scene of reclamation for 
aiable cropping to an extent which might well prevent 
this unique coastal raised bog from reaching its fullest 
maturity and which will, without doubt, duce drainage 
changes, which will in turn cause floral and faunal adapta- 
tions The point of view of the conservationist is well 
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demonstrated here, and the pomt was sympathetically 
received at the Congress when Taylor presented his 
paper? 

In Ireland peat 1s classed as a national resource Bord 
na Mona, a statutory corporation, was established by the 
Irish. Government in 1946 to develop Irish bogs for peat 
fuel and horticultural peat It ıs financed by means of 
interest-bearmg repayable advances Up to 1963 a total 
expenditure of £24 mulion has been authorized Dwyer?® 
has indicated the distribution of Irish. peat-land which 1s 
conspicuously central and west central and west coastal in 
location Five of seven planned power stations using peat 
are already functional Total capacity will be 427 5 MW 
The Board also operates three peat-briquetting plants 
At the height of the production some 7,000 men are 
employed Sod-turf ıs bemg used to make activated 
carbon and milled turf is bemg adopted as a foundry mix 
ingredient and as an additive to coal to produce smokeless 
fuels Research is proceeding into the fermentation of 
tuf to extract high bulk value chemicals A recent 
effective solution to the exposure of peat stocks to the Irish 
weather 1s to cover them with special polyethylene films 
made to measure Clearly, both traditionally and in terms 
of present economic problems, the bogs of Ireland have, 
and will have, a national part to play in any programme 
for 1evitalization, re-population and mdustrialization of 
rural Ireland both within 1each of Dublin and farther west 
The work bemg carried out at Glenamoy by P J O'Hare 
et al ? pomts the way to the future 

One interesting feature emerging from the international 
assessment of the geography of peat deposits concerns 
their average maximum depth Most sources quote 
30-35 ft (9-11 m) and occasionally 40 ft (12 m), but the 
representative from Greece reported a figure of 98 ft 
(30 m) and certain tropical peaty swamps in Borneo are 
alleged to attain depths of 60 ft (18 m) These extreme 
figures normally refer to the centies of basin peats or raised 
bogs in concave sites For extensive peat-lands of the 
blanket bog-type colated on flattish plam or plateau 
country average maximum depths are in the range of 
6-12 ft and sometimes 20 ft (2-4 and sometimes 6 m) 

For details of peat deposits and their developments ın 
the other countries reference may be made to the Proceed- 
ings and Transactions of the Congress which, subject to 
adequate demand, will be published in due couse at a 
cost of about £5 Similar reference may be made to the 
work of Sections 2, 3 and 4 of the Congiess for which only 
brief summaries can be included here 

Section 2 on the winning and processing of peat had five 
chairmen as follows A Sokolov (USSR), D Lawlor 
(Ireland). J Filipowicz (Poland), O Uddgren (Sweden) 
and N Ivashechkin (USSR) Special attention was 
directed to machinery for peat collecting and peat pro- 
cessing Visits to the peat-fired power station at Dubrov- 
sky, 60 km from Leningrad, and to the Zaplyusski peat 
deposit within the Leningrad Region were most iluminat- 
ing At Dubrovsky, observations were made on unloading 
mechanisms, fuel stocking, sample extraction and analysis 
peat fixing in the fire-chamber, ash and slag removing, and 
dependence of the working rate on the peat quality At 
Zaplyusski, the study tour included methods of mechanical 
tree-clearance, tree-stripping, ground preparation, dran- 
age and preparation of the peat-bog, methods of peat 
winning, drying, collecting, loadmg and transportation 
ineluding a specially adapted bog railway system which 
could lay its own track as required within the reclamation 
programme Papers delivered at the mdoo1 sessions in- 
cluded reference to turf-fiiing in steam-boiler installations, 
processes in peat-briquette manufacture, peat compression 
and de-watermg theory, peat litter and the efforts of dramm- 
age control on the hydrological balance of bogs 

Section 3 was supervised by five chairmen S Dragunov, 
(USSR), R Lucas (United States), W Baden (East 
Germany) S Prat (Czechoslovakia) and L Khristova 
(USSR) The theme was the use of peat and peat 
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deposits ın aguiculture A visit to Prigorodni State Farm 
(of 2,700 hectares), near Leningrad, revealed that experi- 
ments in the application of peat m agriculture were at 
an early stage. Even allowing for the latitude and rela- 
tively poor sandy podzolzed soils of the region, production 
figures quoted were relatively low both per hectare and 
per man Selected topres discussed, at the Congress itself 
were humic fertilizers and their effect on plant metabohsm, 
the making of composts fiom peat and pig excrements, 
trace element deficiencies so characteristic of bog souls, 
long-term, effects of peat fertilizers on yield and quahty of 
plant, use of peat fertilizers m afforestation, and the 
effects of the penetration of plant cells by humic sub- 
stances 

In Section 4 on peat physics and chemistry and peat 
balneology, that ıs, its use m medicine, there were four 
chairmen, M. Volorovich (USSR), R Kadner (East 
Germany), A Sundgren (Finland) and I F Prado (Cuba) 
Themes examined included types of peat fuel, the cok- 
ability of various compressed peat products, the constitu- 
tion of peat wax as separated by column chromatography, 
cation exchange capacities of peat, the manufacture of 
water-gas from mulled and powdered peat, the extraction 
and composition of peat-bitumens, the problem of humic 
substances bound differentially im a colloidal complex, 
and observations on autothermal peat dust gasification 
experiments on an industrial scale The application of 
peat and associated muds ın balneology were demon- 
strated by data from Munich, Neydharting (Austria), and 
various parts of the USSR ineluding Sochi on the Black 
Sea coast This was substantial evidence of partial success 
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ın demonstrating the curative effects of peat and bog-muds 
for certam types of disability or disease in human beings 
The Soviet authorities are to be congratulated on their 
hospitality and energy m organizmg this second Congress 
which enabled valuable mterchange of ideas and methods 
It ıs to be hoped that the time-aanterval between the second 
and the thud Congress will be less than that between the 
first and the second J A TAYLOR 
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ANTIMICROBIAL AGENTS AND CHEMOTHERAPY 


HE third Interscience Conference on Antumicrobial 
Agents and Chemotherapy was held m the Mayflower 
Hotel, Washmgton, DC, under the sponsorship of the 
American Society for Microbiology durmg October 
28-30, 1963 Registered attendance at this meeting 
reached 825, a much larger number than that attending 
the second Conference m Chicago in November 1962. 
Foreign participants included a group of 12 from Japan, 
16 from Canada, 6 from England, as well as scientists from 
17 other countries 
The three-day Conference was opened with a greeting 
from J R Porter, president of the American Society for 
Microbiology, and an address on “Recent Legislation 
and the Development of New Drugs”, by W B Rankin, 
assistant commissioner of food and drugs, Food and Drug 
Adminstration, Department of Health, Education and 
Welfare Among the features of the Conference were 
five symposia including (1) "Chemistry of Antibiotics” 
(convened by C P Schaffner), with discussions of chemical 
aspects of the synthesis of tetracyclne by H Muxfeldt, 
the structure of viomyem by J R Dyer, the structure of 
streptolydigin by K L Rinehart, fatty acids from asparto- 
em by W. K. Hausmann, and the structure of vernamyem 
B-type antibiotics by M Ondetti, (2) “Infections Pre- 
senting Special Problems m Chemotherapy” (convened 
by W L Hewitt), with discussions of chemotherapy of 
staphylococcal mfections by M Hamburger, management 
of Gram-negative bacillary infections of the gastro- 
intestinal and central nervous systems by P F Wehrle 
and infections m association with malignancy by J P 
Sanford, (3) ‘‘Side Reactions Attributed to Antimicrobial 
Agents" (convened by H F Dowling), with discussions of 
ummunochemical basis for penicillm allergy by C W 
Parker, damage to the eighth nerve associated with anti- 
biotic therapy by Martha D Yow, reactions to antibiotics 
—blood dyscrasias by C M Huguley, and clinical expert- 


ence with the use of potentially nephrotoxic antibiotics 
m the treatment of infections m wemuic patients by 
C M Kunn, (4) ‘Mode of Action of Antibiotics" (con- 
vened by D Perlman), with summaries on penicillin by 
J T Park, streptomyem by C Hurwitz, polyene anti- 
fungal agents by S C Kinsky, and erythromycin by 8 B 
Taubman, (5) “‘Antimicrobials ın Vetermary Medieme” 
(convened by C. G Durbin), with papers on antibiotics as 
anthelmintics by R F Shumard, antibiotics and anti- 
muerobials ın therapy of fish diseases by K Wolf, and 
special antibiotic preparations for vetermary use by I. S 
Rossof 

Among the new antibiotics announced at the meeting 
were gentamicm, antibiotic MSD-235, doricm, LL- 
AE'T05W, LL-AM684B, MSD-92, and anthricidins A 
and B The cytotoxic and anti-tumour substances 
described meluded BA-17039-A and B, BA-90912, BA- 
181314, septacidin and pehomyem An mformal session 
heard S A Waksman discuss problems of nomenclature of 
antibiotics, and the chairman was mstructed to request 
that the American Society for Microbiology form a group 
to consider this problem 

Chnieal reports were presented on the offectiveness of 
the following antibiotics gentamicm, hncomyom , ammo- 
sidin, cephalothin, naphtheilhn, methicilhn, cloxaculin, 
ampiedhn and oxacilun Papers on the following anti- 
microbial agents were also on the programme. sulpha- 
methoxazole, 2-methoxy-4-sulphanilamidoquinazolme, 1- 
(5-nitro-2-furyl)-2-[5-ammo-2-(1,3,4-thiadiazolyl) jethylene,- 
1-(5-nitro-2-furyl)-2-(6-ammo-3-pyridazyl)-ethylene, N-(5- 
nitrofurfurylidone)-1-ammo-2-imidazolidmone, 2,4,5-tri- 
chlorophenyl-y-1odopropargyl ether, ‘Salvizol’, and 2’- 
deoxy-5-10douridine 

One day of the conference was devoted to discussions 
of topics in infectious diseases. Among these were 
bacterial endotoxins, anti-Pasteurella pestis factor, anti- 
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biotic therapy in Proteus mirabilis pyelonephiitis, Strepto- 
coccus agalactae infections, and chemoprophylaxis of 
induced typhoid fever and tularemia 

Papers summarizing and discussing problems m method- 
ology included preparation and performance of antibiotic 
disks as aids im determining antibiotic sensitivity of bacteria, 
the occurrence of antibiotie-produemg actmomycetes m 
sous, X-ray powder difffraction m identification of anta- 
biotics, and preparative thm-layer chromatographic 
methods as used m investigations of antibiotics The 
anticoagulant properties of tetracyclines and complexes 
formed between tetracyclines and penicillins with blood 
serum protems were also discussed 

The programme meluded 174 presented papers, 17 
papers as “read by title’, and 2 papers listed but not 
presented. Most of these 193 papers will appear m 
Antumecrobral Agents and Chemotherapy-19638, which will 
be pubhshed by the American Society for Microbiology 
later in 1964 This will be distributed to all registrants at 
the meeting (as a result of a combined fee for registration 
and the book) and will be available for 12 dollars from the 
American Society for Microbiology The papers were 
contributed by laboratories m Canada, Chile, Czecho- 
slovakia, Greece, Japan, Puerto Rico, West Germany, 
as well as the United States 
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Exhibits were included as part of the meeting for the 
first tıme with 18 firms represented These stressed 
equipment used in growing antibiotic-produemg micro- 
organisms, methods of assaying antibiotics, various types 
of laboratory glassware, tissue culture media mgredients, 
equipment used m chemical laboratories meluding tracer 
techniques, bacteriological equipment, etc 

Plans for the fourth Interscience Conference on Anti- 
microbial Agents and Chemotherapy are already under 
way This meeting wil be held during October 26-28, 
1964, m the Commodore Hotel, New York City The 
programme committee under the chairmanship of Nestor 
Bohonos has already begun organizmg this meeting 
Their plans will take into account the results of a public 
opinion poll held at the third Conference The majority 
of the 197 registrants responding favoured a three-day 
meeting with as many as three simultaneous sessions 
mstead of a four-day meetmg (with double sessions), 
symposia but not contributed papers in the evenmg 
(if evening sessions are necessary), and having exhibits 
The deadhne for abstracts of contributed papers ıs July 
24, 1964 Further formation can be obtamed from the 
office of the executive secretary of the American Society 
for Microbiology, R W Sarber, 115 Huron View Boule- 
vard, Ann Arbor, Michigan Davro PERLMAN 


ITERATIVE SOLUTION OF LINEAR EQUATIONS 


A SEMINAR on “Iterative Solution of Linear Equa- 
tions” was held at the National Physical Laboratory, 
Teddington, during September 25-27, 1963 More than a 
hundred visitors from mdustiy, universities, technical 
college research departments, and Government service 
participated m the programme of eight lectures on funda- 
mental theory, fou shorter contributions on the effective 
use of computers in practical problems, and informal 
discussion periods 

Durmg the past fifteen years an immense amount of 
ieseaich has been undertaken on iterative methods foi 
solving large sets of hnear algebraic equations—prinei- 
pally ın response to the needs of nuclear engineering—and 
concepts are now available whereby the main results can 
be 1elated conveniently to each other An elegant text- 
book on the subject, by Prof R S Varga of the Caso 
Institute of Technology, Ohio, had been published 
(Matrix Iteratwe Analysis, Prentice-Hall, London, 1963), 
and 16 was appropriate to signal 1ts appearance by a meet- 
ing which would present a survey of recent work to persons 
directly concerned with the subject ın. Britam Such was 
the purpose of the semmar organized by the Mathematics 
Division of the National Physical Laboratory as part of 
its programme to promote the exchange of information on 
computer applications 

The participants assembled after lunch on September 
25 and were welcomed by the deputy director of the 
Laboratory, Dr J V Dunworth Dr M S Lynn of the 
National Physical Laboratory then spoke on ‘Basic 
Concepts of the Theory of Iterative Methods" His 
talk covered the matrix defimtion of pomt and block 
over-relaxation and the dependence of over-relaxation 
theory on the classical Jacobi and Gauss-Seidel methods. 
the distinction between asymptotic and average rates of 
convergence, the basic Perron—Frobenms theorems for 
non-negative matrices, the properties of matrices which 
are cyche of mdex k, and the Stem-Rosenberg and 
Ostiowski—Reich theorems and therr corollaries applicable 
to irreducible M-matrices 

The other paper of the afternoon was “‘Discretization of 
Elhptic and Parabole Partial Differential Equations 
Consistent with Iterative Theory” by A R Curtis of the 
Atomic Energy Research Establishment, Harwell Dıs- 
cussed here was the general parabolic boundary problem 


1n one space variable with interfaces, and its discietization 
by the integration method to provide an irreducible 
M-matrıx, the Jacobi matiix of which has many of the 
properties described by Dr Lynn (The Taylor expansion 
and the variational methods of discretization were seen to 
be less satisfactory in this respect) The self-adjoint 
problem in more than one space variable was shown also 
to lead to a real, symmetric matmx to which a large 
number of theoretical results are applicable 

The lectures of the followmg day began with “The 
Theory of Successive Over-relaxation", by Dr Joan 
Walsh of the University of Manchester Young’s Pro- 
perty A and consistent ordermg were defined, the form 
and eigenvalues of the iteration matrix, and an expression 
for the over-relaxation parameter were given for cycle 
matrices of index k, and these results were extended to 
block relaxation 

Dr H E Wrigley of the Atomic Energy Research Estab- 
lishment, Winfrith, followed with “Chebyshev Accelerated 
Methods” The relevance of Chebyshev polynomials 
was demonstrated, and for cyclic Hermitian matiices of 
order 2 and for non-cyclic matrices the convergence rates 
of the associated iterative methods were compared with 
those of over-relaxation The case of non-Hermitian 
matrices was examined and definitions of optimum con- 
vergence presented, but the effectiveness of the accelera- 
tion technique was shown to depend critically on the 
information available on the eigenvalue distribution 

The first afternoon lecture was “The Estimation of 
Relaxation Parameters in Successive Over-relaxation’’, 
by B A Carré of the University of Southampton The 
optimum parameter depends critically on the spectial 
radius of the Jacobi matrix, and methods of determming 
this quantity accurately were compaied in detail Special 
attention was directed to Neumann problems these are 
often troublesome, but httle mformation has been pub- 
lished about them 

D E Jones of the Meteorological Office, Bracknell, 
then described ‘‘Alternating Direction Implicit Methods", 
which have been highly successful with the self-adjomt 
reactor flux equation The matrix ıs separated mto two 
components, each of which is similar to a tridiagonal 
Stieltje’s matrix, and when these components commute, 
a number of theorems guarantee the convergence of the 
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iteration Optimum relaxation parameters are determ- 
ined by minimax results for a rational function of the 
eigenvalues of the matrix components 

On the last morning, under the title “Further Con- 
cepts of Iterative Theory and Practice’, Dr Lynn of 
the National Physical Laboratory discussed quantitative 
criteria for terminating an iteration automatically, and 
the orgamzation of block over-relaxation on magnetic 
tape Mr S Michaelson of the Unversity of Edinburgh 
spoke on “Choice of Methods in Adverse Problems" and 
directed attention to the merits of the Bickley-McNamee 
method and the Schwarz technique for treating problems in 
L-shaped regions He also described his experience m solv- 
ing free-boundary problems im lubrication investigations 


A POLICY FOR DEVELOPMENT 


BROADSHEET entitled A Development Plan foi 
Scotland *, which was written for Political and 
Economic Planning by G McRobie, anticipated by about 
a month the Government’s own proposals outlined in the 
White Paper, Central Scotland—a Programme for Develop- 
ment and Growth (HMSO Cmnd 2188) Its concise 
summary of the findings of earher investigations, such as 
the Toothill Inquiry nto the Scottesh Economy (1961) and 
that of the National Economic Development Council, 
Condatwons Favourable to Faster Growth, assists the 
objective discussion of the Government's plans It ilus- 
trates the fact that effective regional planning iequires 
decisions about the distribution of populations and 
investment in basic mdustries and services which are 
essentially national m character It emphasizes, secondly, 
the fact that within Scotland there are problems of con- 
gestion and drift of population, and also needs and 
resources, which are specific to Scotland, calling for action. 
m harmony with its people and resources, that 18, for 
Scottish decisions For Britain, 1$ insists, probably more 
than foi any other industrial nation, recent trends m the 
growth and movement of population have made a com- 
prehensrve policy for regional development a national 
necessity The approach and measures suggested in the 
Broadsheet are, in principle, applicable equally to other 
parts of Britam 
For Scotland, it 1s suggested that the objective should 
be to mamtam roughly the existing proportion of 
Britam’s population With a fully employed population 
this would require a net mcrease of 150,000 jobs m Scot- 
land over the next six years, of which 100 000 must be 
created by the expansion of manufacturing industry 
With this a pohey on distribution of employment and 
population must be developed, including an acceptable 
internal structure and a better environment It 1s pro- 
posed that the whole of Scotland should be treated as a 
development district, with widely representative District 
Councils to assess the needs and resources of their dis- 
tricts, set targets for employment and trade, and marshal 
public opmion in support of district development plans 
This need not await the creation of a strong central 
planning authority covermg the whole of Scotland, how- 
ever, 1t could help to promote one and supply the mforma- 
tion on local needs and resources, local units of admuni- 
stration that the central authority would need, besides 
an informed and sympathetic body of public opinion, if 
16 18 to be effective 
No plans for Scotland can come to anything, however, 
unless the Scottish economy has an adequate basis in 
fuel and transport, and at present national policies are 
not geared to the potential expansion of economic activity 
in Scotland, which, to attam the objectives visualized in 


* Planning, 29, No 476 (October 14, 1963) A Development Plan for 
oe Pp 399-434 (London Political and Economic Planning, 1963 ) 
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In the afternoon, A R Ciump of the Nuclear Power 
Group, Knutsford, Dı J C W Corcoran of the English 
Electric Co, Stafford, Dr R J Alwood of Enghsh 
Electric-Leo Computers, Kidsgrove, and J H McDonnell 
of English Electric Aviation, Warton, described respec- 
tively problems arising ın the fields of reactor development, 
electrical network analysis, the analysis of frameworks in 
civil engineering, and in aeronautical structures The 
meeting concluded with a general discussion 

Copies of the pre-circulated notes for the first sıx lectures 
are still available, and may be obtained from Dr D W 
Martin, Mathematics Division, National Physical Labora- 
tory, Teddmgton, Middlesex, under reference Ma 44/027 

D W MARTIN 


AND GROWTH IN SCOTLAND 


the Broadsheet, must expand at about 5 per cent a year 
for the next seven or eight years For transport this 
means no curtailment of facilities must be permitted until 
the needs of all localities have been assessed ın the light 
of targets for employment and trade A. Scottish fuel 
policy must also be based on a long-term view of require- 
ments and supplies of energy It must recognize that by 
the 1980's Scotland ıs hkely to need energy equivalent to 
more than 40 milhon tons of coal, a rapidly growing pro- 
portion of which will be ın the form of electricity De- 
cisions as to whether the power stations which will have 
to be built in the later 1970’s are to be coal- or oil-fired 
cannot long be delayed if Scottish coal 1esources are to 
be utilized to the greatest national advantage The 
Broadsheet suggests that for a firm basis of future power 
requirements, Scottish fuel pohcy should aim at an output 
of 20-25 million tons of coal annually by the early 1980's 

The Government's development proposals, as the title 
of the White Paper mdicates, are lımıted to Central 
Scotland They comprise an increased annual public 
service investment programme of £140 milion m which 
roads and bridges form an important part, and in con- 
sidering the Beechmg proposals for railway closures tho 
Minister of Transport will take account of the present 
and prospective consequences for the area involved 
Three new power stations are to be built, and besides an 
expanded housing programme, more money will be spent 
in an attack on squalor and decay m industrial areas, as 
a prelude to extensive new growth In the Grangemouth- 
Falkirk area, the Universities;of Glasgow and Edinburgh 
will assist in preparmg a comprehensive scheme for 
economic and physical expansion to increase the popula- 
tion by 55000 The new University of Strathclyde and 
other developments envisaged by the Robbins Committee 
are seen as providing a poweiful framework for higher 
technological education and research The Scottish 
Development Group will be responsible for phasmg and 
co-ordinating the programme for Central Scotland and 
extending its surveys to other parts of Scotland, and the 
Government 1s prepared to make a financial contribution 
to the Scottish Council for its work in publicizing Scotland 

Very lttle was added from the Government side when 
the White Paper was debated in the House of Commons 
on December 3 and 4 Mr E Heath, the Secretary of 
State for Industry, Trade and Regional Development and 
President of the Board of Trade, said that investigations 
of population and economie prospects over the next 
twenty years were already m hand for parts of Scotland 
outside the central zone, and he had set up an mte- 
departmental group under Board of Trade chairmanship 
to survey economic and planning problems m the north- 
west, which would start from the vestigations of land- 
use on Merseyside and the Manchester conurbation 
undertaken by the Mimstry of Housmg and Local 
Government The Secretary of State for Scotland, Mr 
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M Noble, admıtted that ıf Scotland were to overtake the 
United Kingdom average then its 1ate of growth would 
have to exceed 4 per cent, but there was no other mdica- 
tion that the Governments plan might accept the figure 
suggested in the Political and Economic Planning Broad- 
sheet Mi J Boyd-Carpenter, the Chief Secretary to the 
Treasury, stressed the significance of university develop- 
ments, particularly at the University of Strathelyde In 
windmg up for the Government, Sir Keith Joseph, while 
admitting the need for some machmery at regional level, 
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mamtamed that this should be achieved by strengthenmg 
central Government in the regions and not by institutmg 
a new tier of iegionally elected authorities He also 
stressed the gieat mfiuence of central Government as a 
eustomer for Government supplies and its opportunities 
for creating by fiscal and economic policies a climate of 
opmion which encouraged private enterprise to expand 
In co-operation with private and publ enterprise i6 
could also help to ensure that unit costs enable private 
enterprise to remaim competitive 


UNESCO EXPEDITION TO THE LIMESTONE AREAS OF THAILAND 


NDER the sponsorship of the Unesco Science Co- 
operation Office in Dyakarta, the fourth Unesco 
trammg expedition was held in Thailand during 1963 
The expedition formed a continuation of the research 
work on the flora of limestone areas m tropical south-east 
Asia, made by three former Unesco expeditions, namely, 
Java (1960), Borneo (Sarawak, 1961), and Malaya (Ulu 
Kelantan, 1962) (see Nature, 196, 1169, 1962) Two 
prehmimary excursions were made to the north and north- 
east of Thailand by Mr T Smitnand of the Thai Forest 
Department (leader) and Dr H Sleumer of the Rijksher- 
barum, Leyden (instructor), together with several young 
Thai forest officers The first was to the Do: Chiengdao, 
which, at 2,180 m, 1s the highest limestone massive of 
Thauand The flora of this area, at least as far as the 
upper, more open vegetation, has so far been fairly well 
collected, however, as yet, ıt has not been worked out 
erttically The second excursion was to the Pha Nok 
Khao south of Lore, which is a very steep limestone hill, 
€ 900 m, the flora of which was collected for the first 
time 
The traming expedition proper was held during Septem- 
ber 17-October 8 The participants came from Malaya 
(University of Kuala Lumpur), Singapore (Botanre 
Garden), the Phihppmes (Los Baños), Java (Bogor 
Botanic Garden and Herbarrum), South Vietnam (Saigon) 
and Thailand ‘The party, consisting of 14 members, fist 
went to Surathani m the south of the Thai Penmsula and 
from there to a camp set up by the local Forestry Depart- 
ment, situated 44 km on the road from Surathani to 
Takuapa m the region of numerous limestone hills Durmg 
the expedition, seven of these hills were climbed Khao 
Phra Rahu, Khao Lek, Khao Wong, Khao Na Dang, 
Khao Pak Chawng, Khao Lang Tao and Khao Dai Kuad, 
ranging m altitude from 180 to about 500 m, each proved 
to have a few species which were not found on the others, 
though ın general the flora, especially on the lower slopes, 
was the same 


On September 28 the camp was left and a visit paid to 
Ko Prap, an island off Surathani On September 29 the 
party returned to Bangkok, and on October 1 started from 
there on the second part of the expedition to Muak Lek, a 
forestry experimental station to the north of Saraburi, 
about 130 km north of Bangkok From this base 
the lmestone hills Muak Lek, Tap Kwang and 
Khao Sawng Phi Nawng were elimbed, these vaned in 
altitude from 350 to 400 m The herbarium collections 
made on limestone hills amounted to a total of 400 speci- 
mens, each, so far as was possible, with 5 dupheates 
(this material will be distributed to the Herbaria of Bang- 
kok (Forest Department), Singapoie, Kew, Leyden and 
Bogor for fwther mvestigation) Besides these, hving 
material of about 150 species, especially orchids, was 
collected to be cultivated and observed m various botamie 
gardens In general, ıt can be said that the vegetation 
on the limestone hills m the Thai Pemnsula near Sura- 
than. 1s remarkably different from that m Ulu Kelantan, 
Malaya, and ıs relatively drier As to the limestone flora 
im Thailand—where the limestone outcrops are found 
extending from the very south up to the borde with 
Burma in the north ın a broken cham over a distance of 
about 1,600 km—it must be said that the botanical 
collections made so far are too scarce to give any indication 
of the areas and routes of xmgration of the species of this 
peculiar flora It ıs for this reason that the next Unesco 
Trainmg Expedition will probably be held in Thailand 
once more, and hence stimulate further research on lme- 
stone there The flora on many of these ancient (mostly 
Permian) hmestone blis is suffermg from human mter- 
ference, this raises an additional urgency for such botani- 
cal investigations, which, up until now, have been too 
few and far between A better understanding would also 
make available the information necessary to present 
well-founded scientific advice to the Thai Government to 
consider some of these hills suitable for declaration as 
nate Leserves H SLEUMER 


THE ROYAL SOCIETY OF ARTS 


HE tremendous increase in candidates taking the 

various examinations of the Royal Society of Arts 1s 
1ecorded m the November issue of its Journal (111, 
No. 5088, November 1963) Twelve years ago the 
number of subject-entries m. one year was about 130,000 
To-day 1t 1s 700,000 and, at the present rate of growth, will 
exceed one milion m two or three years’ time Although 
entries are mainly from candidates at centres m Great 
Britam and Northern Ireland, there was an increased, 
demand from overseas centres where the numbers went 
up from 40,271 m 1962 to 53,543 ın 1963 Nigeria 18 by 
far the largest of the overseas centres m regard to number 
of candidates, but the exammations were also m good 
demand at other centres in West Africa (Gambia, Ghana, 


Sierra Leone and West Cameroons) A fuller appreciation 
of the widespread demand for the Society’s exammations 
can be obtained from the following list of overseas centres 
in 1963 Aden, Bahamas, Beimuda, British Guiana, 
British Honduras, Brunei, Cyprus, Ethiopia, Falkland 
Islands, Fiji, Gibraltar, Jamaica, Kenya, Malta, Mauritius, 
Nyasaland, Sabah (lately North Borneo), St Helena, St 
Lucia, Southern Rhodesia, Tanganyika, Trmidad, and the 
British Virgin Islands In addition, there were a few 
centres in foreign countries, mainly for the examinations 
im English, under the control of officials of the British 
Embassy or of the British Council 

Particularly pleasing was the increase in demand for the 
exammations foi the Ordinary National Certificate in 
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Busmess Studies, which is organized by the Society m 
collaboration with the London Chamber of Commerce 
There were 152 candidates for the first-year exammations, 
and, 64 for the second, the number of colleges presentmg 
candidates mereased from 12 to 18 

For the parallel scheme for the award of the Ordinary 
Certificate ın Business Studies to candidates at centres 
outside the British Isles, which is administered by the 
London Chamber of Commerce on behalf of the two bodies, 
entries for the first-year examinations were received fiom 
11 candidates at a college in Nigeria There is every 
indication that there will be an mecreasing demand for 
this scheme from colleges m vaious parts of the 
world. 

Details are also given of progress with the Certificate 
an Office Studies In March 1963 the Minister of Educa- 
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tion decided to introduce a new national award, the 
“Certificate ın Office Studies”, for young office workers 
who wish to pursue courses of further education but do 
not possess the educational qualifications required for 
entry to a course leading to the Ordmary National 
Certificate m Busmess Studies It 15 hoped that employers 
will encourage their young office workers to take the two- 
year course of study by granting them day or block 
release The Society, together with other examming 
bodies approved for the purpose, will organize examina- 
tions for the Certificate, the admmustration of which 1s in 
the hands of a National Committee comprising representa- 
tives of the Mmustry of Education, of associations of 
teachers, employers and Trade Unions, and of national 
and regional examming bodies The exammations will 
be offered for the first time m June 1965 


ATYPICAL MYCOBACTERIA 


A rus the many items of interest ın the eighteenth 
annual report of the Queensland Institute of Medical 
Research* ıs one. deseribmg varous investigations of 
atypical mycobacteria Points of special mterest recorded 
include the value of bone-marrow culture mn the diagnosis 
of human infection with atypical mycobacteria, the 
isolation of M ulce ans from a chrome ulcer and of what 
appears to be M balner from a water tank, the profusion 
of mycobacteria of many types m water and wet environ- 
ments, and the possible use of thiosemicarbazone m classifi- 
cation. 

The culturmg of bone-marrow specimens obtamed by 
needle biopsy has proved a valuable means of mvestiga- 
tion The finding of atypical mycobacteria in the sputum 
may be of doubtful clinical significance, as these organisms 
may be present as commensals on the surface of lesions 
caused by other processes such as bronchiectasis and 
congenital abnormalities On the other hand, their 
presence in the bone marrow 1s clear evidence of mvasion 

A portion of each specimen was cultured without pre- 
treatment, and another after treatment with sodium 
hydroxide All tubes were incubated for six months, and 
primary growth was observed m some cases only after 
four months’ meubation Bone-marrow cultures were 
made and held for six months from 31 patients, most of 
whom had acid-fast bacilli ın the sputum Thirteen, or 
42 per cent, were positive Of the sixteen strains isolated 
from the thirteen specimens, eight belonged to group 4 
and five to group 5, three are not yet typed An attempt 
will be made to assess the significance of both positive 


* Eighteenth Annual Report of the Council of the Queensland Institute 
of Medical Research for the vear ended 80th June 1963 Pp 16 (Brisbane 
The Council of the Queensland Institute of Medical Research, 1903 ) 


and negative findings against repeated clinical examma- 
tions by a chest physician 

A strain isolated from a skm ulcer was identified as 
M ulcerans by the foot-pad moculation method The 
patient was a timber-gebter who developed a scaly lesion 
on the forearm which later progressed to an ulcer with 
undermined edges Numerous acid-fast bacilh were seen 
m the pus Cultures made after treatment with sodium 
hydroxide were incubated at 30? and 37? © No growth 
appeared at 37° C but, after four months, some growth was 
seen at 30? C On sub-culture, the mustard-coloured 
colonies grew in four weeks 

Mycobacteria occur in great numbers in water, mud 
and beach sand During 1962, swimmung pools, rain-water 
tanks and city water supplies were exammed Specimens 
of open water and swabs from the walls of swimming pools 
and reservoirs were used 

The types of mycobacteria which were isolated from 
water were similar to those found previously m dust, 
animal glands and tonsils, and they occurred in simular 
proportions The number of organisms ın the moist 
habitats 1s much larger than in dusts 

One organism which conformed with the cultural and 
serological characters of M balne was isolated from a 
rain-water tank Epidemics caused by M balner were 
reported among bathers elsewhere, but it has not yet been 
isolated from local swimmung pools 

M balne: shows a characteristic type of pathogenicity 
when injected mto the foot-pad of mice, and other strains 
of atypical acid-fast organisms show a similar predilection 
for the foot-pad This method ıs bemg applied to the 
further characterization of strams ın the Institute's 
collection. 


SIMULTANEOUS MEASUREMENTS AND SPECTRAL ANALYSIS OF 
MICROPULSATION ACTIVITY 


By R L. KOMACK and A S ORANGE 


US Air Force Cambridge Research Laboratories 


F X BOSTICK, jun 


University of Texas 


AND 
Dre T CANTWELL 


Geoscience Inc, Cambridge, Mass 


URING the autumn of 1962 a senes of simultaneous 
measurements of tellure curent mucropulsation 
activity were made in Texas, Puerto Rico and Timidad. 
The frequency range covered was from 0 01 to 0 25 c/s 


This article presents the ınıtıal results of spectral analysis 
and mvestigations of dependence on latitude 

For this series of measurements, spectral analysis 
reveals a peak occurrmg around periods of 20-30 sec 
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Other spectral peaks occur at fixed frequencies of 0 125, 
0175, and 0225 c/s for all samples analysed, and re- 
examination of previous records reveals peaks at the 
same fixed frequencies. Certam records show line splitting 
as well 

The coherencies between the widely spaced stations were 
high at the spectral peaks No latitude dependence was 
present 

The mueropulsation, or pe, frequencies are distinguished 
by the narrow spectral bands mto which energy 1s con- 
centrated. The sources of these fields and the resonant 
character of the mucropulsations are not adequately 
explamed by present theories Past investigations have 
been reported by other authois!- 

Certain of these vestigations have predicted a depend- 
ence on latitude of the mueropulsation spectral peaks 
Others set up source charaeteristies which led to spectral 
and latitude characteristics The measurements and 
analysis recorded here have yielded information on the 
dependence on latitude and on the spectral analysis so 
that certam theories can be examined, more critically 

Earher spectral analysis showed a peak im muero- 
pulsation activity ın the period range of 20-30 see These 
analyses were not simultaneous nor was the spectral 
resolution as fine as used here 

The investigation reported here consisted of an expert- 
mental programme during October 1962 and a subsequent 
analysis programme Mhcropulsations of the Earth's 
electric field were 1ecorded simultaneously at three 
stations (Fig 1) Austin, Texas (30 18’ N, 97 47’ W), 
Camp Tortuguero, Puerto Rico (18 29’ N, 66 25’ W), 
and the US Naval Aur Station, Trmidad, West Indies 
(10 42’ N , 61 38 W) "The stations at Austin and Puerto 
Rico were operated by the Hlectrical Engmeermg Research 
Laboratory of the University of Texas The Trinidad 
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Fig 1 Location map The three station locations are shown at Austin, 
Puerto Rico, and Trinidad 
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Fig, 8. Power spectra of telluric variations The power spectra for 
three separate days and different stations are shown 


107 


0 20 


0 0 04 


station was operated by the Communications Sciences 
Laboratory, US Au Force Cambridge Research Labora- 
tories  Appioxmate distances between stations were 
Trmidad—Puerto Rico, 600 statute miles, Puerto Rico- 
Austin, 2,100 miles, and Tiinidad—Austin, 2,700 miles 
Fig 2 ıs a block diagram of the measuimg equipment 
used at all three stations Electiodes were placed m 
the ground approximately 05 km apart along magnetic 
North-South and East-West lines and connected to a 
low pass filte: used for rejecting 60 c/s interference 
After broadband pre-amplification the signal passed 
through an active band-pass filte. The half-power 
points of the filter were 0 01 and 1 5 c/s with attenuation 
rates of 6 db per octave below the passband and 12 db 
per octave above the passband — Aftei final amplification 
the signals were recorded on pape: charts at a recording 
speed of 60 mm/mm Accurate timmg was supplied. by a 
stable-frequency standard, synchionized with WWF, 
which placed second marks on the chart 
Recordings were made contmuously through the month 
of Octobe: 1962 Data samples selected for analysis 
were hand-digitized and put on to punched, 
cards for computation purposes The 
data were sampled at 2-sec mtervals 
RECORDER Gieat care was taken m the digitization 
process to ensure that all channels were 
sampled simultaneously 
The analysis of the simultaneous signals 
included power spectra, coherencies and 
coherency phase angles The analysis 
was done on an IBM 7090 usmg pro- 
grammes developed by Simpson? 
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and utilizmg the Daniell method of spectial resolu- 
tion 

A series of data samples was chosen for periods when 
the equipment at all three stations performed contmu- 
ously Power spectra for three samples are shown in 
Fig 3 These samples were chosen to illustrate different 
stations and different days Table 1 summarizes the 
information on each sample 


Table 1 
Date Location Digitized No of pomts 

October 13, 1962 Trinidad 

1080-1115 G M T east-west line 1,350 
October 15, 1962 Austin 

0940-1040 G M. T east-west line 1,800 
October 30, 1902 Puerto Rico 

0700-0807 G M T east-west line 2,000 


The usual mieropulsation activity at about 0 03-0 05 
c/s ıs evident in the October 18 sample from Trimdad 
This lower frequency peak 1s either absent or shifted in 
the next two samples 

All three sample spectra show regular peaks at 0 125, 
0175, and 0225 c/s having Q’s of 3-4 Dips in the 
power-level occur at 0 10, 0 150, 0 200 and 0 250 c/s 

Simultaneous power spectra from different stations 
show identical low-fiequeney peaks as well as the three 
higher frequency peaks As an illustration, the coheren- 
cies, computed as 


oe a. 
Cone) = 7a) NUS 


Q;; = cross-power spectra for fields s; 


are plotted m Figs 4 and 5 for the October 13 sample 
The samples chosen here were Austin east-west with 
Trinidad east-west and Austin east-west with Puerto 
Rico north-south 

The [coh(Z,E,)]? 1s the power common to both signals, 
and spectral peaks are accompanied in general by high 
coherencies In the power spectrum plot of the Austin 
east—west sample of October 13, 1962 (not shown), spectral 
peak splitting 1s strongly evident and the coherencies, 
particularly Fig 4, also illustrate this phenomenon 

The results of the power spectral and coherency analysis 
performed on these recurds throw hght on some old 
questions regarding the nature of micropulsations and 
pose some interesting new questions 

The proposals of latitude dependence of micropulsation 
activity would confine the sources to a local region of the 
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Fig 5 Coherency for Austin east-Puerto Rico north 


magnetosphere The coherency analyses showed coher- 
encies as high as 08 at the micropulsation peak foi 
stations which are separated by over 2,000 miles This 
indicates that not only do micropulsations occur simul- 
taneously over great distances, but also that in all likeli- 
hood the same source ıs responsible for the micropulsation 
activity at widely separated pomts on the Earth 

The measuring stations at Austin and at Trinidad are 
separated by 20° m latitude, and there 1s no discernible 
difference in the spectral peak frequencies at these two 
stations The frequency band at about 005 c/s shows 
high coherencies between the three stations despite their 
different latitudes 

So far as we know, the three higher frequency spectral 
peaks have not been reported before m the literature 
They do not represent an isolated occurrence since they 
appeared on three different days of the few that have 
been analysed so far It remains to be seen whether this 
phenomenon 1s restricted to a particular time of day or 
yeai or whether 16 1s a widespread and regularly occurring 
event The three spectral peaks are present at all three 
stations with high coherencies, indicating that they are 
as widespread as the more accepted mucropulsation 
activity 

We can only speculate as to the source of these peaks 
at 0125, 0175 and 0 225 c/s They could be harmonics 
from a repetitive source, modes of an oscillating system, 
or modulation phenomena 

They do not appear to be tied to the micropulsation 
activity in the 0 03-0 05 c/s range as the peaks remain 
fixed m frequency while the lower frequency peaks move 
about This seems to rule out one possibility of 0 05 e/s 
energy modulating 0 175 c/s activity 

The Ime splittmg observed would favour the mode 
of oscillation theory, but the difficult question of the 
stationary frequencies has to be tested In general, 
magnetospheric systems are not thought to romam con- 
stant enough to allow such stationary behaviour Per- 
haps further mvestigations of this phenomenon will eluci- 
date these observations The possibility that these are 
man-caused has not been eliminated 
1 Kato, Y , and Watanabe, T , Tohoku Unw Ser Rep , Ser 5, Geophys , 8, 
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AGE DETERMINATIONS FROM THE MOZAMBIQUE AND ZAMBESI 


OROGENIC BELTS, 


CENTRAL AFRICA 


By N J SNELLING, E. HAMILTON and D REX 
Department of Geology and Mineralogy, Oxford 
AND 


$ G HORNUNG, R L JOHNSON, D. SLATER and J. R. VAIL 


Research Institute of African Geology, University of Leeds 


Ma of the Leeds University Reseaich Institute 

of African Geology, under the direction of Piof 
W Q Kennedy, have been undertaking stratigraphic, 
structural and mineralogical investigations of Precambrian 
rocks m various parts of Southern Rhodesia and adjacent 
Mozambique These researches are not yet complete, and 
although progress has been recorded m the Annual Reports 
of the Institute!-5, ıt ıs felt that a summary of the results 
m the light of age determmations made at Oxfords may 
be of value to others interested in the late Precambrian of 
central Africa (Tables 1 and 2) 


Table 1 
Radio- 
Mineral and genic 
No rock type Location % K tAr ¢(my ) 
ppm 
1 Biotite from kyanite- Idol Mme, Darwin 
biotite-muscovite Dist ,32°16’ E 
schist 16° 43'S 6 30 0262 510425 
2 Muscovite from Idol Mine, Darwin 
kyanite-biotite- Dist ,32° 16'E 
muscovite schist 16° 43’8 7 48 0277 460-420 
3 Muscovite, Benson Benson Mine, Mtoko 
No 1 pegmatite Dist ,32°16’E 
17°01’ 8 57 0311 450-20 
4 Biotitefrom granitic Bangawia Hill, Mtoko 
stock, Mtoko ast , 32°14’ E 
batholith ToYS 7 23 0 362 59525 
5 Lepidolite, Benson Benson Mine, Mtoko 
No 1 pegmatite Dist ,32?16' E 
17°01’S 8 92 0 304 9654 40 
6 Buotite from "Gairezi Sawanyuma Reserve, 
schists” Inyanga Dist , 
32°59’ E 17°538’S 7 89 0341 525 425 
7 Pyroxene from Nyamaropa View, 
dolerite sill Inyanga Dist , 
32°52’ E 18°03’S 0327 0023 715470 
8 Buotite from Nyapanani Hill, 
injection gneiss Inyanga Dist , 
32°50’ E 17°25’S 7 82 0405 615130 


Analysts Rex and Snelling 
Decay constants =4 72 x 10-1"! yr Ap=0 584 «10-29 yr -1 


Isotopic abundance of “°K —0 0119 atomic per cent 


The boundaries of Southern Rhodesia coriespond in a 
general way to the limits of a well-defined crustal unit. 
This unit comprises a nucleus consisting of synclinal schist 
belts, contaming Archean sediments and lavas, disposed 
between gregarious granitic batholiths®, and an enclosing 
framework of linear belts of relatively younger rocks 
These are the east-south-east trendmg Zambesi Belt in 
the north, the east-north-east trending Limpopo Belt m 
the south, and the rocks of the Mozambique Belt to the 
east The Mozambique Belt’ extends along much of the 
eastern side of the African continent and only that part 
of the western front lymg against the Southern Rhodesian 
shield falls within the scope of this article In the western 
part of Southern Rhodesia, marginal 1elationships of the 
shield are obscured by a cover of undeformed Mesozoic 
and Tertiary rocks 

A minimum age of about 2,650 million years has been 
obtained for rocks of the central nucleus by determinations 


on pegmatite minerals from Bikita and Salisbury®:’, 
Ages of about 2,000 milhon years have been 1ecoided® 
from Beitbridge in the Limpopo Belt The mmmum age 
of the Zambes: Belt, as defined by uranium/lead determma- 
tions on uranium bearmg mmerals from cross-cutting 
pegmatites in the Miami area and also farther east in the 
Rusambo area, 13 about 450 millon years? However, a 
somewhat higher limit of 530 million years ıs indicated by 
potassium/argon determmations on pegmatitic mieas 
from the Miami mica field In the Mozambique Belt 
potassium/argon determinations on mucas from the 
gneisses and potassium/argon and uranium/lead determina- 
tions on the minerals from cross-cutting pegmatites fall m 
the 475-650 million years range51?.33 New age determma- 
tions on rocks from near the junction of the Zambesi and 
Mozambique Orogenic Belts are presented here 

Determinations on micas fiom pelitie schists at the Idol 
Mine, just within the southern hmut of the Zambesi Belt, 
indicate that the late Precambrian-early Paleozoic 
‘thermal event’ so evident in the Mozambique Belt also 
affected the country rocks of the Zambesi Belt Further- 
more, this ‘event’ also affected the rocks of the Archean 
nucleus as 1s evident from the discordant apparent ages 
of the specimens from the Benson Mme and Bangawia 
Granite The specimens were located 30 miles north of 
Mtoko and about 20 mules south of the southern boundary 
of the Zambes: Belt as defined by the distribution of para- 
gneisses shown on the 1 1,000,000 Geological Map of 
Southern Rhodesia (1961) It 1s suggested that muscovite 
(Table 1, No 3) and biotite (Table 1, No 4) suffered 
virtually complete argon loss during this early Paleozoic 
‘thermal event’ However, the loss of radiogenie stron- 
tium-87 from muscovite (Table 2, No 1) and lepidohte 
(Table 2, No 2) and argon loss from the lepidolite (Table 1, 
No 5) was only partial The emplacement age of these 
iocks was almost certamly gieatei than 2,370 milhon 
years The whole rock age of the Bangawia granite 
(Table 2, No 3) must be treated with caution, its validity 
as a date for emplacement is dependent on whether or 
not the granite remained a closed chemical system with 
respect to Rb and Sr durmg the early Paleozoic thermal 
event It 1s also dependent on the right corrections having 
been made for common (non-radiogenic) strontrum present 
in the granite at the time of 1ts emplacement 

The mmeral paragenesis of the Benson pegmatites?4 
closely resembles that of the aforementioned pegmatites 
at Bikita and Salisbury which are well within the Archean 
nucleus and are characterized by ages of about 2,650 
mulhon years? 

The rocks along the western front of the Mozambique 
Belt, adjacent to the Southern Rhodesian Aichean 
nucleus, form a discontmuous north-south trending belt 


Table 2 
Radiogenic 
No Mineral and rock type Location Rb Common Sr aSr Age (my ) Anal 
1 Muscovite, Benson No 1 As for Table 1, No 3 (same 0 991% 69ppm 454ppm 1,090 + 50 EH 
pegmatite specimen) 
2 Lepidolite, Benson No 1 As for Table 1, No 5 (same 369% mł 372 ppm 2,370 + 55 RH 
pegmatite specimen) 
3 Granite (whole rock) Mtoho Bangawia Hill Host rock to 3431ppm 9602 ppm 413 ppm 2,825 + 150 NJs 


batholith biotite, Table 1 No 4 


A*URb — "Sr = 147 10-4 yr 
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of metamorphosed sediments m which quartzites and 
pehtes predominate The zone ın which the deformed 
sediments occur has been termed the ‘Manica Belt" for 
descriptive convenience? ‘These rocks are bounded to 
the east by the gneisses of the Mozambique Belt and to 
the west they he unconformably or parautochthonously 
on the underlying, mamly granitic, Archean rocks In 
the south the rocks have been described as the Frontier 
System! , while in the north they have been called the 
Gairezi Series® To the west of the front of the Mozam- 
bique Belt undisturbed sediments of the Umkondo 
System™ he unconformably on the Archean Shield The 
rocks in these three areas have been given in the past 
separate names, since the Umkondo and Frontier Systems 
were thought to be of different ages!" and little was known 
of the Gairezi Series Recent work by three of us? has 
shown that all these 10cks are broadly similar m age and 
should be referred to a single group Followmg a sugges- 
tion made by the Director of the Southern Rhodesia 
Geological Survey (Mr A E Phaup, personal communica- 
tion) we now extend the term ‘Umkondo System’ to cover 
all three rock groups The age of 525 million years 
(Table 1, No 6) derived from a biotite ın the ‘“‘Gairezi 
Schist” gives an upper limit to the deformation of the 
Umkondo System in the north 

Determmation No 7 (Table 1) on pyroxene from an 
unmetamorphosed dolerite sill mtrusrve into rocks of the 
Umkondo System in the Inyanga District sets a younger 
limit to the deposition of the Umkondo System at 715 
milhon years. Thick and extensive dolerite sills are 
characteristic of the Umkondo System and in the Manica 
Belt these are highly metamorphosed 

One apparent age of 615 million years (Table 1, No 8) 
has been given by an mjection gneiss near the intersection, 
apparent on the geological map of Southern Rhodesia, 
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of the Zambesi and Mozambique Belts There ıs no 
evidence from the available age determmations of any 
differences m age between these two belts, and they were 
continuous so far as the closing stages of the last episode 
of metamorphism are concerned 

These age determinations were made by the Age Determ- 
mation Unit of the Overseas Geological Surveys and are 
pubhshed by permission of the director, Dr S H Shaw 
The Unit 1s housed m the Department of Geology and 
Mineralogy at the University of Oxford where age determ- 
mation work 1s under the general direction of Prof L R 
Wager ‘The field work for this investigation was financed 
by Oppenhermer Research grants, and members of the 
Research Institute of African Geology are indebted to the 
Anglo American Corporation of South Africa for providing 
the necessary funds through the University of Leeds 
1 Johnson, R L , Ann Rep Leeds Unw Res Inst African Geol for 1960-61, 

6, 39 (1962) 
?Val,J R, Ann Rep Leeds Unw Res Inst African Geol for 1960-61, 
6, 37 (1962) 

3 Johnson, R L, Slater, D , and Vail, J R, Ann Rep Leeds Unw Res 

Inst African Geol. for 1961-62, 7, 49 (1963), 


i Slater, D, Ann Rep Leeds Unw Res Inst African Geol for 1961-62, 
7, 50 (1963) 

5 Snelling, N J , Overseas Geological Surveys Rep for 1962, 30 (1963) 

* Macgregor, A M , Proc Geol Soc S Africa, 54 (1951) 

? Holmes, A , Eighteenth Intern Geol Congr London, Part 14, 254 (1951) 

8 aon A,and Cahen, L , Acad Roy Se Colonales, N 8 , 5, No 1, 102 

of 

, Tere F , Pmson, W H , and Hurley, P M , Amer J Ses ,258, 191 

19 Nicolaysen, L O , Geol Soc Amer , Buddington Volume, 569 (1902) 

1 Wiles, J Geol Surv S Rhod Bull, 51, 285 (1901) 

12 Cahen, L , Annals New York Acad Ser , 91, 535 (1961) 

13 Snellng, N J , Overseas Geologwal Surveys Rep for 1960-61, 27 (1902) 

ee G , and von Knornng, O , Trans Geol Soc S Afrwa (m the 
press 

15 Mennell, F P , Trans Geol Soc S Africa, 22, 69 (1920) 

16 Tyndale-Biscoe, R M , Geol Surv S Rhod , Short Rep 37, 11 (1058) 

Y Swift, W H , Geol Surv S Rhod Bull , 50, 73 (1961) 


POLYTETRAFLUOROETHYLENE 


By K. RACHEL MAKINSON* and Dr. D. TABOR 
Physics and Chemistry of Solids, Cavendish Laboratory, Cambridge 


HE shding friction of polymers has generally been 

explained in terms of an adhesion mechanism, the 
friction being essentially the force needed to shear the 
adhesions at the regions of real contact’? In addition 
part of the fiction may be due to the ploughing or 
deformation of one surface by the other? Recently ıb 
has become clear that the deformation and shear processes 
at the contact regions are themselves dependent on the 
visco-elastic properties of the polymer concerned®-* The 
friction varies with the sliding speed and temporature in 
a manner which is characteristic of relaxation processes 
the curves of friction against velocity show one or more 
peaks, the position of which shifts to higher velocities at 
higher temperatures 

Polytetrafluoroethylene (PTFE) conforms to this pat- 
tern sufficiently closely to suggest that a relaxation pro- 
cess 1s volved, but in the low friction range 16 shows & 
coefficient of friction which 1s abnormally low compared 
with other crystalline polymers (u = 0 07 compared with 
u = 03 for polythene and nylon) 

Recent mvestigations described here suggest that the 
low friction of PTFE 1s not primarily due to poor adhesion 
When the surfaces are reasonably clean the adhesion can 
be quite strong The low friction 1s essentially due to 
the easy shear of the relevant units of the PTFE molecule 

Friction and transfe of PT FE The general mechanism 
is most simply revealed by mvestigating the friction and 
transfer of PTFE For PTFE sliding on itsolf the transfer 
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13 not always easy to see For this reason experiments 
were carried out with PTFE sliding on glass The trans- 
ferred polymer 1s much easier to detoct because of the 
optical mismatch of the polymer and the glass, the trans- 
parency of the glass and 1ts smoothness In general ‘clean’ 
surfaces were used 

Preliminary expermonts show that the frictional 
behaviour for PTFE on clean glass closely resembles that 
for PTFE on PTFE There are two friction régimes 
(1) At high speeds or at low temperatures the friction 18 
high (of the order y. = 01 or greater) and there 1s fairly 
massive transfer The details depend on the sliding condi- 
tions, but in general the transfer of PTFE to the glass 1s in 
the form of lumps, ribbons or sheets (Fig 1) The thickness 
of the material generally exceeds a few tenths of a micron 
(2) At low speeds and moderate temperatures the friction 1s 
low (u < 007) This 1s not a result of poor adhesion for 
the followmg reasons First, if the surfaces are contamin- 
ated with moisture or grease the friction falls still further 
(from u = 007 to u = 003) Secondly, examination of 
the glass surface under clean conditions of slidmg shows 
that the surface is covered by & thin film of polymer 
Only & portion of the track width 1s generally covered, 
probably because of partial contamination of the glass, 
but the film 1s often as long as the friction track itself 
Optical mvestigations, m collaboration with Mrs Cosslett, 
using & Baker-Shearmg interference microscope, show 
that the film 1s not uniformly thick across and along its 
pie Its thickness varies between about 100 and 
400 
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When detached from the glass surface these films tend 
to roll up into long scrolls. If undisturbed they remain 
strongly attached to the glass surface. They may be 
stripped by standard techniques and examined in the 
electron microscope. A typical result obtained in trans- 
mission by Mr. P. Caspar in our laboratory using a 
Siemens microscope is shown in Fig. 2a. The film shows 
a fine fibrous structure down to the available resolution. 
An electron diffraction picture shows a highly crystalline 
fibrous structure typical of highly oriented polymers 
(Fig. 2b). However, after exposure in the electron beam 
for a short time the orientation disappears. This is 
presumably due to heating by the electron beam. 

Other polymers. A few experiments were carried out 
on the friction and transfer on to clean glass of two other 
erystalline polymers, polyethylene and nylon. The sliding 
was at a spoed well below that at which the friction peak 
occurs. Nevertheless there was no sign of the formation 
of a smeared thin film. For both polymers the transferred 
material was in the form of lumps up to several microns 
thick. With these polymers, of course, the friction even 
in the low friction régime (y. ~ 0-3) is very much higher 
than with PTFE in the low friction régime. 

The process involved in the sliding of PTFE. Tt is clear 
that when PTFE slides on a clean surface of PTFE or 
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some other material, strong adhesion can occur at the 
interface. The cause of this adhesion has not been 
examined in detail. It must be due partly to van der 
Waals forces, partly to electrostatic effects?-1*, Certainly 
appreciable electrostatic charges are observed in the 
frietion experiments and these account for the difficulty 
experienced in keeping the surfaces free from dust and 
other contaminants. 

Surface adhesion leads to transfer of polymer from one 
surface to the other and, as we have seon, there are basic- 
ally two régimes: the low friction régime in which thin 
strongly attached films are drawn continuously for rela- 
tively large distances over the surface; and the high 
friction régime in which thicker pieces of material are 
transferred. These thicker pieces may be short slabs or 
drawn-out ribbons. They involve fracture away from the 
interface so that adhesion must again be strong. 

This behaviour can be correlated with the known 
crystalline structure of PTFE (refs. 13 and 14). The 
individual structural unit, which is usually referred to as 
the crystallite, is considered to be composed of slices 
about 200 A thick, each slice being separated from its 
neighbour by a poorly crystalline or amorphous viscous 
region. The slice itself contains sheets of polymer mole- 
cules folded in typical ‘Chinese cracker’ arrangement 
(Fig. 3). The friction results suggest that when the shear 
rate is sufficiently low and there is good adhesion to the 
substrate, the PTFE yields plastically within the amor- 
phous viscous regions and lays down a layer of PTFE 
slices rather as a pack of cards may be spread out on a 
table. It is also possible that slip may occur between 
the sheets of molecules or even that the molecules are 
individually extended. However, the thickness of the 
spread layer suggests that the main process is the sliding 
of the slices themselves. As the sliding speed increases 
(or the temperature decreases), the force to slide the slices 
over one another, that is the force required to draw the 
film, increases. The frictional force increases and may, 
indeed, exceed the strength of the boundaries between 
tho crystals or even between the larger units (for example, 
the grains in the sintered material). In this case one 
would expect the friction to be high and some of the 
transferred polymer to be at least as thick as the single 
crystal, about lu. This is observed. This view of the 
frictional behaviour of PTFE is supported by the observa- 





a 
2. Nature of PTFE film transferred to clean glass surface when a PTFE hemisphere slides over the surface once, from left to right, 


Fig. 
Low-friction régime. 


a, electron micrograph showing fibrous structure of film (optical measurements show its thickness is about 200 ). 


b, electron diffraction of same film showing highly crystalline structure. The helical molecules are packed in a regular hexagonal array. 
= ora ae The long chains lie at right angles to the direction of sliding 
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Fig, 8. Schematic arrangement of the crystal units in PTFE. The highly crystalline 
slices 200. À thick are separated from their neighbours by disordered regions which can 


shear very readily at low rates of shear 


tion that highly crystalline specimens of PTFE yield at a 
very low shear-strain. Indeed (at lower temperatures), the 
yield stress actually diminishes the more perfectly crystal- 
line the material. This might be interpreted to mean 
- that the shear process within the individual crystal occurs 
"at lower stresses than inter-crystalline shear. 
| It is clear that, in the friction of PTFE, tho primary 
-yelaxation process is an intra-crystalline one. Tho evid- 
:- ence suggests that the low friction of PTFE is due not to 
‘poor adhesion but to the fact that the shearing of the 
. ‘slices’ within the crystal can take place at very small 
¿o shear stresses. At higher rates of shear, as we saw, tho 
friction increases. It does not, however, decrease again 
< as the speed is increased further, until surface softening 
` occurs. This suggests that the shearing of the larger units 
not appreciably rate-dependent, that is any subsequent 
laxation process of the larger units has a very short 
tion time. 
is interesting to note that the maximum friction 
erved with PTFE (u = 0:35) is small compared with 
maximum friction observed with most other crystal- 
jolymers (generally y = 0-6-1). This might again 
tributed to poor adhesion at the interface. The 
periments certainly indicate that contamination occurs 
her readily (probably because of electrostatic charging) 
| this would give poor adhesion and a low friction. 
r clean surfaces the evidence is against this. It is 
^.more likely that the crystalline boundaries or the gain 
boundaries in the sintered material are relatively weak. 
































to describe the friction of polymers in térms. . 
of overall deformation characteristics, it is 
clear that a full explanation requires an 
examination of the detailed interaction : 
of the material at and adjacent to the: 
regions of contact. ; 

We thank Mrs. A. Cosslett for help in | 
measuring the thickness of thin films by. 
interference microscopy, Small and Parkes, Ltd., for a 
grant to the Laboratory, and the Department of Scientific. 
and Industrial Research for support of one of us (K. R. M). 

For an account of recent work on the friction of visco« 
elastic materials and polymers see Bowden, F. P., and. 
Tabor, D., Friction and Lubrication of Solids, Part 2. 
(Clarendon Press, 1964). 3 

Note added in proof. In a more recent paper, Speer- : 
schneider and Li (J. App. Phys., 34, 3004; 1963) have also ` 
suggested a connexion between the frictional properties 
of PTFE and its structure. In particular, they suggest | 
that low friction oecurs only above a certain critical 
temperature. 
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-DIFFERENT DEMONSTRATIONS OF THE COUPLING OF TWO LIGHT 
REACTIONS IN PHOTOSYNTHESIS 


By B. RUMBERG, P. SCHMIDT-MENDE and Pror. H. T. WITT 





TF first direct demonstration of the existence 
| of two different light reactions in photosynthesis 
and their coupling was carried out independently by Kok’, 
Duysens? and Witt*. Kok et al. showed in blue-green algae 
that red light (> 650 my) causes an oxidation of a pigment, 
called P700 (decrease of absorption at 703 my), and light 
> of shorter wave-length (589-650 my) its reduction. Duy- 
“gens et al: showed in red algae that red light causes an 
-< oxidation of cytochrome and light of shorter wave-length 
| dts reduction. Witt et al. showed in green plants that far 
ight. (> 700 my) leads to cytochrome oxidation while 
i f shorter wave-length (< 700 my) leads to the reduc- 
tion of a substance X which causes the reduction of the 
oxidized cytochrome. (The reaction of X causes absorp- 
tion changes at 475 and 515 my.) 
With the method of sensitive flash photometry we 
have separated and analysed 7 different types of absorp- 
tion changes‘. By this method it was possible to derive 
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a reaction scheme on the electron transport system in’) 
photosynthesis? s. A simplified scheme is shown in 
Fig. 1. ` 


(P700) git y 
TPN — Fd-—2-—— Chkay ~~ Cyt 77 Q QChtag Y-— 0 


ds 


hy i hyg 


Fig. 1l. A simplified scheme of electron transport in photo: : 
The arrows indicate the flow of electrons (for details seo ref, 4) 
Abbreviations: TPN, .triphosphopyridinenucleotide; Fd, ferredoxin; . 
Chl-a, chlorophyll-a; Cyt, eytoehrome-/; Q, plastoquinone; Z and Foe} 
are unknown chemical ge heme a a dotted arrows denote a 'feed- 
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C ie that the oxidation of P 700 
| plant suspensions not only a de- 
absorption in the red absorption band of chloro- 
703 my. but also a pronounced decrease in the 
rption band of chlorophyll a at 430 my (differ- 
spectrum’). This ean be shown by the separation of 
the absorption changes of P 700 from the overall absorp- 
ton changes which occur during photosynthesis (the over- 
all absorption changes ‘mask the changes caused by P 700 
30. mu). 
B : 
) By using aged chloroplasts of spinach reactivated 
by addition of reduced PMS (phenazine methosulphate 
with ascorbie acid in excess) This has already been 
monstrated®. In addition we ean now show that this 
also possible in the following ways. 
12) By trapping products. in fresh chloroplasts at 
—180* C. In this ease, oxidized P 700 and oxidized cyto- 
hrome are trapped together®. Oxidized cytochrome masks 
changes at about 420—430 mu which might 
by P 700. However, with the addition of 
uced is possible to suppress the oxidation of 
chrome. Under these conditions it can be shown 
at — 150° C that the changes at 703 mu are accom- 
panied with those at 430 mu* (A. Müller, unpublished 


The separation can be done in four different 


By extracting plastoquinone from chloroplasts of 
ach with petroleum ether’. 

shifting the negative changes caused by oxida- 
700 to positive values through far red background. 
it in the presence of electron acceptors (for example, 
nethyl viologene). In contrast to points 1-3 this experi- 
ment can be done with chloroplasts active in Hill-reaction 
or with whole Chlorella cells*. 

In these ways P 700 could be identified as a chloro- 
phylla (ChLar;) Therefore, oxidation of Chl-ay ean now 
‘demonstrated by a decrease of absorption at 703 my. 
nd at 430 mu. The demonstration of the oxidation of 


[638my) 
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last fragments in the presence of 10-* M/I 
oroplasts were illuminated with 720 mz light 


my light (duration 1 see) (20* €, 
"observed also with chloroplasts 
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Fig. 3. (a) Absorption changes at 015 mg (Cj) and 705 me (@) in suse 
msions of whole spinach chloroplasts in the presence of 107 Mi 
errieyanide as a function of pH (20° C); (b) in the presence of 107* MIL. 
ferricyanide as a function of age (storage at 0° C and pH - 7-2, measure- 
ments at 20° C and pH — 72); (e) in the presence of 10-* Mil, indigo- 
carmüne as a function of concentration of added 3-(p-chloropheny!)- 
1,1-dimethylurea (CMU) (20° ©, pH — 7-2); (d) half-life of the absorption: 
changes af 515 ma and 705 mz in a suspension of Chlorella cells in. 
dependency of temperature (pH —8). (In chloroplasts identical half- 
lives at 515 mu and 705 my could as yet not be established.) All measure- 
ments at 700 ma were done with monitoring light of relative high. 
intensity, which shifts the absorption changes of Chl-a: from negative - 
to positive values (refs. 4, 6) ! 


Chl-a1 by absorption changes at 430 my has the advantage 
that the strong red fluorescence of plants cannot interfere 
with these changes. The action spectrum of light reaction- - 
hw, which causes the oxidation of Chl-ar, is extended | 
the whole visible spectrum and has a long wave- 
limit at ~ 730 mp”. D 









by decrease of puel at 254 ERN “The action 
spectrum of the light reaetion-hw:, which causes the 
‘reduction: of Q, is extended over the whole visible 
Spectrum and has a long wave-length limit already 
Atc 700 mys. 
First demonstration. With these results in mind, it 
should be possible to demonstrate directly the coupling 
E o two light reactions depicted in Fig. 1. According 
he long wave-length limits of the action spectra of 
light reactions, Chl-a should be irreversibly oxidized 
. light 2700 my, for example, 720 my (indicated by a 
`: decrease of absorption at 430 mu) and the so oxidized 
Chl-af should be reduced with light < 700 my, for example, 
tU ių (indicated by an increase of absorption at 430 mp). 
inu light produces, namely, reduced plastoquinone 
(Q7) and according to the scheme Q- provides Chl-aj via 
chrome with electrons. 
500 Second. demonstration. The reduction of plastoquinone 
E (indicated by a decrease of absorption at 254 my) can take 
; place with, for example, 638 my light as just mentioned. 
, 638 my light produces preferably reduction of plastoquin- 
one in comparison with oxidation of Chl-a;. The so 
reduced Q- should be oxidized with 720 my light (indicated 
-by an increase of absorption at 254 mu). 720 mu light 
produces, namely, Chl-at (see foregoing) and according 
to the scheme Chl.at accepts the electron of Q-. Both 
exp iments are shown in Fig. 2. The results confirm the 






































demonstration. A completely independent demon- 
of the coupling of two light reactions in photo- 
is is possible in the following way. 

parated chemically the reaction cycle I from cycle 
d investigated the properties of these separated 
ns*&, Some typical properties of reaction cycle I 
r example: (a) pH-range between 4 and 11; (b) 
rature range up to 65? C; (c) independence from the 
ce of 3- (p-chlorophenyl)- 1,1-dimethylurea (CMU) 
‘CMU blocks water oxidation); (d) practically independent 
m ageing. Corresponding properties of reaction cycle II 
a) Tinge between 5 and 8; (b) temperature range 





s ately coupled (w D 
: cells and ai with addition of Hill diu the UE 


4 You:20) 





behaviour of reaction cycle I (demonstrated, for example, . 
by absorption changes at 705 my) and the behaviour of 
reaction cycle II (demonstrated, for example, by absorp- 
tion changes at 515 my) should show one and the same. 
dependence as function of pH, temperature, CMU, ete.” 

Fig. 3 shows the results on Chlorella and chloroplasts. 
The influence is the same at both wave-lengths. This 
proves the quantitative co-operation between both reaction 
cycles in à completely different way. 

A pool of photoactive plastoquinone. From the magnitude 
of absorption changes of Chl.a; at 703 mg and of Q at 
254 mp (induced by a light flash of 10-? sec) follows 
{together with the extinction coefficients of pure chloro- 
phyll and pure plastoquinone) a ratio of Chl-ay : Q a» 1: 4. 
(Q is the photochemical engaged plastoquinone; the total 
amount of plastoquinone is ten times higher".) This 
means that there exists a reservoir of photoactive plastos =: 
quinone between both light reactions (Fig. 1). This result... 
is also in accordance with the fact that after extraction 
of plastoquinone this substance can be recondensed into 
the same position*:?. 
there exists a gap between reaction cycles I and II which 
is filled up with larger amounts of plastoquinone. The 
redox state of this reservoir is probably eontrolled by 
oxidants (O,) as well as by reductants. This pool seems 
to be the reason for most of the so-called ‘induction 
phenomena’ in photosynthesis. 
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HE new technique of pulse radiolysis has been used 
‘several laboratories! to obtain information about 
ure and reactivity of free radical and other inter- 
iutes in radiation ehemistry. This article presents the 
5 ent results obtained at Manchester on & wide 
Variety: of aqueous and non-aqueous systems. 

The apparatus used in these experiments has already 
been deseribed in detail?. Liquid samples contained in à 
small quartz cell are irradiated for 2 usec with a single 
pulse of 4-MeV electrons. 









The optical density of the solu: 


tion is determined by passing an intense light beam 
through the cell, through a monochromator and on to a 
photo cell or a photomultiplier, and the change in light 


transmission during and after the pulse is recorded by _ 


photographing an oseilloseope trace. 
Measurements from. oscilloscope traces are used to 
determine the mechanism of the chemical reactions taking — 


place, and to obtain the rate constants and other parta- : 


meters. When the reaction is a simple first- or second: - : 
onder reaction, graphical methods are used, bat to analyse. E 


: resene eb 


This seems to be possible only when. => 
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Fig 1 Absorption spectrum of the hydrated electron 


4000 3000 


the more complicated reactions use ıs made of the Atlas 
computer m the University of Manchester One of the 
most useful features of the computer programme 1s that an 
estimate of the precision of the parameters is calculated 

Hydrated electrons Absorptions ın de-aerated water? 
aie characterized by a broad band in the visible region of 
the spectrum due to hydrated electrons as shown in Fig 1 
Detailed measurements have now shown that this band 
has a peak at 7200 A, witha product of G-value and extinc- 
tion ooefficient of 40,500 If we assume that hydrated 
electrons are formed in neutral water with G = 25, the 
extinction coefficient at 7200 A 1s therefore 16,200 

The time dependence of the absorption due to the 
hydrated electron enables the reaction of the species to be 
followed under various conditions At low electron 
mtensities in the absence of a reactive solute we have 
found that the absorption decays exponentially with a 
half-hfe of 25 usee We believe that this 1s due to the 
reaction 


eag + HO — H + OH- k= 27 x 10t sec 


This 15 a relatively slow reaction, and by adding appropriate 
concentrations of solutes to neutral water we have been 
2ble to measure absolute rate constants for reactions of 
the hydrated electron* ^ Values obtamed are listed in 
Table 1 The high reactivity to hydrated electrons of 
10ns such as Cd?*t, Zn?+ and Co(NH;),°+ confirms the 
previous conclusion derived from the radiation chemistry 
of neutral solutions that these 10ns are reduced by hydrated 
electrons although they are not very reactive to hydrogen 
atoms? 

As well as bemg sigmificant in radiation chemistry, 
these data are useful contributions to the investigation 





Table 1 RATE CONSTANTS FOR REACTIONS OF THE HYDRATED ELECTRON 
(LITRE MOL“ SEQ 3) 
Reactant k Reactant k 
H* 206 x 101 C10,- <"10° 
Nat < 10° CN- <1108 
K+ <5 x 105 SOs- < 10° 
Agt 32 x 107° 8,0,-~ 76 x 10° 
Tr ~11 x 101 B,0, 136 x 10! 
NH. < 35 x 108 0, 216 x 10!» 
Mn?* 77 x 10? H,O 27 x 10* sec-? 
Tet ~35 x 10? N.O 056 x 101° 
Zn** 15 x 10? N,H, « 10? 
Con 122 x 107° NH,OH « 2 x 107 
Nr* 22 x 1019 y% ^20 x 10? 
Cutt 29 x 1019 La** ^ 69 x 10* 
Pb 39 x 101? Ce? « 10? 
cdt 52 x 10 Pr** « 107 
UO, 73 x 101^ Tb «17x 107 
Co(NH3)e* 90 x 10!9 Host ~ 66 x 10? 
Cofen),*+ 82 x 10% Eb*+ <7 x 10! 
Co(NH;)sH,O*+ 62 x 101 Yb*+ ~ 37 x 101 
Co(NH;),CE+ 54 x I0!^ CH,COO- < 108 
Co(en),.Cl,* 32 x 10% 00- 
Co( CN), 27 x 10? | < 10 
Co(Ox),- 12 x 107° coo- 
Co(NO,),?- 58 x 10% C,H, 76 x 108 
Pt(CI,- 90 x 10? Glycine < 107 
NO. 345 x 10° Indole ~7 x 108 
NO,- 815 x 10° Tryptophan ^ 8 x 105 
CI0,- 35 x 10° Methylene blue ~34x 104 
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of electron transfer reactions They reveal a wide range 
of reactivities which must be accounted for in any theory 
of such reactions One aspect of the results which is 
interesting in this respect 1s the effect of charge on rate as 
shown by the series of Cott! complex ions exammed The 
range m going from 3+ to 3-1s not nearly so great as would 
be expected from the simple Debye treatment of diffusion- 
controlled reactions between charged reagents 

Absorptions due to transient entes «n. solutions of n- 
organte compounds Information has also been obtained 
about the species formed by the reactions of the electrons 
and of the hydroxyl radicals formed in the pulse In the 
case of aerated water a relatively long-lived transient 
absorbing at 2500 A has been detected This may be 
HO,, but we attribute ıt to O, consistent with the radia- 
tion chemistry of the system and with the absorption, 
maximum at 2500 A which has previously been observed 
m alkah hahde crystals contammg oxygen, and which was 
attributed to O,- (ref 7) The absorption 18 about doubled 
when aerated aqueous methanol is used This would be 
expected since the radical OH reacts to give CH,OH 
which with oxygen may give CH,O and O,- The situa- 
tion 1s analogous to the flash photolysis of water with 
short wave-length ultra-violet lights 

With some metal ions we have observed that simul- 
taneously with the decay of the absorption due to the 
electron there 1s a build-up of absorption in the region of 
3000 À This absorption, wluch is transient, occurs with 
Od?*, Co?*, Ni?*, Zn?*, Pb?* and Mn?*, and we attribute 
1t to unusual valence states such as Cd* formed in reactions 
such as 

eag + Cd*tt — Cd* 


The reactions of these species are being examined further 
No appreciable absorption 1s given by the Cort: complex 
ions, nor by the Yb** jon which 1s the only rare earth we 
have found to react rapidly so far 

Absorptions due to transient species have also been 
observed with aqueous solutions of N Oz, NO,-, 8,0,--, 
ClO,- and PtCl,-, and promise to provide useful infor- 
mation on the reactions involved m the radiation chemistry 
of these 10ns 

Absorptions ın aerated and ai-free aqueous solutions of 
ferrous sulphate have been investigated in detail? Ferric 
absorption appears ın four stages with widely separated 
time scales In aerated solutions the earlier stages are 
attributed to oxidation by OH and HO,, and to a change- 
over from the hydroxyl complex of Fe?* to the sulphate 
complex The last stage takes several seconds to go to 
completion and is due to oxidation by hydrogen peroxide 
In air-free solutions oxidation by HO; radicals 1s replaced 
by oxidation by H 

Solutions of organic compounds In water and alcohols 
contaming benzophenone it has been shown that the 
ketyl 10n ıs formed by direct electron capture by the 
solute In aqueous solutions containing methylene 
blue and sodium formate the methylene blue appears to be 
bleached within about 50 usec after the pulse by two prin- 
erpal reactions, one tentatively attributed to electron 
capture, the other to reduction by formate radicals The 
iutial bleaching 1s followed by a partial recovery of the 
original colour over 1l or 2 msec A strong transient with 
2 maximum at 4100 A has been noted This is postulated 
to be a methylene blue semiqumone radical although 1ts 
spectrum differs from that of the protonated semiqumone 
observed in strongly acid solutions" and from that previ- 
ously observed in flash photolysis!? Rate constant and 
other quantitative data for the reactions are m the process 
of bemg obtamed 

Transient spectra have been obtamed for aur-free 


aqueous solutions of glycine, cysteme, tryptophan, 
indole and tyrosme Glycine, as the simplest amino-acid, 
has been selected for further mvestigation Hydrated 


electrons have been found to react slowly if at all with 
glyeme A transient with an absorption maximum at 
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2600 A 1s formed during the pulse. It decays by a second- 
order reaction, and therefore seems most likely to be 
the radical NH,CHCOOH or an ionized form rather than 
NH = CH COOH, the only other major transient likely 
to be present under these conditions Solutions contammg 
cysteme and oxygen gave a transient with an absorption 
maximum near 5400 Å The yield mereased with oxygen 
concentration It decayed by a reaction which appeared 
to be initially second-order The radiolysis of cysteme m 
aqueous solutions m the presence of oxygen proceeds by 
a chain reaction? The chain-length is hkely to be very 
short under our conditions, and we are able to examine 
prmeipally the chain termination process 

Aqueous solutions contammg ethylene and oxygen 
gave a transient with an absorption band m the region 
2300-3000 A, which decayed by second-order kinetics 
Experiments with alkaline solutions of carbon monoxide 
showed that the rate of reaction of hydrated electrons 
with CO was simular to that found for neutral solutions by 
Hart, Thomas and Gordon“ Evidently the cham re- 
generation of electrons m. alkalne solutions? does not 
take place at the high dose rates present in the pulse 
After the hydrated electrons had all disappeared, a transi- 
ent species was found with an absorption increasing from 
4200 Å to the short wave-length lunt of the apparatus 
Thuis persisted for about 80 usec, after which a longer-lived 
transient became observable Further work 1s m progress 
on the system 

Charge-ansfer complexes of rodne We have mvesti- 
gated the kmeties of the scavenging of cyclohexyl radicals 
by 10dme We have found that a loss of 10dine occurs 
within 5 usec of the end of the pulse, followed by a partial 
recovery by a second-order process, k ~ 107 l mol- 
sec! A transient with a maximum at 3100 A ıs formed 
simultaneously and decays by a second-order mechanism, 
I = 22x 101 1 mol- see- Permanent products aie 
formed durmg or soon after the termmation of the pulse, 
presumably partly thiough the reaction 


CHa + 1,—-C.Hyl + I 


The transient species 18 probably a charge-tiansfer 
complex such as C,H,, — I 

Pulse radiolysis of alkyl iodides permits elucidation 
of the processes leading to 10dine formation ın these com- 
pounds Detailed mvestigations are in progress on ethyl 
iodide, which shows indications of the transient charge 
transfer complex between 10dine atoms and ethyl iodide 
described by Gover and Porter!* 

Aromatic compounds Pulse 1adıolysıs of benzene has 
shown the existence of a short-hved species with an 
absorption maximum at 3000-3200 A The decay of the 
absorption at 3200 A followed second-order kinetics in 
agreement with the observations of MacLachlan and 
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McCarthy? Assuming G = 03 for production of the 
species, MacLachlan and McCarthy obtamed a rate con- 
stant of 28 x 10? 1 mole-! sec-! with a probable error 
estimated to be no more than a factor of two Using 
rather less than 1/10th the dose per pulse and assuming 
the same initial G we find k = 62 x 10°1 mole- sec? 
MacLachlan and McCarthy identified the absorbing species 
as a radical containing two aromatic rings However, the 
possibilty cannot yet be ruled out that 1 1s an electronic- 
ally excited species contammg one or more benzene 
rings benzene, unhke other aromatic hydrocarbons, 
does not give rise to triplet-tirplet absorption m flash 
photolysis!5, but 16 has been put forward that bimolecular 
reactions of triplet states may account for some of the 
linear energy transfer effects ın benzene radiolysis!? 

The pulse radiolysis of anisole has been investigated 
pieviously by MacLachlan and McCarthy’ We find that 
the transient absorption 2 psec after about 5,000 rads pulse 
hes m the range 2300-4500 A and is structured The rate 
of decay at 4000 A 1s considerably faster than at 3400 A 
The observations indicate that there are several species 
present One of these 1s probably the species C,H,0 , 
which has a sharp absorption around 4000 A *° 

Aniline gave a large transient peak around 3700 A and 
a smaller one at 4900 A We may conclude that most of 
the transient is not due to the species C,H,NH,* or 
C,H;NH , since neither of these absorbs strongly around 
3700 A where the prmeipal maximum occurs?! Dimethyl 
anilme gave a more complex spectrum than aniline itself, 
and exhibited complex decay kmetics Neither 
C,H,N(CH,),* nor C,H;NCH, forms a major part of the 
spectrum 
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A STOMATAL LIGHT REACTION SENSITIVE TO WAVE-LENGTHS IN 
THE REGION OF 700 my. 


By Da. T A MANSFIELD 


University of Reading Horticultural Research Laboratories, Shinfield, Berkshire 


N recent research), experiments with Xanthium penn- 

sylvanicum estabhshed the existence of an effect of 
length of night on the subsequent stomatal openmg 
response to light of igh intensity It was also shown? 
that the stomata of this species were sensitive to treat- 
ments with low-mtensity white light, of the order of 
10-15 lux, used to shorten the night, although such 
ilummation produced no apparent opening response at 
the time ıt was given It was considered?:* that such 
sensitivity to low-intensity hght suggested the existence 


of a hght-operated mechanism which was distinct fiom 
that of the famihar high-mtensity opening response The 
after-effects of low-intensity hght have now been studied 
m greater detail, and the evidence presented here, which 
concerns the sensitivity to different wave-lengths, pro- 
vides strong support for the view that this 1s a new and 
distinet type of stomatal light reaction 

Expermnents were performed on 6—7-week-old plants of 
Xanthium which had been raised in a glasshouse m 16-h 
days Observations were made in controlled-conditions 
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Tog 1 Transmission curves of filters A, B and G were 'Cinemoid' 

plastic filters Nos 20, 24 and 32, each combined with a 1-cm layer of 

50 per cent saturated CuSO, solution, C consisted of ‘Cmemoid’ Nos 

6 + 5A, with a 1-cm layer of 10 per cent saturated CuSO,, D consisted 

of Nos 6 + 54 without CuSO, E and F were Schott glass filters 
E, No RG9, F, RG9 + KGB 


cabmets with the aid of a recording poiometeis Plants 
were taken from the glasshouse and placed unde: high- 
intensity white light (15,000 lux) for 3 h and the maximum 
opening attamed was measured, then during the next 
16 h they received either continuous darkness (the ‘control’ 
treatment) or low-intensity light of different wave-lengths 
After these treatments, white hght of 15,000 lux was given 
again and the opening responses observed Measurements 
were made of the time taken to reach 75 per cent of what 
had been the maximum, opening in similar hght before 
the different treatments were given 

Low-intensity light sources for the visible spectrum 
consisted of 8-W white fluorescent tubes with ‘Cmemoid’ 
coloured, plastic filters and where necessary an additional 
filter of 1-em depth of copper sulphate solution Trans- 
mission curves measured with a Bausch and Lomb 
spectrophotometer are presented m Fig 1 For far-red 
Schott glass filters were used with a tungsten filament 
lamp and a l-cm screen of distilled water Transmission 
curves constructed from the manufactuier’s data are 
shown by broken hnes m Fig 1 In one experiment, 
Schott interference filters (half-width 20 my) were used 
with a collimated hght source 

In the first experiment (Fig 2, I) filters A. B and C 
were used to provide illumination in the blue, green and 
red regions of the spectrum, with approximately equal 
quanta in each region. namely, 150, 126 and 110 ergs/ 
em?/sec, respectively There was a significant response to 
red hgbt but not to blue or green The response to red 
light here was small compared with that to 10 lux 
(72 ergs/em?/sec) of white light observed earlier‘, and it 
was considered that the longer wave irradiation excluded 
by filter C might have been ımportant Consequently 
another experiment was performed to compare red 
illumination from sources using filters C and D, each 
providing the same total energy, 110 ergs/em?/sec The 
latter filter excluded. very little of the longer wave radia- 
tion, extending to about 720 mu, from the fluorescent 
tubes The response to red light from C was agam small 
but the response to that from .D was considerably greater 
(Fig 2, II) This result strongly suggested that either 
the longer wave visible red or the small amount of far- 
red from the fluorescent tubes was the most effective in 
determming these responses In another experiment the 
response to far-red was observed using filters E and F 
and a tungsten light source, with treatment D from the 
previous experiment included for comparison, under F 
the same total energy was given as under D (110 ergs/ 
em*/sec) but under E a higher energy was given (890 
ergs/em?/sec) There was a significant response to far-red 


NATURE 


471 


from both sources, but in neither case did ıt equal that 
obtained under D (Fig 2, III) 

To elucidate further the question of responses to 1ed 
and far-red wave-lengths, an experiment was peiformed 
using interference filters providing irradiation with peaks 
at 660, 703 and 730 mp The same energy was 1eceived. 
under each filter (100 ergs/em?/sec) Only one leaf of 
each plant could be irradiated, instead of the whole plant 
as m the previous expeimments, ib has been shown, how- 
ever, that the leaves on a plant react mdependently to 
night length treatments* The results aie shown in 
Fi 2, IV Under each wave-length there was a sig- 
nificant response compared with contmuous darkness To 
determine whether the response at 703 mu could be 
regarded as significantly greater than at the other two 
wave-lengths, the data, with the dark control omitted, 
were analysed to break down the treatment effect into 
lnear and quadratic components The latter proved to 
be significant at P < 005 The result of this experiment 
thus confirmed the conclusion reached from the previous 
ones, that the longer-wave 1ed and far-red wave-lengths 
are effective, they go further and suggest that the 
absorption of the pigment or pigments involved covers a 
bioad bard m this region of the spectrum, probably with 
an activity peak in the region of 700 mu 

A further experiment provided some indication of a 
response at certain shorte: wave-lengths when sufficient 
energy was supplied Fluorescent tubes were used with 
filters A, B and G (Fig 1) to provide irradiation of 270, 
400 and 540 eigs/em*?/see, respectively and these were 
compared against the most effective red source, D 
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Fig 2 Xanihıum pennsyloamcum Four experiments in which a 16-h 
night was replaced by low-intensity light of different wave-lengths 
See text and Fig 1 for explanation of light sources  Ordinate time 
taken to reach 75 per cent of full aperture ın 15,000 lux of white light, 
after the different treatments Data m 1, II and III are means from 
four plants for each treatment, with measurements on two leaves of 
each plant, those 1n IV are means from five plants, with measurements 
on one leaf of each Least significant differences for comparison of two 
means ire shown for I to III 
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Fig 3 Xanthum pennsylvanicum Effects of replacmg a 16-h night 
with broad band blue or green irradiation, or with red See text and 
Fig 1 for explanation 


(85 ergs/em?/sec), and contmuous darkness A response 
comparable with that under red hght was obtamed under 
the broad band blue and green filters This probably 
indieated some activity of hght ın the region of 500 my, 
but the energy required was considerably greater than at 
700 my 

The spectral requirements for this relatively ‘low- 
intensity! response of stomata appear to distinguish it 
clearly from the ‘high-intensity’ opening response for 
which recent authors^? have found maximum sensitivity 
m blue hght It must be stressed that there was no 
detectable openmg produced by the low-mtensity light 
given in the experiments described here, and the responses 
were only detected as after-effects on the opening reaction 
to 15,000 lux. Such action of low-ntensity ight 1s con- 
sidered to be the production of à phase-shift in an endo- 
genous rhythm; this was discussed elsewhere?'t, 

In some recent expermnents various short duration 
night interruptions were given with a high-intensity source 
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providing the active wave-lengths Single interruptious 
given half-way through the night or three mterruptions 
spaced at equal intervals produced no detectable effect 
on subsequent opening, but when the same total energy 
was given m frequent short mterruptions every 15 or 30 
min throughout the night, a response was produced 
similar to that achieved by continuous low-mtensity 
radiation of the same wave-lengths However, attempts 
to ‘reverse’ the response to such interruptions by immedi- 
ately following them with- high-energy irradistion at 
735 my. were unsuccessful 

The characteristics of the hght reactions described 
here appear to differ considerably from those of the 
photoperiodic flowermg response m Xanthium”, where a 
short mterruption with red hght of 660 my rendered a 
long night ineffective for flower induction, and where 
complete reversal of such treatment was obtamed by 
immediately followmg ıt with far-red 

Action spectra with maxima ın the neighbourhood of 
700 mu are known in other processes and have been 
attributed to the phytochrome system’. This mter- 
pretation has, however, been disputed"; 1b seems hkely 
that an entirely different pigment could be involved , 
The present experiments could only be performed on 
mature green leaves and consequently m the detailed 
interpretation of action spectra the screening by chloro- 
phyll pigments must be borne m mind This problem 1s 
bemg considered and will be discussed m due course 

I thank Prof. O V S Heath for advice, and the Agri- 
cultural Research Council for support of this research 


1 Mansfield, T A , and Heath, O V S, Nature, 191, 974 (1961) 

2 Mansfeld, T A, and Heath, O V 8,J. Ezp Bot ,15, 334 (1903) 

3 Mansfield, T A , Nature, 195, 514 (1962). 

4 Mansfleld, T A , and Heath, O V S, J. Ezp Bot (m the press, 1964) 
č Heath, O V S,and Mansfield, T A, Proc Roy Soc., B, 150, 1 (1962) 
* Meidner, H , and Mansfield, T A (in preparation) 

? Mouravieff, I , Bull Soc Botan France, 105, 467 (1968) 

8 Karvé, A, Z Bot, 49, 47 (1961) 


? Borthwick, H A, Hendricks, S B , and Parker, M W., Proc US Nat 
Acad Ser, 88, 662 (1952) 


10 Hendricks, 8 B , and Borthwick, H A , Bet. Gaz , 120, 187 (1959) 
M Mohr, H , Ann Rev Plant Physiol ,18, 465 (1902) 


EFFECTS OF AMOBARBITAL ON EXTINCTION OF AN INSTRUMENTAL 
RESPONSE IN RATS 


By Cr. ROGER STRETCH, Miss MARGARET HOUSTON and Miss ALISON JENKINS 


Animal Behaviour Laboratory, Department of Psychology, The Queen’s University of Belfast 


A PERSISTENT problem for theories of mstrumental 
learnmg concerns the effects of partial reinforcement 
on extinction since it 18 a well-established fact that periodic 
omission of reward during traming increases resistance to 
extinction when remforcement 1s finally withheld’, To 
account for the ‘partial remforcement effect’, Amsel** 
has proposed a theory based on the concept of a frustration 
drive. He suggests that after some mmimal number of 
remforcements necessary to establish anticipatory reward, 
non-reinforcement elicits & primary, aversive, emotional 
response termed frustration which 1s assumed: (1) to be 
related m imtensity to the strength of anticipatory 
reward, (2) to be capable of energizing learned or unlearned 
responses When non-reinforcements elicit frustration, 
cues evoking anticipatory reward now also come to evoke 
anticipatory frustration so that these antedating goal 
responses are temporarily m competition However, smce 
anticipatory reward and anticipatory frustration cannot be 
eliexted separately by differential cues, and smece partial 
remforcement tramung 1s such that running to the goal- 
box 1s remforced more often than avoiding 1t 18, cues that 


evoke frustration become associated with the approach 
response in the later stages of trammg. Thus, when 
extinction begms, partially rewarded animals have m 
effect been tramed to approach the goal-box ın the presence 
of anticipatory frustration whereas consistently rewarded 
animals have not As a consequence, the partially 
rewarded animal will continue to perform the established 
response, while the consistently rewarded animal, which 
experiences frustration for the first time when extmetion 
begins, tends to make responses that are mcompatible 
with running 

In a recent expermnent', rats were trained to run along 
a straight alley under conditions of consistent remforce- 
ment After forty trammg trials had been given, rem- 
forcement was withheld For this phase of the investiga- 
tions some rats received amobarbital myjections before 
each set of extinetion trials while controls were given 
salne The results showed that animals receiving amo- 
barbital continued to run faster than controls and, to 
interpret this finding, Barry ef al suggested that antıcı- 
patory frustration, like fear, may be reduced by the 
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Fig 1 Mean log running times ım sec over blocks of four trials for animals receiving 
either delayed (DEL R ()) or immediate (IMM R( O)) reinforcement during acquisition 
Sub-groups from the DEL R treatment were given extinction trials following either 
saline (DS) or drug (DD) injections, similarly, rats given immediate reinforcement 
during acquisition received either saline (IS) or drug (JD) injections before each block 


of extinction trials 
Left, acquisition, right, extinction 
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Fig 2 Mean log running times in sec over blocks of six trials for animals receiving 
either partial (50 per cent R) or consistent (100 per cent R) reinforcement dunng 
acquisition Sub-groups from the 50 per cent R treatment were given extinction trials 
following either saline (50 per cent S) or drug (50 per cent D) injections, similarly, rats 
given 100 per cent R durmg acquisition received either saline (100 per cent S) or drug 


(100 per cent D) injections before extinction trials 
Left, acquisition, right, extinction 


depressant action of the drug To determme more fully 
the effects of amobarbital on extinction, two experiments 
have been made, the first involves delayed reinforcement, 
and the second, partial remforcement?, as methods of 
increasing resistance to extinction For reasons that will 
become apparent, art exact prediction relating the drug’s 
action to the anticipatory frustration hypothesis cannot 
easily be made 

Exp 1 Delayed rewforcement Twenty female albmo 
rats were used The animals were tested m a runway 
(6 ft 31n long, 8 m wide and 5 m lugh) consisting of 
four sections a 12-m start-box, a 36-m runway, @ 12-in 
delay chamber, and a 15-m goal-box These sections 
were divided by guilotine doors Running times were 
measured to 0 01 sec with a tummg unit and two photo- 
cells, the first bemg situated across the runway 6 m 
beyond the start-box and the second across the delay 
chamber A 23-h food deprivation schedule was estab- 
lished and animals were accustomed to handing and to 
eating wet mash After adaptation to the start- and 
goal-boxes, 16 pre-trammg trials were given, 4 per day 
with an mter-trial interval (ITI) of 10 mm, on each 
trial, anmals were permitted to eat for 10 sec after 
entering the goal-box Forty-eight acquisition trials were 
then given, 4 per day at the same trial spacmg For this 
phase of the experiment, anrmals were assigned at random 
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to two groups (1) mmediate remforcement 
on each trial (N = 10), (2) delayed rem- 
IS forcement which consisted of 20 sec deten- 
tion in the delay chamber on each trial 
before food m the goal-box could be ob- 
DS tamed (N = 10). 
ID For extinction trials, animals in the fore- 
gomg groups were divided at random into 
two sub-groups (N = 5) One sub-group 
from each acquisition condition recerved 
intraperitoneal mjections of sodium amytal 
(15 mg/kg m the ratio of 1 cc per 100 g 
body-weight) 10 mm before the first tral 
each day, animals m the remammg groups 
were given salme injections of equivalent 
volume 10 mun after the last trial each day, 
all rats were given a second jection con- 
sisting of the drug if the first had been saline, 
or vice versa, to control any cumulative 
effects of the drug Twenty extmction trials 
were given to each rat, 4 per day with an 
ITI of 10 mm, m which an animal was 
detamed m the delay chamber for 20 sec but 
with the door to the goal-box 1aised, an 
empty food cup was placed in the goal-box 
If a rat failed to enter the delay chamber 
within 90 sec, 1t was removed and a running 
time of 90 sec was 1ecorded 

A logarithmic transformation of runnmg 
times was carried out to meet the require- 
ment of homogeneity of variance, the main 
results of the experiment are summarized 
m Fig 1 Durmg acquisition, animals 
tramed under delayed remforcement 1an, 
on average, more slowly than subjects 
unmediately rewarded (Mann-Whitney test 
U = 0, n, = n, = 10, P < 0002) 

The extinction data were subjected to a 
2 x 2 x 5 trend analysis for repeated 
measures* Since a significant mteraction 
5 between trial-blocks and experimental condi- 
tions occurred (F = 290, d f = 12 64, P < 
0 01), the slopes of trend lmes were affected 
differentially by expermnental treatments, 
also, the overall means for treatments 
differed significantly (F = 488, d f = 3 16, 
P < 002) Further analyses showed that 
the trend hnes for the drug groups did not 
differ from .zero slope (Fimm = 0 86, 
df =416, P>01, Fa = 089, df = 416, P>01), 
however, those of the saline groups did (Fimm = 9 72, 
df =416, P<0001, Faa = 11 8 df =416, P< 
0 001) 

Exp 2 Partal rewforcement Twenty-four female 
albino rats served as subjects They were tested in the 
same apparatus with two modifications first, the delay 
chamber was not operative and, secondly, the photo-beam 
across the delay chamber was now placed 31n m front of the 
food cup m the goal-box <A 23-h food deprivation schedule 
was established and rats were habituated to handling and to 
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‘eating wet mash After adaptation to the start- and goal- 


boxes, each rat was given 10 trials per day throughout the 
experment Ten pre-trammg tnals were given with 
an ITI of 1 min, wet mash was available for 10 sec m the 
goal-box on each of these trials The animals were then 
assigned at random to two treatments (1) partial-reward 
trammg (N = 12) m which animals received 30 trials, 
10 per day with an ITI of 15 sec, of which 15 chosen at 
random were followed by reimforcement and 15 wero not, 
(2) consistent-reward trammg (N = 12) m which the 
procedure was identical except that reward was not 
omitted on any trial For the extinction trials, ammals in 
each of the acquisition treatments were divided into two 
sub-groups (N = 6) One sub-group from each traming 
condition recerved an intraperitoneal injection. of sodium 
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amytal (15 mg/kg) 10 mm before the first tial each day, 
while controls received salme Twenty extinction trials 
were given 10 per day with an ITI of 2 min, on these 
trials, subjects were detamed m the goal-box for 10 sec, 
the food cup beng empty Ifa rat failed to enter the goal- 
box within 1 min, ıt was removed, and a running time of 
60 sec was recorded 

The mam results are presented m Fig 2 During 
acquisition, a tendency 1s apparent for partially rewarded 
subjects to run more slowly at first and then more quickly 
towards the end of the acquisition series as compared 
with consistently rewarded animals, however, neither 
tendency proved to be statistically rehable A 2 x 2 x 5 
trend analysis was used to treat the extinction data and, 
since a significant interaction between trial-blocks and 
experimental treatments occurred (F = 267, df= 
1280, P«001) we conclude that the slopes of trend 
lines were affected differentially by the experimental 
conditions, also, the overall means for treatments differed 
significantly (F = 2504, d f = 320, P«001) Tests to 
determme whether trend limes differed from zero slope 
weie negative with respect to the two drug groups 
(Fiooyr = 0033, df = 420, P201, Fw» = 283, 
df = 420, P > 005), however, trend lnes for the two 
saline groups were found to diffe. from zero slope 
(Frome = 825, d f. = 420, P < 0001, Fir = 305, 
d f = 420, P<0 05). 

The present experiments show that amobarbital 1educes 
the effects of non-remforcement on the performance of 
rats given consistent rewards durmg acquisition, thus 
confirmmg the results obtained by Barry et al It has 
also been found, however, that if resistance to extinction 
1s increased through either partial or delayed remforce- 
ment procedures, amobarbital postpones further the 
decreases 1n running speeds characteristic of extinction 

To account for their own findings, Barry et al suggested 
that anticipatory frustration is reduced by amobarbital 
Thus, consistently rewarded animals given the drug should 
continue to run faster than controls since the drug 1s 
assumed to lessen the disruptive effects of the frustration. 
drive which otherwise would induce competing responses 
More recently, Wagner!? suggested that if this argument 1s 
sound, the frustration-producing effects of partial rem- 
forcement durmg acquisition should be diminished by 
amobarbital Wagner assumed that “while anticipatory 
reward is gieater unde: continuous remforcement, a 
motivational advantage remains under partial reimforce- 
ment owing to the added drive effects of anticipatory frus- 
tration” This hypothesis permits the prediction that 
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partially rewarded subjects will attain faste: asymptotic 
running speeds durmg acqusition than continuously 
rewarded animals It also suggests that 1f the drive effects 
of anticipatory fiusti ation are removed, partially rewarded 
subjects will respond more slowly than continuously 
iewaided animals Wagne1’s 1esults showed that partial 
reinforcement produced faster final running speeds than 
consistent remforcement when animals received saline, 
however, in accordance with his prediction, this order was 
reversed unde: trammg conditions with the depressant 

A difficulty m interpreting the present findmgs in terms 
of anticipatory frustration stems from an ambiguity m 
the theory, namely, that ıt does not afford an explanation 
for the ultimate extinetion of a response acquired under 
partial remforcement conditions More specifically, 
Wagner's analysis ımphes that a partially rewarded 
subject acquires a ‘motivational advantage’ over a con- 
tmuously rewarded subject smece anticrpatory frustration 
serves not only as a cue that evokes the instrumental 
response but also as a source of added drive If this 
‘advantage’ 1s eliminated by amobarbital, extinction might 
be expected to proceed more rapidly as compared with 
partially rewarded subjects given sahne Clearly, the 
present results me at variance with this deduction and 
16 seems necessary to assume that the eventual disruption 
of performance of partially rewarded subjects can be re- 
duced by the drug Furthermore, the foregoing deduction 
contains an apparent contradiction for, uf 1t 18 assumed 
that extinction depends on the evocation of competing 
responses, the reduction of anticipatory frustration as a 
source of additional drive ought to diminish the likelihood 
of competing responses being made Thus, partially 
rewarded animals given the drug would be expected to 
contmue to run more quickly than partially rewarded 
subjects given salme ‘The present findings are not 
inconsistent with an interpretation of this land 

We thank Prof O L Wade and Miss D Bell, Depart- 
ment of Therapeutics and Pharmacology, Queen’s Univer- 
sity, for providing a supply of sodium amytal and Mr M 
Moore for statistical advice 
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‘TRANSIENT’ EFFECTS OF ADRENOCORTICOTROPHIC HORMONE 
ON CARDIAC ACTIVITY IN ALBINO RATS 


By S. M. JURIS,* M. B. SHOVLIN and Sr. M HOWARD WATKINS 
Notre Dame College, Cleveland, Ohio 


CCORDING to Wexler and Miller’, 1epeated injections 

of ad renocorticotrophic hormone (ACTH) for periods 
up to seven weeks cause severe arteriosclerosis in adult 
female rats, and gastric ulcers, marked hypertension, 
and no aiterioselerosis m male rats Selye? found m 
earlier work that desoxycorticosterone produced im rats 
severe symptoms of cardiac insufficiency and pronounced 
increases n systolic and diastohe blood-pressure After 
seven weeks of treatment with this drug he also noted 
marked cardiac hypertrophy Both these and other 
similar works on hormone imbalance are long-term 
mvestigations The increased emphasis on intermittent 
hormone admmistration as a remedy in various diseases 


* Present address University of Detroit, Michigan, 


has prompted the present investigation of the short- 
term effects of one of the most interestmg hormones, 
ACTH 

To observe the physiological 1esponse of the organism 
to ACTH, the method of electrocardiogiaphy was chosen 

About 100 adult male rats were used, of which 51 
yielded the final data reported here The other specimens 
were used in prelimmary experunents (1) to determine 
an anesthetic without cardiac effect and an optimum 
non-lethal dosage for mducmg anesthesia, (2) to settle 
on photographic recording procedures and time-intervals 
for pictures 

A typical specimen was anesthetized with ‘Urethane’, 
ethyl carbamate This anesthetic was chosen because 
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previous workers had shown that, except for possible 
cumulative effects, 16 does not mfluence cardiac activity? 
As soon as deep anesthesia was induced, two hypodermic 
needle-tipped electrodes were used to pick up electrical 
potentials arising from normal cardiac activity One 
electrode was mserted directly over the heart m the area 
over the ventuicles, the other was placed under the skin 
away from the caidiae 1egion to serve as a ground The 
electrodes were led into a Type 502 Tektronix oscilloscope, 
where the cardiogram was displayed The trace was then 
photographed at four sweep speeds, namely, 0 2, 0 1, 0 05 
and 0 02 cm/sec 

After the normal cardiograms were recorded, the animal 
was injected intraperitoneally with a selected dosage of 
‘Depo-ACTH’ (Upjohn) A second set of photographs 
at the same four sweep speeds was then taken, after 
allowmg 30 mm for the diffusion of the hormone This 
procedure was repeated at mtervals of 30 mm until six 
distinct records of cardiac activity after ACTH were 
obtamed The animal was then killed Pulse-rates were 
determined from the measured distance between QRS 
complexes and the known sweep speed The heart-rate 
and cardiac pattern were next mvestigated as a function 
of time and compared with the measurements made of the 
normal cai diogram 

The animals were divided mto three groups on the 
basis of ACTH dosage, as follows Group A, consisting of 
19 1ats, was given ‘Urethane’ only These animals served 
as controls Group B, made up of 24 rats, received, in 
addition to ‘Urethane’, 0 30-0 36 US P. units of ACTH/ 
100 g body wt This dosago corresponds to that given by 
Wexler and Miller! Simce it represents 2-3 times the 
usual single dose used therapeutically m human beings, 
this 18 referred to m the discussion below as an ‘excessive’ 
dosage Group C, m which there were eight rats, was 
given a so-called ‘massive’ dosage, ranging from 08 to 
2 0 units of ACTH/100 g body-wt 

Results showed that the animals receiving ‘Urethane’ 
only exhibited a shght decrease ın heart-rate as a function 
of time, but no change m the pattern characteristic of 
normal cardiac activity Variations in the pulse-rate 
resulting from ‘excessive’ dosages of ACTH (Group B 
animals) were analysed statistically, usmg standard small- 
sample techniques: The observed values for each animal 
were first normalized, means and standard deviations 
were then found and are here displayed ın Table 1 The 
resulting P values are also presented m Table 1 It is 
to be noted that they are well above the arbitrary value 
of 0 05 that 1s usually required for ‘significance’ Normal- 
ized mean cardiac rates for the Group A and B animals 
aie plotted as a function of time in Fig 1 In every case, 
Group B rats exhibited an merease m beats per minute 
over those of Group A  Pulse-rates decreased in seven 
of the eight animals given ‘massive’ dosages of ACTH 
(Group C) None showed an increase Pattern changes 
characteristic of cardiac disturbance were observed in 
sıx of these rats, five showing conduction block and one 
fibrillation Symptoms of severe physiological involve- 
ment accompanied the evidences of heart damage In 
some cases, these resulted ın the death of the organism 
durmg the period of observation The cedema character- 
istic of Cushing’s syndrome was particulaily marked? 

Interpretation of the results yielded by each of the 
three groups studied can best be accomplished on the 
basis of elementary metabolic rate theory In a normal 
situation secretion of ACTH from the anterior pituitary 


Table 1 
Normalized Normalized 

Time mean and S D mean and S D P 
(nin) group A group B 

30 0 961-40 083 (68) 0 9714-0 057 (60) 0 1179 

60 0 976-0 085 (72) 1 025+0 066 (92) 0 4633 

90 0 980 +0 107 (76) 1 019+0 075 (92) 0 4207 
120 0 97440 130 (72) 1 0154-0 083 (98) 0 3925 
150 0 904-0 147 (76) 0 995+0 070 (96) 0 3186 
180 0 969 --0 123 (68) 0 998-0 064 (88) 0 3289 
210 0 955-0 140 (72) 1 01840 084 (96) 0 4656 
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Fig 1 Mean of the cardiac rates plotted as a function of time on a 

normalized scale The solid line represents the behaviow of controls 

(‘Urethane’ only), the dashed lme, that of the experimental (ACTH) 
group 


causes activation of the adrenal gland and thus provokes 
secretion of hormones from the adrenal cortex (the so- 
called ‘Group II’ hormones) These secretions cause a 
heightened metabolic rate in the animal Thus, cardiac 
rates would theoretically be expected to mcrease with the 
injection of ACTH However, Selye has shown that large 
dosages of steroids of a hormone nature act as anesthetics 
if given mtravenously or intrapertoneally, that is, if 
administered ın a manner which permits rapid establish- 
ment of a hugh steroid concentration m the blood? The 
anesthetic action of ‘Urethane’ would tend to enhance 
this effect, so that an overall depression of metabolic 
activity would be anticipated (for large dosages) 

In the Group B animals of the present vestigation, 
analysis of the results yields a statistically significant 
increase m heart-rate This response corresponds to the 
pattern of behaviour m a normal secretion of ACTH fiom 
the anterior pituitary On the other hand, the ‘massive’ 
dosages administered to the Group C rats induced a 
decrease m cardiac rate readily interpreted as evidence of 
the Selye anzsthetie effect 

An indicated above, many of the caidiogiams gave 
evidence of fibrillation It 1s known that ventricular 
fibrillation may develop durmg the early stages of aneesthe- 
sia by chloroform, especially 1f an mjection of adrenaline 1s 
administered? Analogously, this condition may result 
from a combination of ‘Urethane’ and ACTH 

Evidence of conduction block 1s attributed to variations 
m central venous pressure resulting from altered pulse- 
rates It 1s suggested that the new pulse-rate provukes 
disturbances in the cardiac output, hence in the stroke 
volume and the central venous pressure Pressure 
fluctuations would then give mse to abnormal cardiac 
dilatation? An additional factor which may enter 1s that 
of possible increases ın blood viscosity Knuisely® has shown 
that, following trauma, there 1s à marked increase m blood 
viscosity, presumably because of meipient or partial 
clotting 

We thank Sister Mary Christopher, P Khairallah and 
G Sayers for advice 

This work was supported in part by the US National 
Science Foundation (G 12035) 
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INFLUENCE OF «-NAPHTHYLPHTHALAMIC ACID ON THE MOVEMENT 
OF INDOLYL-3-ACETIC ACID IN PLANTS 


' By D. G MORGAN 
School of Agriculture, University of Cambridge 


ORGAN and Sodmg! have described experiments 

which suggest that o-naphthylphthalamue acid 
(NPA, equation I) mterferes with the transport of mdolyl- 
3-acetic acid (IAA) through Avena coleoptiles Further 
work has now been carried out to determine whether this 
substance, as its sodium salt, also influences TAA. move- 
ment through the stems of peas (Pisum satwum var 
Alaska) and dwarf French beans (Phaseolus vulgaris var 
Masterpiece) 


Removal of sections of the type shown m Fig 1 from 
pea seedlings induced the axillary buds of the scale leaves 
to grow out, but application of IAA in lanolin to the top 
cut surface mhibited this lateral growth NPA applied 
m admixture with IAA was found to antagonize this 
effect and the antagonism was always greater when the 
distance AB was 30 mm than when ıt was 5mm In 
fact, in most experiments NPA did not exert a significant 
effect when AB was 5mm (Fig 2) 

This result suggested strongly that NPA does not 
antagonize the action of IAA within the bud itself but 
affects the supply of IAA to ıt Further substantiation of 
this was obtamed when 1t was found that application of 
the NPA 72 h after the IAA had no effect on the lateral 
bud mhuibrtion (Fig 3) All these results provided strong 
indirect evidence that NPA blocks IAA movement m the 
stem 

In a further series of experiments with bean seedlings, 
decapitation above the first pair of leaves caused the 
axillary buds to grow out and im this case also the growth 
could be partially or completely suppressed by application 
of IAA to the cut surface Furthermore, IAA applied 
in this way induced the formation of a funnel-shaped 
callus (Fig 44) It was found that NPA apphed in lanolin 
as a rmg between the TAA and the first node removed the 
inhibition caused by the IAA and radically altered the 


Cotyledons 


Moist 
Vermiculite 
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Fig 2 Influence of NPA on IAA inhibition of lateral growth in pea 

sections Effect of the application of NPA at different distances from 

axillary bud B NPA (04 per cent in lanolin) and IAA (0 1 per cent in 

lanolin) were applied simultaneously and measurements of the axillary 
shoots made 7 days after treatment 
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Fig 3 Influence of NPA on IAA inhibition of lateral growth 1n pea 
sections Effect of application of NPA (04 per cent im lanolin) and 


TAA (01 per cent 1n lanolin) at different times Measurements were 
made 6 days after application of the IAA 


form of the callus to a more cylindrical shape (Figs 4B 
and 5) These two effects suggested that the treatment 
with NPA resulted in a decrease m IAA concentration 
below the ring and an mecrease above ıt This was con- 
firmed by an expermment using 3-indolyl-(acetic acid-21*C) 
In this event, 001 ml of a solution of the labelled IAA 
(0 01 per cent ın water, 6 uc /ml ) was applied to the cut 
surface of the decapitated bean seeding by means of 
a fine capillary tube, while NPA was simultaneously 
apphed as an mternodal rmg as before The distribution 
of radioactivity was studied after 48 h by autoradiography 
of freeze-dried transverse sections of the stem 1n the region 
of the lanolm ring 

Fig 6 illustrates the pattern of radioactivity m sections 
cut from the region 4 mm above to 10 mm below the ring 
It will be seen that m plants treated with both IAA and 
NPA the concentration of radioactivity in the iegion at 
or above the rmg was higher than that m the comparable 
region of the control plants treated only with IAA, in 
the region below the rmg the reverse was the case If it 
is assumed that IAA 1s not significantly metabolized during 
the short duration of the experment (supported by the 
biological effects produced), the results clearly indicate 
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Fig 4 Influence of NPA on IAA inhibition of lateral growth ın de- 

capitated bean seedlmgs The plants were photographed 4 days after 

the following treatments A, [AA (01 per cent in lanolin) to cut sur- 

face, pure lanolin mternodally, B, IAA (0 1 per cent in lanolin) to cut 
surface, NPA (0 4 per cent lanolin) mternodally 
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Fig 6 Influence of NPA on IAA inhibition of lateral growth in de- 

capitated bean seedlings The lateral shoots were weighed 15 days after 

the simultaneous application of IAA (0 1 per cent m lanolin) to the cut 
surface and NPA (0 4 per cent m lanolin) mternodally 


that NPA had a restrictive effect on the transport of LAA, 
causing an accumulation above the rmg. 

Thus all the evidence obtamed in both pea and bean 
experments indicates that NPA blocks IAA transport 
through the stems ‘The location of the effect, the mode 
of action by which ıb 18 produced and the extent to which 
NPA interferes with the movement of other substances in 
the plant are as yet unknown, but these aspects are under 
mvestigation Work so far carried out has shown that 
neither «-naphthylamine nor phthalic acid, two possible 
breakdown products of NPA, blocks IAA movement (pea 
section test) 

NPA could prove a valuable tool for investigating the 
movement of natural IAA in plants, thereby testing hypo- 
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Fig 6 Distribution of labelled LAA in treated decapitated bean plants 
Autoradiographs of consecutive freeze-dried transverse sections, each 
2 mm thick, taken from 4 mm above to 10 mm below the internodal 
lanolin ring (approximately 2 mm thick) The plants were gathered 
2 days after receiving the following simultaneous treatments dA, labelled 
TAA (0 06 uc) to cut surface, pure lanolin internodally, 3 repheates, 
B, labelled IAA (0 06 uc ) to cut surface, NPA (0 4 per cent m lanolin) 
internodally, 3 replicates The autoradiographs were exposed for 48 h 


theses which postulate that LAA produced by one organ 
controls the growth and development of another? Initial 
investigations on apical dominance with mtact pea and 
bean plants have shown that mternodal appheation of 
NPA promotes the growth of some lateral buds below 
the point of application without muitially affecting the 
growth of the mam axis This effect 1s consistent with an 
interruption of the downward flow of IAA from the 
terminal bud and lends support to the Thimann bypothe- 
si$?* concerning the mechanism of apical dominance 
Confirmation of this mterpretation depends on estimation 
of [AA ın the tissues 

The work was carried out with Imperial Chemical 
Industnes, Ltd, at Jealott’s Hil Research Station, 
Bracknell. and at Cambridge 
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ISOCITRATE-LYASE AND THE FORMATION OF «-KETO y-HYDROXYGLUTARIC 
ACID IN OXALIS 


By [the late] Pror. R K MORTON and J R. E. WELLS* 


Department of Brochemistry, University of. Adelalde 


HE occurrence of isocitrate-lyase activity in non- 

photosynthetic shoots of Oaks pes-caprae has 
already been reported’? "The experiments described here 
are concerned with mproved techniques for the isolation 
of glyoxylic acid as the only keto-acid present after incuba- 
thon of cell-free extracts of Oxals with isocitrie acid, and. 
further, with the subsequent metabolism of glyoxyhe 
acid The reduction of glyoxyle acid to glycolhe acid or 
its oxidation to oxalic acid both «m vwoèt and «n vetro? 
have been demonstrated As shown here, and m accord- 


* Present address Agricultural Research Council Virus Research Umi, 
Huntingdon Road, Cambridge 


ance with previous data obtained fiom investigations with 
compounds labelled with carbon-14 (ref 3), glyoxyhe and 
1s not incorporated mto male acid by Ovals 

The role of glyoxylie acid as a regulator of the tri- 
carboxyhe acd cycle 1s recervmg increased attention“! 
In particular, the inhibitory effect has been shown to be 
caused by the product of the condensation of glyoxyhe 
acid with oxaloacetic acid This new compound has been 
described as a 6-C triearboxylie acid, oxalomalie acid’, but 
further evidence? suggests that ıt ıs a 5-C acid, «-keto 
+-hydroxyglutanc acid (HKG) We have found HKG as a 
major keto-acid present in Ovals shoots and have made 
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preimmary mvestigations with HKG on aconitase 
preparations from Oxals and from rat-hver 

Characterization. of rsocitrate-lyase actwity from Oxahs 
The characterization of isocitrate-lyase from Oxahs is 
compheated by the presence of isocitrate dehydrogenase and 
a glyoxylate reductase? m extracts of acetone powders 
of the particulate fraction of the shoots 


isocitrate-lyase 


(1) Isocitrie acid -—————— —— succinic 


acid 


glyoxylic 
acid 


isocitrate dehy diogenase 
(2) Isoeitric acid + NADP > 
a-ketoglutaiic acid + NADPH, + CO, 


glyoxvlate reductase 








> 


glycolhe acid + NADP 


Clearly, reactions 2 and 3 will 1¢e-cycle oxidized and 
reduced nicotinamide nucleotides, so that the overall 
effect as the time of incubation increases 1s the synthesis 
of more «-ketoglutame acid and of glycolic acid As 
shown by the spectium of 2,4-dinitiophenyl hydrazones 
(2,4-DNPH) of keto-acids isolated from reaction mixtures 
contaming isocitric acid, reduced glutathione (GSH), 
magnesium chloride and Oxalts extract, a mixture of 
glyoxyle acid and of «-ketoglutaric acid 1s present after, 
incubation! 

The assay for isocitrate-lyase by the semuearbazide 
method! has the advantage of trapping the keto-acid as 
soon as 1t 1s formed Thus, reaction 3 here will not occur 
m the presence of semicarbazide and reaction 2 will only 
proceed with an external source of NADP The specific 
keto-aeid formed from isocitric acid can be determmed 
by the formation of the 2,4-DNPH derivative directly 
from the semicarbazone at the end of the incubation 

In an assay for isocitrate-lyase activity, the followmg 
components in a total volume of 30 ml were set up m 
dupheate Ozals extract m 01 M phosphate pH 6 0, 
2 ml (approx 21 mg of protem), magnesium chloride 
(10 umoles) GSH (5 yumoles), semicarbazide pH 60 
(40 umoles) and isocitric acid pH 6 0 prepared freshly 
from pr-10010rie acid lactone (5 umoles) Reactions were 
stopped at zero time (tọ) and after 60 mun (tseo) by the 
addition of 10 per cent tmchloroacetic acid (20 ml) 
Denatured protem was removed by centrifuging and the 
supernatants incubated at 37° for 15 mm with 10 ml of 
0 1 per cent 2,4-DNPH m 2 N hydrochloric acid The 
keto-acid derivative was extracted and chromatographed® 
and thetwo characteristic spots of glyoxylic acid 2,4-DNPH 
could be detected Portions of these t, and tso derivatives 
were also dissolved in 2 N sodium hydroxide and their 
spectra iead The enzymatically formed keto-acid deriva- 
tive had the characteristic absorption maximum at 450 mu 
and was entirely simular to the spectrum of the 2,4-DNPH 
of pure glyoxylie acid ın 2 N sodium hydroxide (Fig 1) 
A further characteristic of the spectrum of the glyoxyhe 
acid, derivative in strong alkali ıs the absence of inflexions 
between about 490 and 550 my as occurs with «-keto- 
glutaric acid, oxaloacetic acid and pyruvic acid 

Assay for malate synthetase in Oxals extracts Both the 
soluble protem and extracts of acetone powders of the 
particulate fraction of Oxalzs shoots‘ were assayed for 
malate synthetase activity The spectrophotometric 
assay® depends on measurement of the rate of decrease 
in extinction at 232 my consequent on the breakage of the 
thio-ester bond of acetyl-coenzyme A No malate syn- 
thetase activity could be detected in the Oxahs extiacts 
With the acetone powder extracts, however, 1f oxaloacetie 
acid was substituted for glyoxyle acid, a rapid decrease 
m E, occurred, mdicatmg the presence of condensing 
enzyme 

Isolation of HKG from Oxalis shoots 20 g of Oxalis 
shoots were thoroughly extaacted ın 2 ml of 01 per cent 
2,4-DNPH in 2 N hydrochloric acid The mixture was 
about pH 1 After extraction of the keto-acid derivatives®, 


(3) Glyoxyhe acid + NADPH, 
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Fig 1 Spectra of 2,4-DNPH derivatives of keto-acids ın 2 N sodium 

hydroxide A, glyoaylic acid, B, enzymatic product from isocitric acid 

catalysed by Ozahs extract (2,4-DNPH derivative formed from the 
semicarbazone), C, a-ketoglutaric acid 


portions were chromatographed on paper The major 
compound detected corresponded m Rr value to HKG 
Heatimg at 100? for 10 min (which converts the 2,4-DNPH 
of oxaloacetic acid to the pyruvic acid derivative’) did 
not alter the chromatographic behaviour of the Owalis 
derivative After elution of the 2,4-DNPH compound from 
the paper ıt was found to have the same spectrum in 
2 N sodium hydroxide as the 2,4-DNPH of HKG prepared 
from glyoxylie acid and oxaloacetie acid’ 

Effect of HKG on aconitase preparations fiom Oxalis 
Aconitase activity was readily demonstrated with extracts 
of Oxalhs using citric acid, ces-acomtic acid or isocitric 
acid as substrate The speetrophotometiie method of 
Anfinsen!’ was used If the initial rate of reaction with 
cis-aconitate is taken as 100, the relative rates with 
equimolar concentrations of isocitric acid or with citric 
acid were 60 and 6 5 respectively For convenience and 
because of the relatively high enzymatic rate (about 
extinction change of 0 5/min/mg protein) with czs-aconitic 
acid, this substrate was used for further mvestigations of 
aconitase activity 

With a reaction mixture of 200 umoles of phosphate 
pH 74, 02 ml of enzyme and 0 5 umole of czs-aconitic 
acid m a total volume of 2 25 ml , there was a rapid decrease 
in extmetion at 240 my The rate was hnear for about 
2 mun and afterwards decreased to ieach an equilibrrum 
position after about 20 mın The total change in extine- 
tion was 030 With 1 0 umole of substrate the extinction 
change was doubled The reaction with czs-aconitic acid 
could be stopped instantaneously by the addition of 05 
umole of isocitrie acid but not with the same concentration 
of citric acid 

A preparation of HKG (1ef 7) was tested for 1ts mhibi- 
tory effect on aconitase from Ozals With a reaction 
mixture as described here, mutual rates of reaction with 
cis-acomtic acid, alone and in the presence of varying 
concentrations of HKG, were recorded All reactions were 
started by the addition of enzyme so that there was no 
lag m contact of substrate or imhibitor (or both) with 
enzyme The results m Table 1 indicate that concentra- 
tions of HKG of 1/5th—4 times the substrate concentration 
had httle effect on mıtıal rates of aconitase from Oxahs 

With the highest concentration of HKG, the rate of 
reaction with cvs-aconitic acid became non-linear after 
about 30 sec and thereafter decreased slowly Equilibrium 
assays with cvs-aconitie acid, alone (0 5 umole) and ın the 
presence of 0 5 umole of HKG were entirely simular 

The same preparation of HKG was also tested as an 
inhibitor of rat-liver aconitase The crude enzyme was 
purified to the second ethanol fractionation as des- 
eribed by Anfinsen? The animal enzyme was 
assayed with c»s-aconitie acid as substrate (0 5 umole) 
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Table 1 ALL ASSAYS WITH 05 MOLE OF c1s-ACONITIC ACID 


HKG Decrease Eno Inhibition 
(amoles) (O D [mn[mg protein) (per cent) 
Tm 058 — 

0] 0 58 — 
02 054 69 
05 O55 52 
10 054 69 
20 051 120 
Table 2 ALL ASSAYS WITH 05 MMOLE OF ¢2s-ACONITIC ACID 
HKG Decrease Esm Inhibition 
(moles) (0 D [mimn/mg protein) — (per cent) 
— 0030 — 
02 0022 26 7 
10 0016 467 


alone and m the presence of 0 2 umole and 1 0 umole of 
HKG The initial rates of reaction are shown m Table 2 

Thus, with partially purified aconitase from rat liver, 
the presence of HKG has a significant mhuibitory effect 
on the initial rate of reaction 

Conclusions This article confirms the presence of 
isocitrate-lyase in non-photosynthetic Oxahs shoots, 
malate synthetase activity could not be detected 

It 15 possible to isolate HKG as 1ts 2,4-DNPH derivative 
from Ovalis shoots Since glyoxyhe acid may be derived 
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from isocitrie acid m the mitochondi18, 16 1s to be expected 
that some of ıt will combine with oxaloacetie acid, also 
present in the mitochondria, to form HKG The apparent 
immunity of aconitase from Oxalzs to HIKG could be shown 
with citric acid, czs-aconitic acid or isocitrie acid, but at 
present the results can only be regarded as prelummary 
With high concentrations of HKG and by measuring 
aconitase activity discontmuously (as opposed to the 
measurement of mıtial rates) the enzyme from Oxalhs 
would also appear to be mhibited 


1 Millerd, Adele, Morton, R K ,and Wells,J R E , Natuie, 186, 955 (1962) 
2 Allerd, Adelo; Morton, R K , and Wells, J R E, Brochem J , 88, 281 
[4 


b Adele, Morton, R K , anå Wells, J R E, Brochem J , 86, 57 

a 

* Millerd, Adele, Morton, R K , and Wells, J R E, Biochem J , 88, 276 
(1983b) 


* Ruffo, A , Admolfi, A , Budillon, G , and Capobianco, G , Biochem J , 85, 
593 (1963) 

* Payes, B , and Laties, G G , Biochem Biophys Res Comm ,10, 460 (19063) 

1 Rofo. 4 , Testa, E , Admolfi, A , and Pehzz1, G , Biochem J, 85, 588 

*ElHawary,M F S ,and Thompson, R H S, Bwchem J , 58, 340 (1953) 

*Dixon, G H , and Kornberg, H L , Biochem J , 72, 8,P (1959) 


© Anfinsen, © B , in Methods ın Enzymology, edit by Colomek, S P , and 
Kaplan, N O ,1, 695 (Academic Press, New York, 1955) 


IS FINAL SIZE DETERMINED BY RATE AND DURATION OF GROWTH? 


By Dr. ALAN H. HABER, Dr TERRILL J. LONG* and Dk DONALD E FOARD 
Biology Division, Oak Ridge National Laboratoryt, Oak Ridge, Tennessee 


OR dete: minate growth in plants httle 1s known of the 

biological 1elations among the extent of growth. 
duration of growth and growth rate! These quantities 
aie, of course related by the mathematical equation 


82 — 8i 
tt 


where s, 1s the size of a structure already present at zero- 
time, s, the size of the structure after ıt has stopped 
growing, t, the time after zero-time when growth begins, 
and t, the time when the structure reaches 1ts final size of 
.3, and 155 growth stops R 1s thus defined as the average 
giowth rate within the tıme interval between tı and tz, 
which interval is the duration of growth These definitions 
are illustrated m Fig 1 Excluded from consideration in 
this article ate (a) matiation or formation of the structure 
under consideration, (b) mdetermmate growth (For a 
discussion of the concepts of determinate and mndetermin- 
ate growth, see pp 19-20 of ref 1) 

Different final extents of growth, (s; — sı), have been 
interpreted as bemg due to changes in either or both growth 
iate, R, and duration!, (f£, — tı) Thus, Smnott? has 
interpreted differences between final sizes of small-fruzted 
and lerge-fruited cucurbits as bemg primarily due to 
differences ın duration of growth (f, — t) Whaley* has 
mterpreted differences between final sizes of inbred and 
hybrid corn plants as bemg primarily due to differences m 
growth rate, R Of course (8, — 51) 18 n à mathematical 
sense determined by R and (£, — 4) One might with 
equal justification, however, state (a) that (t, — 6) 18 
mathematically determmed by (s; — 8) and R, and 
(b) that R ıs mathematically determmed by (s, — sı) 
and (£, — 4) The mterpretation that (s, — 5,) 19 in & 
biological sense determined by R and (f, — 4) holds the 
umpheit assumption that (s. — 3,) 1s the dependent varı- 
able the values of which are fixed by the mdependent 
variables, R and (t, — i) The implicit assumption is that 
(s, — sı) 18 merely secondarily determmed biologically as a 
consequence of the relatively more primarily determmed 
values of R and (t — t) 


* United States Public Health Service postdoctoral fellow 
t Operated by Union Carbide Corporation for the US Atomic Energy 
Commission 


R= 


This article presents evidence unfavourable for the 
interpretation that final size ın determmate growth should 
generally be attributed to iate and duration of growth 
The system examined is the growth of the epiblast, a small 
structure which, with the coleorhiza, forms & morpho- 
logical structure pecuhar to grasses*5 The wheat epiblast 
1s ideally suited for certam morphogenetic mvestigations 
emphasizing the determinate aspects of plant growth for 
the following reasons 

(a) Durmg germination the epiblast can be considered 
a most extraordinarily determinate structure All the 
cells finally present at cessation of its growth are allready 
present ın the embryo of the mature gea 

(b) The eprblast-coleorhiza. 1s the first structure to grow 
durmg germimation of grasses? Consequently, in 


Size (8) 





Time (i) 


Fig 1 Schematic representation of the conceptions of growth, duration 
of growth, and growth rate in this discussion of determmate growth 
The solid curve represents the relation between size, s, and time, £, for 
a hypothetical instance of determmate growth Consider that a structure 
imitially present at zero-time with a size of 8, grows to a final size of 2; 
The duration of growth 1s the time interval between 4, and (5, which 
are, respectively, the times after zero-tume when growth commences 
and when growth ceases The average growth rate during the duration 
of growth 1s thus defined as 
R= 8s — 81 
te t 


which 1s the slope of the dotted hine Note that whereas 4 z 0,8, > 0: 
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Fig 2  Time-course of growth of epiblast in wheat germinated at 

‘various temperatures Brackets represent 95 per cent confidence hmits 

Initial values represent size corrected for non-metabolie imbibition , 

this correction, made for zero-time controls only, was made by measuring 

and here reporting epiblast breadth three or more days after sowing 

the grains ın 0 1 M sodium azide (The magnitude of this correction 18 
indicated in Fig 5 (ref 8)) 


investigations of factors affecting epiblast growth durmg 
germunation, one can neglect the usual complication that 
its growth may be partly affected by fluences on prior 
growth m other parts of the embryo or seedling during the 
experiment 

(c) The wheat epiblast is an appendieular structure that, 
except for its contiguity with the coleorhiza, 1s isolated 
from the rest of the plant Thus, its behaviour 1s httle 
constramed by contact with otber parts of the embryo 
orseedlng In contrast to other experimental systems of 
comparable sumnphorty m this regard, there 1s no surgical 
excision with its attendant complications. 

(d) The epiblast 1s histologically simple, consisting of 
only cortical parenchyma surrounded by an epiderms*’ 

In this investigation, growth, in terms of epiblast 
breadth, has been examined during germination of wheat 
at various temperatures The results are given 1n Fig 2 
Both the average growth rate, R, and the duration of 
growth, (t, — tı), greatly depend on temperature between 
55 and 235° © Although both R and (ta — tı) vary 
approximately 15-fold, 5,18 unaffected by these variations 
m temperature In view of this variance of 8, and 
therefore of (8, — 8), despite the great differences m R 
and the great differences ın (t, — tı), there 18 no justifica- 
tion for assuming that (s, — 5) 18 the dependent variable, 
the value of which ıs fixed by the independent variables E 
and (t, — t). It appears that m this instance 1b 18 (8, — 81) 
itself, rather than R and (ta — t), that 18 primarily 
determined biologically Thus ıt seems most unlikely that 
epiblast size at maturity 18 merely the secondary result 
of more-primary influences on the rate and on the duration 
of epiblast growth durmg germination 

Despite the relative simplicity of the growth-system 
exammed by us, the growth 1s sustained, by metabolism 
rather than by passive, non-metabohe imbibition, for 
any of several reasons’ 

(a) The epiblast growth here reported can be prevented 
by sodium azide? (Fig 2) 

(b) The epiblast forms epidermal hairs similar in form, 
and presumably also m function, to root hairs*® 

(c) The epiblast gives a great positive growth response to 
indolyl-3-acetic acid? and other auxins (unpublished 
results) 

(d) The growth wn vitro of excised portions of the coleo- 
rhiza, which 1s morphologically and physiologically simular 
to the epiblasb5, requires the addition of certam sugars 
(unpublished results) Thus, because of the results m 
Fig 2, one might question the mterpretation that the 
extent of determinate growth generally 1s due to the rate 
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and duration of growth Although both R and (ta — tı) 
under a given set of environmental conditions may still 
be considered to be under genetic control, such genetic 
controls of growth rate and duration are not m general 
the means by which final size 1s genetically determmed 
We do not mply that m determinate growth final sıze 18 
always unaffected by temperature or other environmental 
factors It remams questionable, however, whether such 
changes ın the extent of growth, which are expressed as 
differences in rate and/or duration of growth, are caused 
by means of the differences m rate and/or duration of 
growth Neither do we imply that m determmate growth 
there are no instances in which agents that affect rates 
and/or duration of growth do not thereby causally m- 
fluence the extent of growth In general, however, 16 18 
certainly unjustified and very probably mcorrect to assume 
that m determmate growth the ultimate increase in s1Zze 
1s a biological consequence of the rate and duration of 
growth 

In conclusion, our answer to the question which forms 
the title of this article depends on whether the word 
‘determined’ 1s used in the mathematical or the biological 
sense. Growth is always mathematically determmed by 
its rate and duration This last statement 18 biologically 
trivial, however, see any two of the quantities, (8, — $1) 
R, and (t, — &), mathematically determme the third 
By contrast, however, 1b 1s not true that the ultimate 
extent of growth of determmate structures 18 always 
biologically determmed by the rate and duration of 
growth 

From a wider pomt of view, this article, dealing with a 


very simple mathematical equation (n = a) and an 
2771 


unusually simple example of determmate growth (epiblast 
growth durmg wheat germmation), cautions against a 
pitfall m biological interpretation of other mathematical 
equations As another of the many mathematical 
equations mvolving size, we might mention the one relat- 
ing organ size, 8, to cell number, v, and average cell size, 
y, that 1s, s = ay (Intercellular spaces are here neg- 
lected) It is usually assumed, perhaps because s 18 
mathematically determined by v and y, that s 18 biologi- 
cally determmed by x and y Evidence against the usual 
interpretation, that s 1s biologically determined by c 
and y, 18 given elsewhere!?!? Again the pitfall 1s to equate 
mathematical with biological determination Mathe- 
matical determmation ıs tantamount to the precise 
description of the relation among certam variables (cf 
Bertrand Russell’s!? statement ‘The word ‘determine’ . . 
has a purely logical significance: a certam number of 
variables ‘determme’ another variable if that other 
variable 1s a (propositional) function of them") Bo- 
logical determination, of which mathematical determina- 
tion 1s merely one aspect, ineludes m addition a notion 
akım to causality (cf. E W Smnott’s!® characterization 
of morphogenesis as the science that deals with ‘the 
causal basis of form’) Buological determination, therefore, 
implies more than the necessary information conveyed in 
mathematical and other descriptive relations 

We thank Miss N Ann Payne for epiblast measurements 
and Prof E W Sinnott for advice 
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LETTERS TO THE EDITOR 


GEOPHYSICS 


Evidence for a Nearly Diurnal Term in the 
Nutation of the Earth's Axis 


In a recent article!, Popov has announced the discovery 
of a nearly diurnal term m the nutation of the Earth’s 
axis The existence of such a term, with a period of 
23h 56m 54s sidereal time, has been predicted by Moloden- 
sky? on the basis of a theory of the Earth with a hgud 
core Popov analysed the difference between the latitudes 
derived from observations of two stars culmmating near 
the zenith of Poltava (Ukresmuasn SSR) over a period 
of 23 years and obtamed a value for A, the semi- 
amplitude of the nutational variation ın the latitude of 
Poltava 

The effect of Molodensky's nearly diurnal term on the 
latitudes obtained by means of a photographic zenith 
tube (PZT) 1s to produce essentially a smusoidal diurnal 
variation with semi-amphtude A, and a varyimg phase 
which goes through a complete cycle m 204 days The 
effect on the observed times is smiler, with a phase 
change of 90? The observations of time and latitude 
obtamed with the Herstmoneceux PZT during the years 
1958-61 (ref 3) therefore afford a possible means of con- 
firmmg the result obtamed by Popov The observations 
were divided into seven periods of 204 days each, and 
each period into seven sub-periods of either 29 or 30 days 
each Every seventh sub-period was then combined to 
form seven groups, each of which corresponds toa different 
part of the 204-day cycle As each group contams observa- 
tions made during all seasons, systematic errors of a 
seasonal nature in the PZT observations, such as those 
due to errors in the adopted star places, lead to little 
or no systematic differences between the seven groups 
Each group comprises about a hundred pletes, with an 
average of ten stars on each 

Residuals of individual plates from the adopted 
smoothed mean latitude and v T 2 were tabulated and 
meaned in ranges of 005d for each group Weighted 
equations of condition were solved by the method of 
least-squares to obtam coefficients of strictly (Juhan) 
diurnal sme and cosme terms and a constant If the 
adopted mean latitudes and times were unaffected by the 
presence of Molodensky nutation terms, and if there were 
no apparent diurnal variation due to any other causes, 
the constant term would be zero for each group The sme 
and cosine terms would then give values of A, and a 
phase at a standard epoch directly Neither of these 
conditions 1s satisfied by the data, but as the observa- 
tions are distributed almost symmetrically about mid- 
night, a value for A, and the phase was obtamed from 
the variation of the sme coefficients through the 204-day 
cycle by means of a harmonic least-squares analysis The 
iesults were obtained independently for the latitudes and 
times The mean value of the constant term for the 
latatude groups bemg essentially zero, a second set of 
solutions of the latitudes was obtamed for strictly diurnal 
sine and cosme terms only, and a harmonic analysis of 
the resulting sine coefficients made as before Comparison 
of the two latitude results gives some mdieation of the 
susceptibility of the results to -different methods of 
analysis The Herstmonceux results and Popov’s result, 
together with their probable errors, are given ın. Table 1 
A, denotes the radius vector of the displacement of the 
instantaneous pole fiom its mean nutational position, 
and v, 18 the longitude of the instantaneous north pole west 
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Table 1 
», (anti- 
Ap vo (clock ) clock ) 

Latitude (1) 0 006" + 0 003" 221° x 24° 130? + 24° 
Latitude (2) 0 010 0 003 232 18 127 13 
Time 0 008 0 005 25 40 154 40 
Popov 0016 0 003 168 12 124 12 


of the meridian through Greenwich and the mean nuta- 
tional position of the pole, at epoch 1960-0 Values of 
the longitude are given separately for assumed clockwise 
and anticlockwise (as seen from above the Earth) rotation. 
of the instantaneous north pole 

The results appear to be in fair agreement and to mdi- 
cate an anticlockwise rotation of the mstantaneous pole 
The agreement m longitude is particularly satisfactory 
in view of the diverse nature of the observations—two 
bright stars observed by day and by mght, at Poltava; 
many fainter stars observed durmg the hours of darkness 
only, at Herstmonceux However, ib should be noted 
that both the latitude (1) and time sme-coefficients can be 
almost equally well represented by a constant strictly 
diurnal sme term and no Molodensky nutation The mean 
of the latitude sme-coefficients also differs significantly 
from zero, but as thus 1s believed to be due partly to the 
adopted value of the constant of aberration and partly 
to errors ın the adopted star places, the vahdity of the 
results 1s not greatly affected A detailed analysis of 
the data produced by the present observing programme, 
which ends m 1964, should yield rmproved star places 
and lead to & more rehable estrmate of the Molodensky 
nutation 

Although the present Herstmonceux results do not pro- 
vide definite confirmation of Popov’s discovery of a nearly 
diurnal term m the Earth's nutation, 16 is hoped that 
ther publication will stimulate sumiar analyses of the 
tame and latitude data provided by other mstruments of 
lugh precision 

I thank Dr N A Popov for & private communication; 
Dr R d'E Atkmson for advice on the presentation of 
this communication, Mr N P J O’Hora, Miss V A 
Page and Miss M P Whale, who carried out the 
computations, and the Astronomer Royal for permission 
to publish the results 
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Dependence on Latitude of Atmospheric 
Heating during Geomagnetic Storms 


Corz! constructed two models of Joule heating of the 
upper atmosphere which yielded mereases m temperature 
of the order of 1,000? K in the auroral zone durmg geo- 
magnete storms Cole’s theoretical predictions have 
been confirmed by Jacchia and Slowey? from the orbital 
acceleration of Ingun III, even as to the approximate 
size of the predicted effect However, neither of these 
investigations provides @ detailed resolution of the latitude 
dependence Therefore, a simple model 1s presented here 
which has been developed at intervals durmg the past year 
and a half, independently of the work of Cole and of 
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Jacchia and Slowey, and which gives the detailed depen- 
dence of the temperature increase on geomagnetic latitude 
Cole showed that the 1norease m temperature depends 
on the disturbance current and the Cowling conductivity, 
as well as on boundary conditions (and initial conditions 
and time if equilibrium ıs not established) Of these 
quantities, only the disturbance current and time can be 
readily determmed Because of these complications, Cole 
was unable to compute the detailed latitude dependence 
However, imvestigations^* of many ieported enhance- 
ments of satellite drag at latitudes below 50° during 
geomagnetic storms have indicated that the exospheric 
temperature increase was proportional to the geomag- 
netic planetary amplitude, Ap, for a wide range of A,’s 
and initial conditions This 1s an important pomt, 
because 15 means that Nature has set up and solved for us & 
boundary value problem which we are unable to solve m 
the present state of our knowledge of the upper atmo- 
sphere, and that the result 1s sumply that the temperature 
increase 1s proportional to the disturbance current The 
latitude dependence of the temperature morease 15, there- 
fore, the same as the latitude dependence of geomag- 
netic activity, which 1s shown m Figs 1 and 2 The 
curves are normahzed so that the average ordinate from 
0° to 50° geomagnetic latitude (corresponding to the 
latitudes of perigee of the low-inchnation satelhtes from 
which the A, effects for all satelhtes except Injun III 
were derived) equals 1 Each data point represents the 
average range of geomagnetic storms observed at a single 
station for a period varying from three months to one 
year ‘The two curves are quite similar, even though Fig 1 
represents years near sunspot maximum, and Fig 2 the 
year before sunspot mmimum The latitude dependence 
of geomagnetie micropulsations 18 also very smmilar* 
Jacchia and Slowey’s experimental result can be com- 
pared with that which would be derived from Fig 1 
Jacchia and Slowey do not give the geomagnetic latitude 
of perigee as a function of time, but because of the 11 5° 
displacement of the geomagnetic from the geographic pole, 
the geomagnetic latitude of perigee of Imun III would 
have varied from approximately 58° to 82° durmg one 
day when the geographic latitude of perigee was 70° For 
a satelite with Injun III’s eccentricity (016) and 
perigee height (250 km), important contributions to the 
drag would have come from latitudes as much as 10° 
below the latitude of perigee, when perigee was neat 70° 
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Fig 2 Latitude dependence of magnetic storm effects near sunspot 
minimum 


(geographic) Therefore, the approximate enhancement 
of the geomagnetic storm effect can be found by averaging 
the values of Fig 1 from 48° to 82° The average 1s 5 0, 
which is m good agreement with Jacchia and Slowey's 
result '' the heating that accompanies geomagnetic 
perturbations m the auroral zones 1s four or five times 
greater than the heating experienced during these pet- 
turbations in low latitudes" The wide range of geo- 
magnetic latitudes correspondmg to perigee durmg a 
single day naturally precludes derivation of geomagnetic 
latitude dependence from experimental drag data 

Cole* has pomted out that auroral zone heatmg during 
geomagnetic storms may affect the helium balance of the 
atmosphere It 1s important to know the exact distribu- 
tion of heating with latitude, rather than an average value, 
because the rate of loss of atmospheric constituents 18 & 
highly non-hnear function of the temperature" Recent 
reviews of the subject mdicate that the problem of helium 
escape has not been solved, that other mechanisms than 
thermal escape have been invoked 1n an effort to solve 1°, 
and that the rate of diffusion can be the limiting factor if 
the escape rate ıs high? Both Jacchia? and Paetzold* 
found an exospherie temperature mciease of 12° K per 
unit of Ap at low latitudes durmg geomagnetic storms 
According to Fig 1, the largest enhancement of the low- 
latitude temperature increase 1s by a factor of 9 between 
geomagnetic latitudes of 63° and 68° Therefore, there 
would be a temperature rise of 11? per unit of Ap between 
geomagnetic latitudes of 63° and 68° at times of geomag- 
netic disturbance 

During the three or four years near sunspot maximum, 
the daily geomagnetic planetary amphtude was 200 for 2 
or 3 days a year, and 100 for about 7 days, causing tem- 
perature mereases of 2,200° and 1,100°, respectively 
Therefore the temperatures m latitudes 63° to 68° must 
have reached 4,000° for 2 or 3 days and 3,000? for 7 days a 
year when solar activity was high, so thermal escape may 
be able to account for the abundance of helium-4. 
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Origin ‘of Non-reciprocity on High-frequency 
lonospheric Paths 


THE 1ecrpiocity theorem? is not generally true foi 
electrical systems which include an ionospheric radiation 
lnk ‘This has been demonstrated on many occasions, 
particularly by recent mvestigators?? who have observed 
periods of uncoirelated two-way fading of high-frequency 
pulse transmissions over ionospheric paths However, m 
spite of the long-standmg mterest in the question of the 
appheability of the reciprocity theorem to 1onospheric 
pathst, the ongin and magnitude of non-reciprocity 
observed m high-fiequeney tests have not been accounted 
for We have completed preliminary vestigations which 
piovide direct evidence that the polarization of antenne 
and lmiting wave polarizations are important factors in 
determining whether or not a high-frequeney 1onospheric 
path ıs reerprocal 

Tests were made on two-way pulsed transmissions 
between matched transmitters, receivers, and horizontally 
polarized antenne situated at each ond of a 960-km path 
between Ottawa (45° 25’ N, 75° 42’ W ), and Halfax 
(44° 39 N, 63° 36° W) Pulses of 25 us width were 
transmitted from each station to arrive at the path mid- 
pomt within a small fraction of a fadmg period of each 
other Common transmit-recerve working permitted the 
hoiizontal antenna at each station to be used for both 
transmission and reception It was possible to select 
particular modes for observation by mspection of oblique 
incidence 10nograms taken over the path from time to time 
durmg the tests In addition, ıt was possible to identify 
periods during which the received signals on the selected 
transmission frequencies contained one magnetoionic 
wave component, or both ordinary, o, and extraordinary, 
2, wave components with comparable strength This was 
accomplished by comparison of fadmg of signals received 
on the horizontal antenna at the Ottawa station with 
that on & nearby vertical antenna 

An example of the fading of a one-hop F layer signal 
observed during these tests 1s shown m Fig 1, curves 4 
and B illustrate reception on the vertically and horizon- 
tally polarized antenne at Ottawa, respectively During 
period T, of Fig 1, the signal contained both o and x 
waves, and exhibited polarization fading with differential 
changes in the phase paths of the two wave fields Com- 
parison of curves B and C shows a high inverse correlation 
between the signals 1ecerved on horizontal antenne at 
opposite ends of the path — Similar results were found on 
all occasions when polarization fadmg was predominant, 
and established that the phase paths between horizontal 
antenne are unequal for magnetoionie waves travelling 1n 
opposite directions — Differences in the lengths of phase 
paths are not observable if only one type of wave 1s 
present m the signal, because only the detected signal 
envelopes are recorded (for example, the signal apparently 
contamed only one wave durmg period T, of Fig 1) 
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Fig 1 F layer low-angle ray signals propagated between Ottawa and 


Halifas (1125 Mejs 22 20 UT , 27 3 62) A, Reception on the vertical 


antenna (Ottawa), B, reception on the horizontal antenna (Ottawa), 
C, reception on the horizontal antenna (Halifax) 


The mequahty of observed phase paths cannot be 
accounted for by the properties of the Booker variable q 
(ef 5) Under the ray approximation, the attenuation 
and phase change are the same for waves travelling m 
either direction One explanation which fits the present 
expermental evidence depends on the particular relation- 
ship between hmitmg magnetoiome wave polarizations, 
and the wave polarizations excited o1 received by antennz 
at each station It has been shown elsewhere* that a 
reciprocal ray path ıs formed between the terminals of 
linearly polarized antenne if transmitted wave fields are 
either 1n, or perpendicular to, the magnetic plane (defined 
by the wave normal and the Earth’s field directions) at 
the base of the 1onosphere on each side of the path When 
this 1s not the case, the phase paths between the antenna 
termmals can be unequal m opposite directions 

The angles between the horizontal and the magnetic 
planes at each side of a one-hop F layer path from Ottawa 
to Hahfax are calculated to be þa = — 105 4° and 
jas = — 104° at the Ottawa and Halifax sides of the path 
respectively It has been shown that polarization fading 
cycles for the two directions should be displaced in tıme 
by an amount corresponding to 2(|y4|-- |ja| — 180)/180 
= 032 of a fading cycle, for circularly polarized down- 
commg waves on paths confined to one magnetic hemi- 
sphere This represents fair first order agreement with 
observed displacements of 0 3-0 5 of a fading cycle 

In conclusion, the results show that this source of non- 
reciprocity can be very important practically, whenever 
received signals contain both magnetoionie waves with 
comparable strength 
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SEISMOLOGY 


Two Recent British Earthquakes recorded 
at the U.K. Atomic Energy Authority 
Seismometer Array at Eskdalemuir 


Iw August 1962 the United Kingdom Atomic Energy 
Authority put mto operation a Geneva-type seismic 
station at Eskdalemwr Full details of the station design 
and operation are given by Truscott!; but briefly 16 con- 
sists of two mutually perpendicular hnes of seismometers, 
each line being just under 9 km long, and contaimng 11 
equi-spaced short-period seismometers 

Since the construction of the station, the concept of a 
seismic monitormg and detection system has radically 
changed From the requirement of æ network of stations 
spaced some hundreds of kilometres apart, the emphasis 
now 1s on a smaller number of low-noise stations working 
at ranges of several thousand kilometres However, in the 
past few months there have been some examples of near 
events, which, although not directly connected with the 
mam seismic programme, are of some general interest 
In particular the array has produced excellent records of 
a small earthquake in Scotland on August 31, 1963, 
origm time 12 02 29 5 epicentre 56° 55’ N, 04° 32’ W, 
which was felt ın Glen Spean, and also of the somewhat 
larger South Downs event of October 25, 1963, origin time 
04 45 33 0 epicentre 51° 04^ N , 01? 00’ W , which was felt 
over a large area around Portsmouth ‘The co- 
ordinates and origin times are approximate 

The basic mode of analysis of an array record 1s 
that of velocity filtermg, although frequency band- 
pass filtering is also extremely valuable The 
signals from each element are first grven relative 
time delays, appropriate to the azimuth of the 
event bemg investigated The delays are then 
varied proportionately to be equivalent to a range 
of velocities across the array The ‘phased’ signals 
are then added mto two groups represented by the 
seismometers in the two lines, that 1s, ER and XB 
These two sums are band-pass filtered, and the 
sum, product and square-rooted product computed 
The velocity across the array for any particular 
signal 1s indicated by a maximum positive correla- 
tion and the absence of any negative correlation 
on the product or square-rooted product Figs 
land 2 show a single seismometer trace, the XR. + 
XB and ether the XR x XB or (ER x XByf* 
signals for each event with identification of the 
principal signals in terms of the classical phases 
associated with a plane layered crust The effect 
of selective filtermg 1s clearly shown on the South 
Downs event Table 1 lists a number of phases 
and gives the arrival time, dommant frequency, 
approximate velocity across the arrays, phase 
velocity calculated from travel time and identifica- 
tion as shown m Figs 1 and 2 

The P arrivals across the array enable the 
directions of approach to be determmed These 
are for the Scottish event 335° and for the South 
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Table 1 ANALYSIS OF ESKDALEMUIR RECORDS OF THE TWO EVENTS 
Scottish earthquake, August 31, 1963, h, 1202 295 56? 55' N, 4° 32 W 
Dominant Velocity Velocity 
Suggested Arrival time frequency across array A i 
phase (els) (km/sec) (km/sec) 
Pn 12 02 568 6-8 75 78 
P* 12 02 58 2 5-6 60 66 
Pg 12 02 59 4 4-5 60 64 
Sn 1203 188 2-3 45 39 
S* 12 03 200 3-4 446 375 
Sg 12 03 21 9 3-4 4-45 36 
South Downs earthquake, October 25, 1983, h, 04 45 33 0 51* 4^ N , 1*0 W 
Pn 04 46 38 5 5 T5 80 
P* 04 46 471 3-4 70 67 
Pg 46 58 2 2-3 70 59 
Sn 04 47 320 2 50 42 
s* 04 47 470 2 50 37 
Sg 04 47 594 1-15 44 34 
Surface 04 4855 1-15 44 33 


Downs event 160° The distances of the epicentres can be 
estimated from the various phase arrival times, provided 
that the corresponding velocities are known Using the 
Jeffries and Bullen tables the two distances are approxi- 
mately 190 km and 500 km, respectively The clear 
identification. of the crustal phases permits the application 
of the Pn time delay relative to Pg to determme focal 
depth, as suggested by Thirlaway? Both events give 
h ~ 25 km, deeper than surface explosions ın the area, 
which 1s 1n good agreement with the focal depths of the 
majority of European earthquakes determmed by this 
method 

An interesting feature is the difference in the values of 
the velocity of various phases as determmed by the 
velocity filtermg, compared with the calculated phase 
velocities This 1s thought to be due to tilts in the layers 
below the array 

These records undoubtedly contain a great deal of 
information on the local crustal structure There aremany 
other phases which could probably be identified, for 
example, on the South Down earthquake, 1s the phase at 
7 sec pPn? There are uncertamties because of the 
absence of other good recording stations, but there 1s 
sufficient evidence of continuous seismic activity m the 
British Isles to encourage further mvestigations The 
Universities of Edinburgh and Durham are now preparmg 
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Fig 1 Processed records of the Scottish earthquake, August 31, 1963 
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for such investigations and have access to U.K. Atomic 

Energy Authority's facilities. In the meantime, a limited 

number of copies of the records can be made available for 

| "more detailed study. 

-v. We thank Dr. A. T. J. Dollar for information on the 
-occurrence of the Scottish event. 
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PHYSICS 


Cathode Glow (Erste Kathodenschicht) Spectra 
and Surface Neutralization of lons 


Tur spectrum of the light from close to the cathode 
_ surface in a cold cathode discharge in nitrogen, at the 
| negative end of the positive space charge of the cathode 
_ dark space, is remarkable for consisting predominantly of 
|... are lines of nitrogen (N1)'«.. These lines are normally far 
. less prominent elsewhere, for example, in the negative 
glow and positive column. As there is some evidence! for 
a similar development of are lines in à number of other 
“common molecular gases, we have also made a survey 
of eathode glow spectra in some less frequently used 
vapours, 

The materials studied fall into two classes. The first 
consists of two substances like nitrogen chemically, 
phosphorus and arsenic. The second consists of two 
chemically different substances, selenium and iodine. 
Each required special techniques for handling. Sulphur, 
for which it would also be interesting to have data, has so 


- far proved unmanageable. The tubes used were develop- 


|. ments of the spiral cathode types used by Emeleus and 
giving the equivalent of an end-on capillary cathode 
>e. The pressures used were usually less than 






o we have found that there is the same 
mont of spectra of the neutral atom 
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Fig. 2. Processed records of the South Downs earthquake, October 25, 1903 


“| Truscott, J, R., The Eskdalemuir Seismological Station (to be; published). 


- therefore, to be required. 


phase space. Suppose this space con 8] 
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the eathode glow that there is with nitrogen e 
occurs with both classes of elements, it cannot be due 
specific property of nitrogen-like elements, and it 
probably a common property of all molecular gases. 
The cathode glow is difficult to investigate by other 
than optical methods, and little is known even yet about the 
relative extent to which its properties are due to elk 
originating at the cathode and positive ions 
initially in the opposite direction, particularly in mo 
gases. If the local build-up of excited atoms is conn 
with dissociative neutralization of molecular ions on the 
cathode surface’, the fragments may have initial speeds - 
away from the cathode much greater than thermal, 
‘retrograde’ rays’. TOR el 
The present communication may be of some general 
interest in indicating that the composition of a dissocii » 
molecular gas, in particular the. concentration, of exe 
atoms, may be markedly different near a boundary w 
neutralization of ions is occurring, and in the body o: 
discharge. ; 














Department of Physies, 
The Queen's University of Belfast. Noc 
! Emeleus, K. G., and Hall, O., Proc, Roy. Irish Acad., 40, A, 1 982) oo 
* Emeleus, K. G., Proe. Phys. Soc., B, 87, 495 (1954), Boop M 
* Thomson, J. J., Hays of Positive Electricity (Camb. Univ. Press, 1921). 





A Deduction of Carathéodory's Principl 
from Kelvin's Principle Potes 
Tams communication gives a simple deduction of | 





Carathéodory's principle from Kelvin’s principle that it is 
impossible to convert an amount of heat completely into. — 
work in a cyclic process without at the same time produc- 
ing other changes. There has always been some difficulty 
in motivating Carathéodory's principle convineingly!. The 
present argument demonstrates for the first time that this 
principle can be obtained directly and simply from the 
impossibility of a perpetuum mobile of the second kind, 
and some reappraisal of the relationship between these 
two methods of developing thermodynamics appears. -. 
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reached adiabatically from A. Let the 

co-ordinates be the internal energy U, and 

deformation co-ordinates (volumes, mag- 
netie fields, ete.) Vy Va.. Keeping vy, Va 

. . . fixed, take the system from a point 

B(Ug < U4) in N to the point A. With 

the v; constant. no work is done. The 

increase in internal energy is due to heat 

Q > 0 having been supplied. Because B 

is in N, the system can be returned from 

A to B by an adiabatic process, using 

appropriate changes of the deformation co- 

ordinates. The drop in internal energy is 

now entirely due to mechanical work W 

which has been done by the system. Con- 

servation of energy during the cycle B A B 

demands that W = Q, so that heat Q has 

been completely converted into work, con- 
trary to Kelvin’s principle. It follows that 
points such as A cannot exist. Hence, in 
every neighbourhood of every point C in thermodynamic 
phase space there ere points adiabatically inaccessible 
from C. The same argument can be used if, instead of 

Kelvin’s principle, one assumes the impossibility of a 

perpetuum mobile of the second kind. 

The foregoing argument shows that the conventional and 
the geometrical methods of developing thermodynamics, 
which have been regarded as very different?, are in fact 
intimately related. It seems desirable to use the best of 
each in an exposition of thermodynamics, namely, to 
start with the motivation of the conventional approach 
and then to switch by the foregoing argument to the more 
precise concepts of the geometrical method. 

It is a pleasure to acknowledge that the stimulus for 
this communication wes provided by questions raised by 
Prof. D. E. Littlewood at a lecture given by me at the 
University College of North Wales, Bangor. 

P. T. LANDSBERG 

University College of South Wales and Monmouthshire, 

Cardiff. 
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CRYSTALLOGRAPHY 


Orthorhombic Form of Diperoxotriamine- 
chromium(IV) 


Work on the crystal structure of diperoxotriemine- 
chromium(IV) (Cr(O,),(NH;),] was begun in 1958 but was 
abandoned when McLaren and Helmholz' reported their 
X-ray investigation of the monoclinie form of this com- 
pound by means of two-dimensional Fourier methods. 
They suggested that it might be considered a superoxo 
compound containing chromium in the oxidation state +2 
with all its electrons paired in order to explain the magnetic 
suscoptibility of the compound. This view has been 
questioned? and the present three-dimensional crystal 
structure analysis was therofore teken up agein. 

The orthorhombic form of diperoxotriaminechromium 
(IV) belongs to space group Pnma (No. 62). Tho dimen- 


Table 1. PARAMETER VALUES FOR [CR(O,)(NH,),]. SPACE GROUP Pama 


No, of 
Atom positions x y z 
Cr, 8d 0-2014 0-0859 0-1332 
Cra de 0-1091 1/4 0-6400 
0; 8d 0-2087 0:0028 0:1140 
0, 8d 03291 0-0267 0-1887 
0; 8d 0:1827 0-1670 0:1582 
0, 8d 0:3125 0-1463 0:2193 
0; 8d 0-1140 01659 0-6403 
Os 8d 0-9972 01911 0-7301 
Ni 8d 0-0038 0-0870 00114 
N: 8d 0:1186 00747 0:3795 
Ns sd 02914 0-0971 0-8853 
N, de 0-2951 1/4 0-4881 
N; 4e 0-2242 1/4 0:8679 
Ni 4e 0:0006 1/4 0-3983 
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Fig. 1 


sions of the elementary cell are: a = 9:79, Å, b = 22-60, Å 
and c = 7:65, A. Tho coll contains twelve formule units, 
and the atoms occupy 8- and 4-fold positions. Parameter 
values for all the atoms have beon determined by three- 
dimensional Fourier methods and a couple of least-squares 
refinement cycles (Table 1). The value of the reliability 
index obtained is Rax = 0-112. 

The chromium is 7-co-ordinated (Fig. 1), the geometrical 
configuration being a distorted pentagonal bipyramid. 
The mean value of the oxygen-oxygen bond distance in 
the peroxo groups is 1-434 + 0-023 Å. Therefore, it 
seems natural to consider the compound a peroxo com- 
pound with tetravelent chromium. 

The least-squares refinement will be continued to con- 
vergence and a complete report of the structure will soon 
be published elsewhere. 

RoLF STOMBERG 
Division of Inorganic Chemistry. 
Chalmers University of Technology, 
Gothenburg, Sweden. 
! MeLaren, E. H., and Helmholz, L., J. Chem, Phys., 68, 1279 (1959). 


2 Cotton, F. A., and Wilkinson, G., Advanced Inorganic Chemistry, 692 
(Intersci. Pub., John Wiley and Sons, Ine., 1962). 


Recrystallization of Evaporated Films of 
ZnSe 


Gilles and Van Cakenberghe! reerystallized evaporated 
layers of CdS by a two-stage process. This process consists 
of evaporating copper on CdS films and baking the double 
layer at about 600° C. More recently we have reerystal- 
lized CdS by simply heating the evaporated layers between 
250° C and 450° C in an inert liquid medium to which an 
organometallic compound has been added?. 
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An extension of this work has now shown that other 
II-VI compounds can be recrystallized by this method, in 
particular ZnSe. 

For these experiments a silicone fluid (‘Silicone Fluid 
704'—trade name for a silicone oil produced by Dow 
Corning and supplied by Edwards High Vacuum, Ltd., 
Sussex) was used as the inert liquid medium and copper 
diethyl dithiocarbamate, with or without paradichloro- 
benzene, as ‘nucleating agents’. The crystallized layers 
were prepared by refluxing for 1 h at 400° C, 

The most typical modifications in which the ZnSe 
crystals were observed were as follows: (1) spherulites 
as shown in Fig. 1. (2) Dendrites as shown in Fig. 2; when 
these dendrites merge (Fig. 3) large areas of uniform struc- 
ture as shown in Fig. 4 are observed. The crystals often 
tend to grow along lines of imperfections in the evapor- 
ated layer or on the substrate. 


An interesting result was obtained when an excess of 


silver diethyl dithiocarbamate complex was used. In this 
case the zine was completely replaced by silver, and plate- 
like crystals of Ag,Se were observed as shown in Fig. 5. 
These can readily be distinguished from ZnSe by their 
marked pleochroism. 

The recrystallized ZnSe films showed predominantly 
cubic structure when examined by X-rays. However, as 
these crystals were clearly visible under crossed Nicols 
they showed some anomalous optical properties. 

Preliminary investigations have also shown that the thin 
films activated by these methods showed properties asso- 





100) 





Fig. 3. 100) 


Merging dendrites ZnSe ( x 
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Fig. 4. Typical regular structure ZnSe (x 100) 





Fig. 5. Plates Ag,Se (x 100) 
ciated with fired II-VI compounds. Thus copper-activ- 
ated ZnSe showed typical red luminescence under ultra- 
violet excitation where the films had recrystallized, while 
good photoeonduetion was obtained in CdS films. 
A. VECHT 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
West Road. 
Temple Fields, Harlow, Essex. 
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METALLURGY 


An Automatic Device for the Determination 
of Oxygen in Steel 
In recent years there has been a considerable interest in 
analytical methods for the determination of gases in 
metals, and there are numerous techniques available for 
this purpose, for example, vacuum fusion and hot-extrac- 





ographie m. 
ve been interested in the development of a device 
ch would be relatively inexpensive and at the same time 
ple enough to allow of some degree of automation to 
d up the process. In the past we have used the high- 
ature hollow cathode successfully for the determina- 
of trace metals in refractory oxides, and in these 
ses we have noticed the presence of the oxygen line 
72 À in the spectra, and this suggested a convenient 
thod for the determination of oxygen in metals. 
Rosen has used this type of spectrographic source for 
the determination of oxygen extracted into argon atmo- 
spheres and he made use of the intensity of various carbon 
oxide bands in emission and absorption. In our 
xperience more reliable results are obtained by using the 
atomic line for oxygen in emission. In principle our 
ethod consists in using a high-temperature hollow 
| discharge to melt the sample and excite the 
tomic spectrum of oxygen. A compact grating mono- 
hromator with two red-sensitive photomultipliers is used 
-to record the intensity of the oxygen line at 7772 A and 
that of the adjacent background, and the line/background 
. ratio is presented on a chart. Provision is made for nine 
‘samples to be fed in succession into the hollow cathode 
from a turret head; the helium gas-scavenging train is 
fitted with electromagnetically operated valves and the 
> sequence of operations is electronically controlled 
utomatic cycle taking 4 min per sample. Recharging 
iple turret and outgassing it takes 30 min. Determ- 
s can be made on sample weights up to 200 mg, and 
sitivity is better than 1 ug of oxygen. 
potentialities of this device have not yet been fully 
d and it is considered that the simultaneous determ- 
f oxygen, hydrogen and possibly nitrogen in steel 
ariety of other materials is feasible. 


M. S. W. WEBB 
R. J. WEBB 
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CHEMISTRY 


ects of mechanically produced Capillary 
aves on the Evaporation of Water through 
AUT Monolayers 


[E extensive measurements! on the retardation of 
poration by monolayers conducted during the past 
ecade at Columbia University have been restricted to 
conditions to eliminate the erratic results arising 
uncontrollable turbulence induced by a current of 
. air passed over the surface of the water. We have ex- 
tended these investigations by producing capillary waves 
ef wave-length 0-5 em, of frequency 60 c/s, and of 
ymplitudes extending from 0:08 em to 0:03 em, by the 
tion of à mechanical vibrator, that is, we have measured 
is of waves without the complication of wind. 
a surface pressure of 18 dynes em-!, the pressure- 
am follows closely that of the static monolayer 
D rected for a small increase in area of a rippled 
` surface. At pressures above 20 dynes em~ considerable 
deviations occur ; for the shorter chain alcohol (C,,0H) 
we were unable to produce surface pressures exceeding 
28 dynes cm~ at any compression. These deviations were 













progressively less marked with the longer chain alcohols, 







As might be expected, the rate of transfer of water — 
through the monolayer increased as the static surface 
was disturbed, the specific resistance to evaporation.: 
decreasing roughly to 60 per cent of the static value for 
the alcohols of chain-length 14, 16, 18 and 20. These. 
investigations indicate that a disturbed condition of the 
monolayer, even for such small amplitudes as 0-03—0-08 em, .- 
interferes with the retardation of evaporation so that 
effects in the field, as compared with the ideal conditions : 
observed in the laboratory under static conditions, can: 
never be achieved. Nevertheless, it is remarkable the _ 
extent to which a fragile monolayer will reduce evapora». 
tion under field conditions when proper precautions have . 
been taken in respect to purity of material spread, . 
absence of solvents, and proper spreading methods such 
as dusting the material as a fine solid powder?-*. Su 
Vicrog K. LA MER |... 
Columbia University, Oe 
New York 27. : 
i Tuomas W. HEALY 


Department of Mineral Technology, 
University of California, 
Berkeley. 
1 La Mer, V. K., Retardation of Evaporation by Monolayers (Academic Press 
New York, 1961). E. 
? Davies, J. T., Chem. and. Indust., 906 (1962). 
3 MacArthur, I, K. H., Research, 15, 230 (1962). 


Concerning the Isokinetic Relationship ui 
In contemporary kinetic studies, the values of rate . 
constants are often expressed by means of activation | 
parameters, either by the activation energy E* and the _ 
pre-exponential factor A, or by the activation enthalpy 
AH * and entropy AS 7. For further discussions in terms ` 
of substituent or solvent effects and similar theories of. 
organic chemistry, many authors! prefer the free activa- . 


tion energy AG 7 (that is, the logarithm of the rate con- 
stant) at an arbitrary temperature before the activation. 


energy E * or enthalpy AH *. If the results of such discus- 
sions have to be independent of the arbitrary temperature, _ 
a functional dependence must exist between the activation. . 
parameters in a series of related reactions. This depen» 
dence is also the necessary condition? for the validity of . 
various linear free-energy relationships (for example, 
Hammett. equation) at different temperatures. In fact, 
linear relationships obtained by plotting E * versus log A or 
AH versus AS have been described many times*-*, - 
They are referred to as the isokinetic relationship? or the 
compensation law‘ (equations la and b). The proportion- 
ality factor B, called the isokinetic temperature, has been - 
also discussed theoretically*:5: 


AH = AH? + BAS (la). 
or. E* = B® + 2,303 RB log A (1b) - 


In this communication we wish to show that the method 
by which these relationships were established is incorrect- 
and the correlations obtained fallacious. Some authorst? 
were aware of a certain danger in such correlations, 
but the proper essence of the problem, that is, the mutual — 
dependence of the. quantities correlated, was not — 
grasped. Ed 
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If a simplified but sufficiently general case 1s considered 
when the rate constants are measured at two temperatures 
only (T, > T) then the activation parameters are com- 
puted by means of equations 


" Ti T: 
log A= T, — 7, 18 kı DT g, log Kee) (2a) 
E* = 2,303 R T, T, (log kı — log kz) (2b) 


T, — T, 


If the quantities AH 7^ and AS Y^ are used instead of E * and 
log A, the followmg considerations are valid without any 
appreciable change Now we regard equations 2a and b 
as a transformation of co-ordinates where the original 
co-ordmates x = log k, and y = log k, are replaced by 
new ones a’ = log A and y/ = E* A hnear function 
between the original co-ordmates thus required also a 
linear function between the transformed co-ordinates and 
vice versa A more detailed mathematical analysis of this 
transformation will be given elsewhere? For the present 
purpose ıb 1s sufficient to emphasize that the equations 
2a and b are very similar if the ratio T,/T 1s near to unity, 
and identical m the hmitmg case T, = T, when neglectmg 
the constant factors In practical applications, the value 
T/T, = 09 can be considered as typical In this case, 
the apparent relationship between the activation para- 
meters does not correspond to the actual relation between 
log k, and log k, If, for example, log k, and log k, were 
chosen by random and were mutually independent (corre- 
lation coefficient 7,, = 0), a correlation with 7^,4 = 0 998 
would emerge between log A and E * which has no physical 
meaning but comes into existence by the process of com- 
putation In all instances, the actual relationships 
between the activation parameters can bo found by plot- 
ting log b, versus log k, and mappmg the straight lime 
formed into the graph #* versus log 4 On the other 


Log k, 





—4 -3 
Log As 


Isokinet;c relationship m the oximation of alkyl carvacryl 


Fig 1 
ketones (O) and alkyl thymyl ketones (@) Dependence of kinetic 
constants at two temperatures Experimental data from ref 9 
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E* (kcal) 


Log A 


Fig 2  Isokinetie relationship in the oximation of alkyl carvacryl 
ketones (O) and alkyl thymyl ketones (6) Dependence of activation 
parameters Experimenta data from ref 9 oe 


hand, the reported relationships between E" and log A 
can be checked by mapping back into the graph log k, and 
log k, 

Of the numerous examples that I have investigated, only 
the kinetics of acid-catalysed oximation of alkyl carvacryl 
ketones and alkyl thymyl ketones? will be quoted here 
The full straight lme ın Fig 1 shows the actual relation- 
ship between log k, and log k, and the corresponding full 
hne m Fig 2 shows the actual relationship between E* 
andlog A Usmg just the pomts ın Fig 2 the latter depen- 
dence cannot be established Leffler? used this example 
to demonstrate the usefulness of the isokmetic relation- 
ship He drew the two dashed lines m Fig. 2 and con- 
cluded that the reaction mechanism is different for the 
sterically less hmdered carvacryl ketones and the methyl 
thymyl ketone than for the remammg thymyl ketones 
The mapping of these lmes from Fig 2 mto Fig 1 shows 
that they have no physical meaning and the apparent 
dependence 1s only due to deformation m the transforma- 
tion 

Nearly all the isokmetic relationships described in 
the literature are, therefore, fallacious, which 1s due to 
uuproper statistical treatment so that at least the slopes 
given are mcorrect Nevertheless, relationships between 
activation enthalpy and entropy do exist They can 
be found m graphs such as Fig 1 and can serve as an 
argument that the reactions considered form a reaction 
series with a common mechanism In the majority of 
these relationships, the slope 1s positive so that the two 
activation parameters compensate one another (com- 
pensation law) Contrary to the opmion of Hmshel- 
wood‘ and Laadler*, there are also cases with an opposite 
slope where these parameters are operative m the 
same sense (anti-compensation) A proper theoretical 
interpretation of this classification 1s not clear Therefore, 
I take ıt to be more umportant to distinguish between 
the followmg categories (1) In the majority of reaction 
series the slope m the graph log k, versus log k, 15 less than 
unity, which means that the selectivity of the reagent 
diminishes with mereasing temperature (2) In cortain 
cases this slope 1s greater than unity so that the selectivity 
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increases The latter category would deserve special 
attention, but the number of observed cases ıs still 


insufficient for a detailed analysis Cj Eus 
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Valence Defects in Ice 


RECENTLY, Dunitz! proposed a new model foi the 
valence (orientational) defects 1n 1ce, the X defect, which 
he considers to be energetically more favourable than the 
model we proposed m 1962 (ref 2), namely, a modified D 
defect with both molecules rotated He has also pomted 
out that the present state of the theory 1s such that only 
rough orders of magnitude can be estimated for all the 
quantities mvolved It 1s ım view of this situation that we 
believe that both models should be considered energetically 
equivalent, and more elaborate calculations are necessary 
for a definite answer to the problem ‘To support this 
comment we have performed some new calculations, based 
on our point charge model’, for both Dunitz’s X and our 
modified D defect The results aie given in Table 1 


Table 1 
Rotated D defect X defect 

r 133 Å 1 15À 
EN -7 EN -7 
EL 3 EL 3 
Ep,-EN 5 EX,2-En 10 

D EX 1 
EDL 19 EXL 21 


r 18 the distance between the two non-bonded hydrogen atoms All 
energies are 1n kcal mole-* 


It must be noted that the value of Ep; for the 10tated D 
defect 1s lower than that given m ref 2, the reason bemg 
as follows The previous Hp was obtained starting from 
Bjerrum's D defect? and rotating both molecules involved 
m the defect independently as r1gid bodies 1n the particular 
case in which the defect bond, O-H H-O, and two neigh- 
bourmg hydrogen bonds remain ın the same plane through 
rotation We have now tried more favourable rotations 
of both molecules, each one rotating again independently 
as a rigid body but around its other, normal, hydrogen 
bond As in the previous paper? we consider only inter- 
actions between pairs of nearest neighbour molecules 
Apart from the simplifying assumption that all configura- 
tions are trans, all possible orientations of the molecules 
are considered and averaged The calculations were 
programmed by the Ferranti Mercury computer of the 
University of Buenos Aires 

The difference 1n energy between the group of molecules 
involved in the D defect (the two molecules that have the 
defect bond and its six first neighbours) and the same group 
m a perfect lattice shows a mununum for 30? This 
difference 1s Ep — Ey, as there 1s only one defect bond, the 
rest being shghtly deformed hydrogen bonds, contributing 
AEp to the energy Therefore Ep- En = (Ep, — En) 
+ AEp To compute Ep, = (Ep — En) + (Er — Ew) 
we use our previous’, calculated values of Hy and Er 
(Table 1) It should be noted that the value of Er is not 
neghgible 

The difference in energy between the molecules involved 
m the X defect (one molecule rotated 60° and ıts four 
neighbours) and the same group m a perfect lattice is 
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Ex — 2Ey, as 1n this case two bonds foim the defect, the 
two others bemg slightly deformed hydrogen bonds con- 
tnbutng AEx to the energy Agam Hx — 2 En = 
(Ex, — 2 Ex) + AEx Therefore Ex, = (Ex — 2En) 
+ (EL — Ey), where the previous values fo. Ex and En 
should be used to compare Ext with Ep, Further 
rotations of the two adequate neighbour molecules for the 
X defect decrease the difference between Ex, and Ep. 
from 2 to 4 kcal mole-!, this bemg a munumum for angles 
of 10° Therefore Hx, and Ep, both calculated with the 
same model, compared reasonably well with the experi- 
mental value of 15 7 + 0 9 kcal mole-! 

It ıs worth noting that there aie important contribu- 
tions to the energy of the D defect, Ep, apart from the 
1epulsions between the two non-bonded hydrogen atoms 
This repulsion, as calculated with the formula for E(?) 
given m Dunitz’s paper, gives for the rotated D defect 
about 18 kcal mole-! The interactions between the com- 
plete molecules, as calculated with our pomt charge model, 
gives 1 7 kcal mole- A simular difference 1s found for the 
X defect 

With respect to the activation energies for diffusion of 
the defects, we have calculated that of the L defect, the 
activated state corresponding to a rotation of one molecule 
half-way between the imtial and final position of the 
de“ect This 10tation ıs around one O-H. bond and the 
activation energy obtained is of 53 kcal mole? This 
value compares well with the experimental onet and 1s 1n 
agreement with the mtuitive idea of one hydrogen bond 
being broken m the process of the transport of the L defect 
The problem of the activation energy of the other defect 
is more difficult In fact, there are several models pro- 
posed for the defect5:*, apart from the two mentioned here, 
all of them energetically similar There is no simple 
way of decidmg among them and also the experimental 
results of 1ce doped with ammonia’ are scarce and difficult 
to interpret 

Our mam conclusion 1s that there ıs no difference fiom 
an energetical pomt of view between X and a rotated D 
defect and that the 1esults show, once agam, what we had 
already sad “that the general idea of a rotation is 
adequate”, but more elaborate calculations are needed to 
decide the particular form of the rotation 

Moran V Conan 
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Palladium-catalysed Olefine Isomerization 


UNDER the influence of palladium II hahdes ıt has been 
shown! that olefines undergo isomerization involving move- 
ment of the double bond to successive positions along the 
carbon chain Information concerning the mechanism of 
this reaction has been elucidated on one hand by the use 
of deuterated acetic acid as solvent and by utilizing 
deuterated n-oct-l-ene on the othe: Thus it was shown 
from the infra-red spectrum that no deuterrum entered the 
hydrocarbon when n-oct-l-ene isomerized in the presence 
of sodium tetrachloro up -dichloro-dipalladate II dissolved 
m CH,CO,D, proving that at no stage in the mechanism 1s 
hydrogen lost fiom the hydrocarbon eithe: as proton or 
hydride 10n 

In view of the ability of palladium to form olefine com- 
plexes? and, further, the tendency of these to give 7-allylic 
complexes? mmplying the labilization of one of the hydio- 
gens on the olefine 
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Olefine complex—brown to red 


it was anticipated that the mechanism involved a process 
closely related to this behaviour The discovery that 
hydrogen 1s not lost durmg isomerization renders such 
an interpretation difficult, but ıt was considered that the 
intermediate species might 1etain the hydrogen, bonded to 
palladium as a hydmde ion Lirespective of the detail, 
such a mechanism, ın the case of a terminal double bond in 
the olefine, would lead to movement of a hydrogen atom 
fiom carbon atom 3 to carbon atom 1, that 1s 


ya V Pd 
t '7 NY 1 
R CH, CH=CH, > RCH OH, — RCH=CH—CH, 
NY 
cH 


Pd ! 


3 2 I 


To test this hypothesis, the compound C,H,,CD,CH— 
CH, (D =deute11um) was synthesized and isomerized The 
products of isomerization were analysed by vapour phase 
chromatography and the distribution of deuterrum was 
calculated from the nuclear magnetic 1esonance spectium 
It was shown that no deuterium became attached to the 
terminal carbon atom, the data bemg consistent with 
stepwise migration of the double bond by a process of 
movement of hydrogen atoms from one carbon to the next 
only 

R CH,- aM RO — ROCH—CH- CH, etc 

There is httle doubt that the initial formation of an 
olefine complex of palladium is instrumental in the mechan- 
ism That the mechanism ıs best served by a weak 
association 1s suggested by the observation that although 
isomerization also occurs in the presence of platinum II, 
the olefine complexes of which are more stable, the rate 1s 
much lower 

The foregoing, somewhat unexpected conclusions were 
tested by endeavouring to 1isomerize 2-methyl-n-pent-1- 
ene under analogous conditions The hypothesis as to the 
mechanism requires that there be a hydiogen atom 
attached to carbon atom No 2, which, m the case of 
2 methyl-n—pent-l-ene, there 1s not Accordingly the 
observation that ıt did not 1:50merize lends support to the 
hypothesis 

It has been suggested‘ that the olefine may pass through 
a co-ordinated carbene stage rather than a -allylic 
complex 


Pd Pd Pd 


t I t 
R—CH,—CH=CH, + R CH,—C—CH, — R CH=CH— CH, 


I thank Di J Thompson, who measured the nuclear 
magnetic resonance spectia, and Dr J Chatt for helpful 
discussions 
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Recombinations of Chlorine Atoms 


IN a recent communication on the recombination of 
chlorme atoms Linnett and Booth! reported a value of 
3 x 1014 cm® moles-? sec-! for the third-order rate constant 
defined by 

d{Cl 
-UU = 2key, (CM? [Che 

The method used by these workeis determines only the 
1elative atom concentration along a tube It is hence 
suitable for rate constant determinations when the process 
1s first order ın atom concentration In this case, however, 
sınce the process 1s second order in Cl-atoms the absolute 
concentration must be known  Linnett and Booth could 
only fassume' arbitrary values for the absolute concen- 
trations It 1s our belief that these assumed values were 
wrong by an order of magnitude 

In an extensive mvestigation of the 1ecombination of 
halogen atoms, which will be reported in detail elsewhere, 
we have obtained a value foi koi, which is 100 times 
greater than that reported by Linnett and Booth The 
method, which uses an ‘isothermal calormmetiic atom 
detector’, measures the absolute concentiation of atoms 
in @ flow system Its application to chlorine atoms 1s 
described ın a paper by Ogryzlo? 

The surface recombination constant was determined 
by extrapolation to zero piessure Though its value 
depended somewhat on the acid used to poison the walls 
and on its ‘age’, a value of 5 x 10-5 was normally obtained 
for y (the recombination coefficient) on H,PO, Two sets 
of experiments were carried out by two different workers, 
3 years apart, with different flow systems The earlier 
work was carried out with both aigon and helium added 
If the wall decay 1s corrected for m a separate calculation, 
the homogeneous 1eaction can be written 


Ast 
Cl+Cl+ M. —— Cl, + M (1) 


where M =Cl,, He or Au, and kj; 1s defined by 





2 d [CI] 


dr 2h [C1] [3] (2) 


When argon 1s added we can wite 


km [M] = kar [Ar] + kei, [Cl;] (3) 
Rearrangmg 
ku [M] [Cle] 
TAg = Bar + hen rary (4) 
A plot of key versus aay is shown m Fig 1 


The slope of the line gives kc), and the intercept kar On 
the same graph those experimental points obtained with 
helium added in place of argon a1e shown 

The rate constants taken fiom Fig 1 are the following 


ko, = 27 x 1018 emë moles-? sec-! 
kar = 4 x 1015 em? moles-? sec-t 


kga = 3 x 10!5 cm‘ moles-? sec-* 
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More recent determunations of ko, shown m Table 1 
were obtained with pure chlorine alone The scatter 1s 
greater because of experimental difficulties, but the 
average value 1s about the same 


Table 1 
Exper Total pressure Average partial kOe 
(T = 40° C) (mm Hg) pressure of Cl (cm* moles-* sec?) 
1 102 0 054 243 x 10% 
2 102 0 039 283 x 107° 
3 132 0 052 250 x 10% 
4 0 44 0 029 307 x 10!* 
b 110 0 048 286 x 10% 
6 093 0051 227 x 1016 
7 0 65 0 048 323 x 1015 
8 0 40 0 030 351 x 1015 
9 162 0 063 276 x 1015 
10 087 0 055 236 x 10° 


Average value of Aoi = 2 88 


These values are more in lme with those obtamed for 
iodine and bromine atom recombination? Recently, 
Martens‘ reported, without details, a value of kq,= 
2x 10° em® moles-? sec-! determined indirectly in the 
photochlormation of CO at 500°C Hiracka and Hardwick 
calculated a value of kar=2 5x 1015 em? moles-? sec-! 
at 1,000? C im a shock-tube experiment The values 
reported here are consistent with these two determmations. 
The work was supported by Aur Force Office of Scientific 
Research grant No OSR-158-63 and the National Re- 
search Council of Canada 
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Variations in the Crystalline Form of Calcium 
Carbonate precipitated from Artificial 
Sea Water 


Catcium carbonate can exist m three polymorphic 
forms, which in the order of their usual stabilities are 
calcite, aragonite and vaterite Calcite 1s the most stable 
and the least soluble, and, therefore, the form m which 
ealeium carbonate would be expected to precipitate from 
sea-water It has been pomted out, however, that when 
carbon dioxide was removed from natural sea-water a 
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preeipitateofaragoniteformed! Since this discovery, much 
work has been performed which confirms the observation, 
and there are a number of suggestions as to the cause of 
this phenomenon? 

The work recorded here was undertaken as a preliminary 
mvestigation of the calcification of the oyster shell 
(Crassostrea virginea, Gmeln) This shell ıs almost 
entirely calcite, and as experiments were to be performed 
on the recaleification of this structure vn vitro it was 
necessary to determme which components of sea-water 
influenced the form of the precipitates of calcium car- 
bonate 

Artificial sea-water was prepared as described by 
Lyman and Fleming? except that trace elements (less than 
50 mg/l) were omitted and the sodium bicarbonate con- 
tent was increased to 06 g/l Calerum carbonate was pre- 
eipitated from this artificial sea-water by shaking 400 ml 
of the solution m a 500-ml flask ın which a tube contammg 
10 ml of 01 N barium hydroxide was suspended above 
the sea-water The precipitate which formed in the flask 
after 20 h was collected on a ‘Mulipore’ filter 

The influence of particular ions on the form of the 
calerum carbonate that was precipitated was determined 
by using the followmg solutions 


(1) NaCl (31 58 g/l) + CaCl, (1 13 g/l) 

(2) NaCl (2698 g/l) + MgCl,-6H,O (1091 g/l) + 
CaCi,(1 13 g/l.) 

(3) NaCl (2839 g/l) + KCl (068 g/l) + Na S0, 
(4 02 g/l) + CaCl, (113 g/l.) 


The sodium chloride content of these solutions was 
adjusted to give solutions of approximately the same 
1oni¢c strength as sea-water Sodium bicarbonate (0 6 g/l ) 
was added to these solutions and carbon dioxide was 
removed by means of a tube contammg 01 N barum 
hydroxide The mutial pH of the solutions was varied 
between 75 and 82 The solutions were placed on a 
mechanical shaker for 20 h durmg which time their 
temperature rose from 22° C to 28° C In the case of 
solution 3, however, the experiments were repeated using 
sodium hydroxide to absorb the carbon dioxide and the 
solution was stirred with a magnetic bar so that the 
temperature of the solution did not rise above 24? C The 
precipitates which formed were collected on 'Milhpore' 
filters 

The calerum carbonate formed durmg these experiments 
was examined by X-ray diffraction usmg the Debye- 
Scherrer camera and a North American Phillips diffracto- 
meter In both cases a copper Ka-radiation was used at 
35 kV and 20 m amp with a nickel filter 

The X-ray diffraction patterns of the calerum carbonate 
precipitated from artificial sea-water showed that the 
sample was pure aragonite or aragonite with traces of 
calcite The precipitate from solution 1 which contamed 
only sodium and calcium cations was pure calcite (Fig la) 
In the presence of magnesium ions (that 15, solution 2) the 
calc1um carbonate precipitated as aragonite (Fig 1b) In 
the absence of magnesium but in the presence of the other 
major ions found im sea-water (that 1s, solution 3) the 
precipitate was found to consist of calcite and vaterite 
(Fig le, Id) On repeatmg these latter expermments a 
number of times one sometimes finds traces of aragonite 
with the calcite and vaterite The vaterite—calcite 
mixture produced at 28? C with barium hydroxide as the 
carbon dioxide absorbant 1s not as rich in vaterite as that 
produced at 24° C usmg sodium hydroxide On the basis 
of standard calcite vaterite curves prepared by Dr 
N Watabe ıt 1s estimated that Fig le represents a mixture 
of approximately 57 per cent vaterite 43 per cent calcite, 
whereas Fig 1d ıs from a mixture of 86 per cent vaterite 
14 per cent calcite 

The results given here confirm those of previous workers 
in showing that aragonite 1s the form of ealerum carbonate 
which 1s precipitated from solutions contamimg magnesium 
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Fig, 1 X-ray diffractograms of the calaum carbonate precipitated 
from various simplified sea-waters (a) Calcite precipitate formed m 
the presence of sodium and calcium chlorides, ®) aragonite precipitate 
formed m the presence of sodium, calcium and magnesium chlorides, 
(c) oaleite and vaterite formed from sea-water ın the absence of mag- 
nesium jons at 28? C, (d) calcite and vaterite formed as in (c) except 
that the temperature was 24°C and carbon dioxide was removed 
with sodium hydroxide instead of barium hydroxide Top scale degrees 
20. BottomscaleA Numbersoverpeaksarein A Cand V refer topeaks 
of calcite and vaterrte respectively 


ions*-". It seems likely, therefore, that the high mag- 
nesium content of sea-water 18 responsible for the precip1- 
tation of calerum carbonate in the form of aragomte rather 
- than ealeite This 1s presumably due to an mhibition to 
the formation of the less soluble calcite crystals and 
provides a partial explanation of the high 10n16 products of 
calcium and carbonate that Wattenberg found m sea- 
water’, 

The formation of a precipitate of the unstable vaterite 
is an unexpected result It was found by Kitano that 
vaterite production was favoured by high temperatures 
and a large concentration of barum 1ons As the barum 
content of the solution mereased Kitano found that the 
X-ray diffractometer showed that the 3:04 A peak for 
caleite became diffuse It was suggested that a complex 
barrum-ealerum carbonate formed ın the solutions m 
which vaterite was preciprtated 

In the experiments described here the temperature was 
kept at 24? C or less and barum 10ns were excluded even 
to the extent of using sodium hydroxide as the carbon 
dioxide absorbant in case any traces of barnum hydroxide 
should contammate the solution Despite this, a large 
amount of vaterite precipitated from solution 3 Some 
calcite also formed m these expermments, but the main 
caloto peak 1s very sharp m the X-ray diffractograms, 
mdicating that the sample ıs not contammated The pH 
did not appear to haye any marked effect on the pro- 
duction of vaterite Jt ıs suggested that mereasing the 
speed of precipitation may assist m the formation of 
vatertte although no detailed experments have been 
performed on this problem 

Calcite, aragonite and vaterite all occur m the calcareous 
deposits of hving organisms’? Some xnolluses such as 
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Vovoparus untertextus form all three polymorphs durmg the 
regeneration of the shell and all three forms can also be 
produced im marme algae such as coccolithophorids! It 
seems most hkely on the evidence at'present avaiable that 
the organie matrix 1s the main mfluence affecting the form 
of ealerum carbonate deposited by molluses4! The 
present experiments demonstrate, however, that varia- 
tions m the 1onie composition of the mother liquors can 
aed influence the form of calemun carbonate precipi- 
tate 

I thank Dr K M Wilbur and Dr N Watabe for thar 
advice 
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Non-stationary Reaction Rates in a 
Radiation-induced Chemical Reaction by 
means of Conductivity Measurements 


Rate constants of radiat1on-mduced chemical reactions, 
or lifetimes of mtermediates, can be measured by the 
rotating sector method This 1s usually done by evaluating 
the final product yield as a function of pulse frequency! 
Thus, Freeman, Van Cleave and Spmks? exammed the 
formation of hydrochloric acid m aqueous solutions of 
chloral hydrate under omg irradiation They found a 
mean chain lifetime of about 0 1 sec. 

The purpose of work recorded here was to follow the 
non-stationary processes of this reaction directly during 
pulsed wradiation m order to obtain additional informa- 
tion about its kmetics The measured quantity, which 
characterized the radiation effect (formation of hydro- 
chlore acid). was the variation of conductivity. By 
differentiating the effect versus time-curve one obtains 
the vamation with time of the reaction rate and thus can 
easily evaluate the lifetime of the mtermediates 

The high yield of the reaction studied (G(HCL) œ 270) 
and the shape of the yield versus dose-rate curve for 
contmuous irradiation led us to the assumption that 
m our case we are dealing with a chain reaction with both 
first and second order disappearance of the cham-propagat- 
mg radicals, the rate of formation of the final product 


bemg proportional to radical concentration In this 
case, the following equations hold 
HEI 2 GI — kB] [S] — PeURT a) 


(2) 


where [F] denotes the concentration of the radical mvolved 
in the rate-determming cham reaction, [S], scavenger con- 
centration, I, dose-rate, -G, total radical yield, k, and ky, 
rate constants, and c, a constant Combination of equa- 
tions (1) and (2) shows that the kmeties of this reaction can 
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be described by thiee essential parameters o G, k, [S], and 
k,[« Fiom equations (1) and (2) follow the stationary 
iate of formation of hydrochloric acid unde: continuous 
radiation 


EON = (yl FBI - 1) (3) 

where 
A = «k,[S]/4ke (3a) 
B = 8 kG [kh [S] (3b) 


In order to check this equation, we began with measure- 
ments under continuous rradiation® A 180-kV X-ray 
tube was used to radiate the chloral hydrate solutions in 
a conductivity cell the conductance of which was followed 
by an ac bridge Measurements were made at various 
temperatures (12?—50? C), and various chloral hydrate con- 
centrations (0 906-0 001 M) Fiom the linear relationship 
obtamed between dose and quantity of hydrochloric acid 
formed, the rate of formation of hydrochloric acid as a 
function of dose-rate was derrved The results agree very 
well with equation (3) for all values of the experimental 
parameters, as 15 shown in Fig 1 for a particular set of 
parameters Measurements of other authors?‘ are also 
consistent with ow results and then interpretation by 
equation (3) 


eo 
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Fig 1 Rate of formation of hydrochloric acid in 0 906 M chloral 
hydrate, under continuous irradiation versus (dose-rate)!/ —-—, Cal- 
culated after equation (3), O, measured values 


We now proceeded to pulse experiments usmg an arange- 
ment which yielded directly the first derivative of the 
effect versus time-curve Followmg the assumptions 
already mentioned, this quantity was expected to be 
proportional to the concentration of intermediates Fig 2 
gives a schematic diagram of the apparatus The X-rays 
were pulsed by a rotatmg, sectored disk The output 
voltage of the biidge was amplified (signal 1), and after- 
wards demodulated (signal 2) Differentiation was 
achieved in an RC-combination The signal thus obtamed 
(signal 3), afte: further amplification, was fed to a de- 
oscilloscope Square wave- and sawtooth pulses were 
used for calibrating and for checking on signal distortion 
At low pulse frequencies, when the reaction rate reached a 
steady state durmg each pulse, these values agreed with 
those obtained under continuous irradiation 

Fig 3 shows as an example an oscillogram of the rate of 
formation of hydrochloric acid Both the rismg and falling 
portions of the curve should represent solutions of equa- 
tions (1) and (2), consistent with the values of A and B 
(equations 3a and b) from the stationary measurements, so 
that only one free parameter (the time-scale) ıs left For 
the experimental conditions pertammg to Fig 3, we 
obtamed B = 260 x 10- mm/r From this, we can 
derive the ratio Q of second order to first order reaction 
rate for I = 430 r jmn Q = (4/1 + BI — 1)/2 = 1 25 
The corresponding solutions of equations (1) and (2) are 
indicated m Fig 3 by circles for the msmg portions and 
dashes for the falling portions 
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Fig 2 Schematic diagram of the apparatus used for displaying the 
tate of formation of hydrochloric acid under pulsed irradiation 


While the computed rismg portions aie in good accord- 
ance with the experimental ones, there is & significant 
disagreement between the decay curves computed for 
Q = 125, and the experimental curves Therefore, we 
tentatively calculated the decay curves for Q = œ (purely 
second-order disappearance) The latter, indicated by 
circles in Fig 3, coincide very well with the experimental 
decay curves 

From the rismg curves we obtamed &,[S] = 2 35 sec-! 
independently of dose-rate m the range fiom 50 to 450 
r/min covered by our experiments This value, together 
with those of A and B from the stationary measurements, 
leads to k/a = 155 x 10° M-!, anda Œ = 407 x 10-5 
M/r [min (for 20° C and 0 906 M chloral hydrate) The 
rising curves marked by circles and the falling curves 
marked by dashes correspond to these values Both 





Fig 3 Oscillogram of the rate of formation of hydrochloric acid under 
pulsed irradiation m 0 906 chloral hydrate Rising branches, O, values 
calculated after equations (1) and (2) for Q = 125, falling branches, 
, values calculated after equations (1) and (2) for Q = 125, 
O, values calculated for purely bimolecular decay (Q = œ) 
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branches of the experimental curves correspond to a mean 
chain lifetime of about 200 msec When assuming a purely 
bimolecular disappearance, we obtain kax = 35 x 
105 M-1, independently of dose-rate in the range studied 

As distortion of the curves due to the electionic circuit 
could be excluded, a discrepancy arises between both the 
rismg portions of the curves and the results of the 
stationary measurements on one hand, and the decay 
curves on the other It appears as though there would 
be both first and second order reactions durmg irradia- 
tion, and only second order ieactions m the absence 
of irradiation Thus, the simple mechanism we proposed 
as a working hypothesis needs to be extended 


A Lorz 
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Dehydroxylation of Muscovite 


Ir is well known that large, well-crystallized sheets of 
muscovite mica are resistant to thermal decomposition at 
temperatures above 500° C Hidnert and Dickson!, foi 
example, reported that heating at 600? C for 1 h produced 
little or no change ın the properties of a large number of 
different muscovite samples Finely divided muscovite, 
however, begins to lose 1ts structural water at an appre- 
ci&ble rate at temperatures as low as 400° C (ref 2) 
Related dioctahedral aluminosilicates, such as the mont- 
morillonite clays, are also dehydroxylated at temperatures 
below 500? C (ref 3) Ths process occurs without & 
general destruction of the crystal lattice m dioctahedral 
runerals It has been recognized! that the rate of decom- 
position may be limited by diffusion of water from the 
lattice 

When a thin sheet of muscovite 1s heated for a long 
enough time at 600° C, it 1s possible to demonstrate the 
loss of structural hydroxyl groups by the infra-red. spect- 
rum For example, a sheet of Brazihan muscovite 1 4y 
thick was held at 600? C for 760 h, at the end of this time, 
the OH peak at 3,628 cm-! had decreased to 30 per cent 
of its initial intensity The sample was still transparent, 
had the appearance of a single crystal, and its thickness 
was not measurably changed This sample was after- 
wards re-hydroxylated at 600° C and about 16 atm 
water pressure for 485 h, after which the OH content was 
restored to 84 per cent of its orginal value The OH 
absorption band at 3,628 cem- showed the same dichroism 
as ın the original sheet, which may be interpreted to mean 
that no major rearrangement of the alummosilcate 
lattice takes place on dehydroxylation 

When a sheet of muscovite is heated at 700°-800° C, the 
rate of water loss increases markedly, and extensive 
delamination of the erystal occurs The thickness of a 
sample exposed to a temperature in this range for a 
short tune may increase 20-fold while 50 per cont of its 
hydroxyl content is lost There is & corresponding 
merease m the surface area (measured by the Brunauer- 
Emmett-Teller method) The true density of the sohd, 
as measured by hehum displacement, changes by less than 
5 per cent Finely divided muscovite, however, exhibits 
slightly decreased surface area after dehydroxylation 

It would appear, therefore, that three processes are 
involved m the dehydroxylation of micas Depending on 
the nature of the sample and the conditions, any ono of 
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them may be the rate hmitmg step The primary step 18 
the formation of water molecules fiom structural OH 
groups This 1s an entirely local and reversible reaction, 
m the absence of any other processes, 1t leads to a tem- 
perature dependent equilhibiium water concentration The 
extent of this reaction depends on the details of the lattice 
arrangement, ıt occurs much more readily m dioctahedral 
than m trioctahedral micas® 

If diffusion of wate: molecules through the lattice is a 
slow process compared with the attamment of this equilib- 
rium, the rate of the overall dehydroxylation will be 
diffusion lmmited, and this appears to be the case for 
muscovite at temperatures below ~ 650° C At about 
700° C, however, the concentration of water molecules 
inside a thick sheet of muscovite reaches a point where the 
piessure 15 sufficient to produce delammation, substantially 
reducing the diffusion distance and correspondingly 
accelerating the loss of water With finely divided 
samples, however, the presswe necessary for delammation 
18 not reached and diffusion 1emains the controlling step 
over a larger temperature lange 

One would expect delamimation to occur along the 
normal potassium ion cleavage planos, and this view i$ 
supported by the fact that the 10n-exchange capacity? per 
unit of surface area 1s the same for normal muscovite and 
for mateiial which has been 50 pe: cent dehydroxylated 
at 760° C 

Ii ıs obvious that, even though the basic mechanism of 
water loss by diffusion does not change, the rate of the 
overall dehydroxylation process will change drastically 
with temperature It will also vary with the degree of 
dehydroxylation and under most conditions the apparent 
kmeties will be of a complicated mathematical form 
Further detailed mvestigations of the infra-red spectral 
changes occurring on dehydroxylation have been made by 
one of us (W V ), and will be presented elsewhere 
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BIOPHYSICS 


Effects of Low-dosage Gamma-radiation on 
Soluble Collagen 


Tux effects of low-dosage radiation on soluble collagen 
molecules have not been reported This low-dosage 
radiation is suitable for produemg imiial radiation- 
mduced molecular changes which are described and inter- 
preted in this communication 

Samples were prepared and examined as follows citrate 
soluble human skim collagen was prepared by methods of 
Bakerman! Salt soluble preparations were simular to 
those of Jackson and Bentley? Collagen concentrations 
were calculated from nitrogen values determined by 
Conway diffusion technique? after Kjeldahl digestion 
Viscosity measurements were made in a calibrated Cannon— 
Manning semumicro-capillary viscometer m a water bath 
regulated to 20° + 0015° C Determmations of optical 
rotation were made with a Rudolph photoelectric polart- 
meter with sodium and xenon hght sources The samples 
showed one distmet peak at 20° C m a Spmeo model E 
ultracentrifuge The hmitig viscosity numbers were 
1,340 and 1,150 and the optical 1otation readings were 
—370° and — 390° for salt- and citrate-soluble collagens 
respectively Concentrations of soluble collagens were 
approximately 2 mg/ml  2-ml samples were radiated in 
citrate buffer at 24? C in ‘Pyrex’ beakers covered with 
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Fig 1 Fractional change of optical rotation [a] and intrinsic viscosity 
[5] with dosage 


‘Parafilm’ to prevent loss by evaporation Radiation 
1ates of 117 r Jmn were delivered by an 850-e cobalt-60 
source (y-rays, L 17 MeV and 1 33 MeV m equal quantities) 
Unirradiated standards were used for comparison and did 
not vary from the normal values 

Fig lillustrates the results of a typical experiment The 
first detected change m viscosity occurs around 90,000 r , 
that m optical rotation around 130,000 r At higher 
dosages, there ıs a marked decrease m intrmsic viscosity 
without a proportional decrease in optical rotation At 
310,000 r , the fractional change m optical rotation 1s less 
than 15 per cent while that m viscosity 1s more than 45 
per cent The fractional change in viscosity 1s essentially 
linear with dosage between 120,000 1 and 310,000 r 
After maximum dosage, all samples show a broad diffuse 
ultracentrifugation pattern Viscosity and optical rota- 
tion values remain constant for at least two weeks follow- 
ing radiation 

In Fig 1, there 1s no observable change at dosages less 
than 90,000 r In comparison, the viscosity of DNA solu- 
tions 1s reduced to one-half normal values by dosages of 
only 8,000 r (ref 4) This decrease m viscosity 1s attribu- 
ted to the disruption of hehcal maintammg hydrogen 
bonds in the DNA molecule? Smece hydrogen bonds are 
Jabile at very low dosages, models which explain the 
integrity of the collagen molecule on the basis of hydrogen 
bonding, such as the collagen I structure, are mcompatible 
with these results The relationship between optical 
rotation and viscosity after higher dosages indicates that 
the collagen macromolecule mamtains, to a great extent, 
its helical configuration while undergoing fragmentation 
This relationship 1s observed m collagenase’ and sonically 
treated’ collagen solutions 

Irradiation does not break the collagen molecule into « 
and B components as does heat Durmg heat denaturation 
of collagen, there ıs a simultaneous decrease in viscosity 
and optical rotation which 18 not produced by irradiation 
(Fig 1) Ultracentrifuge patterns of heat-denatured. 
collagen show « and B components Ultracentrifuge pat- 
terns of irradiated collagen are diffuse, mdicatmg a wide 
range of particle weights Heat-denatured collagen 
exhibits a tendency to re-nature which 1s not seen following 
wradiation These results mdicate a different mechanism 
of fragmentation for irradiated collagen as compared with 
heat-denatured collagen 

A mechanism is proposed for fragmentation of the 
molecule based on information from the previous para- 
graph The random fragmentation, the absence of signifi- 
cant uncoiling, and the mabilty to re-nature suggests that 
the molecule is fractured transversely ın such a manner 
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that the chams are present m each fragment in helical 
configuration It has been shown that there ıs a critical 
length im helical molecules below which ther helical con- 
figuration 1s unstable and presumably lost? In order to 
explam the slight decrease m optical rotation in higher 
dosage regions, 1b 18 presumed that some chams have 
reached this critical length 
This work was supported in part by US Pubhe Health 

Service grant 2G-125 
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BIOCHEMISTRY 


Antigenicity of the g-Chain of Human 
Hemoglobin 


Human hemoglobin 1s a weak antigen! but potentially 
antigenic sites may be concealed i. the interior of the 
folded molecule In contrast, the isolated polypeptide 
chams may have httle conformational rigidity, and m 
these, therefore, antigeme sites may be more accessible 
Accordingly, we have mvestigated the antigeme proper- 
ties of the separate a- and B-chams of human globin and 
have used two rmmunological assay systems that allow an 
examination of specificity 

«-Chain and B-chain, isolated from human hemoglobin 
by counter-current distribution’, were & generous gift 
from Dr W H Komgsborg of the Rockefeller Institute, 
New York Ther purity was checked by acid hydrolysis 
and amino-acid analysis, less than 1 per cent of ono 
residue of isoleucine per molecule of 8-cbain. was present 
The following immunization course was used A solution 
contammng 5 mg of the antigen m Freund’s adjuvant was 
admunistered intramuscularly to two rabbits, a second 
injection was given into the opposite limb one week later 
After six weeks, alum-precipitated antigen was given 
intravenously (four mjections, 0 3-1 5 mg over 10 days) 
Blood was collected five days after the last injection 

Both rabbits mmumzed agamst the B-chain formed 
precipitating antabody to the B-cham On the Ouchterlony 
plate, a heavy arc was formed between the 8-cham and the 
antiserum (Fig 1) A weaker interaction was noted 
between hemoglobin and antiserum, and no reaction with 
the a-chain was apparent The serum from rabbits 
myected with a-cham did not react with «-chain, B-cham 
or hemoglobin The same result was obtamed after & 
further course of intravenous alum-precipitated «-chain 

In a quantitative and more sensitive method, the 
antibody was assayed by measurmg the binding of 
131]-8-cham to the antibody, usmg an indirect precipita- 
tion test -chain was 10dinated* at pH 6 5 with carrier- 
free 10dine-131 After acidification to pH 5, the solution 
was dialysed against distilled water and the small amount 
of precipitate which formed was spun down When 
B-chain (100 ug) was iodinated with 150 pe of 10dine-131, 
the product possessed a specific activity of 035 pe Jug 
131T-8-chain (015 ug) was added to various dilutions of 
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rabbit antiserum (diluted with 10 per cent v/v noimal 
1abbit serum) After meubation at 37? for 15 mm, a shght 
excess of antibody against 1abbit y-globulm was added in 
order to precipitate the complex of ™I-6-cham and its 
antibody’ The mixture, ın a total volume of 1 ml, was 
re-mcubated at 37° for 30 min, and was stored at 4° over- 
night The radioactivity of the whole mixture was 
measured, the precipitate was centrifuged down m the 
cold, and the supernatant was counted The difference in 
radioactivity provided a measure of the percentage of 
131J-8-cham bound by the antibody Control values, 
obtamed when normal rabbit serum replaced the antiserum 
to B-cham, were used to set the level for 0 per cent 
131T-8-chaim bound This control (about 25 per cent of the 
total counts) provided a correction for non-specific precipi- 
tation of 1%1[-8-chain and was essential because of the 
Iumited solubility of the Q-chain at neutral pH 

The results obtamed on addition of mereasmg dilu- 
tions of antiserum to a fixed amount of 11I-6-cham are 
ilustrated in Fig 2 Complete binding of 015 pg of 
B-cham by the antiserum occuiied in a solution containing 
01 ml of antiserum diluted 1 40, 60 per cent binding 
occurred m & solution contammg 01 ml of antiserum 
diluted about 1 250 with 10 per cent (v/v) normal 
rabbit serum When similarly prepared 1°1I-«¢-chain was 
used m a parallel assay with antiserum to B-cham, no 
binding could be detected 

For mhibition studies, 8-cham, «-chain, human hemo- 
globin, and tryptic digests of B- and of «-cham, were used 
to test their capacity to compete with the ??!T-B-chain for 
binding by its antiserum <A dilution of antiserum was 
selected (as shown by the arrow ın Fig 2) from the linear 
region of the graph where partial binding of antigen 
occurs At this point, competition by substances reacting 





Fig 1 Antigenic specificity of 8-chaim of human hemoglobin Ouchter- 
lony plates showing reaction of £-cham and of hemoglobin with rabbit 
antiserum to f-cham AS, Rabbit antiserum to human f-cham, 1, 
hemoglobin 01 mg/ml , 2, f-chain 01 mg/ml , 3, a-cham 01 mg/ml 
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Fig 2 Precipitation of *4I-6-chain by rabbit antiserum, an indirect 


method. 01 ml portions of a solution contaming 15 ug !*!I-B-chamn 
per ml were added to 0 1 ml of diluted antiserum Binding of antigen 
by antibody was measured as described in the text 
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Inhibition of !?I-8 cham-antiserum binding Each solution 

contamed 03 ug of %41-8-chain, 01 ml of antiserum diluted 1 125 

with 1 10 normal rabbit serum, and 0-10 ug of non-radioactive 

inhibitor O, Non-radioactive f-chain, x, hemoglobin, D, a-chain, 

A, dialysed peptides derived from a tryptic digest of -cham (calculated 

from the mitial weight of -chan used), €, tryptic digest of a-chain 
A duplicate experiment gave essentially the same results 


Fig 3 


with the antibody would decrease the amount of radio- 
active B-cham bound by the antibody The results (Fig 3) 
show that unlabelled 6-cham, as expected, causes complete 
inhibition, partial mhuibition is caused by hemoglobin and 
by a dialysate of the tryptic digest of B-chain No effect ıs 
produced by the tryptic digest of «-chain In one expeii- 
ment, a shght inhibition by «-cham. was observed, although 
131[-¢-cham had given no evidence of direet binding 
It appears that ın intact hemoglobin only a portion of 
the antigenic determmants of the B-cham ıs exposed 
This portion permits a cross-reaction with antiserum to 
B-chain but ıs insufficient, in itself, to act as a powerful 
antigen. 
Experiments are now in progress to modify chemically 
the B-chain, to isolate the chains of abnormal hemoglobins, 
and to prepare large peptide fragments from normal 
6-cham, in order to test these compounds for cross- 
reaction or mhibitory properties with the rabbit antiserum 
These studies may contribute towards an understanding 
of immunological reactions at a molecular level, and may 
also provide a useful tool for the identification of abnormal 
hemoglobins 
B A Asxonas 
D G SmwvrR 
National Institute for Medical Research, 
Mill Hill, London, N W 7 
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An Inhibitor of Cholesterol Biosynthesis 


Tue belief that hypercholesterolemia plays a contribu- 
tory part m the etiology of atherosclerosis has stimulated 
the search m many laboratories for compounds which 
would lower serum cholesterol by inhibition of endogenous 
cholesterol synthesis Recent work m our laboratories has 
led to the synthesis of trans-1,4-bw(2-chlorobenzylamino- 
methyl) cyclohexane dihydrochloride (mol. wt  464-3)— 
*AY—9944', and the subsequent demonstration that this 
compound represents a new class of mhibitors of the 
biosynthesis of cholesterol* 

The effect of ‘A Y-994# on hepatic cholesterol synthesis 
was determined by measuring the incorporation of DL- 
mevalonate-2-4C into cholesterol? by rat, monkey and 
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Fig 1 Effect of ‘A Y-9944' on serum sterol levels of male and female 
Tats gfter 7 days of oral treatment 


dog liver homogenates? In vitro, at concentrations of 10-5 
M, ‘4 ¥-9944’ depressed cholesterol synthesis from meva- 
lonate by 81 per cent in the rat, 59 per cent 1n the monkey 
and 21 per cent in the dog The mhibition of cholesterol 
synthesis by ‘A Y—9944' was also examined in rats pre- 
treated with 10 umole/kg of the compound orally The 
hvers of these animals were removed at 2, 24 and 48 h 
afterwards and hver homogenates prepared At these 
tume-mtervals, the incorporation of mevalonate into 
cholesterol was depressed by 92, 72 and 55 per cent 
respectively 

The activity of ‘A Y~9944’ as a serum Sterol-lowermg 
agent was first examined m the rat The compound was 
given orally once daily for 7 days and serum sterols 
measured! after a 4-h fast on the 7th day The results of 
this vestigation are shown m Fig 1 The lowest daily dose 
which caused, a significant reduction m serum sterols was 
2 umole/kg for the female and 3 umole/kg for the male 
animals, when compared with non-treated controls 

In order to correlate the effect of ‘4 Y-9944’ on hepatic 
cholesterol synthesis and serum sterol-levels and to inves- 
tigate the recovery of these parameters after withdrawal of 
treatment, ‘4 Y-9944’ was administered orally to the rat 
at a dose of 10 umole/kg daily for 6 weeks At weekly 
intervals during the treatment period and every 2 weeks 
after cessation of treatment, groups of 5 animals were 
fasted for 4 h and killed Total serum sterol-levels and 
inhibition, of cholesterol synthesis by hver homogenates 
were determmed Within one week of commencing treat- 
ment, ‘A Y—9944' completely blocked the meorporation of 
mevalonate into cholesterol and reduced serum sterol- 
levels to 25 per cent of normal values (Fig 2) The 
inhibition of cholesterol synthesis and reduced serum 
sterol-levels were maintamed during the entire treatment 
period, and withm 2 weeks after stopping treatment both 

arameters returned to normal 

The ability of ‘4 Y—9944' to depress serum sterol-levels 

m different species of laboratory animals has been com- 
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Fig 2 Effect of 'AY-9944' on liver cholesterol synthesis and serum 
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pared It was found to be most active in the rat and pig, 
followed in order of decreasing activity by the dog, 
igeon, monkey and rabbit 
<4 Y 9944" was found to have a low acute toxicity The 
median lethal doses of this compound on single admmus- 
tration m the rab were oral 1,124 + 58, 1ntraperitoneal 
355 + 108 and intravenous 99 + 43 umole/kg 
Investigations on the site of action have shown that 
:AY-9944! blocks hepatic cholesterol synthesis by nter- 
fermg with the conversion of 7-dehydiocholesterol to 
cholesterol and thus 1$ may be considered the prototype 
of a novel class of cholesterol biosynthesis inhibitors It 
has been demonstrated that the decreased cholesterol- 
levels resulting from inhibrtyon. of sterol- A-reduetase (by 
triparanol, 22, 25-dazacholestanol, etc ) are largely counter- 
balanced by an accumulation of desmosterol? Inter- 
ference with cholesterol biosynthesis at this site may thus 
not represent an effective approach to the control of 
hypercholesterolemia ‘4 Y—9944', 1f found to be safe fo: 
human use, should be & valuable tool to determine 
whether mhibition of sterol-A'-reduetase 1s a reasonable 
approach to this problem 
C CHAPPEL 
J Dusvc 
D Dvornix 
M GIVNER 
Ayerst Research Laboratories, 
1025 Laurentian Blvd , 
St Laurent, Quebec 
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interconversion of Activity Peaks in 
Biochromatograms of Deuterauxin 


DEUTERAUXIN (DIAA), an oxidation product of ndolyl- 
3-acetic acid (IAA) active m the Avena coleoptile cylinder 
testi, ıs produced as a very thin film on the surface of 
solutions of IAA (1 g/l) when they are exposed to ultra- 
violet radiation Physico-chemical investigations of this 
film have shown that it 1s mostly made up of molecules of 
an indole derivative with the intact side-cham of IAA, 
probably the dimer 2,2/-dundolyl-3,3'-diacetic acid In 
chromatograms, DIAA produces an extensive trail, 
instead of the usual, discrete spot In double chromato- 
grams (two-dimensional chromatograms m which the same 
solvent 1s used mn both directions)? the trail has a definite, 
consistent pattern, characteristic of the solvent, although 
slight changes m the conditions of equilibration may alter 
the pattern to a greater or lesser extent 

Based on the properties of double chromatograms we 
have interpreted the trail pattern as resulting from the 
polymerization and depolymerization, as well as aggrega- 
tion and dispersion of molecules of DIAA An acidic 
medium mduces mostly depolymerization whereas basic 
conditions, as & rule, will produce both dispersion and 


polymerization When the solvent is acetone (acotone/ 
water, 8 2 v/v) 1n an atmosphere of acetic acid or 1s0- 
propanol (isopropanol/28 per cent ammonia/watel, 


90 1 8 v/v/v), the pattern can usually be resolved into 
two zones, M and P In acetone, zone M 1s a curved trail 
extendmg from the lower Rr values to approximately 
Rr 050, parallel to and shghtly below the chromato- 
graphic diagonal, and in continuation, zone P, & tral 
parallel to the starting Ime of the second run of solvent, 
centring approximately at Rp 0 90 Zone M 1s mterpreted 
as resulting from the partial dispersion of molecular aggre- 
gates of many different sizes The Rp value of the aggre- 
gatos, made up of flat molecules of DIAA held together by 
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Fig 1  Biochromatograms of films (deuterauxin) formed on the surface 
of 1 g/l aqueous solutions of indolyl-3-acetic acid exposed for 30 min 
to short-wave ultra-violet radiation (3 5 cm from a 15-W General Electric 
germicide lamp) Chromatograms were prepared from solutions of 
the film m ethyl ether or of eluates of chromatograms 1n acetone and 
run (10 cm) with isopropanol/28 per cent ammonia/water (20 1 3 
v/v/v) The chromatograms were cut m 10 sections which were each 
placed ın 4 ml of a pH 5 buffer solution (K,HPO, 18 mg, citric acid 
1 02 mg, sucrose 20 g, water 11) and boiled for 2mm 3 mm sections 
of Avena coleoptiles were placed 1n five vials (two per vial) contaming 
each 0 5 ml of the solution to be tested and were measured after 18 h 
(A) Biochromatogram of an ether solution of 25 cm? of the film 
(B) Biochromatogram of an acetone eluate from zone m of a chromato- 
gram run on the same sheet as A (C) Zone p of A, as in B (D) Bio- 
chromatogram of 25 cm? of a film prepared as in A, run on the same 
sheet as B and C Since the solvent used was the same, the difference 
in the pattern of A, as compared with that of B, C and D, 1s due to 
differences in the equilibration of the two sets of chromatograms 


van der Waals attraction, 1s 1nversely proportional to their 
size. The trail ın zone P usually shows a number of small 
spots of greater colour intensity than the rest of the trail 
when the chromatogram ıs sprayed with the Salkowski 
reagent for mdole derivatives These spots are of a pure 
pink colour instead of the purplish-pink of IAA and are 
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interpreted as corresponding to completely depolymerized 
oligomers 

In isopropanol zone M 1s triangular with ono side parallel 
to the chromatographic diagonal, another side parallel to 
the direction of the second 1un and the third side parallel 
to the solvent front of the second chromatography ‘This 
indicates that durmg chromatography dispersion 1s much 
more pronounced im isopropanol than in acetone In 
isopropanol zone P 1s usually reduced to one or two large 
spots which are interpreted as a monomer and a dimer of 
deuterauxm It has not yet been ascertained whether the 
monomer 1s DIA.A itself or a product of 1ts dedimeiization 

The histogram of a biochromatogram of deuterauxm 
run with either the acetone or the isopropanol solvents and 
assayed with the coleoptile test, usually shows two peaks, 
one rather extensive at the origin or toward the middle of 
zone M and the other one, a sharper peak, corresponding to 
zone P (Fig 1) A third peak 1s often observed between M 
and P It corresponds to an mtermediate zone, zone O, 
which ın acetone js a segment of the trail parallel to the 
direction of the second chromatography between M and P 
Occasionally the peaks of the three zones are merged in an 
extensive portion of the histogram 

If zones M and P are eluted and rechromatographed 
with the same solvent, the two peaks reappear m both 
chromatograms (Fig 1, Band C) This 18 easily explained 
if 16 1s assumed that, ın solutions of the oxidation film of 
IAA, the molecules of DIAA are more or less completely 
depolymeiized but repolymerize as the solution dries out 
on the filter paper All chromatograms, therefore—mado 
from a fresh solution of the film or fiom eluates from any 
part of a chromatogram—start from the dry materal at 
the origin in every way comparable to the film itself The 
characteristic trail pattern of each solvent expresses a 
particular condition of equilibrium between the many 
components—aggregates and ohgomers—of DIAA in 
solution 

The behaviour of DIAA in biochromatography 1s that of 
the so-called interconvertible auxms? These natural 
auxins have been found in extracts of widely separated 
botanical groups as the algae and phanerogams On the 
other hand, many of the results of other chromatographic 
investigations on natural auxms may be explained if 1t 1s 
assumed that several peaks of activity m biochromato- 
grams do not necessarily correspond to different auxins but 
may result from different states of polymerization of a 
universal auxin 

This work was aided by a grant from the Technical 
Programs Division, US Department of Agriculture 
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Selective Toxicity of Mikamycins, Inhibitors 
of Protein Synthesis 


Mixamycin, an antibiotic belonging to the group of 
PA114, streptogramin, staphylomycin and ostreogrycm, 18 
composed of two mam active prmeiples—mikeamycm A 
and mikamyoein B—both of which have been demonstrated 
to be potent inhibitors of protem synthesis in a certain 
species of baeteria!-* The mhibition of protein synthesis 
by streptogramun has been observed by Vazquez? in the 
intact cells of Staphyloccus aureus The site of action of 
mikamycms appears to be located m the process m which 
amino-acid bound to sRNA 1s transferred to protem on the 
ribosomes, as 1s the case with chloramphenicol*-? or 
puromyem?-1* 
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The bacteriostatic activity of mkamycm A 1s markedly 
enhanced by the addition of mikamyem B The same 
synergism of mikamyems A and B is observed m the 
inhibition. of *C-amimo-acids mncorporation into protem 

Recently, Rend: and Ochoa!5:1* demonstrated by using 
the cell-free system that chloramphenicol mhibits protem 
synthesis on the bacterial ribosomes but not that on 
the mammalhan ribosomes, whereas puromyem mbubits 
protein synthesis in both systems These results corre- 
spond to the «n vwo activity of these antibiotics and indi- 
cate that the details of piotem synthesis system in the 
bacteria differ from those in the mammalians 

In the course of studying the mode of action of mika- 
myem, evidence was obtaimed indicating that the 
detailed mechanism of protem synthesis may be diverse 
in various species of micro-organisms The results, using 
three species of bacteria, are summarized here 

S aureus 209P was more sensitive to mikamyem A 
than mikamyeim B, while Bacillus subtus PCI219 was 
more sensitive to B than A Escherichia cola B was shghtly 
sensitive to A and practically msensitive to B (‘Table 1) 


Table 1 MINIMUM GROWTH INHIBITORY CONCENTRATIONS OF MIKAMYCINS 
(GME ) 
Species Mikamyem 4 Mikamycn B Mikamyemn 
complex * 
Staphylococcus aureus 209P 2 10 02 
Bacillus subtilis PC1219 40 4 64 
Escherichia coh B 50 > 100 50 


* Mikamycin complex used here contains 80 per cent of A and 15 per 
cent of B 


For amino-acid imeorporation study, tho bacterial 
cells of each species taken from an overnight culture m a 
nutrient broth were washed with saline and then culti- 
vated at 37? C in a casamimo-acids-glucose-salts medium 
(S aureus) or m a glutamate-glucose-mineral medium 
(B subtilis and E col) with constant shaking The cells 
of the 2-h culture m the logaiithmie phase of growth were 
collected, washed and resuspended m a salt medium free 
of ammo-acids Each cell suspension was shaken at 20° C 
for 60 mun, and then incubation was contmued in the 
presence of the definite concentrations of the antibiotics 
After 20 mm, r-leueme-u-4*O (235 ue /umole, Radio- 
chemical Centre, Amersham, England) was added to the 
mixture, aliquots of which were removed at appropriate 
intervals and trichloroacetic acid was added to a final 
concentration of 5 per cent (w/v) to stop the reaction The 
preparation of the protem fraction was carried out accord- 
mg to the method of Siekevitz!? The radioactivity of 
each sample was measured by a windowless gas-flow 
counter and corrected for self-absorption 

The result was presented ın Table 2 In the cells of 
S aureus mkamycem A definitely inhibited the ammo- 
acid incorporation into protem, while the extent of inhibi- 
tion by mikamycm B appeared to be insufficient to account 
for the anti-bacterial activity of the antibiotic However, 
in the cells of B subtilis the incorporation of amino-acid 
mto protém was completely blocked by both mikamycins 
A and B to a similar degree The synergistic activity 
between A and B was markedly demonstrated in both 
species of bacteria In the cells of E col, mkamyem A 
was demonstrated to be slightly active and even a high 
concentration of mikamycin B scarcely exhibited any 
inhibitory effect Moreover, no synergism was observed in 
this species of bacteria These results mdicate that in tho 
mechanism of protem synthesis each bacteria possess 
their own sensitivity to mkamyems A and Bima specific 
way, and that in a certam species of micro-organisms the 
sensitivity to A has no correlation to the sensitivity to B 
The mhibition by mikamyem A of amino-acid imcorpora- 
tion was shown to be in accordance with mhibrtion of the 
cell growth in these organisms On the other hand, 
mikamyem B, inhibitang the mcorporation of ammo-acid 
in the cells of B subtilis to the degree which was propor- 
tionate to its anti-bacterial activity, had much lower 
mhibitory activity of ammo-acid meorporation than to 
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Table 2 — ErFEOT OF MIKAMYCINS ON L-LEUOINE-U-C INCORPORATION 
INTO PROTEIN IN THD INTACT CELLS OF MICRO ORGANISMS 


Species Addition Inhibition (96) 
S aureus 209P Mikamyem A 10 gmi 860 
S aureus 209P Mikamyein B 50 ug/ml 820 
S aureus 209P Mikamyein complex 2 ugiml 963 
B subtiis PCI219 Mikamycin A 200 ng/ml 979 
B subtehs PCI219 Mikamycin B 20 ng/ml 908 
B subhhs PCI219 Mikamyem complex 5 ug/ml 990 
E coh B Mikamycin A 100 ug/ml 360 
E coh B Mihamyem B 200 ug/ml 100 
E coh B Mikamycm complex 100 g/ml 310 


The mixture was incubated for 10 min after the addition of 1-leucine-!C 


correspond to the giowth-inhibitory activity in S aureus 
In the cells of E cola the inhibitory effect of mikamycins 
was observed to a shght degree even at a high concentra- 
tion For elucidatmg whether this would be due to the 
barrier of permeability or to the insensitivity of a certain 
step of protein synthesis, the tracer experrment ın a cell- 
free system was proceeded with 

The preparation of a cell-free system of E coh was 
cared out as follows the extract of bacterial cells, 
collected at the exponentially growing phase and dis- 
iupted by grinding with quartz powder, was centrifuged 
at 12,000g for 30 run to remove fiagments of the cell 
wall and cell membrane ‘This piocedure wes repeated 
twice The supernatant was again centrifuged at 105,000g 
for 120 min to separate the ribosomal particles and the 
soluble fraction The ribosomal particles were washed and 
suspended m é77s—HCl buffer, pH 7 5, and the soluble fiac- 
tion was dialysed against the same buffer at 4° C overnight 
before use The complete system and the conditions of 
incubation for ammo-acid ineoiporation aie presented in 
the legend of Table 3 


Table 3 EFFECT OF MIKAMYCINS ON THE INCORPORATION OF L-LEUCINE- 
U-“C INTO PROTEIN IN A CFLL-FREE SYSTEM OF E colt 


Specific activity 


Conditions cpm /mg Inhibition 
tyrosine eq (%) 

Complete 2,030 
Complete — ribosomes 122 
Complete — supernatant 417 
Complete — ATP, creatine phos- 

phate, creatine kinase 54 
Complete + mikamycin 4 100 ugmnl 1,160 442 
Complete + mkamyem B 100 ug/ml 1,860 86 
Complete + mikamycin complex 100 Pm ,520 25 8 
Complete + chloramphenicol 50 ug/ml 290 883 
Complete -- puromyein hy dro- 

chloride 20 ug/ml 107 946 
Zero time 60 


Complete system in a volume of 0 5 ml contamed ts 25 umoles, pH 7 5, 
KCl 50 umoles, MgCl, 5 umoles, creatine phosphate 26 pmoles, creatine 
kinase 50 ug, 20 amino-acids mixture 0 3 umoles each, n-leucme-u-MC 0 1 uc 
(23 5 uc [umole), ribosomes 1 mg protein and supernatant 0 6 mg protem 
Incubation was carried out by allowing to stand at 37? C and after 30 mm 
the reaction was stopped by the addition of 0 5 ml of 10 per cent trichloro- 
acetic acid The preparation of protein fraction was made by the method 
of Siekevitz The radioactivity was measured bi a windowless gas-flow 
counter and corrected for self-absorption 


It was demonstrated that C-leucme incorporation mto 
protem, which was definitely sensitive to chloramphenicol 
and puromycin, was shghtly blocked by the addition of 
mikamyeins in the cell-free system of E col» as was the 
case with the intact cells These results suggest that the 
relative sensitivity of amino-acid incorporation into 
proton in E col may not be due to the hindrance of the 
uptake of the antibiotics through the membrane barner, 
but due to the insensitivity of the site of protem synthesis 
Although the mhibitory activity of mikamyem A to the 
protem synthesis seems to correspond to the growth- 
inhibitory activity, no distinct paralleism 1s observed 
between the mhibition by mikamyom B of ammo-acid 
incorporation and that of cell growth m S aureus It 
indicates that the sensitivity of protem synthesis system 
to mikamyeins may be diverse with the species of micro- 
organisms, even 1f the mode of protein synthe. 18 1s simular 
in the main process. 

Tt 1s concluded that the selective toxie:by (anti-bacterial 
spectrum) of mikamyeins seems to be due to the sensi- 
tivity cf the srte of protem synthesis m bacteria, probably 
the process of ammo-acid transfer fiom sRNA to protein? 


No 4918 February l, 1964 


It indicates that the detailed mechanism of protem 
synthesis may be diverse m the various genera of bacteria. 
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Conversion of Tritiated-18-hydroxy- 
corticosterone to Aldosterone by Slices of 
Human Cortico-adrenal Gland and Adrenal 

Tumour 


PROGESTERONE (pregn-4-ene-3,20-dione), corticosterone 
(118,21-dihydroxypregn-4-ene-3,20-dione) and deoxycorta- 
costerone (21-hydroxypregn-4-ene-3,20-dione) have been 
Shown to be precursors of aldosterone!-5 Aldosterone 
(118,21-dihydroxypregn-4-ene-3,20-dione-18-al) isproduced, 
m the glomerulosa zona of the adrenal cortex®-* It could 
be assumed that the biogenesis of aldosterone was preceded 
by hydroxylation of corticosterone im C,, Nuicolis and 
Ulick? obtamed a slight yield of aldosterone (0 2 per cent) 
by meubation of  tritiated-18-hydroxy-corticosterone 
(118, 18,21-trihydroxypregn-4-ene-3,20-dione) with bull-frog 
adrenal tissue and beef zona glomerulosa tissue. Stachenko 
and Giroud!? considered that the cyclic 18— 20 hemiketal 
form of 18-hydroxy-corticosterone!! was responsible for 
this lack of conversion of 18-hydroxy-corticosterone to 
aldosterone 

This work demonstrates that human cortico-adrenal 
tissue 15 capable of converting trrtiated-18-hydroxy-corti- 
costerone (kindly supphed by Dr S Uliclx) to tritiated- 
aldosterone with a considerable yield The adrenal cortex 
and adrenal tumour of a patient with primary hyperaldo- 
steronism!* were removed The tumour was separated 
from the adrenal gland tissue and slices taken from two 
parts 0 6-g shees of adrenal tumour and 0 7 g of cortico- 
adrenal tissue were ineubated with 10 ml of Krebs- 
phosphate solution (pH 7 4)*, 5 mg of diphosphopyridine 
nucleotide (DPN) and 50 mg of sodium fumarate 60,000 
cpm of tritiated-18-hydroxy-corticosterone were added 
to the first incubation and 50,000 to the second After 
incubation. at 37? C for 3 h, the slices were ground m a 
Waring blender and the protems precipitated with 25 ml 
of 96 per cent ethanol The supernatant was evaporated 
to dryness, the residue dissolved in 25 ml of 90 per cent 
ethanol, left at — 10? C for three days and centrifuged 
The supernatant was evaporated to dryness, the residue 
dissolved in 25 ml of 80 per cent methanol, left for three 
days at — 10? C and centrifuged The supernatant was 
evaporated to dryness, the residue dissolved im 20 ml of 
water and extracted three times with 1 vol. of dichloro- 
methane The dry dichloromethane extract was chromato- 
graphed successively -m the chloroform/formamide, 
toluene-ethyl-acetate/methanol-water (9-1/5—5) and iso- 
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octane—ter-butyl aleohol-watei (10—5—9) systems After 
elution of the aldosterone zone in the third chromatogram, 
the radioactivity was measured m an automatic hquid 
semüllator (Tri-earb model 314 EX, Packard Automatic 
Instrument Co) Part of this elution was acetylated and 
the produet obtamed had the same mobihty as synthetic 
aldosterone diacetate in the 1so-octane-toluene/methanol- 
water system (1-4/5—5) 

Quantitative evaluation of 1,2-tritiated-aldosterone was 
determined by a method derrved from that of Kliman 
and Peterson 

Table 1 shows the percentage of transfer of tritiated-18- 
hydroxy-corticosterone to aldosterone after incubation 
Table 1 PERCENTAGE OF TRANSFORMATION OF 18-HYDROXY-CORTICO- 


STERONE TO ALDOSTERONE BY HUMAN CORTICO-ADRENAL AND ADRENAL 
TUMOUR TISSUES 


*H-18-hydroxy- *H-aldosterone 
corticosterone produced Yicld 
(c p m incubated) (cpm) (95) 
Cortico adrenal tissue 50,000 5,300 10 60 
Adrenal tumour tissue 60,000 2,300 3 85 


Human cortico-adrenal tissue, as well as adrenal 
tumour of Conn’s syndrome, ıs capable of converting 
tritiated-18-hydroxy-corticosterone to tritiated-aldoster- 
one with yield of 10 60 and 4 33 per cent, respectively, for 
the quantities incubated Thus, the biogenesis of aldo- 
sterone appears to occur in the following sequence 
cholesterol —- progesterone —- deoxy-corticosterone > 
corticosterone—> 18-hydroxy-corticosterone —> aldosterone 
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Inhibition of Phenylalanine Incorporation by 
Polyuridylic Acid 

ADDITION of polyuridylic acid (poly U) to cell-free 
systems prepared from a number of tissues iesults in 
enhanced incorporation of phenylalanine into polypeptide 
matenalt-+  AÁrnstem et al? noted that, when poly U was 
added to a reticulocyte ribosome system, the meorporation 
of other ammo-acids was not inhibited and they concluded 
that natural messenger RNA (m-RNA) was not displaced 
from the ribosomes by the poly U They questioned 
whether the poly U effect on phenylalanine incorporation 
had any physiological significance Weinstem e£ al 5 later 
showed that incorporation of some amino-acids was 
inhibited when poly U was added to 1eticulocyte ribosomes 
The present report concerns an mstance when poly U, 
added to rat hver polysomes prepared in the absence of 
magnesium, actually hibited phenylalanme meorpora- 
tion It is argued that this anomalous occurrence, 
paradoxically, strengthens the concept that poly U 
stimulation of phenylalanine meorporation ts a reflexion 
of physiological events 

Rat liver was homogenized ın 0 25 M sucrose in tho 
cold and centrifuged ab 15,000g for 10 mn Scdium 
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dissolved ın 0 05 M trs buffer pH 8 2, was 
final concentration of 1 pei 
was added to give a final 


deoxycholate, 
added to the supernatant to a 
cent To half (A), a buffer 
concentration of 0 05 M tres pH 75, 10 mM magnesium 
acetate, 100 mM potassium chlomde, 40 mM sodium 
chloride and 6 mM mercaptoethanol, while the other half 
(B) was brought to the same concentration of salts save 
that magnesium was omitted from the medium These 
supernatants A and B were each used to prepare poly- 
somes® and ribosomes’, and both types of RNP particle, 
prepared and suspended in the presence (A) or absence (B) 
of magnesium, were incubated in a final volume of 1 ml 
with liver cell sap, 1 mM GTP, 5 mM ATP and 03 pe of 
M4C-phenylalanme 01 othe: amino-acid Salts were added 
so that the composition of the incubation mixture ın each 
case was the same (0 05 M tris pH 7 5, 10 mM magnesium 
acetate, 100 mM potassium chloride and 6 mM mercapto- 
ethanol) When poly U was present, 1t was added to the 
suspended RNP particles before addition of cell sap and 
salts The reaction was stopped after 30 mm by addition 
of 05 N perchloric acid and the protem prepared for 
counting as previously desc ibed? The results are shown 


ın Table 1 
Table 1 INCORPORATION OF PHENYLALANINE INTO RIBOSOMES AND 
PoOLYSOMES MADE IN PRESENCE OR ABSENCE OF MAGNESIUM 
Poly U added 0 1 ug 2 ug 8 ug 
Exp 1 
1 Ribosomes 325 352 425 597 
2 Polysomes (Mg) 473 490 508 526 
kc 3 Doswamee (no Mg) 429 160 369 455 
Mp 
4 Polysomes (no Mg) + phenylalamne 675 395 583 695 
5 Polysomes (Mg) + valine 278 185 198 173 
As expected, poly U stimulated phenylalanine incorpora- 


tion when added to mbosomes (line 1) and, to a lesser 
extent, when added to polysomes prepared normally, that 
1s, ın presence of magnesium (hne 2) But marked mhibi- 
tion of incorporation oceurred (line 3) when poly U was 
added to polysomes prepared 1n the absence of magnesium, 
even though magnesium had been added to the incubation 
muxture to achieve optimal concentrations of the 10n 
Larger amounts of poly U caused less inhibition of incor- 
poration and still larger amounts caused stimulation of 
phenylalanme incorporation 

The precise conditions for maximal mhibition. have not 
been elucidated imbibition has been obtained on more 
than one occasion but to differmg extents (see Table 1, 
limes 3, 4, for example) It 1s not caused by the presence 
of unpolymenzed UDP im the poly U used, since a con- 
centration of UDP with the same extinction at 260 my as 
the poly U used did not cause inhibition 

One interpretation of this result 1s that the small con- 
centrations of poly U are displacmg (but not replacing) 
natural messenger RNA molecules from polysomes pre- 
pared without magnesium In the presence of higher con- 
centrations of poly U some of the unattached ribosomes 
became attached to poly U so that incorporation of phenyl- 
alanme was stimulated If this 1s the true explanation, the 
results of Arnstem et al? can be explained In then 
experiment poly U was added to a ribosome preparation 
eontamung polysomes? which did not respond to tbe 
artificial polymer because natwal messenger RNA was 
alieady attached to them The free, single 11bosomes 
present in the preparation, however, could become 
attached to poly U and cause stimulation of phenylalanine 
meorporation No mhibition of the meorporation of 
other ammo-acids was noted because little displacement of 
natural messenger RNA from polysomes had occurred 

In the special circumstances of my experiment, when 
polysomes prepared without magnesium were added 
to small amounts of poly U also without magnesium, the 
two reactions of removal of existing messenger RNA from 
the polysomes and replacement of ıt by poly U were 
separated from one another 

This hypothesis 1s open to experimental test If small, 
inhibitory amounts of poly U are added to polysomes 
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piepared without magnesium, incorporation of ammo- 
acids other than phenylalanme should be inhibited if 
existing messenger RNA molecules are bemg displaced 
That this 1s so 1s shown ın lnes 4 and 5 of Table 1 At 
higher poly U concentrations, when phenylalanine mooi- 
poration 1s less inhibited, or even stimulated, the mhibi- 
tion of valme incorporation still persists 

This work was supported by the British Empire Cancer 
Campaign, the Medical Research Council and the Royal 
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A Sensitive Colour Reaction for Nitrosamines 
on Thin-layer Chromatograms 


DuaniNG recent years, organic N-nitroso compounds have 
been found a new class of very effective carcmogemic 
substances  Nitrosamunes and nitiosamides in high 
yields produce mahgnant tumours selectively m liver’, 
lungs*/5, fore-stomach*'?, cesophagus*, bladder’, kidney*:*®, 
and nasal smuses!! m several animal species, depending on 
chemice] structure, mode of application and dosage of 
mitioso compound  Locahzation and histological structure 
of tumours correspond closely with the situation known m 
human pathology 

Therefore, the question should be examined whether 
N-nitroso compounds are likely to be found in the human 
environment Fo. example, a typical nitrosamine, p- 
methyl-nitiosamuno-benzaldehyde, has been found and 
isolated from an eatable mushioom, Clitocybe suaveolens? 
Nitrosamines are easily formed fiom secondary and even 
tertiary amunes!? and nitrous acid or nitrous gases, and 
we have already pomted out the possibility of ther 
formation 1n tobacco smoke! 

Known methods for detection of N-nitroso compounds!* 
proved to be quite unsuitable for ou purpose We there- 
fore developed a sensitive and simple colour reaction for 
N-nitroso compounds on thm-layer chromatograms 

Spray reagent consists of 5 parts of a solution of 
diphenylamine, 15 per cent in ethanol, and 1 part of a 
solution of palladium chloride, 0 1 per cent in 0 2 per cent 
salme A thm spray of this reagent 1s applied to the layer 
Trradiation of the moist plate with ultra-violet hght 
(Xmas 240 mu) for some minutes produces blue to 
violet spots of nitroso compounds on an otherwise practi- 
cally colourless plate 05 ug nitrosamune can be detected 
this way, resp l-2 ug of volatile nitrosamines 

We suppose the mechanism of the reaction to be a 
photochemical trans-nitrosation with transfer of the 
nitroso group to diphenylamine and colour production of 
the formed p-nitroso-diphenylamune with the well-known 
palladium chloride reaction?’ Accordmg to our experience 
this new colour reaction 1s the only method for detection of 
nitiosammes on thm-layer chromatograms with sufficient 
sensitivity 

Usmg ‘Kieselgel HF,s4 (Merck) mitiosamines appear as 
dark spots on a fluorescent layer under short-wave ultra- 
violet hght sensitivity about 5 pg 

Separation of alkyl- and aryl-nitiosamimes can be 
effected with the solvent mixture hexane/ether (anhyd- 
rous)/dichloromethane = 4 3 2 on ‘Kueselgel’ layers 
Some typical p-values m this system for the following 
nitrosammes are dimethyl-nitrosamime 0 24, diethyl 
049, di-n-propyl 069, di-n-butyl 078, di-n-pentyl 
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082  Cyche mitrosamines as, for example, mnitioso- 
morpholine and nitroso-piperidine and others can be 
resolved ın the system hexane/ether/dichloromethane = 
5 7 10 We succeeded in separating up to 20 different 
nitrosamines by two-dimensional thm-layer chroma- 
tography 

This work wil be continued, especially im relation 
to the mechanism of the colour reaction of nitrosamines 
with diphenylamme/palladium chloride 

This work was supported by the Deutsche Forschung- 
gememschaft 
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Distribution of Dehydroascorbic Acid 
Reductase in the Wheat Grain 


Hopkins and Morgan! showed that the juices of caul- 
flower and cabbage contain an enzyme which catalyses the 
reduction of dehydroascorbie acid (DHA) by glutathione 
(GSH) Crook? determined the properties of this reductase 
and separated 1t from the associated ascorbic acid oxidase 
In further work Crook and Morgan? examined thirty 
species of plants for the presence of the enzyme This 
survey included extracts of barley gram and sprouted 
wheat gram and the enzyme was found m both Later, 
Maltha‘ showed that an extract of wheaten flour catalysed 
the reaction 

In experiments concerned primarily with the influence 
of sulphydryl groups on the properties of dough from 
wheaten flour (cf Frater and Hird’, McDermott and 
Pace*) we observed that suspensions of flour in water con- 
taming GSH rapidly 1educed DHA = The activity could be 
measured with as httle as 10 mg flour and this suggested ıt 
would be practicable to investigate the distribution of the 
enzyme in the resting wheat grain, using the small quan- 
tities of material which a1e obtamed by dissecting out the 
anatormecal parts by hand Dissected fractions of the 
giaim were prepared as described by Hinton’ Enzyme 
activity was measured essentially as described by Hopkins 
and Morgan, using suspensions of material m Mellvame 
buffer of pH 6 2 at 25°C The suspensions were dispersed 
1n the buffer for 30 min before addmg the reactants GSH 
and DHA DHA was prepared either by oxidizing ascorbic 
aeid with 10dme immediately before use or by the method 
of Kenyon and Munro? No activity was found in samples 
of wheat which had been heated with steam at 100° C for 
4zmn Results obtained are given ın Table 1 

The concentration of enzyme 1s much higher ın the germ 
than in the rest of the gram, but is appreciable in the 
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Table 1 Activity OF DHA REDUCTASE IN DISSECTED FRACTIONS OF THE 
WHEAT GRAIN (YAR CAPPELLE DESPREZ) 


(ug ascorbic acid formed per mun, reaction time 10 mm at 25°C) 
From 1962 harvest From 1963 harvest 


Pericarp and testa 10 06 
Aleurone 91 112 
Endosperm 151 143 
Embryo 707 707 
Sentellum 085 710 


Reaction mature 10 mg maternal im 4 ml buffer, pH 62, contammg 


125 x 102 M DHA and 254 x 102 M GSH Reaction stopped with 1 ml 
metaphosphorie acid (25 per cent), centrifuged, 4 ml supernatant titrated 
with 2,6-dichlorophenol indophenol (80 mgjl) 


endosperm Because of the relative proportions of germ 
and endosperm in the grain (2 4 and 82 5 per cent respec- 
tively?) most of the total activity 1s found m the endo- 
sperm Appreciable activity im the endosperm of resting 
gran is not usually found with othe: enzymes which have 
been investigated 
The distribution of the enzyme m a dicotyledonous 

plant, Pisum satwum, has been determined by Yamaguchi 
and Joslyn? They found that in the germmatmmg seed the 
embryo had the highest activity 
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Activation of the Latent Tyrosinase of 
Broad Bean 


Exrractrs of leaf tissue of broad bean (Vecta faba, L ) 
contam an enzyme which shows little tyrosmase (E C 
1103 1) activity unless treated with a denaturmg agent?-5 
when the activity toward both orthodiphenols and mono- 
phenols normally mereases 50-fold ^ Conditions under 
which the denaturing agents are used for activation 
(Table 1) are normally considered to be msufficient to 
bieak covalent bonds associated with the protem mole- 
cules but are known to alter the tertiary structure and to 
cause some proteins to dissociate mto sub-units® Like 
othe: tyrosmases’ the isolated latent enzyme contains 
copper and exists in several forms separable by eolumn 
chromatogiaphy or by electrophoresis on starch gel 
Inhibition imvestigations have shown that the latent 
enzyme 1s less sensitive toward copper complexing agents, 
such as cyanide and diethyldithiocabamate, than the 
active form, indicatmg that activation 1s probably accom- 
panied by an unmaskung of the prosthetic group 

We beleve that the observed merease in tylosimase 
activity brought about by denaturmg agents 1s most 
probably due to a ro-arrangement of tertiary structure 
and not to liberation of a masking sub-unit First, whon 
the denaturing agent, including H+ or OH, 18 removed the 
enzvme reveits to & latent form (an observation over- 


Table 1 CONDITIONS FOR ACTIVATION 
Time of 
Reagent Optimum cubation Concentration 
pH (min) 

H+ — 3-5 102 M* 
OH’ — 8-5 107-104 M* 
Sodium dodecylsulphate 51 1 103-104 Mt 
Sodium dioctylsulphosuccinate 51 1 107-107 M 
Carboxymethyleellulose 48 15 10 mg/m) 
Urea 48 5 7-10M 
Guanidine salts 48 5 2M 


* Higher concentrations cause irreversible denaturation 

+ Prolonged incubation causes denatui ation apparently due to dissomation 
of we enzyme into sub-units as judged by exammation of the sedimentation 
coefficient 
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looked by earher workers) Secondly, this reversion still 
occurs after dialysis or passage through ‘Sephadex G-75’ 
both of which would remove low-molecular-weight 
material ( < 10,000) Thirdly, the sedimentetion coefficient 
of the enzyme 1s not appreciably changed on activation 
with either acid or sodium dioctylsulphosuccinate (values 
for S2? are 2 04 for the unactivated enzyme changmg to 
201 and 190 with acid and detergent addition, respec- 
tively, thus indicating that no large groups have beon split 
off durmg activation 

The tertiary structure of protoms 1s considered to be 
manly determined by (a) the hydrogen bonds associated 
with peptide links, (b) hydrophobic bondmg due to 
aliphatic and aromatic side-chains, (c) electrostatic 
bonding due to the interaction of charged groups on side- 
chams? All the agents so far examimed which cause 
activation of the broad bean tyrosinase modify these 
factors Thus gross changes in ionization resulting from 
alteration of pH cause protems to swell? or dissocisto!? 
due to rearrangement of the highly charged molocule 
Sodium dioctylsulphosucemate and other anionic deter- 
gents modify both the hydrophobic bonding and the 
charge distribution? Urea and guanidmo affect the 
hydrogen and also possibly the hydrophobic bonding® 
Some denaturing agents, however, fail to cause activation 
of the latent enzyme For example, dioxane, which would 
be expected to weaken the contribution of hydrophobic 
bonding and strongthen salt hnks, does not produce an 
activo enzyme, and the observations of Kenten? that 
under acid conditions non-ionic and cationic detergents 
are not activators have been confirmed Sumuilarly, heat 
treatment at various temperatures and pH values, which 
activates grasshopper *protyrosinase'!!, leads to destruc- 
tion of the bean enzyme, any residual activity bemg 1n the 
latent form 

It would appear that at a neutral pH the prosthetic 
group of broad bean leaf tyrosmaso ıs masked by virtue of 
its tertiary structure Alteration of this structure by any 
of the treatments outhned in Table 1 results in an active 
configuration of similar molecular weight Exposure to 
more extreme conditions (compare prolonged meubation 
with sodium dodecyl sulphate, Table 1) eauses loss m 
enzymatic activity leading ultimately to dissociation mto 
sub-units 

This work was supported by a giant from the United 
States Department of Agriculture 
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Effect of Actinomycin D on Euglena 
Chloroplast Formation 


Tux fact that some chloroplast mutations are mherited 
in a non-Mendehan fashion mdicates that chloroplasts 
possess & degree of genetic autonomy! ‘Treatment of 
Euglena gracilis with any one of a variety of chemical or 
physical agents leads to the permanent loss of chloroplasts 
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and results m permanently ‘bleached’ but viable celis? 
While the chemical nature of the hereditary units of 
chloroplasts remains uncertam, Schiff et al and Gibor and 
Granick have concluded from work on the ultra-violet 
mactivation of the Euglena ehloroplast-formung system 
that cytoplasmic or chloroplast nucleoprotem 1s involved? 
The action spectrum for the photoreactivation of the 
chloroplast-forming system 1s simular to that found for 
systems m which thymme dimer formation has been 
shown to be the primary result of ultra-violet irradiation? 
The report that the ultra-violet resistance of the Euglena 
chloroplast-forming system 1s moreased m cells which 
have been grown m the presence of 6-azathymine also 
suggests that DNA 1s the ‘target’ m ultra-violet mactiva- 
tion’ Chemical and histochemical experiments to detect 
DNA ın the chloroplasts of various organisms have led to 
conflicting views? Two reports of the meorporetion of 
tritiated thymme into chloroplasts? provide further 
evidence for the mvolvement of DNA m chloroplast 
heredity 

When Euglena (hike many otha normally green organ- 
isms) is grown m the dark, chloroplast formation 1s 
arrested at an early stage in which the typical lamellae and 
chlorophyll are lackmg* Illumination of such dark-grown 
cells results ın synthesis of chloroplast RNA and protein 
before mature chloroplasts are formed®. Treatment of 
dark-grown cells with 5-fluorouraeil during the time that 
they are exposed to light inhibits the formation of chloro- 
phyll-contaiming chloroplasts, thus demonstrating that 
RNA synthesis 1s prerequisite to the development of 
chloroplasts from pioplastids? 

The availabilty of actmomycm D, which m anmal 
cell and bacterial systems inhibits DNA-dependent RNA 
synthesis but not RNA-dependent RNA synthesis”, 
makes ıt possible to determme if the formation of green 
chloroplasts from proplastids 1s dependent on DNA 

Euglena gracilis stram. z was grown m defined medium 
as previously described’! Growth of normal green 
cultures (105 cells/ml ) was hibited about 70 per cent by 
15 pg/ml and almost completely by 30 pg/ml of actino- 
myem D No ‘bleachmg’ was observed 

The ‘greening’ experiments were performed with cells 
which had been cultivated m the dark for several transfers 
over a period of several weeks Cells were collected by 
low-speed centrifugation and suspended mm resting 
medium? The resuspended cells were meubated m the 
dark at 26° for 12 h to allow completion of cell division 
Actinomyem was then added to the treated cultures 
After a further 12 h m the dark the cells were exposed to 
fluorescent light of about 200-ft -candle mtensity At 
intervals samples were removed, the cells collected and the 
optical densities of methanol extracts determmed at 665 
my. (the absorption maximum of chlorophyll a) by means 
of a Bausch and Lomb ‘Spectronie 20° spectrophotometer 

From the results given m Table 1, ıt ıs apparent that 
actmomyem D inhibits the formation of chlorophyll in 
illuminated, dark-grown cells On the basis of other work 
1t may be concluded that chloroplast development is also 
inhibited? The most straightforward interrelation of this 
finding 1s that in oider for proplastids to develop mto 























Table 1 ‘INHIBITION OF CHLOROPHYLL SYNTHESIS BY ACTINOMYOIN D 
OD 665 x 100* 
Concentrated | Millions 15h 60h 
actinomycin of - 
(ug/ml ) cells/ml Light + Light + 
Light | actmo- | Light | actino- 
mycin mycin 
Exp 1 30 06 34 5 43 13 
Exp 2 30 10 38 24 90 51 
Exp 3 45 18 48 18 86 47 








* Values shown represent the optical density of a 4-ml methanol extract 
of 2: i cells No chlorophyll was formed 1n controls which were left 
in the dar 
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chloroplasts, DNA-dependent RNA synthesis is 1equn ed 
By itself, this finding would not necessarily imply that 
extra-nuclear DNA is mvolved However, smee the 
chloroplast ultra-violet targets appear to be DNA-hke 
and smee an enormous merease in the number of plastids 
takes place m enucleate fragments of Acetabularia?*, rb 
seems most probable that cytoplasmic or chloroplast DNA 
is involved 

We thank Merck, Sharp and Dohme, Rahway, N J, for 
the actinomycin D used in this study Financial support 
from the National Research Council of Canada 1s gratefully 
acknowledged 

Note added wn proof Smee this report was submutted, 
there have been several published reports on the occurrence 
of chloroplast DNA (Kirk, J T O, Biochem J , 88, 
45P (1963) Chun, Edward H. L, Vaughan, Maurice H, 
Jun, and Rich, Alexander, J Mol Bol, 7, 130 (1963) 
Sager, Ruth, and Ishida, M R, Proc US Nat Acad 
Sex 50 725 (1963) ) 
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PHYSIOLOGY 


Increase in Sodium Content in the Arterial 
Walls during Experimental Hypertension 


EVIDENCE has been obtamed that the addition of 
sodium to the diet of animals m which hypertension has 
been induced aggravates the hypertension and the renal 
lesions Sumilar observations were made in man More- 
over, a salt-poor diet or the administration of natridiuretics 
lower experrmental and chmical hypertension It has 
already been reported)? that, m rats rendered hyper- 
tensive, an accumulation of sodium in the arterial walls 
18 fiequently observed. 

The results presented here provide evidence that, m 
rabbits rendered hypertensive by partial hgation of the 
renal arteries?, hypertension is accompanied by a metabolic 
trouble of tho arterial wall which 1s objectivated by a 
progressive imerease m the sodium content in the arterial 
walls without sigmficant changes of therr potassium-level 

The experiments woro performed in adult male rabbits, 
weighmg 2,500-3,000 g The animals were divided into 
four groups 

Group I Control gioup 10 rabbits Maximal arterial 
blood pressure 75-90 mm mercury 

Group II 13 rabbits Hypertension mduced by 
bilateral partial stenosis of the renal arteries Maximal 
arterial blood pressure 130-150 mm mercury Killed 
between 20th and 25th day after the operation 

Group III 7 rabbits Hypertension mduced as 
above Maximal arterial blood pressure 135-150 mm 
mercury Kalled between the 55th and 65th day afte: the 
operation 
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GioupIV 5 rabbits Hypertension mduced by partial 
bilateral stenosis of the renal arteries and additional 
hypodermic mjeotion of 5 mg of DOCA every 2 days 
Maximal arterial blood pressure 140-150 mm mercury 
Killed between the 20th and 25th day after the operation 

The rabbits were maimtaimed on a standard diet con- 
tamung 22 per cent sodium chloride and received tap 
water ad libitum 

The partial hgation of renal arteries was performed 
according to the method described by Pickering and 
Prinzmetal? and the blood pressure measured m the 
auncular artery accordmg to the method of Grant and 
Rothschild‘ The electrolytes m the mesenteric arterios 
and in the abdominal aorta were determined accordmg 
to the method of Kolotsky et al by flame photometry and 
the results are expressed ın m equiv /100 g of defatted 
and dred tissue 

The results are presented ın Table 1 


Table 1 SODIUM AND POTASSIUM EXPRESSED IN M EQUIV /100 G OF AXTERIAT, 


TISSUE 

Mesenteric arteries Aorta 

Na K K 
Group I 
(10 rabbits) 842 22 23402 7 + 05 16+ 006 
Group II 
{13 rabbits) 278 + 152 11+ 000 175 + 23 17+01 
Group IIT 
(7 rabbits) 521 x 13 14201 516 + 318 14+ 000 
Group IV 261+ 38 232000 153 £ 41 171000 


Tt 1s obvious from these results that the sodium content 
of tho mesenteric arteries and of the aorta inereases 
significantly ın animals rendered hypertensive by partial 
ligation of the renal arteries, and that this merease is & 
function of the duration of the disease 

The potassium content in the artenal walls remains 
practically unchanged There is no significant difference 
between the group of animals rendered hypertensive by 
sımple stenosis of the renal artenes, and those recerving 
additional injection of DOCA 

Three maim pomts should be stressed 

(1) The morease m the parretal sodium 1s not correlated 
to the degree of hypertension and increases with the 
duration of the hypertension (2) The differences m the 
content of the small arteries (mesenteric arteries) and the 
aorta are not particularly sigmificant (3) Additional 
administration of DOCA, to anmals rendered hyperten- 
sive by bilateral arterial stenosis does not increase the 
sodium arterial retention 

Investigations are now in progress to establish whether 
the phenomenon of the sodium accumulation m the arterial 
walls in hypertensive rabbits ıs related to a direct effect 
of angiotensine or of aldosterone released by ango- 
tensine or to a different process Our present results 
suggest, nevertheless, that the accumulation of sodium in 
the arteries affects the sensitivity of the mtrapanetal 
baroreceptors to pressure changes 

BERNARD HALPERN PHLIPPE MEYER 
Paur Mirrigz GILBERT LAGRUE 
Charre do Médecme Expérimentale, 
Collège de France, 
and 
Centre de Recherches sur l Hypertension Artérielle, 
Paris 
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Sodium Exchange in Rat Muscle 


ATTEMPTS to measure the rate of exchange of labelled 
sodium in isolated mammaeahan muscle have been beset 
with numerous difficulties The fibre sodium may show a 
marked increase’, the fall 1n radioactivity of the muscle 
durmg a washout may not be hnear when plotted on 
semi-logarithmic paper?, and the thickness of the tissue 
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may slow the exchange It ıs known, however, that 
muscles can be maintamed for some hours with values of 
sodium and potassium which are very similar to those 
found «en vwo if msuln or certam plasma protems are 
present?^, and this finding led to attempts to detect the 
effect of msulin on sodium movements A method has 
been used which can give consistent results when applied 
to diaphragm muscle and ın which the effects due to the 
11b and attached tissue are avoided 

The muscles were from rats of 50-60 g and the thickness 
was 035 mm (mean of ten measurements) The dia- 
phragms were rapidly dissected and suspended on holders 
in oxygenated saline+ After Lh at 38° C the uptake of 
sodium-24 was complete, the specific actrvity of the 
sodium in the muscle as compared with that in the saline 
being close to unity (ratio 1 01, mean of eight determina- 
tions, range 0 96-1 05) The holders contammg the 
muscles were afterwards passed through a series of 
tubes containing inactive saline, the tubes bemg changed 
every minute It was found that the rapidly exchanging 
fraction which includes the extracellular sodium was lost 
after 5 min, as found previously! The washout was 
stopped after 5, 10, 15 or 21 min, the diaphragm was freed 
from rib and tendon and the radioactivity which remained 
was measured 

Since the specific activity before the washout equalled 
that of the saline the radioactivity of the muscle could be 
expressed ın a standard manner as umole sodium per g 
web tissue The points when plotted on semilogarithmic 
paper were consistent with a linear fall, and from the slope 
of the regression the rate-constant was 0122 mun- 
+ 00057 (standard deviation estimated from twenty 
muscles), so that the mean half-time was 57mm Fifteen 
muscles treated throughout with msulm (0 02 umt/ml) 
gave a rate-constant of 0167 mun- + 0015 (SD of 
fifteen), with mean half-time of 4 2 mm (P < 0 01) 

In the piesence of msuln the potassium content of 
diaphragm 1s maintamed at a higher level than m controls‘, 
and in the present series this finding has been confirmed 
The mean potassium content of\nme muscles which had 
been treated with insulin was 102 umoles/g + 6 6 (S D of 
nine), while the content found m controls was 91 ymole/g 
+ 49(SD of fifteen, P < 001) 

Insulin has long been known to affect the potassium 
content of muscle, and this hormone has also been found 
to merease the resting potential of isolated rat muscle® 
These effects appear also to be associated with an increase 
in the rate of turnover of sodium 

This work was suppoited by a grant fiom the Medical 
Research Council The msulm was kindly supphed by 
Burroughs Wellcome and Co 
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Innervation of Laryngeal Joints, and 
Laryngeal Reflexes 


PRECISELY regulated movements of the vocal folds 
(cords) are known, to occur during respiration, swallowmg 
and phonation m most mammals, including man! That 
such movements must involve mtegrated ieflex adjust- 
ments of the tone of the laryngeal muscles 1s apparent, 
and, by analogy with the situation in tho limbs, the 
source of such reflex regulation has usually been sought in 
the laryngeal muscles themselves (o1 in the laryngeal 
mucosa) There is, however, no agreement on whether 
appropriate receptor nerve endings aie present in the 
laryngeal musoles??, and attempts to record afferent 
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propiioceptive discharges from the nerves supplying tho 
laryngeal muscles have failed to demonstiate them! 
Neveitheless, direct electrical stimulation of afferent 
fibres ın the laryngeal nerves does produce reflex altera- 
tions 1n the tone of laryngeal muscles*® 

It oecurred to us that the source of some of the afferent 
activity involved in the production of mtrmsic laryngeal 
reflexes might be in receptor nerve endings located ın the 
laryngeal joint tissues Accordingly, we have carried out 
mucrodissections of the nerves m the articulai regions of the 
cat/s larynx, and neurohistological studies of the laryngeal 
Jomt tissues in the crico-arytenoid, crico-thyroid and 
thyrohydroid jomts and of the tissue of the thyio-epi- 
glottic junction The capsules of the c1ico-arytenoid and 
crico-thyroid jomts have been found to have a dense 
inmeivation, and to contain nerve fibres supplying recep- 
tor nerve endings embedded ın the fibrous capsules of the 
joints The mnervation 1s more denseun the crico-aryten- 
oid jomt than m the other laryngeal jomts The nerve 
endings ın the erico-arytenoid jomt capsule are supplied 
from at least one specific articular nerve, some of the fibres 
of which jom the superior laryngeal nerve while others 
descend in the recurrent laryngeal nervo The nerve 
endmgs in the cuico-thyroid jomt capsule are supplied 
from another articular nerve that joms the recurrent 
laryngeal nerve. 

Further new oanatomical and new ophysiological studies 
are being undertaken ın the cat and in man to define the 
contiibution made by these laryngeal articular receptors 
to the reflex regulation of the laryngeal musculature In 
this respect, 16 may be noted that nerve endings have 
previously been identified in the thyro-epiglottic jomt of 
the rat*, and m the perichondrium and related fibrous 
tussue of the laryngeal cartilages of the cat and man’, and 
that afferent discharges from the receptor endings in the 
thyio-epiglottie jomt have been recorded in the 1at® and 
the rabbit® 
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Uptake of lodine-131 by the Thyroids of 
Female Mice during the CEstrous Cycle 


Previous investigations have shown that thyroid 
activity undergoes cyclic variation correlated with the 
phases of the cestrous cycle The thyroid gland reaches 
its maximal activity during the phase of cestrus 1n rats), 
rabbits’, ewes*-5, buffaloes’, and cows? In the case of 
mice and guinea pigs the pictwie differs as the activity of 
their thyroids ıs low at cestrus*? In the present investiga- 
tion 1b was decided to study the uptake of 10dine-131 by 
the thyroid glands of female mice at short mtervals 
during the ostrous cycle and correlate it with ovary 
histological appearance 

One hundred mature female albmo mice were used 
Vaginal smeais were obtained at 12-h mtervals for 5 days 
Smears were then taken every 6 h for another 5 days The 
anmals were then divided into 6 groups representing 
early pro-cestrus, late pro-cestrus, cestrus, metcestrus, 
early and late di-cestrus The mice were injected with 
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- counter at a fixed geometry. The ovaries were examined 

histologically to verify the vaginal smear picture. The 
data were analysed statistically using Student's t test. 
GAs shown in Table 1, the thyroid glands of mice at late 
pro-ostrus had the maximal power of collecting eireulating 
lodine-131.. A moderate increase in uptake of iodine-131 

by the thyroids was also noticed at late di-cestrus and early 


x. pro-estrus. Uptake of iodine-131 by the thyroid decreased 


"during ostrus, metostrus and early di-estrus. This 


- gondition differs from the. general trend of increased 


thyroid aetivity during cestrus in most of the other species 
of animals. The Graafian follicles of these mice showed 
a tendency towards an early development at pro-cestrus 
‘suggesting an early production of cestrogen, which is 
strongly implicated as the factor responsible for cyclic 
variation in thyroid function. In rats, oestrogen given 
-over-a broad range of doses causes an early stimulation of 
< the thyroid which is not sustained with continued long 
administration. and inhibited by progesterone’. In the 
::ense-of the mouse it has been shown that short-term or 


| aingle administration of small doses of cestrogen increases 


‘thyroid activity while high doses of this hormone depress 
its activity. Preliminary experiments showed that 
progesterone augments the stimulating effect of cestrogen 
^on the thyroid of the mouse. Another peculiarity of the 


mouse is that it has a relatively lower thyroid activity 


per unit body-weight than the rat!*. 


Table 1, UrTAKE OF IODINE-131 BY MovsE THYROIDS DURING TEE 
(GsTROUS CYCLE 
Phase of the Thyroid weight Counts/min/mg 
cegtrous cycle mg/100 g body-wt. thyroid/100 g body-wt. 
Early pro-cestrus 12:16 + 1:09 25.93 + 3:36* 
Late pro-cestrus 12-43 + 0-82 42-64 + 362° 
(Estrus 11:53 + 086 19-06 + 395 
Metastrus 8-98 + 147 12:16 + 1:67 
Early di-wstrus 10-94 + 0:08 13:41 + 2-21 
Late di-orstrus 12-02 + 115 20-58 + 2-19* 


+ Standard error. 
uae different from metostrus at 1 per cent level of prób- 
ability. 


The early stimulation of thyroid secretion during pro- 
oestrus in mice suggests its important role in bringing 
about ovulation. Mice fed thyroid-aetive materials 
showed. an inereased number and size of corpora lutea; on 
the other hand, thiouracil-fed mice showed continuous 
otrus. and. their ovaries contained a large number of 
Graafian follicles with the absence of corpora lutea’. 
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PHARMACOLOGY - 


A Pharmacological Effect of Tobacco 
Smoke 

Many of the effects of nicotine which are investigated in 
pharmacological laboratories involve amounts of nicotine 
which are considerably higher than seem likely to be 
absorbed from tobacco smoke in man. US 

In the cat, nicotine causes inhibition of spinal reflexes’, 
and one of the most sensitive responses to nicotine injected 
into whole animals is inhibition of the knee jerk. How- 
ever, few investigations appear to have been made on the 
effect of tobacco smoke on spinal reflexes, The recent 
monograph on tobacco by Larson, Haag and Silvette? - 
reports only the work of Tournade, Chevillot and Bernot*, . 
who introduced tobacco smoke into the lungs of dogs and . 
noted that the knee jerk reflex was blocked, and that of 
Tournade, Calleja and Calleja*, who noted that it blocked: 
the linguo-maxillary reflex. This communication reports. 
observations made on the effect of cigarette smoke com: 
pared with injections of nicotine on the knee jerk reflex in 
cats. ; SS 
Experiments have been carried out in cats lightly 
anesthetized with chloralose (80 mg/kg)... The blood 
pressure was measured from a carotid artery with 
mercury manometer. Drugs were injected intr: 
into a vein in the foreleg. One leg was transfixe 
the femur above the knee joint and the movemen 
lower part of the leg were recorded. with a myogre 
knee jerk was elicited by tapping the patellar tendo 
10 see with a Palmer automatic knee jerk hammer. The . 
trachea was intubated with a T-shaped cannula. Artificial 
respiration was not used. Cigarette smoke was intro- 
duced into the lungs by fixing a cigarette into one of the 
open limbs of the cannula, and the amount of smoke 
drawn into the lungs was regulated by partially occluding 
the other limb of the cannula. An attempt was made to: 
adjust the smoke-air mixture drawn in so that it was 
roughly comparable with that taken during a dee 
inhalation by a human smoker. However, this judgment. 
was subjective, and no strict quantitative assessment of 
the proportion of smoke to air may be made. aoe ae 

In eats, injections of 2-5 ug/kg of nicotine produce a 
detectable decrease in reflexly elicited contractions. . 
Fig. 1b shows a reduction in contractions of 30 per cent 
after injecting 5 ug/kg of nicotine, and Fig. 2a shows a 
complete abolition of contractions persisting for about: 1 
min after 10 ug/kg of nicotine. These effects of injected 
nicotine have been mimicked by tobacco smoke introduced 
into the lungs. One puff of smoke from an unfiltered, 
small diameter cigarette, which had been smoked for about. 
one-half of its length, produced effects roughly equivalent 
to 5 ug/kg of injected nicotine in inhibiting the knee jerk 
and in raising the blood pressure (Fig. 1). 

Smoke from filtered cigarettes was less effective. Fig. 2 
shows that 15 puffs from a freshly lit, large, filter-tipped 
cigarette were less effective than 10 pg/kg of injected 
nicotine. Later in this experiment it. was found that 15 
puffs of another cigarette of the same brand with the filter 
removed produced greater effects than did 10 pg/kg of 
injected nicotine. ; 

The similarity in the effects of tobacco smoke and of 
injected nicotine on the blood pressure and on the spinal - 
reflex suggests that the response to cigarette smoke is due 
to the nicotine it contains. This supposition has. been 
tested in a number of ways. Lu 

Obstruetion of the airway with an unlit cigarette 
produced only a slight irregularity in blood pressure. Teste 
were made with puffs of smoke from a dummy cigarette 
made from tissue paper. This smoke was judged to be as 
dense as the smoke from a cigarette and when tested by à: 
smoker was found to be extremely irritating. In the eat it 
produced irregularities, but no definite rise in 
pressure, and no effect on the knee jerk... | 








































ch affect neither the pressor response to nicotine 
nor the functioning of the neuro-museular junction. Fig. 2c 
shows that 1 mg/kg of B-erythroidine prevented the action 
of tobacco smoke from inhibiting the knee jerk, but the 
rise in blood pressure was not diminished. 
Eccles, Eccles and Fatt found that nicotine increased 
the repetitive discharge of Renshaw cells in the anterior 
"hom of the spinal cord. This discharge inhibits mono- 

synaptic reflex excitation of motoneurones*. Eccles and 

Uu leagues suggested that excitation of Renshaw cells 

by nicotine wou xplain the earlier observation of 
OBehweitzer- and ight! that nicotine inhibited spinal 
reflexes. B-Erythroidine prevents the discharge of Renshaw 
s produced by nicotine’ and this explains the action of 
throidine in antagonizing the inhibition of the knee 
in response to cigarette smoke. 
© These results do not demonstrate that the nicotine taken 
up from cigarette smoke by human smokers affects their 
spinal reflexes, but they are suggestive that this might be 
“the case, since the amount of nicotine taken up in man 
during the smoking of a cigarette is comparable on a body- 
weight basis to the amount which has been taken up in 
these experiments on cats. Burn, Truelove and Burn? 
estimated that 0-3-1 mg of nicotine, injected sub- 
eutaneously in man, had about the same effect in delaying 
& water diuresis as did the smoking of one to three 
cigarettes. Heath? has reported that the knee jerk, ankle, 
biceps and abdominal reflexes were less active in smokers 
than non-smokers. 
Inhibition of spinal reflexes is a property shared by 
nicotine and some drugs which have been used clinically 
as tranquillizers, such as mephenesin and meprobamate, 
although the mechanism of action is different. It may be 
at suppression of spinal reflexes giving rise to continual 
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ig, 1. Cat, 2-6 kg. 
elicited reflexly by tapping the patellar tendon every 10 sec (below). 
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injected intravenonaly, 


previous injection of 1- mg/kg of f-erythroidine (GE) 


tobacco smoke by smoke: 





The records are of blood pressure (above) and movements of leg 

Ín a, one puff of 
smoke from a small, half-smoked cigarette was inhaled by the eat via the tracheal cannula. 

comb, 5 ug/kg of nicotine (expressed as nicotine base) was injected intravenously 





FR. summarized in Table 1. 
e was 


Fig. 2. Cat, 25 kg. Records as in Fig. 1. In a, 10 Hgikg of nicotine (as the base) was 
In b, 15 puffs of smoke from a large, filter-tipped cigarette were 
inhaled through one arm of the tracheal cannula for 15 consecutive inhalations, In 


e, the effects of the cigarette smoke in inhibiting the knee jerk were blocked by the 
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anq illization. E 
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H/EMATOLOGY 


Serum Factors of Australian Aborigines 
from North Queensland 


HAPTOGLOBIN polymorphism was first discussed by 
Smithies and Walker^*, When subjected to purification 
and reductive cleavage in the presence of 8 M urea the 
haptoglobins have recently been found by Connell et al," 
to exhibit sub-types corresponding to two forms of the : 
gene Hp! (Hp'F and Hp!S). Thus after reductive cleavage _ 
the Hp 2-1 heterozygote ean be identified as either ' 
Hp 2-1F or Hp 2-18, and the Hp 1-1 phenotype exists 
as either homozygous Hp 1F-1F or Hp 18-18 or hetero- 
zygous Hp 1F-18. Racial distinctions: 
are marked in regars to the frequencies | 
of the Hp!F and Hp'5 genes. Smithies el. 
aL* have reported a gene frequency for. 
Hp and Hp!S of 0-16 and 0-24 in 93 
Caucasians; Giblett and Brooks* report à 
corresponding frequency of 0-133 and 0-251. 
in 66 Caucasians, 0:259 and 0.293 in 222 
Negroes, and 0-005 and 0:256 in Orientals; 
In American Indians, Flory* found à 
frequency of 0-005 for Hp!F genes and 
0-472 for Hp'S genos. 

Serum samples for the work recorded. 
here were kindly collected by Dr. Horsfall 
from Australian Aborigines residing at” 
missions located on Cape York Peninsula 
and Mornington Island, North Queensland. z 
Determination of the Hp 1-1, Hp 2-1 and - 
Hp 2-2 types was carried out according 
to the vertical electrophoretic method of 
Smithies? and the sub-types determined | 
according to the method of Smithies e£ al.*. 
Some samples on routine staining with 
protein stain showed transferrin pheno- 
types other than Tf CC. These were re-i 
run in the presence of iron-59 and further 
defined by autoradiographs, according to 
the method of Giblett e£ aL9. The Gm 
and Inv types were determined by the | 
procedure outlined by Steinberg”, whoo 
kindly provided the reagents used for | 
typing. 2 

Results of the haptoglobin types are - 
One individual. . 
encountered who showed no de 
monstrable haptoglobin by the method _ 

used; this individual was not eom- 
.Sidered i the caleulations of Hp! gene 
| frequency. The gene frequencies were cal 
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-unrelated 2 27 56 31 170 1-00000 31-0000 
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Gm (a+b - zo) Gm {a +b- z+) 
No. 95 No. % 


UC obere 48 44-66 38 32-04 5 
Expected 4610 4478 3291 3196 5-29 
Estimated gene 
Gms Giaex 
007 ozi 
£ = 00209 





culated according to the weighting method of Cotterman'* 
inee related individuals were present in the sample. No 
p 2-1M types were found. The Hp! frequency of 0-18 
agrees well with that reported by Kirk" of 0-17 for 133 
ustralian Aborigines in the Western desert. "There is, 
wover, a striking difference between those two results 
d the Hp! frequencies of 0:63 and 0-37 reported by 
udtz-Olsen!? for 100 Australian Aborigines from Central 
Australia and 123 from the east coast of tho Gulf of 
arpenteria, North Queensland, respectively. Budtz- 
Json used paper electrophoresis in his determination of 
ptoglobin phenotypes of which the frequencies for the 
ter group are not. in equilibrium (y? —19-7; P « 0-0001). 
o individuals unrelated to each other and to the 
dividuals comprising the rest of the sample are sub- 
typed as Hp 2-1F. All other Hp 1-1 and Hp 2-1 indivi- 
duals were Hp 18-18 and Hp 2-18. Since one Hp 1-1 
individual could not be ,Sub-typed. the effective number 
of Hp! genes sub-typed is 32:07. Of these 32-07 indepen- 
dent Hp! genes, 2 or 6:24 per cent are HF. In terms of 
tho total sample, this gives a Hp'F frequency of 0-01. 
. Eleetrophoretieally slow transferrins were identified 
)y eomparison with an African Tf CD, and also one of the 
iginal Australian Aborigine Tf CD, reported jby Horsfall 
and Smithies!'*. The distance between tho transferrin C 
nd D bands for all samples was identical. Ten Tf CD, 
9-7 per cent) and one Tf D,D; (0:97 per cent) were found 
iving a Tf D, gene frequency of 0-06. This is a lower 
frequency than that reported for Aborigines in the Western 
Desert by Kirk and Lait, who observed 40 per cent 
Af CD, ad 4:6 per cent Tf D,D, individuals. This value 
| does, however, fit the predictions of Kirk and Lai!* as set 
5 forth in their assumed clines in the frequencies of the 
COTÉ D, gene in South East Asia, Indonesia and Australia. 
_ A previously undescribed B transferrin was found in a 
Mf BC individual. This new B transferrin migrates 
_ electrophoretieally between the B, and B, variants. 
s The results of tho Gm typing are summarized in Table 
- 2; Results" recently published on Gm groups in Aborigines 
from the Western Desert indicate that this area exhibits 
only the Gms and Gm alleles in the frequency of 0-73 
and 0-27 respectively. In the Kimberley area of West 
Australia, however, 16-7 per cent Gm^ was found along 
-7 per cent Gm* and 25:6 per cent Gm. Unlike 
with 9-8 cont Gm’, no Gn alleles 
red in Australian Aborigines, Malayans, 
Chinese or Japanese’. Fifty-two 
-iBdividuals in this sample is 






















Table 2. Gs PHENOTYPES AND GENE FREQUENCIES 
Phenotype frequencies 
Gm +b ta Ed DU 





















Gm (a t b * x -) Gn (am b Ez) E 
No. % % Total 


No. 
" No Hd $c — 094 07 
frequencies (ref. 16) 
Gm Gm 
0-03 0-10 
P207 


somewhat higher than the figure of 37 per cen 
Aborigines in the Coastal Region and 43 per cent 
from the Western Desert?. The presence of 
was not tested. 

If the gone Gm’ is not native to Australia, it can 
accounted for only by recent white admixture im thi 
amount of about 15 per cent. The presence of Ca 
admixture could also account for the Hp!F gone 
outside influences into this area include Malayan 
men, who throughout a long extent of time ha 
the waters of the entire north coast including th 
Carpentaria. Aborigines of the Cape York Poni 
also been subject to mixture with Papuan 
via the Torres Strait Islands!5*, Neither the Mala, 
Papuans, however, have as yet been shown to ha 
Gm allele. 

This work was supported by a National Institutes 
Health grant (2G—398 (c2)). 

I thank Dr. O. Smithies for advice, Martha Hol fo: 
assistance in Gm and Inv typing, and Dr. W. R. H ref 
for supplying the serum samples. 
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Plasma Proteins and Hemoglobins of the 
African Elephant and the Hyrax 
Tue taxonomic relationship between the elephant and 
the hyrax is not a particularly close one". Nevertheless, 
it is interesting to compare the two animals with respect 
to certain traits ‘now’ to taxonomy. Recently we obtained 
whole blood from adult hyrax (Procavia habessinica 
jacksoni) and adult elephant (Lorodonta africana africana) 


_» and performed starch-gel electrophoresis of the plasma and 


hemoglobin. The methods have been described prev- 
iously*. Human hemoglobin A was added to plasma 
samples in order to demonstrate haptoglobin bands. The 
sample of elephant blood was taken from an artery 
of the ear and collected into a tube containing anti- 
coagulant. The animal was shot by a staff member of the 


in A; C isa 
photograph the ge k. Electro- 
was carried out on vertical starch-gels at pH 8:6, 150 V, 16 h 


Orona L c | 
© 


Fig. 2. Transferrins, This diagram was made after electro; is 

P autoradiography of plasma proteins of: (1) human, E en 

type CC; (2) hyrax; and que CHER. was carried out 
as indicated in Fig. 1 


NATURE 
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Fig. 3, Hiemoglobins, The drawing shows the relative mobilities, 
afer cloptrophoresie, of hemoglobins o E er ue ei (2) C 
and (3) elephant, Vertical " T vm et was at pH 8:6, 


Galana River Game? Management Scheme before it was 
bled. 

The plasma protein patterns, after electrophoresis on 
starch gels and staining with amido-black and benzidine, 
are shown in Fig. 1. The most striking feature of tho 
plasma protein pattern is the appearance, in the hyrax 
sample, of several distinct bands in the haptoglobin 
region. These bands stained clearly with the benzidine 
reagent. No other mammals with multiple haptoglobins 
have beon reported in the literature*. The plasma trans- 
ferrins of the two animals, demonstrated by autoradio- 
graphy after addition of iron-59 to an aliquot of plasma, 
are shown in Fig. 2. The elephant plasma has two ex- 
tremely slow-moving bands compared with the human CC 
type. The hyrax, on the other hand, has two bands, one 
comparable in mobility to human CC, the other somewhat 
faster-moving. There are no other specially noteworthy 
features in the plasma protein patterns of these two 
animals. 

The hemoglobins of both the elephant and the hyrax 
move very much more rapidly than doos human hemo- 
globin A (Fig. 3). The starch-gel electrophoretic pattern 
of elephant hemoglobin is consistent with that which 
Schmitt found for the African elephant*. Schmitt also 
reported that hæmoglobin of the Asiatic elephant was 
eleetrophoretically different from that of the African 
elephant. 


Table 1. ALKALI-RESISTANT HÆMOGLOBIN 


Alkali-resistant 
hemoglobin ( 


Animal %) 
Average Range 


No, tested 


Procavia habessiniea jacksoni 

Loxodonta africana africana 
Insectivora 

Hemicentetes n 

fignum ok 

ynehocyon chrysopygus 

Tenrec ecaudatus 

Pamens ^ 
upaia glis 

Lemur catta * 

Lemur fulvus * 

Lemur vari 


Propithecus verreauxi 
Galago crassicaudatus * (adult) 
go crassicaudatus (new-born) 


nume Snon vucca beci mm 


- 


~ 
- es e 
$oseecozu58 
TEELE TI-TI, 


sapiens (adult) 
Homo sapiens (new-born) g 
* These data have been taken from previous publications (refs. 8, 9 and 10), 
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kali-rosistant hemoglobin’ ; gavo the results 
lo 1 for a l-min denaturation. In addition, 
: ‘the elephant hæmoglobin, we found after a 
lenaturation that there was 71-4 per cent alkali- 
nt hemoglobin. We also present in Table 1 
mparative data for a largo variety of Primates and 
e sectivora. We would like to point out that all of theso 
. adult animals, with the exception of the Anthropoidea 
| (Macaca, Papio, Saimiri, Gorilla, Pongo, and Homo), have 
| hemoglobins which contain relatively large amounts of 
t alkali-resistant pigment. We have diseussed the possible 
E ‘significance and function of this pigment elsewhere’. 
Weitz! indicated a close serological relationship between 
the hyrax and the elephant. The new data we have 
.. presented do not alter present views about the relation- 
_ ship between the two animals. Wo do not believe that the 
v electrophoretic behaviour of hemoglobin considered alone 
^ should be given much weight in systematics. The plasma 
transferrin and haptoglobin differences are probably one 
more example of polymorphism within each species. We 
5) have, after all, sampled only one hyrax and one elephant, 
land we have no way of knowing how many transferrin 
and haptoglobin types there may be. 
> This. work was supported in part by grant GM 06053 
SS from the U.S. Public Health Service. One of us (J. B.-J.) 
held a National Science Foundation senior postdoctoral 
delowship during the time much of this work was done. 
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PATHOLOGY 


Reaction of Rheumatoid Factor with the 
- Isolated Polypeptide Chains of Human 7S 
y-Globulin 


Bors direct agglutination. and inhibition techniques!—, 
utilizing red blood cells coated with human and rabbit 
7S y-globulin, have been used in investigations of the 
. reactivity of rheumatoid factor. The findings are consis- 
| tent in indieating that the 19S rheumatoid factor mole- 
* -eule combines with that part of the 7S y-globulin molecule 
aquivalent to the papain digestion piece III of Porter‘. 

“Use has been made of the precipitation reaction‘, 
between rheumatoid factor and heat aggregated human 
78 y-globulin (Cohn Fraction II : 1, 2), in attempts to 
locato more precisely the site on the 7S y-globulin molecule 
which is ‘reactive with the abnormal 19S macroglobulin in 
of patiente with rheumatoid arthritis. 

quantitative precipitation measurements 
Figs. 1 and 2, in which aro plotted the 
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recipitate: formed on addition of. varying 


















n fro à patient with Fhouma- à 
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i 78 y-globulin or its fragments - 
"Uu QNM. is due to a size disabilit y. whi 
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Fig. 1. Quantitative precipitation reaction of heated 75 scala 
and its fast (F) and slow (S) papain-digestion fragments with Theuma- um 
toid arthritic serum B 


mg protein a 















mg. protein added to O3mis serum 


Fig. 2. Quantitative precipitation reaction of mercaptoethanol-r luce 
7S y-globulin and its A and B polypeptide chains with rheumatoid 
arthritic serum Ve 


toid arthritis (showing a serum Rose-Waaler titre 
1,024). As will be seen from Fig. 1, precipitation. 
treated (10 min at 63° C) 7S y- -globulin i is associated with 
the electrophoretically ‘fast’ papain digestior 
(equivalent to the Porter* piece ITI of rabbit 75 y-gl 
Any precipitation shown by electrophoretically 
pieces (equivalent to Porter pieces I and IT) can be 
ted to contamination by ‘fast’ piece, demonstrable by gel- 
diffusion analysis with specific rabbit anti-‘fast’ piece 
antiserum. It was shown similarly (Fig. 2) that reactivity i 
with rheumatoid factor was confined to the A-type poly- 
peptide chains of human 78 y-globulin, a B-type chain - 
preparation showing negligible reactivity. The two types 
of polypeptide chain were separated from. mercapto-: 
ethanol-reduced y-globulin by filtration on ‘Sephadex 
G-75’ columns in N acetic acid, according to the method . 
of Fleischman et al.?. It is interesting to note the 18 
reactivity (on a weight basis) of total reduced y- 
is approximately two-thirds that of the A chain p 
tion (Fig. 2) as would be expected. according 
structural model of 7S y-globulin proposed by re 
(reproduced in Fig. 3). RR 
Unlike total human 7S y-globulin or its papain: digestion 5 
fragments, the A-chain preparation did not require prior : 
heating—or some other form of denaturation treatment— 
in order to render it precipitable with rheumatoid factor. 
Nevertheless, it seems probable that the A chain prepara- 
tion utilized was in some form of aggregation as a result. 
of adjusting the pH of the acetic acid-soluble material io 
neutrality? prior to testing with rheumatoid serum. ^ 
was also suggested from the results of ultracentrifugal 
analysis. On the other hand, there was no suggestion of > 
aggregate formation in the B chain preparation 
conceivable, therefore, that the lack of reactivi 
part of the human 7 y-globulin molecul 
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3 Fig. S: Proposed configuration of 75 y-globulin, after Porter (ref. 8). 
“Cine alternative nomenclature of Edelman (ref. 9) is included) 


E formation of visible precipitate on interaction with 
"rheumatoid factor. Heat treatment of the B chain prepa- 
: ration failed, however, to induce precipitability on subse- 
quent testing with the rheumatoid arthritis serum. 
vs These investigations, which are being extended to 
, include the measurement of any tertiary structural 
pees peculiarities of reactive 7S y-globulin preparations, will be 
eost reported i in detail elsewhere. At the moment, all evidence 
.... points to precipitation reactivity with rheumatoid factor 
being located in that part of the 7S y-globulin molecule in 
hich the ‘skin attachment’ and ‘membrane transmission’ 
3#° aro also located. 
We thank Dr. K. W. Walton for providing the Cohn 
obulin preparation and Dr. C. Hawkins for obtaining 
heumatoid arthritis serum used. 
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: Unexpected Acute Toxicity of Aminopterin 


-Tus communication records the occurrence of a some- 
c What unusual form of acute toxicity which was observed 
| in the course of an experiment designed to investigate the 
possible carcinogenicity of aminopterin. As part of this 
investigation aminopterin (C grade) (California Corpora- 
tion for Biochemical Research, Los Angeles) was examined 
in new-born mice. The mice used were Swiss from the 
colony of this laboratory that have been maintained here 
. for 12 years and are randomly bred. Ten litters of new- 
- born mice less than 16 h of age wero treated with a single 
taneous injection in the dorsal region of 10 ug of 
pterin dissolved in 0-05 ml. of distilled water (with 
drops of 10 per cont potassium hydroxide added to each 
of the standard solution). The mice were distributed 
in 9 litters of 8 new-born animals each and 1 of 7 new-born. 
They were housed in plastio cages on sterilized granular 
aalhulüse bedding with the mothers. 
On the third and fourth days following injection the 
mothers, which had not been mjelon Hed in te oF the 








2m died prior to their mothers’ death. although cannibalism 
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made a precise evaluation difficult. At autopsy no gross . 
pathological change was observed in the mothers; how- _ 
ever, histological study revealed profound bone marrow E 
destruction. UD 

In view of the surprising nature of these findings the _ 
experiments were repeated twice and gave identical results. 
Many other experiments have been undertaken in this. 
laboratory on the effects of chemical compounds on new- 
born rodents, most of them with polycyclic hydro- | 
earbens!-". In no instance has any effect similar to this 
been observed. In the instance of polycyclic hydrocarbon ES 
carcinogens it has been found that the new-born is more . 
sensitive than the adult in the production of lymphoma‘, | 
which has recently been found to be associated with a. . 
delayed metabolism of the carcinogen 9,10-dimethyl.1,2- . 
benzanthracene?. i 

It is known that the contraction and emptying of the . 
urinary bladder in young rats and puppies are regulated by 
stimulation from the mother’s tongue in the perineal area 
until the animals are 16 days of age?-!*. It is apparent ae 
that the mothers may ingest much of the urine, since it 
has recently been demonstrated that iodine-131 adminis: . 
tered to sibling rats separated from their mothers and then _ 
re-united. could be recovered in:a matter of 4 h after re- 
unification!?. 

From the work recorded here, it appears clear, first, 
that the aminopterin entered into the circulation of tho . 
untreated mothers from their treated siblings in some not. 
clearly visible way; secondly, it appears that adult mice . 
are more sensitive to the acute toxic effects of aminopterin — 
than the new-borns. 'This later phenomenon might be due 
to various factors; since it is known that new-bo 
animals have low levels of certain enzymes", a reasonable 
explanation of this observation is that there may be 
reduced level of folic acid reductase for which aminopte 
has a powerful affinity’. If this were so, the new-bo 
animals would excrete unchanged aminopterin, rapidly 
resulting in the lethal effect observed in the mothers. 

This work was supported by the U.S. Public Health — 
Service grant CS—9212. a 
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Changes in Epithelial Cell Lysosomes during. 
Experimental Oral Carcinogenesis 


Tue general concept of lysosomes as separate cyto- 
plasmic organelles was originated by de Duve! in 1955, — 
when he also demonstrated that acid phosphatase is. 
characteristically present in these structures. Other 
workers*? have determined the cytological location of . 





3 lysosomes by applying } histochemical techniques for oe t 
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phosphatase to y tard prepared tissue sections. This 
communication escribes changes in the lysosomes of 
malignant epithelial cells, as shown by staining fresh 
frozen cryostat sections and exfoliated cell smears for 
acid phosphatase. The malignant tumours used in this 
experiment were produced in hamster cheek pouches in 


response to repeated applications of a chemical carcinogen, — 


in à manner similar to that first described by Salley*. 

A 0-5 per cent solution of 9,10-dimethyl-1,2-benzan- 
thracene in liquid paraffin was applied to the left cheek 
pouches of 16 female Golden Syrian hamsters thrice 


weekly. The mucosa of the right cheek pouches in these 


animals was painted with liquid paraffin at similar inter- 
vals. All animals were between 6 and 8 weeks of age at the 
beginning of the experiment. 

Papillomas first appeared after eight weeks of carcino- 
gen applications, and malignant tumours after twelve 
weeks, their clinical appearances being confirmed by 
histological examination. Some malignant lesions were 
removed from animals immediately after being killed, 
frozen to a metal chuck immersed in dry ice and acetone, 
and stored for 1-2 h in a cryostat at — 25°C. At the same 
time paraffin-painted and unpainted normal pouches from 
comparable animals were frozen and stored in the same 
manner. Sections of 10. thickness were then cut from 
the three blocks of tissue and, without post fixation, 
stained simultaneously by the standard coupling azo-dye 
technique for acid phosphatase’. Smears of exfoliated 


Fit, 1. Section of normal hamster cheek 5 wr epithelium stained for 
phosphatase. Counter-stained with hematoxylin (x e. 800) 


Section of carcinoma of hamster cheek pouch stained for acid 
ipd iens Counter-stained with hematoxylin ( x e. 800) 
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Fig. 4. Section of human rr pee stained for ad t 


Counter-stained h hematoxylin (x c. 800) 


cells, removed by scraping the surface of a i 
lesion with a blunt metal spatula, were stained by the 
same method. 

The normal pattern of lysosomes, as fine particles in the 
cytoplasm of epithelial cells lining the hamster cheek 
pouch, is shown in Fig. 1. This appearance is not changed 
in any way after repeated applications of liquid paraffin, 
and is also similar to the normal appearance of lysosomes 
in human and monkey oral epithelial cells*. Fig. 2 shows 
malignant cells from a section of squamous cell carcinoma 
of the hamster cheek pouch in which a change in appear- 
ance of the lysosomes is evident. These are of increased 
size and, to some degree, have lost the discrete pattern 
characteristic of the normal cell; these alterations, 


biopsy of human oral i 
as the hamster material, showed 








ue method to human tissue indicates that the fects observed 
<- are not peculiar to experimental material. 
For these reasons it seems possible that the appearance 
of lysosomes in epithelial cells may prove to be of diag- 
ostic value in assessing malignancy. 

We thank Prof. B. Cohen for his advice, and Mr. E. B. 
rain for assistance with the photomierographs. 
This work was carried out during the tenure of a Medical 
‘Research Council scientific assistantship (C. J. 8.) and a 
Quintin Hogg fellowship (G. E. C.). 
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Effect of High Pressures of Pure Oxygen on 
Tissues 
Ü de the course of some investigations carried out in the 
oe School, Cambridge, between 1927 and 1930, it was 
‘ound that pressures of the order of 5 atmospheres and 
more of pure oxygen had an unexpected effect on the 
duction of carbon dioxide from the tissues of higher 
ints. I postulated that the effect of the pressures was to 
ibit completely the activity of the respiratory enzyme 
tems since carbon dioxide production ceased. This 
ory was elaborated by me in 19311. At a much later 
io, these findings were further developed’. This 
inhibitory effect of high pressures of pure oxygen was con- 
firmed by subsequent workers and later work showed that 
the respiratory enzyme systems were inhibited?*. Other 
“workers showed that similar effects were found in experi- 
“ments with animal tissues; 
Experiments with fungi. More recently’, I directed 
attention to the effect of similar pressures of pure oxygen 
“On the metabolism of some fungi. In the earlier experi- 
- ments already noted, it had been observed that the high 
oxygen pressures had an inhibitory effect on the metabol- 
|. 8m of bacteria and fungi and this was commented on in 
| ref. 1. Subsequent experiments on fungi have confirmed 
his observation. 
In fungi, unlike higher plants, recovery appears to be 
ible in all the species so far examined in this laboratory 
“if the exposure to 10 atmospheres or so of pure oxygen 
“is of a relatively short duration, for example, 3 days. 
Some fungi were found to recover after much longer 
exposures while Aspergillus niger was found to recover 
and to recommence growth after 18 days, but not after 28 
days exposure to that pressure of oxygen. 
- Clearing fungal cultures of mites. It was thought that 
‘this ability of fungi to withstand considerable pressures of 
oxygen for some days might be used to develop a simple 
method of killing the mites which tend to appear from 
16 to time in fungal cultures in collections. 
a preliminary set of experiments, the buds of black 
urrant affected with big bud mite (Hriophyes ribis) were 
i. After 24 h at 10 atmospheres of pure oxygen all 
the mites were completely killed and the bud scales had 
-turned brown and were clearly ‘poisoned’. This is in line 
"with earlier observations on the tissues of higher plants. 
Subsequent experiments with cheese mites and with the 
mites growing on fungal cuite showed that very: much 
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"Exposure. to- 2-3 atmosp heres pressure of oxygen for. 
24 h was effective in killing not only the mites in fungal | 
cultures, but also destroying the eggs so that one treat- 
ment was normally sufficient to clean up the cultures. "This . 
treatment had no recognizable effect on the fungi nor, as 
later experiments showed, on bacteria in culture. ; 

Experiments on cheese mites showed that whils the 
mites themselves were killed by exposure to 5 atmospheres 
of pure oxygen for 24 h, many eggs hatched after 12-24 h. 
A second exposure to 5 atmospheres of oxygen, however, 
resulted in no further activity of the mites or the eggs. A. 
single exposure for 24 h to 10 atmospheres of pure oxygen : 
apparently killed both mites and eggs and this is well. 
below the exposure which fungi can apparently withstand. 

Experiments with dormant tissues of higher plants. A new. 
series of investigations was set up to determine the effect. 
of high pressures of pure oxygen on higher plant tissuesin a 
dormant condition. Inthese investigations, the material used 
was the seeds of garden peas (Pisum sativum) and of 
runner beans (Phaseolus vulgaris) The pea and bean 
seeds were soaked in water at room temperature for 24h 
and then put into the pressure chamber already described’ . 
together with a group of dry peas and beans. After 5 days | 
in pure oxygen at 11 atmospheres pressure at a tempers- D 
ture of 25? C all the seeds were removed and planted i in 
damp soil in the glasshouse. 

No growth occurred in the peas and beans which had 
been soaked before exposure to the oxygen, while those | 
exposed to pressure while dry germinated normally and | 
just as well as yet à third group which had been kept at the | 
same temperature in air at atmospherie pressure. 'Th 
same results were obtained for other groups after exposure 
to 1l atmospheres pure oxygen for 14 days. Further: 
soaked peas did not germinate after only 3 days at 
atmospheres pure oxygen. 

These observations indicate that in the dry peas an 
beans the enzyme systems are not in a condition to. 
affected by oxygen at high pressures, If this effect is an 
oxidation then the enzyme systems must be in an oxidizec 
state during dormancy. Soaking for only 24 h at room 
temperature is sufficient to activate the enzyme systems. 
in such a way that they are susceptible to inhibition by | 
oxygen under pressure. T. 

Experiments with bacteria. As has been noted here, — 
earlier observations suggested that the metabolism: of | 
fungi and bacteria was affected by pure oxygen at high | 
pressures. To examine this a set of experiments was set 
up using a strain of Bacillus subtilis. This was inoculated 
on to nutrient agar in Petri dishes and the plates put into. 
an incubator at 25° C for 24h. After growth had occurred, 
some of the plates were transferred to the pressure chambei 
at 11 atmospheres of oxygen and kept at 25° C in th: 
constant-temperature room. After 5 days the plates were 
removed, when it was noted that no observable growth o! 
the culture had taken place, whereas the controls kept in. 
the incubator at 25° C in air had grown appreciably. 
soon as the plates were removed from the pressure cham. 
ber, subcultures on nutrient agar were made. The growt! 
of these subcultures was immediate as was that of sub 
cultures made from the controls kept in the incubator in, 
air at 25? C. 

This result was not expected, and it is clear that the rà 
of recovery of bacteria from high pressures of oxygen. 
different from that of other tissues. The tissues of higher 
plants and of animals are markedly affected by hi 
pressures in a matter of hours and do not recover from th 
treatment. In fungi, growth is immediately arrested anc 
recovery occurs after a period of days so long as tht 
duration of exposure has not been long. In bacteria also 
growth is arrested but, apparently as soon as tho prossun 
is released, growth is immediately resumed. 

It was thought that the fact that B. subtilis is a spore 
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resistance of this organism to high pressures of oxygen, 
which was the only one in our experience which was able to 
recover from the inhibitory effect on growth immediately 
on removal from the pressure chamber. It has been noted 
that whereas control cultures in an incubator at 25° C 
continued growth, colonies made no further growth while 
under pressure. ; 

To test the effect of high pressures of oxygen on a non- 
sporing type of organism, a strain of Escherichia coli was 
used in the experiments. 'This strain was obtained by the 
kindness of Dr. B. Moore, of the Publie Health Laboratory 
in Exeter. Cultures of the organism were grown on nutrient 
agar and on various other media with agar for 48 h in an 
incubator at 25° C and were then transferred to the 
pressure chamber in ll atmospheres of pure oxygen. 
After 7 days treatment in the constant-temperature room 
at 25? C, it was found on subculturing that the subcultures 
grew immediately and apparently as well as those of 
control material left in the incubator in air at 25? C. 
"There was no evidence, therefore, that the treatment with 
oxygen had any recognizable permanent effect on the 
metabolism of this organism. It was established by 
Dr. G. G. Pritehard of this Department, however, that 
pyruvic acid had accumulated in this o; ism while 
under pressure just as it had in the fungal cultures, 
indicating that oxidative enzyme are inhibited in 
fungi and baeteria similar to those in the tissues of higher 
plants. Details of this aspect of the investigation will be 
published in another paper. It should be noted, further, that 
cultures of E. coli put into 10 atmospheres of pure oxygen 
and kept in the constant-temperature room at 25° C made 
no recognizable growth while under pressure, but grew 
immediately and as well as did controls on removal from 
pressure and being put in an incubator at 25? C. High 

of oxygen, therefore, seem to inhibit growth 
immediately both in fungi and in bacteria. 

Exposure to 10 atmospheres pressure of pure oxygen 
up to 14 days had no permanent effect on this organism, 
and while growth was inhibited while under pressure as 
had been noted, it recommenced immediately on removal. 
Further work is clearly needed on the effect on the metab- 
olism of E. coli of high pressures of pure oxygen, but it is of 
interest to note that: (a) growth is inhibited under 
pressure; (b) similar oxidative enzyme systems are 
affected as in fungi and the tissues of higher plants, but 
that (c) the inhibitory effect of high pressures of oxygen 
is immediately reversed on removal from the chamber 
which does not oceur in any other of the tissues tested. 
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AJEstivation in Malvaceae 


Tur estivation of the corolla of a flower of the family 
Malvaceae is distinctly twisted (contorted) in bud, the 
condition generally persisting even after the opening of 
the flower. A striking peculiarity of the estivation is that 
in about half the number of flowers of any plant of any 
species of this family, the petals are twisted clockwise and 
the rest in à counter-clockwise fashion. The family 
comprises 1,200 speciest or more*. 

A malvaceous flower is pentamerous and the five 
twisted petals are free to the base where they are attached 
to the monadelphous staminal tube. The petals are shed 
with the tube when the flower withers. The individual 
petals are asymmetrical, a character correlated with 
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Fig. 2. 


Left- and right-handed flowers of Bombacacene (Salmalia 
malabaricum) 


twisted zstivation*. When viewed apically, the flower is 
considered left-handed (clockwise contorted sstivation) 
if the inner margin of a petal curves clockwisely towards 
the periphery, and right-handed if it curves counter- 
clockwisely (Figs. 1 and 2). In some species (for example, 
Hibiscus rosasinensis) the staminal tube also twists; clock- 
wise in a left-handed flower, counter-clockwise in a right- 
handed flower. In some others such as Thespesia populnea, 
the end of the stigma is conspicuously twisted. 

75,907 flowers of 31 species from 12 genera of Malvaceae 
were examined mostly by me in and around Calcutta and 
in Ceylon. Some data were supplied from Coimbatore 
(South India) by Cyril Selvaraj. Additional data were 
obtained from Sussex. 

Of the 31 species examined, 17 have an excess of left- 
handed flowers, and of these, the y* values for only three 
species show significant difference from the expected. One 
of these, Pavonia odorata, has only 16 flowers. The x? 
value for the overall population shows a significant 
difference from the expected. This is mostly due to the 
conspicuous left-handedness found in Abutilon indicum 
and Hibiscus rosasinensis. The figures received from 
Coimbatore for Abutilon indicum were very different (67-1 
per cent lefts). The data for H. rosasinensis relate to 46 
bushes observed for a three-month period in 1961, 5 
bushes for the year 1962, and 4 bushes from Coimbatore 
observed for two months in 1962. It may be mentioned 
that in all these populations the left-handed flowers were 
slightly in excess of the right-handed flowers, the mean on 
the total flowers being 51:25 + 0-28 per cent lefts. 
H. rosasinensis alone accounts for 43-4 per cent of the total 
flowers examined, and the y? value for this species largely 
affects the entire population, leading to a significant excess 
for the lefts, although the lefts account for only 50-64 
per cent of the entire flowers erent fron S and 
Ceylon. Ignoring this species, equality ma; expected 
for the rest of the species. In the ones of fo Fa 
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tion wit 
- right-handed or left-handed manner, the foliar asymmetry 
was found to be non-inherited*. But the left-handeds in a 
population gave 20-9 per cent more nuts than their 
|. Seasonal variations do not seem to alter the proportion 
. of the lefts and rights, as is evident from the data collected 
` throughout 1962 on five bushes of H. rosasinensis. 
.. @istivation. differences are also found in some species of 
- Bombacaceae, a family formerly included under Mal. 
raceae'. All the flowers from three trees of Salmalia 
malabaricum (Bombacaceae) were examined in 1962 and it 
was found that the right- and left-handed flowers are 
produced in the same proportion throughout the flowering 
season. The data on one of them are represented by the 
graphs in Fig. 3. 
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my request, observations were made on the following 
lvaceous species at the Stonehurst Estates, Ardingly, 
Sussex, by G. R. Wakefield. Abutilon vitifolium, A. 
sauvitzii, A. thomsonii, A. megapotamicum, Hibiscus 
syriacus, Hoheria lyalii, H. galabrata, Malva sylvestris and 
M. rotundifolia. The following is the summary of his 
observations: “Flowers on trusses of identical stages of 
growth do not appear to have the same opening pattern 
` (twist); they do not seem to open alternately one way or 
the other. Flowers opening at different times of the year, 
eonsequently under different climatic conditions and light 
densities, do not show any regularity either one way or the 
; other (right or left); likewise there seems to be no dif- 
: ference between flowers opening on the sunny side of the 
_ bush or the shaded side. Altogether I seem to be able to 
prove no pattern of regularity and the numbers seem to be 
ughly equal for either direction". 
The leaves of Malvaceae and Bombacaceae are alternate, 
an examination of the flowers of consecutive leaf axils 
me shoots of a few species did not show that alternate 
leaves bear in their axils flowers of the samo petal-twist. 
e two types of flowers are randomly distributed on 
ery shoot. Eiehler', however, seems to have recorded 
in Malva sylvestris a regular pattern in the asymmetry as 
adjacent flowers showed different direction of twisting. 
No significant difference in the number of stamens was 
noticed between the two types of flowers in Hibiscus 
, rosasinensis, Salmalia malabaricum and Ceiba pentandra. 
Salmalia, the capsules of both types of flowers were 
ighed, and no significant difference noticed between 











5 Malvaceae and Bombacaceae are not the only families 
“= which exhibit this peculiar sstivation of their corolla. 
Some or most species of Palmae, Caricaceae, Linaceae, 
Sterculiaceae and perhaps a few others may exhibit 
this phenomenon. The full data collected on Hibiscus 
rosasinensis and others will be published elsewhere. 
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Seedlings of Eichhornia crassipes: a Possible 
Complication to Control Measures in the 
Sudan 


Tux presence of Hichhornia crassipes Solms. on ihe 
White Nile and Bahr el Jebel was first noted in 19581, _ 
although it seems to have been present on the Bahr el . 
Jebel between Bor and Adok as early as the end of 1956. 
(unpublished report of Ministry of Agriculture, Sudan) 
Since the plant reproduces at a prolific rate by vegetative 
means and can become widely distributed by river eur | 
rents, winds and boats, its spread has been of an ‘explosive’: 
nature, producing many problems for navigation, fishing | 
and irrigation in the Sudan. At present it is to be found 
on the White Nile and Bahr el Jebel from Jebel Aulia dam 
47 km south of Khartoum, to about Juba in the Southern 
Sudan and on the Bahr el Zerraf, Sobat, and Pibor Rivers 
and part of the Bahr el Ghazal. z 

As the hormonal weed-killer, 2,4-D, is capable of 100. 
per cent kill of Hichhornia?, spraying with this herbicide at 
present forms the main control method. Its continued . 
use, although expensive, has more or less cleared the White 
Nile directly above the Jebel Aulia dam, has reduced the. 
growth of Eichhornia in the main navigational channels of |: 
the various river systems and has alleviated the threat of . 
spread into the main Nile downriver of Jebel Aulia. 

Until now, germinating seeds have largely remained a 
potential, rather than a real and important, source of . 
infestation, and have consequently not been catered for _ 
by any special control measures. In future, however, thè 
situation seems likely to change, and the control of infesta- 
tion by seed germination seriously considered. Observa- 
tions made during the first week of November, 1963, at; 
various points along the White Nile between Jebel Aulia 
and Kosti, have shown that seedlings of Eichhornia oceurin | 
large numbers in certain places along the river banks. 
Paradoxically it seems that the present control measures _ 
themselves are producing conditions particularly favour- | 
able for seedling growth and the establishment of potential 
foci of re-infestation should the waters be cleared of the - 
weed. : 
After being sprayed with 2,4-D, Eichhornia dies within 
2 or 3 weeks and later sinks below the water. Many of the 
dying plants, however, get blown on to the river banks and | 
in places form a well-developed 'strand-line' along the 
water's edge of decaying Eichhornia remains mixed with 
smaller amounts of Cyperus papyrus and Typha spp. At. 
one locality examined, namely, about 6 km north of. 
El Geteina, such a strand-line had many thousands of. 
Eichhornia seedlings at all stages of development, ranging 
from small plants with 2-3 acicular leaves to well-developed 
plants with typical leaves. These were rooted in the wetter | 
marginal areas where the Eichhornia remains had become | 
reduced to a layer of decomposed, peat-like material 
2-3 in. deep. Similar peaty substrates of Cyperus papyrus - 
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f seedlings. On the more recently. piled up and 
sed Eichhornia there were fewer. seedlings. 
: gs were also virtually absent from the water line 
whore the sandy soil was uncovered, but were sometimes 
| found where the sand was thinly overlying a layer of peat- 
* like Eichhornia remains. It would seem from these obser- 
vations that not only were the seeds being concentrated 
‘along the ‘strand-line’ by decay of the dead plants but that 
"fhey were also being supplied with conditions suitable for 
-suceéasful germination and rapid seedling development— 
vonditions which occur in Nature rarely. There is an 
additional possibility, although perhaps a remote one, 
that spraying with 2,4-D has a stimulatory effect on seed 
germination in Hichhornia, 

"The long-term development of seedlings established in 
this type of environment along this stretch of the White 
Nile will depend on changes in river level. On a rapidly 
falling river it is possible that all seedlings will be killed by 
drying out of tho peat layer as they did not appear par- 
ticularly resistant to desiccation. On a rising river, how- 
ever, they certainly could be easily dislodged from the 
-layer of peat and float away. Up-river of Kosti the ampli- 
_ tude of the river-level is far less and the continued growth 
_ of plants thus established would probably be more certain. 
_ There must be many localities throughout the river system 
where control measures have produced similar accumula- 
tions of Eichhornia, each being a potential site of re-infes- 
tation after even the most effective control measures. 
‘This is not the first time seedlings of Eichhornia have 
; been found in the Sudan. Since April 1962, officers of the 
"Plant Protection Division of the Ministry of Agriculture 
have found numbers of seedlings downstream of Jebel 
Aulia, between the dam and the Khartoum-Omdurman 
bridge over the White Nile (unpublished report, Ministry 
of Agriculture, Sudan). Here seedlings occurred in some- 
at different conditions, being reported as rooted in the 
"under a few inches of semi-stagnant water. Seeds 
minating in this stretch of the river must have passed 
rough the dam sluices as anticipated by Chadwick* and 
represent a possible means of infestation of the main Nile 
orth of Khartoum and the Blue Nile. Whether these 
;, seedli remain a real threat depends on their ability to 
| survive desiccation when the level of the Nile drops and on 
^ their chances of becoming detached when it rises. Being 
. rooted in soil they are unlikely to become detached as 
| readily as seedlings in the peat-like remains of the decaying 
| Eichhornia above the dam; and if they remain rooted they 
; are unlikely to survive any length of time under the very 
| turbid water of the rising Nile. 

_.-» Seeds and seedlings also represent a threat of infestation 
_ to the irrigation schemes which draw their water from the 
. Nile. Water is taken from the river at the banks where 
_ Hichhornia can pile up into strand-lines. Since seeds must 
| become concentrated in such places by the decay of these 
| remains, the chances of their being carried by the water 
| pumped into the irrigated areas become progressively 
_ greater. Indeed, infestation of irrigation ditches by 
^these means may already be taking place. During the trek 
"to Kosti a number of schemes on both sides of the White 
| Nile were seen to have small numbers of Eichhornia plants 
at the sides of their irrigation ditches in circumstances 
which suggest infestation by germinating seeds. 
. "There can be littlo doubt that, if the spread of Eichhornia 
-is to be brought under control, research into the ecology of 
_ the plant, the physiology of its seed germination and the 
‘lation between control methods and secondary infesta- 
tion i srative at this stage. 
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Phosphorus, a Maximum Factor in the. . 
Growth of Characeae : 


Can phosphorus, the typical minimum element in plant 
growth, be à maximum factor for plants even at very low 
concentrations ? Experiments by Rodhe! showed that 
the growth of Dinobryon divergens Imhof and Uroglena 
americana Calkins was inhibited or the plants were 
damaged by addition of only 5 ug phosphorus/l. On tha 
other hand, Scenedesmus quadricauda Turpin em. Chod.. 
“required 500-1,000 ug phosphorus/l. in order to reach the — 
lower limit of the optimum interval" (op. cit.);. The growth © 
inhibition of Dinobryon and Uroglena by very low 
phorus concentration suggests that this element “e S 
mien lakes may become a maximum factor for so: 

I have found that charophytes are also very sensitive to 
phosphorus. This communication summarizes ecological 
observations, and presents some experimental results on 
the relation of charophytes to phosphorus. 

The charophytes often grow in large masses in lakes in 
limerich regions. The term Chara-lake was suggested? for 
this lake-type, characterized vegetatively by luxuriant 
meadows of charophytes while other aquatic vegetation 
is poor. The lake water is very calcareous and diverges | 
from the standard composition® in particular by the high 
calcium content. In standard composition calcium . 
occupies 63-5 equiv. per cent, but in Chara-lakes the 
corresponding figure is higher, for example, on the island - 
of Gotland where twelve lakes show an average va 
81 and early spring analyses give 89 equiv. per | 
calcium. ee 

High calcium content gives rise to solid calcium car- 
bonate, marl, which affects the nutrients of the water. 
pH is often above 8, and important nutrients such as 
phosphorus are precipitated. Water rich in calcium, 
therefore, has an oligotrophic character. However, the 
primary production of these lakes, which is normally low, 
can be increased by chelated iron and commercial fortil- 
izers‘, MU E. 

The Chara-lakes investigated have low phosphorus con- 
centration and 20 ug total phosphorus/l. is as an approxi- 
mate limit value (for the vegetation period) below which 
the charophytes completely dominate the vegeta ; 
Other important nutrients have been found to vary wi: 
wider ranges. Luxuriant meadows of charophytes | 
also been found in Potamogeton-lakes, but here the algae. 
are in competition with phanerogams such as Potamogeton, — 
Myriophyllum and Ceratophyllum. Lake Osby ean servo 
as an example’. The phosphorus content is higher than 
in the typical Chara-lakes. 

Another habitat where the algae can form dense 
meadows are oligotrophie waters which here can be exem- 
plified by Lake Vättern, where 4-6 ug total phosphorus/l. 
are given’. Big masses of charophytes also grow in 
brackish water in the Baltic, especially in shallow, © 
sheltered bays. The phosphorus concentration is 
Total phosphorus is < 10 ug/l. down to 40.m depth in 
Baltie's surface water at Landsortsdjupet". ue 

The dissolved phosphate constitutes only & small US 
of the total phosphorus, and the analyses from waters | ~ 
mee in charophytes have PO,-P figures of 1 ug/l. and - 
ess. D 

Thus, localities where charophytes grow luxuriantly are 
fresh water of oligotrophic character and brackish water.. 
A common factor is low concentration of phosphorus in 
the water. Normally they grow “in clean water 
only''*. 

First attempts to culture charophytes in definable 
nutrient solutions failed. Dilution and addition of calcium 
salts improved the results?, Buljan? composed a solution. 
for Chara, which was later modified for Ch. zeylanica 
Willd. by Anderson". Both these media are unsatisfac- 
tory because of high content of slightly soluble cale 
salts which give a solid phase. It is not possible to 




































v? 


VER. DN 


4 


= 


>- 


"ae 


SA o^ ev 
818.^* $ 


exactly the content of available phosphorus in these 
‘solutions’. Anderson" added 1-23 p.p.m. phosphorus/l. 
for optimal growth. Anderson’s results are of interest 
here: “low concentrations of phosphorus were required 
to give best results, while high concentrations of phos- 
phorus inhibit growth". The major ions could be varied 
in wider ranges. 

When testing Chara for suitable light and temperature 
conditions the author used top shoots growing in tap 
water, Usually the shoots grow rapidly in this water 
(caleareous with low phosphorus concentration). Addition 
of remarkably small amounts of phosphorus had a negative 
effect. In tap water and weak daylight, 30 pg phosphorus/ 
|l as K,HPO, stopped growth of Ch. globularis Thuill., 
while 8 ug/l. inhibited the plants to 70 per cent compared 
with the controls. The experiment was repeated under 
fluorescent lamps with a light period of 16 h/day and the 
growth was inhibited by 15-30 ug phosphorus/l. 

In the following medium, top shoots of Ch. globularis 
grow well without addition of phosphorus or with low 
concentration of this element (salt concentrations per 
litro): CaNO, 40 mg, MgSO, 25 mg, Na,CO, 20 mg, KCl 
20 mg, NaHCO, 200 mg; Na,-versenol and trace elements 
(10 per cent of the given concentration)". Phosphorus 
was varied by addition of K,HPO,. 

The solution was autoclaved (some salts separately to 
avoid precipitation) and pure cultures were prepared after 
surface storilization and germination of oospores. Weakly 
aerated cultures of Ch. hispida L. in 18? C, 6 h/day fluores- 
cent lamps, gave plants as in Fig. 1. Addition of 6 pg 

horus/l. delayed the development. In light periods 
of 16 h/day. the same phosphate addition had a smaller 
inhibitory effect. The plants seem to be more sensitive 
to phosphorus in weak light or short day-lengths than in 
stronger light or longer day-lengths. When aeration was 
good the plants were less sensitive to phosphorus. In 
light and in the presence of carbon dioxide decreased 
phosphate fixation is also shown". 





lants of Chara hispida L. Left, without phosphorus 
ht, with 6 ug phosphorus/l. Tufts of r ids are 
developed at most nodes (cf. ref. 10) 


.1. Young 
Pitio and, r 


At the moment the mechanism behind the phosphorus 
sensitivity of Chara is not known. Kylin™ has recently 
found that phosphate addition inhibits sulphur accumula- 
tion by Scenedesmus. The charophytes may react like 
Scenedesmus but other explanations are also plausible for 
the sensitivity of this specific plant group. 

In the foregoing medium Ch. globularis grows rapidly, 
but seedlings of Ch. hispida grow slowly. This can be due 
to absence of some organic component required. The 
solution has also been tested on Najas marina L., which 
grows with Chara in some Chara-lakes!*, and was found to 
besuitable. Fruits of Najas were germinated after surface 
sterilization with alcohol and calcium hypochlorite. 

The investigations on Chara and Najas continue with 
special regard to their relations to phosphorus. The 
results will be published later elsewhere in more detail. 

From ecological observations and experiments it is 
evident that the charophytes are sensitive to phosphorus. 
This element behaves as a maximum factor for these algae. 
Presumably this is valid for the whole group. The sensi- 
tivity to phosphorus can explain the absence of charo- 
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ph in very eutrophic waters and their disappearance 
ery polluted localities!*, T 

I thank Prof. Nils Fries and Prof. Wilhelm Rodhe for 
their advice, and Dr. Margaret Jarvis for revising the 
English text. The investigation was supported in part by 
perp ^ ges RG-8157 from the U.S. National Institutes 
of Hoalth. 
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Calcium Transport in Tomato Roots 


Tur absorption of calcium by plant tissue generally has 
been considered to be a process involving metabolic 
uptake. Fried et al, using excised barley roots, and 
Chasson and Levitt?, using potato slices, found a rapid 
initial uptake of calcium-45 followed by a slower linear 
increase with time. The linear phase was interpreted to 
represent metabolic absorption of calcium at a constant 
rate. However, Moore et al.*, in experiments with excised 
barley roots, found that when the uptake of inert 
calcium was determined by chemical analysis, the linear 
phase increased only slightly with time. When the uptake 
of caleium-45 was measured, the increase in the linear 
phase was much more pronounced, presumably because 
of exchange of radioactive calcium for inert calcium 
present in the root tissues. In addition, calcium uptake 
was not reduced by low temperature or treatment with 
dinitrophenol. Consequently, Moore et al. eoncluded that 
in barley roots, calcium uptake was largely non-metabolic 
in the physiological pH range. Handley and Overstreet* 
have reported that caleium uptake in primary roots of 
maize is non-metabolic in the meristematic portions of the 
root tip, but is largely metabolic in the older vacuolated 
portions of the root. In a recent examination 
of calcium accumulation in barley seedlings, Barber 
and Koontz* concluded that metabolism was involved in 
the process by which caleium was eventually accumulated 
by the barley shoot. 

In many herbaceous plants, salts accumulate not only 
in the vacuoles of root cells, but also in the xylem sap of 
roots when transpiration is slow. Since salt accumulation 
in the xylem sap is believed to occur as a result of active 
transport of ions into the root xylem^*, it seemed desirable 
to determine whether calcium ions could accumulate in 
xylem sap. Probably the most certain criterion for active 
transport of an ion is the ability of the ion to move ‘uphill’ 
against a concentration gradient’, so that accumulation 
of calcium ions in the xylem sap to a level exceeding that 
of the external medium would be a strong indication that 
calcium ions were moved into the root xylem by an active 
transport process. Isotopic exchange would not be expec- 
ted to occur in the xylem sap itself, and any exchange on 
the cell walls of the xylem elements would tend to decrease, 
rather than increase, the amount of calcium in the xylem 
sap. 
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In Me work reported io the ia etn concentra- 
tion pressure exudate from de-topped root systems 
was compared with the caleium-45 conectan of the 
nutrient solution around the roots. Marglobe tomato 

ts, grown in aerated Hoagland's solution in the green- 
ouse, were used in the experiment. Average height of 
the plants was 37 cm and average fresh weight was 98 g. 
On the morning of the experiment, the plants were də- - 
topped and the root systems, after thorough rinsing in tap 
water, were immersed in 350 ml. of quarter-strength 
Hoagland's solution (pH 6-0) labelled with ealeium-45 at a 
concentration of 0-5 mo./l The solutions were aerated 
constantly. Root pressure exudate was allowed to collect 
in glass reservoirs attached to the cut stumps. Samples of 
exudate were collected for 30-min periods at intervals over 
a period of 26 h starting at 9 a.m. With each collection of 
exudate, a small sample of the experimental solution also 
was taken. Evaporation of water from the glass reservoirs 
during the short collection periods was negligible. Evapo- 
ration from the solution around the root systems was 
reduced by covering the containers with aluminium foil. 
Caleium-45 activity in the samples was determined by 
placing 0-05 ml. of a sample on a disk of filter paper, drying 
it, and counting it with a thin end-window Geiger-Müller 
tube. No correction was made for self-absorption since 
only a comparison of relative isotope activity between 
samples was desired. 

As shown in Fig. 1, the calcium concentration of the 
exudate exceeded the concentration of the external solu- 
tion throughout the experimental period. It increased 
rapidly at the beginning of the experiment and at 3 h was 
2-3 times the concentration of the external solution. The 
calcium concentration of the exudate declined gradually 
during the remaindor of the experiment. Curves for 
exudation and total calcium in the exudate were similar 
to that for calcium concentration. The calcium concen- 
tration of the external solution decreased gradually during 
the experiment as calcium was absorbed by the roots and 
exuded in the xylem sap. 
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Calclum-45 concentration (10* counts/min/ml.) 


Time (h) 


An important factor which must be considered is the 
nature of the calcium in the exudate. Movement against 
a concentration gradient would be a valid criterion for 
active transport only if the calcium in the exudate were 
present as free calcium ions and thus able to affect the 
free energy of the system. To check on this, samples of 
exudate and freshly prepared experimental solution were 
compared using paper electrophoresis. As can be seen in 
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Fig. 2. Autoradiogram of calcium-45 in root pressure exudate from 

de-topped tomato roots. Obtained by 

collected 6 and 26 h after the start of expe! t. S 

tion: quarter-strength H d’s labelled with caleium-45. 
phoresis: 1 h at 200 V, 0-01 M potassium chloride bridge 


Fig. 2, both the standard and test spots moved identically, 
indicating that all the calcium in the exudate, even 26 h 
after the start of the experiment, was present as free 
ionic calcium. 

Those results indicate that calcium ions can move into 
the root xylem of tomato plants by an active 
process. Uptake of calcium ions by the cells of the root 
system itself was not studied; however, it is generally 
believed that somewhat similar processes probably are 
involved in ion accumulation in both the root cell vacuoles 
and root xylem. 

This work was supported by U.S. Atomic Energy Com- 
mission contract 4A7'-(40—1)-1827. 
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Auxiliary Cells in the Ceramiales 


Drew? rightly commented on the need for critical 
re-examination of many phycological concepts which 
have been accepted without question, but which need to 
be re-considered because the supporting data are either of 
considerable age and unconfirmed, or even known to be 
incorrect. These spurious concepts are to be found in all 
fields of phycological research, although systematic studies 
provide some of the worst examples of this curious lack 
of re-appraisal. For many groups the apparent stability 
of the generally accepted system of classification is largely 


an illusion, as has been demonstrated recently for the 


Florideophyceae*. 

The formation of the auxiliary cell from the supporting 
cell after fertilization is usually regarded as one of the 
diagnostic features of the Ceramiales, distinguishing this 


order from all other Florideophyceae. Any observations 


which are in disagreement with the accepted beliefs 
regarding the development of the auxiliary cell in this 
order are thus of particular significance. There have been 
some statements disagreeing with the generally held 
opinion, but these have been ignored. 

It is understandable that the early reports of the 
porting cell functioning directly as an auxiliary cell 
be treated with suspicion because the structures are 
difficult to investigate, the published reports are vague 
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and rarely based on polonga investigation. These 
criticisms can scarcely be said to apply to the detailed 
account of earposporophyte development in Griffithsia 
globulifera (as “G. bornetiana") given by Lewis’, which, 
despite support by Borgesen', has not been accepted by 
subsequent authors**, Recently, in a very detailed 
survey of the structure and reproduction of certain genera 
of the Ceramiales, Hommersand? has demonstrated that in 
Carpoblepharis and Bostrychia early stages of development 
may occur to a limited extent in some carposporophytes, 
often with certain abnormalities, if there is a normally 
developing carposporophyte in the vicinity. The funetion- 
ing of the supporting cell as an auxiliary cell in the former 
is regarded by Hommersand as one of the abnormalities. 
Presumably, the presence of the normally developing 
carposporophyte influences the behaviour of other 
earposporophytes in its vicinity, and Hommersand 
suggests that this is the explanation for all examples of 
the phenomenon under discussion. 

This is probably an over-simplification. In various 
genera, both in the Ceramiales and in other orders of the 
Florideophyceae, where several carpogonia are formed in 
close proximity to one another, only one mature carpo- 
sporophyte may develop even though all the carpogonia 
appear to have been fertilized. The carpogonia or carpo- 
sporophytes the development of which has been restricted 
may sometimes exhibit abnormalities. This is the situa- 
tion so admirably figured by Hommersand’, and it has been 
found to occur also in Gelidium latifolium* and in certain 
species of Ceramium’, although in Lemanea® every carpo- 
gonium which is fertilized appears to give rise to a carpo- 
sporophyte, however intimately these may be arranged. 
"The process of inhibition is obviously of considerable signi- 
fieanee and it would clearly repay detailed investigation, 
but it is difficult to see how such morphogenetie inhibition 
ean be the explanation for the supporting cell functioning 
direetly as the auxiliary cell in those genera where the 
individual carpogonia are separated by considerable 
distances. Personal investigations of material of Griffithsia 
globulifera collected at Woods Hole, Mass., and of speci- 
mens of Antithamnion spirographidis grown in culture by 
the late Dr. K. M. Drew?? indicate that in many procarps 
the supporting cell functions directly as the auxiliary cell. 
The problems involved in determining the behaviour of 
one cell embedded in a mass of tissue are very real and 
these may well account for some of the uncertainties, as, 
for example, in the report of this phenomenon by 
Nakamura", in Ceramium paniculatum. In the two 
species investigated personally, particularly in Anti- 
thamnion spirographidis, the vegetative and reproductive 
parts are of the simplest possible construction so that 
direct observation is relatively simple. There can be 
little doubt regarding the behaviour of the supporting 
cells in the material examined; in every sample some 
were found to be functioning directly as auxiliary cells, 
with the proportion varying from sample to sample. 

There is clearly a need for further detailed investigations 
of this phenomenon, not only in relation to the behaviour 
of the supporting cell, but also with regard to the circum- 
stances in which there are inhibitory interactions be- 
tween adjacent carpogonia and developing carposporo- 
phytes. 

The data at present available are obviously not sufficient 
to justify the complete rejection of the generally held 
concept that in the Ceramiales the auxiliary cell is cut off 
from the supporting cell after fertilization, but there is 
sufficient information available to indicate that this 
opinion should be treated with reserve. From the point 
of view of the systematics of the Florideophyceae as a 
whole, it should be appreciated that one of the supposed 
diagnostic features for what is apparently the only clearly 
defined order in the class is not so invariable as generally 
supposed. 

I thank Prof. N. A. Burges and Dr. M. T. Martin 
for advice and Prof. H. Wright-Baker for permission 
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to use specimens belonging to the late Dr. K. M. 
Drew. 
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Cellular Nature of the Invasive Mouse 
Trophoblast 


IN those types of placente in which the trophoblast is 
non-invasive (epitheliochorial) or only very weakly invas- 
ive (syndesmochorial) the trophoblast is cellular. How- 
ever, in the endotheliochorial and hemochorial types of 
placentw the trophoblast is progressively more invasive 
and in those species in which it has so far been studied the 
trophoblast, during its invasive period, is syncytial in 
strueture!. The purpose of this communication is to 
direct attention to the fact that the mouse trophoblast, 
probably the most invasive trophoblast, is cellular. 1t 
has been known from earlier work??? that the rat tropho- 
blast in the definitive placenta is cellular, but one cannot 
assume from this that it is cellular during its invasive 
state, for it has been recently shown‘ that in the rabbit 
the trophoblast in the definitive placenta is cellular 
whereas the implanting trophoblast is syncytial. 

In the present series of investigations the trophoblast 
was obtained by transplanting either the unimplanted 
3-5-day-old uterine blastocyst, or the ectoplacental cone 
from a 7:5-day-old uterine conceptus, into the spleen of 
male hosts. This was done for the following reasons. 
First it is easier to locate the exact position of the blasto- 
cyst implanting beneath the spleen capsule than in the 
uterus. Secondly, the mouse trophoblast is considerably 
more invasive in the spleen than it is elsewhere in the 
body, and this study was directed towards the structure of 
the trophoblast in this condition. Thirdly, the tropho- 
blast in the spleen is functionally normal, inasmuch as it 
can support a morphologically normal embryo, and there is 
no reason to suppose that it is not histologically normal. 
The grafts were examined under the light and electron 
microscopes. For the latter the tissue was fixed in 10 per 
cent ‘formalin’ ‘neutralized’ with marble chips, followed 
by post fixation in 1 per cent potassium permanganate 
solution and subsequent embedding in ‘Araldite’ accord- 
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Fig. 1. Light micrograph of 8-5-day-old trophoblast oving in the 
spleen to show the mileata orpo pee eere tween three 
adjacent ce 
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Fig. 2. 
sectioned transversely). 


ing to the technique given by Luft’. The ultra-thin 
sections were stained by the lead method of Millonig*. 
Only the trophoblast at the periphery of the graft, in 
contact with the host tissue, and therefore invasive, was 
selected for examination. 

Light microscope preparations of the trophoblast show 
narrow confluent strands of cytoplasm between nuclei, 
thus giving the appearance of a syncytium (Fig. 1). 
However, after digestion in 2 per cent trypsin for 20 min 
at 37? C this sheet of trophoblast had disaggregated into 
discrete cells with a fairly smooth outline. This indicated 
that the invasive trophoblast was not syncytial, although 
there were some binucleate cells. Electron micrographs 
were taken of the trophectoderm of the unimplanted 
blastocyst and of the implanting trophoblast at the follow- 
ing ages—6-5 and 8:5 days post coitum (from the trans- 





Fig. 3. 12-5-day-old mouse trophoblast growing in the spleen. This 

electron micrograph shows cytoplasmic processes of adjacent cells in 

intimate contact with one another, but delimited by distinct cell 

membranes. The cell membranes are characterized by the presence 
of desmosomes (arrows) 
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Electron micrograph of 6-5-day-old mouse trophoblast implanting in spleen 
tissue. Six trophoblast cells are shown each with a clearly limiting membrane (arrows). 
The free surfaces of the trophoblast cells are thrown into numerous microvilli (mostly 
Spleen tissue may be seen in the upper right corner 
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planted blastocyst) and 12-5 and 15-5 days 
post coitum (from the transplanted ecto- 
placental cone). Since the process of 
transplantation delays development by 
approximately two days*, these times 
correspond with somewhat earlier stages 
in utero. 

All the stages show distinct delimiting 
cell membranes between nuclei. However, 
the nuclear membrane is often highly 
invaginated into the nucleoplasm, and lobes 
of such nuclei may appear as separate 
entities in sections. In the early stages of 
development, the shape of the cells is 
relatively regular (Fig. 2). By the time 
the trophoblast has reached its maximum 
invasiveness, at which period the light 
microscopic preparation shows an apparent 
syncytium, the electron micrographs reveal 
that the cell boundaries become extremely 
tortuous, and their line can be followed 
only with difficulty (Fig. 3). Concurrent 
with this change in the outline of the cells 
is an increase in the number of desmo- 
somes. 

The functional significance of the cellu- 
larity of the invasive trophoblast is not 
clear. Béving® suggested trophoblast inva- 
sion differs fundamentally from cancerous 
invasion in that the former is syncytial whereas the latter 
is cellular. This cannot now be held to be correct. 

D. R. S. KIRBY 
S. K. MALHOTRA 
Department of Zoology, 
University of Oxford. 
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Occurrence and Development of Identical 
Twins in Sheep 


LrrrLtE is known about the early development of 
identical twins in sheep; the only reference which we 
have been able to find is that of Assheton!, who reported 
finding in a ewe a blastocyst with two embryonic disks 
and who was able to confirm the existence of the two 
embryos by sectioning the blastocyst. 

In the course of our recent investigations on the factors 
involved in corpus luteum maintenance in sheep, which 
involved the transfer of blastocysts and conceptuses up to 
14 days old, the opportunity arose to make an examina- 
tion of almost 200 blastocysts removed at 7-9 days of 
pregnancy. Two of these were found to contain double 
embryonic disks (Fig. 1). 

During à similar examination of 250 conceptuses 
removed at 12-14 days of pregnancy, two were found 
to contain double embryos on the single tube-like tropho- 
blast (Fig. 2). 

At 12-14 days of pregnancy the conceptus consists of 
a blunt-ended tube sometimes containing a little fluid 
and on which the embryo can readily be distinguished 
as a clear oval eminence. By close examination of this 
tube it was possible to establish without doubt that 
these embryos were developing in a single set of mem- 
branes and that there was no question of fusion of two 
separate embryos. It is virtually certain that fusion of 
membranes does oceur in the sheep. for Moore and Rowson* 
have described a pair of opposite-sex twins, the female 
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Two 9-day blastocysts showing double embryonic disks 





Fig. 2, A 13-day conceptus traced from a photograph ( x c. 3:75) show- 
- two embryos (indicated by arrows) on the same trophoblast 


of which was a freemartin and between which reciprocal 


skin grafts were permanently accepted. 

The 12-14-day-old conceptuses reported on in the 
present investigation have been transplanted to recipient 
ewes of a different breed, and if these transplantations 
are successful a study will be made of the offspring 
resulting, both on blood and tolerance to reciprocal skin 
grafts. 

L. E. A. RowsoN 
R. Moor 
Agricultural Research Council, 
Unit of Reproductive Physiology 
and Biochemistry, 
Cambridge. 
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Influence of the Embryo and Uterus on 
Luteal Function in the Sheep 


Tue transfer of sheep eggs to recipient ewes is a well- 
established experimental procedure. Using the method 
developed by Hunter, Adams and Rowson successful 
transfers of and blastocysts have been performed 
during the first 8 days of the 16-day cycle'-*. No transfers 
have yet been reported after that stage. Recently, we 
found that with the use of the standard technique! preg- 
nancy will result from the transfer of blastocysts to 
recipient ew2s up to the eleventh day after cestrus. 
However, more advanced embryos cannot be transferred 
by that technique owing to the rapid growth of extra- 
embryonic membranes after the eleventh day of preg- 

. A modified method of recovering and transferring 
12, 13 and 14 day embryos has now been developed. Tt is 
the purpose of this communication to describe in brief 
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both that technique and its application in our study of 
the mechanisms t t regulate luteal function in the sheep. 
Embryos, ranging from 1 mm to more than 20 cm in 
length, were recovered from donor ewes in the following 
manner. The cervix was clamped, and sheep serum was 
injected into the tip of one uterine horn. The serum and 
embryos were foreed round the body of the uterus to a glass 
tube positioned in the opposite horn. Occasionally the 
embryos recovered in this manner were damaged and a 
routine microscopie examination of each embryo was, 
therefore, necessary before transfer to the host’s uterus 
could be carried out. A 5-mm diameter glass pipette 
proved suitable for the transfer of these embryos to the 
uterus of the recipient ewe. One embryo was transferred 
to each recipient and the pregnant animals were allowed 
to go to term. 
Table 1, EFFECT OF TRANSFERRING EMBRYOS TO NON-PREGNANT RECIPIENT 


EWES ON THE TWELFTH, THIRTEENTH AND FOURTEENTH DAY OF THE 
ŒSTROUS CYCLE 


Post-cestrum stage (days) Ewes per No. of ewes 
Group Donor Recipient group pregnant 
la 12 12 9 5 
13 12 9 6 
2a 12 13 3 0 
13 13 14 2 
3a 13 14 4 0 
14 14 9 0 


It is apparent from the results presented in Table 1 
that à normal pregnaney will result, following the transfer 
of a 12-day embryo to the uterus of a non-pregnant 
recipient on the twelfth day of the cycle. However, if à 
13-day embryo is transferred to à ewe on the thirteenth 
day after œstrus, the transfer frequently fails and the 
enimal afterwards returns to cestrus. That the failure of 
transfor on the thirteenth day after cestrus is not due to the 
13-day embryo per se is proved by the fact that a 13-day 


embryo ean be successfully transferred to a recipient on — 


the twelfth day of the cycle. 

The effect of the surgical removal of the embryo from 
the gravid uterus at progressively later stages in the life 
cycle of the corpus luteum was then investigated. Normal 
oestrus behaviour was observed following the removal of 
embryos during the first 12 days of the cycle. However, 
the removal of embryos on the thirteenth and fourteenth 
day after cestrus resulted in a marked extension of the 
life of the corpus luteum beyond the normal length. These 
experiments suggest that the lifespan of the corpus luteum 
is not irrevocably determined until after the twelfth day 
of the cycle. 

The influenee of the non-pregnant uterus on luteal 
funetion during the final 4 days of the cestrus cycle was 
then investigated by performing hysterectomy operations. 
Wiltbank and Casida* demonstrated that the removal of 
the sheep's uterus in the mid-luteal phase maintains the 
corpus luteum for an extended period of time. It has 
been evident from our experiments that hysterectomy, 
even if performed on the fifteenth day after cestrus, can 
arrest the involutionary changes in the luteal cells, pro- 
vided that the corpus luteum is still functional at the time 
of hysterectomy. Further investigations have revealed 
that luteal regression is not prevented by hemi-hysteree- 
tomy. The number of cestrous cycles extended beyond 20 
days in partially hystereetomized sheep is, however, 
affected by the proportion of uterus removed. Thus 12 
out of 26 cestrous cycles were abnormally extended in a 
group of 10 sheep with one horn removed, while only 5 
out of 23 cestrous cycles were extended in a similar group 
of sheep with only the distal half of one uterine horn 
removed. 

The results of our observations suggest that the uterus 
plays an essential part in regulating luteal funetion in the 
sheep. However, the corpus luteum is not affected by the 
uterus until the last 4 days of the cycle. It would appear 
that the lifespan of the corpus luteum is not finally determ- 
ined until the twelfth day of the cycle. This is also the 
stage at which the corpus luteum first becomes dependent. 
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on the luteotrophic influence of an embryo in the uterus 
for it» continued maintenance as the corpus luteum of 
‘pregnancy, == — 
_ The retrogressive changes observed in the corpus luteum 
of the non-pregnant sheep during the final stages of the 
< cyclo appear to be dependent on a continuous luteolytic 
* effect from the uterus at that stage. The influence of the 
s hypophysis on the relationship between the uterus and 
© the carpus luteum is not yet known. 

-. We thank Dr. T. R. R. Mann for his advice. We also 
_ thank Dr. R. V. Short for the assay of numerous progester- 
. one samples. 
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L. E. A. Rowson 
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Electroreception and the Ampullz of 

00 Lerenzini in Elasmobranchs 
| RECENT investigations of the sensitivity of certain 
_ groups of fishes to minute local potential changes have 
|, revealed the fact that all members of these groups possess 
, speeialized neuromasts in addition to their ordinary 
:Jateral-line organs. Whereas the ordinary organs are used 
as ‘distant touch’ receptors, responding to mechanical 
‘stimuli, several facts and considerations have led to the 
assumption that the specialized or ‘ampullary’ organs are 
used as electroreceptors!. The ampulle of Lorenzini, 
yhich occur on the head of all elasmobranchs, are typical 
nd important representatives of this latter group of de- 
rived lateral sense organs. Electrophysiologically, the 
ampulla have been shown to respond to slight potential 

changes (1 uV/em)*. On the other hand, behaviour 
| experiments revealed the occurrence of muscular reactions 
in rays and dogfishes in response to equally minute or even 

weaker electrical stimuli (0-1 »V/em)*. 

New behaviour experiments with Scyliorhinus canicula, 

“in which local olectrical stimulation of the animals was 
combined with surgical elimination of the ampulle of 
-Lorenzini by means of severing the nerves, have shown that 
| the.ampulke may indeed be used as electroreceptors. 
_ Denervation of all ampullz abolished all reactions to local 
potential changes from the threshold value up to the 
highest value tried (about 20 mV/em). Local denervation 
ef ampulle caused a substantial rise of threshold for local 
lectrical stimuli but only if applied to the region of the 
ponings of the denervated ampulle, even though the 
rdinary lateral-line organs and other skin receptors of 
ogion concerned were left intact. These results 
esent the first clear-cut evidence for the use of ampul- 
lary lateral-line organs as olectroreceptors, engaged in the 
‘perception of stimuli in the order of a few uV/em. They 
_ will be published in detail in the Zeitschrift für vergleichende 
| Physiologie (Volume 47). 
«This work was supported by the Centro National de la 
* Recherche Scientifique (Paris) and by the Netherlands 
* Organization for the Advancement of Pure Research 
v (2.W.O.) It was done at the Station zoologique of 
:; Villefranche-sur-Mer (France). I thank Mr. A. J. Kalmijn 
* for his assistance. 
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Evidence of an Autonomous Reproductive 
Rhythm in an Equatorial Bird (Quelea 
quelea) 


Tmar photoperiod ean influence the reproductive and . 
migratory cycles of many species of birds is now well 
established!. In male birds the breeding cycle ean be: 
resolved into three phases?; the post-nuptial refractory 
phase during which testes regress and the anterior pituitary 
becomes unsusceptible to photostimulation; the accelera- 
tion or progressive phase when the bird is capable of being 
stimulated into gametogenetic activity; the final breeding - 
phase. Some workers? have demonstrated in certain 
species that all three phases are capable of modification by 
manipulation of artificial photoperiods and claim that the 
entire annual cycle is regulated by day-length. But. 
others! place more emphasis on an internal rhythm. In 
general, the experimental evidence indicates that photo- 
periods seem to be more influential on the breeding eyeles > 
of temperate zone species than on equatorial and desert. 
birds’. : 

The primary purpose of the investigation recorded here = 
was to determine whether an equatorial bird, normally 
subject to very little fluctuation in day-length, possesses . 
an autonomous reproductive rhythm under constant — 
photoperiod and temperature conditions. For this 
purpose, red-billed diochs (Quelea quelea) were collected. 
These weaver finches range trans-equatorially over vast 
areas of Africa, They were flown to London and placed in 
cages under a 12-h photoperiod. Food was provided ad 
lib. and the room temperature was thermostatically con- 
trolled at 22° C. Their breeding biology has already been . 
briefly reported*, and a well-marked refraetory period 
which is apparently independent of artificial photoperiodie 
fluctuations is known to occur’. b 

The investigation started in September 1960 when birds 
were still in eclipse plumage but were starting to moult ^ 
into their nuptial plumage. A few black feathers hadi: _ 
appeared in the mask area giving a somewhat speckled 
appearance. Three specimens killed for autopsy at this 
time possessed testes 5 mm x 3-2 mm in size containing — 
seminiferous tubules 120u in diameter. Spermatogenesis —— 
had restarted and there were numerous spermatogonia and 
a fow isolated primary spermatocytes. These were adult 
birds which had already been through a breeding season; o . 
within the tubules there was sudanophil material the = __ 
remains of the previous season's post-nuptial tubule meta- 
morphosis’. Interstitial Leydig cells had become moder- 
ately lipoidal and cholesterol positive. "The remaining 
specimens were laparotomized and the left testis measured 
in situ. Of these, 40 birds possessed gonads of the same. 
average size as above, but in 10 specimens the testes were. 
minute. These latter were juvenile birds with only 
partially ossified skulls and were removed from the- 
experimental group so that there was uniformity of condi- — 
tion among the remainder. Histologically these juveniles __ 
possessed immature gonads with inactive germ cells and. 
no lipid within the seminiferous elements. Wir 

A constant record was kept of size of testis by means of _ 
repeated laparotomies. The results shown in Fig. 1. 
represent the average testis size of the same 10 specimens 
throughout the 2-5-year investigation period. By Decem- - 
ber all the birds had moulted into full nuptial plumage - 
and gonads had increased to 10-5 mm x 5 mm, Five 
specimens killed for histological examination were in 
breeding condition with seminiferous tubules swollen to 
a diameter of 250-350y. and filled with bunched sperma- 
tozoa. Intra-tubular lipid was now no longer present, 
and the Leydig cells had also discharged their sudanophil 
droplets. 



















E . As judged by in situ measurements, full breeding con- 
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dition was maintained for some four to five months and ugs 
was followed by & rapid regression of the testes. re 
was a variation of some two weeks between the ti 
gonadal regression was first observed and when 
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1960 1961 1982 
Fig.1. Seasonal changes in size of testis in Quelea quelea 
specimens entered this stage. However, by the end of 
May they all possessed small gonads measuring 2 mm x 
"lmm. Eight specimens were now removed from the cages. 
Four were immediately killed for histological examination. 
The gonads were in a condition typical of the refractory 
period. The collapsed seminiferous tubules were only 
. 40-50u. in diameter and filled with a dense amorphous 
“mass of cholesterol-positive lipid. A peripheral ring of 
inactive spermatogonia were the only germ cells present. 
Tio In order to determine whether this was truly a refractory 
"phase and not just a depression of spermatogenetic 
; activity, the other four specimens were placed under a 
 17-h photoperiod for two weeks and then killed. Their 
` gonads showed no indication of having responded to the 
strong stimulatory photoperiod and were identical with 
those observed in the four specimens killed immediately 
after removal from the 12-h photoperiod cages. This 
regressive phase could therefore be regarded as a true 
fi aetory period. During this time & third of the speci- 
mens started moulting into their eclipse plumage, but the 
maining birds showed no sign of relinquishing their 
nuptial coloration. 
- By late August and September the birds were beginning 
to emerge spontaneously from their refractory phase and 
start à recrudescence of spermatogenesis. Throughout the 
_ autumn and winter months there was a gradual increase in 
c. testis size which reached a maximum by December 1961 
;,,and then remained constant for about 5 months. The 
` maximum size of the testis never reached the level of the 
‘first’ breeding peak, being only 8-6 mm x 4 mm on 
average. However, histologically they were seen to pro- 
“duce spermatozoa although intra-tubular lipids were 
never completely absent. Many of the specimens retained 
.. their full nuptial plumage during the whole of this period 
and thus came up into sperm production without an inter- 








c : vening period in eclipse plumage. 


In: May 1962, again there was a general testicular 
"regression (18 specimens) although 4 specimens failed to 

regress. As in the previous year eight birds were removed, 

four killed immediately and four two weeks later after 
pre-treatment with a 17-h photoperiod. Of these latter, 
one responded to the increased day-length and at autopsy 
possessed gonads 4-5 mm x 3 mm with numerous sperm- 
atogonia and some primary spermatocytes within the 
seminiferous tubules. All the others contained minute 
testes which were spermatogenetically inactive. It is not 
impossible that the specimen whieh responded to photo- 
stimulation did so because it has regressed early and had 
already reached the end of its refractory phase when it was 
|. placed in a 17-h day-length. 

x] The experiment finished on February 21, 1963. The 
| surviving ten birds had again come into a breeding con- 
“dition with bunched spermatozoa being produced within 

the seminiferous tubules. | 
In Tanganyika, where the specimens were caught, 

breeding colonies are usually discovered during December- 

April, towards the end of the "long rains. By June the. 





«to distinguish first stage larvz of ‘saltwater A. gambir 
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leaving the nest und adult males 
ily regressed gonads and have moulted 
into their eclipse plumage. By September - 
they begin to start moulting back into their 
nuptial dress. The experimental animals dis- . 
played an autonomous reproductive rhythm. 
under the constant conditions of the ex. 
periment closely similar to that which is 
displayed in their natural environment. 
After the initial regression, however, the. 
subsequent gonadal recovery never reached . 
the maximum level obtained in the wild as © 
judged by gonad size. A further point of . 
difference between the experimental and: 
natural events was that in the former the . 
plumage cycle became out of phase with . 
the gonadal cycle, many specimens . 
moulting from a nuptial plumage back into a nuptial . 
plumage without an intervening period of eclipse feather- _ 
ing. Since the growth of the nuptial plumage is under the 
control of the luteinizing hormone of the pituitary*, this. 
would suggest that under the experimental conditions, 
the secretion of this hormone was maintained at a suffi- 
ciently high level in these birds to prevent the development: 
of the eclipse plumage. 
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ENTOMOLOGY 


Records of the Breeding of 'Saltwater 
Anopheles gambiae' at Inland Localities in 
Southern Africa 


Recent! work has shown that at least four genetically 
distinct forms comprise the A. gambiae complex. Paterson 
has outlined arguments for regarding them as separat 
species. On the eastern half of Africa three species occur 
‘saltwater A. gambiae’ and the two freshwater-breedi 
species, species .4 and species B (= group A and group E?) 
These forms are apparently morphologically inseparable 
though the frequency of females bearing four white bands 
on their palps, as against three, is usually much higher i 
populations of ‘saltwater A. gambiae’ than of the twc 
freshwater-breeding species. Identifieation of the species 
is best achieved by performing crossing experiments with 
‘type’ colonies of the different species. Interspecific 
crosses produce sterile F, males!-! with testes and acces: 
sory glands reduced to varying degrees according to the 
cross and. its direction. In crosses between ‘saltwa: 
A. gambiae’ and either species A or species B, F, sex rati 
supply further information'*4, but crosses between t 
two freshwater species usually produce normal sex ratio: 
A physiological test (salinity-tolerance test) is availabl 
















from those of either species A or species B. 

Although some records have been publishod*-i6 | 
bieeding by members of the .4. gambiae complex in sali 
waters at inland localities, the only one investigatec 
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NATURE — i sumar 


RESULTS OF CROSSING EXPERIMENTS SET UP TO IDENTIFY WILD-CAUGHT MATERIAL OF THE A, gambiae COMPLEX FROM BIG BEND (BB), SWAZILAND, 



















TINONGANINE (Ti), MOZAMBIQUE, AND NDEMU (Nd), NATAL, AS WELL AS CERTAIN CONTROL CROSSES 









































i : 
A Appearance of 1 : 
ocu qud " Source of testes and aecessory d 
B frase (FE x 83) ^ " Wil mater fal glands in F, ` Fertility of F, males 
PUR ue Bn, Window trap Both minute ———— Sterile 
Sot fA Window trap — Both well developed Sterile i 
OBB eS EUER Resting outdoors Both minute Sterile i 
BB rw BW. A. gambiae Wild-caught larvie Both normal Fertile | 
j SpB x BBL Wild-caught larva: Both minute Sterile d 
| Spas x Ti ‘Cow-baited trap .—— — Lin + Ned. ^ oe 
] Tix SpA — 5 C000 | _Cow-baited trap —— Both well developed Not tested i 
(OSW. A. gambiae’ x Nd. > | r [UA VIT e Cl ethe — M Ec UU 
IER ANE Eb fo | 
OU *Sp.A x IW, A. gambiae y" ERU VINE DES E Te ————Ó————9 DE 
: d hee i oth minute Sterile 
Puappipee x Bpa 0 — — Both well developed Verylowtosterle —— 
NI A gambiae V RD | = Both minute Sterile Ae | 
EA cit * Sp, i is Both well developed Very low to sterile : | 


* From atock colonies. 


` seemed to be due to either species A or species B, though 
. the methods used to decide this are open to some criticism. 
: The purpose of this communication is to publish confirmed 

_ records of inland breeding by ‘saltwater A. gambiae’. 
o During investigations of the A. gambiae complex in 
Swaziland and Mozambique, collections of adult females 
and wild larve were made near Big Bend, a settlement on 
the Usutu River near the Natal and Mozambique borders. 
Females were caught either in window-traps or resting 
tdoors. They were fed, and some laid eggs. Adults 
raised from these eggs were crossed to type colony material 
to identify them (Table 1). Wild-eaught larvæ were kept 
until adults were obtained. These were pooled with a 
w superfluous adults from the window traps and a colony 
ted. Specimens from this colony were also crossed to 
aterial from type colonies (Table 1). It will be seen that 
jese Crossing experiments indicate that this material was 
saltwater 4. gambiae’. This view is supported by the 
lowing information: (1) First-stage larve from the Big 
Bend colony survive the salinity-tolerance-test for 3 h. 
_ @) A second trip to the site yielded eggs from females 
` eaught in window-traps and calf-baited trap-nets, and 
larva: from both these sources survived the salinity test. 
_ (3) More larve collected from pools in a nearby saltmarsh 
were used to obtain a second colony, first-stage larve of 
_ which were also saltwater tolerant. (4) A random sample 
of 50 eggs from these ¢olonies had a mean of 0-546 + 0-002 
mm, which is very high for any freshwater species. It 
-is thus certain that a focus of breeding by ‘saltwater A. 























| gambiae’ is present in Swaziland some 56 miles inland from 
: the sea, and over 75 miles up the Usutu River. Salinities in 
the saltmarsh in three pools containing ‘saltwater A. 
| gambiae’ larvie were determined by conductivity measure- 
“ments to be equivalent to 63-1, 2-9 and 3-2 per cent of sea 
“water (31-7 g sodium ehloride/L). Titration of chlorides as 
| sodium chloride gave a figure of 60-3 per cent of sea water 
for the most concentrated sample, thus chlorides comprised 
_most of the salts present. Dried patches of crystals on the 
"mud in the marsh were salty to the taste. 
c Members. of the Malaria Eradication Scheme in 
Mozambique supplied us with 12 batches of eggs from 
"Tinonganine, all but one eoming from females trapped in a 
‘net baited with a cow and situated near houses from which 
females of species B had earlier been obtained. 
"The adults from these egg batches were crossed to 
‘species A to identify them, and all the successful crosses 
gave results strongly suggesting that the females from the 
trap-nets were all ‘saltwater A. gambiae’. In Table 1, two 
‘representative results are presented. No salinity tests 
"have been done so far to support these findings, but it 
seems fairly certain that the identification is correct. 
"Finonganine lies about 23 miles inland on the Maputo 
River into which the Usutu River flows. Much breeding by 
"members of the A. gambiae complex occurs in the rice 
anking the River. No information is available on 
rof waters in the area. 












At both these places it has been known for some time 
(since 1961 at Big Bend) that ‘A. gambiae’ females with | 
4-banded palps are common but the populations were, 
nevertheless, thought to be of aberrant freshwater-breed- 
ing forms. It would thus seem necessary that all popula- 
tions with a high frequency of 4-banded females should in. 
future be investigated by the salinity-tolerance fest, > 
whether from inland sites or not. m 

During a visit to Ndumu Game Reserve, northern Nata 
a large number of larvz were collected from saline pools _ 
at the edge of Inyamithe Pan. The pools containing — 
larvz ranged in salinity from 108-8 to 123-0 per cent ef 
sea water. 85-4 per cent of the 41 females which wei 
reared from these larva had 4-banded palpi. The erosses ^ —— 
which identified this population as ‘saltwater A. gambiae’ w 
are presented in Table 1. The Ndumu breeding area als : 
lies close to the Usutu River at about 37 miles inland from _ 
the sea. Culex thalassius Theob., another species usually — 
found breeding in coastal saline waters, was found utilizing —— 
the same pools at Ndumu. WU s 

Tt is known from elsewhere in Africa’ that ‘saltwater ~ 
A. gambiae’ is a less efficient, vector than the sympatric : 
freshwater-breeding species due to differences in their — 
behaviour patterns. No doubt species A and species B. 
will also be found to differ from- each other in some aspects _ 
of behaviour. It ean thus be seen to be unjustifiable to - 
ignore the existence of these component species of the . 

A. gambiae complex when entomological studies are made 
during antimalarial campaigns. E 
We thank Dr. R. D. Gauldie, acting-director of medieal 
services, Swaziland, Mr. J. Clarke and Mr. C. Ramsdale. : 

World Health Organization, and Dr. Botha de Meillon, 
who originally suggested to us the investigations which led 
to this work. These investigations were supported by the 
World Health Organization, South African Institute for- 
Medical Research and the Health Department, Swaziland. 
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Sensory Nerve Terminations in the 
Epidermis of the Blowfly Larva 


Tr has been known for many years that a plexus of 
multipolar neurones is associated with the epidermis of 
many insects, especially in the soft-skinned larve of 
Lepidoptera, Coleoptera, and Diptera. Previous descrip- 
tious of the dendritic terminations have been restricted to 
light-microscopical investigations on mater- 
ial stained vitally with methylene blue. 
The findings of earlier workers on this 
subject have been reviewed by Snodgrass!, 
who concluded that the dendrites terminate 
on the basement membrane covering the 
epidermal cells. Accounts of more recent 
work on the sub-epidermal nerve plexus of 
insects*-5 also support this conclusion. 
However, electron-mieroscopie investiga- 
tions made by the author on the sub- 
epidermal nerve plexus of the blowfly 
larva, Phormia terrae-novae, indicate that 
the dendrites do not terminate on the 
basement membrane, and the results 
of preliminary investigations are given 
he 


re. 

The cell bodies and processes of the 
neurones are ensheathed by Schwann cells. 
A characteristic feature of this sheath is 
the inclusion of fluid-filled spaces (Fig. 
LA—F), the significance of which is being 
investigated. Immediately surrounding 
the Schwann cell sheath is a layer of base- 
ment membrane material or connective 
tissue. Although the cell bodies and major 
dendritie branches are situated in the 
hemolymph space, they are anchored by 
strands of connective tissue to the basement 
membrane covering the epidermal cells. 
At the junction between a dendrite and the 
epidermis, the basement membranes cover- 
ing the Schwann cell and the epidermal cell 
fuse. Afterwards, the ensheathed dendrite 
penetrates the basement membrane of the 
epidermis and lies in a channel formed by 
an indentation in the surface of the 
epidermal cell (Fig. L4—D). The apposed 
plasma membranes of the Schwann and 
epidermal cell are attached to one another 
by desmosomes. The dendrite and sheath 
penetrate deeper into the epidermal cell 
until they are completely surrounded by it. 
Eventually, the dendrite emerges from the 
Sehwann cell sheath and is enveloped by 
the invaginated plasma membrane of the 
epidermal cell (Fig. 1E, F). A space of 
100 A separates the apposed plasma mem- 
branes of the dendrite and epidermal cell. 
As the dendrites could not be traced any 
further than this level, it is likely that 
the sheath-free process is the terminal 
region. It is clear, however, that the dendrites do not 
terminate on the basement membrane of the epidermal 
cells. 

Recent electron-microscopie investigations on vertebrate 
muscle spindles*:?, the Pacinian corpusele*, and the cock- 
roach longitudinal stretch receptor* have revealed that the 
sensory terminations are naked, that is, they have no 
Schwann cell investment. Therefore, in the blowfly larva 
i$ seems plausible that the naked regions of the dendrites 
are the receptor sites. Tt is generally agreed that the 
multipolar neurones innervating the epidermis of insects 
subserve a proprioceptive funetion!?, Thus it is reasonable 
to assume that mechanical deformation of the epidermal 
cells distorts the naked nerve endings in some way, and 
sets in motion the sequence of events that eulminates in 
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the initiation of the action potential in the axon of the 
sensory neurone. 

A. detailed examination of the peripheral nerves and 
sensory terminations of multipolar neurones of the 
blowfly larva is in progress, and the results will be pub- 
lished elsewhere. 

The  electron-mierosecope, an Akashi  tronseope, 
TRS50El, was provided by the Welleome Trust for 


po - 


Fig. 1. A selection of electron-micrographs taken from serial sections through a dendrite 
of one of the multipolar neurones associated with the epidermis of the blowfly larva, 
Phormia terrae-novae. 
cell sheath (se) surrounding the dendrite (d) until in sections E and F the dendrite is 
enveloped only by the invaginated p 
Preparation fixed 
‘Araldite’. bm, Basement membrane; 


In sections A-D, note the progressive reduction of the Schwann 


membrane (ipm) of the epidermal cell (ec). 
in osmice acid, stained with phosphotungstie acid, and embedded in 
des, desmosome; fs, fluid-filled space; hs, hemo- 
Iymph space 


research work carried out under the directorship of Prof. 
O. E. Lowenstein. 
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A New Type of the Compound Eye 


IN entomology the real compound eye (excluding the 
agglomerated eye) is considered to be provided with the 
hexagonal facet either in its outer or inner layer of the 
cornea. It is well known that the size of the facet is 
uniform in most of the compound eye of insects with 
some exceptional cases, such as the eyes of a certain 
Tabanid-fly and dragon-fly, and moth of Psilogramma 
increta. Theo first type of the eye is formed by two divided 
parts with large and mall facets, the second type of the 
eye has facets the size of which increases from ventrally to 
dorsally, and the third type of the eye has small facets at 
the peripheral part and has larger facets the size of which 
increases toward the ceutre of the eye. I have found that 
the compound eye of a butterfly of Leptidea (Pieridae) has 
two kinds of deformed hexagonal facet which differ in the 
size intermingling together with an irregular arrangement 
in the whole surface of the eye as shown in Fig. 1. 

The smaller facet has a diameter of nearly 60 per cent 
of that of the larger one. The internal structure of these 
smaller and larger facets corresponds to the outer facetal 
form of irregular hexagon as shown in Fig. 2. 

The diameter of the cross-section of a unit of four 
corneagen cells of the smaller one is nearly 60 per cent of 
that of the larger one. This is also confirmed in their 
length (Fig. 3). It is certain that the ratio of the foregoing 
two smaller and larger parts of the eye is variable within 
a small range according to species and even within an 
individual of the same species. However, the compound 
eye of all species in the genus Leptidea (L. duponcheli, 
L. morsei, L. sinapis, L. gigantea, etc.) shows the same type 
of irregularity as in the case of Leptidea amurensis of the 





Fig. 1l. Facetal part of the compound eye of Leptidea amurensis 





Fig. 2. Cross-section of a part of the eorneagen cells with their irregular 
boundaries 





Fig. 3. Longitudinal section of the corneal part showing different 
corneagen cells 
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present example. If we take into consideration the visual 
function of such an irregularly faceted compound eye, it is 
better to adopt our new juxta-position image theory! 
rather than use Müller's mosaie vision theory?, which was 
proposed in 1826 and is still found in almost all the text- 
books of biology and entomology. 
NOBUMASA YAGI 
Institute of Biology and Entomology, 
Tokyo University of Agriculture, 
Tokyo. 
Tog Ze Ep t m en o s gemens d 


* Müller, J., Zur vergleichenden Physiologie des Gesichtsinnes der Menschen 
und der Tiere (Leipzig, 1826). 


VIROLOGY 


Yellows Viruses in Sugar Beet and Mangold 
Seed Crops 


Proor of rapid spread of yellows viruses (BYV and 
BMYYV) in sugar beet crops by wingless Myzus persicae’, 
coupled with evidence of large populations of this aphid on 
sugar beet and mangold seed crops*, led to the suggestion 
that if plants in these seed crops were infective while still 
symptomless the control measures used in the seed crops 
since 1950", which have reduced heavy visible inspection in 
these crops to much lower levels‘, may, nevertheless, not 
have impaired their efficiency as sources of these diseases 
for the root erop!. 

Laboratory experiments have since shown that sugar 
beet plants became infective within 3 days (BYV) or 
5 days (BMY V) after infected aphids commenced to feed 
on them. 

Groups of 5 wingless aphids taken from plants with 
BYV were placed on 25 plants in a healthy seed crop on 
June 7, 1963; three days later these plants, and all neigh- 
bouring ones, were sprayed with ‘Metasystox’. When the 
plants were scored 31, 36 and 49 days after June 7, only 
7, 13 and 23 of them, respectively, showed any symptoms 
of infection. In a parallel experiment with BMYV, 4, 7 
and 18 plants showed symptoms on the same dates. In 
the exceptional conditions of this summer, the rest of this 
seed crop appeared healthy. 

Thus, with either virus, plants became infective within 
5 days, but revealed symptoms, on average, only about 36 
days after infection; this work supports the hypothesis 
that existing seed erop disease control measures are ineffec- 
tive—which would explain why their introduction has not 
produced any decline in the incidence of yellows diseases in 
the root crop’. Other control measures have been 
suggested®. 

C. R. RiBBANDS 

School of Agriculture, 

Cambridge. 
! Ribbands, C. R., Nature 197, 624 (1903); Bull, Ent. Res., 54, 267 (1963). 
* Kershaw, W., J. S., Plant Path. (in the press). 
* Hull, R., J. Roy, Agric. Soc., 118, 86 (1952). 
* Hull, R., Brit, Sugar Beet Rev., 81, 125 (1963). 
* Ribbands, C, R., Nature, 195, 1230 (1962); Bull. Ent, Res., 54, Part 4 (1963). 


AGRICULTURE 


Formation of Serotonin in Chopped Green 
Maize 

Tx recent years several publications have appeared about 
amines in green forage plants. Fowler reported the 
presence of histamine in clover', and I reported an 
increase of tyramine content in clover ineubated under 
sterile conditions*. 

Fresh green maize and chopped maize, which was taken 
from a trailer about 3 h after chopping, and also this same 
chopped maize 9 days after ensiling, were assayed for their 
amine content and the results compared (Table 1). 
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. "The procedure of ehromatographing the amin 
. essentially the same as described in ref. 2, with tw 





light 





_ modifications: (a) the amines were extracted from the . 





|; aqueous solution by ethyl acetate at pH 11-5; (b) in order 
- to remove the green pigments of the aqueous phase, which 
"are interfering with good chromatographic resolution of 
-tho amines, the aqueous solution was extracted at pH 3-5 
- (made with 2 N hydrochloric acid) with several portions of 
<> | ethyl acetate, prior to the extraction of the amines at 
>o pH 115. 
^ From Table 1 it can be seen that, a short while after 
chopping, the amine content of the cut plants increases. 
OF special interest is the appearance of serotonin (5-OH 
© tryptamine), which could not be detected in the fresh 
' maize and which again disappeared in the ensiled maize. 
_ The identification of this strong physiologically active 
; amine, which is distributed in many fruits and vegetables®, 
-could be verified by the following tests: the spot—E p 0-42, 
‘run in solvent butanol/acetic acid/water (120 : 30 : 50), 
- gave: (1) a brown colour reaction with ninhydrin reagent; 
- (2) a blue colour with Ehrlich's reagent; (3) a blue colour 
with xanthydrol; (4) a violet colour with «-nitroso-(- 
, naphthol reagent made with nitrous acid; this test is 
“specific for 5-OH-indoles'. 


Table 1 








p.p.m. in dry matter 


Dry Unident- 
matter pH Hist- Ethanol- Sero- Tyr- ified 
P (%) amine amine tonin amine amines 
ee ü rein maize 214 585 3:5 81 nil 46 28 
; a a 205 536 69 153 137 293 140 
Oppe 
maizet 9 
days after 
nailing 200 350 45-0 15-0 nil 3000 7:5 









The average of two samples, 
n Aadition to the above amines, f-phenylethylamine (18-7 p.p.m.) was 
round. 


t is of interest to point out that sometimes cattle will 
onsume only small amounts of chopped green maize, 
when it is fed several hours after chopping. 
. Although serotonin may not have a direct influence on 
appetite when fed in the foregoing concentration, its 
“presence in the maize may nevertheless serve as an 
-> indicator for metabolic changes which took place in the 
_ shopped maize and which may depress the appetite of 
< cattle: 
i : H. NEUMARK 
^5 Woleani Institute of Agricultural Research, 
National and University Institute of Agriculture, 
TUS : Rehovot, Israel. 
oooi Fowler, H. D., Nature, 198, 582 (1962). 
^t 2 Neumark, H., Nature, 195, 626 (1902). 
to * Udentriend, 8., et al., Arch. Biochem. Biophys., 85, 2 (1959). 


|+ Smith, F., Chromatographic and Electrophoretic Techniques, second ed., 196 
^ Cinterscience Pub., 1960). 
















SOIL SCIENCE 


Change in the b-Dimension when 
Dioctahedral Smectite is converted to 
‘tite’ in Soils 

-^5 2 RaAnosLovicu!? has indicated that the sheet dimensions 

of phyllosilieates in which the octahedral sites are not 
fully occupied should be affected to a much greater extent 
by the nature of the interlayer cations than by the degree 
tetrahedral substitution of aluminium for silicon. Burns 


demonstrated a similar but less marked trend in soil clays. 
The phyllosilicates from the C horizon of a Crosby silt 
loam soil, which were predominantly dioctahedral mica, 
showed the effects of loss of potassium, by- weathering, in. 











During a recent investigation, I have established that ae 
may be represented by the equation ‘illite = 


extent entirely, from left to right. 
afforded an exeellent opportunity to test Radoslovich’s 
hypothesis on the reverse reaction, which should produce 
phyllosilicates having a larger b-dimension than the original 
phyllosilicates. E 
To carry out the tests, samples of coarse (2-0-24) and fine __ 
(< 09-24) clays were separated from the B and C horizons 
of a solodized-solonetz soil from the Trossachs Association 
in Saskatchewan, Canada. The phyllosilieates in both — 
clay fractions of the O horizon were almost entirely . 
smectite. Those in the coarse clay fraction of the B . 
horizon were almost entirely ‘illite’, whereas those in the _ 
fine clay fraction consisted of both ‘illite’ and smectite, In. 
addition, corresponding fractions were obtained from the _ 
Bearpaw Formation (shale) and from some bentonitie . 
lenses which occur in the Bearpaw. The parent material - 
of the Trossachs is generally considered to have been | 
derived from the Bearpaw, which is primarily smectitio. > 
Non-oriented mounts of all the separates were prepared 
and the (060) spacings were measured by a step-scanning 
technique with a Philips diffractometer. The b-spacings. — 
derived from the (060) values are shown in Table 1. 








Table 1. b-SrAcINOS (A) 
Coarse clay (2-0-24) Fine clay (< 0:24) 


Trossachs B 9-008 


Trossachs C 8-998 8-998 
Bearpaw shale 8-999 8999 
Bentonitie lenses 8-999 8087 


The reaction smectite — ‘illite’, in the soil, has indeed 
resulted in a significant increase in the b-dimension. How- ` 
ever, in contrast to the findings of Burns and White, no ^. 
measurable differences were detected between the coarse: 
and fine clay fractions. ; 

Not unexpectedly, the values for both fractions of the _ 
Bearpaw shale and the coarse clay of the bentonitic lenses 
were almost identical to those obtained for the soil parent 
material. However, as in the work of Burns and White, . 
the fine clay fraction of the bentonitic lenses did give a 
lower value than the coarse clay from the same material. 

Although it is difficult, from these experiments, to 
determine whether particle size is a significant factor, the 
foregoing results lend additional support to the predie- 
tions made by Radoslovich. T 






S. A. Forman: 
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Canada Department of Agriculture, 
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à bame Am F., and White, Joe L., Proc. Intern. Clay Conf. Stockholm, 1, * 


PSYCHOLOGY 





Discrimination Learning: Non-additivity 
of Cues 


ANIMALS solvo a discrimination problem more rapidi 
when two cues are present and relevant than when eith 
eue is present on its-own. Thus Eninger! found that rat 
learned to take the eorreet turn in a maze faster when 
tho correct: turn was signalled by both a visual and 
auditory cue than when it was signalled by one with 
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the other Warren? found that monkeys learned to dis- 
crimmate faster between objects diffenng m size and 
form than between objects differmg in size or form alone 
This phenomenon has been named ‘additivity of cues’ and 
has usually been interpreted to mean that individual 
&numals solve problems contammg two cues by learning 
to attach the correct responses to both if animals learn 
to make the response as fast to each cue when they are 
presented together as they do to a single cue presented on 
its own, ther discrmmmation performance will improve 
more rapidly when both eues are present than when one 
alone 18 present? 

There 1s another possible mterpretation of the pheno- 
menon which has never been adequately tested Discrim- 
ination learnmg may be a two-stage process m which 
animals have to learn first to which cue to attend and, 
secondly, which response to attach to that cue In addı- 
tion 16 may be that the more an animal attends to one cue, 
the less 16 attends to others and that 16 can only learn to 
attach responses to cues to which it 1s attending Ina 
situation contaming two relevant cues, some animals will 
at first attend to one cue, others to the other no matter 
which cue they attend to, they will be able to solve the 
problem m terms of that cue When only one cue ıs 
relevant, however, some anmals will not be able to solve 
the problem in terms of the cue to which they first attend 
since that will not be the relevant cue hence, they will 
take longer to learn the problem This would explam 
why group performance is better when two cues are 
present and relevant than when only one 1s relevant, and 
yot leaves open the possibility that mdividual animals are 
m fact learning the problem wholly or mainly m terms of 
one cue 

If 16 18 true that animals attend predominantly to one or 
other cue, and that they learn to attach responses only 
to the cue to which they are attending, then ıt should 
follow that m a discrimination situation containmg two 
cues, the more an individual anımal learns about one cue, 
the less ıb will learn about the other The present experi- 
ment was designed to test this possibility 

Enghteen rats were tramed on a modified Lashley 
Jumping stand‘ to discriminate between a white horizontal 
rectangle and a black vertical rectangle The rectangles 
were cut from 025-m ‘Perspex’, measured 10 x 2 cm 
and were attached to brown hardboard doors 15 cm? 
The animals were pretramed to jump to open doors Next 
they were trained to jump to the white horizontal rectangle 
presented with the black vertical on the other door On 
successive trials each rectangle was presented on the left 
o1 right of the apparatus m a random order Animals 
were hungry for 22 h and correct jumps were rewarded with 
food All animals were given 60 tramung trials, and on 
each trial on which they made an incorrect choice they 
were replaced on the jumping stand and run agam until 
they jumped to the correct door 

A further forty training trials were given to all animals 
using exactly the same procedure, but each of these train- 
mg trials was followed by a transfer test In transfer 
tests four new pairs of shapes were presented, and anmmals 
were allowed to obtain food no matter which member of 
each pai they selected Ten transfer tests were given with 
each parr of transfer shapes  Tiansfer pairs were presented 
m. cycles of four, but the order in which individual pairs 
were presented within a cycle varied from animal to 
animal according to a Latin square design Each member 
of each pair of transfer shapes was presented five times in 
the left-hand doorway and five times m the night-hand 
doorway 

Four pairs of rectangles were shown in transfer tests 
(Fig 1) "Whereas the traming problem could be solved m 
orms of two cues (brightness and orientation), the mem- 
‘ers of each transfer pair are differentiated by one cue 
ilone the members of the first two transfer pairs (A and 
B) differ in brightness only, those of pairs (C) and (D) 
iiffer 1n orientation only 
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TRAINING SHAPES 
T mm 
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TRANSFER SHAPES 


(A) C ae 


(B) 


(c) [zs x] 


(D) EXE | 


Fig 1 


The hypothesis to be tested was that the more animals 
learn about one cue, the less they learn about the other 
Anmnals which solve the original discrimmation m terms 
of brightness should select the white 1ectangle ın transfer 
tests (4) and (B), those which solve the origmal diserim- 
ination in terms of orientation should select the horizontal 
rectangle m transfer tests (C) and (D) If the foregomg 
hypothesis 1s correct, there should be a negative correla- 
tion between the number of times individual anmals 
select white m tests (4) and (B) and the number of times 
they select horizontal ın tests (C) and (D) A product- 
moment correlation coefficient was therefore calculated 
between choices of white in the first two transfer tests and 
choices of horizontal m the second two The value of 1 
was — 056 this ıs m the predicted direction and is 
significant by a two-tailed test at better than the 0 02 level 
of confidence 

Subsidiary results were as follows Animals averaged 
96 per cent correct responses dung retrammg trials nter- 
spersed between transfer tests, they selected the white 
rectangle on 72 per cent of transfer tests (A) and (B) and 
they selected the horizontal rectangle on 86 per cont of 
transfer tests (C) and (D) All three differences between 
these scores were significant at better than the 0 01 level 
of confidence when evaluated by t tests Thus, as a group 
the animals learned more about the orientation cue than 
about the brightness cue, and they performed better when 
both cues were present than when one alone was present 
The latter finding suggests that where animals learned m 
terms of both cues they utihzed both m determming 
choices when both were piesent Nevertheless, the 
negative correlation referred to here indicates that 
animals learnmg mainly m terms of one cue learned more 
about that cue than animals learning m terms of both 
cues learned about erther 

The mam result of this experiment ıs that when two 
cues are present ın a situation, the more an animal learns 
about one the less ıt learns about the other TIt 1s hard to 
see how this result can be explamed by most present-day 
theories of discrimmation learnmg In particular it 
suggests that the hypothesis of the additivity of cues? is 
incorrect The result obtamed was 1n fact predicted from 
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a model of discrunimation learning suggested by Suther- 
land* The model hypothesized that sensory input 
1s analysed by a limited number of different ‘analysers’, 
each analyser classifies the stimulus mput along only one 
Stimulus dimension Discrimination learning 1s a two-stage 
process—an animal has to learn first which analyser to 
switch in, and only when the right analyser 1s switched in 
can 1t learn which responses to attach to the outputs of 
that analyser The more strongly one analyser 1s switched 
in, the less strongly are other analysers switched ın hence, 
in, à discrimination situation mvolving two cues, the more 
an animal learns about one the less ıt should learn about 
the other The model explains a variety of disparate 
phenomena such as the beneficial effect of overtraming on 
diserimunation reversal N J Mackmtosh has developed 
the original model and has tested and confirmed a series 
of new predictions derived from ıtë The present results 
give further confidence that the model may be along the 
right lines 

This work forms part of a project on “Stimulus Analys- 
ing Mechanisms” supported by the Office of Naval 
Research (contract N62558-2453) and the Nuffield 
Foundation 
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* Macluntosh, N J, J Comp Physol Psychol , 55, 555 (1962), Brt J 
Psychol , 54, 127 (1963), J Comp Physiol Psychol , 56, 842 (1963) 


MATHEMATICS 


Solution of a Biharmonic Equation 


As ıs well known, a harmonie function $(P), satisfying 
the Laplace’s equation V?ó = 0 at any pomt P m a 
simply connected domain D bounded by a contour T, 
may be represented by 


O(P) = fo) log |g — P! dg (1) 


where q 1s a point on the contour I’ On the boundary 
this equation attams the value ó(p) =g(p) where the 
point on the boundary has been distinguished by small p 
Hence to solve Dirichlet's problem, one must find the 
value of c(g) from the equation 


g(p) = fot) log |g — p| dg (2) 


substitute ıt ın equation (1) and find the value of $(P) 
at any pomt P This equation may be adopted to solve 
Neumann’s problem, since 


g'(p) =i c(g) log |g — pl dg + xo (p) (3) 


Hence given g’(p) on the boundary, one has to solve 
equation (3) m place of equation (2) Log |g — pj’ 
denotes the normal derivative of log |g — p| at p 

For biharmonie equation V*x = 0, ıt ıs again well 
known that y = 776 + where r? = x + y?, $, p ale 
two harmonic functions satisfying Laplace’s equation, 
whence for any point P 


XP = (2 [o6 log |q — P| dg + 


T, u(g) log |g — P| dg (4) 


Generally boundary conditions determine yp and x’p 
Note that 
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L=? » Seo(a,loe. la — pl dq + zc(p)] + 
e Fo) log |g — p| dg + 
jio log |g — p| dg + mu(p) (5) 


In (4) we replace P by p, and call ıt equation (44) 
Equations (5) and (44) determme the values of c (q) and 
vw (q), whence x at any pomt may be determined by (4) 
It may be remarked that generally one 1s interested in 
derivatives of y at P One can, 1n that case, differentiate 
x ın (4) under the sign of integration, with respect to the 
co-ordinates of P 
An alternative method of solving the briharmonie 
equation 1s to put 
X» = Top + Up (6) 
and hence 
X» = (3 Op)’ + Vs (7) 
Making use of the harmonie properties of the functions 
ò and x from Green's formula 


l 
[¢+ o]v = Zr LO log’ |q — p| dg — 


1 1 
27 9 log Ia 9| dq = go» (8) 


l 
[b Vo = x Ye (9) 


and eliminating Ùp and y’p, one obtains 
` 1 p? 
Ux» ux = rh 0091 - 5S 

In equation (8), log’ |g — p| denotes the derivative of log 
lg-p| atq Equations (8) and (10) determme the values 
of bp, ó/; Equations (6) and (7) then enable us to find 
y and ^ dandy at any pomt P within D are determined 
by noting that 

[$ ple = O(P), ip, Te = HP) (11) 

x may then be determined at any point P by equation (6), 
after replacmg p by P, and finding 4, ) from (11) The 
foregoing procedures for the suitability to numerical 
solution of a brharmonic equation were tested against a 
problem for which analytical solution is available, and 
found to be quite satisfactory The problem, which was 
taken, referred to the elliptic hole in an infinite plate 
under uniform pressure 

I thank the Department of Industrial and Scientific 
Research (U K ) for a semor visitmg fellowship to work at 
the Imperial College of Science and Technology, London, 
and the National Physical Laboratory, Teddington, for 
making available the use of 1ts computer 

R D BHARGAVA 


(10) 


Indian Institute of Technology, 
Kanpur, India 


MISCELLANEOUS 


Equipment for Facilitating Movement on an 
Intertidal Mud-flat 


Dg J D GeorGE’s communication! under the above 
heading directs interest to the knee-boat used by the 
French mussel fishermen in Anse d’Aiguillon? This, a 
boat cum sled called Acon, 1s about 9 ft long with vertical 
sides 2 ft high It 1s flat-bottomed but has a sort of 
raised prow A cross-piece near tho stern cuts off an 
empty chamber which 1s used for guiding The stern rail 
18 knelt on with one knee and the ‘boat’ pushed with 
the free foot In such a craft the fishermen sometimes 
travel over a stretch of soft mud flat as long as two mules 

J N CARRUTHERS 

National Institute of Oceanography, 

Wormley, Godalming, Surrey 
1 George, J D, Nature, 200, 921 (1963) 
* Anon , La Nature, Paris (July 1, 1928) 
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FORTHCOMING EVENTS 


(Meetings masked with an asterisk are open to the public) 


Monday, February 3 


UMIVFRSITY OF LONDON Gn the Physies Theatre, University College, 
Gower Street, London, WC1), at 530 pm—Prof H Alfvén (Royal 
racked of Technology, Stockholm) ‘Plasma im the Laboratory and the 

osmos” 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm —Prof A Nove "Soviet Russia To-day—Agriculture” (Second 
of four Cantor Lectures ) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 630 pm—Dr W P Grove “Recent Pro- 
gress in Radioactive Chemical Manufacture” 


INSTITUTION OF ENGINEERING INSPECTION, the MATERIALS AND TESTING 
GROUP of the INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY, the 
SOCIETY FOR NON-DESTRUCTIVE EXAMINATION, and the NON-DESTRUCTIVE 
SocrETY OF GREAT BRITAIN (at the Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London, S W 1), at 715 pm —Dr R £$ 
Parnes s : "The Relation between the Structure and Properties of Crystalline 

aterials” 


Tuesday, February 4 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C 1), at 215 pm —Dr H Kalmus “Animals 
as Mathematicians” * 


UNIVERSITY OF LONDOX (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC 1), at 530 pm — 
Prof R H S Thompson ‘The Pathological Chemistry of the Demyelinating 
Diseases" (Eight of twelve lectures on “The Scientific Basis of Medicine? 
organized by the British Postgraduate Medical Federation )* 


UNIVERSITY OF LONDON (in the Physics Theatre, Univermty College 
Gower Street, London, W € 1), at 530 pm —Prof H Alfvén (Royal 
Institute of Technology, Stockholm)  **Ongin of the Solar System” * 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 Gordon 
Square, London, WC 1), at 545 pm —Mr James Mellaart (Istanbul) 
Excavations m Catal Huyuk in (1) Art and Architecture’ * 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS AND 
STEAM PLANT GROUPS (at 1 Birdeage Walk, Westminster, London, S W 1) 
at 6 p m —Discussion Meeting on “The Design of Pressure Vessels subjected 
to Pressures of about 1 Ton/In * and High Temperatures" 


PLASTICS INSTITUTE (at the Wellcome Building, Euston Road, London, 
NW 1), at 630 pm —Dr B Brown “Polystyrene Foams” 


Wednesday, February 5 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION (at 1 
Wimpole Street, London, W 1), at 515 pm —Dr J A Ross “Galen” 


UNIVERSITY OF LONDON (at Bedford College, Inner Circle, Regent’s 
Park, London, N W 1), at 515 pm —Prof C Cherry “The Scientific 
Revolution—and Communication” * 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W 1), 
at 530 pm —Mr R J Russell and Mr E D Chapman “The Pumpmg 
of 85°F Pour Pomt Assam (Nahorkatiya) Crude Oil at 65° E^ 


BRITISH INSTITUTION OF RADIO ENGINEERS (jot meeting of the COM- 
PUTER and RADAR GROUPS, af the London School of Hygiene and Tropical 
Medicme, Keppel Street, Gower Street, London, W O 1), at 6 pm —Mr 
J A Ashton “The Ommirac II Computer" 


INSTITUTION OF MECHANICAL ENGINEERS, ÁUTOMATIO CONTROL and 
HYDRAULIO PLANT AND MACHINERY GROUPS (at 1 Birdcage Walk, West- 
munster, London, 8 W 1), at 6 pm —Mr D McCloy and Mr H R Martin 
"Some Effects of Cavitation and Flow Sources m the Electrohydraulic 
Servomechanism” 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
WC1), at 6 pm—Prof G Miller “Psychological Studies of Language 
II. Experments with Syntax” * 


Society OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL (at 
14 Belgrave Square, London, S W 1), at 615 pm —Mr J C McKenzie 
"Popular Nutrition Knowledge and Its Application" 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
the CHELSEA COLLEGE OF SOIENCE and TECHNOLOGY CHEMICAL SOCIETY, 
at the Chelsea College of Science and Technology, Manresa Road, London, 
3 W 3), at 7 pm —Dr G H Wilhams “Some Aspects of the Chemistry 
of Free Radicals” 


Thursday, February 6 


ROYAL SOCIETY (at Burhngton House, Piccadilly, London, W 1), at 
130 pm—Mr G E Bacon, Mr A Curry and Mr S A Wilson “A 
3tudy of the Crystal Structure of Benzme with a Neutron Beam", Mr 
4 R Lang and Mr M Takagi “X-ray Bragg Reflexion, ‘Spike’ Reflexion 
md Ultra-violet Absorption Topography of Diamonds” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Tedicme, Keppel Street, Gower Street, London, WC 1), at 5 30 pm — 
of HK RE Porter “The Structure of Antibodies” — (Ninth of twelve 
?etures on “The Scientific Basis of Medicine" organized by the British 
?ostgraduate Medical Federation )* 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
'entilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
.ondon, S E 1), at 6 pm —Mr P Lamg and Mr E J Per “The 
Jevelopment of Oil Injected Screw Compressors for Refrigeration” 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIC CONTROL GROUP 
at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Diseussion 
Teeting on ‘‘Using Sampled Data ın Automatic Control" 


ROYAL SOCIETY OF MEDICINE, NEUROLOGY SECTION (at 1 Wimpole 
treet, London, W 1), at 8 p m —Meeting on ‘‘Vacemation Against Polio- 
iyelitis" 
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Friday, February 7 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm— 
Dr K Mellanby “Pesticides and Wild Life" 


Saturday, February 8 


LONDON COUNTY COUNCIL (at the Hormman Museum, London Road, 
Forest Hill, London, S E 23), at 3 30 pm —Mr David R MacGregor 
“Thames Sailing Barges” 


Monday, February !0 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIC PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), 
at 6 pm —Discussion Meeting on “Net Positive Suction Head—Do We 
Need a New Term?” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensingtoy Gore, London, S W 7), 
at 6 pm—Mme Th Ullens de Schooten “Caspian Sketches” 


ROYAL SOCIETY oF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm —Miss D Reader Harms “Soviet Russia. To-day— Education"? 
(Third of four Cantor Lectures ) 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC 2), at 6 80 pm —Mr 
J D Higham “AnA C Line Regulator Using Suicon Controlled Rectifiers” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 

SENIOR LECTURER IN PHYSIOS—The Principal, College of Technology, 
Victo1za Circus, Southend-on-Sea, Essex (February 6) 

ASSISTANT IN LOGIC (General Philosophy or Formal Logic)—The Secretary 
of University Court, The University, Glasgow (February 7) 

ASSISTANT LECTURER IN APPLIED MATHEMATIOS—The Secretary, The 
Queen's University, Belfast, Northern Ireland (February 7) 

CHIEF TECHNICIAN (with Higher National Certificate, City and Guilds 
Laboratory Technicians’ Advanced Certificate or equivalent qualification, 
and experience i a wide range of physics laboratory techniques, laboratory 
organization and administration) IN THE PHysicS DEPARTMENT—Head, 
Physics Department, The University, Hull (february 7) 

LECTURER/ASSISTANT LECTURER (qualified in pure mathematics) 1N 
MATHEMATICS—The Registrar, The University, Keele, Staffs (February 7) 

LECTURER (man or woman graduate with teaching experience) IN THE 
INSTITUTE OF EDUCATION—The Registrar, The University, Liverpool, 
quoting Ref CV/11 (February 10) 

STAFF TUTOR IN PSYCHOLOGY in the Department of Adult Education 
and Extra-Mural Studies—The Registrar, The "University, Liverpool, 
quoting Ref CV/10 (February 10) 

LECTURER (with a degree m physiology, pharmacology or medicine, and 
postgraduate research experience of or equivalent standard) IN 

HYSIOLOGY IN THE DEPARTMENT OF PHYSIOLOGY AND BIOCHEMISTRY— 
The Secretary and Registrar, The University, Southampton (February 14) 

TURNER AND NEWALL RESEARCH FELLOWS IN ENGINEERING, INORGANIO 
CHEMISTRY, PHYSICS and allied subjeets—The Registrar, The University, 
Manchester 13 (February 14) 

UNIVERSITY DEMONSTRATOR IN VETERINARY PARASITOLOGY—Dr D T 
Kellaway, Department of Pathology, The University, Tennis Court Road, 
Cambridge (February 14) 

VETERINARY OFFICERS (men and women, aged at least 22, MR C V 8 , 
with at least one year's practical postgraduate experience) with the Ministry 
of Agriculture, Fisheries and Food, for posts ın various parts of the country 
—The Civil Service Commission, 23 Savile Row, London, W 1, quoting 
Ref 130/64 (February 14) 

ASSISTANT LECTURER or LECTURER IN STATISTICS— The Registrar, The 
University, Sheffield (February 15) 

LECTURER IN DEVELOPMENTAL AND EDTCATIONAL PSYCHOLOGY—Ihe 
Registrar, University of Sussex, Stanmer House, Stanmer, Bnghton, Sussex 
(February 15) 

LECTURER or ASSISTANT LECTURER (preferably with interests in the 
fields of soil mechanics, civil engineering materials or design) IN CIVIL 
ENGINEERING—The Secretar} and Registrar, The University, Southampton. 
(February 15) 

SENIOR LECTURER or LECTURER IN OCEANOGRAPHY (Biological or Physical) 
IN THE OCEANOGRAPHIC RFSEARCH INSTITUTE AND DEPARTMENT OF OCEANO- 
GRAPHY, University of Natal—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(South Africa, and London, February 15) 

LECTURERS or ASSISTANT LECTURERS (with qualifications m either pure 
or applied mathematics) IN MATREMATICS—The Registrar (Room 22, O R B ), 
The University, Reading (February 17) 

LECTURER (with qualifications m biochemistry or agricultural chemistry 
and a special interest ın the field of animal nutrition) IN AGRICULTURAL 
CHEMISTRY IN THE DEPARTMENT OF AGRICULTURAL SCIENCES—The Regis- 
trar, The University, Nottingham (February 19) 

ASSISTANT LECTURER IN MATHEMATICS, and an ASSISTANT LECTURER 01 
LECTURER IX MATHEMATICS— The Secretary, Westfield College (University 
of London), Kidderpore Ávenue, London, N W 3 (February 21) 

LECTURER (preferably with a degree ın mathematics or physics and an 
interest in the applications of mathematical techniques and computer 
methods fo chemical engineering problems, or a degree in chemistry and an 
interest m the physico-chemical aspects of chemical engmeermeg) within 
THE DEPARTMENT OF CHEMICAL ENGINEERING—The Registrar, The Univer- 
sity, Newcastle upon Tyne 2 (February 22) 

RESEARCH WORKER (preferably with an mterest or experience m educa- 
tion) IN THE DEPARTMENT OF SOCIAL ScieNcE—The Registrar, The Univer- 
sity, Liverpool, quoting Ref CV/21 (February 22) 

ASSISTANT LECTURER (with good quahfieatàuions m paleontology and 
stratigraphy or sedimentology) IN THE DEPARTMENT OF GEOLOGY—The 
Registrar, The Umversity, Leeds 2 (February 24) 

LECOXTUXER (with special quahfications and interests ın economic geo- 
graphy) IN GEOGRAPHY—The Secretary, The Queen's University, Belfast, 
Northern Ireland (February 26) 

ASSISTANT LECTURER (with an honours degree in engineering or science 
with metallurgy as a major subject, and preferably previous research and/or 
teaching experience) IN PHYSICAL METALLURGY— The Registrar, Univer- 
sity of Melbourne, Parkville, N 2, Victoria, Australia, or The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Australia, February 28) 
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LECTURER or ASSISTANT LECTURER (graduate in medicine, dentistry, 
biology, physiology, or veterinary science) IN THE DEPARTMENT OF HIST- 
oLogy—tThe Registrar, The University, Liverpool, quoting Ref No CV/5/N 
(February 28) 

LECTURER or SENIOR LECTURER (with a first degree in science, agri- 
cultural science or vetermary science, experience in animal husbandry 
research, and preferably postgraduate trainmg in animal breeding and 
genetics) IN ANIMAL HUSBANDRY in the School of Agriculture, University 
of Melbourne—The Registrar, University of Melbourne, Parkville, N 2, 
Victoria, Australia, or The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Australia, February 28) 

IMPERIAL CHEMICAL INDUSTRIES FELLOW (preferably with the degree 
of Ph D, or with equivalent research experience), to carry out original 
research in CHEMISTRY, PHYSICS, ENGINEERING (including CHEMICAL 
ENGINEERING), METALLURGY, PHARBIACOLOGY or related subjects—The 
Registrar, The University, Sheffield 10 (February 29) 

LECTURER/SENIOR LECTURER (with an honours degree ın psychology with 
postgraduate qualifications 1n clinical psychology or equivalent experience 
in clinical psychological work in a psychiatric clinic, hospital or similar 
institution) IN THE DEPARTMENT OF CLINICAL PSYCHOLOGY, University of 
New South Wales—The Agent-General for New South Wales, 56-57 Strand, 
London, WC 2, and The Appointmenta Section, The University of New 
South Wales, Box 1, Post Office, Kensington, New South Wales, Australia 
(February 29) 

SENIOR LFCTURER or LECTURER (preferably with a knowledge of methods 
of social research) IN THE DEPARTMENT OF SOCIOLOGY AND SOCIAL WORE, 
University of the Witwatersrand, Johannesburg, South Africa—The Secre- 
tary, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, S8 W 1 (South Africa and ndon, 
February 29) 

LEVERHULME POSTGRADUATE FELLOWS (two in the Faculty of Science 
and one in the Faculty of Engineerimng)— The Registrar, The University, 
Liverpool, quoting Ref No CV/500/N (March 1) 

ASSISTANT LECTURER (preferably with an interest ın genetics or in em- 
bryology) IN ZooLoGy—The Registrar, The University, Hull (March 2) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIOCHEMISTRY, 
CHEMISTRY, ENGINEERING, GEOLOGY or PuHysics—The Registrar, The 
University, Leicester (March 2) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIOCHEMISTRY, 
CHEMISTRY ENGINEERING, PHARMACOLOGY or PHYSICS—The Secretary, 
Reval poe of Science and Technology, George Street, Glasgow, C1 

are 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (of Ph D standard 
or equivalent) IN BIOCHEMISTRY, CHEMISTRY, ENGINEERING or PHYSICS— 
The Secretary, Trinity College, Dublin, Republic of Ireland (March 6) 

LECTURER (with interest and experience ın biochemical and/or physio- 
logical genetics) IN BoTANY (Genetics) in the School of General Studies, 
Australian National University—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S W 1 (Australia and London, March 6) 

RESEARCH FELLOW IN THE DEPARTMENT OF DEMOGRAPHY, Institute of 
Advanced Studies, Australian National University—The Secretary, Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (Australia and London, March 6) 

CHAIR IN THE DEPARTMENT OF ANTHROPOLOGY AND SOCIOLOGY, Research 
School of Pacific Studies, Institute of Advanced Studies, Australian National 
University—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S W 1 (Austraha 
and London, March 7) 

CHAIR OF ELECTRONIC ENGINEERING—The Registrar, The University, 
Hull (March 12) 
as iF THEORETICAL PHYSICS—The Registrar, The University, Hull 

arch 

LECTURER or ASSISTANT LECTURER (with research interests in either 
physical organic chemistry or the chemistry of natural products) IN THR 
DEPARTMENT OF ORGANIO CHEMISTRY—The Registrar, The University, 
Liverpool, quoting Ref No CV/497/N (March 14) 

LECTURER or ASSISTANT LECTURER (honours graduate, preferably with 
special interests and quahfications ın soil mechanics and foundation 
engineering) IN THE DEPARTMENT OF CIVIL ENGINEERING—The Secretary, 
Arren g Neee of Technology, Battersea Park Road, London, S W 11 

areh 31 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIOCHEMISTRY, 
CHEMISTRY, CHEMOTHERAPY, ENGINEERING, METALLURGY, PHARMACOLOGY 
or Paysics—The Academic Registrar, Universitv of London, Senate House, 
London, W C1 (April 1) 

ASSISTANT LECTURER (Demonstrator) IN THE DEPARTMENT OF ANATOMY 
(Prof J Z Young), to undertake teaching and research—The Secretary, 
University College, Gower Street, London, W C1 

ASSISTANT LECTURER (with & degree, Diploma in Technology, or equiva- 
lent qualification, together with some experience of computers or numerical 
methods, and capable of assisting College staff with research and project 
Work) IN THE COMPUTER CENTRE, to participate in the teaching of com- 
putational techniques throughout the college—The Academic Registrar, 
Loughborough College of Technology, Loughborough, Leicestershire, 
quoting (Ref 1/G) 

BIOLOGISTS (graduates), one to assist in preparing the insect section of 
the Zoological Record, and annual index of the world literature in entomology, 
and the other to prepare abstracts of research papers in economic entomology 
for the Renew of Applied Entomology—The Director, Commonwealth Insti- 
tute of Entomology, 56 Queen's Gate, London, S W 7 

LECTURER or SENIOR LECTURER IN THE DEPARTMENT OF ANATOMY, to 
undertake teaehimg and research—Prof D V Davies, Department of 
Anatomy, St Thomas's Hospital Medical School, London, SEI 

PLANT PATHOLOGIST (with postgraduate traimng in mycology and a 
number of years of acceptable research experience) IN THE RESEARCH 
BRANCH, DEPARTMENT OF AGRICULTURE, Vineland, Ontario, to mitiate and 
conduct studies on the epidemiology and control of grape fungal diseases— 
Civil Service Commission of Canada, Ottawa 4, Ontario, Canada, quoting 
Ref 04-1350 

POSTDOCTORATE FELLOWSHIPS IN PHYSICS, to pursue research in one 
of the following fields low energy nuclear physics (beta- and gamma-ray 
spectioscopy), electron spm resonance, molecular beam masers, optical 
pumping and inelastic collisions in alkali vapours—Dr L Krause, Head, 
Department of Phvsics, University of Windsor, Windsor, Ontario, Canada 

RESEARCH FELLOW (with three years postgraduate research experience) 
IN THE PHYSICS DEPARTMENT, to take part ın experiments on primary 
cosmic gamma-radiation, particularly its direction of incidence, by flying 
spark chambers and associated equipment ın balloons and satellites— 
Frot, C W Hutchinson, Department of Physics, The University, South- 
ampton 
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SENIOR LECTURER IN PHYSICS, and a SENIOR LECTURER IN CHEMISTRY 
at the University of Basutoland, Bechuanaland Protectorate and Swaziland 
—The Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W C1 

SENIOR TECHNICIAN IN CHARGE (with City and Guilds Advanced Certificate 
or equivalent, and experience of physiology and pharmacology—tThe Secre- 
tary, St Mary's Hospital Medical School, Paddington, London, W 2 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Atomic Diagrams 1 The Hydrogen Atom Pp 13+ film strip Atomic 
Diagrams 2 The Elements and the Periodic Table Pp 18+ film strip 
Set of 103 Element Cards (Surbiton, Surrey Marian Ray, 36 Villiers 
Avenue, 1963 ) [512 

The Scottish Horticultural Research Institute Tenth Annual Report, 
1962-1963, (April 1962—March 1963) Pp 92+1 plate (Invergowrie, 
Dundee The Scottish Horticultural Research Institute, 1903 ) [51 

The Royal Institute of Chemistry, London Section Annual Report of the 
Committee, 1963 Pp 10 (London ‘The Royal Institute of Chemistry, 
London Section, 1963 ) 

The Royal Society Report of Council for the year ended 80 September 
1963 Pp 60 (London ‘The Royal Society, 1963 ) [512 

Ministry of Power — Safety in Mines Research Establishment Safety in 
Mines Research 1962 — Forty-First Annual Report Pp 72+4 plates 
(London HM Stationery Office, 1903 ) 5s net [512 

The Electrical Research Association Technical Report L/T408 Absorp- 
tion of Photons ın a Townsend Discharge By M S Bhalla, J D Craggs and 
J M Meek Pp 7 9s ‘echnical Report L/T416 A New Method of 
Analysing Dielectric Measurements By B K P Scaife Pp 8 7s 6d 
(Leatherhead The Electrical Research Association, 1961 and 1962) [512 

Continental Shelf Bill(HL) Pp 5 (London HM Stationery Office, 
1903) 8d net [512 

Cement and Concrete Association Report on Concrete Practice Part 1 
Matenals and Workmanship Third edition Prepared in conjunction with 
the Institution of Structural Engineers Pp 62 (London Cement and 
Concrete Association, 1963 ) [512 

Ambassade de France Service de Presse et d'Information French 
Health Services Pp 22 (London Ambassade de France 
Presse et d'Information, 1963 ) 


Service de 
[512 


Other Countries 


East African Meteorological Department The Weather of East Africa 
durng 1902 Pp i1v+56  (Narobi East African Common Services 
Organization, 1963 ) [2211 

Deutscher Wetterdienst (Bundesrepublik ) Deutsches Meteorologisches 
Jahrbuch 1960 Pp xxxvin+221 (Offenbach aM Deutscher Wetter- 
dienst, 1963 ) 2211 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Map 1044A Saskatchewan and Western Manitoba showmg 
Oil and Gas Fields and Oil and Gas Discoveries, (Information to March 1, 
1963) Seventh edition Index Sheet 94 British Columbia Index Sheets 
104 and 114E British Columbia Index Sheet 103 British Columbia 
Map 21—1963 Axel Heiberg and Stor Islands, District of Franklin Geo- 
logical Maps—-Prelimminary Series Map 9—1963 Kamloops Lake, British 
Columbie Map 21—1903 Axel Heiberg and Stor Islands, District of 
Franklin Map22—1963 Halfway River, British Columbia Map 20—1963 
Taseko Lakes, British Columbia (Ottawa Director, Geological Survey of 
Canada, 1963 ) [512 

Commonwealth of Australia Eleventh Annual Report of the Australian 
Atomic Energy Commission for the year ended 30th June, 1963 Pp 76 
(Coogee, N S W _ Australian Atomic Energy Commission, 1963 ) [512 

United States Department of Agriculture Index-Catalogue of Medical 
and Veterinary Zoology Subjects Trematoda and Trematode Diseases 
By Mildred A Doss, assisted by Katharine F Roach and Virginia L Breen 
Pp v--157 50cents Supplement 12—Authors AtoZ By Mildred A Doss, 
Judith M Humphrev and Dorothy B Segal Pp 353 125 dollars Supple 
ment 13—Authors A to Z By Judith M Humphrey and Dorothy B Segal 
Pp 314 125 dollars (Washington, DC Government Printing Office, 
1962 and 1963 ) [512 

Fui Department of Agriculture Annual Reports of Divisional and 
eee Officers, 1956 Pp 1+15 (Suva Department of ad 

8 

Publikationer fra det Danske Meteorologiske Institut Meddelelser No 16 
Geographical Distribution and Temporal Variations of Polar Aurorae By 
Knud Lassen Pp 79+53 figures (Charlottenlund Dansk Meteorologisk: 
Institut, 1963 ) 512 

Archives de l'Institut de Paléontologie Humaine, (Fondation Albert ler 
Prince de Monaco) Mémoire 32 Le Gisement de Ternifine, Tome Premier 
Première Partie par C. Arambourg et R Hoffstetter Deuxième Partie pai 
C Arambourg Pp 190--8 planches (Paris Masson et Cie , 1963) [51° 

Australia Commonwealth Scientific and Industrial Research Organization 
Australian Agricultural Extension Conference—Reviews, Papers, and 
Reports Pp vii4-363 (Melbourne Commonwealth Scientific and Indus 
trial Research Organization, 1963 ) [515 
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You get more microscope 


for your money 
when you buy Meopta 


Meopta microscopes surprise even the experts 
They're such finely made precision instruments 
but cost so much less than you'd expect Every 
Meopta microscope is designed to meet the high- 
est optical standards—Meopta objectives are , 
especially noted for superlative quality Yet you 
pay less for a Meopta than for any comparable 
instrument It’s not surprising that so many far- 
sighted scientists have already chosen Meopta 
microscopes for their teaching and research 
laboratories, 





Microscope C36 BI 
Meets all the requirements 
of scientific and research 
workers Binocular micro- 
scope with built-in mech- 
anical stage integral 
Kohler lighttng and 
Photomicrography tuba 
Standard optical equip- 
ment includes six achro- 
matic objectives three 
pairs of eyepieces and a 
NA 1 4 condenser Mag- 
nifications from 43x to 


meo 


GREY OF NORWICH 


EXPERT IN LABORATORY RESEARCH EQUIPMENT 
Instrument Division - 1a The Haymarket & 3 White Lion St - Norwich - NOR 45E - Tel: Norwich 23696 & 26819 





Admit it: 
we're talking sense 


We're talking about life assurance We're talking, 1n fact, about 
the oldest mutual life office the Society that laid the foundations 
of life assurance as it 1s known today The *Old Equitable’, 
founded two hundred years ago, has this about it 

It has no shareholders It pays no commission for the intro- 
duction of business This ıs how life assurance was originally 
conceived, and in preserving these co-operative principles, the 
‘Old Equitable’ provides life assurance at cost price 

The ‘Old Equitable’ ıs friendly and helpful, and ıt does a good 
job for your money For example, a quarterly payment of 
£17 12 6 secures a man of 25 an assurance of £3,000 sharing in 
major profits and payable at death whenever that should occur 
Such a policy taken out 50 years ago would this year yield over 
£10,000 on the death of the life assured If you would like to 
know more about the many kinds of assurance that the ‘Old 
Equitable’ offers, please fill in the coupon below 


get in touch with the 


OLD EQUITABLE’ 


| The EQUITABLE Life Assurance Soctety 


19 COLEMAN STREET, LONDON, EC2 


Immediate Annuities [] Personal Pension [] 
| School Fees (1 Income for Dependants [J 
| Life & Endowment Q Children's Policy [] 


NAME DATE OF BIRTH | 


(Block Letters Please) 
| ADDRESS 
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Full details and 
Prices are contained 
in our Free booklet 


Write for Price List 
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J. BARCHAM GREEN LTD. 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line and 
6s per ime thereafter Lines in capitals or 
containing words in capitals 12s per lme 
Senn-displayed £4 16s per smele column 
inch Colour (orange) £15 extra Is is 
charged for the re-direction of reples to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limited, ? Clement's Inn Strand, London, 
WC2 Telephone HOLborn 4743  Tele- 
grams  Textualst, Estrand, London 


WORLD HEALTH 
ORCANIZATION 


invites applications from candidates for a 


post as 


TRANSIATOR 


Qualifications and Languages: English 
mother-tongue , thorough knowledge 
of French and one or more other 
languages (preferably German Italian, 
Russian, or Spanish) University de- 
gree If possible, good knowledge of 
medical and biological terminology 


Terms of Employment Initial two-year 
contract Commencing salary (after 
tax deductions) U S $7,460 per annum 
Annual increments up to a total net 
salary of USS9,870 Allowances 
according to Staff Rules (post adjust- 
Ment, dependants’ allowance, educa- 
uon grant for children) Sickness and 
accident insurance Pension Fund 
Home and annuat leave 


Duty Staton . Geneva (Switzerland) 


Applications and curriculum vitae should 
be sent to World Health Organization 
(VN/English Translators), Palas — des 
Nations, Geneva wuhin 15 days of the 
publication of this announcement Only 
those applicants whose qualifications. make 
them suitable for considerauom will receive 
a reply 





UNIVERSITY OF MANCHESTER 


IMPERIAL CHEMICAL INDUSTRIES 
FELLOWSHIPS 

Applications are invited for the above Research 
Fellowships, founded by Imperial Chemical In- 
dustres Ltd, tenable in the University and avail- 
able for research in various branches of Chem- 
istry, including Inorganic Chemistry, Chemical 
Engineering, Engineering, Technology, Physics 
and allied subjects The salary, which will de- 
Pend upon qualifications and experience, wll 
normally be in the range of £1000 to £1,200 
per annum, but awards up to £1,500 per annum 
may be made in the case of engineers and tech- 
nologists where industrial experience or other 
special circumstances warrant it Membership 
of the FSSU and children’s allowance scheme 
in appropriate cases 

Regulations governing the award of the Fellow- 
ships may be obtamed from the Registrar, the 
University, Manchester, 13, to whom applications 
should be sent not later than February 14, 1964 


UNIVERSITY OF KEELE 


Applications are invited for Imperial Chemi- 
cal Industries Fellowships tenable at the Unrver- 
sity of Keele for two years in the first instance 
wih possibility of extension for a third year 
Fellowships may be awarded for the purpose of 
carrying out original research in chemistry or 
physics Applicants should preferably hold degree 
of PhD or have equivalent research experience 
Salary will depend upon qualifications and ex- 
perience and will normally be within range £1 000 
to £1200 per annum, together with. FSSU 
benefits 

Applications (two copies) stating age, details 
of education, career, quahfications, publications 
and an outline of proposed research, together 
with names of two referees, should reach the 
Registrar The University Keele Staffs from 
whom further inquiries may be made, not later 
than March 6, 1964 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF TROPICAL PASTURES 
TOWNSVILLE PASTORAL RESEARCH LABORATORY 


RESEARCH OFFICER IN 
PASTURE EVALUATION 


An extension of a vigorous programme of pasture research for sub-tropical regions 
of eastern Australia conducted during the last decade by the Division of Tropical Pastures ; 
the Commonwealth Government is establishing similar work for the tropical areas 

The research is based on a major laboratory at Townsville, Queensland (population 
51,000) This ıs the second cty of Queensland, and 1s the most important communications 
and industrial centre, and the cattle market in Northern Austraha, and has a University 
College 

The Townsville Laboratory 1s closely Jmked with, and derives strong support from, the 
Division’s Cunningham Laboratory in Brisbane, Queensland A major field station for 
experimental work 1s located 30 miles south of Townsville, and field experunents are also 
being conducted at other centres in co-operation with farmers and graziers 

The laboratory has research workers in agrostology, plant nutrition, son fertility, soil 
survey, animal health, and animal physiology All research staff are based at the Towns- 
ville [aboratory 

Applicauons and inquiries are invited from graduates having at least a Ph D “degree, or 
postgraduate research experience of equivalent standard and duration in an appropriate field 
of science, agricultural science, or rural science, supported by sausfactory evidence of 
research ability Applications from candidates compleung PhD will be welcomed 

The appointee will be required to undertake research on a range of tropical pasture 
plants Studies will be directed to assessing the nutritive value and composition of these 
species at different stages of growth and at different seasons of the year Faculties for 
laboratory and field expermnents are available, and an animal house and pen feeding are 
being constructed The appointec will be encouraged to develop his own projects in 
relauon to the laboratory's general programme 

SALARY Dependent upon qualifications and experience withm the ranges 

£A1,794 to £A2,681 per annum (but not less than £A2,099 per annum) or 
£A2,755 to £A3,115 per annum 

Salary rates for women will be £A188 per annum less than the corresponding rates for 
men 

Promotion within CSIRO ıs by merit and may go beyond the upper limit of the scale 
within which the original appointment 1s made 

By mutual arrangement, the appointment may be emher for an indefinite period or 
initially for a short term basis of three years 

Fares paid for the appomtee and his dependent family and return farcs to point 
of origin will be paid in the case of an appointee who accepts appointment for a fixed 
term Further particulars supphed on application to 
"Mr W Hartley, Chief Scientific Liaison Officer, Australian Scienufic Liaison. Office, Africa 
House, Kingsway, London, W C2, 
to whom applications (quoting Appointment No 853/16), should be addressed by March 
7, 1964 












TITANIUM 
nyt, I, PIGMENTS iid ie 
British Titan Products require a 
CO.LTD. 





COLLOID CHEMIST 


for fundamental research into the colloidal properues of  ntamum dioxide 
suspensions 


Applicants (preferably PhD) should have at least three years’ expericnce ijn 
research on the colloidal chemistry of aqueous or organic systems 
Modern well-equipped and spacious laboratories, 
E Bonus Scheme. 
Non-contributory Superannuation Scheme. 
Housing Assistance. 





Replles in confidence to 
The Personnel Manager, 
British Titan Products Company Limited, 
Billingham, Co. Durham. 

quoting Ref S402 
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BIOCHEMISTS 


A continued expansion and development of our Pharmacological Research Depart- 
ment has created interesung vacancies for Biochemists 


NATURE 


Applicants should possess a rood honours degree and have sound experience in 
analytical] techniques Experience or interest in protem and enzyme biochemistry 
would be an added advantage 


The Company offers excellent conditions of employment including non-contnbutory 
Pension and Life Assurance Schemes and payment of removal expenses 


These appointments will be located at the Company's head office at Sandwich, Kent, 
m an area offering a wide choice of pleasant coastal and country residential facilities 


The salaries offered will be attractive and progressive 


Applications are inylted and should be addressed to 
The Personnel Officer (Research), 
Pfixer Limited, Sandwich, Kent 
quoung reference number A 5329 


Schlumberger—world’s leading, 
oil logging company 


seeks 


GEOPHYSICAL DATA INTERPRETER 


for Nigeria 


A challenging opportunity for qualified person with good mathematical 
training (minimum “A” level GCE) and experience of mechanical or 
architectural design The job ts to interpret geophysical data recorded in 
oil well operations in Nigeria. Three months training will be given at our 
Paris headquarters before posting to Port Harcourt 


Candidates must be British, over 21, single, in excellent health, must have 
strong personality and be capable of working with engineering teams 
Good education and methodical working habits are essential Basic know- 
ledge of French required for training and liaison 


During training salary will be £ICO a month plus hotel expenses After 
assignment to Nigeria salary will be £180 a month with free furnished 
accommodation ‘Transportation and home leave assured 


Applicants should send handwritten letter with curriculum vitae and 
photograph Correspondence will be considered in strictest conf dence 
and answered promptly Selected applicants will be interviewed in London 
All applications to 
SCHLUMBERGER 
42 rue Saint-Dominique 
Paris 7, France 









CHEMISTS AND PHYSICISTS 
POROUS PLASTICS LIMITED 


A wholly-owned subsidiary of the Chloride Electrical Storage Co Ltd have pioneered 
the development and manufacture of a wide range of microporous products These 
have the unique property of impermeabiluy to water while bemg permeable to water 
vapour 


Applications are invited from men 24-28 years who have graduated in Chemistry or 
Physics and have industrial research or development experience. This should be 
Mee ed but not necessarily in Polymer chemistry, Plastics technology, or Textile 
technology 


Those appomted will be required to lead teams of technicians in the development of 
new products up to the stage of full-scale production in the followsng fields 


Clothing Footwear Upholstery 
The work calls for initiative, resourcefulness and leadership. Opportunities for advance- 
ment are good 


Please write in confidence, giving full details, to 
Personnel Manager, Porous Plastics Ltd , Dagenham Dock, Essex 


Qexxi 





EMPIRE COTTON GROWING 
CORPORAT.ON 


e 
OVERSEAS STAFF RECRUITMENT, 
1964 


The Corporation, which was established 
under Royal Charter m 1921, carries out 
research and experimentat work on cotron 
m close co-operation wih overseas Depart- 
ments of Agriculture and the Department 
of Technica) Co-operation The Corpora- 
uon has ns own Cotton Research Station 
at Namulonge near Kampala, in Uganda, 
and members of the staff also work on 
Government Research Stations in many 
other countries in Africa and elsewhere 


PLANT BREEDING AND GENETICS 


Men wrth degrees in agriculture, botany 
or genetics and experience in agricultural 
research at home or overseas are mvited to 
apply for vacancies m the Corporation's 
team engaged in research on the genetics 
and breeding of the cotton plant and 
associated problems of cotton cultivation 


TERMS OF SERVICE 


Appomtments are made at salaries ap- 
propriate to experience, within scales 
starting at £1,232 and rising by annual 
increments to £2,672 Above these scales, 
there are some semor posts at £2,800, and 
a hmied number of superscale posts at 
higher salanes All the staff receive free 
quarters with heavy furnnure, and terri- 
torial allowances are payable m Aden and 
the Sudan Children’s educational grants 
are paid in certain circumstances 


The Corporation has its own staff assur- 
ance scheme , the rate of contribution by 
the officer ıs 5 per cent, the Corporation's 
contribution varying from 10 per cent for 
officers under 30, to 25 per cent for officers 
aged 50 and over with at least ten years’ 


service 


In Aden, Nigeria, Nyasaland and the 
Sudan leave is given annually, in other 
territories leave ıs normally taken every 
second year Arr passages are provided 
for the officer, his wife and all dependent 
children under 19 


Corporation officers are, m general, ac- 
corded the same privileges as Government 
officers for medical and dental treatment 
and are granted similar local travelling 
facilities and allowances 


STUDENTSHIPS 


As an alternative method of recruitment, 
if it as not possible to fill all vacancies by 
appomtment of suitably — expenrenced 
officers, postgraduate studentships may be 
awarded for preliminary trainmg m appro- 
priate subjects, including statistics and field 
experimentation 


Applications for studentships are there- 
fore invited from men who will obtam 
relevant degrees m 1964 ‘The studentships 
would start between July and October, 
1964, according to the course decided upon 
in each individual case, and would be ten- 
able for about a year at a University or 
an Instuution m the United Kingdom The 
value of the grants would be based on 
those paid to holders of similar awards by 
the Department of Technical Co-opera- 
uon , the current rates range from £35 to 
£43 a month, according to location, plus 
payment of University and tuition fees, 
College dues and a book allowance 


Applications for appointments oF 
studentships to be made on a form which 
will be supplied on request, should reach 
the Empire Cotton Growimg Corporation, 
12 Chantrey House, Eccleston Street, 
London, SW 1, by mid-March, 1964 
Candidates should be prepared to attend 
for interview in London in Jate Apri or 
early May 
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CULHAM 
LABORATORY 


FOR PLASMA PHYSICS AND FUSION RESEARCH 


esent RESEARGH PHYSICISTS 


The Culham Laboratory requires good honours graduates to work in its experimental 
divisions 

The Laboratory studies high temperature plasmas experimentally and theoretically, 
together with the problems of plasma containment by magnetic fields, with power 
producing thermonuclear reactions as the ultimate aun 


Current vacancies include — 


EXPERIMENTAL STUDIES of plasma produced by myecting high energy 
particles into mirror and complex magnetic field geometries, and 
of the rapid magnetic compression of plasmas Novel techniques 
for giagnosing the state of a plasma at high temperatures are 
involved 


EXPERIMENTAL AND THEORETICAL STUDIES of various kinds of 
waves in plasmas These studies offer many opportunities for 
mdividual basic research They include studies of Alfven, 
whistler and electro-acoustic waves, and their damping due to 
Landau, 10n-cyclotron and resistive effect non-linear wave-wave 
interactions and hydromagnetic turbulence 


THEORETICAL STUDIES of high temperature plasma behaviour, and mter- 
pretation of experimental results in close association with 
experimental projects 


QUALIFICATIONS: A good honours degree 


EXPERIENCE: Specific experience ın high temperature plasma physics 15 not 
expected, but candidates should have at least three years research 
experience 


SALARY: Successful applicants will be offered Research Associateships 
tenable at the Laboratory for up to 3 years The salary will 
normally be withm the range £1,150—£1,900 a year, according 
to age and experience, but higher salaries can be paid to particu- 
larly well qualified and experienced candidates 


SUPERANNUATION: Superannuation ıs under the F S S U scheme 
HOUSING: Can be provided for married research associates 


APPLICATIONS: tf you have the appropriate qualificatrons and experience and 
are interested in the vacancies mentioned above, or in any other 
asp ect of the Laboratory's programme, please write for further 
details and an application form to the Senior Personnel Officer, 
Culham Laboratory, Abingdon, Berks (A130 34) 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF ANIMAL GENETICS 


ANIMAL NUTRITIONIST 


Applications are invited. for appointment as Senior Research Officer or Principal Research 
Officer with the Organizauon's Cattle Research Laboratory located at Rockhampton, 
Queensland 

The Laboratory is engaged m studies of physiological characters of cattle affecting. their 
adaptation to a tropical environment It is well equipped and arr-condiuoned It 
operates 1n association with the National Cattle Breeding Station ‘* Belmont’ which 
carries about 1,400 head of well-controlled expermmental cattle derived from Brahman, 
Africander, Hereford, and Shorthorn breeds The breeding programme is designed to 
facilitate studies of genetic differences 

The appointee will be required to undertake research on efficrency of feed utilization, 
particularly nitrogen and energy metabolism — Assistance at various Icvels will be avail- 
able Facilities include 48 single stalls, 12 metabolism cages, and 6 respiration chambers, 
the latter under development 

Applicants should possess a Ph D degree or have had postgraduate research experience 
of equivalent standard and duration, supported by satisfactory evidence of research ability 
Experience in ruminant nutrition and energy metabolism is desired 

Salary Dependent upon qualifications and experience within the ranges 

£A2 755 to £43,115 per annum or £A3,301 to £A3,873 per annum plus 
district allowance of £A50 per annum (marned) or £A25 per annum (single) 

Salary for women will be £A188 per annum less than corresponding rates for men 

Promonon within CSIRO 1s by merit and may go beyond the upper limit of the 
scale within which the original appointment 1s made 

Fares paid for the appointee and his dependent family Further particulars suppled 
on application to 
Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W C2, 

s miom applications (quoting Appointment No 682/22) should be addressed by February 








ANGLO AMERICAN CORPORATION 
OF SOUTH AFRICA, LIMITED 


(Incorporated in the Republic of South 
Africa) 


DIRECTOR 


FOR ANGLO AMERICAN RESEARCH 
LABORATORY 


The Corporation wishes to fill this senior 
post within the organization which has 
recently become vacant owing to the ap- 
pointment of the previous director as Pro- 
fessor of Metallurgy in the University of 
the Witwatersrand 


The Anglo American Group of Com- 
panies ranks as one of the largest organiza- 
tions of its kind in the world The twelve 
gold mines under its control produce ap- 
proximately one-sixth of the total gold in 
the Western World and, from the same 
ore, substantial quantities of uramum oxide 
are produced The combined output of its 
copper companies accounts for more than 
half the annual production of the Northern 
Rhodestan Copperbelt, which holds second 
place among the world’s sources of supply 
Group colheries. produce almost half the 
total coal requirements of Southern Afnca 
The Group's other interests which are con- 
tinuously — expanding, already — include 
primary and secondary industry and the 
production. of many other metals such as 
cobalt, lead, zinc, vanadium, cadmium, etc 
Not only ıs metallurg:cal development ex- 
panding in these fields but particular atten- 
tion 1s being given to projects in the fleld 
of ferrous metallurgy 


The Anglo American Research Labora- 
tory in Johannesburg has a staff of about 
sixty and is engaged in metallurgical and 
associated research, covering all the 
Corporauon's activiues The Laboratory, 
established in modern burldings at the end 
of 1954, has subsequently been extended 
and particular attention has been paid to 
equipping the research and service facili- 
ties with modern apparatus and instrumen- 
tation 


The position of director calls for a back- 
ground of research coupled with a high 
order of admunstranve ability Preferably 
cand:dates should have spent some years 
in operations and be able to apply practi- 
cal and economuc rudgment to the projects 
under investigation 


The salary will be substantial and fully 
commensurate with tbe top-level nature of 
the appointment 


A car will be provided for the full-time 
use of the director Generous pension 
Schemes and medical aid cover are pro- 
vided Annual leave 1s currently 42 days 
per year and long leave up to 190 days 
may be accumulated over each flve-year 
period of service Financial assistance with 
the costs of transportation may be offered 
to the successful candidate if he is resident 
outside Africa 


Interested persons are invited to submit 
applications to 


Personnel Consultant (Admunistration), 

Anglo American Corporation of South 
Afnca, Limited, 

PO Box 4587, 

JOHANNESBURG 


as soon as possible 


UNIVERSITY OF THE WEST 
INDIES 


Applications are invited for (a) Research 
Fellowship or (b) Junior Research Fellowship in 
the T PI Natural Products Research Unit of the 
Chemistry Department Appointment for three 
years Salary scales (under review) (a) £1,300 
by £50 to £1,650 by £75 to £2,100 per annum 
(b) £1,050 by £50 to £1,200 per annum Chil» 
allowance £150 per annum first child, £100 per 
annum second, £50 per annum third FSSU 
Housing allowance of 10 per cent of salary, or ife 
available, unfurmshed accommodation wil) be le 
by the University at 10 per cent of salary Uy 
to five full passages on appointment and norma 
termination 

Detailed applications (six copies), naming thres 
referees, Should be sent by February 20, 1964, by 
persons living in the Americas and the Caribbear 
area to the Registrar, University of the Wes 
Indies, Kingston 7, Jamaica, and by all othe 
persons to the Secretary, Inter-University Counc» 
for Higher Education Overseas, 29 Woburr 
Square, London, WC1 Further particular 
may be obtamed similarly 


^ 
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LABORATORY ASSISTANT 
(WOMAN) 


Assistant, age up to 35 years, required 
for Electrical environmental and materials 
research laboratories A graduate is pre- 


CHEMISTS 


The United Kingdom Atomic Energy Authority invite candidates 
with good honours degrees in Chemistry to apply for permanent 
appointment in one of the following posts 


ferred but consideration will be given to 
applicants holding HNC or studying for 
same 


Apply to Personnel Manager, quoting 
age, experience and salary required, to 
Belling and Lee Limited, Great Cambridge 
Road, Enfield, Middlesex 


Post (a)—to be employed in the general field of gas/solid inter- 
action The work covers reaction kinetics, gas adsorption and diffu- 
sion Post (b)—to be employed in the application of radiochemical 
techniques to a wide variety of problems using reactors and 





MEDICAL accelerators, when necessary 


RESEARCH COUNCIL 
ENVIRONMENTAL RADIATION 
RESEARCH UNIT, 
LEEDS 


Starting salaries will be assessed within the range of £850 to £1 900, 
depending on age and experience A house, or substantial assistance 
with house purchase, will be available to married officers living beyond 
normal daily travelling distance 


requires 
Please write, stating post of interest, to 
RESEARCH PHYSICIST THE SENIOR RECRUITMENT OFFICER (Ref. 3223/34), 
PhD Cor equivalent), with knowledge. of A.W.R.E, ALDERMASTON, NR. READING, BERKS. 


Scintillation spectrometry and radiation 
dosimetry, for duties mainly concerned with 
whole body counting Starting salary with- 
mm range £1,595 to £2,145 depending on 
qualifications and experience Superannua- 
ton provision, children's allowances De- 


taled applications, giving the names of 
two referees, to 
Professor F W Spiers, CBE, 
Department of Medical Physics, 
The University of Leeds, 


The General Infirmary, Leeds, 1 



















An analyst 1s required to take charge of a laboratory concerned 
with the control of standard drugs and ethical pharmaceuticals 
The successful candidate who will preferably be under 35 years 


UNITED SHEFFIELD HOSPITALS 


Applications are invited for 


TWO BIOCHEMISTS of age and a BSc or an ARIC. will work with a small team 
(Basic Grade, Non-medical) These are in a modern pharmaceutical laboratory He will have already 
new posts commencing on Apri 1, 1964 
The successful candidates will work in the gamed experience in analysis in the pharmaceutical industry. 


hospital Laboratories of Chemical Patho- 
logy, including the newly formed mucro- 


chemical laboratory at the Children's Hos- a: ualifications, age, experience 
pital Whitley Council salary scale and Write m confidence giving details of q » aBC, P 
conditions of service and salary to 
Applications, in writing, giving previous 
experience and names of two referees, to 
Superintendent, The Personnel Manager, 


Children’s Hospital, 
va E t o  HORLICKS LIMITED 
within fourteen days of this advertisement 


Slough, Bucks. 









UNIVERSITY OF LANCASTER 1 AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
DEPARTMENT OF PHYSICS RESEARCH ORGANIZATION 


Apphcations are invited for a DIVISION OF ANIMAL HEALTH 


SENIOR LECTURESHIP or LEC- 


TURESHIP in Theoreucal Physics 

Furie panem of de ae PARASITOLOGIST 
pointment may be obtamed from 
the Secretary of the University, Applications are invited for appointment to a position of Research Officer (Parasitolo- 
University of Lancaster, Bairigg gist) with the Organization’s McMaster Laboratory, situated in the grounds of the 
House, Lancaster, to whom appli- University of Sydney, with which a close association is maintained 
cations should be sent not later The appointee will be required primarily to continue and expand a programme of 
research on the én vitro culture of nematode parasites of sheep, in which considerable 
than: February 29; 71964 progress has been made Adequate facilities, equipment, and assistance are available 

Applicants should possess a Ph D degree in science, agricultural science, veterinary 
science or rural science, or have had postgraduate research experience of equivalent 
standing and duration supported by satisfactory evidence of research ability 

Salary Dependent upon qualifications and experience within the ranges 





UNIVERSITY OF NOTTINGHAM 2 Ds to ee per annum (but not less than £A2,099 per annum) or 
RAL CHE .755 to ,115 per annum 
CHAIR Oreo ee ipud Salary for women will be £A188 per annum less than the corresponding rate for men 
Applications are tiie for M ue D 5s Promotion wihm CSIRO ıs by merit and may go beyond the upper limit of the 
Char of Agricultural Y "n m be e- | scale within which the original appointment ıs made 
aro Ae salaey pat be axed with rhe Fares paid for the appointee and his dependent family Further particulars supplied on 
' application to 
range of professorial salaries plus membership of Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 


the Universities Superannuation Scheme and House, Kingsway, London, W C2, 

children’s allowance to whom applications (quoting Appointment No 202/230) should be addressed by February 
Conditions of appointment and forms of apph- 29, 1964 

cation, which should be returned by March 14, * 

1964, from the Registrar 
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programming 
research 
manager 


———— —H— — ——Á— 


Applications are invited for the post of Programming Research Manager 
18 the research department of a firm in the forefront of the computer field 
The successful candidate will direct, expand and develop a team of expert- 
enced programmers on programming research studies The field covers all 
the following aspects 1n both the Scientific/Technical and the commercial 
areas 


1) computer programming sciences including studies 1n the design of 
programming languages, 

2) compiling methods and of programming systems; 

3) theevaluation of new computer proposals in programming terms, 

4) strategic and tactical problems of optimising programmes for all appli- 
cations. 


The creation of this senior post responsible to the research division mana- 
ger, reflects the status and importance attached by the Company to the 
evaluation of programming strategy and tactics for future as well as 
existing machines 

Candidates should have an honours degree in mathematics or science and 
have considerable programming expertence—preferably from some re- 
search standpoint, eg, operations research They must be ready and 
qualified to assume complete responsibility for planning and directing this 
area of research 1n full collaboration with colleagues in other departments 
of the division 


Discretion and strict confidence will be accorded all replies which should 
be addressed to Box No 748, T G Scott and Son, Ltd , 1 Clement's Inn, 
London, W C 2, giving career details and references to published works. 


dea OPPORTUNITIES 
g IN 


BRITAIN 


British Nylon Spinners Limited have vacancies for a number of graduate scientists 
as a result of the Company’s expansion 


The growth of this Company, which ıs now the largest nylon yarn producer in 
Europe, has been rapid even for the synthetic fibres industry It is fully appreci- 
ated by management that future progress 1s dependent upon research and appl- 
tions are invited from science graduates who can make a positive contribution to 
the Company's future 


Some appoimtments will be made in the Research Department, which employs 
more than 100 graduates on a wide range of projects These extend from back- 
ground werk on physical and chemical behaviour of polymers to well-defined 
process and product development The variety of uses for nylon provide a broad 
field of interest and many visitors to the Company's Research Department have 
expressed surprise at the range of problems which are being tackled 


Vacancies also exist in more applied work in the Production Department suitable 
for someone who might later like to move to a post leading to management 
responsibilities The Company has a policy of promotion from within and takes 
active steps to develop the talents of staff by carefully planned 1nter-departmental 
transfers 


One of the Company's Associate Research Managers will be visiting the States 
and Canada during April, 1964, and would be pleased to talk with graduates now 
working there who are interested in exploring the possibilities of employment in 
Britain 


If you would lke to follow this further please write to the Personnel Manager, 


BRITISH NYLON SPINNERS LIMITED, 


Pontypool, Monmouthshire, Great Britain 
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NEW ZEALAND 


University of Canterbury 
CHRISTCHURCH, NEW ZEALAND 


SENIOR LECTURER OR 
LECTURER IN CIVIL 


ENGINEERING 
(BUILDING TECHNOLOGY) 


Applications are invited for the above- 
named position Applicants should have a de- 
gree in Civil Engineering of a recognized Univer- 
sity, teaching experience at a University, or have 
held a responsible position ın a branch of Civil 
Engineering The appointee will take charge of 
courses in Principles of Building and in Building 
Adminstration which will be established as soon 
as an appointment 1s made The salary for a 
Senior Lecturer will be at the rate of £1,750 per 
annum rising to £2,000, and for a Lecturer £1,250 
per annum rising to £1,700 Commencing salary 
will be in accordance with qualifications and ex. 
perience Approved fares to Christchurch will 
be allowed for the appointee, his wife and chil- 
dren, in addition, actual removal expenses will 
be allowed within specified limits 

Further particulars and information as to the 
method of application should be obtamed from 
the Secretary, Association of Commonwealth Uni- 
versittes (Branch Office), Marlborough House, 
Pall Mall, London, SW 1 Applications close 1n 
New Zealand and London on March 31, 1964 





UNIVERSITY OF TASMANIA 
LECTURESHIPS OR SENIOR LECTURESHIPS 
IN AGRONOMY AND SOIL SCIENCE 


The University invites. applications. for two 
Lectureships or Senior Lectureships ın Agronomy 
and Soi Science within the Faculty of Agricul- 
tural Science The salary grades for Lecturers 
are Grade IJ £A1,800 by £A100 to £A2,100, 
Grade I £A2,200 by £A100 to £A2,600, Senior 
Lecturer £A2,750 by £A100 to £A3,250 Ap- 
pointment will be offered within these grades ac- 
cording to qualifications and experience 

Lecturer/Senior Lecturer in Soil Science. The 
creation of the position in Soi Science has been 
made possible by a grant from the Electrolytic 
Zinc Company, but it 1s a permanent position 
and the University has accepted the responsibility 
of mamtamıng ıt after the grant from the Com- 
pany has been used Qualifications Applicants 
must possess a degree in Agricultural Science, or 
m Science with Chemistry as a major subject 
Postgraduate research experience in Sou Science 
1s also required Duties The appointec will be 
required to develop and teach a course in Soil 
Science to third year students in the Faculty, and 
may also be required to give portions of courses 
in other subjects such as Horticultural Science, 
He will be expected to develop a programme of 
research and to supervise postgraduate students 

Lecturer/Senior Lecturer in Agronomy Quali- 
fications Applicants must possess a degree in 
Agricultural Science, and have had postgraduate 
research experience in some aspect of Agronomy 
Duties The appointee will be required to develop 
and deliver a course in the ecology of plants of 
agricultural importance, and may also be required 
to give portions of other courses related to 
Agronomy He will be expected to develop a 
programme of research and to supervise post- 
graduate students 

Further particulars and information as to the 
method of application should be obtained from 
the Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House 
Pall Mall, London, SW 1 — Applications close 1n 
Australa and London on March 31 1964 


MANCHESTER COLLEGE OF 


SCIENCE AND TECHNOLOGY 


FACULTY OF TECHNOLOGY IN THE 
UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Special 
Research Assistant tenable for two years in the 
Department of Municipal Engineering to under- 
take research for which funds have been pro- 
vided by the Civil Engineering Research Council 
The work 1s concerned with the performance of 
circular sedimentation tanks, and much of the 
work will be carried out at a sewage treatment 
works a few miles from the College The post 
would be suitable for a recent graduate or one 
likely to graduate in 1964 Applicants with ex- 
perience in this or a related field will be con- 
sidered for a salary above the scale quoted— 
1e, £825 in the first year and £850 in the second 
year 

Application forms may be obtamed from the 
Registrar of the College, Sackville Street, Man- 
chester, 1, to whom completed applications should 
be returned as soon as possible 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF NUCLEAR PHYSICS 


The University proposes to make a number of 
appointments in the Department of Nuclear 
Physics (Head of Department Professor E W 
Titterton, CMG, FAA) Among the posts 
available are Senior Fellowship £A3 300 to 
£A3,850, Senior Research Fellowships, £A2,900 
to £A3,460, Fellowships, £A2,400 to £A3,300, 
Research Fellowships, £A1,980 to £2,680 

The Department is well equipped with a 12 
MeV Tandem electrostatic accelerator, a 2 MeV 
Van der Graaff generator, and a 12 MeV 
Cockcroft-Wahton machine Two precision par- 
ticle spectrometers, a Buechner spectrograph, 
crystal, solid state, gas and emulsion detectors 
with associated multichannel recording equipment 
are available for use with these machines An 
IBM 1620 computer is available for data reduc- 
uon The main fields of work are in nuclear 
Structure studies 

Superannuation 1s on the FSSU pattern 
Reasonable travel expenses are paid, and assist- 
ance with housing 16 provided in an appointment 
from outside Canberra 

In addition to the posts referred to above, a 
number of scholarships is available for men who 
have completed an MSc degree or who have had 
outstanding results in their honours BSc ex- 
ammations The scholarships are tenable for 
two or three years, and the basic allowance is 
£A1,025 per annum, married scholars with de- 
pendent children may be granted an additional 
allowance of £A325 per annum in respect of the 
first child and a further £A95 per annum for 
each other child A contnbunon towards fares 
15 paid 

Applications are invited for staff positions and 
Scholarships and the posts may be taken up at 
any time during 1964 Interested persons are 
asked to lodge applications as soon as possible 
Further details should be obtained from the 
undersigned, at Box 4, GPO, Canberra, ACT, 
with whom applications close on March 2, 1964 

E P THOMAS, 
Acung Registrar, 
Institute of Advanced Studies 


UNIVERSITY OF LIVERPOOL 
APPOINTMENT OF LECTURER OR 
ASSISTANT LECTURER IN THE 
DEPARTMENT OF HISTOLOGY 


Applications are invited for the post of Lec- 
turer or Assistant Lecturer in the Department of 
*üstology at an inital salary within the range 
£1,000 to £1,670 per annum according to age, 
qualifications and experience Good facilities. for 
esearch are available, including tissue cuiture 
ind electron microscopy, and the post is open 
o graduates in medicine, dentistry, biology, 
dhysiology, or veterinary science 

Applications, stating age, academic qualifica- 
tons and experience, together with the names of 
Marec referees, should be received not later than 
‘ebruary 28, 1964, by the Registrar, from whom 
urther particulars may be obtamed, quoting 
eference number CV/5/N 


UNIVERSITY OF MANCHESTER 


Applications are invited for the posts of Lec- 
wer and Assistant Lecturer in the Depattment 
£ Physics in the Faculty of Science The re- 
earch interests of applicants should he m the 
lgh Energy Physics field, im which the Depart- 
aent has an active programme Duttes to com- 
ience as soon as possible Salary scales Lec- 
urer, £1,250 to £2,150 per annum, initial salary 
ccording to qualifications and experience , Assist- 
at Lecturer, £1,000 to £1150 per annum Mem- 
ership of the FSSU and children's allowance 
cheme 

Applications. should be sent not later than 
farch 14, 1964, to the Registrar, the University, 
lanchester 13, from whom further particulars 
ad forms of application may be obtained Ap- 
hcattons by airmail letter in the first instance 
WI be received from overseas candidates, who 
iould state the names and addresses of at least 
iree persons to whom reference can be made 


UNIVERSITY OF WESTERN 


ONTARIO 
LONDON, CANADA 

DEPARTMENT OF CHEMISTRY 
Demonstratorships, Research Assistantships, 
-holarships Fellowships, Bursaries, and Student- 
tips, of value $2 600 to 53,100, are available for 
udents working for the PhD degree Post- 
dctoral awards are available from $5,000 Ex- 
lient research facilities are on hand 
Inquines, giving major fields of interest, should 
^ addressed to Professor F L M  Patüson, 
ead, Department of Chemistry, University of 
'estern Ontario, London, Ontario, Canada 
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J. BIBBY & SONS LTD. 


invite applications for the following 





for work on the assay of fat-soluble vitamins and the analyses of 
fats with special reference to their use m the nutrition of farm 


Previous experience in the vapour phase chromatography 
of fat acid mixtures 1s desirable 


[27 BIOCHEMIST 


for work on protem evaluation 
assessments are used and experienci 
and chick growth assay methods 


Both chemical and biological 


e with Moore and Stein analyses 
1s desirable 


Candidates should possess an honours degree with some postgraduate experience in 


the parücular field 


The vacancies arse at our Nutrition Research Department at Neston, 


Cheshire, 


where there are modern well equipped laboratores in pleasant rural surroundings 
Write for application form to Personnel Officer (Factories), J. Bibby & Sons Ltd, 


57 Great Howard Street, Liverpool, 3 





FISHERIES RESEARCH BOARD 
OF CANADA 
BIOLOGIST IN FISHERIES RESEARCH 


Applications are invited for a position of Bro- 
logist to carry out research on cod life history 
under general direction of a more semor scicn- 
tst at St John’s, Newfoundland, from candidates 
Possessing a second-class honours Bachelor’s de- 
gree or better Appomtment will be made in the 
salary range of $5,200 to $6,400 per annum 
Annual increases are provided for satisfactory 
performance, and promotions within the Board 
are made on merit The superannuation plan of 
the Public Service of Canada, generous vacation 
and sick leave privileges and other benefits of 
Canadian Public Service are available It is 
possible for employees, im their own spare time, 
to enrol at a nearby university for studies lead- 
ing to a Master's degree in marme biology 

Applications should be addressed to the Direc- 
tor, Fisheries Research Board of Canada, Bio- 
logical Station, St John's, Newfoundland, giving 
age, marital status, educational status, names of 
three referees, and  mcluding transcript of 
academic record, a recent photograph and state- 
ment of personal history mcluding sea experience 
and ability to work at sea Applications will 
be received up to the end of March, 1964 





UNIVERSITY OF BRITISH 
COLUMBIA 


DEPARTMENT OF CHEMISTRY 


Applications are invited for staff appointments 
involving research and teaching in inorganic 
chemistry Current salary floors are Assistant 
Professors, $7,000 _ Associate Professors, $9,000 , 
and Professors, $12000 Appomtments may be 
made above these floors Candidates from the 
United Kingdom and Europe can arrange to be 
mterviewed in London by Professor C A 
McDowell by writing to him c/o The Depart- 
ment of Theoretical Chemistry, University Chemi- 
cal Laboratory, Lensfield Road, Cambridge 

Applications, includmg complete curriculum 
vitae and the names of three referees, should be 
sent airmail to the Acting Chairman, Deparment 
of Chemistry, University of British Columbia, 
Vancouver, 8, Canada 


UNIVERSITY OF ALBERTA 

Research Assistantships and Graduate Teaching 
Assistantships from $3,700 to $4,300 per year 
are available to students studying for degrees of 
PhD and MSc m Chemiiry Travel allow- 
ance up to $250 ts provided 

For further mformaton write Dr H E 
Gunning, Head, Depariment of Chemistry, Uni- 
versity of Alberta, Edmonton, Alberta, Canada 











BEIT MEMORIAL FELLOWSHIPS 
FOR MEDICAL RESEARCH 


Notice is hereby given that an election of 
Junior Fellows to begin work on October J next 
will take place in May, 1964 Junior Fellow- 
smps have annual values of £1,100 to £1,500, 
plus yearly increments of £100, for three years 
As a rule, superannuation benefits are provided, 
to which the successful candidate will be required 
to contribute 5 per cent of the annual stipend 
and to which the Trust will make a contribution. 
of 10 per cent Candidates must have taken a 
degree m a faculty of a university approved by 
the Trustees m Her Majesty's Dominions, Pro- 
tectorates and Mandated Territories, India, Paki- 
stan and the Republic of Ireland, or a medical 
diploma registrabile m the Unned Kingdom. 
Elections to Junior Fellowships are rarely made 
above the age of 35 years Applications from 
candidates must be received not later than April 
1 Candidates must submut evidence that they 
can be given accommodation : the departments 
where they propose to work, which must be 
either in Great Britain or Ireland 

Forms of apphcation and all information, may 
be obtained by letter only, addressed to Sir Roy 
Cameron, FRS, Beit Memorial. Fellowships for 
Medical Research, University College Hospital 
Medical School, University Street, London, 
WC1_ For Overseas candidates forms of appl- 
cation may be obtamed from the Secretary, South 
African Medical Council, PO Box 205, Pretorza, 
South Afnca, The Mimstry of Health, The 
Government of India, New Delhi, India, The 
Government of East Pakistan, Eden Buildings, 
Ramna, Dacca, East Pakstan, The Director, 
Commonwealth Office of Education, Box 3879, 
Sydney, Austraha, The Department of Health, 
Welhngton, New Zealand, and The Canadian 


Medical Association, 244 St. George Street, 
Toronto, Canada 


UNIVERSITY OF BELFAST 


ICI FELLOWSHIPS 

Applications are mvited for ICI Research 
Fellowships tenable at the Queen's University of 
Belfast from October 1, 1964 The Fellowships 
may be awarded for the purpose of carrying out 
original research m one of the following subjects 
—Chemustry, Biochemistry, Physics, Engineering, 
Chemo-therapy and related subjects — The salary 
which will depend upon qualifications and experi- 
ence, will normally be m the range of £1,000 to 
£1,200 per annum but awards up to £1,500 per 
annum may be made im the case of engineers and 
technologists where industrial experience or other 
special circumstances warrant it 

Applications should be sent not later than 
March 1 1964, to the Secretary, Academic Coun- 
cil, Queen's University, Belfast, from whom fur- 
ther partuculars may be obtained. 
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Applications should be sent to 


CANADA 
BIOCHEMIST and NUTRITIONIST 


required in modern, fully equipped 
RESEARCH LABORATORIES in TORONTO, ONTARIO 


Biochemist— Ph D or equivalent—research in the field of hormones 
and enzymes of animal origin 

Nutritionist—Ph D or equivalent in animal nutrition—evaluation of 
protein materials and other constituents 1n feed formula- 
tions Excellent laboratory and farm facilities available 


Salary $7,500 to $9,500 (approx. £2,500 to £3,170) per annum. 
Interviews in London in March. 


COST OF TRANSPORTATION TO CANADA PAID BY THE COMPANY 
FOR SUCCESSFUL CANDIDATES AND THEIR FAMILIES 


Director of Research, 
Canada Packers Limited, 
Toronto 9, Ontario, Canada. 


ELECTRON MIGROSCOPIST 


The Research Laboratory of the AE! Power Group require 
a technician experienced in the operation of electron micro- 
scopes and in preparation techniques for metallurgical 
specimens He will be responsible for the routine mainten- 


ance and operation of the electron microscope and will work 
in close conjunction with metallurgists on a wide range of 
materials used in mechanical engineering 


Please write giving brief details of age, experience and 


AEI 
Research 
Manchester 17. 


LIVERPOOL SCHOOL OF 
TROPICAL MEDICINE 


Applications are invited for appointments as 
Senior Lecturers and Lecturers (Technical Assıst- 
ance) ım Tropical Medicine, Tropical Hygiene, 
Parasitology and Appled Biology The salary 
range will be within the University scale for 
Senior Lecturers (Grade I) and Lecturers (Grade 
ID Applicants must be nationals of the United 
Kingdom or the Republic of Ireland, must be 
physically fit and willing to be seconded to scr- 
vice overseas They wil be expected to assist 
with teaching 1n. Liverpool when not on second- 
ment, and to undertake research Candidates for 
senior appointments must have had extensive ex- 
perience in tropical countries 

Further information may be obtained from the 
Dean, Liverpool School of Tropical Medicine, 
Pembroke Place, Liverpool 3, to whom applica- 
tions should be sent before April 1, 1964 


—————— 


UNIVERSITY OF MANCHESTER 
TURNER AND NEWALL RESEARCH 
FELLOWSHIPS 
Applications are invited for the above Re- 
search Fellowships, founded by Messrs Turner 
and Newall Ltd, tenable in the University and 
available for research in Engineering, Inorganic 
Chemistry, Physics and allied subjects The value 
of the Fellowships will normally be within the 
range of £1,000 to £1200 per annum according 
to qualifications and expertence, with membership 
of the FSSU and children's allowance scheme 

ın appropriate cases 

Regulations governing the award of the Fellow- 
ships may be obtained from the Registrar, the 
University, Manchester, 13, to whom applica- 
tions should be sent not later than February 14 
1964 


present salary to Staff Manager (X26) Associated 
Electrica! Industries Ltd., Trafford Park, Manchester 





UNIVERSITY OF LIVERPOOL 


Applications are invited for Imperial Chemical 
industries Research Fellowships in Physics, Chem- 
tstry, Biochemistry, Engineering, Metallurgy and 
Pharmacology or any related subjects — Appoint- 
ments will date from October 1, 1964 The 
salary, which will depend upon qualifications and 
experience, will normally be in the range £1,000 
to £1,200 per annum but awards up to £1,500 
per annum may be made in the case of engineers 
and technologists where industrial] experience or 
other special circumstances warrant it FSSU 
benefits and family allowances may be paid in 
addition 

Applications, three copies, stating age, details 
of qualifications and experience, publications and 
cesearch work in progress and completed, to- 
gether with the names of two referees, should 
be received not later than February 21, 1964, by 
the Registrar, from whom further particulars may 
be obtained (Candidates overseas who find it 
more convenient to do so may send one copy 
prs by airmail), quoting reference number CV/ 
196/N 





McMASTER UNIVERSITY 
GRADUATE WORK IN CHEMISTRY 

Applications are invited for admission to studies 
leading to the MSc and PhD degrees in chem- 
istry Successful applicants will be awarded a 
university scholarship and assistantship, which to- 
gether carry a total stipend of between $2,400 to 
$3 000 for a twelve months' penod Travel ex- 
penses of up to $200 are available to overseas 
students 

Further information concerning research in 
progress fees, assistantships and scholarships may 
be obtamed from Professor R J Gillespie, 
Chairman, Department of Chemistry, McMaster 
University, Hamilton, Ontano, Canada 


UNIVERSITY OF ADELAIDE 


Applications are invited for appointment to the 
following posts 


In the Faculty of Agricultural Science 


SENIOR LECTURER OR LECTURER IN 
SOIL PHYSICS 

SENIOR LECTURER OR LECTURER IN 
SOIL CHEMISTRY 


In the Faculty of Engineering 
LECTURER IN AUTOMATIC CONTROL 


In the Faculty of Science 


READER IN GENETICS 

READER IN PURE MATHEMATICS 

SENIOR LECTURER IN MATHEMATICS 

SENIOR LECTURER OR LECTURER IN 
MATHEMATICAL PHYSICS 

LECTURER IN PHYSICS 


Salary Scales Reader, £A3,300 by £A100 to 
£A3,600, Senior Lecturer, £A2,700 by £A100 to 
£A3,250, Lecturer, £A1,800 by £A100 to 
£A2,600, with superannuation on the FSSU 
basis In each case the initial salary may be fixed 
within the appropriate scale in accordance with a 
successful applicant's qualifications and expen- 
ence 


Conditions of Appointment, including particu- 
lars of tenure, superannuation, removal expenses, 
invalidity and study leave, and a Statement giving 
further particulars of cach post and of such mat- 
ters as help in housing, conference grants and 
special support for research may be obtained 
from the Registrar of the University or from the 
Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, 
Pall Mall, London, SW 1 


The University will gladly supply any further 
information desired on request to the Registrar 


Applications, in duplicate, should give the 
information listed in the final paragraph of the 
Conditions of Appointment, and should reach the 
Registrar, University of Adelaide, Adelaide, 
South Australia, not later than March 2, 1964 


UNIVERSITY OF WESTERN 


AUSTRALIA 


RESEARCH FELLOWSHIP IN SOIL 
MICROBIOLOGY 


Applications for appointment to the above- 
named Fellowship in the Department of Soil 
Science and Plant Nutrition in the Institute of 
Agriculture are invited from graduates in science 
or agricultural science with postgraduate experi- 
ence in microbiology Preference may be given 
to candidates with a background of microbial 
chemistry, and experience with the chemistry of 
bacterial cell walls would be an advantage The 
Research Fellow 1s to investigate a problem con- 
cerning the survival in soil of root nodule bac- 
teria from one growing season to the next He 
will be part of an active microbiological research 
group The Fellowship will be tenable for one 
year in the first instance and may be renewed for 
a second year The salary range for the Fellow- 
ship ıs £A1,500 to £A2,000 per annum The 
salary of the Fellow will be determined in 
accordance with qualifications and experience, 
and an allowance will be made for or towards 
the cost of travelling expenses 

It 1s requested that intending applicants obtain 
details of the procedure to be followed in apply- 
ing for the Fellowship and a copy of the condi- 
tions of appointment before submitting their 
applications This information is available from 
the Secretary Association of Commonwealth 
Universiues (Branch Office), Marlborough House, 
Pall Mall, London, SW 1 Applications close in 
Australia and London on March 21, 1964 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
(SUB-DEPARTMENT OF MALTING AND 
BREWING) 


Applications are invited for the post of Assis- 
tant Lecturer or Lecturer in the Department of 
Biochemistry (Head of Department, Professor 
S V Perry) The appointment will date from 
June 1, 1964, or as soon as possible thereafter 
Initial salary m the scale £1000 by £50 to 
£1,100 , £1250 by £60 to £1670 by £80 to 
£1 830 , £1830 by £80 to £2150 according to 
age, qualifications and experience, together witb 
FSSU and family allowance benefits The 
successful candidate will assist ın the teaching of 
biochemistry, microbiology, and technology for 
the M Sc course in brewing science Applicant 
should have qualifications in microbiology or bio- 
chemistry or biochemical engineeering and with 
a research interest m fermentation or a related 
microbiological topic 

Applications (three copies), naming two 
referees, should be sent by March 7, 1964 to the 
Assistant Registrar (Science), The University 
Birmingham, 15, from whom further particular: 
can be obtained 
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New Service 3 microscope fitted with the Barnet 
Mechanical Stage and integral transmitted light base 


TO THE SUCCESSFUL Service Range of microscopes 
Watson now add the Service 3, a robust, easy to use 
instrument that reflects the latest achievements in 
microscope design and technology. In the Service 3 
long-term reliability and simplicity, essential to student 
use, are added to the versatility of optical and mechanical 
arrangements demanded by busy research laboratories. 
Highest standards of optical performance are assured 
by the new range of Watson objectives, sleeve-mounted, 
4mm and 2mm spring-loaded for the protection of 
specimens, fully interchangeable and colour-coded for 
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THE ROAD TO TRUE SCIENTIFIC SCHOLARSHIP 


WE sweep and vision as well as the magmative msight 
which for years have marked the successive reports 
of the Presidents of the Carnegie Institution of Washing- 
ton have been a source of mspiration to scientists m Britam 
as much as m the United States That of Dr Caryl 
Haskins for 1962-63 * fully maintams the standard which 
he and lus predecessors have set, and its vision and 
pereipience will be welcomed once agam by many scientists 
here, not least for the fresh light that they throw on 
Bntain’s own urgent problems and for the emphasis on 
factors which faction and expediency are apt to tgnore or 
rashly discount Dr Haskms begins by quoting almost 
as a text some words of Prof R H Tawney on excellence, 
which only the other day echoed m an address of Dr. 
Michael Grant, vice-chancellor of Queen’s Univergity; 
Belfast, to the Incorporated Association of Assistant 
Masters in Secondary Schools, when he referred to the 
possibility that, m expanding her universities, Britam 
might be insufficrently concerned with the needs of the 
really first-class student 

Dr Grant msisted that m the years ahead Britain would 
need its really able graduates as never before and that she 
could not afford to neglect their mterests or development 
Thus was a plea for understanding, not for privilege or an 
élite, and 1t brought forcibly into mmd the remark which 
Dr Haskms quotes “Excellence and a respect for it— 
these and these alone redeem a civihzation from triviality 
Whatever its sins, & society prizmg hberty and revermg 
excellence may hope to add some mmperishable mite to the 
sum of man’s achievement” 

Thus Tawney, and the debate on the Robbins Report, 
and the eagerness with which some protagonists are 
concerned to score mmor pomts and advance some party 
prejudice or advantage have already demonstrated how 
grave is the danger that immersion ın trivialities will 
defeat the great auns Dr Haskins sounds a clarion cry 
against trivialities He 1s on the side of excellence, and 
m summonmg his countrymen, he also summons all m 
Britain. 

“Greatness m & nation”, writes Dr Haskins, “hke per- 
sonal greatness, 1s & measure not only of character, not 
only of excellence, but also of endurmg significance both 
m ideals and m the shape and goals of effort” Such 
greatness, he continues, must in any society necessarily 
be valued m com of rts own design and mmting and he 
then suggests three bases on which an American claim to 
greatness could rest a political one sprmgmg from the 
very structure and texture of its society and tradition, 
a technological basis, rooted m native capacity, mventive- 
ness and achievements m technology, and thirdly, and 
more recent, but arising out of the first two, m the realm of 
science and the search for new knowledge, to which wider 
3nd more vigorous address 1s bemg given by a new genera- 
son of Americans. 

In willingly conceding these clams to greatness, how- 
aver, we might well reflect, at the present moment, that the 
fostering of excellence and the search for greatness are 
li-served by the indiscriminating vilification of all that 


* Carnegie Institution of Washmgton Year Book 62, 1962-1963 Pp 
11+551+ 13 plates (Washington, D C Carnegie Institution of Washington, 
‘963 ) See also p 560 of thia issue of Nature 


1$ past—im which some would-be reformers indulge so 
freely Such cocksureness bodes httle future good and we 
ourselves cannot claim to be any more certam than Dr. 
Haskins as to the kmds of demands that greatness m 
contemporary scientific scholarship imposes, about the 
real nature of standards and their maintenance, even 
about the real nature of the effort We are m fact still 
widely uncertam about the denominations m which all 
this 1s to be measured, and smee a society can only 
achieve and mamtain greatness if 158 people as a whole 
demand and recognize and judge greatness accurately, 
ertically and uncompromuemgly, 15 1s worth a great deal 
of trouble, as Dr Haskms observes, to strive deeply to 
comprehend the true nature of scientific scholarship, 
the depth and range of its roots m our society, to visualize 
its requirements for growth, and the impact on 1t and the 
consequences for 1t of social changes 

This, in fact, 1s what hes at the root of the whole 
discussion as to the organization and natuie of higher 
education and its relations with research and with Govern- 
ment That ıs why also the level at which such discussion 
has so far been conducted ıs so reprehensible and dis- 
heartenmg It 1s as treasonable to science as to the State 
and ul becomes anyone who 1s really concerned with the 
advance of science, the furtherance of education and learn- 
ing or with the welfare of the nation 

On such petty-mmdedness Dr Haskins’s argument falls 
like successive hammer strokes He sees indeed the real 
tensions that need to be reconaled so far as possible, as 
he sees too the acute problems for both science and society 
that revolve around these issues He also recognizes 
the crucial issues, the thmgs that come first, and m 
this les the abiding value of his report Furst, he notes 
that fundamental Ink between the politzcal and the 
scientific aspects of social greatness, mphoit m a society 
which sets an overriding value on the search for truth, 
but the nature of which 1s not always explicitly recog- 
nized We are wedded to the proposition that the search 
for truth ıs an extremely important end of all our enquiry 
and that perhaps the most important commitment of our 
society 1s to this duty to seek the truth 

Dr Haskins does not claim this proposition or commit- 
ment solely for the United States He derives ıt from the 
wider context of Western civilization, but 1$ 18 the implica- 
tions that matter A society committed to the search for 
truth must for that very reason protect and set a high 
value on the mdependent and original mind, for it 1s on 
such minds, in large measure, that the effective search for 
truth depends Further, Dr Haskins remmds us that 
these are the very values which suffer m a society which 15 
committed to the view that truth 1s fixed and is thereby 
cut off from the greatest potential any society can possess— 
the power to evolve, and the traditional society cannot 
afford to ignore the danger. If freedom, mdependence 
and the high worth of the mdividual are clearly lmked to 
the search for truth as an overriding goal, a society must 
regard greatness m scientific scholarship as a major 
bastion as well as a notable product It 1s that heritage, 
of which the philosophy and the methods of science, m 
Britam as m the United States, must be an mnportant 
guardian to-day 
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Tz could be added that this should be a mam preoccupa- 
tion of the scientist and technologist in the present debate 
on the expansion of higher education and on the organiza- 
tion of science In this connexion the stress which Dr 
Haskins lays on the degree to which, in organization and 
growth, the body of scientific knowledge recalls a develop- 
ing organism, or, on a larger scale, an evolving population 
of organisms, 1s significant The body of science, m 
somethmg more than a purely allegorical sense, 1s a hving 
thing, and the comparison should put us on our guard 
against attempting to force too rigid a structure on scienti- 
fic bodies and their relations 

There ıs even more, however, m this comparison or 
analogy Dr Haskins reminds us next that the major 
mnovations which, m the long perspective, provide the 
great critical advances m the history of plants and animals 
have occurred with comparative ranty Once perfected, 
they are adhered to tenaciously, and a plethora of detail 
1$ built on them Further, these rare but successful major 
evolutionary innovations constitute bottlenecks m more 
than one sense, and result from great reservoirs of accumu- 
lative knowledge or variations, without which major 
innovation 1s virtually umpossible With ıt a narrow and 
tenuous channel of fresh advance is traversed 
swiftly 

In this context Dr Haskins emphasizes that while one 
proper and necessary task of science 1s the gathermg and 
stormg of facts experimentally determmed and on the 
widest possible scale, offermg a real and powerful rationale 
of the present range and diversity of scientifio work, we 
must beware of regarding this process alone, which can 
sometimes be overplanned, as synonymous with the true 
growth of scientific scholarship — 1b 1s only a secondary 
busmess of science, for the real greatness of scientific 
scholarship inheres in the thm, tenuous, ephemeral 
thread of reason, and vision and msight and crucial 
experiment, m the acts of true understanding that from 
tune to time and from place to place over the scientific 
front lead from one conceptual level to another In the 
last analysis, scientific progress and stature are measured 
by the consistency and effectiveness of this germinal 
process through the years and over the whole broad span 
of effort 

This warning, that we could misunderstand the deepest 
requirements of this process and so compromise its great- 
ness and vitality at exactly the times and places where a 
superficial view might suggest we were most actively 
promoting ıt, 13 one to be taken senously Dr Haskins 
proceeds to examine the present situation and needs in the 
hght of this overriding need to ensure the mamtenance of 
excellence alike ın the selection of mdividuals and projects 
and in standards of work and trang He finds httle 
indication that the vast storehouse of information or the 
huge tasks of mtegration mevitably imposed to-day offer 
any real threat, although the courses of thought m some 
older branches of knowledge have been radically altered 
and new directions are constantly generated He finds 
no lack of evidence of major and penetrating contributions 
of scientific msight proceeding from the massive and 
populous research environments of our time and 1s content 
to cite two examples from the work on deoxyribonucleic 
acid in the Laboratory of Molecular Biology at Cambridge 
under the Medical Research Council to justify his belief 
that the small but unfettered group can to-day still play a 
vigorous part m the scientific leadership of the world 
Significant advances are still coming from small groups 
where traditionally the freedom and opportunities of the 
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gifted mdividual have always been considered to be at a 
maximum 

Dr Haskins, however, does not overlook the strikmng 
contributions to scientific advance which have come from 
the massive and populous research environments of our 
time, both from industry and from great Government 
laboratories While i$ 1s likely that the small research 
group will contmue to offer one of the most powerful 
environments for nurturing innovation, 16 would seem that 
neither the size of a research organization, nor 168 situation 
m or out of Government, industry, private foundation 
or university, 1s of itself of decisive umportance m determin- 
mg how orgmal, how distingwshed, how relevant to 
modern frontiers 1ts scientific output shall be, or how pro- 
lifie 1t 13 m makmeg such contributions He finds, rather, 
that within the particular organizations the creative groups 
tend to be, and remain, small and to possess a high degree 
of freedom and flexibility, and that the essential require- 
ments for great scientific mnovation are unchanged to-day, 
retamung their characteristic lugh individuality 

Dr Haskins nghtly regards any confusion between the 
requirements of the immediate environment in which 
scientific innovation occurs and which is vital to that 
piocess, and the larger environment ın which 15 1s formally 
structured as one of the serious dangers of our time He 
recognizes that only by sensitive perception and unceasing 
vigilance can any large research organization avoid such 
dangers In a brillant, percipient passage he shows how 
insidious 1s the danger which besets the admunistrator, 
and the need for constant and critical reappraisal of the 
issues that arise Only by unceasng vigilance can 
frustration and waste be avoided not even the most 
flexible, formal organization can hope to avoid stenhty 
im the absence of such continued critical re-exammation 
and judgment of programmes, objectives, expenditure 
or individuals 

It ıs obvious, too, from what Dr Haskins wiites, that 
m broad outline the situation m the United States in- 
creasingly approximates to that m Britam The depend- 
ence on central Government for support increases and the 
same msidious philosophy 1s encountered that results ın 
research should be proportionate to the money spent 
To-day the Federal Government spends on research and 
development twice as much as is spent by the universities, 
industry and private foundations together The total of 
12,300 milhon dollars for 1963-64 compares with 1,200 
million dollars ın 1950 and represents 15 per cent of the 
federal budget—more than one-third of that part of the 
budget which 1s not already irrevocably committed It 
has become, moreover, not merely a major item in the 
budget but umposes also a significant tax on the total 
supply of seentifie talent 

In his analysis of this situation Dr Haskins ıs highly 
pertinent to the present debate on the Robbins Report 
He notes, for example, that the proposal to merease the 
annual number of doctorates m the physical, mathemati 
eal and engmeermg sciences in the United States fion 
about 2,900 in 1960 to 7,500 ın 1970, while highly desrabl 
on general principles, exceeds the number of highly gifte 
scientific workers available, and thus seriously endanger 
the maintenance of standards In addition, to tran 
adequately this number of workers would require th 
services of some 40 per cent of all those at present activ 
in the sciences concerned Expansion programmes mus 
clearly be related to the logistics of the situation 1f seriou 
damage 18 not to be done to other interests, 1f not to tk 
very purposes expansion 18 mtended to serve 
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Accordingly, Dr Haskins insısts firmly on the mescap- 
able necessity of some order of long-term planning, some 
general allocation of resources and of goals The close 
linking of science with technology, the sheer vastness of 
modern science, have made some measure of scientific 
planning mevitable He does not minimize the difficulties 
or conceal the fact that many hard choices have to be 
made and criteria for judgments on priorities are hard to 
find The primary need is for clear thmkmg and careful 
discrummation between the needs for scientific planning 
at a general social level and at the level of substantive 
creation i 

To remove the confusion that characterizes much of the 
present-day debate on the organization and planning of 
scientific activity m Britain will not be easy and will 
demand the whole-hearted support of all who are genuinely 
concerned to encourage creative work Dr Haskms 
never attempts to suggest, even for the American setting, 
any paiticular structure, but his list of the essentials 
with which scientific plannmg or policy must first be 
concerned if ıt ıs to secure the future quality of scientific 
scholarship stands for Britain no less than for the United 
States It 1s the elements that most protect the scientific 
mileu that must be safeguarded, not any particular 
political dogma or prejudice, sectional mterest or even 
necessarily some form of organization that has proved 
useful and adequate m the past The protection and 
increase of scientific diversity , the enrichment and not the 
mpoveiishment of precious stores of variability, the 
preservation of the natural channels through which 
scientific scholarship spontaneously evolves, the general 
relation of the broad areas of our keenest scientific effort to 
social and human welfare—these are the elements which 
should constitute the primary objectives of scientific 
policy and which the Mimister for Science should be as 
alert to ensure as he has been m undertaking to see that 
scientific advice 1s not watered down or set aside by 
political pressure or admunistrative convenience In 
dehneating so clearly the magnitude of the task that here 
avails, its demand for imagination, sensitivity and wisdom, 
for unremitting effort as well as restramt, Dr Haskms 
has earned the gratitude of scientists throughout the world 


THE LOSS OF SIGNIFICANT EXTERNAL 
REALITY 


Worlds Apart (a Dialogue of the 1960's) 
By Owen Barfield Pp 211 (London Faber and Faber, 
1963) 28s 


WEN BARFIELD 1s not a prolific writer four books, 
so far as I know, m nearly forty years But how 
good they are! He has never lacked discrimmatmg 
admurers, but Worlds Apart should increase his popularity 
In a way it 1s topical It touches on the problem of the 
two cultures, but it goes deeper than that, It ıs not only 
the worlds of science and hterature that are sundered by 
mutual comprehension The theoretical physicist and 
the evolutionary biologist also mhabit different planets 
The technologist 1s absorbed m this world, the theologian 
looks askance at ıt As for the lmguistic philosopher, he 
finds no one but himself capable of meanmgful speech, 
and what he has to say does not seem to others very 
exciting 
Styhstically, Worlds Apart 1s a new venture for its 
author It ıs the first time he has chosen to cast his 
statement into the form of a dialogue Burgeon, the 
narratoi, who, like Barfield himself, 1s a solicitor with 
philological mterests, induces his friend Hunter, a pro- 
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fessor of historical theology and ethics, to meet half a 
dozen other men, each representmg a different world, 
for a three-day symposium m a country house First 
we may mention Ranger, a young man employed at a 
rocket research station, who is confident that ecrvilization 
effectually began three or four hundied years ago, when 
Bacon, Copernicus, Galileo, or someone like that, first 
taught men to use their eyes 

He 1s there only to remind us of the intellectual nazeté 
that may accompany high technological competence But 
no such charge can be levelled against Brodie, a professor 
of physical science with a penchant for Heisenberg and 
Wittgenstein, nor agamst Upwater, a biological research 
worker, who 1s also philosophically inclned Regretfully, 
the two find that they lack a common set of assumptions 
to hold their two worlds together The physicist arrives 
at reality by stripping the sensible world of all secondary 
qualities and most of 1ts primary ones, too For him the 
qualitative world 1s a mental construction Yet the 
evolutionary biologist, for whom mind ıs alate product of 
evolution, spends his life tracmg back, through mulions 
of years before any mind existed, the evolution of the 
various forms of plant and anımal life all identifiable only 
by those secondary qualities with which no mind as yet 
existed to endow them The centre piece of the sym- 
posium, a dialogue within a dialogue, 1s devoted to a 
spuited elaboration of this theme 

Neither Dunn, the lmguistic philosopher, nor Burrows, 
the keen-witted but not highly educated psychiatrist, has 
much light to throw on the problem The burden of 
providing some unifying conception of reality falls on 
Sanderson, a retired schoolmaster, who is cast for the 
role of Socrates He has drawn wisdom from less fre- 
quented springs—Goethe’s scientific writings and the 
anthroposophy of Rudolf Steiner 

Burgeon, who 1s more than a mere narrator, deserves a 
word to himself His speciality 1s the symbole function 
of language, a subject subtly expounded in Owen Bar- 
field’s earlier works, Poetic Diction and History of English 
Words He ıs fascmated by “the progressive incarnation 
of thought m audible sound” and convinced that the 
malady of the age ıs due to “the spell of those verbal 
ghosts of the physical sciences which to-day make up 
practically the whole meaning-system of so many Euro- 
pean minds” His reading and meditation have convinced 
hum not only, as most would accept, that our symbolizing 
faculty supphes us with the concepts by which we handle 
our percepts, but also that 1t shapes our sensations before 
we become aware of them He argues closely and cauti- 
ously “I am a lawyer,” he observes dryly, “and m my 
profession slovenly thmking 1s a form of neghgence which 
may land one m action for damages ”’ 

It 1s difficult to suggest m a few words the central 
theme of a pecked and exciting argument Perhaps we 
may find ıt in a phrase of Erich Heller’s Dasenherited Mind 
to which one of the characters refers It ıs to the effect 
that what he calls ‘the loss of significant external reality’ 
is proving a catastrophe for our civilization There is a 
key phrase Francis Bacon could not have believed that 
“this universal Frame 1s without a Minde” But we have 
convinced ourselves that ib ıs true We have done so 
under the double impact of modern physics and modern 
biology But ıt 1s open to question whether we have 
drawn the mght conclusions from our new knowledge 
Barfield 1s sure we have not and seeks persuasively to 
upset them But I could wish that he had allowed his 
chief spokesman, Socrates-Sanderson. to brmg on the 
stage some English thinker to support Goethe and Stemer 
Would not Samuel Butler have served his turn ? Seventy 
years before Heller, Butler was domg battle against what 
he called ‘the attempt to elmmate mnd? His Luck, or 
Cunmng? ıs an excellent example of the peculiarly 
English gift of gomg deep without philosophie jargon 
Luck and cunning define two fundamental concepts m 
terms we all understand They are two good English 
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coms to jingle m our pockets as we move into the difficult 
terrain of anthroposophy Owen Barfield 1s himself a 
master m the art of discussing philosophy 1n non-technical 
Englısh terms Could not Butler have helped him to 
make clear to us that the world of Nature ıs not the 
playground of mere chance but everywhere pregnant 
with design, the product not of luck, but of cunning ? 

B FARRINGTON 


THE GREAT PRECURSOR 


Erasmus Darwin 

By Desmond King-Hele Pp  vu-183 (London 
Macmillan and Co, Ltd , New York. St Martin's Press, 
Ine, 1963) 30s net 


HE author of this short study modestly disclaims 

the “wide range of talent and experience” which he 
would need to do full justice to Charles Darwm's extra- 
ordmary grandfather For thus, ho says, he would need 
to have been & doctor 1n general practice, so as to appre- 
ciate hus medical activities, to be proficient in every 
science, but especially botany, physiology, chemistry, 
geology, mechanics and meteorology, to be well versed 
in the history of science and technology, so as to know 
which of Darwin's many ideas and inventions were (a) 
original and (b) fruitful, and to be an experienced hterary 
critic, so as to judge fairly hus poems and ther influence 
"No one since Darwin,” he writes, “has bestridden so 
easily and effectively the fields of science, poetry and 
medicine, and now that science has expanded so vastly 
it 1s safe to say that no one ever will again ” 

It follows I think, that Erasmus Darwin will be lucky 
if he ever finds, ın one person, a commentator who can 
not only judge his contribution to such varied fields but 
also, and perhaps this 1s even more important, who can 
appreciate the mterpenetration in him of differmg modes 
of thought and sensibility which, since his time, have 
become increasmgly separated Mr King-Hele ıs a 
mathematician and expert on Earth satellites, and has 
also written a book about the poet Shelley This combma- 
tion may have predisposed him towards the choice of 
Erasmus Darwin as his subject 

On the whole, though, 16 cannot be said that this book 
breaks much new ground Charles Darwin’s debt to 
Erasmus 1s generally conceded and has been much dis- 
cussed Nor has the elder Darwin lacked good biographies 
and the present book adds little or nothing to them In 
re-readmg The Botamw Garden, Zoonomaa, Phytologwa 
and The Temple of Nature, however, Mr King-Hele has 
picked out of that vast store of erudition and speculation 
a number of pomts which have probably not been noticed 
before It was natural, perhaps, m view of his own special- 
ism, that he should have spotted Darwin’s little-known 
contributions to meteorology Darwm rightly supposed 
the outer atmosphere to consist mainly of hydrogen, and 
that the aurora was an electrical phenomenon of this outer 
layer He anticipated Yntema’s discovery of the might 
airglow and explamed it correctly It also appears that 
he, rather than Dalton, was the first to show how clouds 
form by the expansion and coolng of moist rismg air 
A sketch in his Commonplace Book, probably made about 
1779, illustrates “what appears to be a rocket motor with 
hydrogen and oxygen as propellants, though diluted by 
ordmary air” Tsiolkovsku (1903) 1s usually credited 
with this idea, which, Mr King-Hele points out, was 
included m 1962 m “the most advanced design beng 
considered for the final-stage rocket of the European 
Space Launching missile” 

As a poet Erasmus Darwm enjoyed for some time an 
immense and altogether excessive reputation Though it 
soon subsided. a hundred years ago a popular History of 
English Literature was giving him twice as much space as 
Shakespeare and six times as much as Byron In the past 
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few years, Bernard Blackstone m The Consecrated Urn 
and Ehzabeth Sewell in The Orphw Voie have once more 
proclaimed his literary merit. More cautiously, Mr Kng- 
Hele suggests that though “we cannot possibly regard 
Darwin as a great poet” he is a good mnor ono He goes 
on to describe him as “almost the equal of Pope”, a judg- 
ment which imphes, I think, a lack of sensitivity towards 
a style of poetry which was perfected by Pope and Dryden 
and of which Darwm was a late and somewhat laboured 
exponent 

The real poetry of Erasmus Darwin hes not in his 
versification but m the almost libertine boldness of his 
ideas He seems to have anticipated Freud in connecting 
esthetic and sexual sensations and in his permissive 
attitude toward the latter Moreover, he saw ın “‘sexual 
pleasures” the umfymg drive and motivation of all 
organic hfe This is the theme explored at great length in 
The Loves of the Plants, the second part of The Botanic 
Garden He returns to ıt m his last poom The Temple of 
Nature, which (though Mr King-Hele does not make this 
pomt) may well have been partly mspired by Books 4 
and 5 of Lucretius’s De Rerum Natura, which had been 
megnificently translated by Dryden With a remarkable 
fusion of poetic and scientific vision, Darwin saw that 
many rock-formations were the remains of marme animals, 
and, since these had enjoyed the pleasures of sex, moun- 
tams appear to him as “mighty monuments of past de- 
hght” Mr. King-Hele quotes his astonishing peroration 

Shout round the globe, how Reprodu^tion strives, 

With vanquish'd Death, —and Happiness survives , 

How Life in, reasing peoples every clime, 

And young renascent Nature conquers Time, 


C. MADGE 


THE CREATIVE FLAIR 


The Flash of Genius 

By Prof Alfred B Garrett Pp x+249 (Princeton, 
NJ D.Van Nostrand Company, Ine , London D Van 
Nostrand Company, Ltd , 1963) 6 50 dollars, 30s 


Ee Flash of Genus 19 a collection of fifty-one ‘dis- 
coveries', mostly in the fields of physics and chemis- 
try, describing in the ‘discoverer’s’ own words, so far as 
possible, the key event or experiment which led to the 
‘discovery’ These stories have been selected at random 
and range from the ‘discovery’ of oxygen in 1774 by Joseph 
Priestley, through the ‘discoveries’ of penicillin by Sir 
Alexander Fleming, nylon by Wallace Carothers, X-rays 
by W C Roentgen, the atomic theory by John Dalton, 
polonium and radium by Marie and Pierre Curie, to the 
discovery of the photosynthetic carbon dioxide cycle in 
1955 by Melvin Calvin 

In an mtroductory chapter the author endeavours 
to analyse the creative mind ın relation to the mdividual 
who conceives a new theory This chapter could well be 
expanded since the subject 1s one of great importance and 
is worthy of a more complete analysis The author gives 
a high priority ın the process of ‘discovery’ to the follow- 
mg (1) a prepared mind, (2) training m serendipity, 
(3) trainmg m objectivity, (4) & problem-conscious atti- 
tude, (5) a clear overview of the problem; (6) learnmg to 
break big problems down to smaller ones, (7) learnmg to 
ask Nature the right questions, (8) assuming an orderly 
universe (Serendipity 1s a word comed by Horace 
Walpole m 1754 he derived ıt from Serendip, an old word 
for Ceylon, where the prmces had the faculty of making 
discoveries of things when they were looking for something 
else ) 

There can be no doubt that this book will be useful for 
the sixth-former or even for the university undergraduate 
who 1s still so often crammed with the facts of science and 
1s woefully ignorant of the epistemological nature of 
scientific knowledge, of the social and psychological 
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chmate m which any scientific development came about, 
its antecedents and its influence 

In a book of about two hundred and fifty pages the 
author cannot hope to give anythmg lke an adequate 
treatment to the fifty-one topies which he selects The 
work is a good bedside book, but it 1s difficult to divine 
why the author did not try to make it more systematic 
It 1s hopeful to see the ‘discovery’ of radioactivity 
immediately following and connected with the account 
of the ‘discovery’ of X-rays—a sequence of events 
which 1s often forgotten, but it 1s difficult to know why 
the ‘discovery’ of argon has been placed between the 
“Concept that Neutrinos must exist" and the “Synthesis 
Element of 101”, and the ‘discovery’ of safety glass 
between the ‘discovery’ of helium and Mendel’s Laws cf 
heredity 

In the fifty-one ‘discoveries’, atomuc physics comes 
off best of all, chemical synthesis and engmeering a bad 
second and biology scarcely runs at all The first twenty- 
five chapters are mtended for the layman, and melude 
Haber’s mteresting speculation that, but for the “dis- 
covery’ of the fixation of nitrogen a few years before the 
First World War (the author in erro: prints after), the 
War would have termmated soon after the battle of 
the Falkland Islands and the whole course of European 
history since 1916 would have been different The author 
certainly flatters the British layman by expectmg him to 
grasp without explanation the meaning of terms and words 
used to describe Carothers’s work m nylon synthesis 
What will the layman make of this, for example, “ — the 
Superpolymer from hexamethylenediamme and adip:e 
acid was fist synthesized The iesultmg polymer, poly- 
hexamethyleneadipamide, was called 66" ? Of course, 
if the author has failed to achieve adequate communica- 
tion to the non-specialist, he has failed, m a goodly com- 
pany, to achieve the well-mgh impossible Section 2 
of the book, which for the most part deals with atomic 
physics, 1s intended “for the scientists and the layman” 
Each chapter has a set of references to original papers 
appended ‘The quahty of the production of the book 1s 
good  Eriois are few an occasional date is wrong and 
Kekulé's Traumere: is misspelt, and one may ask, if the 
Americans write ‘sulfur’, why do they still retam 
‘naphtha’ ? 

The author dips mto many things and ceitamly should 
stimulate the imagmation of the open-minded reader, but 
what is now wanted is a better distribution of the topics 
between the various branches of science and a further 
analysis of each on the lmes of the Harvard Case Books 
This could only be achieved m a very much larger volume 
or volumes W L SUMNER 


THE COMPUTER’S BRADSHAW 


An Index of Mathematical Tables 

By Dr A Fletcher, Dr J C P Mile, Dr L Rosenhead 
and Dr L J Comrie Second edition Vol 1 Intro- 
duction Part 1 Index According to Functions Pp 
x1+1-608 Vol 2 Part 2  Bibhography Part 3 
Errors Part 4 Index to Introduction and Part 1 
Pp xxxiv+609-994 (Oxford Blackwell Scientific Publica- 
tions, 1962 For Scientific Computing Services, Ltd) 
300s the two volumes 


HIS standard work of reference became an indis- 

pensable classic from the moment of its publication 
in 1946 Almost immediately, the authors set to work on 
a revision which is now before us To the original three 
names, that of Dr L J Comrie has been added, this 
addition. will remind us that the first edition could scarcely 
have appeared without hus unfailmg support and that 
Part 3 of the new edition realizes a project which Comrie 
had long cherished and for which he had laboured inde- 
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fatigably It will also remind us of the courage and 
patience of Mrs Betty Comrie who, since her husband’s 
untimely death m 1950 has harnessed his Scientific Com- 
putmg Service to the work of preparmg this extensive 
revision 

Part 1 1s an index according to functions, with full 
information about number of figures, interval and 
range of argument, facilities for interpolation, author and 
date, with some dications on avsilabihty and rehabihty 
The 355 pages of the first edition have grown to some 
600 in the new version, and even this expansion is scarcely 
m due proportion to the enormous output of new tables 
in the past twenty years, an mcrease due partly to new 
demands and partly to the fertility of modern. high-speed 
computing machines Pait 2, the bibhography, has grown 
more or less m à simular ratio, and occupies the first part 
of volume 2 Part 3 1s new, this is a 150-page list of 
known errors in a Jarge number of widely used tables 
Comrie had the provision of such an aid much at heart, 
and those who knew him personally will reeall how often 
m the course of conversation he would speak of his 
intense desire to get such a lst mto print There 1s the 
mmphei& rebuke of 27 pages devoted to one somewhat 
inaccurate table-make:, down to the brief commendation 
of careful desk-workers such as Adams and Uhler, and 
one may rejoice to find that even the machine may err, 
though clearly very seldom 

American, German and Russian indexes are now 
available A comprehensive computing hbrary may find 
room for all of them, perhaps especially for the Lebedev 
and Fedorova 1956 book and rts 1960 supplement, with 
rts emphasis on Russian tables If economy 1estricts the 
shelf to one mdex, then the choice need not be perplexing 
Wide knowledge, diseriummating judgment, fine scholar- 
ship, and a thorough understanding of the practical needs 
of tho table-maker and the table-user are to be found on 
every page of the Fletcher, Miller, Rosenhead and Comrie 
work, and, unto the bargain, a clean lay-out and a high 
level of typography T A A BROADBENT 


STANDARD ATMOSPHERE 


US Standard Atmosphere, 1962 

ICAO Standard Atmosphere to 20 Kilometers, Pio- 
posed ICAO Extension to 32 Kilometers, Tables and. 
Data to 700 Kilometers Prepared under sponsorship of 
National Aeronautics and Space Administration, US Aur 
Force, US Weather Bureau Pp xv+278  (Washmg- 
ton, D.C Supermtendent of Documents, US Govern- 
ment Printing Office, 1962) 3 50 dollars 


STANDARD atmosphere 1s always a compromise 
between the requirements of the diverse groups 
which have a hand m its preparation, and the finished 
product, like an anthology of verse, will not please 
everyone The US Standard Atmosphere, 1962, 18 no 
exception to the rule, but 1t will please far more people 
than it infuriates, because the choices made are 
judicious 
The tables follow the International Civil Aviation 
Organization’s standard atmosphere at low altitudes 
and are close to the Committee on Space Research’s 
international reference atmosphere (CIRA 1961) at higher 
altibudes (32-700 km) The quantities tabulated mclude 
temperature, pressure, density, number density, mean 
free path, molecular weight and (up to 90 km only) 
viscosity, conductivity and speed of sound There are 
separate tables for metric and Enghsh units, and (up to 
90 km) a separate tabulation m terms of geopotential 
altitude rather than geometric altitude The mterval of 
tabulation mereases with height, fiom 50 m at sea-level to 
2 km at 700 km height The tables are preceded by an 
explanatory mtroduction. which concisely states the 
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assumptions and basic equations used, gives graphs of 
the mam quantities tabulated, and also provides some 
impression of the variabihty about the tabulated values, 
which are described as “ideahzed muddle-latitude year- 
round mean conditions for the range of solar activity 
that occurs between sunspot minimum and sunspot 
maxunum" 

This rather tortuous phrase mdicates at once the main 
objection to the tables. Is ıb useful to give just a mean 
value for, say, air density at 600 km height, when the 
density here 1s known to be over one hundred times greater 
by day at a strong sunspot maximum than 16 13 by night 
at sunspot mmmum? Anyone who mnocently takes the 
night-time density in 1963 at 700 km height to be as given. 
by the tables will be m erro: by a factor of about 20 No 
real mdication 18 given of the possible limits of variation 
at heights above 300 km. the tables for this region are, 
16 18 true, called ‘speculative’ but that 1s not a satisfactory 
description, because the properties are quite well known 
The difficulty is to tabulate them adequately without 
producing a volume which can only be handled by a 
weight-hfter The model atmosphere of Harms and 
Prietsor (Natonal Aeronautws and Space Admwnstraton 
Techniwal Note D-1444), which tebulates values for each 
bour of the day and for 5 levels of solar activity, can be 
recommended to supplement the present volume at 
heights above 200 km 

The volume 18 attractively produced, though there are 
some refinemonts ın detail which would improve 16 further 
For example, there 1s a useful edge-ndex page to the mam 
tables, but them titles have unaccountably been printed 
on the reverse of this page mstead of bemg beside the 
merks The tables, which sre photographed from a 
computer ‘print-out’, and the introductory text appear 
to be creditably free of misprints, though there 1s a serious 
error on Fig 1. 3 5, where the scale for the mean free path 
should be metres not kilometres 

If the lum:tations ımphed by 1ts mean-value tabulations 
are borne in mind, the book is an excellent work of 
roference D G Krnc-HELE 


SCIENCE FOR SCHOOLCHILDREN 


The Atom 
By Charles Hatcher 


Space Around Us 
By Leo Schneider. (Quantum Books, No 2) Pp 104 


Exploring the Universe 
By Leo Schneider. (Quantum Books, No 3) Pp LIL 
(London Macmillan and Co , Ltd, 1963) 15s each 


HE pubhshers of these little books mtend that each 
shall provide a readable introduction to some scientific 
topic for a child of fourteen years or more Next spring 
there are to be three more and others will follow The 
books are well produced and well printed, they contain 
numerous diagrams, generally well devised and clearly 
drawn, together with a number of good photographs and a 
few statistical tables 
The Atom is a most successful exposition m simple 
terms of the Rutherford-Bohr atom, of simple nuclear 
digmtegrations and the production of trans-uramic ele- 
ments, of the uses of radioisotopes, and of the modern 
nuclear reactor. An introductory section about scientific 
method 1s followed by a brief outline of the development 
of atomic theories from Democritus to Dalton The 
work of Rutherford, Thomson and their contemporaries 
is well summarized and it 1s particularly pleasmg to have 
descriptions of the mstruments used and explanations m 
simple terms of how they work A Periodic Table 1s pro- 
vided, and the connexion between electron shells and 
chemical properties 1s clearly expounded The whole 
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presentation 1s most lucid and successful, and Mr Hatcher 
is to be congratulated on producmg a book that will not 
only appeal to the fourteen-year-old, but will also provide 
an excellent qualitative introduction to the whole 
field for a pupil entermg a science sixth-form. Indeed the 
book 1s worthy of serious attention from teachers who are 
concerned with the presentation of this material at 
sixth-form level 

The other two books, considered together, do for the 
very large what the first does for the very small, dealing 
respectively with the information we have about the 
universe and the mstruments used for acquiring our know- 
ledge In Space Around Us we aro first given an account 
of the mmportance to all Irving creatures of air and water, 
and then a review of the lay-out of the solar system and 1ts 
relation to the stars, Tho theory of gravitation 1s explamed 
and related to the movement of a satellite m orbit ın 
terms that should be mtelhgible to the young reader 
We learn about sunspots and comets, the Moon’s phases 
and Saturn’s rmgs—indeed “all the old romance retold 
exactly in the ancient way". We visit all the planets ın 
turn and from the surface of Mars watch the strange 
behaviour of its moons The magmatıve child will be 
dehghted by the speculations as to the possible origin of 
the solar system Relatively little space 1s devoted to the 
stars but a welcome feature 1s the chapter deseribing the 
London Planetarium 

Exploring the Universe tells how the information 
oontamed 1n its predecessor is collected From the 
observatory, around which we are conducted by an 
astronomer, we proceed to an account of the action of 
lenses and the construction of telescopes. There 1s some 
discussion of the nature of light and we are then introduced 
to the spectrometer and its importance m astronomy. 
The deduction of stellar velocities from spectra 1s 
explained There follows an mteresting account of the 
progress made in rocket research, with diagrams and 
drawings of space rockets, space ships and space stations 
The problems of weightlessness are mentioned and there 
18 even & pamless treatment of the elementary geometric 
methods of calculatmg astronomical distances 

The books will be a weleome addition to a school hbrary 
and can be most warmly commended 

K W Lyon 


INTERNATIONAL VACUUM 


1961 Transactions of the Eighth National Vacuum 
Symposium 

(American Vaouum Society) Combined with the Second 
International Congress on Vacuum Science and Tech- 
nology (International Organization for Vacuum Science 
and Technology, October 16-19, Washington, DC) 
Edited by Luther E Preuss Vol 1: Pp xxm-+669 
Vol 2 Pp vii+670-1351 (London and New York 
Pergamon Press, 1962) £15 net per set. 


O keep abreast with the most recent developments in 

the science, technology and applications of vacuum, 
1t 18 difficult to recommend any publications superior to 
those appearmg annually as & result of the conferences of 
the American Vacuum Society In this respect, the 
present two volumes are especially useful as they contam 
much more material than usual (200 papers), because in 
1961 the Americans, with typical generosity, were hosts 
at their eighth Vacuum Symposrum to the second Inter- 
national Vacuum Congress (the first was held at Namur, 
Belgium, m 1958} At conferences such as this one, it 1s 
true that many of the papers are not strictly omginal, 1n 
that much of the same expermental work has been 
previously reported by the authors m scientific journals 
However, the publication of these volumes enables a 
detailed survey of the latest work to be available which 
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would otherwise require a very extensive literature search 
by the reader 

Almost all the leading research workers m this field 
from America and Europe (excluding, lamentably, the 
USSR) were present to read papers at this conference, 
so that the general level of mformation was of a very hgh 
standaid 

The first volume ıs concerned primauly with vacuum 
techniques and relevant fundamental investigations but 
does include some papers on applications, whoreas the 
second volume includes mainly papers on technological 
processes mvolving vacuum The papers ın Volume 1 
are divided into fourteen sections where the topics 
covered may be summarized by tho followmg hst the 
attamment of ultra-ugh vacuum with special emphasis 
on limiting factors such as gas permeabihty and the out- 
gassing of materials, together with some theoretical 
papers aimed at assessmg vacuum system requirements , 
adsorption and surface reactions generally, the gettermg 
process, cathodic sputtering, ion bombardment, mechani- 
cal pumps, diffusion pumps and pump fluids, including 
the recently mtroduced polyphenyl ethers, 10n pumps and 
getter-ion pumps, cryopumpmg (a topic of especial 
mterest at present but on which only two papers appear 
here), vacuum gauges with particular emphasis on 10nza- 
tion types, the measurement of low pressures and the 
calibration of gauges, mass spectrometry and, finally, a 
section entitled “General Vacuum Subjects", contaming 
papers on such topics as an ultia-mgh vacuum ultra- 
violet monochromator, molecular distillation and the 
application of vacuum to steam sterilizers 

Volume 2 begins with a section on vacuum metallurgy, 
including twenty invited papers which form a valuable 
survey of this expanding field of apphcation Tho next 
short section (two papers) on electron beam melting is 
followed by the longest one of all, entitled “Thn Films, 
Production, Measurement and Their Propertios", and m- 
cludes twenty-one papers with some prommence given to 
dielectric films and microcircuitry The following section, 
"Vaporzing Sources and Lyophilzation", 1s an alied 
one but meludes papers on hquid metal circulating systems, 
freeze-drying and the drymg and mmprognation of high- 
voltage cables Seven papers classified under “Leaks and 
Gas Flow” do not include any mnovations m technique 
but deal mostly with experiences of existing methods 
The next section, “Vacuum Systems", contains three 
papers on the vacuum systems associated with synchro- 
trons and a number on ultra-high vacuum plants The 
subject in which the Americans are pre-eminent in the 
western world, “Space Simulation”, attracted eight 
papers, some of which fascinate by the accounts of the 
scale and cost of the equipment but where occasionally 
ambitious plans were on the drawing-board and had not 
led to final construction The final section 22 of the 
conference, entitled ‘Components, Refmgeration and 
Bafiing”, 1s chiefly devoted to papers on bakoable seals 
for ultra-high vacuum work and refrigerated baffles 

Almost all the papers aro in English, particularly as 
several of the contimental delegates presented their work 
m Enghsh rather than m ther native language, pre- 
sumably m deference to the predominantly (but by no 
means exclusively) American audience The volumes are 
attractively printed with two columns per page of large 
type and on glossy paper enabling the diagrams and 
photographs to be displayed to advantage Much justifi- 
able criticism is levelled nowadays against the growing 
tendency to publish books resultmg from conferences and 
many conscientious hbrarians are becoming mereasingly 
anxious to decide what to purchase and to avoid cluttermg 
their shelves with conference reports rarely opened after 
the first year In the present case, publication 1s certamly 
justzfiable as 16 18 difficult to envisage how otherwise such 
& wealth of up-to-date information on vacuum science 
and technology could be made available m book form 

J Yarwoop 
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RECENT DEVELOPMENTS IN 
ENGINEERING GEOLOGY 


Reviews in Engineering Geology 

Yol 1 (The Geological Society of America ) Edited by 
Thomas Fluhr and Robert F Legget Pp. vu+286. 
(New York, N Y. The Society, 1962) n.p 


REVIEW article should ideally provide a ertical 
summary of the past developments, present position 
and future trends in a field of topical interest. It is of 
importance, in a volume of such articles, that a balance 
should be maintained between the timeliness, relevance 
and quality of the material published 
Following the success of the Case History Seres, 15 
was not surprismg that the Division on Engineermg 
Geology of the Geological Society of America should 
decide to publish a series of review volumes Such & 
development was extremely sensible, m that 1t provided 
a vehicle for the publication of important case history 
experiences by practismg engmeering geologists, state- 
ments of significant advances and research developments, 
and summary articles integrating the published nforma- 
tion in specifie fields Volume 1 of Reviews «n Engineering 
Geology contains eight articles, the general style and format 
bemg similar to the Society’s well-known memoir series. 
The most useful paper 1s that by R C Mielenz on the 
application of petrographic techniques to the study of 
conerete, which provides a companion to the earher 
article, published jomtly by the same author, on cement- 
aggregate reaction, m the Berkey volume The paper 
deals with the techniques of both megascopie and muero- 
scopic examination of aggregate and concrete, and the 
causes of their deterioration. Papers of equal importance, 
but of more speciahzed mterest, are presented by W de 
Laguna on radioactive waste disposal and F Neumann 
on engmeermg seismology With the recent merease m 
interest, both in Great Britam and elsewhere, at this time 
in the field of earthquake engmeermg, Neumann’s well- 
presented review provides a clear statement of develop- 
ments m this field, with particular reference to work in 
the United States The problems of waste-disposal are 
becoming systematically more complex and 15 1s clear that, 
in the future, major difficulties will be encountered m the 
sterihzation of radioactive wastes Methods of disposal 
discussed in de Laguna’s article mclude fixation m or as 
Solids, disposal into salt, and disposal mto rock at depth, 
the results of various experimental trials are described m 
relation to these techniques The most lengthy paper, 
by P. Brun, concerns the hydraulics of sediment transport 
with specific relation to channel flow, but brief considera- 
tion is also given to reservoir siltation and coastal sedi- 
mentation; the latter part of the paper describes some of 
the more biological aspects of these problems and is by 
J B Lackey The review of certam of the hterature on 
souls engineering published m the USSR between 1953 
and 1957, which is by L Drashevka, discusses the physical, 
strength and compressibility characteristics of soils, the 
settlement of structures and the engineenng properties 
of loessic soils A particularly useful section 1s concerned 
with the organization and development of work in sois 
engineering m the USSR The recent development of 
interest m the engmeermg behaviour of rock is only 
reflected ın a single article on rock bolting Although 
this article presents some useful data, ıt 1s unfortunate 
that relatively httle attention is directed to the design of 
rock bolt systems m relation to rock structure or to the 
mportant work (already partly published in the Case 
History Series) carried out by the Snowy Mountam 
Authority The sections on sand and gravel, and mter- 
pretation of air-photographs provide mteresting reading, 
but are not sufficiently definitive for a volume of this type 
It is apparent that the editors must have encountered 
some difficulties in the preparation of this volume, because 
at least two papers were submitted over four years prior 
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to publication Rapid publication of review volumes 1s 
essential partly because 1t provides some form of guarantee 
for the satisfactory standard of the articles submitted 
As a whole, the volume ıs disappointing ın view of the 
overall lack of balance in the quality and relative content 
of the separate contributions Some type of directed 
pohey with regard to the selection of topics would be 
desirable in future volumes so that more attention could 
be given to the aspects of engineering geology which are of 
most relevance at this tıme, such as the engineermg 
behaviour of rock, the engineering pioperties of specific 
sediment types and the hydro-geology of munerahzed 
ground waters and arid regions J L KNL 


NATURAL PRODUCTS CHEMISTRY 


The Chemistry of Natural Products 

Special and Introductory Lectures presented. at the Second 
International Symposium on the Chemistry of Natural 
Products held ın Prague, August 27-September 2, 1962 
(International Union of Pure and Apphed Chemistry, 
Section of Organie Chemistry, ın conjunction with the 
Czechoslovak Academy of Science and the Czechoslovak 
Chemical Society ) Pp v+493-717 (London Butter- 
worth and Co (Publishers), Ltd , 1963 ) 60s 


HEMISTRY of Natural Products 1s the second publi- 
cation by the International Union of Pure and 
Applied Chemistry and contains eleven papers based on 
the special and introductory lectures given at the Union’s 
symposium held 1n Prague in 1962 It maintains the high 
tradition established by the first publication in this series, 
which dealt with the special lectures presented at the 
international symposium on natural product chemistry 
held in Aust1alia ın 1960, and ıt may be noted that D H R 
Barton, © Djerassi, Sir Robert Robinson, Lord Todd and 
R B Woodward are contributors to both volumes 

The proceedings of the Prague meeting emphasize many 
of the more interesting present-day aspects of research in 
the chemistry of natural products Ružıčka provides an 
excellent survey of the developments which have occurred 
m the understanding of the biogenesis of terpenoids, since 
he gave his Faraday Lecture ın 1959 on the “History of 
the Isoprene Rule" 

Prelog's lecture deals with the important work in which 
his school has played a leading part on the reactivity of 
medium-sized rmg compounds Although Prelog empha- 
sizes that his lecture was not directly concerned with 
natural product chemistry, ıb ıs clear that the conforma- 
tional analysis of medium-sized ring compounds 1s a 
subject in which rapid development may now be expected, 
particularly ın certam areas of terpenoid chemistry 

R B Woodward has played a dommant part, during tho 
past decade, in. the development of a new attitude among 
organic chemists towards the problems presented by the 
synthesis of structurally complex natural products In 
this volume Woodward describes yet another of his 
achievements, the total synthesis of a tetracycline The 
paper by I V Torgov provides an interesting review of 
progress imn the investigation of the total synthesis of 
steroids by various schools, and he makes instructive 
comparisons between the various synthetic methods which 
are now available 

Three chapters are concerned with various aspects of 
alkaloid chemistry These include fascinating accounts by 
Marion on the very beautiful recent structural mvestiga- 
tions on the more highly oxygenated diterpenoid alkaloids, 
and M-M Janot discusses recent mvestigations on the 
indole alkaloids related to akuammicine Sır Robert 
Robmson makes a characteristically stimulating survey of 
the biogenesis of certain alkaloids, and agam idicates 
certain areas where biosynthetic enquny usmg labelled 
precursors 1s demanded 
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The important pait now played by mass spectrometry 
in the elucidation of the constitution of natural products 
15 emphasized by the investigations reported by C 
Djerassi, and it ıs clear that just as Djerassi: made an 
examination of optical rotatoiy dispersion a feature of 
natural product investigation, so he will exercise a similar 
influence on the establishment of mass spectiometry as a 
popular method 

The pioneering investigations by Baiton on the photo- 
chemical transformations of natural products may well 
have conclusions which have not yet been recognized, and 
his papa 1s a stimulatmg contribution to the literature of 
photochemistry The review by Erdtman on some aspects 
of chemotaxonomy emphasizes the advantage which 1s to 
be gamed by this complementary approach to problems 
which are associated with botanical classification 

This book ıs a joy to read, and the concluding chapter 
by Lord Todd, describing the work by the Cambridge 
group on the ehemisti y of aphid colourmg matters provides 
a sequel which will certainly encourage all chemists to 
look forward to the next publication in this series The 
publishers are to be congratulated on the quality of this 
important publication and they are to be thanked for 


keeping the price at an acceptable level 
W D Orms 


A DIRECTORY OF ORGANIC 
COMPOUNDS 


Melting Point Tables of Organic Compounds 
By Dr Walther Utermaik and Dr Walter Schicke 
Second, revised and supplemented edition Pp xxxu- 
715 (New York and London Interscience Pubhsheis, & 
Division of John Wiley and Sons, 1963) 170s 


E prs work is essentially a directory of some three 
thousand allegedly more common organic compounds 
arranged not alphabetically, but ın sequence of increasing 
melting pomt The information for mdividual substances, 
conveniently spread ove: two facing pages, 1s 1temized 
in columns thus left-hand page, (1) serial number, (2) 
mp, (3) chemical name, (4) molecular formula, (5) 
structural formula, (6) molecular weight (two places of 
decimals), (7) physical form and colour, right-hand page 
(after 1epeating serial number), (8) specific gravity, (9) 
bp, (10) Beilstein reference, (11) other physical con- 
stants and properties, (12) solubility, (13) selected 
reactions and derivatives Dr Utermark’s first edition 
(1951), though twice reprinted, has not been available 
for some time, he has, with the collaboration of his 
earher Zentralblatt contributoi, Dr Schicke, now pro- 
duced this second, revised edition A number of sub- 
stances of relatively munor practical significance have 
been deleted and a few of more general interest inserted 
For better characterization, further derivatives and the 
melting points of some eutectic muüxtures! have been 
added A brief introduction defines melting pomt, and 
emphasizes the precautions to be observed ın its determ- 
ination, specific 1eference 1s made to the Kofle1 hot-stage 
technique A list defining 242 German radical names by 
hne formule iemoves a possible source of ambiguity 
Two appendixes, a formula mdex and an index of trivial 
names have literally been enlarged (the type size has 
been doubled), and a closer mspection shows that the 
content of the latte: has been increased by 25 per cent 
(1,060 in the first edition, 1,331 here) 

The basic language of the directory is German, but a 
number of concessions for other readers have been incor- 
porated in the second edition Thus, inside a cover pocket 
is shpped a cardboard mask bearing a tianslation mto 
French of the column headings, the preface, introduction 
and (perhaps most usefully) the list of abbreviations have 
in turn been rendered into English, French and Russian, 
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while 1n an additional appendix, a four-column tetrahngual 
glossary gives equivalents in those same three languages 
of 518 German technical terms that have boen used to 
deseribe properties and reactions (columns 11 and 13 of 
the directory) 

This work certamly contams a valuable tabulation of 
the commoner organic compounds by meltmg port, but 
15 18 arguable whether 16 1s the vade-mecum for the service 
of the authors’ mam target—workers in analytical 
chemistry The first edition has been errticized for the 
brevity with which substances were dismissed and the 
lack of original references to substantiate the data quoted 
The second edition has not remedied the latter deficiency, 
and the hmt in the mmprovement m coverage may be 
gauged from the 1eduction of the average number of items 
per pair of facmg pages from twelve to ten There are 
still too few citations of other physical constants mpor- 
tant to the analyst and no hght absorption data, the 
number of derivatives quoted is quite madequate 

In short, although the typography 1s excellent and the 
book may be considered a useful adjunct to the analyst's 
library, the cost 1s rather prohibitive for the mdrvidual 

Q F Pmrurs 


1 Kofler, L „and A , Micro Methode for the Determination of Organic Substances 
and Mixtures of Substances (Verlag Chemie, Wemheim, 1954) 


PRINCIPLES AND PRACTICAL 
APPLICATIONS OF DISTILLATION 


Handbook of Laboratory Distillation 

By Erich Krell Edited by E C Lumb Translated from 
the second German edition by © G Verver Pp x+561 
(Amsterdam, London and New York Elsever Pub 
hshmng Company, 1963) np 


OR many years to come, D: Krell's book will remain 
an authoritative work on the prinerples and practical 

appheations of the distillation method as utilized in the 
modern laboratory 

It commences with a short historical review which is 
embelhshed by diagrammatic representations of stills 
(cureurbita) and of variously fashioned still-heads (alem- 
bies) These more primitive forms of apparatus are shown 
to become gradually modified with the passage of time to 
yield the more sophisticated systems developed by Liebig, 
Jantzen, Young and others In order to prevent the 
confusion which can attend the usages of certam phrases 
1n distillation theory, Dr Krell has provided an excellent 
glossary which defines exactly those fundamental con- 
cepts, foi example, countercurrent distillation, height 
equivalent to a theoretical plate, plate efficiency, ete 
Units are clearly defined, although 1t 1s doubtful whether 
the pressure unit named after Otto Von Guericke (1 em 
of water pressure = 1 Ger ) will have much mternational 
acceptance 

The appheation of Raoult’s law and of the activity 
concepts as applied to non-ideal systems are clearly out- 
hned Comprehensive theoretical chapters deal with 
PVT ielationships, equilibria, theoretical plate, packed 
column systems, etc, and all these aie presented. with 
much attention to the science of practical measurement, 
for example, the design of ebulhometers, spinning-band 
columns, molecular distillation, etc Even the very 
difficult separation of simple isotopes by the distillation 
process 1s dealt with m much theoretical and practical 
detail, for example, Kuhn’s deuterrum oxide multi-tube 
column and Muhlenpfordt’s countercurrent method for 
enriched boron trifluorde Useful tables of relevant 
physical data on these substances are presented m the 
text Selective methods are described ın much detail 
where changes im the phase equilibria are obtained by 
using a carrier vapour, by adding other liquids (azeo- 
tropic) or by adding salts (solution distillation) Each 
chapter has a full and adequate bibhography 


NATURE 


54] 


The later chapters of the book deal ‘mamly with 
apparatus, constructional materials, colurans, commeicial 
heaters, ete Considerable attention is directed to the 
automated process The diagrams are many and most 
ably and clearly dawn Instruments manufactured m 
the United Kingdom figure very frequently in many of 
the suggested plants for experimental distillation A 
suggested design for a distillation research laboratory is 
given, even safety measures are not forgotten and 
recerve adequate treatment 

The practical man will find that the detachable nomo- 
grams at the end of the book will dispense with the need 
foi much tedious numerical calculation 

This book wil undoubtedly become accepted as a 
standard reference work foi chemists, physicists o1 
engmeers who are concerned with the applications of the 
distillation technique either for the purposes of laboratory 
research, or for development of pilot plant on a serm- 
technical scale D T Lewis 


ANIMAL SENSES 


The Senses of Animals 

By Dr L Haruson Matthews and Maxwell Kmght Pp 
2404-20 plates (London Museum Press, Limited, 1963 ) 
27s 6d 


N° branch of zoology has advanced more rapidly and 
m a more strikmg mannei, m recent yeas, than 
has the study of the sense organs of ammals In such 
a vast field there 1s so much gomg on and so many and 
complex results emerging from such a wide variety of 
new techniques that 16 1s becoming meieasingly difficult 
for the non-speciahst, and particularly for the school 
teacher and those concerned with the first year at the 
university, to keep abreast of the hterature sufficiently 
well to give a balanced, yet not too technical, account 
of developments to their pupils 

The problem is a serious one, for it would be a great 
mustake if these new developments were regarded as of 
such an advanced nature that they should find no place 
in elementary teaching It 1s only by steady mcorpora- 
tion of the results of ‘advanced’ 1esearch mto the syllabus 
of elementary courses that the subject will be kept alive 
and mteresting for the promising pupil The efforts of 
those who contribute to magazmes of popular science and 
who provide radio and television programmes have seen 
to it that many of these mtrigung new developments 
are widely known, only too often, however, the know- 
ledge ıs scrappy and unrelated to the basic groundwork 
of the subject as a whole There 18 therefore great need 
for books which will ease the task of both teacher and 
pupil at this level Moreover, 1t 1s most important that 
the relation of these new developments to field studies 
be made apparent, for a sadly high proportion of zoology 
students come to a university without any idea at all 
of the necessity of at least some field knowledge of 
ammals as part of the groundwork of the subject 

This book sets out to fulfil the need, and ıt can be 
said straight away that it does 1b on the whole extremely 
well The first pat of the book ıs written bv an able 
amateur naturalist, the second by a distinguished pro- 
fessional zoologist Part I deals with animal senses m 
a very general way and ams at pomting out to the 
student how well an elementary knowledge of anımal 
senses enlightens and revivifies the study of natwal 
history The treatment 1s somewhat uneven but it grves 
a good impression of the role of the various main sense 
organs m the vertebrates So far as the invertebrates 
are concerned, it 18 comparatively sketchy 

Part 2 1s entitled “How Do the Senses Work ?” All 
m all, 16 provides an excellent readable and authoritative 
aceount of the way the nerves function and of the senses 
of smell and taste, vimon hearing and touch, as well as 
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those capabilities which le m the borderland between 
these last two The last chapter, entitled “Monitors”, 
is perhaps less satisfactory It 1s quite short and aums at 
describing the way m which sense organs cope with the 
general problem of remamung oriented m the environ- 
ment It might have been better if most of the substance 
of 1t had been included m the earlier chapters and per- 
haps a final chapter devoted to the specific problem of 
direction-findmg and homing among those ammmals which 
show large-scale movements In particular, the account 
of the navigational abilities of, for example, birds and 
fish scarcely does justice to the immense extension of 
knowledge and of theory during the past ten years How- 
ever, ıt ıs rmpossible to melude everythmg of interest 
m & book of this size directed to such an audience Tho 
work accomphshes 1ts main task effectively and deserves 
a wide sale. The illustrations are excellent. 
W H THORPE 


SIXTEENTH-CENTURY BIOLOGY 


La Zoologie au Seiziéme Siècle 

(Histoire de la Pensée École Pratique des Hautes Études, 
Sorbonne, VII) Par Paul Delaunay Pp x1+338+6 
plates (Paris Hermann, 1962) NF IS 


g I? modern zoologists with their increasing specializa- 
tion, those of the sixteenth century are a remarkable 
body of men and 1t 18 refreshing and indeed humbling to 
read of their contmbutions Such men as Conrad Gesner 
and Pierre Belon and their colleagues, with their encyclo- 
pedic knowledge and deep interest in everything from 
Latin and law to physics and physiology, are not easily 
to be found to-day 
As the author says, zoology 18 as old as humanity, 
and he briefly mentions some of the early uses of animals 
Most of these were, of course, gastronomic, but close 
observation was needed to catch ammals and later to 
increase the pleasure derived from them ın such pursuits 
as falconry These approaches inevitably led to a detailed 
knowledge of natural history, much of which still stands 
to-day The book shows that at the beginning of the 
sixteenth century, and for a long time afterwards, 16 was 
the recently available translations of such people as 
Phnny and Aristotle that formed the basis of biological 
literature, and criticism was not levelled at thew tıme- 
established facts But as travellers returned from new 
countries with accounts of new animals 1t became obvious 
that the ‘ancients’ had not seen and known everything. 
Belon travelled widely ın the lands around the Mediter- 
ranean noting everythmg from monkeys to fish, and 
Jean-Leon l'Afrieain. published a deseription of the fauna 
-of Africa m 1520, to mention only two of the voyagers 
-whose local faunal lists can still be of use to-day 
After seeing and recording new animals, 16 was logical 
to try and preserve them foi study Dried or salted 
beasts, bones and other umperishable remains formed the 
nuclei of personal collections of curiosities Attempts at 
classification followed from this, ranging from the alpha- 
betical to the culmary, but all showing some desire to 
reduce the ever-increasing flood of new animals to man- 
ageable proportions Aquatic forms were put together— 
whales with fish, seals with molluscs, birds, bees and 
bats all flew, and those that crept were of one division, 
whether snake or slug Sirema, then as now, were rather 
a mystery, but being aquatic and “therefore fish", were 
eaten on fast days, even though the similarity of the 
meat with the forbidden flesh caused some pangs of 
conscience In spite of havmg much to puzzle them, from 
the development of insects to the identity of the many 
monsters that mcomplete knowledge led them to believe 
in, the zoologists of this time, by them observation, 
dissection, and their beautifully illustrated publications, 
laid the foundations of modern zoology To those who 
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are interested m the history and development of a science, 
put forward in a most scholarly, interesting and enter- 
taming way, this will be a most enjoyable book The 
references to contemporary literature alone give an indica- 
tion of the immense amount of work, knowledge and 
enthusiasm that have gone mto its preparation The 
illustrations and indexes ae good, and the brief bio- 
graphies of the sixteenth-centuiy biologists provide @ 
useful appendix 

Dr Delaunay, as well as bemg a medical man, was 
wel known as a scientific historian, and 1b 1s & great 
pity that he did not live to see the publication of his 
last work J. E. Kine 


SPECKLES AND MOTTLES. 


Symptoms of Virus Diseases in Plants 
By L Bos Pp 132 (Wagemmgen, Holland. Centre 
for Agricultural Publeations and Documentation, 1963 ) 
np 

LANT virus diseases, hke most other plant diseases, 

were orgmally recognized by the symptoms pro- 

duced on infected plants, usually of economic umportance, 
and as a consequence were given popular descriptive 
names such as ‘curl’, ‘stripe’ and so on, and this has 
continued to the present day In the course of time some 
of these terms have lost their original meanings for 
various reasons, such as being used to describe variants 
of the origmal disease, or sometimes even the same disease 
on another host plant An example of this 1s the term 
‘mosaic’, origmally denoting the bold, though scarcely 
beautiful, pattern produced on the tobacco plant by the 
tobacco mosaic virus, which ıs now applied to any mottle, 
not excluding those mvisible to anyone but an expert 
In spite of these changes and minor obscurities workers 
i the field have very little difficulty in understanding 
each other, though occasionally difficulties arise, as m the 
case of the term ‘yellows’, which has rather different 
connotations on either side of the Atlantic 

The maim objective of the author of this small but 
beautifully produced book has been to compile an illus- 
trated and descriptive glossary of the terms used m plant 
virology, together with a lst of ther equivalents n a 
number of European languages As a text for the use 
of students in his own country, Holland, this book prob- 
ably fills a useful function, but those to whom English 
1s ther mother tongue may find ıt disappointing or even 
nutatmg With a wealth of illustrative material at his 
disposal the author could easily have produced an ex- 
cellent systematic mtroduction to the symptomatology 
of plant virus diseases, but he has obviously been drawn. 
away from this desirable objective by his evident par- 
tiality for lnguistics It is true that one 1s spared having 
simple terms hyphenated, though they do actually appear 
itaheized when first mentioned, but 1b 1s a pity that the 
author has devoted so much time to discussing the rela- 
tive merits of words like, for example, ‘speckled’, which 
he deprecates, but, no doubt m a moment of aberration, 
actually employs on p 21 himself, and ‘specked’, which 
iecerves his approval He also has very definite ideas 
about terms such as ‘aucuba mosaic’ and ‘calico’, which 
many might thmk useful and highly descriptive, but 
which he would prefer to see abandoned for reasons 
which would appear irrelevant 

Although they are mentioned ın passing in the intro- 
duction, certain genetic abnormalities, and malformations, 
and colour changes due to malnutrition and the effects 
of toxic chemicals, which are extremely likely to be con- 
fused with the symptoms of virus infection, are not dealt 
with i» any detail in the text or the illustrations But 
perhaps this 1s a natural consequence of the autho 
concentrating more on termmology than on plant patho- 
logy ° R MARKHAM 
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The Cell in Mitosis 

Edited by Laurence Levine. (Pioceedmgs of the First 
Annual Symposium held under the provisions of the Wayne 
State Fund Research Recognition Award) Pp x1+274. 
(New York: Academie Press, Inc , London Academic 
Press, Inc. (London), Ltd , 1963.) 80s 


ITOSIS is a sequence of events by which the repro- 
duction of the nucleus is co-ordmated with the 
division of the plant or anımal cell A great range of 
experimental and analytical methods have m the past 
thirty years been brought to bear on the study of this 
co-ordination The principles of nuclear reproduction, 
its chemical basis, and its timing relations, 1ts chromosome 
mechanism, its genetic control, and its structural varia- 
tion, have all been searchingly exammed and put into some 
relation with one another which has helped to answer old 
questions as well as raise new ones 
How decisive the new evidence 1s may be shown from 
the fact that both irradiation and gene action have been 
used. successfully m bringing cells and nuclei mto mitosis 
without them chromosomes having reproduced or split. 
Further, nucle: have been brought mto mitosis by heat 
shocks without ther chromosomes having reproduced so 
that they are reduced 1n size to half. In yet other situa- 
tions, nuclei m prophase of mitosis have been pushed back 
mto the restmg stage by irradiation so that when they 
re-enter prophase they are quadruple mstead of double 
These breakdowns m the co-ordmation of cell and 
nucleus m mutosis (of which mesis itself 1s the most 
remarkable) are certainly critical for any understanding of 
mutosis, But the present symposium refers to none of 
them. For, as the editor would probably say, i$ deals 
with the ‘cell’ m mitosis and not with mitosis itself Or 
more particularly the animal cell and mdeed the chemistry 
of the cytoplasm of the anımal cell, whether m mitosis or, 
for example, in the muscle fibre The result 1s a body of 
fascinating contributions all relevant to the cell im mitosis, 
and most of them also relevant to the cell not 1n mitosis, 
but few of them obviously relevant to one another 
The authors for ther part do not make serious efforts 
to establish contact For example, the most mportant 
recent mvestigations of the genetic contanmty of the 
fibre-formmg particles in the cytoplasm are those of 
Cleveland, Lwoff and Fankhauser But Cleveland, who 
comes nearest to grvmg an account of mitosis, does nob 
refer to either Lwoff or Fankhauser 
The editor writes an mtroduction in an optimistic 
vem and fails to notice what ıs missing in his compilation 
C D DARLINGTON 


An Atlas of Electrocardiography 
By Prof Hugo Roesler and Evan Fletcher Pp vu+ 700 
(Bristol John Wright and Sons, Ltd , 1963) 1478 


PS hundred electrocaidiograms are illustrated m 
this atlas and described m detail with suitable clinical 
and, often, autopsy information The effect 1s the equiva- 
lent of attendance at many electrocardiographic reporting 
sessions Understandably, this mass of material 1s not 
easy to assimilate briefly 

The incidence of the conditions described reflects 
echnical practice Nearly half the book 1s devoted to isehee- 
mic heart disease, and consequently the value of the 
electrocardiogram m congenital heart disease receives 
little attention For example, a patient with en atrial 
septal defect of the ostrum primum type but right axis 
Jeviation 18 described without comment, despite the 
unusual nature of the finding In general, the electro- 
rardiographic interpretation 1s on orthodox les, and 
alternative views are not considered For example, an 
RSR? pattern in the right chest leads is attmbuted 
:0 right bundle branch block in situations where there 18 
videnco that nght ventricular hypertrophy 18 responsible, 
ind ST segment depression in the left chest leads 18 re- 
rarded as evidence of sub-endocardial infarction although 


NATURE 


543 


this part of the myocardium has been shown to be electro- 
ally mert Rather surprismgly, notched P waves are 
frequently attributed to mtra-atrial block, but no evidence 
is presented to support this view Some veotorcardio- 
graphic concepts, such as peri-infarction block, are recog- 
nized but the vectorcardiogram 1s not used to assist 
diagnosis No mention 1s made of the problems of mter- 
pretation of the eleetrocardiogram in children 

The mam value of the atlas derives from the experience of 
the authors 1n ischemic heart disease Jonn HAMER 


Principles of Sugar Technology 
Vol 3 Edited by Pieter Homg Pp xxm 4-711. (Amster- 
dam, London and New York- Elsevier Publishing Com- 
pany, 1963) np 

‘HIS ıs the last of the volumes on the subject by 

Pieter Honig. The editor 1s to be commended for 
his selection of authors and subjects He states that he 
has emphasized the principles of sugar technology, the 
physical operating conditions and chemical reactions 
mvolved, rather than his personal opmons and prefer- 
ences for particular forms of plant Ho thmks that the 
needs of the sugar industry are always for a thorough 
understanding of the chemistry and the technological 
fundamentals of sugar manufacture The work 1s divided 
mto eleven main chapters of which he himself 1s responsible 
for two “Chemistry of the Evaporation Process" and 
“Cleaning of Evaporators”. The other nine are as follows 
“Heat Transfer", by R C L. Bosworth, “Prmaples of 
Steam Economy”, by 8 Staub and M Patureau, “Theory 
of the Centrifugal Process”, by F M Chapman E Krieg 
writes on “Tho Engmeermg Principles of Sugar Centri- 
fugals and the Centrifugal Process”, E Ruegg, on “The 
Push-type Centrifuge in the Sugar Industry"; D Becker 
on “The Grading of Commercial Raw Beet Sugars”, 
Takeo Yamane, on “Special Types of Sugars (Asia)”, 
and H Olbrich, on “Molasses” 

The only criticism to be made ıs the sub-title of the 
chapter by Moroz, “Microbiology of the Sugar Tndustry”. 
The use of analysis 1s incorrect, otherwise the chapter 18 
to be highly commended On p 574 kestose should 
replace kestone and ketose 

The book is well produced, well ilustrated and well 
indexed by both authors and subjects It is recom- 
mended for purchase by all who are mterested in the 
subject, especially sugar technologists 

H © 8 ps WHALLEY 


While Some Trees Stand 
By Garth Chnstan Pp 192427 plates 
George Newnes, Ltd, 1963) 21s net 


ILD Lie m ou Vanishing Countryside 1s the 

sub-title of Mr Garth Christian’s agreeable volume, 
and sums it up admirably He wnites pleasantly and 
informatively of our wild-hfe heritage as it stands to-day 
and reviews the situation of the birds, mammals, plants 
and insects ın the face of the rapid urbanization of large 
tracts of what was, until recently, countryside 

The author goes into the troubles and threatened 
troubles that beset our beasts and birds, hkewise fishes, 
with, of course, particular reference to the chemical 
dangers arismg fiom the use of pesticides m agriculture 
The theme of the book is a melancholy one, yet it 18 
cheerfully written and contams many dehghtful desenp- 
tions of wild-life scenes as they were and m some remote, 
sheltered nooks still are To preserve such scenes must 
be the object of all who value Nature. Whether the many 
organizations that have recently come into bemg will be 
able to do so remams to be seen As Mr Christian says, 
“most of all we need more people who care" 

In conclusion, mention must be made of the excellent 
jlustrations, mostly photographs from the camera of 
Mr Eric Hosking and that of Miss Jane Burton 

Frances Prrr 


(London 
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THE DETERMINATION OF DISTANCE BY ECHOLOCATING BATS 
By D. A. CAHLANDER, Dr. J J G McCUE and F. A. WEBSTER* 


Lincoln Laboratory, Massachusetts Institute of Technology 


T is thoroughly established that bats of the family 
I Vespertilionidae navigate and seek their prey by means 
of echolocation? Conceivably. a bat could intercept a 
flymg msect without measurmg how far away 1b 1s by 
merely sensmg the duection to the insect, the bat might 
fly a collision course until its open mouth intercepted the 
path of the insect However, by means of a high-speed. 
motion-picture camera, we have shown that—at least 
under the conditions prevailing in our laboratory—bats 
of the genus Myotis do not use this method to catch flying 
insects, nor do they use ıt when catchmg mealworms 
tossed into the air The most common manœuvre 1$ & 
cupping of the mterfemoral membrane to form a scoop 
m. which the insect 1s caught, alternatively, the bat may 
reach out with a wmg and guide the insect into the cupped 
membrane? In either case, the bat transfers the insect 
from membrane to mouth while in flight Since the spread- 
mg of the membiane or ieachmg out with a wing can 
succeed only if done when the prey is close by, we must 
suppose that the bat can sense the distance to the prey 
(hereafter called the range) The landing of bats against a 
wall, an achievement which involves reaching backward 
or upward with the feet and grippmg a toehold as fhght 
ceases, 1s further evidence of ability to measure distance 
by means of echolocation, since blinded bats do 1t well 

The designe: of an electronic echolocation system — 
perhaps a radar or a radio altumetei—has a choice of two 
basic schemes for measuring range One is to send out a 
biief pulse of energy and determune the tmne-mterval + 
between transmission of the pulse and reception of its 
echo The distance to the echoing object 1s ct/2, where c 
1s the velocity of the signal Alternatively, one can send 
out a contmuous wave the frequency of which 1s a suitable 
function of time, and by beating can detect the frequency 
difference between the echo and the signal bemg trans- 
mitted, since the modulation pattern 1s known, t can be 
inferred from the beat frequency Actually, the wave 
used ın this procedure need not be contmuous It is 
sufficient for the wave tiain merely to be long enough so 
that transmission 1s still oceurrmg when the echo ıs re- 
cerved, ın other words, the length of the wave-train must 
be more than twice the 1ange The duect measurement 
of time-delay 1s used m conventional radars, and the beat- 
frequency method has been used in radio altimeters 

For a bat sensmg range directly through delay-tume, 
one can recognize a number of seemingly formidable 
difficulties These have been well summarized by Griffin? 
and by Pyet-° One problem is the detection of a possibly 
weak echo only 1 msec or so afte: the emission of a very 
much louder signal Another ıs the supposition that at 
very short ranges the outgomg cry must actually overlap 
the returning echo 

In view of these difficulties, Pyet- has offered the 
suggestion that vespertihonids may measure range by 
the beat-frequency method If the frequency sweep 
does not exceed one octave, then the beat frequency 1s 
always less than any emitted frequency, and thus the 
beat note can be distinguished Among other appealing 
features, therefore, Pye’s hypothesis seems to account 
foi Griffin’s observation! that the frequency sweep of 
some vespertihonids is commonly about one octave 
However, the persuasiveness of this feature 1s limited by 
the observed fact that even duimg the last phase of an 

* Consultant 


mterception, when the 1ange to the prey 1s small, the 
frequency-sweep 1s sometimes a httle more than an octave 
At long ranges (perhaps 1 m or more‘) tbe hypothesis 1s 
not mtended to apply, because foi these ranges ib 1S 
clear from the work of Griffin that the duration of the 
pulse ıs too small for any overlap of signal and echo to 
occur 

To test Pye’s hypothesis, we have investigated the pulse 
pattern of the vespertihonid Myotis lucifugus, a bat 
readily available m this locahty The puneipal tools 
were a high-speed 16-mm motion-pictuie camera’ and a 
Precision Instrument two-channel tape-recorder capable of 
handling frequencies up to 100ke/s As every second frame 
of the motion picture was exposed, a marker pip was 
recorded on one channel of the tape-recorder The other 
channel carried the bat signal, picked up by an ultrasonic 
microphone! ‘Together, these instruments enabled us to 
measure the duration of mdividual emitted pulses along 
with the range from bat to prey at the time the pulse was 
emitted 

Several M lucifugus which proved sufficiently adaptable 
were tramed to catch mealworms thrown up almost 
vertically from an electrically operated ‘mortar’ Baffles 
hung from the ceiling of the laboratory? encouraged the 
bats to fly a fairly regular path over the mortar The 
motion-pictule camera was mounted so that the lens 
(13-mm focal length) was about level with the pomt of 
catch, the axis of the lens was horizontal and perpendicular 
to the general direction of the flight path, and a still 
camera alongside the mortar, aimed vertically, measured 
the obhquity of each pass at a mealworm The motion- 
picture camera ran at 768 frames per sec, and each 
exposure lasted 4 usec 

Enghteen attempted catches were filmed before more 
pressing work supervened In seven of these attempts, the 
bat failed to catch the mealworm, and any conclusions 
drawn from analysis of these events would be open to 
question Nine of the successful catches gave films that 
are not analysable with any confidence, either because the 
mealworm trajectory did not he in the area of adequate 
illummation, or else because the bat flew a fishhook- 
shaped path in which the correction for obliquity would 
be large and uncertain 

Two films m which the bat missed the mealworm by a 
large margm were turned to account in a measurement of 
the scale factor for the films By measuung the mealworm 
position as a function of time, knowmg the acceleration 
under gravity, we could calculate the ratio of distance-in- 
laboratory to distance-on-film The retarding effect of 
the air had to be considered, calculations on the ballistics 
of mealworms, based on the tabulations of Hoerner?, 
showed that when the mealwoim had fallen only 1 ft , the 
aerodynamic drag was about one-eighth of the weight 
It ıs found that 1f one measures the time 1equired for the 
mealworm to rise from a certain level to the summit of 
the trajectory and then fall agam to the fiducial level, and 
infers from that the distance from the fiducial level to 
the summit, then the correction for the effect of aero- 
dynamic drag is very small In fact, if one takes the 
fiducial level to be 1 ft below the summit, the correction 
1s much less than 1 per cent (For other quantities which 
might be calculated, such as the mealworm’s speed at 
the fiducial level, or the tune when it reached the summit 
the correction for air resistance 18 much larger ) 
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Fig 1 Matched segments of the film records for analysing the tape-recorded wave-forms. Top flm ‘The upper trace carries the envelopes of 

three bat pulses , below them 1s the trace of the periodmeter output, which tells the frequency of the wave-form and also 1ndicates the duration 

ofeachpulee Bottom flm ‘The upper trace serves as an index to the frames on the motion-picture flm that records the bat's position A pip 

18 generated for every second frame, by a reluctance pick-up mounted beside the sprocket wheel in the motion-nieture camera — Thelowertrace 

1g again the pennodmeter output Bach horizontal division of the grid represents 1 04 msec For the periodmeter traces, each vertical division 

represents 10 usec of time between positive-going zero crossings of the bat's wave-form These traces show, therefore, that the pulse at the left 
started at 90 ke/s and finished at 33 ke/s, and that its duration was 1 35 msec 


The scale factors calculated from the two films differ by 
5 percent Their average differs by 5 per cent from the 
value calculated, with less assurance of accuracy, from the 
optical parameters of the system These differences are 
not alarmmg, because the dispersion in distance from 
camera to mealworm, for different firmgs of the mortar, 
amounted to + 2 per cent 

Of the eleven films in which the bat caught the meal- 
worm, two could be analysed to find the bat-to-mealworm 
distance as a function of frame number Each pass 
occupied about 500 frames The magnetic tape recorded 
at the same time was played back mto a dual-beam oscillo- 
scope, at 1/32 of the recording speed, so that 1ts store of 
information could be transferred to 35-mm film The bat 
wave-forms actuated a ‘periodmeter’!? which registers, Wingtip contact 
on one trace of the oscilloscope, the time-intervals between established here 
zero crossings Practically speaking, for wave-forms 
uncompheated by harmonies or by the overlapping of 
pulses, the periodmeter gives the reciprocal of the mstan- 
taneous frequency of the wave-form 

The second beam of the oscilloseope registered either 
the pulse wave-form or the pips from the marker channel 
of the tape recorder Short segments of two films derived 
from the magnetic tape appear m Fig 1 The technique 
used for producing this display may be of mterest The 
oscilloscope spot undergoes vertical deflexion only, and 
the film moves continuously at 400 m /mm, horizontally 
To provide the grid, the oscilloseope has two edge-hghted 
plastic graticules One, ht by the bulbs built mto the 
oscilloscope, carries a ladder of horizontal scratches 
10cm apart Tho other, ht only periodically by a brief 
flash from a small xonon-filled discharge tube (manu- 
faetured for testing motor-car ignition systems), has a 
amgle vertical scratch The discharge tube 1s triggered 
every 1/30 sec by 2 voltage pulse synchronized to the 60- 
c/s mains; since the tape ran 1/32 times as fast durmg 
read-out as 1t did durmg recording, the vertical hnes of 
the grid represent intervals of 1/960 sec, a httle more than 
1 msec, of recording time 

Between pulses, the periodmeter 1s actuated by the a 100 200 300 400 
random wave-form of the mstrumental norme, durmg a Time (inse) 
pulse, the periodmeter traces a more or less definite line 


Wh -to- E e Fig 2 Comparison of lengths of echolocatmg pulses and the bat-to- 
(Fig 1) en the signal to-noise ratio 18 large, he puls prey distance, during two approaches m the laboratory For production 


Distance (em) 


Distance (em) 





Film No !2 





wave-form and the per: odmeter trace may be used almost of à beat tone, the pulse-length would have to exceed twice the range, 
mterchangeably as criteria of the duration of the pulse in fact, during the portion of flight shown here, the pulse-lengths are 
For weaker pulses, the duration was determined by about equal to the range 


examining both the wave-form and the periodmeter trace, @, Range from bat to mealworm, A, length of echolocating pulse 
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on film such as that at the top of Fig 1 At ranges less 
than 20 em, im the two records analysed, the recorded 
pulses sometimes had no definite ends, they just trailed 
off gradually into the noise—quite possibly because of 
adulteration by sound scattered from the mealworm, 
which was somewhat off the line fiom bat to microphone— 
and the periodmeter pattern was sometimes confused 
Unless either the periodmeter or the wave-form gave an 
unequivocal indication of the duration, these pulses were 
not assigned a length, and they were not entered on the 
graphs 

By means of records like that in the lower part of Fig 1, 
which match the periodmete: traces to the marker pips 
that index the frames of the motion picture showing the 
bat’s flight, ıt ıs easy to determine jomtly the pulse- 
length and the 1ange, using the motion-picture camera as a 
clock The time of travel of the sound pulse from bat to 
microphone introduced a correction which did not exceed 
0 011 see and was known with good precision For the 
flights analysed, the correction for obhquity of the lme of 
fight was never large: than 5 per cent 

The timmg error m matchmg the pulses with the 
distances 1s almost certamly less than 001 sec The 
individual range measurements have uncertainties of 
about 5 per cent when the range is large, and 1 em when 
itissmall The uncertainty in pulse-length measurements 
18 about 5 em 

Fig 2 exhibits the findings It shows that during the 
rapid pulsing that precedes 1nterception of the prey, there 
1s a strong tendency for the pulse-length to be about equal 
to the range In order for a beat tone to exist, the spatial 
extent of the pulse would have to exceed twice the range 
In Fig 2 which presents the length of every pulse fo: 
which the signal-to-noise 1atio was high enough to permit 
measurement, no pulse 1s long enough to provide any 
overlap whatever We can therefore state with conviction 
that for this bat catchmg tossed mealworms indoois, 
the beat-note hypothesis 1s not applicable, since there 1s 
no overlap even when the prey ıs so close (and has been 
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located so well) that the bat can touch ıt with a wng- 
tip A previous set of films, made under conditions less 
favourable to precise analysis (line of sight of camera 
not perpendicular to mean fight path) also show con- 
clusively that the specimens of M lucifugus filmed at that 
time did not conform to the hypothesis 

It ıs plausible to conclude that M lucifugus depends 
even when living m the wild, on some other mode of 
distance perception than that suggested by Pye Our 
evidence does not rule out the possibility of overlap at 
very short ranges, perhaps 10 cm or less Even so, 1b has 
been shown?! that, m this species, the posterior colliculus 
contaims single auditory units that gave discrete responses 
to two successive artificial pulses even when these were 
separated by as little as 0 3 msec, m which case the pulses 
did overlap Taken together with this electrophysio- 
logical finding, the work reported here suggests adoption. 
of the working hypothesis that Myotis, and perhaps 
vespertilionids m general, sense range by means of some 
internal clock, as a radar does One then expects that the 
function of the frequency modulation 1s to allow for pulse 
compression??:?2, to mprove the discrimination of distance 
An attempt to test the hypothesis 1s m progress 

This work was supported by the US Aur Force 
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PERSPECTIVES IN PROTEIN MALNUTRITION” 
By Pror V. RAMALINGASWAMI 


Department of Pathology, All India Institute of Medical Sciences, New Delhi 


Y first introduction to kwashiorkor was ın the sum- 

mer of 1947 ın South India when a child of three 

with cedema and floiid skin changes was shown to me as 

a case of ‘burns’ The child's mother, however, vehe- 

mently denied a history of buns Attracted by the skin 

changes I began to treat my first five cases enthusiasti- 

cally with the B group of vitamins, but with disastrous 
results! 

The evolution of the concept of protem deficiency as 
the basic defect in kwashiorkor has been well described? 
It 1s now known that protem malnutrition in young 
growing children 1s widespread m the countries of Africa, 
Asia, Central and South America and ın the many far- 
flung islands throughout the world? 

My concern here will be with fully fledged kwashiorkor 
as the dommant manifestation of protem malnutrition 
Tho features of this syndrome vary from region to region 
depending on a number of variables in the diet such as 
calorie and protem mtake, ammo-acid composition, of the 
protem, vitamin and mineral content and environmental 
stresses and strains, but the fundamental picture ıs quite 
chaiacteristic In the words of Brock* “at a variable 
number of months after weaning, growth and develop- 
ment are slowed, variable and non-specific disturbances 


* Substance of the Ciba Foundation Lecture for 1963 delivered at the 
Royal Institute of British Architects, I ondon, on October 7 


of colour and texture occur in skin, han and mucous 
membranes, eventually progressive deterioration ın all 
functions 1s precipitated by gastrointestinal disturbances 
(especially diarrhoea) the severe picture 1s dominated 
by cdema and uritable mental apathy Full mvestiga- 
tion and autopsy discloses disturbances 1n every tissue, 
most characteristic are fatty live1, mtestinal and pan- 
creatic atrophy, dechne m many enzyme systems, hypo- 
albuminemia and deficit m nitrogen and potassium 
metabolism” 


Reaction of the Body to Protein Deprivation 


This ıs the end-picture of the 1eaction of the body 
to protem depiivation It provides no clue, however, to 
the fundamental biochemical and morphological lesions 
of kwashiorkor The reaction of the body is a dynamic 
process involving a series of adjustments at various levels 
of biological organization—organs, tissues and cells 
Every organ and cell 1s doubtless affected but they are not 
all affected at the same rate or at the same time We do 
not as yet have a full picture of how each organ system 
participates in the total effect produced by protem 
deficiency Approximately 45 per cent of body protein 1s 
ın muscle, 18 per cent in skeleton, 10 per cent in skm and 
4 pei cent m adipose tissue* We do not know how much 
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protein at each of these sites is renewed daily and what 
factors regulate the renewal rate’. 


Liver proteins are lost rapidly in the early stages of 


protein deprivation and more slowly in the later stages. 
Muscle protein, on the other hand, is lost slowly at first 
and more rapidly later*. Some liver enzyme activities 
are lost early in the deficiency, others are maintained at 
their original level, while a few have even enhanced 
activity’. 
albumin and globulin exhibited by the protein-deficient 
organism’, obviously an adaptive reaction of the body to 
diminishing protein supplies. An impairment in the 
metabolism of individual amino-acids leading to limitation 
in protein synthesis has been described", 


Experimental Kwashiorkor in the Rhesus Monkey 


The reproduction of human disease in experimental 
animals under controlled conditions is a major pursuit 
of medical science, and whenever this has been achieved 
understanding has improved. In recent years investiga- 
tors have been able to produce some of the basic features 
of kwashiorkor in several species of animals—Best et al. 
in rats and monkeys", Platt et al.” in pigs, Shils and 
Stewart! in rats, Follis in the monkey Cereopithecus 
aethiops and my colleagues and myself in rhesus 
monkeys!*.!, 

Our own experimental work began in 1952 with albino 
rats and in this species progress was at first slow!*, It 
became completely transformed in 1957 when we changed 





Fig. 1. Section of monkey liver showing periportal fatty change in four 
weeks of protein deficiency (hematoxylin and eosin, x c. 112) 





Fig. 2. Section of pancreas of a control monkey showing normal acini 
(hematoxylin and eosin, x 500) 
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There is a diminished rate of catabolism of 





Fig. 3. Section of pancreas from a protein-deficient monkey showing 
marked acinar atrophy (hematoxylin and eosin, x ) 


to rhesus monkeys and adopted the technique of tube- 
feeding the animals daily measured amounts of food of 
chosen composition and calorie value. With this monkey 
model, we have been able to examine the effects of un- 
complicated protein deficiency which bear a remarkably 
close resemblance to the basic lesions of kwashiorkor'. 

In the protein-deficient monkey, growth is retarded, 
plasma albumin-levels are reduced and y-globulin-levels 
increase, serum cholesterol falls, plasma iron binding 
capacity is lowered, cedema tends to develop. Periportal 
fatty change appears in the liver consistently within a 
matter of days and spreads progressively to the central 
zones of the hepatic lobules irrespective of the fat content 
of the diet (Fig. 1). As the deficieney advances, the liver 
becomes progressively and intensely fatty. In the 
pancreas, there is a loss of zymogen granules, shrinking 
and atrophy of acini and crowding of the acinar nuclei 
(Figs. 2 and 3). The lymphoid follicles of the spleen are 
markedly depleted of lymphocytes and germinal centres 
appear atrophic. Skeletal muscle undergoes remarkable 
atrophy. The gastrointestinal tract shows profound dis- 
turbanees to which I will return presently in some detail. 


Fatty Liver of Kwashiorkor 


The periportal fatty change in the liver, the zymogen 
depleted pancreas and atrophic skeletal muscles constitute 
the hallmark of kwashiorkor. But they only provide a 
structural frame from which the picture is still missing. 
We still do not know the precise mechanism of fatty change 
in the liver although several interesting suggestions have 
been made. In general, a number of factors—of synthesis, 
oxidation and transport of fat to and from the liver—are 
involved'*, Lucas and Ridout® put forward the idea 
that the fatty change in the liver in protein deficiency is 
due to the liberation of lipid from lipoprotein complexes 
in the cell which decompose owing to lack of protein. This 
interesting biophysical explanation has been elaborated 
further by Dixon? The appearance of globular sudano- 
philic fat, according to Dixon, may be caused primarily 
by impairment of its dispersion owing to conversion of 
previously invisible micellar fat to visible droplets of 
globular fat. The fatty livers induced by ethionine and 
carbon tetrachloride have been shown to be due to inhibi- 
tion of synthesis of lipoprotein protein leading to a failure 
in the secretory mechanism for triglyceride from the 
liver**«, 

But what is the cellular organelle that is injured in 
the liver cells in protein deficiency ? The extraordinary 
speed with which molecular biology has been growing in 
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MIGRATION OF HZ THYMIDINE LABELED CELLS IN 
PROTEIN DEFICIENT & CONTROL MONKEYS. 
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Fig. 4. Sluggish migration oflining cells over the villi of protein-deficient 
monkeys 


recent years is only matched by our lack of knowledge of 
the detailed cellular architecture of the protein-deficient 
cell. It is not of great value to investigate under the 
electron microscope changes which are visible under the 
light microscope, nor are we going to benefit to any signifi- 
cant extent by examining the cell when the late effects of 
injury are already manifest**. In advanced injury, all 
organelles are involved to a greater or lesser extent. A 
primary disturbance of the endoplasmic reticulum 
responsible for protein synthesis may interfere secondarily 
with mitochondrial integrity and function and produce a 
multi-organelle lesion!*. We should look for lesions 
developing within hours, and here experimental protein 
deficiency in animals should prove to be of immense 
value. 

The careful work of Waterlow on mitochondrial enzyme 
systems in kwashiorkor accomplished against a great 
many technical odds still leaves the question of mito- 
chondrial damage unsettled**. I have already referred to 
the differential pattern in the loss of activity of hepatic 
enzymes in kwashiorkor; but the picture is still confused, 
and, apart from fatty change, we do not as yet have an 
ultrastructural or enzymatic lesion which could be con- 
sidered characteristic of kwashiorkor. 


Intestinal Epithelium 


All accounts of kwashiorkor lay considerable stress on 
disturbances of intestinal function. The lining cells of 
the mucosa of the small intestine are renewed every two 
or three days and a tissue with such a rapid turn-over 
should be susceptible to protein deficiency. It is refreshing 
to read Sir Roy Cameron’s delightful account of the work 
of the Edinburgh anatomist John Goodsir (1814-67). 
John Goodsir, regarded by Virchow as ‘‘one of the earliest 
and most acute observers of cell lifo", in his book Anatomi- 
cal and P. ical Observations, discusses in Chapter 
2 the structure and function of intestinal villi as examples 
of germinal structures. He thought that the epithelium 
lining the villus was shed every now and again to allow 
for absorption and ro-grew again over the villus from the 
germinal epithelium of the base after the chyme passed 
through*', Implicit in this description is the idea of active 
vell growth and turn-over of the epithelial cells lining the 
villi. Almost 100 years later, tho elegant autoradio- 
graphic investigations of Leblond established the concept 
of a continuous replenishment of mammalian intestinal 
epithelial cells and their histophysiological differentiation 
as they move up from crypt to the apex of the villi?.2*, 

My assistant, M. G. Deo, has just completed an examina- 
tion of the intestinal epithelial cell turn-over in the protein- 
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deficient rhesus monkey by labelling these cells in vivo 
with tritiated thymidine. Tho label detects premitotic 
synthesis of DNA. Deo followed at intervals the progres- 
sion of the advancing front of labelled cells as they 
moved up the villi on autoradiographs and found that 
the protein-deficient cells were sluggish in their movement 
compared with the controls (Fig. 4). Tho height of the 
villi was markedly diminished in the deficient animals 
(Figs. 5 and 6) probably as a response to epithelial 
dysfunction. By using simple arithmetic, appropriate to 
these days of ‘four-minutes-a-mile’, one can calculate that 
a normal intestinal epithelial cell from an animal on 
optimum protein intake covers the distance of one mile 
in 10,700 years, while the epithelial coll from a protein- 
deficient monkey takes 23,000 years to cover the same 
distance. 

The function of the intestinal epithelium is obviously 
profoundly disturbed in protein deficiency. Deo in my 
department has also found a diminished absorption 
of cobalt-58 labelled eyanocobalamine in protein-deficient 
monkeys*' (Fig. 7). This absorptive defect for vitamin 
B,, raises interesting questions regarding the pathogenesis 
of endemie nutritional diseases such as tropical mal- 
absorption syndrome and of nutritional anemia. It is 
significant that unlike coeliac disease and non-tropical 
sprue, wherein the proximal small intestine suffers 
maximum damage, in the protein-deficient monkey the 
ileum suffers more damage than the jejunum. The 
absorptive defect of cyanocobalamino is probably related, 
at least in part, to the damage to the ileum. 

We have recently made a preliminary electron micro- 
scopic examination of the intestinal epithelial cells in 
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Fig. 5. Section of proximal pe from a control monkey showing 
i (hematoxylin and eosin, x 44) 
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Fig. 6. Section of proximal jejunum from a deficient monkey 
reduction in height of the villi (hematoxylin and eosin, x 44) 
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protein-deficient monkeys in collaboration with Dr, 
Sirsat (Sirsat, Deo and i, 1963, to bo 
published). The brush border with its microvilli, which 
is the most arresting feature of the intestinal cell under 
the electron microscope, shows damage in the form of 
blunting, loose orientation and absence of the terminal 
web. Considering that this border is probably an active 


- site for the absorption of sugars and proteins**, it would 


be expected that disturbances in their absorption would 
result. In the cytoplasm of the deficient cells, mito- 
chondria and ribosomes were sparse, there was lipoidal 
degeneration and the protein matrix was less dense. The 
precise functional significance of these changes is not 
quite clear as yet. 


Long-term Sequelz 


So far as is known, the acute lesions of kwashiorkor 
are entirely reversible when treated with good quality 
protein. The same sequence can be demonstrated in 
protein deficiency in the rhesus monkey. 
The child or monkey, Geen Whee actilely 1, still hos the 
machinery for protein synthesis intact. Balance investiga- 
tions in malnourished infants reveal efficient nitrogen 
retention, and no lasting deviation in the pathways of 
nitrogen metabolism are demonstrable**. The question 
has been raised as to what extent the alterations of protein 
deficiency should be regarded as physiological adjustments 
and at what point the regulation breaks down and a 
state of disease produced. 

This brings me to the sequel# of protein malnutrition. 
One would like to know the effect of maternal protein 
deficiency on the foetus. Whether or not the moods of 
the mother are reflected in the developing embryo as 
Robert Burton, in his Anatomy of Melancholy (1621), 
would have us believe, there is a possibility that protein 
deficiency in the mother wd adversely affect the develop- 

esses in the foetus. We have no direct evi- 
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Would children who suffered from protein malnutrition 
in their early years ever reach their genetic potential 

in growth when given optimum diets afterwards ? Are 
there any irreversible changes inflicted on the organs 
due to protein malnutrition in the younger years? To 
these questions, too, there is no clear-cut answer in man. 
McCance and Widdowson* demonstrated in rats that 
the younger the animal, the more serious the nutritional 
set-back, and some permanent growth deficit resulted 
from under-nutrition in the first few weeks of life. In 
short-term investigations in man, however, there is 
apparently no limitation in growth when optimal diets 
are fed to children who have been exposed to malnutri- 
tion™. The question is also raised of arrested intel- 
lectual and behavioural development??:?5, 


Fatty Liver and Cirrhosis 


The relationship between the fatty liver of kwashiorkor 
and cirrhosis is a problem of considerable practical impor- 
tance. In recent years, opinion has swung round to the 
idea well summarized by Waterlow and Bras** in thoir 
review in 1957 thus: “On the whole, therefore, it seems 
that the case for a 'post-fatty liver cirrhosis’ which ten 
years ago was such an attractive hypothesis, cannot now 
be upheld". In the same year Dible*, in the course of a 
discussion at the Kampala Conference, talked in terms of 
driving ‘another nail’ into the coffin of the idea that “in 
man fatty infiltration in the liver is a precursor of cirrho- 
sis”. The Gillmans** with their extensive experience in 
South Africa were also of the opinion that these two 
processes were unconnected. Experimentally too, rats 
maintained on low protein diets have not developed 
fibrosis or cirrhosis even after a considerable period of 
deficiency"*, My former colleague Sriramachari in 
well-planned experiments adduced further evidence along 

lines by subjecting rats to a double injury of 
protein deficiency and repeated carbon tetrachloride 
injections. He showed that rats on low protein diets 
developed fibrosis and cirrhosis of the liver much more 
tardily than those on high protein diets and came to the 
conclusion that protein deficiency had a retarding in 
fluence on the ogee of cirrhosis under the condi 
of his e 

More recent vadis in my laboratory carried out by 
Bhuyan, Nayak and Deo has further confirmed Srira- 
machari's work. In this, rats were fed daily by tube 
measured amounts of food and the intake of calories and 
all nutrients between the low and high protein 
groups, except protein. Identical doses of carbon tetra- 
chloride were administered to both groups by oral route 
bi-weekly in order to produce a severe and rapid injury 
totheliver. Significant fibrosis and cirrhosis developed in 
rats on high protein diets at an amazingly fast rate while 
those on the low protein diet formed much less fibrous 
tissue and there was no cirrhosis even though there was 
evidence of equally extensive parenchymal damage 
(Fig. 8). 

What conclusions can we draw from this mass of 
evidence ? Are we justified in believing that fatty infiltra- 
tion of protein deficiency origin as it occurs in kwashiorkor 
does not in the long run lead to cirrhosis ? We know that 
animals maintained on diets low in choline and high in 
fat in whom prolonged fatty infiltration has been induced 
develop cirrhosis regularly. The overwhelming evidence 
for this from the pioneering investigations of Best, Hart- 
roft®* and their colleagues in Canada, György and Gold- 
blatt, and earlier of Lillie et al.” in the United States 
and of Glynn et al.*® in the United Kingdom, leaves no 
doubt at all that prolonged fatty infiltration of the liver 
in animals does lead to cirrhosis. Hartroft considers 
fatty infiltration an essential pathogenetic sion in the 
evolution of cirrhosis‘. j 

of the liver in man is of great xity. 
The etiological spectrum of liver disease is so wit 
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Fig. 8. Established cirrhosis of the liver in a rat on a high oe diet 

given repeated oral doses of carbon tetrachloride (right). The liver on the 

left is that of a rat on a low-protein diet treated identically with carbon 
tetrachloride and shows no cirrhosis 


spread and the morphological response of the liver so 
stereotyped that a number of factors either singly or in 
combination may produce an identical anatomical type 
- of cirrhosis in the end. When cirrhosis is established, 
the presence or absence of fatty change in the liver is of 
little assistance in the evaluation of nutritional factors 
in the pathogenesis of cirrhosis. The more I have looked 
at this problem the more I feel that existing evidence 
in man is too limited to enable one to take a firm stand. 
It is obvious, however, that cirrhosis, following on fatty 
infiltration, if it occurs at all, is an uncommon mode of 
evolution in kwashiorkor. MacDonald** has shown 
imentally that only livers with sufficient fat to cause 
marked distension of liver cells developed cirrhosis. 
Lesser amounts of fat even when present for long periods 
did not develop fibrosis or cirrhosis. According to this 
concept, the distended liver cells produce vascular and 
lymphatie obstruction in the liver which, over a period of 
time, leads to fibrosis and cirrhosis. 

It should be remembered that the idea that there is 
no relationship between the fatty Jiver of kwashiorkor 
and cirrhosis is based largely on a study of cases either 
dying acutely in hospitals in whom only fatty livers 
were found or on cases followed up after being treated by 
a high protein diet. It is one of the most interesting 
aspects of kwashiorkor that, once treated, relapse rate 
is low even when the patients returned to their native 
environment. 50 per cent of a series of 100 cases followed 
up by Gopalan and co-workers remained free from relapse 
in one investigation in South India and similar experience 
is forthcoming from other areas****. We really do not 
know what happens to the group of cases that neither 
die acutely nor is altered by treatment in hospitals 
but which suffers from continued protein malnutrition. 
How big this segment of the population is we do not 
know. I had the opportunity recently to investigate, 
with Prof. Thangavelu, kwashiorkor in the State of 
Kerala in south-west India, where tapioca is widely 
consumed by the poorer sections of the population and 
kwashiorkor is endemic. Prof. Thangavelu showed me 
a number of livers from children between the ages of 
8 and 14 years who had come into hospital with a history 
of previous episodes of @dema which could not be attrib- 
uted to cardiovaseular and renal eauses, and who were 
apparently in a prolonged state of kwashiorkor. At 
autopsy, I was surprised to find diffuse hepatic fibrosis 
and even cirrhosis developing on the basis of an extensively 
fatty liver. The pattern of cirrhosis is interesting and 
has in fact been described by Davies in Africa among the 
"adult kwashiorkors"?. It starts as a stellate fibrosis of 
the portal eanals. Collagen fibres are laid down in the 
early stages predominantly in a perilobular fashion link- 
ing up the terminal portal systems, in this manner pro- 
ducing what Davies called “a monolobular cirrhosis" 
but. what, strictly anatomically, is a perilobular cirrhosis. 
I believe that in view of the strong history and the lack 
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of autopsy evidence for any other pathology to account 
for the edema, the extremely fatty liver. the severe 
atrophy of other organs, this pieture has to be regarded 
as an example of cirrhosis following on prolonged 
kwashiorkor. 

I would submit that fibrosis and cirrhosis may develop 
in man, as in the rat. when the fatty change is severe and 
prolonged enough or, as Waterlow and Bras* suggest, 
when another injury is added to the liver. When the fatty 
change is most severe in the centrilobular zones as in 
the choline-deficient rat, the earliest desmoplastie reaction 
is to be found in the central parts of the hepatic lobule. 
When the fatty change is most severe in the periportal 
regions as in kwashiorkor, the reaction begins in the 
peripheral regions. It is difficult to know at this stage 
the frequency with which this sequence of events takes 
place in areas endemic for kwashiorkor. From all accounts 
it appears to be quite infrequent. Like other cells, the 
fibroblast is likely to be injured in protein deficiency and 
fibroplasia may be retarded. Furthermore, in human 
kwashiorkor, unlike experimental choline deficiency in 
the rat, a number of variables influence the course of 
protein defieieney—death in the acute phase, remission 
induced either by therapy, or by removal of the stress 
such as diarrhoea that precipitated the acute syndrome, 
ete. Opportunities for continued fatty change are 
capricious which probably accounts for the rarity of post- 
fatty liver fibrosis and cirrhosis of dietary origin. 

Medical research in the tropics is still capable of yielding 
harvests and there are many opportunities in geographical 
pathology. Harvesters, not gleaners only, are still needed. 
The clinic and the autopsy room have much to contribute 
as recent work on hepatoma, endemic goitre, athoro- 
sclerosis and endemic bladder stone disease so abun- 
dantly illustrates. 

In summary, the effects of protein malnutrition on the 
human organism provide exceptional opportunity for all 
basic sciences interested in the study of the reaction 
of the cell to an injury which develops rapidly and affects 
a wide variety of tissues at different rates. There is 
no investigative effort more directly linked to human 
welfare throughout the world. It exemplifies Bacon’s 
epistemological approach in science summarized in the 
following passage at the end of his Distributio Operis**: 
“The matter at issue is (in science) not only contemplative 
felicity; the real matter at issue is the good of man and 
his fortunes, and the whole transcendency of human 
work (and striving)". 
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* TELECOMMUNICATION IN THE PUBLIC SERVICE 


-EXPRESSING appreciation of the honour of election 
-A a8 president of the Institution of Electrical Engineers, 
Sir Albert Mumford referred, at the opening of his in- 
augural address on October 10, to the fact that he was 
| the ninth engineer-in-chief of the General Post Office to 
| hold the office. The first of his predecessors to do so was, 
‘fact, Sir William Preece, who was president in 1880. 
Before turning to the main theme of his address— 
"Communications in the Public Service of the United 
ingdom"— Sir Albert reviewed briefly the changes in 
organization of the Institution which had been 
instituted the previous year. Three Divisions, entitled 
spectively Electronics, Power, and Science and General, 
"embrace the whole of the Institution's scientific work. 
ear of experience of the new structure had demon- 
strated its value. 
Each Division comprises some ten professional groups 
_ representing degrees of specialization which should enable 
| eontaet to be maintained with advances in knowledge 
| even at the present accelerating pace. The Electronics 
_ and Power Divisions had a direct inheritance of tradition 
from the ‘sections’ which they replaced, but the Science 
cand General Division was new and it was particularly 
gratifying that, under the direction of its chairman, Dr. 
: Denis Taylor, the Division had attracted such excellent 
. support. The Division’s programme had been notable 
| forthe range of papers on subjects which previously had 
attracted little attention. 
Quoting from the presidential address of Sir George 
Lee, in 1937, a remark about the inereasing significance 

"engineering to the social and economie well-being of 
the community, Sir Albert referred to the importance of 
_ effective collaboration among the engineering institutions. 

The Engineering Institutions’ Joint Couneil, inaugurated 

in October 1962, was a powerful factor influencing the 
advancement of engineering practice and the dissemina- 
tion of knowledge in that field. 

Co-operation with the British Institution of Radio 
Engineers was exemplified by joint activities in the 
lueational, computer and medical electronics fields, and 
^was particularly pleasing that this collaboration was 
affective not only in London but also in local centres. 

The facility by means of which telephone subscribers 

establish their own calls, that is, ‘automatic switching’, is 
at present being extended to the trunk services and to 
_the international network. Since the early nineteen- 
"twenties there has been in operation in Britain a practi- 
ally continuous programme of automation of local calls, 
i joards being replaced by automatic 
exchange equipment. 

delayed by the Second World War, 
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he 9 million subseribers eon- - 
-85 per cent are at present n 


served by automatic telephones. It is expected that 
conversion of the system will be complete by 1970. . 

Subseriber trunk dialling (s.t.d.), which will ultima 
enable calls to be completed to any part. of the U 
Kingdom without the intervention of an opera 





initiated at Bristol in 1958. By March 1964, 40 per 
of telephone subscribers will have subscriber: trunk d. 
ling. and by 1970 the facility should be available on all 
telephones. Bose 
The first extension of subscriber dialling to the inter 
national network was made in March 1963, with direct 
dialling to Paris made available to some 360,000 sub- . 
scribers in the London area. According to the present. 
programme, all London telephones which are on the — 
subscriber trunk dialling system should be able to com- 
municate directly, without the aid of an operator, with | 
all large cities in France and with most exchanges in 
Belgium, the Netherlands, Switzerland and Western . 
Germany. By early 1965 the service should be available ' 
also in Birmingham, Liverpool Manchester, Edinburgh — 
and Glasgow, and extensions of the system to Denmark, _ 
Norway and Sweden are planned for about that time. _ 
International telephony involves a wide range of prob- | 
lems, many of which are operational rather than technical. . 
These matters are the concern of the international body. . 
the Comité Consultatif International Telegraphique 
et Telefonique, and the special problems associated with — 
subscriber trunk dialling throughout Europe are being . 
examined under the auspices of this committeo. Operators 
are already dialling direct to nine European countries and | 
to the United States. The completion of the trans-Pacific 
telephone cables to Australia and New Zealand should 
extend direct operator dialling to these territories by 1966. 
The service known as ‘telex’ has since 1960 utilize 
direct subscriber dialling and is available on this bas 
throughout the United Kingdom and to most European 
countries. The terminal equipment is the teleprinter as 
used in normal telegraphy. This machine, which accepts — 
its input on a keyboard like a typewriter and prints its 
output in ordinary characters, can provide a service. with | 
as of connexion equal to that of the telephone, with 
high fidelity and an absence of ambiguity. For inter- 
national communication, the system has advantages in 
that it diminishes language difficulties and, as the receiving 
station will operate unattended, it overcomes some of the 
problems of differences in local time. There are at present 
some 10,000 subscribers on the telex system in Britain. 
Calls outside Europe aro dialled by London telex operators 
and connexion is made either by radio links fitted with. 
error-correcting equipment or by long-distance rep 3 
submarine cables. ninta 
There is a growing demand, associated wit 
creasing utilization of electronic 

















































trunk calls is, at present, some 


































“and co n of information in 


digital form, A transmission rate of 50 binary digits (bits) 


; the telex network and for data 
^. transmission automatic error checking facilities are being 
«provided. Higher rates of transmission can be obtained 
ever telephone circuits, 600 bits per second on all and 
` 1,200 on quite a high proportion of telephone connexions. 
The growth of subscriber trunk dialling naturally 
implies a relative diminution in the operator-controlled 
< gorvico and, to achieve this, an adequate provision of 
"trunk circuits must be made. The rate of increase of 
trun! 15 per cent per annum, 
while with local calls the rate is only 54 per cent. These 
factors dictate a rapid rate of growth for the traffic 
capacity of the trunk network. During the past decade, 
traffic capacity has been augmented mainly by the 
inereased utilization of carrier techniques on co-axial 
cables. On main routes, 960 simultaneous conversations 
.. on one coaxial pair is a normal provision and up to 2,100 
"eonversations can be carried. 
| With the j-in. coaxial tubes normally used and an 
amplifier spacing of six miles, & frequency band in the 
region of 60 ko/s-4 Mo/s is available. Systems have also 
- been developed giving a 12-Me/s band-width which could 
- ‘he used for colour television. These, utilizing conventional 
thermionic amplifiers, require the repeater spacing to be 
reduced to three miles. The provision of suitable sites 
for repeater stations on such trunk cireuits is becoming 
increasingly difficult. 
Transistor amplifiers do, however, go a long way 
. towards removing these difficulties. Requiring only low- 
- voltage power supplies, transistor amplifiers can be housed 
^in manholes or jointing chambers, and spacings as close as 
one mile are not impracticable. The introduction of these 
highly reliable transistor amplifiers does confer a much 
greater degree of flexibility on the system. For example, 
Smaller diameter coaxial cables can be used with closer 
repeater spacing or, alternatively, the larger diameter, 
lower attenuation cables with wider spacing. Cables are 
.now in use embodying coaxial pairs 4 in. in diameter. 
|... With an amplifier spacing of 34 miles these circuits have 
an upper frequency limit of 1 Mejs. Utilizing this small 
<o. diameter coaxial cable, a system has been produced which 
“provides 300 audio circuits at a lower cost than that of 
the corresponding conventional system with a separate 
pair of wires for each conversation. This system has been 
‘applied to less-heavily loaded routes between the smaller 
_ Microwave radio link systems aro important factors in 
the expansion of the trunk network. Such systems, 


-por second is available by 

















- utilizing point-to-point radio transmission at frequencies 


. of about 2,000, 4,000 or 6,000 Mc/s, 


... 1,800 telephone conversations or provide a single channel 
for high-quality 625-line colour television. With these 


can transmit up to 


-. systems a spare microwave channel is carried, which can 


be switehed in automatically in the event of a failure, 
and is available to a number of working channels. New 
forms of aerial are under development which will be 
capable of handling simultaneously the radiation for & 
number of separate systems which will have common 
repeater points. These serials must, of course, be sited 
high enough to provide for optical paths well clear of 
buildings and natural obstacles. Towers to carry such 
aerial structures and to house the associated equipment 

‘are at present being constructed in London and Birming- 

ham. The London tower, 600 ft. high, will carry aerials 

at levels between 350 and 470 ft. above ground. 

_ Generally speaking, high-frequency carrier working has 
not offered, up to the present time, economic advantages 
over normal audio working for distances less than 30 miles. 
The bulk of the cost of the carrier system, some 80 per 
cent, lies in the terminal equipment, and this has pro- 
gressively been reduced with consequent reduction of the 
circuit length at which economic balance was reached. It 
is possible that by exploiting the “potentialities of the 


-transistor in- time-division-multiplex 
-cheapening of terminal equipment may be 
“Gould offer the possibility of economie high-frequency — 
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systems a further e 
be achieved. This. 


working over shorter distances and of increasing the - 
number of channels carried by existing physical circuits. - 

At present about one-third of all the microwave and - 
coaxial cable facilities in Britain are used for television, . 
and, following the authorization of the British Broad: 
casting Corporation's second service on the 625-line | 
standard, a rapid extension of the national television 
circuits is now under way. Twenty-four main line channels - 
with a total mileage of about 2,600 and 85 additional 
short-distance circuits constitute the first phase of this. 
development due for completion in 1966. Those will be — 
microwavoe-radio systems. Existing 405-line services will, 
in due course, be converted to 625 lines and, in all prob- 
ability, those of the circuits which at present utilize cables _ 
will be transferred to microwave radio. i 

The question of whether, for the longer distances, & : 
timo-division-multiplex system could be cheaper than thè 
established frequency division multiplex is being studied. _ 
A time-division-multiplex system requires a band-width | 
which is an order of magnitude greater than the corre- 
sponding frequency division system, and the cost of. 
this increased band-width would require to bo offset by | 
reduced eost of terminal equipment and by a diminished 
requirement for regenerators—the equivalent of repeaters 
in the frequency division system. one 

The potentialities of long-distance waveguides have: 
bean discussed in numerous scientific papers. A wave: 
guide 2 in. in diameter with repeaters spaced at about. 
20 miles, designed for frequencies centred on 150,000 Me/s. 
could provide a band-width of 1,000 Me/s in each direction 
of transmission. This would represent 250,000 speech 
circuits or 200 two-way television channels. This is 
greatly in excess of any existing demand. It is, however, 
believed, as a result of certain very tentative investiga- 
tions, that a waveguide system might become competitive: 
economically for æ route requiring 50,000 telephone 
circuits. : 

Thore is a rapidly growing demand for intercontinental: 
communication. The short-wave radio systems on which 
much intercontinental telephone traffic was initiated and 
developed cannot compete in quality and reliability of 
transmission with present-day repeatered submarine cable 
circuits. The first such cable circuit was the trans- 
Atlantic repeatered cable which went into service in 
1956. This cable system, which was of American design, 
utilizes separate unidirectional repeatered cables for each 
direction of transmission. A revolutionary development 
in cable design was in progress at the Post Office Research. 
Station during the early nineteen-fifties which resulted in 
the production of a ‘lightweight’ cable, and on this design 
present-day practice has been based. The mechanical 
strength of the conventional cable derives mainly from 
its armouring—the helix of high-tensile stool wires by 
which it is encased. In the new cable there is no protective 
armouring. Strength is provided by a central member 
composed of high-tensile stool wires. In order to eliminate 
twisting of the cable during laying, this central member, 
comprises two coaxial groups of high-tensile stoel wifes, 
these having opposite ‘lays’ and being torsionally balanced. 
A polythene outer sheath gives ample protection in deep 
water, where movement is negligible and there is no dangor 
from anchors of ships or from trawls. The new cable was 
first utilized for a second trans-Atlantic circuit linking 
Canada and the United Kingdom. This circuit, opened 
to traffic in December 1961, gives a band-width of 240 kejs 
in each direction over the one cable. 

The Commonwealth Governments agreed in 1959 tc 
extend the Canadian cable to form a ‘round the world: 
system. A Pacific cable from Vancouver to Hawaii anc 
then to Fiji, Auckland and Sydney was planned to be ready 
for service by the end of 1963 (see p. 557 of this issue ol 


Nature). The network will be extended to link Australia 
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Guinea, North Borneo and thence by two routes 
ore and Hong Kong. 

2 elephone eable network developed by the American 
im Telephone. and Telegraph Co., following the first trans- 
- Atlantic cable of 1956, includes circuits from California 
^to Hawaii, from the United States to France and, more 
z recently, between Florida and Jamaica and between New 
e Jersey and Cornwall. 

‘All these systems utilize thermionic valves in their 
|. repeaters. The reliability of transistors probably now 
| Surpassses the best that is obtainable from valves and, in 
ition, transistors offer advantages of increased band- 
ths and lower feeding voltages. On the other hand, 
ransistors are much more susceptible to damage by 
_ voltage surges. Transistorized systems are planned both 
; by the American Telephone and Telegraph Co. and by the 
v Fost Office. The first British installation will be a cable 
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linking Belgium and Britain; to be laid in 1964. 
eable will provide transmission up to 4:3 Mes. 

A new phase in the practice of communication. was 
inaugurated by the American ‘active’ satellite Telstar in 
July 1962. The Post Office experimental satellite ground 
station at Goonhilly Down has played an important part 
in these experimental transmissions. The practicability 
of satellite communication has been clearly demon- 
strated. Many technical problems, however, remain to 
be solved, economie investigations to be made and 
operational procedures devised. Exploratory discussions . 
are being held with other Governments and adminis: 
trations. There can bo little doubt that short-wave radio, 
submarine cables and satellite radio, will all have their 
part to play and will be complementary to one another 

in world-wide communication of the future. 

J. Gm 
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NEW SCIENCE SCHOOLS IN THE UNIVERSITY OF ADELAIDE 


By Pror. P. H. KARMEL 


ue Ase part of the general expansion occurring in Aus- 
"O4 X tralian universities, the University of Adelaide is 
p planning an extension of its work to a new campus, known 
5, as Bedford Park, which is situated about seven miles south 
f the existing University site (Fig. 1). Teaching and 
research will continue as at present on the existing site 
in the City, and Bedford Park will begin in 1966 with 
undergraduate and postgraduate teaching and research 
in the four Sehools of Language and Literature, Social 
ences, Physical Sciences and Biological Sciences. 
"The Bedford Park Schools and their academic staffs will 
-operate independently of the academic staff on the existing 
Site. A new structure of courses and independent sylla- 
buses will be designed. The School will be the basic 
academic and administrative unit and will replace the 
usual Australian pattern of faculties and departments. 
is system will make it possible to bring together in 
h School from the outset three or four professors in 
ognate disciplines. In this way, it is hoped to avoid 
arrow departmentalism, to encourage inter-disciplinary 
| work and to cover highly specialized or less-usual subjects 
_without creating separate departments for them. Students 
will take their degrees primarily in one School although 
_ in the ease of the science degree there will be a considerable 
amount of overlap of courses between the Schools of 
: Phyaieal and Biological Sciences. Students will be enrolled 
within a particular School, and will spend most of their 
time within the precincts of that School. It is hoped that 
| this will give them a sense of belonging to the School 
cand that close staff/student relationships will thus be 
_ facilitated. 
| A nucleus of professorial staff, representative of all 
a four. Schools, has been appointed well in advance of the 
0 beginning of. teaching to enable the professors to take an 
active part in planning the academic organization and 
* othe structure of courses, and to consult with the architects 
| on the design. of the academie buildings. The University 
(will shortly invite applications for a further eight chairs; 
and sub-professorial staff will be appointed to take up 
duty in 1965. 
* The Bedford Park Library will open in 1966 with about 

umes; the acquisition and processing of these 

advanced. 
postgraduate training for higher degrees 
le within the two scientific Schools from the 
ate teaching begins in 1966. It is in- 
r a nucleus of postgraduate and research 
m advance of-the opening of 
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Bedford Park for undergraduate teaching. Pint dooie 
fellowships will be offered as part of the developr : 
of active research schools and fellows will participate. in 
undergraduate and graduate instruction. The staff 
appointed before the new buildings at Bedford Park are 
ready for occupation will be accommodated at the existing. 
University campus, where they will be provided with 
appropriate facilities. In addition to equipping the new 
Bedford Park laboratories fully for undergraduate teach: 
ing. basie research equipment and essential modern 
instruments will be provided. Provision has already been 
made for library facilities for the Schools and the aequisi- ` 
tion of reference works and journals has begun. 
academie planning of undergraduate courses leading to | 
the degree of bachelor of science of the University of 
Adelaide will take place during 1964 and 1965. — | 

In the School of Physical Sciences, Prof. J. W. Clark: s 
Lewis has been appointed to the chair of chemistry and 
Prof. M. H. Brennan to the chair of physics. A second 
chair of chemistry (in the fields of either physical. or 
inorganic chemistry) and a chair of mathematics will be. 
included in the eight additional chairs to be advertised 
shortly. 

Prof. Clark-Lewis envisages that an undergraduate 
wishing to major in chemistry will devote one-quarter of 
his first year, two-thirds of his second year and the whole 
of his third year to the study of chemistry. For under- 
graduates not majoring in chemistry special courses at. 
both second- and third-year levels are proposed. This 
will be of particular significance since chemistry, as the 
major field of study common to students of the physical i 
and biologieal sciences, is likely to provide the main link 
between the two Schools. 

In physies the major fields of research activity during | 
the early years at Bedford Park will be plasma physios - 
and theoretical physics. These fields will be expanded 
to embrace others as further staff are appointed. Equip- 
ment is already on order to enable Prof. Brennan to initiate 
experimental studies in plasma physies early in 1964. 
A fully equipped and staffed workshop will be provided in 
1966 to support the physics research and teaching activi- 
ties. 

Prof. A. M. Clark has been appointed as professor of 
biology. He wil also be chairman of the School of 
Biological Sciences for an initial term of five years. ; 

The School of Biological Sciences will be org: 
teach and conduct research in biology as a w 
high degree of integration between the vari 
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Fig. 2. General view of the main building group looking across the aoe The buildings are, from left to right, administration, union, 

library (with services tower) and the Schools of Language and Literature and Social Sciences with a small lecture theatre in the foreground. 

The large multi-purpose lecture theatre adjoining the library services tower is concealed behind the courtyard building for the School of 
Language and Literature and Social Selences 
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Fig. 3. The science buildings looking south across the causeway. The building on the left, which encloses a courtyard, will house the Schoo 


of Physical Sciences, 


disciplines is planned as well as flexibility to allow for 

‘changes in emphasis. Groups of cognate courses will be 
developed in association with several professors and corre- 
sponding groups of sub-professorial staff. 

As the unity rather than the diversity of living organ- 
isms will be stressed, considerable emphasis will be placed 
on cellular biology, molecular biology and morphogenesis. 
‘The study of experimental morphogenesis is not well 
de loped i in Australia and it is hoped that Bedford Park 

e able to make a valuable contribution towards 
ngthening this field. The detailed organization of the 
gndergraquate courses will be undertaken when further 
embers of academic staff have been appointed, but the 
present intention is that emphasis will be placed on the 
molecular, cellular and population levels of organization. 
It is anticipated that relatively advanced equipment will 
be available for undergraduate teaching as well as for 
research. 

"v Two additional chairs of biology will be filled during 
1964 and the University hopes to appoint biologists whose 
interests fall broadly within the fields of cell biochemistry, 
cell physiology or experimental morphogenesis. 

"The Bedford Park site comprises 370 acres in the foot- 

ills of the Mount Lofty Range and about three miles from 
the sea. It is deeply dissected by a number of valleys and 
there is a difference in height of more than 300 ft. between 
the highest and lowest points. Stimulated by the difficul- 
ties of the terrain, the site planners have evolved an 


It is linked by a pair of lecture theatres to the School of Biological Sciences on the right 


imaginative development scheme which takes. full ac 
of the natural advantages which the site has to offer. 

The first stage of the site works and building programme 
which has already begun, involves an expenditure | 
£A3 million, and includes the erection of buildings 
the four academic Schools, the library, the union an he 
administration, and a hall of residence to accomm 
200 students. The buildings will be completed, furnish 
and equipped and ready for occupation by the end of 196. 

Initially, the academic buildings will form two mi 
groups each located on the crest of a ridge and separ 
by a small but steep gully. A dam is to be constructed 
the gully and the two building groups will be. b. 

a broad pedestrian causeway across the top of the di 

The gully itself will be developed and beautified as 
surrounding the water stored in the dam, The build 
have been sited and planned in such a way that once thi 
have been completed and their environs landaoapod 
will not be necessary to disrupt the completed areas 

the time comes to undertake further building a 

or site works. Figs. 2 and 3 are the architects’ impressions 
of how each group of buildings will appear when viewed : 
from the other. 

Enrolments in the four Schools in 1966 are expected to 
be about 500. Work in fields outside those covered by the 
first four Schools will be added as the need arises. It is 
envisaged that student numbers will rise to 2,000 b d. 
the early 1970's and to 5,000 by the 1980's. ; 8 
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Prof. Griffith Taylor, F.A.A. 
GarerrrH Tayor, who died at Sydney, New South 


E Walos, on November 5, was born at Walthamstow, Essex, 


on December 1, 1880, but spent his earliest years in 
His father, James Taylor, a mining engineer, 
ppointed Government metallurgist to the State 
of New South Wales in 1893. Griffith Taylor gradu- 
ated in scienco in the University of Sydney in 1904 
ok his B.E. there in 1905. In 1907 he went to 
mplete the exhaustive work he had 
he Archaeocyathinae. On his return 
10 he was appointed physiogrepher 

1 vi ice, and at once bogan th 


long series of studies in Australian geomorphology and 
climatology, which became the foundation of all his later 
work. Towards the end of 1910 he was appointed, senior 
geologist to the British Antarctic Expedition. His two 
years with Scott undoubtedly developed a capacity for 
leadership and an ability to stand alone against adversity. 
which sustained him during his long life as a professor of 
geography and an opponent of ill-founded optimism. The 
experience also brought forth one of the more important of 
his many books, With Scott—The Silver Lining (Londo: 
1915), and established him as an authority on the. go 

and geography of Antarctica. Herbertson and 

sought his collaboration for their Aust alasia 

1912). and, from that time on 1 
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the Encyclopedia Britannica, the Enciclopedia Italiana, 

“the Australian Encyclopedia and sundry others. He 

resumed his work with the Australian Weather Service 
^in 1914. He was also appointed lecturer in meteorology in 
- the Australian Flying School at Laverton, Victoria, 

: w re he became interested in the political and military 

ts of geography. 

At o end of 1920 he was appointed associate professor 

n of geography i in the University of Sydney, his department 
` being the first of its kind established in Australia. The 
"intellectual climate in which he had to work was, however, 
most trying. Several new chairs were established at 

Sydney at the time, but the provision for the staffing 

-and equipment of new departments was so inadequate 

‘that Taylor had to pay the salary of his only assistant 
himself. At a time when even the late Sir Edgeworth 

David was finding it wise to allude to the wilderness, 

=: rather than the desert, in the heart of Australia, Taylor 

was outspoken in his opposition to the belief of many 
politicians that the resources of the country were un- 
‘limited: and, at a time when the challenge to Nordic 
supremaey was under discussion in such works as Madison 
Grant's Passing of the Great Race and Spengler’s Der 
Untergang. des Abendlandes, Taylor began to express 
= unwelcome views about race and environment. 

He founded the Geographical Society of New South 
Wales. and its journal, The Australian Geographer; but, 
en Chicago offered him the opportunity of continuing 
"his work under conditions more tolerant than he knew in 
_ Sydney, he took it. Ho was senior professor of geography 
the University of Chicago from 1929 until 1935, when 
became the first professor of geography to be appointed 
Canada. He remained at the University of Toronto 
il 1951, when he retired to live for the rest of his life in 
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The Royal Society: S. G. Brown Medal and Award 


EHE Council of the Royal Society, having received a 
bequest under the Will of the late S. G. Brown, has 
-established a fund, the income from which will be used to 
offer annually an S. G. Brown Medal and Award. The 
Award will be for an outstanding contribution, based on 
work carried out during the preceding five years, to the 
ion and development of mechanical inventions. 
5 ‘ouncils of the Institutions of Civil, Mechanical and 
x ectrical Engineers have agreed to participate by rota- 
tion in the selection of a candidate for the Award, who 
"should preferably be under the age of 40. The first recom- 
mendation will be made by the Institution of Civil Engin- 
eers to the Council of the Royal Society in March 1964. 
Brown, who died in 1948 (Nature, 162, 361; 1948), was 
well known for his numerous inventions. He claimed to 
have taken out about a thousand patents, commencing 
when sixteen with a home-made phonograph. Perhaps 
his best-known invention was the gyroscopic compass, an 
instrument which was put to use during the First World 
War by both the Navy and the Air Force. Although 
born in Chieago in 1873, Brown was brought to Great 
-Britain at an early age and was educated at Harrowgate 
ge and University College, London. He was elected 
f ihe Royal Society in 1916. 














Pure Mathematics at the University of Manchester: 
Prof. M. G. Barratt 
Dr, M. G. Barratt, senior lecturer in mathematics in 
the University of Manchester, has been appointed to a 
newly established additional chair of pure mathematics at 
the University of Manchester from October 1. Dr. Barratt 


He held dnm. views ‘about the pact that x 


geography could play in national planning, and the 


War of 1939-45 convinced him that the geographer” 

could also contribute greatly to the cause of peace. "Tho . 
research student who began as an invertebrate paleon- . 

tologist became in the end an advocate of what he called. ` 
‘geopacifics’. “Too versatile to be sound”, say his critics: 
and it is, in fact, very easy to find fault with Taylor and 
his work in matters of detail. He was primarily a teacher, 
and one who preferred broad generalization to careful 
particularization; but his simplifications, if taken in the 
spirit in which they were offered, will be found to express 
what he meant in the clearest possible way. Those who 
criticize his Australian geomorphology should remember 
that he worked long before large-scale contoured maps 
were available in Australia. In fact, the first reliable 


hypsometrie map of Australia was Taylor's own, compiled ... 


after an exhaustive search through the printed sources of 
information about recorded heights. He published about 
thirty books and memoirs, several hundred papers and 
articles, numerous maps, and prepared some ingenious 
teaching devices. 
due, the most important being the Livingstone Medal of 
the American Geographical Society of New York (1923), 
the fellowship of the Australian Academy of Soeience 
(1954), and the doctorate of letters (Sydney, 1959). He 


presided over the geographical section of the British. 


Association in 1938, over the Association of American 
Geographers in 1941 and over the Institute of Australian 
Geographers at its foundation (1959). To the end of his 
life geography, to him, was essentially a field study, and 
he set out, at the age of eighty, to walk from Sydney to 
Melbourne, only to find that the road now has no place 
for pedestrians. ; 
Taylor married a sister of one of his Antarctic colleagues, 
Sir Raymond Priestley. Mrs. Taylor and two sons 
survive him. M. AUROUSSEAU 
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gained his initial education at the Stationers’ Company's 
School, London, from which he proceeded to Brasenose 
College, Oxford, as a Seholar. After obtaining a first class 
in mathematics in Moderations in 1946 and in Finals in 
1948, he continued as a graduate student and was elected 
Senior Mathematical Scholar and Johnson University 
Scholar in 1950. He was appointed in the same year to a 
junior lectureship in the University of Oxford and became 
a Fellow of Magdalen College in 1952. He became Hulme 
Lecturer in Brasenose College in 1955 and spent the year 
1956-57 in the United States as a visiting assistant pro- 
fessor at Princeton University and as a research associate 
at Chicago University. In 1959 he was appointed to his 
present post as senior lecturer in the Department of 
Mathematics in the University of Manchester. He is at 
present spending a year on leave as visiting professor in 
Chicago University. 


Education in Metallurgy 


Iw view of the growth of the many sides of the Institu- 
tion of Metallurgists’ educational work, the Council has 
appointed Mr. N. P. Atkinson as education officer. Mr. 
Atkinson was previously education and training officer at... 
Joseph Lucas (Industries), Ltd., and took up his appoint- 
ment with the Institution on February 1. 

The prime objective of the Institution of Metallurgists. - 


"is to promote, encourage, advance and co-ordinate the . 


study and science of metallurgy in all its aspects". Acting - 
in this light, the Institution has, since its foundation in _ 
1945, directed attention to education in metallurgy as i 
affects students, universities and technical colleges, indus 
try, the ‘Government ut nation. The activities of the 


He received honours far less than his |: 
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Institution m the educational field have included among 
other things the presentation of metallurgy as a subject 
of interest to schools, contacts with higher educational 
estabhshments of all kinds, with Government depart- 
ments and with industry, and the mutistion and pro- 
duction of educational publications which the Institution 
expects to issue m increasing numbers With a member- 
ship of 6,650 (almost doubled in seven years), the Institu- 
tion 1s m a position to exert a considerable mfluence on 
metallurgical education Hitherto, work m the educational 
field has been one of the duties of the Registrar-Secretary 
and hus general staff 


The Pacific Telephone Cable 


A NEW intercontmental telephone service was m- 
augurated on December 2 by the transmission from an 
inaugural ceremony m London of a recorded message 
from HM The Queen to similar ceremonies in Ottawa, 
Sydney, Wellmgton and Suva The transmission was over 
the first telephone cable to be laid across the Pacific Ocean 

Long-distance telephony by submarme cable, rendered 
practicable by the development of the submerged amplifier 
or repeater, has the great advantage over radio com- 
munication that transmussion 1s unaffected by 1iono- 
spheric conditions and thus does not suffer from fading 
and interference due to sunspots and electrical storms 
The Paerfic cable, routed from Canada to Australa via 
New Zealand, constitutes the second lnk in the Common- 
wealth telephone cable system which was initiated at the 
Commonwealth Telecommunications Conference m 1958. 
The first lnk m the cham ıs the Trans-Atlantic cable 
completed ın December 1961 The circuit traverses 
Canada by the transcontinental cham of microwave radio 
hnks and connects with the new cable at Vancouver 
The cable route 1s via Keawaula (Hawan) and Suva (Fij) 
to Auckland, New Zealand and Sydney, Austraha 

The cable embodies a type of construction recently 
developed m which mechanical strength to withstand the 
strains of laymg or recovery 1s provided by a central core 
of high tensile steel strands. The dielectric 18 polythene 
and the cable is unarmoured Its weight 1s only one-fifth 
of that of the corresponding armoured cable The route 
length 18 some 9,400 miles and there are 318 submerged 
repeaters spaced at 30-mile intervals m the deep-sea 
sections and at 20 miles in the shallow sections 

The two directions of transmission are separated on & 
frequency basis mto the bands 60-300 ke/s and 360-608 
ke/s The attenuation of the cable at 608 ke/s ıs 1 8 db 
per mile Five 48-ke/s groups are accommodated 1n each 
direction of transmission, each group being arranged to 
carry either 12 channels at 4-ko/s spaemg or 16 channels 
at 3-ke/s spacing ‘Thus a maximum of 80 telephone 
eircuits can be provided, some of which may carry fac- 
sumile or data transmissions or multichannel voice 
frequency telegraphy Alternatively, channels may be 
combined to offer facilities for programme or film trans- 
mission Telephone operators m London and m Sydney 
will be able to dial direct over the 16,000-mule circuit to 
subscribers served by automatic telephones in Austraha 
or in the Umted Kingdom. 


Post Office (Borrowing Powers) Bill 


Iw moving the second reading of the Post Office 
{Borrowing Powers) Bill in the House of Lords on January 
23, Lord Newton said that during the five years 1963-64 
to 1967-68 ıt was planned that the Post Office should 
spend more than £1,000 milhon on expansion, mprove- 
ment and research, compared with about £550 mihon in 
the preceding five years, nearly £900 million of this was 
accounted for by plans for the mland telephone service 
The purpose of the Bill was to raise the present limit of 
borrowmg powers of the Post Office from £960 milhon to 
$1,120 million, and further, by resolution of the House of 
Commons, to £1,320 million Some 90 per cent of capital 
expenditure was on telecommunications, and much higher 


NATURE 


557 


demands were anticipated here in the next few years if 
the target of a 4 per cent growth in the economy was 
achieved To meet the growth of trunk traffic, more 
cables were bemg provided, and a new microwave system, 
of which the new Post Office Tower was part, was bemg 
established, About 4,000 more circuits would be provided. 
durmg the present year, and by March 1968 about 55,000 
ciremts would be in use By then 98 per cent of sub- 
scribers would have automatic service, and by 1970 
virtually all manual exchanges would have disappeared 
It was expected that Subseriber Trunk Diallmg would be 
available to four-fifths of subscribers by 1968 ‘There 
were more than 11,000 subscribers on tho Telex service, 
and to cope with the 28,000 subseribers expected by 1970 
about 23 new Telex exchanges would be needed Tests 
with the experimental satellites Telstar II and Relay con- 
tmued and the ground station at Goonhilly had demon- 
strated the feasibility of satellite communications and 
that satellites could be used for telephone conversations, 
television communications and other forms of com- 
munication The Post Office was anticipating an opera- 
tional satellite communications system as an economic 
proposition and was participating in discussions on 
Europe's role ın a future global system Over the next 
five years ıt was mtended to spend about £120 mion 
on posts, mcluding £9 million on postal machines for 
sorting offices and £1 million on development of machines 
and research mto new techniques 


Government Support for Research 


ANSWERING a question m the House of Commons on 
January 21, the Mister for Science, Mr Q Hogg, said 
that 1,179, 1,293, 1,482, 1,610 and 1,932 postgraduate 
research scholarships had been awarded by the Depart- 
ment of Scientific and Industrial Research m 1959, 
1960, 1961, 1962 and 1963, respectively He undertook 
to bear 1n mind a suggestion to review the scale of awards 
to mature students, encouraging more to return to & 
university for a period of research m order to equip them 
for university teaching Mr Hogg also announced that 
subject to a mmimum grant-earnmg income from mdustry 
of £600,000, the new terms of prant-md for the British 
Ship Research Association for the five years from April 1, 
1963, would be 50 per cent of mdustrial income up to £1 
muon, with a further £1 for every £l from shipowners 
and ship managers, up to a maximum of £200,000 a year 
The new maximum grant of £500,000 compared with 
£200,000 under the old terms (see also Nature, 201, 450, 
1964). 


Overseas Technical Co-operation and Students from 

Commonwealth Countries 

In a written answer m the House of Commons on 
January 21, the Secretary for Technieal Co-operation, 
Mr. R Carr, gave the number of experts from the United 
Kingdom supported wholly or partly from pubhe funds 
working in developmg countries on December 31, 1962, 
as 15,696, of whom 100 were advisers (55 m industry and 
technology, 8 ın agriculture and 18 in pubhe admunistra- 
tration, ete ), of the remaming operational experts, 2,000 
were teachers, 7,153 m pubhe admiistration, 1,821 in 
agriculture, and 2,804 m mdustry and technology. The 
number of volunteers working overseas was 206 in 1962 
and 575 m 1963, and this year was expected to be 850 
On January 22 he stated that students from Common- 
wealth countries receiving trammg in the United Kingdom 
had increased from 30,880 in 1959-60 to 42,095 m 1962-63, 
of whom 7,660 and 9,462, respectively, were at technical 
colleges £800,000 had been reserved for technical 
education 1n the Colonial territories from funds provided 
under the Commonwealth Development Act, 1963 Tho 
number of Commonwealth students followmg courses of 
practical trammg m mdustry and with professional 
firms m the United Kingdom was about 5,100 m 1961-62 
and 5,400 ın 1962-03 
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In & written answer m the House of Commons on 
January 23, Mr Carr stated that smece March 1962 the 
British Council had made grants totalling £43,000 to 
assist pubhe library development projects m Northern 
Nigeria, Uganda and Zanzibar A further grant to Fiji 
was under consideration, and assistance had also been 
given to a library traming scheme at Makerere University 
College. Four scholarships and 6 bursaries for study in 
Britain had been granted to student librar:ans from the 
Gambie, Jamaica, India, Malaysia, Nyasaland, Pakistan 
(3), Sabah and Zanzibar, and 8 more had attended a 
summer school on librarianship arranged by the British 
Council m Britam m September 1962 Five United 
Kimgdom librarians had been recruited smee March 
1962 for Fin, Tanganyika (2), Northern Rhodesia and 
Nyasaland A booklet outhmng the requirements of 
United Kingdom professional bodies m engmeermg and 
building had been produced in consultation with the 
professional mstitutions concerned and was bemg dis- 
tributed overseas to college prmeipals and others 


Personality Factors in Intellectual Development 


Tue Nuffield Foundation has recently made a grant of 
£20,500 over five years to Dr Liam Hudson, of the 
Psychological Laboratory, University of Cambridge, for 
research into personality factors m intellectual develop- 
ment During the past six years, Dr Hudson has been 
collecting evidence about the differences im intelligence 
and in personality between arts and science specialists m 
the sixth forms of English boys’ schools He has found 
that young scientists show a bias of ability towards con- 
ventional tests of mtelligence, whereas the arts specialists’ 
bias 1s towards ‘open-ended’ tests having many possible 
and equally correct answers Recent American research 
suggests a connexion between ability on the latter type 
of test and origmahty in all fields, including science The 
mmpheation 1s that most potentially ongmal sixth-formers 
in English schools prefer arts to science subjects Dr 
Hudson found marked correlations between scores on the 
two types of test and particular personahty traits He 
now plans to pursue his work further, and to try to dis- 
cover more about the effects of these traits on intellectual 
development 


The British Broadcasting Corporation 


A note on “prudent management” of the British 
Broadcasting Corporation’s finances, issued as BBC 
Record, No 24 (January 1964), makes a startling footnote 
to the debate m the House of Commons on January 14 
While the Corporation’s reserves fell only from £3,159,000 
to £2,830,000 in the eight years March 31, 1954, to March 
31, 1962, and operating costs per hour rose by 40 per 
cent for home services and 47 per cent for external broad- 
casting, mcome for radio and television inereasmg by 
160 per cent, m the followmg year reserves fell by 
£2,700,000, chiefly through the gross expenditure of 
£1,850,000 (mainly capital) mcurred ın preparing for the 
second television service and other developments On 
the other hand, while a further £250,000 had to be pro- 
vided from reserves for mereased fees to artists, the rise 
m ineome 1s levelling off Television costs per hour have 
risen by 140 per cent, and the note msists that msmg 
costs and expenditure cannot be met on the basis of the 
existing licence fees 


University News ~- Aberdeen 


Dr. C Sr J. A. Nasz-Wrir1ams has been appomted 
senior lecturer ın the Department of Mathematics, M H 
Chapman has been appomted lecturer m engineermg 


London 


Sir CYR Hinsgetwoop, Nobel Laureate and past- 
president of the Royal Society, has been appointed to a 
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senior research fellowship at the Imperial College of Science 
and Technology from October 1964 on his retirement 
from the Dr Lee's chair of chemistry at the University 
of Oxford 

Dr E R. Laxhwaite, senior lecturer in the University 
of Manchester, has been appomted to the chair of heavy 
electrical engmeermg tenable at the Imperial College of 
Science and Technology from October 1 Dr F R 
Whatley, associate plant physiologist ın the University of 
California, has been appointed to the chair of botany 
tenable at King’s College from April 1 


Sheffield 


AN illustrated biochure describing briefly the Univer- 
sity of Sheffield, its history and development and the 
development plan to 1968, meludes a few figures for 
research expenditure (The Unwersity of Shefield— 
Descriptive Brochure Pp 24 Sheffield: The University, 
1963) The total revenue from research grants and con- 
tracts from Government departments, research councils, 
foundations, industry, ete , rose from £220,802 m 1960-61 
to £253,377 m 1961-62, £81,955 and £82,650, respectively, 
of this coming from the Research Councils The Univer- 
sity’s own expenditure on research 1s not stated, but the 
total postgraduate population has doubled in the past 
ten years 


Baird and Tatlock’s New Bench Centrifuge 


Iw the advertisement on the front cover of Nature of 
January 11, describmg and illustrating the new bench 
centrifuge devised by Messrs Baird and Tatlock (London), 
Ltd , the following information was madvertently omitted: 
“Catalogue No OC6/0075 BTL Bench Centrifuge Price 
£48 15s. 0d (without heads, trunnions or buckets) Please 
write for leaflet 7126/7”. The mam address of this firm 
1s‘ Baird and Tatlock (London), Ltd, Chadwell Heath, 
Essex, England 


Announcements 


Dr J. E Rrossy, lecturer m geology, Queen's College, 
Dundee, has been awarded the Clough Medal for the 
period 1963-64 by the Edinburgh Geological Society Dr 
Richey has made many mportant contributions to the 
understanding of the geology of Scotland, none more 
outstanding than his pioneer imvestigations of Tertiary 
Ring Complexes of the Brito-Aretie Province 


A CONFERENCE on “Rubber and Plastics m Road 
Transport”, arranged jomtly by the Institution of the 
Rubber Industry and the Plastics Institute, will be held 
in Oxford durmg April 7-8 Further mformation can be 
obtamed from the Secretary, the Plastics Institute, 
6 Mandeville Place, London, W 1 


Tae Silver Jubilee Conference of the Natural Rubber 
Producers’ Research Association will be held m Cambridge 
during April 7-9. Two discussion symposia will be held on 
“Ultrastructure and Metabohsm of Hevea Latex" and 
“Chemical Structure and Mechanical Properties of Vul- 
canized Rubber” Further information can be obtamed 
from Mr H Rodway, Natural Rubber Producers’ Research 
Association, 19 Buckmgham Street, London, W C 2 


A jorsT meeting of the Biochemical Society and the 
Association of Clnical Biochemusts will be held m the 
University College of South Wales and Monmouthshire 
during February 28-29 The meeting will include a cel- 
loquuum on “Carbohydrate Sulphate Esters of Animal 
Origin” and & symposium on "Glyeoprotems and Muco- 
proteins of the Body Fluids". Further mformation can 
be obtamed from the meetmgs secretary of the Bio- 
chemical Socety, Dr H R V. Arnstem, National 
Institute for Medical Research, The Ridgeway, Mill Hill, 
London, N W.7 
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UNIVERSITY OF GLASGOW 
NEW BIOCHEMISTRY BUILDING 
By Pror. J. N. DAVIDSON, F.R.S. 


Gardiner Professor of Biochemistry 


| TA ds recently it has been the custom in most 

British universities for Departments of Biochemistry 
to be housed in rather make-shift accommodation, usually 
the laboratories of some other Department which had 
moved to better quarters. With a few notable exceptions, 
buildings specifically designed for biochemistry have been 
conspicuous by their absence. Within the past few years, 
however, a few such buildings have been in course of 
construction, and one of these, the building to accom- 
modate the Department of Biochemistry of the University 
of Glasgow, has recently come into use. 

The opening ceremony was performed by Sir Rudolph 
Peters on January 6. He recalled that Glasgow was one 
of the first universities in the United Kingdom to engage 
in the teaching of biochemistry as the result of the founda- 
tion of the Grieve Lectureship in Physiological Chemistry 
which was endowed by the bequest of Dr. John Grieve in 
1905. The first incumbent was E. P. Cathcart, who had 
studied with Voit, Liebig’s most illustrious pupil. 
Catheart later became the first occupant of the Gardiner 
chair of physiological chemistry when it was founded in 
1919 and endowed by William Guthrie Gardiner and Sir 
Frederick Crombie Gardiner, shipowners in Glasgow. An 
honours course was established as early as 1921 and for 
many years the subject was taught in the Institute of 
Physiology, but in 1948 the Department became avtono- 
mous and its name was changed from physiological 
chemistry to biochemistry by a decision of the University 
Court. In 1958 the title of the chair was amended by 
substitution of biochemistry for physiological chemistry 
in accordance with the provisions of a new ordinance. The 

ent, however, continued to be accommodated in 
the West Medical Building of the University. The con- 
struction of a new building to house the Biochemistry 
Department began in 1960 and was completed in 1963. 
The architects were Messrs. Keppie, Henderson and Part- 
ners of Glasgow. 

The new building is situated on the south-west front of 
the University overlooking Kelvingrove Park. It is con- 





structed on three main floors with an additional basement 
floor at the east end. The building is steel framed with 
in situ hollow-ribbed conerete floors. Externally, it is 
clad with a light-weight timber ‘curtain wall’ fixed to 
vertical steel T sections on a 5-ft. module. There are no 
opening windows since the building is air-conditioned, A 
certain amount of brick, stone and pre-cast facing material 
has also been used; the area of stone facing has been 
limited by considerations of cost mainly to the service 
tower at the east end of the building. Fire-proofing of 
the structure has been achieved by the use of a continuous 
patent tile suspended ceiling and a fire-proof sheet cladding 
to the steel columns. The light timber partitions are 
constructed of a basic timber framing clad each side with 
plaster-board and finished with V-jointed hardboard 
panels. These partitions, which extend to the under side 
of the suspended ceiling, are held rigid on top by means of 
metal brackets fixed to the underside of the concrete floor, 
thereby leaving the spaee above the ceiling free from 
obstruetion for the horizontal distribution of service 
elements. Floors in the laboratory areas are finished with 
hardwood fixed to timber bearers, and in all other areas a 
vinyl sheet covering has been used. 

The centre corridors in the main laboratory wing have 
flush plywood wall finishings behind which are housed the 
main vertically rising ducts for services and ventilation 
ducting. Recessed locker units have been fitted in the 
areas not required by service ducts. Ceilings in the 
corridors are low and demountable, the space above them 
being used for the main horizontal service runs. 

All laboratory benches and fittings have been specifically 
designed for the job and are constructed on a unit principle. 
Bench and duct framing is demountable and all cupboard 
and drawer units are inte le. 

Services are carried so far as possible on the service rack 
principle in order to achieve maximum flexibility and 
accessibility. Except in the large teaching laboratories 
which have island benches, they do not emerge through 
the floor but run horizontally along the outer walls of 
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Fig.'l. The new biochemistry building, {University of Glasgow 


the pailding an | branch db arde along the peni 
benches. ae 


The: front door and entrance hall are located on the” 


middle floor of the three main floors of the building. A 

central corridor lined with built-in coat lockers runs west- 

ward from the main east staircase to the smaller staircase 

zat the west end. On the south side of the corridor is the 

large elementary teaching laboratory with associated 

^; preparation room. On the north side are students’ locker 

< rooms and lavatories, a photographie suite, tutorial and 

"balance rooms, the main stores and the goods entrance 
with unloading bay. 

The south-west corner of the upper floor houses the 
library. Next to it is the departmental office and beyond 
that the professors room and laboratory. This floor 
contains a number of rooms for research and postgraduate 
instruction, including those for macromolecular bio- 
de chemistry and molecular biology, cellular biochemistry 
and the radiochemical laboratory. A cold room, a centri- 
; fuge bay and a staff common room are also on this floor. 
Above it, at the east end, is the tower which contains 
ventilation machinery, lift machinery and a large water 
< deionizer. The upper level of the tower houses large 

: water storage tanks. 

^'On the south side of the lower floor are the advanced 
laboratory and the honours laboratory separated by a 
common preparation room and instrument room. This 
floor also houses various groups of rooms for research and 
portgraduate instruction, including those for nutritional 

jochemistry, plant biochemistry, microbiological bio- 
:'ehemistry and veterinary biochemistry, and at the east 

end, roughly underneath the front hall, are a large cold 
room with inner freezing compartment, an autoclave 
oom, incubator rooms and a centrifuge bay. 
the west end of this floor a bridge communicates with 


























is the lecture theatre with retiring rooms and cloak 





n The basement floor is confined to the east end of the 

building. It contains a large chromatography room, an 

.,eleetrophoresis room, a Kjeldahl room, an isotope assay 

room, a mechanical workshop, an electronic workshop, a 
large-scale preparation room, a glass wash-up room and a 
shower bath. 





T animal house in an adjacent building. On this floor . 








dar Department hine heavy y teaoliing 

the Faculty of Medicine and in the Faculty of Science. 
and is believed to be the largest in Britain in terms of- 
student numbers. Instruction is given each year to some 


800 students made up approximately as follows: 


reponsibilitie i m 


Postgraduate research students 25 

Postgraduate students attending lecture courses only (Ed. B., D.P.H., io 
Final honours science students : 15 
Advanced science students 40 
Elementary science students 90 
Medieai students (2nd year) 170 
Medical students (4th year) 170. 
Dental students 55- 
Veterinary students (2nd year) 50 
Veterinary students (8rd year) 50 
Pharmacy students 90 


On the research side, the Department concerns itself 
with several different aspects of biochemistry. One topic 
which has been under active investigation for more than 
15 years is the study of the components of the mammalian 
cell, particularly the nucleic acids (RNA and DNA), their 
distribution and biosynthesis, and the part they play in 
the economy of the cell. For this purpose both normal and 
cancer cells are used as well as cells infected with viruses, 
For certain purposes it is desirable to study pure strains: 
of mammalian cells, and a special unit has been set up for. 
the large-scale production and examination of cells in 
eulture. The chemical changes associated with cell growth 
and division are the subject of extensive investigation. 

Biochemistry has an important bearing on the subject 
of human and animal nutrition, and that aspect of 
nutrition which is under special examination in the 
Department deals with protein metabolism, structure and 
biosynthesis. 

In the investigation of plant biochemistry special 
attention is being directed to nitrogen fixation and amino- 
acid metabolism. The investigation of the chemical. 
processes in micro-organisms includes an examination of: 
the mode of action of antibiotics and of the way in which 
new enzymes are formed in bacterial cells. 

Work on the biochemistry of the domestic animals in 
health and disease is undertaken in association with the ` 
veterinary departments of the University. Among the 
investigations in progress is a comparative study of 
immunological response in the horse, cow, sheep, pig, dog 
and cat. 


THE CARNEGIE INSTITUTION OF WASHINGTON 







EAR BOOK No. 62 of the Carnegie Institution of 
f Washington *, covering the year ended June 30, 1963, 
. aneludes the report of the President, reports of the depart- 
* ments and special studies, with bibliographies of pub- 
_ lieations during the year, and the auditors’ report. 
CO In his review of the year, the President refers particu- 
- larly to the work of the Institution on the structure and 
gontent of the cosmos, on the origin, evolution and 
comparative physiology of life forms, the characteristics 
of natural systems and on the particulate character of 
energy and matter to illustrate the extent to which the 
Institution is concerned with four of the overriding prob- 
lems. of to-day. At the Mount Wilson and Palomar 
~ Observatories the advances achieved during the year 
‘include the discovery of a galaxy, 30273, radiating about 
100 times as much energy as the Milky Way Galaxy, as 
well as another powerful radiating galaxy, 3048, which 
may be the second most distant galaxy observed optically 
so far. Evidence was obtained that gigantic explosions 
occurring in such galaxies may be the source of the 
intense radiation, and the age of the Milky Way Galaxy 












* Carnegie Institution of Washington. Year Book 62, 1962-1963. Pp. 
xi+ 551413 plates. (Washington, D,C.: Carnegie Institution of Washing- 
ton, 1968.) See also p. 533 of this issue of Nature; 





is now estimated as being about 12 billion years. Much new 
information has also been obtained about the circulation. 
of the atmosphere on Venus, and the amount of water 
vapour in the atmosphere of Mars has been measured 
with high accuracy. Since this is about one two-hundredth 
of the amount of water in the air over desert areas like 
the Sahara, and about one-fourth of that in the antarctic 
atmosphere, it is thought that the existence of life on 
Mars in any form resembling that on the Earth is 
unlikely. 

Investigations in the Geophysieal Laboratory have 
thrown new light on the origin of petroleum. Slow decom. 
position, by mild heating, of kerogen—an insoluble bitu- 
minous substance resulting from the slow decay of plant. 
and vegetable material, which is widely distributed in 
rocks and clays—yields saturated straight-chain hydro- 
carbons of a type abundant in natural petroleum. The: 
yields of hydrocarbons from organic materials in the 
older rocks differ from those obtained from the kerogens | 
of recent formations, and it is believed that the original - 
composition of organic matter in the older rocks differed _ 
significantly from that in later formations. The major 
effort of the Laboratory in geochronology continued to be : 
evaluation of the reliability of mineral ages. E 
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The Department of Terrestrial Magnetism contmued 
its laboratory synthesis of minerals to obtain further 
understanding of the composition and structure of the 
Earth Measurements, in collaboration with the University 
of Wisconsin, on the North Carolina oceanic shelf, of the 
aruval velocities of Earth waves produced by specially 
set explosions, using new recoiding-array procedures, 
indicated that m that area the Earth's crust 1s at a depth 
of about 22 miles The investigations also pomt to the 
probabihty that the rocks m the lower part of the Earth's 
crust are a continuously changmg mixture m which the 
importance of the rron—magnestum minerals in chemical 
composition increases with depth In the same Depart- 
ment the Biophysics Group developed the use of single- 
stianded deoxyribonucleic acid. as an adsorption column to 
select closely related genetic units from another organism 
on complementary ribonucleic acid oi deoxyribonucleic 
acid Through this deoxyribonucleic acid—agar technique. 
significant interrelations have been traced among several 
varieties of bacteria and also between bacteria and 
associated viruses (bacteriophages) Prelummary experi- 
ments have also shown significant homology, or relation, 
between deoxyribonucleic acid from human tissues and 
fiom the tissues of annals, and the Group beheves that 
these results imply the existence of some common genetic 
maternal that has been conserved durmg the course of 
vertebrate evolution, meludmg some genetic homology 
extending from man to fishes It ıs believed that the 
sensitivity of the method can be increased sufficiently to 
provide new evidence on the most probable lme of 
evolution of the vertebrates from the mvertebrates The 
Department also supports the work of the Carnegie Com- 
mittee on Image Tubes for Telescopes, which this year 
has surmounted previous difficulties with resolving power 
and uniformity of phosphor screens The Committee 1s 
able to recommend the purchase of 30-80 image tubes of two 
o1 three types which wil give an advantage of a factor 
of 10 or moie over the direct use of photographie emulsions 

The Department of Plant Biology continued to be 
concerned mainly with the functional relations and the 
chemical nature of the vanous plant pigments that 
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absorb hght to supply energy for the various 1eactions 
Measurements of the 1ate of photosynthesis were made with 
short hght flashes of colours chosen to activate specific 
pigment systems of algae and a clear separation of the 
functions of several forms of chlorophyll a was also 
achieved Analysis of accumulated data from long-term 
genetic and transplant experiments on Achilla and 
Mimutus with the help of an electronic computer indicated 
that the principle of genetic coherence which emerged from 
earlier work on Potentilla 1s a general one Biochemical 
investigations have been started on the key clones of 
Mimulus cardinalis An experimental instrument was 
constructed using an optical range-finder for plane-table 
mapping m such a way that a pomt observed through the 
range-finder telescope is automatically located on the 
map by an mdex maiker, while the elevation of this 
pomt simultaneously appears on a dial and the mstru- 
ment does all the calculating and plottmg 

The Department of Embryology reports substantial 
progress in a large-scale investigation of the metabolism 
of the early chick embryo A substantial part was com- 
pleted of a comprehensive mvestigation of the normal 
and abnormal development of the human heart m relation 
to corrected transpiration of the gieat vessels In develop- 
mental biology the report records observations on Droso- 
phia, the embryos of the frog, monkey and man, on 
tumour viruses and interferon, and on rabbits and 
thahdomude, using techniques of enzymology, ymmunology 
and X-ray cmematography The Genetics Research Unit 
reports on the work on some idiosyncrasies of phage 
deoxyribonucleic acid structures, on some further mvesti- 
gations of gene-control systems m maize, and on the 
preparation of Z protem from ribonuclease and the 
properties of Z protem A report from the Cytogenetics 
Laboratory reviews work on chromosome structure and 
function, mcluding the progress of spermatogenesis m 
Drosophila, the histone transition dwimg Drosophila 
spermiogenesis, and investigations of the mucrosporo- 
genesis in Tradescantia paludosa, as well as on the 
incorporation of 3H-thymudime in bonds of the great 
chromosomes of the Drosophila salivary glands 


INTERNATIONAL INDIAN OCEAN EXPEDITION 


HE Royal Society has issued a prelmmary cruise 

report on the first part of the contribution made by 
the new R.RS Drscovery to the International Indian 
Ocean Expedition*, in which the ships of many nations 
aie making systematic investigations of special problems 
and areas as well as general surveys The Dvrscovery’s 
first task was to delimit the a1e2 of upwelling off the South 
Arabian. coast during the pernod of the south-westerly 
monsoon, and to investigate its mechanism, and the ensu- 
ing cycle of chemical and biological changes The current 
measurements showed that the predominantly offshore 
movement ai the surface and inshore movement at depths 
of 100-200 m could be balanced by a vertical movement of 
about 4 m a day near the coast, and this agreed fairly well 
with the measurements of radiation falling on the surface 
and of the mse in temperature away from the coast 
When the density and pressure distributions are cal- 
culated from the hydrogiaphie observations a more 
complete pietuie will be obtained The closely spaced 
observations show great complexity m detail Antarctic 
intermediate water was traced into the Gulf of Aden, 
where there 1s a ‘reference station’ at which all ships 
wil try to make observations Deep water from the 
Persian Gulf was detected all along the continental slope 


* International Indian Ocean Expedition RRS Discovery Cruse 1 
South-east Arabian Upuelling Region Pp 21-15 Figs {London The 
Royal Society, 1963,) 


of Arabia, and current measurements in it, at 200 m and 
below, showed a predominantly south-westeily movement 
contrary to the prevailing trend of the surface flow along 
the coast Deep wate: from the Red Sea was very obvious 
in the Gulf of Aden, but not near the Arabian coast It 
appears to take a more southerly direction as will, no 
doubt, be shown by the observations of other ships 

The richest phytoplankton was found near the coast, 
particularly between the surface and 20 m Beyond 
about 20-30 mules from the coast 16 was somewhat less 
and the level of maximum abundance was deeper The 
greatest concentration, 64 x 10? cells/l, occured near 
the coast at Ras Fartak, and 200 mules offshore surface 
concentrations were about 35 x 10? cells/l Rates of 
growth and photosynthesis were measured The highest 
concentrations of zooplankton occurred at stations on the 
continental shelf, but the total amount m the 0—100-m 
water column was greatest in deep water just off the edge 
of the shelf 15-min hauls with a net made to skim the 
surface and sample the upper 10 cm of water abeam of the 
Ship took substantial numbers of larvæ smmiar to the 
published deseiiptions of tuna larvse, many post-laival 
Carangud fish, and flymg fish (In the Mediterranean 
Sea the catches were spoilt by floating oil} Benthic 
sampling, done with a grab, was designed specially 
to mvestigate the ecology of the very small forms, but 
the samples also give evidence of fauly meh popula- 
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tions of Crustaceans and Polychaetes at depths of 600- 
1,000 m 

The period of mvestigation was at the height of the 
south-westerly monsoon, too early to mvestigate the 
after-effects of the very high productivity There was no 
hydrogen sulphide ın the oxygen-mimmum layer, and 
anaerobic bacteria were present at one mshore station 
only and not obviously related to the oxygen-mumumum 
layer. The aerobic heterotrophic bacteria were reasonably 
well correlated with the abundance of zooplankton A 
defimte dimmution m bacterial numbers was observed 
with increasmg depth at all stations off the contmental 
shelf, but not in mshore waters 

Routine analyses were made for the principal nutrients 
and special analyses were made for ammonium and 
albuminoid nitrogen, trace metals, dissolved organic 
substances and particulate mtrogen, phosphorus and 
carbon There was a remarkably constant phosphorus- 
nitrogen ratio in the deep layers 

The ship earmed special echo-sounding and ranging 
equipment with frequencies of 10, 36 and 54 ke/s, and 
different pulse-lengths and beam angles, to experiment 
with acoustic methods of mvestigatmg the distribution of 
plankton and fish Almost continuous records have been 
obtamed but not yet examined They melude evidence 
of large fish shoals 
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A comprehensive ornithological programme was carried 
out, and when the observations are brought together with 
the other biological data they are likely to tell us much 
about the ecological factors which affect the distribution 
of the sea-birds in this area 

Four Royal Society John Murray students were carried 
m the ship and altogether representatives of mne labora- 
tores as well as of the Hydrographıc Department, 
Admiralty When the ship returned to Aden on August 
20, most of the scientific staff changed over, ten scientists 
from the Department of Geodesy and Geophysics, Cam- 
bridge, and three from the National Institute of Oceano- 
graphy replacing those who left Two of the biologists 
went to Zanzibar and one to Cochm, and two chemists 
and the ornithologist remained on board the ship The 
next part of the work, a detailed topographical, geological, 
seismic and magnetic mvestigation of the Carlsberg Ridge 
and the western basin between the African coast and the 
Seychelles Bank, will be the subject of a second cruise 
report By the time the D»scovery returned to Plymouth 
on December 4 she had spent 163 days at sea with 
only 24 m port, a great deal of the work had been done 
and she had steamed 28,000 miles The fact that this was 
possible ıs due particularly to Captam C Alexander and 
the chief engmeer, Mr T Humphrey 

G E R DEACON 


THE BRITISH COUNCIL 


ESIDES the customary review of the year, the annual 
report of the British Council for 1962-63 * includes 
an article by John Press on ‘Patterns of Interchange", 
which explams just how the British Council functions m 
this field both in organizing the outward flow, assisting 
visitors to Britam, meluding overseas students, and 
finally, the way ın which English serves as the medium 
of exchange Although less than 500 persons are involved 
in the Council’s work m supplying experts on overseas 
visits as advisers and lecturers, then importance in the 
pattern of interchange 1s disproportionate to ther num- 
bers In science and technology the total has grown from 
17 1n 1952-53 to 99 m 1962-63, in medicme from 14 to 
95, ın education from 8 to 106, 1n social science from 4 
to 32, and m arts and humanities fiom 27 to 102 In 
the same period the number of visitors to Britain assisted. 
by the Council has grown from 3,703 to 8,315, and the 
proportion financed by the Council from 17 per cent to 
99 per cent Nearly 1,400 of the 1962-63 total were pro- 
fessional men and women who came to Britain on the 
recommendation of the Council's representatives abroad, 
and 400 of them came to investigate some aspect of British 
education, the interests of the remamder being divided 
among science, technology, social science, medicine, the 
arts and humanities 
Mr Press describes clearly just how the Council's effort 
is organized and spread out over Britain At the same 
time, the number of Fellows, scholars, trainees, etc , 
financed under technical assistance and other schemes 
which the Council helps to sdmunister m Britam has 
grown from 662 in 1952—53 to 3,120 m 1962-63; the great 
bulk of these are now Commonwealth Fellows, scholars 
and bursars, United Nations Fellows, traimees, etc , or 
Colombo Plan trainees Overseas students m Britain have 
mcereased from 14,977 ın 1952-58 to 64,319 ın 1962-63, 
of whom 13,919 are university students, 9,576 were met 
and given arrival services by the Council (3,759 in. 1952), 
while 9,618 were assisted to find permanent accommoda- 
tion (352 m Council residences, 1,217 m other residences, 
and 8,049 in lodgings) Most of the £3 millon admunis- 
tered for the Government by the Council on welfare 


* The British Council Annual Report 1962-1963 
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services for overseas students 1s bemg spent on providing 
5,000 new places in hostels run by voluntary bodies, but 
some ıs spent ın ımprovmg amenities at the Council’s 
own centres im London 

Recerpts from earmngs end donations brought the 
Council’s income for tho year to £8,039,000, of which 
Government grants amounted to £7,466,000, and the 
gross budget for 1963-64 1s £9 26 milhon A starb was 
made with the Aid to Commonwealth Enghsh Scheme, 
under which 30 additional British experts are bemg 
recruited to the Council’s permanent staff over the years 
1962-64, after trammg, they will become trainers of 
local teachers of English overseas and advisers to Common- 
wealth Governments on English teachmg methods. The 
Council's English teaching work m. Africa has also been. 
greatly strengthened and 1ts English-Teachmg Information 
Centre in State House, London, W Cl, 1s now well 
established Under the pilot scheme run by Voluntary 
Service Overseas ın 1962, the Council helped 36 graduates 
to teach m schools and universities im Africa and the 
number for 1963-64 ıs being increased to 250. 

Under the Council's Scholarship Scheme, since 1937, 
more than 5,000 people, mostly postgraduates, have held 
scholarships, and m the past ten years 29 have become 
university professors The Bridges Committee on Trainmg 
m Pubhe Admuustration for Overseas Countries recom- 
mended that the Council and the Department of Technical 
Co-operation should jomtly provide staff for a umi to 
co-ordmate tramung arrangements in this field, this umt 
has already begun work Three years of steady develop- 
ment m the flow of British books and periodicals overseas 
wore followed by a temporary check m 1962-63 through 
the Government’s decision to reduce overseas expenditure, 
and some proposals for developmg public library systems 
in developmg Commonwealth countries had to be post- 
poned, but smce 1958-59 the number of Council libraries 
has increased from 99 to 139 and annual issues from them 
have doubled to 35 million Nearly 100,000 volumes 
were presented to schools and urtversities and similar 
institutions in 1962-63 (18,000 ın 1958-59) 

While hitherto most of the Council's scientific work has 
been directed at the graduate or semor postgraduate, 
more assistance 1s now being given to scientific education 
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in schools, particularly in West Africa Of the 8,315 
overseas visitors ın Britam in 1962-63 assisted by the 
Council, 1,971 were ın science and technology, 1,260 in 
medicine, 1,399 m social science and 2,404 m education 
Under the Commonwealth Scheme for university mter- 
change, 73 awards were made to meet the cost of travel 
during 1962-63— 41 bemg to unrversity teachers on study 
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leave, 11 to distanguished scholars mvited by univeraities 
for short visits, and 21 to postgraduate university research 
workers holding research grants Under the Foreign 
Scheme, 117 short visits by senior members of untversiby 
staff were arranged, 2 longer visits by guest professors 
and lecturers from Britam to Germany and 79 visits for 
younger research workers 


THE COMMONWEALTH SCHOLARSHIP AND FELLOWSHIP PLAN 


HE third annual report of the Commonwealth 
Scholarship and Fellowship Plan* includes for the 
first time in the appendixes a special section of Common- 
wealth vistmg fellowships and other senior awards under 
the Plan Five visiting fellowships, two m Bnitam, two 
m Canada and one m India, were taken up during the 
year, and two Prestige fellowships, one m India and one 
in Australia Jt 1s now expected that the total of 1,000 
awards at any one time anticipated at the Commonwealth 
Education Conference at Oxford m July 1959 will be 
reached about the time the third Commonwealth Educa- 
tion Conference meets at Ottawa 1n August 1964, although 
more than 1,000 awards were made withun a few months 
of the Oxford Conference 
Durmg the year, including the seven fellowship awards 
already noted, 820 Commonwealth scholars held awards, 
as counted in the first terms of the awarding countries’ 
academic year, compared with 729 m the previous year, 
when the total was compiled on a different bass A 
significantly smaller proportion of awards was held at 
the undergraduate-level and there was a considerable 
proportionate increase in awards for higher degrees In 
Britain, 467 Commonwealth scholars held awards at 
universities and colleges in the first term of the academic 
year 1962-63, and of these, 183 took up their awards in 
October Extensions of tenure of scholarships were 
granted to 165 scholars, mcluding 138 for studies extendmg 
into a third year, and the Commonwealth Scholarships 
(Amendment) Act which became law on February 28, 
1963, by removmg the mgid limit of 500 awards at any 


* Third Annual Report of the Commonwealth Scholarship and Fellowship 
Plan for the period ending 31 March, 1963 Prepared by the Association of 
Commonwealth Universities for the Commonwealth Education Liaison 
Committee Pp 70 (London HMSO,1963) 5s 


one time, enables the Commission to make fulle use of 
the funds at its disposal Of the 142 scholars whose awards 
have come to an end since the beginning of the scheme, 41 
have quahfied for doctorates, 32 for master’s degrees, 25 
for postgraduate diplomas, 15 for first degrees and 11 for 
higher medical qualifications About half these scholars 
have taken up academic posts on return to ther own 
countries, and about 51 of the others have been granted 
permission to defer return home for a named period, with 
the approval of the nominating agency 

The report expresses warm appreciation of the work of 
the Working Party set up by the Committee to con- 
sider the day-to-day operation of the Plan, but the report 
does not consider justified the criticisms levelled at the 
Plan by many of the developing countries at the second 
Commonwealth Education Conference at New Delhi on 
the grounds that awards for undergraduates are not 
available Few nominations have, m fact, been 1ecerved 
m Britam from overseas countries for such awards, but 
more such nominations are expected in 1964 in view of 
awards for technical education bemg made by Pakistan 
and Ceylon Some countries expressed concern at New 
Delhi and in the last annual report lest extension of 
tenure of beyond two years to enable scholars to complete 
research for a doctorate should decrease the number of 
new awards available each year In Britain the amended 
Act meets this situation, and other countries which have 
not yet reached them target number of awards may 
balance extensions against awards given for only one 
year. However, no clear solution 1s seen in the report to 
the recurrmg problem of ensuring that scholars fulfil ther 
undertaking to return to their own country on completing 
the tenure of ther scholarsmps Any enforcement can 
only rest with the nominating country 


ELECTROPHORESIS 


SYMPOSIUM on “Electrophoresis” was held in the 
Bacteriology Department, Anderson College, Univer- 
sity of Glasgow, on December 12, 1963 This was the third 
meeting in a series of informal symposia organized by the 
Department of Scientific and Industrial Research as part 
of their Scottish Research Laboratories Mutual Assistance 
Scheme The meeting was attended by some 120 dele- 
gates from all parts of Scotland 
The chairman, Prof R G White (Bacteriology Depart- 
ment, University of Glasgow), opened the proceedings 
and gave a short talk on ‘“Immunocelectrophoresis”, using 
recent work to illustrate the differences m antisera pro- 
duced by the mjection of different types of preparations 
of similar antigens Prof White emphasized the mpor- 
tance of recognizing these differences when antisera were 
bemg used as analytical reagents 
Dr. J B Norris (Bacteriology Department, University 
of Glasgow) deseribed work m progress on the antigeme 
and enzymatic composition of Bacillus cereus cells and 
the changes which occur at sporulation in this bacterium 
Particular attention was directed to the use of polyacryl- 


amide gol electrophoresis, and Dr Norris discussed some 
of the characteristics of this medium when used for sheet- 
gel electrophoresis A method had been developed for 
combining polyacrylamide electrophoresis with antigen— 
antibody diffusion analysis in agar The resulting discus- 
sion ranged over various aspects of the handhng of the 
gel and the comparison of agar, starch and polyacrylamide 
as bases for electrophoresis 

High-voltage electrophoresis was discussed by Dr G. 
Leaf (Biochemistry Department, University of Glasgow), 
who related a theoretical treatment to the characteristics 
of the technique encountered in practice Discussion 
centred on the advantages of high-voltage electrophoresis 
over other techniques, such as thin-layer chromatography, 
on voltage-levels suitable for use im various media and 
gels and on factors mfluenemg diffusion of components 
during separation 

Dr W Manson (Hannah Dairy Research Institute) 
described the elegant system which he operated for density 
gradient electrophoresis usmg separation in a sucrose 
gradient to fractionate easem preparations. Dr Manson 
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demonstrated the equipment which he used and presented 
1esults which emphasized the value of the method for 
preparative purposes In discussion 1b was pointed out that 
the method allowed of considerable variation m conditions 
Urea, for example, could be incorporated ın the system 
Dr B L Cohen (Genetics Department, University of 
Glasgow) discussed two-dimensional separation tech- 
niques and described a method in which paper electro- 
phoresis m one direction 18 followed by chromatographic 
separation at right angles Dr Cohen’s apparatus was 
more simple than that usually used for this purpose and 
gave excellent separation at relatively low-voltage gradi- 
ents The method was bemg used for 'finger-printang' 
of albumm Discussion was wide-ranging covering the 
use of two-dimensional methods for peptide separation, 
difficulties m sample elution from various paper supports, 
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the use of glass fibre papers and the characteristics of 
separation 1n paper as opposed to other media 

Column electrophoresis was described by Dr A. Fleck 
(Biochemistry Department, University of Glasgow) 
The merits of this technique for preparative work were 
the subject of much discussion, several delegates comment- 
mg on the factors involved in loss of resolution durmg 
elution Dr Loenmg (Botany Department, University 
of Edinburgh) described, m this connexion, 4 method 
which he had developed for withdrawing samples con- 
tmuously from polyacrylamide columns through a hypo- 
dermic needle 

Demonstrations of two-dimensional electa ophoresis, 1m- 
munoelectrophoresis, starch-gel and polyacrylamide-gel 
electrophoresis were supplied by Dr B L Cohen and 
Dr J R Norris i J R NORRIS 


ARCHÆOLOGY IN SARAWAK 


HE work of Tom Harıısson, curator of the Sarawak 
Museum, has not obtamed as much publicity as ıt 
should The excavations 1n the great cave at Niah, Borneo, 
are of 1eal importance, and cultures from the Iron Age 
back to the Middle Paleolithic have been discovered * 
Moreover, Niah 1s not the only site m that part of the 
world, and Harrisson has examined a number of others, 
moludmg one where rock-wall paintings occur These 
may not be of any vast antiquity but are none the less 
of considerable interest 
In Borneo the transition from the stone age to that of 
metal can still be studied — Harrisson himself duimg the 
Japanese War landed by parachute among the Kelabits 
far m the mterior These people were culturally still at 
the end of the stone age, using stone hammers and anvils 
such as aro used to-day m Central New Guinea In their 
folklore there ıs a story of a miracle transformation when 
suddenly a man appeared with the first ron. tool and was 
able to multiply enormously his agriculture ın one splendid 
day One can recall folklore tales m Western Europe 
which date to events as long ago as the Copper Age, but 
this Borneo example ıs of particular interest and must 
1efer to the first mtroduction of iron mto the distiict as 
the result of trade When the late Baron von Hugel first 
visited Fiji he found in the interior a man. making stone 


* 100,000 Yeais of Stone Age Culture in Borneo , paper by Tom Harrisson, 
^ i O, OBE , read to the Commonwealth Section of the Royal Society of 
rts 


tools, when he returned a year or two later the man was 
dead and in his place was a blacksmith ' 

Harrisson claims that ymmediately prio to the Chalco- 
lithic and Neolthie levels there 1s one contamung a 
Mesolithic industry and still earlier others containing 
Upper Paleohthic tools The use of such words as 
paleolithic—even upper paleohthic—is, of course, night 
and proper But any further attempt to compare these 
distant cultures with those of Western Europe i$ to be 
deplored at our present stage of knowledge Harrisson 
does not fall into this trap So often has the word 
Mousterian been applied to various fai-flung cultures 
that ıt has lost 1ts meanmg If necessary 2 local suc- 
cession with local names should be built up, later, when 
connexions, if any, have been demonstrated with other 
known cultures these could be dropped 

At Niah m one of the deeper Upper Paleolithic levels a 
young Homo saprens boy was unearthed Harrisson claims 
that a carbon-14 date of 38,000 s c has been obtained 
One must hope such an early date for Homo sapiens in 
that particular area will be duly checked and further 
finds made Borneo to-day has a rich and varying culture, 
and clearly ıt also has a most interesting past stretching 
back to Middle Stone Age times The Sarawak Museum 
ıs fortunate in having such an energetic and active 
curator, and Harrisson 18 to be congratulated on what he 
has already accomplished M C BunxrirT 


SPREAD-F IN THE IONOSPHERE AND THE NEUTRAL PARTICLE DENSITY 
OF THE UPPER ATMOSPHERE 
By Dk G G BOWMAN: 


Department of Physics, University of Queensland, Brisbane 


AN mvestigation of the variation m the occurrence 
of Spread-F throughout the year at mid-latitude 
stations (both northern and southern hemispheres) sug- 
gests that the variation 1s related to the position of the 
Earth ın its orbrt around the Sun Ths relationship 
becomes apparent after allowance 1s made for a seasonal 
effect which results from Spread-F' bemg predommantly a 
night-trme phenomenon 

This analysis has used data from 3 pairs of stations 
The stations of each pair have approxumately the same 
magnetic dip, but are located in opposite hemispheres 
Details are contained m Table 1 

Diurnal variations of Spread- P", at the Japanese stations, 
have been determined from these data Occurrence 1s 
réstricted almost entirely to the night hours (94 per cent 


between ground sunset and ground sunrise) Fig la 
shows & histogram using all data from the three Japanese 
stations ‘This can be compared with the histogram for a 
southern hemusphere station (Hobart, magnetic dip 72°) 
for 1952 m Fig 1b, which has been drawn using data 
publshed previously? Figs la and b also show the 
diurnal variation of the neutral particle density of the 


Table 1 
Magnetic No of 
Station dip years data Data source 

Japan 

Wakhanai 61 16 Ionospheric data 1n Japan 

Akita 55 16 i 35 

Yamagawa 48 16 Lo $5 
Australia 

Canberra. 61 125 IPS series D 

Brisbane 57 195 Original 1onograms 

Towns ile 46 105 IPS series D 
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upper atmosphere? An association between this para- 
meter and Spread-# wil be discussed later 

Fig 2a shows the annual variation m occurrence for 
all sıx stations separately However, as the total occur- 
rence m any period is apparently dependent on the 
number of night hours m. that period, some normalization 
appears necessary When the occurrence rate for each 
period of the histograms (Fig 2a) 1s divided by the average 
number of night hours (sunset to sunrise) of the period, at 
ground-level, the resulting histograms are more uniform 
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Fig 1  Dirnal variation of Spread-F at (a) Wakkanai, Akita and 
Xamagawa (1947-62) combined, (b) Hobart (1952), compared with the 
neutral particle density variation m the upper atmosphere 
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Fig 2 Annual variation of Spread-F at sıx stations (e) Number of 
hours occurrence, (b) relative occurrence after allowance 18 made for 
the number of night hours at 250-km level 
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Fig 3 Aggregate annual variation of Spread-F from six histograms 
of Fig 2 (b), compared with the annual vanation of neutral particle 
density in the upper atmosphere 
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Sunspot cycle variation of Spread-¥ for the six stations com- 
bined, cc mpared with average sunspot number variation 


Fig 4 
Even bette: umfoimuty is achieved when the number of 
night hours (sunset to sunrise) in the P,-region (250 km) 
is used for this normalization (Fig 2b) The mprovement 
m uniformity of distribution is particularly evident in 
the Wakkanar-Canberra par After this normalization 
all six stations show approximately the same annual 
vanation with a maximum at aphelon and a sub-maai- 
mum at perihelion Fig 3 shows a histogram represent- 
ing the aggregate of all histograms shown on Fig 26 
Fig 3 represents, ın all, 90 5 years of data The annual 
variation of neutral particle density m the upper atmo- 
sphere 1s also shown on Fig 3 (ref. 2) 

Consistent with that found previously! for a mid-lati- 
tude station, an inverse relationship exists between Spread- 
F occurrence and sunspot number for all stations used in 
this analysis Fig 4 shows a sunspot cycle variation of 
Spread-F usmg aggregate values from the sıx stations 
Further evidence of the Sun—Earth position influence on 
Spread-7 occurrence is obtamed if one considers the 
ratio of Spread-F occurrence at sunspot minmum to 
occurrence at sunspot maximum for four monthly periods 
around perihehon and aphehon Table 2 shows that near 
peiihelion this ratio is considerably higher than near 
aphelion, iwrespective of the Earth's hemisphere in. which 
the stations are loeated 


Table 2 
Station group Aphelion Perihehon 
Japan 12 21 
Australia 4 27 


A coraparison of the neutral particle density curves on 
Figs la, 16 and 3 with the respective histograms m these 
figures suggests an inverse relationship between the upper 
atmosphere density and Spread-F occurrence, at least 
for the stations used in this analysis The curves drawn 
on these figures have been adjusted to fit the histograms 
approximately at points of maximum and mimimum 
occurrence The neutral particle density of the upper 
atmosphere has been found to vary directly with sunspot 
number’, which 1s also consistent with its haying an inverse 
relationship with Spread-F 

The nature and source of disturbances responsible for" 
the phenomenon called Spread-f are still uncertain, 
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although several theories have been advanced Provided 
the neutral particle density directly influences the Spread- 
F occurrence, rather than both parameters bemg under 
the common influence of some other phenomenon, the 
association which this analysis appears to reveal may be of 
importance when considermg any theory to explam 
Spread-F. 
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I thank Prof H OC Webster for his assistance, also 
Mrs D Nielson, who did a considerable amount of data 
reduction This work forms part of the programme of 
the Radio Research Board, CSIRO 
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EXPERIMENTAL INVESTIGATIONS BEARING ON THE NATURE OF 
THE MOHOROVICIC DISCONTINUITY 
By Pror A E. RINGWOOD and Dr. D. H. GREEN 


Department of Geophysics, Australian National University, Canberra 


HE hypothesis that the Mohoroviéié Discontinuity 

(Moho) might be caused by a phase change from 
basalt to eclogite has been widely discussed during recent 
years!, Evaluation of this hypothesis has been impeded 
by the paucity of experunental data on the nature of 
the transition We have recently carried out a detailed 
investigation of the basalt-eclogite transformation at 
high pressures and temperatures Experiments were 
performed on two basaltic glasses which were prepared 
under controlled oxidation conditions The chemical 
and normative compositions of these glasses are given m 
Table 1. The analyses are those of typical tholentic 
basalts and representative of the most abundant magma 
type occurrmg in continental areas 


Table 1 CHEMICAL ANALYSES* AND NORMS OF BASALT GLASSES USED 
IN EXPERIMENT 
Glass A Glass B 

510, 49 23 51 58 
T10, 212 184 
AlsOs 13 70 14 45 
FeO; 2 84 246 
FeO 9 65 8 39 
MnO 016 014 
MgO 837 728 
CaO 10 68 9 33 
NaO 182 2 65 
Ky 008 0 72 
Bo 079 069 

s! 9 
H40- = — 

Os 030 0 26 
Cr,0; 004 002 
Total 99 99 99 99 
Ilmenite 42 36 
Magnetite 42 36 
Apatite 04 04 
Orthoclase 05 48 
Albite 154 221 
Anorthite 293 255 
Diopside 196 171 
Hypersthene 237 206 
Olivine — — 
Quartz 28 24 


* Chemical analyses by A J Easton, Australian National University 


Samples of these glasses were subjected to various 
desired pressures between 0 and 30 kilobars at a tempera- 
ture of 1,100° + 15° C m an apparatus similar to that 
described by Boyd and England*5 The temperature of 
1,100? C was chosen because experience showed that it 
permitted the attamment of equilibrium ın sub-solidus 
runs of reasonable duration—mostly 4-6 h Pressure on 
the sample 1s believed to be known withm + 5 per cent 
Relative pressures over limited pressure intervals are 
much more precise than this since the prmerpal errors are 
systematic The reader ıs referred to the origmal papers* 
for details concernmg experimental precision and pro- 
cedure After completion of a run, the charge was 
quenched, and then examined by optical, Xay and 
electron microprobe techniques More than 40 runs have 
been carried out so far and more are planned 

~ The results of runs on glass A will be discussed first 
At pressures less than 15 kb (1,100? C) the glass crystallizes 
to pyroxene + plagioclase The amount of plagioclase 


compared to pyroxene decreases with increasing pressure 
This 1s evidently caused by solid solution of plagioclase 
components (prmeipally ealeium and aluminum) m 
pyroxene At 155 kb, pyroxene and plagioclase are 
Joined by pyrope-almandme garnet As pressure 18 
increased, above 15 5 kb the proportion of garnet steadily 
increases while plagioclase steadily decreases, finally 
disappearmg at a pressure between 22 and 25 kb At 
20 kb quartz appears, and mereases m abundance as 
pressure changes from 20 to 22-25 kb Quartz 1s evidently 
hberated by the breakdown of residual sodic plagioclase 
into jadeite which enters mto sohd solution in pyroxene. 
A further change observed between 20 and 25 kb 1s an 
increase m the garnet/pyroxene ratio with mereasmg 
pressure. Garnet 1s apparently formed by breakdown of 
alummous pyroxene rich m CaAl,Si0, and MgALS10, 
components Above 25 kb, no further changes are 
observed, the assemblage consists of pyrope-rich garnet, 
pyroxene (probably poor in tetrahedrally co-ordmated 
aluminium) and quartz Such an assemblage :8 a true 
eclogite The mmimum pressure required for stability 
of this assemblage at 1,100° C 1s between 22 and 25 kb 
and probably close to 23 kb 

The experimental results on glass B are generally similar 
to those discussed here Garnet first appears close to 
15 kb, while between 18 and 225 kb, plagioclase 18 
distinctly more abundant than m glass A This would be 
expected from the relatrve abundances of plagioclase in 
the norms of A and B Final conversion to a true eclogite 
18 accomplished close to 23 kb 

Two aspects of the experimental results deserve 
emphasis First, a mmimum pressure of 23 kb at 1,100° C 
is required for the stability of an eclogite of tholeutic 
composition Secondly, the transformation from basalt 
to eclogite mvolves a complex series of solid solution 
equilibria which occur over a pressure interval of 8 kb, 
which 1s equivalent to a depth range in the Earth of 24 km 
The transformation proceeds via a transitional mineral 
assemblage characterized by the coexistence of pyrope- 
almandme garnet, alummous pyroxene and sodie plagio- 
clase This assemblage corresponds closely with the 
assemblage observed ın Nature when dry basaltic rocks are 
metamorphosed in the garnet granulite facies To a 
first approximation the transformation from basalt 
(or pyroxene granulite) to eclogite mvolves a regular 
mcrease 1n the proportion of garnet and a regular decrease 
in plagioclase We would therefore expect the inorease 
in seismic velocity associated with the transformation to 
occur more or less uniformly over the entire transition 
pressure mterval of 8 kb 

We will discuss these results in detail in a fortheommg 
paper and show that they are unfavourable to the hypo- 
thesis that the continental Moho 1s caused by an isochem1- 
eal phase transformation from basalt to eclogite The 
principal arguments leading to this conclusion follow 
those already stated ın more general terms by Bullard 
and Griggs? and may be summarized as follows 
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(1) A considerable number of heat flux determinations in 
Australa?” have shown that the early Precambrian shield 
of Western Australia is characterized by a mean heat 
flux of 10 peal/em?/see, whereas large areas rm east 
Austraha yield a mean heat flux of 19 ucal/em?/seo 
These large regional differences imply the existence of 
corresponding regional differences in temperature at the 
Moho It is very difficult to construct an acceptable 
chemical and physical model of the crust m which these 
differences are smaller than 200° C (refs 7-9) Depths 
to the Moho in regions of Western and East Australia 
covered by adequate heat flux measurements have been 
determmed using explosions as seismic sources!11, 
There ıs no systematic difference m crustal thickness 
between the two regions Doyle (personal communication) 
considers that the crustal thicknesses do not differ by 
more than 6 km (14 kb) If the contmental Moho 1s a 
phase transition from basalt to eclogite then the equih- 
brrum curve for this transition must be defined by the 
temperatures and pressures occurring at the Moho 
beneath Western and East Australa., The geophysical 
evidence quoted here umplies that a temperature change 
of 200° C alters the transition pressure (approximately 
10 kb) by less than 1 4 kb Making generous allowances 
for the various sources of uncertamty, ib can be shown 
from these results that eclogite should be stable at a 
pressure as low as 16 kb at 1,100? C This consequence 
of the phase change hypothesis ıs ın serious conflict with 
the experimental results quoted here, which show that a 
pressure of 23 kb 1s required for the stability of eclogite at 
1,100° C 

(2) It 1s highly probable that the temperature at the 
continental Moho exceeds 550° C m regions where the heat 
flux 18 1 5 ucal/em?/sec or greater’. Many such regions 
are known Thus raises a further difficulty for the phase 
change hypothesis, as seen m Fig 1 If the Moho is 
assumed to be a phase change from basalt to eclogite, the 
ime BM on Fig 1 must define the stability field of eclogite 
The width of the garnet granulite transition zone given 
by the lme AB ıs known from experiments at 1,100° C 
At lower temperatures the width will probably be smaller 
As a first approximation we will assume that this width 
18 proportional to absolute temperature The hne AC 
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Fig 1 Stability flelds of basalt, garnet granulite and eclogite of tholeutio 
fonioos ton an defined by (I) direct experimental data at 1,100° C, 
(II) the assumptions that the Moho is caused by a basalt-eclogite 
transformation, with eclogite stable beneath the Moho and that the 
temperature at the Moho 1s 600° C, and (III) the assumption that the 
width of the garnet granulite field is proportional to absolute temperature 
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Fig 2 Stability of basalt, garnet granulite and eclogite of tholentic 
composition as defined m Fig 1 except that the temperature at the 
Moho 1s assumed to be 400° C 


100 120 


then defines the stabihty field of basalt or pyroxene 
granulite Wath the temperature at the Moho specified, 
1$ can be shown that the positions of geotherms which are 
consistent with continental heat-flux and with permissible 
distributions of radioactivity are very restricted and fall 
between curves 1 and 2 on Fig ! ` For this family of 
geotherms we see immediately that i5 18 not possible to 
pass from the basalt field ito the eclogite field with 
increasing depth ^ Aceordmgly the Moho cannot be 
explained as a basalt-eclogite transition if this diagram 18 
appheable If the temperature at the Moho should be 
higher than 600° C the difficulties become even more 
extreme 

(3) The foregemg difficulty is not so serious when the 
temperature at the Moho ıs less than 5009 C (Fig 2). 
However, in this case we see that the geotherm 1s con- 
strained to intersect the transition zone over a wide depth 
range between points D and M This would necessitate a 
crustal model m which an increase in seismic P velocity 
from 7 and 8 km/sec was spread uniformly throughout 
the lower 20 km of the crust The actual nature of the 
seismic depth-velocity profile in this region 1s not well 
known, nevertheless, few seismologists would regard such 
2 velocity distribution as probable 

We have discussed the bearmg of our results on the 
nature of the contmental Moho to which our results are 
more directly appheable It 1s also possible to construct 
analogous arguments bearing adversely on the possibility 
that the oceanic Moho represents a phase change from 
basalt to eclogite 

We thank Dr F R. Boyd and Mr. O. R McClunm of 
the Geophysical Laboratory, Washington, D C , for advice 
and assistance in setting up the high-pressure apparatus. 
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DIGITAL COMPUTER SIMULATION OF FLUTTERING LIFT IN THE 
DESERT LOCUST 


By Pror G. HOUGHTON 


School of Engineering and Mines, University of Pittsburgh, Pennsylvania 


NE ot the most interesting modes of propulsion in 

Nature 1s the fluttermg flight of msects and birds, a 
phenomenon that has fascmated man smce the early 
studies of Leonardo da Vinci and Borell?. The first 
quantitative treatments of Demoll®4, Magnan and 
Sainte-Lague* and Attila? were muted to estimating the 
average hft and power associated with forward motion 
and wing flappmg, while somewhat more refined kme- 
matical approaches were attempted by Walker’ and Holst 
and Kuchemann? In a comparison of experimental data 
on insects and birds, Weis-Fogh and Jensen? have shown 
that existing theories tend to treat wing flappmg as 
supplementary to the forward glidmg motion, in that the 
models become unrealistic when the forward speed becomes 
small compared with the flappmg velocity, as 1n insects 
Because available theories of msect and bird fight are 
attempts to adapt normal aerodynamic gldmg prmerples 
to flapping flight, they neglect forces that would be 
generated by a predommantly flappmg mechanism—imn 
particular Osborne’? and Weis-Fogh and Jensen® have 
suggested that body oscillation and air acceleration will 
generate appreciable vertical forces at high wing fre- 
quencies It 1s the purpose of the present communication 
to demonstrate that the mtegro-differential equation 
resulting from a superposition of vertical forces on a 
fluttermg wing-body system 1s directly analogous to the 
non-lmear Langevin equation describmg the behaviour of 
a free particle in an oscillating hydrodynamic field, where 
both theory" and expermment#!-12 mdicate that appreciable 
forces opposing gravity can be generated through fre- 
quency and amplitude modulation of the particle motion 


Non-linear Equation Describing Fluttering Lift 


If u(t) ıs the changing vertical velocity of the body 
(cf Fig 1) as produced by the wmg motion and the gravita- 
tional pull, then a vertical balance of forces on the com- 
bmed wing-body system can be formulated as follows! 


d 
(er + xe) Vu + 
L 
Ceo [u(t) — o(^, t) cos o(t)]sgn(w — o cos a) cos o(t)dr -+ 
0 


== À eos a(f)dr + 





2 | vt) 

0 

(e; - e)Vg +B) -0 (1) 
where 
a(t) = oP(k, a, t) 
olr, t) = ro Pk, o, t) 

+1,u—ccosa> 0 
—I1,u—ccosa < 0 

The first term in equation (1) 1s the vertical acceleration 
of the load (body) of density p, together with its virtual 
mass where p 1s the density of the ambient arr and y 1s 
the coefficient of virtual mass The vertical position 
y(t) of the body will be related to its mitia] position y(0) 


sgn(u — c cos a) = l 


t 
by y(t) = y(0) + Ju(r)d+ The second term represents 
0 


the aerodynamic hft on a symmetrical double-wing 
system usmg the square form of lft law proposed by 


Osborne”, the direction function sgn(u — a cos «) taking 
care of the physical requirement that the lft may act m 
the same direction as gravity or in the opposite direction 
depending on the sign of the relative velocity. "The 
distance from the root of the wing to the chord W(r) 1s 7, 
the length of the wing bemg L as shown in Fig. 1 The 
angular velocity of the wings during flutter 1s a(t) = 
9P(k,o,t), where ọ 1s the angular half amplitude and the 
periodic function P(k, c, t) of frequency f = co[2m 18 so 
chosen as to simulate the actual wing trajectory of 
insects (cf inset of Fig 2) which will be non-uniform since 
experimental measurements?;? on msects show that the 
time of lowermg exceeds the time of raising of the wings 
by a factor k m the range 1 0-1 8, the mean bemg 1:4. 
In the notation of equation (1), Pe = dP/dt = d*P[dt* 
and o(r, t) = 19P:(k, o, t) 18 the hnear velocity of any 
pomt on the symmetrical wing The third term accounts 
for the acceleration forces generated by both wings, the 
quantity l'(r)dr bemg the volume of air, including virtual 
volume, accelerated at do/dt by the wing strip W(r)d:, 
the function cos a(t) bemg necessary to generate the 
vertical component as in the second term of equation (1) 
A ‘Basset term’, B(t), has been meluded to account for 
transient changes m the velocity distribution around the 
wing, although for fluds of low viscosity such as air 
B(t) will usually be neghgible and/or decay rapidly to zero 
to produce a quasi-steady-state velocity distribution”, 
thus B(t) can be neglected ın the solution of equation (1) 
Although the two-dimensional non-hnear mtegro-differ- 
ential equation (1) with time-varying coefficients 1s 
closely analogous to the non-lmear Langevin equation 





Fig. 1. 


Wing dimensions of the desert locust after Weis-Fogh and 
Jensen (ref 9) 
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Vertical flight trajectories (phugoids) computed for the desert 
locust The inset shows the angle of flutter as a function of time A 
key to the curves 18 given m Table 1 


Fig 2, 


described previously", it presents more severe difficulties 
to analytical approaches, so that ıt has been solved by 
mumerical methods using a high-speed digital computer 


Numerical Solution of the Fluttering Lift 
Equation 


Equation (1) has been solved numerically on an 
IBM 7070 digital computer by dividing time into finite 
increments At and the wings into finite sections Ar, these 
merements bemg made sufficiently small to obtam-good 
computational accuracy Followmg Weis-Fogh and Jen- 
sen’, the non-uniform wing velocity was simulated ın 
two segments, each being part of perfect smusoids of 
different frequencies but identical amplitudes, the 
fiequency ratio bemg k and the overall frequency bemg 
f = o/27 

oll + k)? [8 + kat ] 
qp m oA 
Upper half-smusoid 


oll + k)? [e 4k) | (2— E) 
ab o n 2b 7 3k 
Lower half-smusoid (2) 
By using angulai velocity (2) throughout in the numeri- 
cal integration of equation (1), 16 was possible to ehummate 
any effects on the calculations of the discontinuity between 
the upstroke and downstroke It was also found con- 
venient to separate the spatial and time dependency of the 
acceleration term of equation (1) by defining an accelera- 
tion factor y as follows 


Pilk, o, t) = 


L 
y= 2e frr} )dr ~ &e(l +1) 29/2) (2xr)rWir)dr (3) 


The second integral above represents an estimate of the 
acceleration factor which should be close to the mass of 


Table 1 Locust FLIGHT PARAMETERS FOR THE PHUGOIDS OF FIG 2 


Phugoid — f (e/s) 9 (rad ) k Cr y (g em) 
A 0 0 10 2 o 
B 10 0875 15 2 2 
C 20 0 875 15 2 2 
D 40 0 875 15 2 p 
E 60 0 875 15 2 2 
F 20 04 15 2 2 
G 20 06 15 2 2 
H 20 14 15 2 2 
I 20 0 875 10 2 2 
J 20 0 875 12 2 2 
K 20 0 875 18 2 2 
L 20 0 875 15 4 2 
M 20 0 875 15 8 2 
N 20 0 875 15 12 2 
0 20 0 875 15 16 E 
P 20 0 875 15 2 0 
Q 20 0875 15 2 1 
R 20 0 875 15 2 4 
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air, weighted with 7, that 1s enclosed by the extreme wing 
positions | and 2 m Fig 1, a factor of 2 bemg needed 
because wing flapping will accelerate sir at the front and 
the back of the moving wing, the factor 1 + x bemg 
required! to account for the virtual mass of the acceler- 
ated air, the coefficient of virtual mass of whichis x The 
mitial body velocity u(0) and position y(0) were set at 
zero so that negative or positrve values of v and y mdr 
cated movement towards or away from Earth 

The most iehable experimental data for any single 
msect appear to be those of Weis-Fogh and Jensen? on 
the swarming desert locust (Schistocerca gregaria), since 
the laboratory flight parameters f = 20 c/s, ọ = 0 875 
radian, k = 150 and Jf = 2 g could be contiolled to 
withm 4 per cent The weight of the insect 1s M, so that 
for y = 05 for air™ and pe, > p 16 18 possible to set M e 
(ez + xe) Y m (p, — g)F m equation (1) Separate 
aerodynamic measurements m the laboiatory? on plane 
stationary aerofojs normal to an ai stream (Helmholtz 
flow) show that C; should be close to 2 while Osborne’s!® 
calculations for flapping insect wings, neglecting accelera- 
tion effects, mdicate that Cr can be as high as 11 Graphi- 
eal integration, using the equivalent two-wing geometiy 
of Weis-Fogh and Jensen® for the locust in Fig 1 with 
x = 05 for air", yields y œ~ 1 74 g om from equation (3) 
with p = 125 x 10-3 g/cm’, so that 16 seems 1easonable to 
conclude, m the absence of expermmental data, that the 
acceleration factor for the locust will he m the range 1—4 
gem Thus the vertical fight trajectories (phugoids) 
of the locust computed numerically from equation (1) 
and reported in Fig 2 at the conditions given in Table 1 
are representative of the range of flight conditions tobe 
expected in Nature 

The lowest trajectory, A, m Fig 2 represents the fiee 
fall of the locust with no wing flutter (Cz = 2), the vertical 
distance travelled ın 2 sec bemg —441 cm The effect of 
increasing the wing frequency in the range 0-60 c/s on 
reduemg the rate of fall 1s demonstrated by curves 
A, B, C, D and E, while similar effects of amplitude in 
the range 0-1 4 radians are illustrated by curves A, F, 
G,C and H The influence of frequency and amplitude 1s 
non-uniform, the greatest mereases due to frequency 
being m the range 10-40 c/s while there 1s negligible effect 
of stroke angle above 0-875 radian, presumably because 
cos a(t) m equation (1) becomes insensitive to further 
increases 1n ¢ at high angles of flutter An increase in the 
duration factor k from 1 0 to 1 8, as illustrated. by curves 
I, J, C and K, only reduces the flight tiajectoiy by 6 
per cent, the trajectories for 10 and 12 bemg virtually 
identical, wndicating that differences between the upstroke 
and downstroke have a small effect on the vertical hft 
and are therefore most probably concerned with hort- 
zontal fhght Smee earher calculations’ !* have indicated 
that the hft coefficients on fluttermg wmgs might be, 
appreciably higher than 2 (the value measured!? for 
stationary planes m Helmholtz flow), the trajectories C, L 
JM, N and O, corresponding to Cr in the range 2-16, 
demonstrate that mereases m the hift coefficient reduce the 
average terminal velocity of fall faster than Cr-1", the 
form to be expected from a hift law of square form without 
wing flutter The presence of body oscillations, although 
only distinguishable in a few of the curves of Fig 2, is 
detectable ın all the computed trajectories where wing 
flutter 1s permitted The existence of vertical body 
oscillations has been observed expemmentally for the 
locust by Jensen! and ıt would be possible to estimate 
Cr from the magnitude of the observed body displace- 
ments, m comparison with those computed from equation 
(1) if the data had been taken in free flight rathei than 
with the locust attached to a balance arm, the mass of 
which would add to the body mertia and reduce the 
amphtude accordingly Phugoids P, Q, C and F illustrate 
the influence of the acceleration factor y m the range 0-4 
g em and effectively demonstrate that the acceleration 


e 
forces inerease m a roughly hnear manner with the 
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amount of air that the wmgs can move when acting as 
paddies 

Thus ıt may be concluded that the flight parameter 
study of Fig 2 provides evidence for the existence of 
an often suspected*°, but hitherto undefined, mechan- 
ism of flight whereby upward forces opposing gravity 
can be generated on a fluttermg wing-body system As 
m the case of particle behaviour in oseillatmg hydro- 
dynamic fields"42, the forces opposmg gravity result 
from a compheated process of frequency and amphtude 
modulation that will be discussed m future communica- 
tions, along with additional calculations for a vanety of 
insects and birds 

For the extensive computmg time on the IBM 7070 
digital computer, I am mdebted to the US National 
Science Foundation through grant G-11309, which 
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paitially supports the University of Pittsburgh Computing 
Center. - 
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EFFICIENCY OF SPERM TRANSPORT AND FERTILITY 
By G. W. GRIGG 


Division of Animal Genetics, North Ryde, New South Vales, Australia 


HE minimum number of sperm which must be 

deposited ın a female to obtain fertile eggs has been 
determined for & number of domestic animals and recently 
new data have been presented on the number necessary 
in. the domestic hen! 

The number of sperm introduced is but one of the 
factors which determine the number of functional sperm 
available at the site of fertilization Presumably ıt 1s this 
latter parameter which bears a direct quantitative relation- 
ship to fertihty The number of functionally mtact 
sperm reaching the site of fertihzation Np can be con- 
sidered as the product of two variables Es and Er, that 1s, 
Nr = Hs Ep N where Es 1s the efficiency of sperm storage, 
Ep 1s the efficiency of sperm transport and N is the 
number of functionally mtact sperm injected The 


P 
efficiency of sperm storage Hs = = where P, is the 
6 


proportion of functional sperm at time ¢, and P, the pro- 
portion ın the freshly ejaculated sperm population at to. 
Er, the efficiency of sperm transport m the female tract, 1s 
defined as the proportion of sperm mjected which reach the 


Nre P 
sıte of fertihzation and may be measured as F P It 


can be thought of as' the product of two components 
ET, and #7, the efficiencies of transport through the 
vagina and uterus-oviduct respectively 

It follows that Nr, the number of functionally intact 
sperm reaching the site of fertilization, may be mereased 
by either injecting more sperm, improving the efficiency 
of sperm storage either before or after injectaon into the 
female, or by 1mproving the efficiency of sperm transport 
"While attention, has been directed mainly on the first two 
factors (N and Es) and ther importance is self-evident, 
improving the efficiency of sperm transport ın the female 
reproductive tract is also useful and it 1s this which I 
would lke to consider 

The domestic hen 1s a particularly useful animal for 
analysmg many of the factors which affect fertility and 
ib 18 avian data to which I shall refer. As expermmental 
material 16 has the advantages that ovulation 1s frequent 
and regular and artificial matmg a rapid and simple 
technique As well, the functional life of the sperm, though 
low in vitro when compared with domestic mammals, is 
relatively long sn. vwo m the female reproductive tract. 

Usmg the normal techniques of artzficial insemmation 
introduced by Burrows and Quinn? where sperm are 


deposited into the vagina of the hen and the efficiency of 
sperm transport Ep ~ 01 per cent (from Mimura/s 
results‘), a decline of Es from about 100 per cent to, say, 
10 per cent can be mconvenrent if not disastrous m an 
artificial breeding programme If, however, Ey were 
mereased to 10 per cent and an identical sperm sample 
injected having Hs = 10 per cent, fertihty would be 
identical to when Es = 100 per cent. 

One might ask how Ep could be mcreased Pursuant 
to this we noticed, a substantial difference m the efficiency 
of sperm transport on either side of the utero-vagmal 
Junction m the hen?*. The Ep of sperm deposited above 
this junction was greater by a factor of approximately 
10? than the Ær of sperm deposited below it This dis- 
crepancy accords with the observation that dead 
sperm deposited in the uterus were transported to the 
site of fertihzation m the mfundibulum as efficiently and 
as rapidly as live sperm, but when deposited in the vagma 
none were detected in the mfundibulum, that is, Ep = 0. 
This was strongly suggestive of a difference ın the mechan- 
ism of sperm transport on either side of the utero-vaginal 
junction Further expermentation confirmed, the sugges- 
tion*. 

In the fowl we might expect that the use of mtra- 
uterine msemunation would be an effective way of mereas- 
mg Nr and fertihty Allen and Bobr? developed an intra- 
uterine technique and demonstrated a dramatic merease m 
fertihzing abiuity The demonstration was carned out 
with sperm samples which were of low viability and 
fertihzing ability when mjected intravagmally 

The mmunum number of sperm which have to be m- 
jected to ensure fertility will be proportional to Em 
which, as we have seen, 13 strongly influenced by the site 
of insemmation Smee sperm transport proximal to the 
uterus 1s a function of utero-oviduet activiby?, we might 
anticipate that Er, will vary from female to female and 
possibly from stram to stram Some hens have been 
described which are distmguished by a very low or zero 
Er, but having normal ova capable of bemg fertihzed by 
sperm, reaching the mfundibulum by an alternative route! 
Presumably Er, has no male component, but both Er» 
and Es might well be mfluenced by the genome of the 
sperm or of the sperm donor 

Motility is necessary for the sperm to traverse the 
vagina’, and although a number of environmental factors 
influence sperm movement’, this, and hence Hy», 18 under 
humoral control also. There eppears to be considerable 
individual sperm variation in ability to survive function- 
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ally «n vtro (Grigg and Allen, unpublished) Whether any 
of this variation in storage resistance or motility 1$ genetic 
18 unproved, but 1t seems likely to be so There are con- 
siderable species differences between domestic birds in 
these characteristics, 

Taking a cognizance of the components of Nr (namely, 
Es, Ep, and Eq) may be of significance in long-term 
selection programmes to mmprove flock fertility as ıt has 
been 1n improving fertility in existing experimental flocks 
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of hens (for example, ief 4 and Allen, unpublished 
observations), 
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SEX DIFFERENCES IN ECONOMIC TRAITS OF LONG ISLAND WHITE 
PEKIN MARKET DUCKLINGS 


By W. J. ASH 


Department of Poultry Husbandry, New York State College of Agriculture, Cornell University, Ithaca, New York 


AND 
P. NOTHERS 


Putenfarm, Huls/Krefeld Hinterorbroich, Feemershof, Deutschland 


A o o the ability of Pekin ducklings to grow at 
extremely rapid rates 1s well documented!-$, there 1s 
a paucity of information regarding sex differences in 
converting feed to body tissues and m fat content of 
carcasses This article presents the results of experiments 
conducted between May 1960 and J uly 1962 at the 
laboratory in Eastport comparing the economic traits of 
White Pekin male and female duckhngs 

Five trials, using a total of 2,433 ducklings, were con- 
ducted to compare growth and feed conversions to 9 
weeks of age Approximately equal numbers of each sex 
were used 

Sex differences in amount of carcass-fat were determined 
in two separate experiments The first was designed to 
compare the fat m oven-ready carcasses of 8-week-old 
birds. Forty males were compared with 39 females Duck- 
Ings, selected at random prior to the start of the tria], 
were killed picked, eviseerated, and frozen to await 
analyses for fat content Each carcass (bones included) 
was minced in a grinder and homogenized in a Waring 
blender Ahquots of homogenized material were lyophil- 
ized and the dried samples analysed for fat by extraction 
with diethyl ether 

The second trial was designed to investigate the rate of 
fat deposition by sampling five birds of each sex at weokly 
intervals from one to eight weeks of age The selections, 
preparations and analyses of these carcasses were identical 
to those deseribed for the first trial 

Since growth and feed conversion can vary with the 
diet, the formule for the ‘starter’ and ‘grower’ diets used 
are presented 1n Table 1 


Table 1 COMPOSITION OF DIBTS USED IN THE INVESTIGATIONS OF SEX 
DIFFERENCES IN EOONOMIO TRAITS OF LONG ISLAND WHITE PEKIN 
MARKET DuOKLINGS 


Starter Grower 
Ingredients (weeks 1-2) (weeks 3-9) 

(Ib /ton) (b /ton) 
Soybean oil meal (44 per cent protein) 220 200 
Fine ground oats 60 60 
Yellow corn meal 1,175 1,185 
Wheat standard middlings 200 300 
Alfalfa meal 60 60 
Meat scrap 100 30 
Dried whey 40 40 
Distillers solubles 40 40 
Fish meal 40 30 
Ground limestone 30 30 
Salt 5 5 
Dried fish solubles (50 per cent protein) 25 15 
Vitamin premix * b 5 


* Manganese sulphate, 454 5 g, vitamtn Ds, 1,362,000 0 U , vitamin A, 
3,178,000 ru , riboflavin supplement, 3,6000 mg, vitamin Bis, 60 mg, 
D-a-tocopheryl acetate, 7,0001 U , naem, 400 g, vitamm K (menadione), 
05g, calcrum pantothenate, 5 0 g 


Live body-weight (1b ) 


1 2 3 4 5 6 7 8 9 
Age (weeks) 


Fig 1. A comparison of the rates of growth of male and female White 
ekın ducklings 
Black, males, white, females 


As the patterns of growth and conversion of feed were 
similar for all trials, the authors have taken the liberties 
of pooling the data for purposes of graphic presenta- 
tion 

Live body-wewghts Growth of males and females paral- 
leled each other for the first 6 weeks By 7 weeks the 
males were larger and by 8 weeks they were 0 51b heavier 
than the females, & difference which was maintamed ab 
9 weeks (Fig 1) 

Feed conversions Tho accumulative conversions of 
feed to body tissues were similar for the first 6 weeks At 
7 weeks, however, the differences became twice that for 
6 weeks and at 8 and agam at 9 weeks the difference 
between the conversions of the sexes was four times 
that found at 6 weeks The actual values are shown in 
Fig 2 

Deposition of fat The results of the first trial indicated 
that the percentage of fat at market age 1s greater m 
females than in males, 821 + 06 per cent versus 30 4 + 
04 per cent respectively This difference measured at 
8 weeks of age was statistically significant Use of actual 
percentages of fat or their angular transformations resulted 
mn identical mterpretations Consequently the analysis of 
variance presented m Table 2 1s of data expressed in 
pereentages?. 
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Feed conversion, accumulative 








1 2 3 4 5 6 7 8 9 
Age (weehs) 
Fig 2 A comparison of the accumulative feed conversions of male 


and female White Pekm ducklings 
Black, males, white, females 


Fig 3 illustiates graphically the results of the second 
trial As market age approached greater percentages of 
fat were found m the females The data collected at 7 
and 8 weeks (maiket ages) were subjected to a 2 x 2 
factorial analysis? to determine whether the differences 
between sex and age were significant and whether a 
significant mteraction, that 1s, sex times age, was present 
Percentages were again used m the analysis The results 
aie presented m Tables 3 and 4 

The carcasses of females contamed greater percentages 
of fat at 7 and agam at 8 weeks of age confirming the 
results of the first experiment When subjected to statista- 
cal analysis, however, the difference due to sex was not 
large enough to gain significance The mean fat content of 
8-week ducklings was higher than that of 7-week ducklings, 
but this difference due to age was not statistically signifi- 
cant Likewise the interaction was not significant 

The results presented here are important for a number of 
ieasons It ıs common practice to market ducklings at 
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1 2 3 4 5 6 7 8 
Age (weeks) 
Fig 3 A comparison of the quantity of fat in carcasses of male and 


female White Pehin ducklings 
Black, males, white, females 
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Table 2 ANALYSIS OF VARIANCE OF SEX DIFFERENCES IN FAT CONTENT 
OF CARCASSES AT MARKET AGE 


Source af ss MS F 
Sex 53 09 53 09 509* 
Error 77 803 34 10 43 
Total 78 856 43 

*P<005 


Table 3 PERCENTAGES OF FAT IN CAROASSES OF SEVEN- AND EIGHT-WEEK 
MALE AND FEMALE WHITE PEKIN DUCKLINGS 


Age m weeks 


Sex 7 8 
Male 319 + 21%* 8328 +11% 
Female 934111796 357 +22% 


* Means and their standard deviations 


Table 4 ANALYSIS OF VARIANCE OF SEX DIFFERENCES IN FAT CONTENT 
OF CARCASSES AT SEVEN AND EIGHT WEEKS OF AGE 


Source df SS MS F 
Treatments (3) (48 68) 
Sex 1 32 87 32 87 199 NS. 
Age T 7 52 752 — 
Sex x age 1 829 8 29 — 
Error 16 264 24 16 52 
Total 19 312 92 


about 8 weeks of age, iegardless of sex It seems 
logical, m light of the measurements of body-weights and 
feed conversions, to market females earlier than males, at 
7instead of 8 weeks By domg this the relative mefficiency 
of the females during the eighth week would be avoided 
The females needed 7 44 lb of feed to produce 10 Ib of 
body tissue from the seventh to the eighth week of age, 
while the males required but 532]1b There would 
be no great disadvantage m marketing smaller females 
because of the demand for small birds by restaurants and 
hotels The 8-week males, on the other hand, would 
fulfil the demands of homemakeis who wish a larger 
bird The sigmficant difference between sexes in carcass 
fat, found in tral 1 and the confirmatory data, although 
not significant (due perhaps to too few individuals 
measured), indicates that the consumer would receive a 
product with relatively less fat 

A. consideration of this plan, of course, must include the 
cost of sexing ducklings A programme of this nature can 
only be implemented if and when the producer can 
overcome the added cost of separating the sexes Sexmg 
can either be accomplished at hatching by noting the 
presence (d) or absence (9) of the rudimentary intromit- 
tent organ (vent method) or at 6 weeks by vocal charactet - 
istics A possible disadvantage of the latter method 1s 
that bruises and scratches occurrmg durmg handhng may 
still be evident at marketing one or two weeks hence 
Care must also be taken to observe the stage of feathermg 
in both groups to ensure ease of picking 

Biologists may be able to formulate diets which will 
help elimmate the differences in feed efficiency and fat 
deposition Such diets, 1f available m the future, could 
either eliminate the need for sexing 01 make ıt all the more 
economical Consideration should also be given to the 
possible use of anabolic compounds as male hormone and 
somatotrophic hormone 

Investigators should take mto account the variations 
due to sex before making valid mterpretations of data 
regarding performance of duckhngs Thuis ıs especially 
true when and where small numbers of animals are used 
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ELECTROMAGNETIC OBSERVATIONS OF CAROTID BLOOD FLOW 
CHANGES IN THE CONSCIOUS RAT IN RESPONSE 
TO SENSORY STIMULI 


By Pror. ALEXANDER KOLIN, SANDOR AUSTIN and PAUL COX* 
Department of Biophysics and Nuclear Medicine, University of California, 


Oa recently, the cat was the smallest animal in 


) E flow by the 
electromagnetic method in an artery of minor size (carotid) 


which continuous recording of blood 


had been undertaken’. The modification 
of the method used was that based on a 
400-c/s sinusoidal current energizing the 
magnet'?, The E.w.r. induced in the blood 
stream of the unopened artery located 
transversely to the magnetic field between 
the magnet poles is a 400-c/s sinusoidal 
voltage, the peak value of which is in the 
order of 1 uV. The electrical flow signal is 
sensed by a phase-sensitive detector!, which 
suppresses the quadrature signal induced 
in the input cireuit at zero flow by making 
use of the fact that this error signal has 
zero value at the moment when the flow 
signal is at its peak?-?, 

In many types of investigations it would 
be an advantage to use smaller species of 
animals than cats and dogs. For example, 
in investigations of phenomena related to 
ageing, à small animal with a short life-span 
would be a desirable study object, or in 
investigations requiring observations in 
many experimental animals for statistical 
reasons, the low «cost of acquisition and 
maintenance of small animals as well as 
their limited space requirements would 
make them preferable to larger species. An 
attempt has therefore been made to extend 
the range of applicability of the electro- 
magnetie method of blood flow determina- 
tion by miniaturizing and improving the 
electromagnetic flow transducer beyond 
the stages previously described’-*, while 
retaining the advantages of the phase- 
sensitive electronic system". The design 
described here permits the measurement of 
blood flow in arteries 1 mm in diameter. 
The volume of the flow sensing transducer 
is so small (smaller than an aspirin tablet, 
as shown in Fig 2c) that it can be easily 
implanted into a small animal and main- 
tained in the body for an extended period 
of time free from infection and difficulties 
due to fibrosis. 

Fig. la shows a view (looking parallel to 
the blood stream) of an electromagnetic 
flow transducer suitable for implantation 
in a rat. Fig. 16 shows a magnified view 
of the sleeve in which the electrodes E,, E, 
are embedded. P, and P, are the pole 
pieces of the magnet, which consists of an 
iron ring provided with a gap between P, 
and P,. The coil C wound about the core 
consists of 85 turns of gauge No. 31 'Form- 
var’ insulated copper wire. M,, M, are 
leads supplying current to the magnet 
coil C, and L, and L, are lead wires to 


A a 
. x 


Los Angeles 


electrodes E, and E, which pick up the electrical flow 
signal induced in the moving blood and convey it to 
the amplifying and recording system (see refs, 2, 3 and 5 





Fig. 1, a, View of the electromagnetic flow meter skeleton prior to potting in plastic, 
the magnet; P,, P, magnet poles; #,, E, electrodes; Sl, 


b, Detail of plastic s eeve S seen in Fig. la between the poles P,, P,. C, iron core 





Fig. 2, a, Flow meter plug inserted into the ‘crown’ which fixes it over the animal's head, 
B, base of the crown buried under muscle tissue. J, one of the two jaws of the plug 


holder (J;, J=), Ja being hidden by the plug; Pi, pillar connecting the base of the jaws to 
the crown base B. b, flow meter FM implanted about the carotid artery A is shown con- 
nected by lead L to MP AR is held between the jaws J, and J, (only J, isshown) of 
the plug holder H. b se of the plug holder (‘crown’) buried under muscle tissue ; 
is "abana of e qae ho die “A prin’ Gat een a 
ons o e flow ucer. 
" E background for comparison 





Blood flow 
e.c. [800 
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P ?2 
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itantaneous carotid blood flow ; e, 5-fold increase in average carotid blood flow produced 
by eating chocolate (during time-interval marked by signalling) 


for diseussion of instruments and measuring procedure). 
Sl i» a slot in the plastic (‘Hysol epoxy) cylindrical 
‘sleeve’ through which the artery is inserted and Sh is a 
“Teflon” shutter which closes the slot Si after insertion of 
- the artery. The leads Lı L, and M, M; are twisted 
^. elockwise and counter-clockwise respectively and are kept 
(8 em). The assembly shown in Fig. lb is potted in 
ysol' The plug is brought out through the skin and 

is held. by friction in a ‘crown’ (Fig. 2a) between two 
‘jaws’ J, and J, of which only J, is shown. The crown is 
held in place by muscles (M) which press its base B 
against. the skull in a manner apparent from Fig. 2b, and 
Fig. 2c shows the dimensions of the implantable trans- 
ducer. After insertion of the crown, the muscles (M of 
Fig. 2b) on the sides of the crown are sewn to each other 
at the ends of the stem Pi joining the base B to the ‘jaws’ 
and the skin is sewn in place in a similar fashion so that 
only the plug holder jaws emerge above the skin. A 
“small orifice is left in the skin for emergence of the lead 
Cwirés L. A light flexible cable 8 ft. long is connected to 
P allowing the animal to move freely while its 

ood flow is being recorded. x 

tig. 3 shows several records of blood flow obtained with 
lifying. and recording instruments described else- 

whereb?5 in the left carotid artery of a conscious rat. 
Fig. 3a shows the contour of the tracing of the instantane- 
ous rate of blood flow. The scale was established by cali- 
bration as previously deseribed^ and the zero base-line 
was established by occlusion of the artery during implanta- 
tion and setting the instrument controls to obtain a zero 
reading (which remained constant). The base-line was 
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f f blood flow in a rat's left carotid artery in response to sensory stimuli: 
) peras o timuli taken at a high recording speed to depict flow 
, carotid blood flow taken at a low recording speed 




















unchanged when re-tested ^ 
four weeks later during surgery to remove 
the flow meter. 
Fig. 3b, taken at a slower speed of the 
recording paper, shows respiratory varia- 
tions in blood flow. It was noted that the 
carotid blood flow during surgery under 
pentobarbital sodium anesthesia (‘Dia- 
butal’, Diamond Laboratories, Inc., 60 
mg/kg administered intraperitoneally) was 
about twice as high as in the unanesthe- 
tized state. 

Figs. 3c-e show changes in carotid blood 
flow evoked by various sensory stimuli. 
Fig. 3e is a record of average carotid 
blood flow obtained by shunting the 
input of the recorder (‘Sanborn’ Model 
150). by aœ 20-mierofarad capacitor. Be- 
tween points P, and P, a high-frequency 
sound was produced by blowing a dog: 
whistle. The carotid blood flow was 
increased by a factor of about 3-3 within 
a.span of 8 sec. 

Fig..3d shows a response to an unpleas- 
ant stimulus. During a time-interval 
marked by a signal below the recording 
of instantaneous carotid ‘blood flow; the 
animal was exposed to inhalation . of 
ammonia vapour. There is an initial... 
inerease in systolic blood flow followed by: . 
a decrease. Simultaneously the heart 
rate diminishes from 270 to 150 beats per 
min. Cessation of the stimulus is followed 
by a rapid inerease in systolic blood flow 
as well as in heart rate. 

Fig. 3e shows a five-fold increase in 
average carotid blood flow (as compared 
with a control average reading obtained’ . 
prior to the record shown) produced  . 
by eating chocolate. The interval B 
represents the base-line obtained by — 
switching off the magnet. The interval: 
A,~A, represents an average flow record 
obtained by switching on the shunting 
condenser at A, and terminated by turning it off at 
A, to continue recording of instantaneous blood flow. -> 
The short section preceding the base-line B represents 
the control record taken before presentation of food. 
Smelling chocolate prior to eating nearly doubled the 
carotid blood flow. 

The records shown were obtained about one month... 
after implantation. After this period of time, removal 
of the flow meter implant followed. by an autopsy 
revealed no infection or fibrosis within the flow meter 
lumen. l 

These recordings demonstrate the marked cardiovas- 
cular reactions which can be evoked by relatively mild 
sensory stimuli which can be recorded with ease by means 
of an implanted electromagnetic blood flow meter. This 
method of observation appears to be suitable for investiga- .. 
tions of cardiovascular effects evoked by psychological — 
stimuli and offers promise as a tool in psychopharma- 
cological research. 

We thank Dr. Gordon Ross for help in the performance 
of surgery and of some of the experiments as well as his 
advice. 
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IODOTYROSINE - LIKE SUBSTANCES IN HUMAN SERUM 


By A. DIMITRIADOU*, Pror. RUSSELL FRASER and P. C. R. TURNER 


Department of Medicine, Postgraduate Medical School of London, and the Medical 
Research Council Cyclotron Unit, London 


NTIL recently it has generally been accepted that the 
J only iodo-compounds in normal sera are the thyroid 
hormones, the iodothyronines, thyroxine and triiodo- 
thyronine. This concept, based on iodine-131 measure- 
ments, of chromatograms of serum from normal subjects 
; given a dose of iodine-131, has recently been disturbed 
‘by reports that iodine-127 measurements give a different 
istribution. (In human serum from certain abnormal 
ibjects, other iodine-131 compounds have been found 
ese same methods; the iodine-131 has appeared as 
an iodo-protein after thyroid surgery or irradiation*, with 
' thyroid carcinoma or thyroiditis?-* or with some congenital 
.goitres; and in other goitrous subjects deficient in tissue 
^1: dodotyrosine-dehalogenase, in thyrotoxics, or after thyroid 
tissue damage, the iodine-131 has appeared as !'I.iodo- 
(o otyrosine*5/19) On such chromatograms of extracts 
from normal serum, iodine-131 radioactivity is found only 
on the spots corresponding to iodides or to the two 
| thyronines'-*, about 90 per cent of the latter being 
thyroxine; and most workers have not observed any 
radioactivity over the spots corresponding to monoiodo- 
tyrosine (MIT) and diiodotyrosine (DIT) (refs. 1 and 4) 
although some** found a small proportion after thera- 
‘peutic doses. However, Werner and Block!! reported that 
‘on similar chromatograms, while they found the iodine- 
131 radioactivity to be distributed according to these 
results of other workers, chemical analysis using a ceric- 
arsenite reaction revealed only approximately half the 
organie iodine-127 to be similarly thyroxine or triiodo- 
| thyronine, while the other half appeared to travel as MIT 
>. or DIT. However, it has seemed unlikely that iodo- 
“tyrosines could be present in normal serum, when most 
(0 of the organic iodine in serum has been found to resemble 
- an iedothyronine in being. extractable therefrom into 
5s géid. butanol, whence aqueous alkali does not remove 
|o dE; and. further, administered !*!'F-iodotyrosine has 
— been found to be very rapidly cleared from normal 
= We now report our confirmation of the iodine-127 
findings of Werner and Block™, both by ceric-arsenite 
staining and also by activation analysis (iodine-127 — 
-iodine-128) of paper chromatograms of serum extracts, 
and offer a different interpretation. We have also con- 
firmed by similar preliminary experiments that these 
' jodotyrosine-like. compounds. were not artefacts formed 
"during the extraction. In additional experiments, an 
- ‘alternative extraction and purification of proved efficiency 
have been found to yield either none or much less of the 
> organie iodine-127 as these iodotyrosine-like compounds, 
which suggests that they are not iodotyrosines. Finally, 
other experiments are reported which suggést that these 
iodotyrosine-like compounds are not precursors but meta- 
bolites of thyroxine; these compounds have been found 
. in the serum of myxedematous or athyreotic subjects 
receiving oral thyroxine replacement therapy, while only 
races of them or of thyroxine could be found in the serum 
C Cof some such subjeets when untreated. 
|) Subjects. studied. (all. sampled fasting). Samples were 
^. examined from 13 normal subjects, or 6 working colleagues 
| and 7 convalescent patients judged free of endocrine 
atter, mostly elderly subjects with non- 
ad received 100-500 ue. of iodine- 
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131 iodide at 48-120 h previously. Similar investigations 
were also made on some sera being sampled from various 
of our patients who were typical instances of some thyroid 
diseases ; of the myxcedematous subjects, only those judged: 
to suffer from complete thyroid failure were included. 
For the myxcedematous subjects on oral thyroxine therapy 
the therapies had been established at least three weeks. 
These patients had usually received 100-ye. iodine-131 
48 h previously; the thyroidectomy subject: (case 12, 
non-toxic goitre) was sampled at 1 and 25 h post-opera- 
tively or 49 and 72 h after the iodine-131 dose (a and 6), 
and the thyrotoxie subjeets had received therapeutic 
doses (that is, 5-15 mo.). E 
Extraction. This followed either of the tech c 
outlined in Table 1, using iodine-free techniques through 
out, and commencing within 1 h of sampling, after addition 
of ‘trace’ amounts of reducing agent. Here ‘trace 
amounts mean less than the level above which these 
have been found to cause iodine-127 artefacts on : 
arsenite staining of the chromatograms which can simulate: 
iodotyrosines or iodothyronines'*. All the results from 
earlier extracts using such larger amounts of reducing 
agent have been discarded. As shown in Tables 1-5, the 
standard addition was 100 ug propylthiouracil per 20 ml. 
of serum, but sometimes a similar ‘trace’ amount of 
another or no reducing agent was used. (a) For the 
method we followed the published technique", modifyin, 
only the amount of reducing agent added to a ‘trace’ 
amount as just noted, for their advised 15 mg pr 
thiouracil would raise the cerie-arsenite iodine-127 vi 
for the thyroninesM, (b) For the butanol-resin 
we used in a few sera our original method ‘A’ in whicl 
butanol extraction from similarly acidified serum. 
made at room temperature, after which this extract is 
added directly to the resin (‘Dowex 1 x 2’, 200 mesh, 
acetate form pH 5-6). Mostly we used the final method 
‘P’ which differs only in that the butanol extract is dried 
and redissolved in dilute aqueous alkali before applyin 
it to the resin. ER 
Chromatography and measurement of the distribution 
of iodine-131 and iodine-127. From the final extracts, 
the equivalents of 3-10 ml. serum were spotted on two or 
three sites on Whatman No. 3 MM paper, for ascending - 
chromatography in n-butanol/2 N acetie acid. AI the 
strips were then passed through a Geiger-Müller | ing 
device to record the iodine-131 distribution. Therea: 
the first was stained with eeric-arsenite and scanne 





























Table 1. EXTRACTION METHODS USED 















Butanol-resin : 
Block ‘A’ | "B 
Serum + reducing agent + H,80,— pH < 3 m 
+ 10 vol. hot BuOH. Extract 8 x 3 vol. BuOH at room temp. | 
Stir and heat to 100? C for Centrifuge gee teen 
3 min Combined extracts + NH,— pH» T 
| Filter (ppti) On resin ‘Dowex | Dry in vacuo at « 40°C 
| Filtrate + NH, — pH > 7 1x? ssolve in very. 


Concentrate in vacuo at 
< 40° C to 20 mi. 

Filter (ppt2 : salts) 

Concentrate in vacuo to 


1 ml. 
+ BuOH + CHCI, 
Extract with NH,OH 


Dry in vacuo 
Redissolve in MeOH—NH, 


dilute aqueous. 
alk: 





on rosin ‘Dowex = 
x 2 VILIS 
Elute organic iodine with CH,COOH 
Collect CH,COOH and dry is 
Redissolve in MeOH-—NH, 






















IMYXOEDEMA on i-T, (Block Extract) 














Case No 12 


TONES: 





HOURS AFTER END OF IRRADIATION 





myxcedematous subjects 


densitometer to obtain a similar recording of the fading 
‘and so of the iodine-127 distribution. As described else- 
where!’, the area of recorded fading for any spot is pro- 
; portional to its iodine-127 content. After spraying, the 
chromatograms were watched until fading was judged 
»seannable, ‘that is, clearly visible but sub-maximal; 
pment time therefore gives an inverse index of 
-127 content (times for normal sera = 10-50 min). 
nd parallel chromatogram from each serum was of 
‘serum + standards’ which defined the areas for MIT, 
DIT and thyroxine. The third parallel chromatogram 
available for several sera was also analysed for iodine- 
127 by activation analysis (iodine-127 — iodine-128). 
For this (as detailed by Dimitriadou ef al.'*), the iodo- 
tyrosine and the iodothyronine areas of the chromatogram 
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"fable 2a. Tests FOR EXTRACTION ARTEFACTS FROM THYROXINE 
Caromatozrams of extracts from aqueous solutions of synthetic iodine-151- 
thyroxine + carrier thyroxine. One of two experiments) 








(Iodine-131) % of total 
counts as: 


Turre | 
r | DIT |rrhy| b | 


(Iodine-127) 95 of Ce-As 
fading as: 









MIT + | 
DIT |LThyr. 





Unextracted 











extract 19 = RI he eos 96 
Extracts: | | 
Block method) 20 d 80 | (48)"| «6 46 
Butanol-resin | | 
method: | 
Er 5 = e | Qgo*| — 76 
B 46 e 54 (28)* — 72 | 








* Owing io the Na,8,0, over which the solvents were kept for this 
experiment, similar figures were obtained with blanks. : EM 
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[ MYXOEDEMA on d-T, (Block Extract) 
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‘ig. 1. Activation analyses (iodine-127—>iodine-128) of paper chromatograms of serum 
ei Facts; “4 illustrative [examples of thejresults obtained from normal and treated 


as residue on column, and leas iodide spot on chromatogram. 


A vonzo —— 


aled in polythene e lopes, as were 






were 





‘been spotted with 2-54 ug of iodide stand- — 
ard; after neutron activation for 0:5 h and 

an astringent purifieation those samples 
giving counts with the 25-min half-life. of 
iodine-128 were measured using the ratio 
of their counting to that of the standard- 


(Fig. 1) In Tables 1-5 organic iodine. 
means iodotyrosine plus iodothyronine 
fractions. 


Tests of the methods of extraction (Tables: 
2a and b). The extraction methods used are 
summarized in Table 1. The Block pro- 
cedure was tested on serum to which iodine- 
131 iodide had been added (six experiments 
without carrier and one with carrier); and 
more than 99 per cent of the radioactivity 
on the chromatogram was always on the 
iodide spot. In other similar test extractions, 
after iodine-131 thyroxine had been added 
with and. without carrier, neither iodine-131 





spots of chromatograms prepared either by: 


the Block or the butanol-resin procedure . Le 
(Table 2a). Finally (Table 2b), the efficiency 
of the extraction methods was assessed ono 


sera from subjects who had received large 
iodine-131 doses some days previously, in 


which, therefore, at least 80-90 per cent  . 
of the iodine-131 should be organic. It will ^. 
be seen that the mean initial extraction | 
yield from these sera was 84 per cent for alb. 


the three methods being used, ranging | 
68-93 per cent for the Block method and _ 
76-95 per cent for the butanol-resin method | 

CA’ or ‘B’). 


4 has been checked by these authors, and |. 
we have found the butanol-resin method 
similarly efficient in extracting all the 
iodine-131 compounds from many thyroid 
tissue digests chromatographed both before 
and after resin purification. 


Table 2b. TESTS OF THE EFFICIENCY OF THE EXTRACTION METHODS 
USING SERA THE IODINE-131 OF WHICH SHOULD BE MORE THAN 80 PER CENT 
PROTEIN-BOUND 
(Samples taken over 48 h after the jodine-131 dose) 


















































pa z 
Percentage of total serum 1-131 found in: 
Initial butanol Chromatogram’s AM 
extract organie jodine-1831T poos 
Serum from: Extraction method Extraction method 
deseen «de 
| Butanol- | Butanol- f: 
i | Block | resin Block | resin 
Normals | 
(18) F 62 i 92 93 H 61 | 58 
(16) M 92 | 85* 56 i 50* 
07) F 28 so | de | 9 | i| 
~- v | E ow E. 
Mean i 91 83 | 52 55 
i = = i — 
| Thyrotoxies | " | pis | T i 5 | 
(8 2 
| a4) F > 40 iss | of | B 50 
| 0940 TERTS 
(2) F > 40 91 ggr 76 | 85* | 
i Mean 90 90 65 96 —. 
Non-toxie goitres 
| 02 F42 @) 78 78 59 4l 
i (b) 68 75 | 38 39 n 
Mean | 78 s | a9 | 4 d 
fi err i } cud 





* These extracts were by method ‘4’ and the others by method (2... 2d 
--*Organie iodine-181 on chromatogram = initial butanol extract less — . 
losses: (a) on filter paper and into chloroform; or (b) in effluent or - x 








" Mbo iwo blank papers, one of which had 


nor iodine-127 was found on the iodotyrosine 


The extractability of iodine- "0". 
131 iodotyrosines by the Block method 
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of normal sera by the Block method (Table 3). 

e available from ten extractions from 13 normal 

ets fasted 12-16 h to exclude any food compounds 
he sera. It will be seen that while less than 5 per 

of the organic iodine-131 was on the iodotyrosine spot 
xcepting one patient showing 13 per cent), the cerie- 
senite stain showed 56 per cent (30-77 per cent) of the 
rganie iodine-127 in some iodotyrosine-like compounds. 
Furthermore, the activation analysis (iodine-127 — 
odine-128) of the same areas of parallel chromatograms 





Table $, IODOTYROSINE-LIKE COMPOUNDS IN 11 EXTRAOTS OF SERA FROM 

































SE vus FASTED NORMAL SUBJECTS 
S (Samples 48-120 h after 100-500 xe, iodine-131: extraction by Block method) 
PUE Iodotyrosine-like compounds (as 
Case No, sex Reducing agent 96 organic I) 1-127 k 
 andage . per 20 ml. serum 1-181 Ce-Às rm 
i | EX | 
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from five of these sera (Fig. 1) has confirmed that thecerie- 
arsenite findings were due to iodine-127, that is; a similar 
proportion (46 or 30-68 per cent) of the organic iodine-197 

was found to be in iodotyrosine-like compounds. 
Extractability of the ‘iodotyrosine-like’ iodine-197 CON 
pounds by butanol-resin methods (Table 4). As a further 
test of the chemical nature of this iodotyrosine-like 
iodine-127 compound, its extractability by the Block 
method was compared with that by our butanol-resin | 
method on 12 sera from 5 normal subjects, from 4 non- 
toxic goitre subjects and from 3 thyrotoxie su 
With these sera the foregoing findings from the 
sera are also confirmed—no or minimal ™I-iodoty: 
after any extraction method and yet about half i 
per cent) of the organie iodine-127 is found after the Block 
extraction às an iodotyrosine-like conn ee 
5 







the 3 sera showing some iodine-131 iodotyrosine (14— 
per cent of the organic iodine-131) it should be mentioned. 
that the two higher values were from post-thyroidectomy 
samples. On the other hand, the ‘B’ butanol-resin me! 

only revealed minimal amounts of iodine-127 ‘iodoty: 
sines’, the proportion of the organie iodine of whi 
paralleled that of the iodine-131 iodotyrosines, that is, 
usually none or with two of the sera values less than 25 per — 
cent. The ‘A’ butanol-resin method was used oi (s 
three extracts, and gave results intermediate — 
those of the improved ‘B’ butanol-resin method an 
of the Block procedure. These findings strongly sug 
that these ‘iodotyrosine-like’ iodine-127 compounds : 
not be the free iodotyrosine acids, since we had always 



















percentage of organic iodine (that is, I-Ty + I-Th) 








































Todine-131 Todine-127 (i) ceric stain, (ii) by activation to iodine-128 
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* A pool from two subjects with large endemic goitres from an iodine deficient area of Thailand, 


Table5. IODOTYROSINE-LIKE IODINE-127 EXTRACTED FROM SERA OF UNTREATED AND TREATED MYXGDEMATOUS SUBJECTS. .. 
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Yodotyrosine-like iodine-127 (Jp of organic iodine- 
































| | Serum extracted i 
| Oral thera) Reducing agent added y activation analysis 
| Patient per day s (eine mi.) By ceric-arsenite (to iodine-198) . 
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P of our glan s. Possibly al 
wel e lost on this resin puri ication, but not from the: 


-Extracts from myxadematous or athyreotic subjects either 
mireated or receiving maintenance Myroxine therapy 
| (Table 5). To assess any possible origin of these compounds 
" from the thyroid gland, it seemed important to look for 
them in sera from myxcedematous subjects, both untreated 
and also maintained on oral thyroxine therapy. As 
| expected, the chromatograms from the untreated subjects 
needed long development times with the ceric-arsenite 
before any fading showed iodine-127 in the thyroxine 
- area; and then they also showed similarly faint spots 
(that is, minimal iodine-127) in the iodotyrosine area. 
"Further, i subject 21, to whose serum before extraction 
een added synthetic thyroxine to give 6 ug/100 ml. 
concentration, the iodotyrosine spot was only 6 per cent 
f the total organic iodine-127. In the 10 subjects 
n oral maintenance therapy with thyroxine, the iodo- 
tyrosine spots were again detectable in amounts approxi- 
mately equivalent to the thyroxine found. As is shown in 
, in.3 subjects this last finding was confirmed 
_ by activation analysis. These results, therefore, strongly 
suggest that the iodine-127-iodotyrosine-like compounds 
. may be a degradation product from the metabolism of 
thyroxine. 
Our investigations have fully confirmed the Werner 
and Block findings" that only about half the organic 
ine circulating in serum is thyroxine, and the rest 
dotyrosine-like compounds into which the entry of 
ne-131 is evidently too slow to be detectable by 
nt methods. Beale and Whitehead!* using a double 
pe dilution technique have also found similar com- 
; inferred to be iodine-127-iodotyrosines. Our 
tion analysis has confirmed the validity of the 
arsenite’s indication of iodine in these compounds, 
ntradieted the suggestion that these ceric-arsenite 
gs were simply artefacts from excess of reducing 
agents®, . Another activation analysis study has 
‘also found iodine-127 in the iodotyrosine areas of similar 
chromatograms?, However, others using rather similar 
C but not identical extractions and ceric-arsenite staining!* 
«have failed to find these iodine-127 iedotyrosine-like com- 
| pounds, possibly because they did not extract with dry 
butanol; nor did Maclagan”! find them in methanol extracts 
the purification of which would be likely to remove them. 


. Block extracts. 
















































'RODUCTION 





Department of Neuropathology, Institute of Psychiat 
| and the Nuffield Institute for Me 






CHE investigation of any pathological problem is 

À greatly facilitated when the condition to be investi- 
gated can be reproduced, consistently and without undue 
delay, in experimental animals. In the course of experi- 
ments involving section of the pituitary stalk in various 
pecies of animal!-* we examined the effect of this opera- 
t only on somatic growth but also on the growth of 
: ary tumours in rats’. To produce the tumours we 
used the method developed by Huggins et aL*, giving 
young female Sprague-Dawley rats, bred in our own 
laboratories, 10 mg 3-methyleholanthrene (dissolved in 
olive oil) by stomach tube 3 times a week for approxim- 
ately 7 weeks. In our first series of experiments? we found 
that out of 163 rats so treated, 149 animals (91-4 per cent) 
developed mammary tumours. Most of the tumours 














ulure etect these iodine-127 io otyrosine-like Be : 
pounds after butanol-resin extraction confirms similar 


findings by Werner, Wynn?! and Wellby and Hetzel*t?», — 
Therefore, as this method has been found an effieient > 


extractor of iodotyrosines and our parallel Block extract 
did show these compounds, it seems that these compounds 
are not iodotyrosines. An organic iodine conjugate 
would seem a possibility. Further, since these compounds, <- 

like thyroxine, are only found in traces in the serum from 
untreated myxcedema and yet in approximately normal 
proportions in that from myxcdematous subjects receiving. 
oral thyroxine therapy, they also seem to be metabolites of 
thyroxine. For this reason, we are at present examining 
the metabolites of iodine-131 thyroxine. However, this 
metabolite may not be on the main pathway for thyroxine, 
and its turnover in the blood must be slow so that an entry 
even from iodine-131 thyroxine may be difficult to 
detect. 
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OF MAMMARY TUMOURS WITH 3-METHYLCHOLANTHRENE 


By Pror. P. M. DANIEL and Dr. MARJORIE M. L. PRICHARD 


, the Maudsley Hospital, Denmark Hill, London, S.E.5, 
ical Research, University of Oxford 


attained a palpable size within the first 10 weeks after 
the end of the period of carcinogen feeding. The yield of 
tumours was thus very satisfaetory, even though it was 
not quite so high nor so rapid as in Huggins's experiments*. 
Except for a very occasional fibro-adenoma, all the tumours 
were adenomata and most of them were hormone-de- 
pendent, that is, they regressed after hypophysectomy, an 
operation which we used as a basis of comparison for the 
effieacy of pituitary stalk section as a means of inhibiting 
tumour growth’. 

Since these earlier experiments we have fed 3-methyl- 


cholanthrene to a further group of rats from the same - 


colony, and have found that the incidence of tumours. 
has been less high and that on the whole the tumours have 





taken longer to develop. In all, 45 rats were started on . E 
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Table 1, INCIDENCE OF MAMMARY TUMOURS IN RATS OF 3 AGE-GROUPS 
FED 10 MG OF 3-METHYLOHOLANTHRENE THRICE WEEKLY FOR 7 WEEKS 
Rats which developed Rats which did not 
tumours develop tumours 
Time Period of 
Age of rats after survival 
at start of Rat end of Type of Rat = after end of 
carcinogen- No carcinogen- tumour(s) No. carcinogen- 
feeding feeding feeding 
(weeks) (weeks) 
H 45 4 Adenoma 
H 51 Adenoma 
H 52 4 Adenoma 
| " 4 5 A 
9... ex? ny 8 enoma 
42-49 days H 50 12 Fibro-adenoma 
H 56 18 Adenoma 
H 54 61 Fibro-adenoma 
H 53 7 Fibro-adenoma H 48 4 
57 57 Adenoma H 55 58 
Total No, of rats: 10 (= 83 per cent) 2 (= 17 per cent) 
G1 8 Adenoma 
B o» Hem en 
z HN enoma 9 5 
61-66 days -G g 14 Adenoma G 9 18 
G 5 23 Adenoma G 6 19 
G 4 26 Fibro-adenoma G 18 36 
Total No. of rats : 6 (= 60 per cent) 4 (= 40 per cent) 
Fil 12 Fibre-adenoma 
Pq 16 Adenoma 
I: P m or. 
] Adenoma ) 11 
79 daya p; 39 Adenoma F12 23 
F2 39 Adenoma Fils 23 
(F 3 39 Adenoma F 15 23 
\F 13 44 Fibro-adenoma F 8 38 
Total No. of rats: 8 (= 61 per cent) 5 (= 39 per cent) 


the course of earcinogen-feeding, but owing to losses from 
intereurrent infection only 35 were given the complete 
course. The animals fell into 3 groups according to their 
age when the ecarcinogen-feeding was started (Table 1). 
The carcinogen was made up and administered as previ- 
ously®, the only difference being that in two of the three 
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Fig. 1. Typical histological appearance of a mammary adenoma in a 

ns with Se recs Je md -aen Most of the tumours induced by 

this carcinogen are adenomata and are hormone-dependent, (Hiema- 
toxylin and eosin, x 220) 
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Fig. 2. 

with 3-methyleholanthrene. This type of tumour develops occasionally 

after feeding with this carcinogen and is not hormone-dependent. 
(Hematoxylin and eosin, x 220) 


Histological section of a mammary fibro-adenoma in a rat fed 


groups (H and G in Table 1) sesame oil was used as a 
vehicle for the carcinogen instead of olive oil. 

The incidence of tumours in the 35 rats, the earliest 
time when their presence was unmistakable on palpation. 
and the type of the neoplasms as determined histologically 
(either by biopsy or at autopsy), are shown in Table 1. 
As regards those rats which did not develop tumours 
before they died (Table 1), an examination of their survival 
times will show that at least some of these animals might 
have developed tumours if they had lived longer. How- 
ever, for the purpose of analysis the results obtained in 
these rats are taken as being negative. 

It will be seen, therefore, that the group in which the 
largest number of rats (83 per cent) developed tumours 
was the group which was youngest (42-49 days old) when 
the carcinogen-feeding was started; it was also in this 
same group that the earliest tumours of the present 
series appeared. In the two groups of older rats the 
proportion of animals which developed tumours was the 
same (60 and 61 per cent), but the tumours appeared 
somewhat earlier in the younger of these two age-groups. 
In all three groups of animals most of the tumours were 
mammary adenomata (Fig. 1). showing the characteristic 
histological features described in our earlier papers’:’. 
A few rats developed fibro-adenomata (not shown in 
Table 1) in addition to their adenomata, and in a few 
other animals the only tumour to develop was a fibro- 
adenoma (Fig. 2). In onerat an adenoma, a fibro-adenoma 
and an anaplastie tumour were all found (all three tumours 
being situated along the milk-line). 

The number of animals in the series of experiments 
reported here is unfortunately small, owing to an epidemic 
of respiratory infection which killed many animals in the 
colony. Nevertheless the results, particularly when taken 
in conjunction with those of our previous work®, indicate 
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importanoe of giving the carcinogen at an early age. 
— "The rats of the two higher age-groups, in which the lowest 
incidence of tumours occurred, were appreciably older at 


the 


imall dose method of administration, the period 
gen-feeding should be timed to include the period 
rats are 40-65 days old (as was the case with 
! the rats of our earlier series?) Moreover, not 
< only is the incidence of tumours related to the age at 
‘which the carcinogen is given, but on the whole the time 
taken for the tumours to develop appears also to be 
longer the older the rat is at the time of the carcinogen- 
feeding (Fig. 3). 

. However, even in the youngest group of rats in the 
present series, in which the incidence of tumours was as 
high as in the first group of our original experiments?, 
most of the tumours took longer to develop than those in 
the previous investigation. Thus, we suspect that the 
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carcinogen 


Time of appearance of tumours (6) in rats fed S-methylcholanthrene at different 
ages. In each group the age stated refers to the day on which the earcinogen-feeding 


being less susceptible to the careinogen, for 
although the colony was a closed one the 
rats were not inbred. 

It is a matter of some interest that in our 
colony of Sprague-Dawley rats, over a 
period of 4 years, we have seen no instance 
of a spontaneous mammary adenoma and 
only a very occasional spontaneous mam- 
mary fibro-adenoma. (A spontaneous mam- 
mary adenoma was found in a Wistar rat, 
however, and this proved to be hormone- 
dependent, since it regressed after hypo- 
physectomy.) 

Lately, Huggins!! has been advocating 
the use of 7,12-dimethylbenz(a)anthracene, 
given in a single dose at the age of 50 
days, as an equally effective and rapid 
means of producing mammary cancer 
in rats. This is undoubtedly a much 
simpler undertaking, but our experience with this carcino- 
gen (in a first batch of some 50 rats) has been that a larger 
proportion of the tumours are fibro-adenomata which 
are not hormone-dependent. 

Although in the work recorded here the yield of tumours 
was not so high as in the previous series of animals, we 
still consider that, for the purposes of cancer research, 
feeding with repeated doses of 3-methylcholanthrene by 
stomach tube, although a laborious procedure, when 
undertaken at the right age and in a suitable strain of rats, 
is a valuable method for producing relatively quickly a 
high yield of hormone-dependent mammary tumours. 

We thank the British Empire Cancer Campaign for a 
grant in aid of this work, and Mr. E. Bernard and Miss J. 
Booty for assistance with the experiments. 
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IMMUNE AND TOLERANT ANIMALS 


By Dr. G. J. V. NOSSAL and Dr. G. L. ADA 


Walter and Eliza Hall Institute of Medical Research, Melbourne 


ECENT investigations! have shown that certain 
cells in the lymphoid follicles of rat lymph nodes can 
phagocytose and retain antigens, but fail completely to 
take up non-antigenie proteins. They thus appear to 
possess the capacity to ‘recognize foreignness’. Other 
phagocytes, particularly in the medullary sinuses of the 
nodes, do not diseriminate so clearly between ‘self’? and 
foreign proteins. . This article describes the rapidity and 
extent of follicular localization of radioiodinated flagellar 
antigens from. Salmonella bacteria, in rats previously 
rendered specifically immune or tolerant by injeetions 
of non-radioactive antigen. 
Follicular localization in immune animals. In the first 
experiment, rats received 1 ug of S. adelaide flagella into 











the hind foot pads. Six weeks later, when they had 
substantial titres of anti-H antibody in their serum, they 
received a secondary stimulation with 1 ug (13 uo.) of 
flagella labelled with iodine-125. The chloramine 7 
method of iodination of proteins! has been slightly modi- 
fied’, and with the use of carrier-free isotope and small 
amounts of protein we have been able to achieve high 
specific activities of labelling without detriment to the 
immunogenicity or serological properties of the antigen’, 
Rats were killed at intervals, and autoradiographs of 
sections of popliteal lymph nodes were prepared. Control 
rats had received 1 pg of flagella from a serologically 
unrelated strain as their primary injection. The results 
(Fig. 1) showed that macrophages present at the periphery. 


et difference between the results in our two ut 
Series of experiments may be due in part —— : 
to the later generations of the colony .. 
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Fig. 1. Autoradiographs of poet lymph node sections, 2 h after 
the injection of 1 ug (13 we.) of **I-labelled ella from 5S. adelaide, 
(x e, 188.) Kodak N7'B/2 emulsion, exposure 6 days, methyl green- 
pyronin stain 
(a) A rat which had received 1 ug of S. adelaide flagella 6 weeks before 
challenge. Note the heavy ‘collar’ of antigen-containing phagocytic 
cells on the periphery of the lymphoid follicles. (b) A rat which had 
received 1 ug of S. paratyphi B flagella 6 weeks previously. Note that 
phagocytosis in the follicle region is much less intense 


Serum antibody titre* 


1 2 3 4 5 6 T 5 
Weeks after challenge t 


Fig. 2. 
* The antigen was 





Fig. 3. Autoradiograph of popliteal lymph node sections, 2 h after the 
injection of 1 ag (160 pe.) of ™I-labelled flagellin from S. adelaide. 
(x c. 188.) Kodak NTB/2 emulsion, exposure 5 days 
(a) A rat which had been rendered tolerant to the antigen by injections 
since birth. Note that the localization pattern is similar to that seen 
in specifically immunized animals (Fig. 1a) though the resolution with 
iodine-131 is not so good as with iodine-125. (b) A rat of the same age 
(10 weeks), previously uninjected. Note that para-follicular localization 
is much less marked 


of the lymphoid follicles in immune animals possessed a 
far greater capacity to phagocytose the antigen than 
corresponding cells in the control rats. A dramatic 
difference in intensity of para-follicular labelling was 
evident over the first 4 h. However, the final concentra- 
tion of label reached in the follicle, and the local persist- 
ence of labelled material, showed no obvious differences 
between the two groups of rats. In the animals receiving 
the specific secondary stimulus, a great increase in the 
size of the germinal centres occurred within the first 3 
days, accompanied by extensive proliferation of plasma 
cells in the medullary cords. Such changes occurred more 
slowly and were less marked in the control group. The 
experiments indicated an enhanced 'recognition of foreign- 
ness’ by follicular macrophages in immunized animals, 
specific for the antigen encountered in the primary 
response. 


Serum antibody titres in secondarily immunized, primarily immunized and tolerant rats 
llin from S. adelaide; the serum antibody titre is the reciprocal of that dilution of serum giving a standard degree of partial 


immobilization of a dilute, motile culture of bacteria sharing the H antigen with S. adelaide. The titres represent means of groups of three or more rats 
+ The challenge was an injection of 10 pg of flagellin. In the case of the tolerant rats, this was merely one in a series of such injections 
A, Tolerant rats had received 10 ug of flagellin intraperitoneally on the day of birth, and then twice per week, At 21 weeks of age, they stil] exhibited 


no detectable antibody. Rats first injected with 10 jg of Fagplan e weeks 
an 
O, Primarily immunized rats received a sing 


$ of age, and then given twice-weekly doses, all developed high 
titres 
dose of 10 ag of flagellin at 12 weeks of age 


@. Secondarily immunized rats received 10 yg of flagellin at age 12 weeks, and a second similar dose at age 18 weeks. Results plotted refer to 
serum samples taken at intervals after the second injection 





Induction. of immunological i lerance to o flagellin. Th ugh 
artial tolerance to bacterial antigens has been reported*-*, 
far has succeeded in inducing complete and 
suppression of antibody formation to these highly 
^ immunogenic products. We now report that when rats 
are injected intraperitoneally with 10 ug of highly purified* 
monomeric flagellin on the day of birth, and then re- 
peatedly® twice a week with a similar dose, they remain 
fully.tolerant for as long as one cares to keep up the 
injections, and for at least several weeks thereafter. 
This is not simply a case of immunological paralysis, as 
all animals similarly treated from age six weeks made high 
antibody titres. Moreover, recent experiments have shown 
_ -that certain rats can be rendered tolerant with a hundred- 
fold lower dose. The completeness of the tolerance is 
-illustrated in Fig. 2, where the responses of tolerant, 
uninjected. and pre-immunized rats are compared. 
=) Follicular localization in tolerant animals. Previous 
work? has established that ‘self’ proteins such as rat serum 
umin or rat hemoglobin, and ‘minimally antigenic’ 
proteins such as beef insulin or calf gelatin, do not localize 
cnl id follicles when injected into rat foot-pads. 
If acquired immunological tolerance is a breakdown of 
anism for the recognition of foreignness, one 
e uld expect that animals showing tolerance to a given 
| antigen would handle it as they do a 'self protein, that is, 
without phagocytosis by follicular macrophages. Accord- 
ingly, rats fully tolerant to flagellin were injected with 
1 pg (160 uc.) of flagella labelled with iodine-131 via the 
hind foot-pads, and localization of antigen investigated 
here. To our surprise, the para-follicular macrophages 
ibited intense phagocytic activity (Fig. 3). In fact, 
antigen was handled precisely as in an immune animal. 
er, whereas the previously immunized animals had 
the. cellular changes typical of the immune 
ery rapidly, no such changes occurred in the 
imals. 
usions. Animals injected for the first time with 
antigen manifest their recognition of the foreignness 
injected material by selectively localizing and 
ig it within the lymphoid follicles. Germinal 
formation and plasma cell proliferation follow. 
Animals herd for the second time with the same antigen 
























































HE ability of animals to form antibodies against 
rmatozoa was first demonstrated in 1899. The 
question of whether the immunization of females against 
spermatozoa would affect their breeding performance was 
soon, raised, but no satisfactory answer was forthcoming. 
Many experiments were carried out on rats, rabbits, 
guinea pigs, and even, perhaps prematurely, on women. 
Although positive results were sometimes claimed, they 
proved diffieult to substantiate, and more extensive and 
fully controlled investigations failed to confirm the 
_earlier findings. A comprehensive review of immunologi- 
al approaches to the control of fertility was recently 
blished by Albert Tyler! in which he listed no fewer 
50 e ports dealing with the injection of spermatozoa 
issue. He concluded that no reliable method 
for the immunological control of fertility had yet been 
demonstrated in any species. 
In the course of a previous experiment?, evidence was 
obtained which suggested that the breeding performance 
of female mice might be affected by immunization against 
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- more intense end a rep cellular changes. Animals injected = 
with a ‘self’ protein do not localize it in follicles or develop 


the cellular changes. Animals rendered completely toler- 
ant to a strong bacterial antigen such as flagellin by a 
course of injections beginning at birth show the enhanced 
recognition characteristic of immune animals but fail to 
follow this up with the cellular changes necessary for 
antibody formation. The tolerant animals in relation to 
flagellin are in much the same position as a normal animal 
appears to be in relation to its own effete red cells—there 
is phagocytosis but no obvious antibody formation. If, 
in normal animals, formation of antibody is an inevitable 
sequel to recognition of foreignness, then in our tolerant 
animals these processes have been uncoupled. We can 
only speculate as to the reasons why effective follicular 
localization of flagellin in tolerant animals is not followed 
by an immune response. Perhaps neonatal exposure of 
macrophages to an antigen renders them and their pro- 
geny incapable of producing a factor essential for the 
induction of antibody formation. Alternatively, a specific 
deficiency may exist in the population of reactive lym- 
phoid cells. In any event, the model may offer a unique 
opportunity for the examination of macrophage recogni- 
tion mechanisms in the absence of antibody formation. 
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: IMMUNOLOGICAL CONTROL OF FERTILITY IN FEMALE MICE 
By Da. ANNE McLAREN 


Agricultural Research Council Unit of Animal Genetics, Institute of Animal Genetics, Edinburgh 


spermatozoa. 'The results reported here show that this is 
indeed so. The degree to which size of litter is depressed 
depends closely on the titre of agglutinating antibody in 
the serum: a high titre leads to complete sterility for many 
months. 'To achieve a sufficient level of antibody in the 
blood, injections of spermatozoa have to be given at 
frequent intervals for a number of weeks. Considerable 
variation has been observed among individuals and among 
strains in their capacity to form antibody in response to 
the immunizing injections. The difficulties experienced 
by earlier workers may have been due partly to failure to 
take account of this variation, since the level of serum 
antibody was seldom ascertained, and partly to failure 
to give a long enough course of immunizing injections. 
Several workers gave one or two injections only; none 
gave more than thirteen. 

In the work reéorded here females received three intra- 
peritoneal injections a week for seven weeks. Each 
injection consisted of live spermatozoa from the vasa 











No 


49:9. February 8, 1964 








Young born within 25 days of pairing 





< 1/8 1/32 1/64 1/128 1/256 1/512 1/1,024 1/2,048 


Sperm agglutinin titre 
Fig 1 Number of young born to control females and to females 1m- 


munized against spermatozoa, within 25 days of pairing, in relation to 
initial level of sperm-agglutinating antibody m the serum 


suspended in buffered salme (This 1s essentially the 
procedure adopted by Snell and Poucher®. Fewer than 
15 mjections gave low titres, after fewer than 7 mjections, 
antibody could seldom be detected at all) Ten days after 
the last 1njection, the titres of agglutmatmg antibody ın 
the sera of experimental and control females were estim- 
ated 005 ml of a fresh suspension of spermatozoa was 
mixed with 0 05 ml of serial two-fold dilutions of serum; 
after 30 min at room temperature the drops were examined 
microscopically for evidence of agglutmation Immune 
agelutimation ıs of the tail-to-tail type, producing a highly 
characteristic agglutination pattern. At low dilutions, nor- 
mal mouse serum often induces head-to-head agglutination 
of spermatozoa, to avoid confusion with this non-specific 
response, the lowest dilution of serum tested was one- 
eighth This reaction of normal serum with the acrosomal 
region of the head of homologous or heterologous sperma- 
tozoa has been demonstrated! by fluorescent labelling in 
several species, though ib ıs weak in the mouse, by the 
same technique, the tails of spermatozoa have been shown 
to react with serum from guinea pigs 1mmumized against 
spermatozoa 

The antigens which evoke agglutimm formation are 
auto-antigens, that 15, they are characteristic of sperma- 
tozoa 1n genera], and do not depend on the stiaim to which 
the males belong Males from a number of strains were 
therefore used, most belonged to the random-bred Q 
stram The resulting antisera agglutinated spermatozoa 
from all strams equally effectively In the first expermment 
C57BL mbred and Q random-bred females were used, 
the random-bred females proved the better antibody 
producers (Table 1), and were used for all subsequent 
experiments The variation in titre between individual 
females was no less m the genetically homogeneous inbred 
than in the random-bred animals 


Table 1 AGGLUTININ TITRES IN THE SERA OF 7 C57BL INBRED AND 8 Q 
RANDOM-BRED FEMALES, AFTER 21 INJECTIONS OF SPERMATOZOA 


Agglutinin titre 


1/32 1/64 1128 1/256 1/512 1/1,024 1/2,048 
C51BL 2 1 2 0 2 0 0 
Q 0 0 0 2 2 1 3 


After the injection schedule was completed, eight 
4mmunized and eight control females were paired singly 
for six months with males of proved fertihty All the 
females showed copulation plugs within a week of parng 
Figs 1 and 2 illustrate the breeding performance of the 
females within the first 25 days of pawmg (first litters), 
and during the entire six-month period, respectively The 
control females (serum titre <4), which in this series 
received injections of saline alone, were mdistinguishable 
in their breedmg performance from untreated females of 
the same age, parity and genotype Earher work? has 
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shown that ijeetions of male spleen cells have equally 
httle effect on litter size In contrast, females with hgh 
titres of anti-sperm agglutmins in ther sera showed 8 
marked reduction both in the size of the first htter 
-(Fig 1) and m total breeding performance over the six- 
month period (Fig 2) The two females with the highest 
titre produced no young during the entire period 

Fig 3 shows the mean productivity of the strongly 
immune, the weakly immune and the non-immune females 
recorded for each month separately The relative fecund- 
ity of the three groups did not alter sigmficantly durmg 
the six-month period By the end of the period the females 
were ten months old and past the peak of reproductive 
performance Thus the contraceptive effect of mmuniza- 
tion persisted for the major part of the females’ reproduc- 
tive life At the end of the six-month period the agglutinin 
tatres of the sera did not differ greatly from their initial 
values 

Table 2 shows the numbers of males and females born 
to 1mmunized and control females The deficit of males 
in the progeny of ımmunızed females 15 not statistically 
significant at the 5 per cent level (01 > P > 005) 


Table 2 SEX RATIO OF YOUNG BORN TO CONTROL FEMALES, AND TO 
FEMALES IMMUNIZED AGAINST SPERMATOZOA 
No of No of Young 

Group Titre 99 litters 9 é %8 
Control < 1/8 7 36 115 126 52 
1/32 1 5 16 15 48 

1128 2 9 23 18 44 

Immunized 1/256 1 4 10 5 33 
[512 2 9 26 21 45 


Physiological basis of reduction in litter size Since all 
the immunized females mated, the reduction in fecundity 
could be due either to a decrease 1n the fertilization rate, 
or to increased embryonic mortality To investigate this 
pomt, 9 mmunized and 8 control females were paired 
directly after the course of injections was finished, and a 
further 6 immunized and 9 control females were paired 
at the end of the six-month mating period The females 
were killed two days after the finding of a copulation plug, 
and their eggs examined At this time fertihzed eggs 
have usually reached the 8-celled stage, and can easily be 
distinguished from unfeitihzed eggs, which are either 
single-celled, or are beginning to fragment The immun- 
ized females produced normal numbers of eggs, but, as 
Fig 4 shows, the proportion fertilized dechned rapidly 
as the agglutinin titre in the serum increased Comparison 
of Fig 4 with Figs 1 and 2 suggests that the reduction in 
fertilization rate ıs enough to account for all the observed 
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Sperm agglutinin titre 
Fig 2 Total number of young born dunng a six-month period to 


control females and to females immunized against spermatozoa, in 
relation to initial level of sperm-agglutinating antibody m the serum 
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x C— CONTROL GROUP junction The 1njeection of homologous 
a L— LOW TITRE OF SPERM AGGLUTININS spermatozoa plus adjuvants into female 
8— H—HIGH w n u n guinea pigs has recently been shown to induce 
temporary sterility®’? The same treatment 
7 also causes anaphylactic sensitization of the 
E uterus, demonstrable ın vero? Katsh there- 
m Ln fore suggests that the sterility may stem from 
S5 an anaphylactic response of the uterus, 
E inhibiting implantation In the present 
Co 4— case the block acts earlier, preventing fertiliza- 
e tion, though an anaphylactic response may 
g sc be involved, a more hkely explanation, since 
E g mice are less prone than guimea pigs to 
anaphylactic manifestations, 1s that enough 
1— agglutinating antibody ıs secreted from the 
blood into the uterus to agglutinate the 
0— ETH C LH CLH CLH CLH cLa spermatozoa and thus reduce the number 
1st 2nd 3rd 4th 5th 6th which penetrate mto the oviduct The close 
Monthly intervals after pairing relation between agglutinin titre and reduc- 
Fig. 3 A month-by-month comparison of the reproductive performance of control, tion of fecundity (Fig 2) supports this inter- 


weakly immune and strongly immune females 


reduction m fecundity, hence there 18 no reason to suspect 
an increase of embryonic mortality in the mmunized 
females 

A further experiment was carried out to determine 
whether the reduced fertilization rate m immunized females 
was due to failure of the spermatozoa to reach the site of 
fertilization (1n muce, the ampullary region of the oviduct) 
On the morning that a copulation plug was found, one 
oviduct was removed, and the contents of the ampulla 
squeezed into a drop of saline and searched for spermato- 
zoa Two days later, the other oviduct was removed, and 
the eggs which ıt contained were examined to see whether 
they had been fertilized The results are given in Table 3 
The mean number of spermatozoa per ampulla m. control 
females (86) was lower than expected on the bass of 
earlier findings? (Biaden 1eported an aveiage of 15 
spermatozoa per ampulla in one mbred stram, 25 in 
another, Austin and Braden found an average of 16 9 
spermatozoa per ampulla, with a range of 2-75) This 
suggests that some spermatozoa remained inside the 
ampulla or adhermg to the outer surface of the oviduct 
The counts should therefore not be taken to represent the 
total number of spermatozoa present at the site of fo1tiliza- 
tion None the less, the reduced number of spermatozoa 
in the immunized females, compared with the controls, 
is striking The only eont1ol female m which no sperma- 
tozoa could be found proved to have only unfertilized 
eggs in the opposite oviduct In the 1mmunuzed. females, 
the high proportion of unfor tilized eggs confirms the results 
of the earlier experrment (Fig 4) In general, the absence 
of sperm m one oviduct i» associated with little or no 
fertilization ın the other 

Immunological aspects The nature and location of the 
mmunological barrier to the passage of spermatozoa are 
still unknown Spermatozoa could be intercepted ın the 
vagina, uterus or oviduct, or perhaps at the utero-tubal 


Table 3 RELATION BFTWEEN NUMBER OF SPERMATOZOA FOUND IN THE 

AMPULLA OF ONE OVIDUCT OF AN IMMUNIZED OR CONTROL FEMALE ABOUT 

11 HAPTER MATING, AND THE PROPORTION OF EGGS FOUND TO BE FERTILIZED 
IN THE OTHER OVIDUCT 2 DAYS LATER 


Control females Immunized females 


o of Proportion of Agglutinin No of Proportion of 
Sperm eggs fertilized titre sperm eggs fertilized 
22 8/8 1/8 3 2/9 
16 2/4 1/512 2 1/11 
14 6/6 1/1,024 Jd d 5/5 
12 5/5 1/512 1 4/7 
11 3/8 1/1,024 1 0/7 
9 6/6 1/256 0 5/10 
7 8/8 1/256 0 3/6 
7 3/3 1/1,024 0 2/6 
6 8/8 1/1,024 0 0/10 
5 5/5 1/2,048 0 0/7 
5 2/2 1/2,048 0 0/6 
4 8/8 1/256 0 0/5 
2 8/8 
9 0/8 


pretation 
In guinea pigs injection of spermatozoa into 
adult males produces an aspermatogenie condition m the 
testis, but this effect does not occur if the animals have 
been repeatedly mjected with spermatozoa when young? 
An attempt was therefore made to see whether immuno- 
logical tolerance to spermatozoa could be established in 
mice, and whether this would abolish the contraceptive 
effect of subsequent mjections of spermatozoa Unfor- 
tunately, a smgle mtraperitoneal mjection of spermatozoa 
mto new-born female mice proved highly toxic, and tho 
survivors, when adult, showed as high a level of agglutinat- 
ing antibody m response to immunization against sperm- 
atozoa as did untreated animals 
Austin has demonstrated!? that, at least mm some cir- 
cumstances, spermatozoa may penetrate into the maternal 
tissue lmmg the reproductive tract Could sufficient 
spermatozoa be absorbed during repeated mating to 
immunuze a female and thus reduce her fertility? Im- 
munization agamst spermatozoa introduced experiment- 
ally mto the vagma has been reported 1n rats and rabbits?! 
'To avoid pregnancies, which would reduce the frequency 
of mating, the oviducts of eight female mice were severed, 
the females were then paired with fertile males and left 
for six months Mating, as judged by the presence of 
copulation plugs, took place repeatedly, yet at the end of 
the sıx months, not a trace of antibody against sperma- 
tozoa could be detected in the serum of any of the females 
However, a local mfection of the uterus might possibly 
exert an adjuvant-like effect, promoting the development 


©- INJECTED WITH SALINE 


X-INJECTED WITH SPERM 
@Q) -EGGS EXAMINED 6 MONTHS AFTER 
IMMUNIZATION COURSE 


n 
> e oo e 
© e o e 


bo 
e 


Percentage of eggs fertilized (mean) 
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Sperm agglutinin titre 
Fig 4 Proportion of eggs fertihzed, m relation to initial level of sperm- 
agglutinating antibody in the serum, 1n 17 control and 15 immunized 


females Some of the females had been immunized recently and others 
six months earlier 
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of immunity against spermatozoa The piesence of sperm 
agglutimins ın the serum as a possible factor ın some cases 
of sterility in women 1s bemg investigated by E T. Tyler 
et al 2 

Conclusions A satisfactory 1mmunological method of 
controlling fertility in our own species seems a remote 
possibility The difficulties are many and obvious A 
long course of injections might be needed, the final] result 
might be too permanent to rate as a contraceptive 
measure, yet too unreliable to consider as an alternative to 
surgical sterilization Unless the auto-antigenic factor 
from the sperm tail could be isolated m an effective form, 
unmunization agamst other antigens present on sperma- 
tozoa, such as blood group factors, might cause trouble 
Supply of antigen also presents problems, and as Tyler! 
has nightly pointed out, ıt would be desirable to avoid 
the formation of anaphylactically sensitizing antibodies, 
since one would not want wives to become allergic to their 
husbands as a result of a procedure designed to hmt 
fertility 

Yet at least people in most parts of the world are by now 
accustomed to bemg immunized against disease if the 
technical difficulties could be overcome immunization 
against pregnancy might one day prove an acceptable 
alternative to pills All approaches, immunological or 
otherwise, which aim to prevent fertilization have one 
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obvious advantage. Any method of fertility control which 
involves the suppression of ovulation may tum out to 
involve long-term hazards for the woman Any method 
which attempts to intercept the embryo between fertiliza- 
tion and implantation, or to prevent implantation, runs 
the risk that partial failure could result m malformed 

pring But where fertilization itself 1s blocked, the 
risk of producing a malformed embryo is mmmal. In 
the present exper;ments, about 150 young have so far 
been born to mum" "^uzed females and inspeoted at birth. 
No malformations hz "e yet been seen 
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CHELATING AGENTS AND AUXIN 
By Pror O V. S HEATH, F.R.S, and Da J E CLARK* 


University of Reading Horticultural Research Laboratories, Shinfield, Berkshire 


N 1956 we published! from the Imperial College of 
Science and Technology, London, results of two 
expermnents showing that the chelatmg agent ethylene- 
diaminetetraacetate (EDTA) mteracted with 3-mdolyl 
acetic acid (IAA) n a most extraordinary and symmetrical 
way, in affecting the growth of roots of wheat seedlings 
grown in darkness These results were for total length of 
root per plant 8 or 9 days after first soaking the seed and 
are reproduced in Tables 2a and 3a We stated “IAA or 
EDTA alone show essentially simular effects, in fact, the 
two agents grve almost the same results throughout the 
experiments There is, however, evidence of a most 
remarkable mutual antagonism, thus the mhibitory effect 
of a 105 M concentration of either agent is completely 
or almost completely removed by the presence of a 10-? or 
10-* M concentration of the other Clearly, however, 
although the maim conclusions would be unaltered by 
interchanging the names IAA and EDTA m the tables, 
the mode of operation of the two agents cannot be 1denti- 
cal, for adding 10-11 M TAA to 10-5 M IAA could scarcely 
prevent inhibition’? We also mentioned that in the first 
such root-growth experiment we had carried out, with a 
different variety of wheat, although there was a simular 
type of mutual antagonism between EDTA and IAA a 
concentration of 10-7 M of one agent was needed to remove 
the mhibition due to a 10-5 M concentration of the other 
The data for this prelummary experument are given m 
Table la here 
In a later communication? we stated, without presenting 
results, that further experuments had shown essentially 
similar results with 8-hydroxyqumoline (8HQ) and EDTA, 
the mhibition caused by a 10-5 M concentration of either 
bemg largely prevented by the presence of one-milhonth 
the concentration of the other When the non-chelating 
analogue 2-hydroxyquinolne (ZHQ) was substituted for 
8HQ the interaction with EDTA was no longer symmetri- 


* Present address Department of Botany, King’s College, London’ 
C1 


cal A series of experiments on the extension of sections 
of wheat coleoptile, with the technique of Hancock and 
Barlow?, yielded a similar picture but with all concentra- 
tions stepped up by a factor of times 100 We concluded 
“The fact that 3-andolylacetic acid interacts with known 
chelating agents in the same remarkable and symmetrical 
way as these interact with each other in affecting the 


Table 1 EXPERIMENT OF JANUARY 10, 1956 


Wheat var Holdfast 8 days from soaking seed Means of two replicates 


each of flve plants Values ın italics do not differ sigmficantly (P = 0 05) 
from that for water alone 


(a) Totallength of roots (cm per plant) 


EDTA OM 10° M 107 M 10-5 M 
23 0 23 2 20 5 30 
TAA 10° M 219 246 193 60 
107 M 182 100 188 220 
L 1075 M 08 67 216 54 
Significant difference (P 0 05) = 522, (P0001) = 9 97 
(6) Mean length of longest root (em) 
EDTA 0M 10° M 107 M 107 M 
0 M V 71 66 60 11 
IAA 10° M 72 76 62 16 
107 M 60 33 76 76 
L 10-5 M 05 40 64 19 
Significant difference (P 0 05) = 2 47, (P0001) = 4 68 
(c) Mean number of roots per plant 
EDTA OM 10° M 107 M 10-5 M 
0- 
107 M 51 59 54 48 
10-5 M 21 29 63 49 
Significant difference (P 0 05) 2132, (P0001) = 2 52 
(d) Mean length per root (cm) 
EDTA 0M 107* M 107 M 10-5 M 
uo S8 Uu H HH 
2 10 
TAA 4 40-7 Mf 36 17 35 47 
. 10M 04 23 40 11 
Significant difference (P 0 05) = 0 78, (P0001) = 150 
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growth of roots and coleoptile sections would seem strongly 
to support the hypothesis that ıt 1s here itself acting as a 
chelating o1 complex-formmg agent” 

All this work was published ın detail ın 1960 (ref 4), and 
the conclusion was discussed together with the criticisms 
to which ıt had been subjected in the interim perio So 
far as root growth was concerned, Burstrom and Tuilin® 
had claimed that EDTA inhibited cell multiplication but 
not cell elongation whereas the converse held’ for IAA 
They worked with EDTA m culture solutions, where 1t was 
presumably chelated with Mg*+ or otffér bivalent metals, 
and were unable to obtain consistent results m the absence 
of added metal ions, as in our experments In a recent 
article®, Burstrom discusses his further attempts to repeat 
our expermments, using our technique but a different 
variety of wheat He did not obtain a mutual antagonism 
of IAA and EDTA with his material although EDTA in a 
concentration of 10-? M antagonized the mhibition of total 
root growth by 10-5 M IAA the reciprocal antagonism 
could not be verified He then carried out further experi- 
ments m which he examined the growth-time relations 
of the seminal and adventitious roots separately and 
concluded that IAA and EDTA act independently, there 
bemg no question of an antagonism between them (p 81) 
We have now re-examined our results m the light of his 
findmgs and ıt appears that the latter cannot apply to 
them 

(1) The most important point of Burstrom’s argument 
appears to be the following ‘‘ im an experiment of 8-9 
days duration the total growth ceases . the main cause 
1s the well-known fact that wheat seeds are depleted of 
nutrients after about 8 days (Bosemark’, 1954) .. 8 days 
1s the time limit for the shift from heterotrophous to 
autotrophous nutrition The growth recorded after 8-9 
days is thus no good measure of the growth rate but more 
an expression of a nutrient level" (pp 79-80) The 
general mechanism that Burstrom has m mind thus 
appears to be as follows, though he does not state 16 
explicitly ın these terms With total root growth limited 
by organic nutrients 16 13 possible for two agents affecting 
1t quite mdependently to show an apparent antagonism, 
even a mutual antagonism such as found by us, so long 
as they both promote growth m low concentration and 
wnhibit ıt in high concentration Low concentration of 
either agent added to high concentration of the other will 
then merease growth up to the lmit imposed by the 
reserves from the seed, which 1s given by the growth in 
water alone 

(2) The special mechanism proposed, 1s concerned with 
the independent ways ın which the two agents (IAA and 
EDTA in his discussion) affect the total root length 
reached in 8-9 days A possible paw of modes of action 
would be to affect cell extension and cell multipheation 
respectively, as proposed by Burstrom and Tulhn5, this 
18 not, however, the mechanism put forward in the work 
under review? Burstrom concludes with the statement 
“The results can be summarized as follows IAA” [at 
10-5 M] "prevents growth of the seminal roots but m- 
creases the muitiation of adventitious roots, which grow 
rapidly m spite of repeated IAA additions EDTA 
uniformly reduces the growth of all roots There 1s no 
resemblance between the two agents The total growth 
made in both instances 1s hmited by nutrient conditions” 
(p 82) 

Before discussmg how far this scheme applies to our 
results we may note a few discrepancies m Burstrom's 
own data First, ıt s by no means apparent from lus 
figures that growth necessarily ceases by 8-9 days m 
darkness, nor that the total growth achieved 1s limited 
by nutrient exhaustion In the water controls the increase 
im number of adventitious roots had indeed almost ceased 
between 7 and 9 days (Fig 3), but between 6 and 9 days 
growth 1n length continued and was especially rapid for 
the median radicle (Fig 2) Further, treatment with 
10-* M. diethyldithiocarbamate (DIECA) gave very much 
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Ereater total growth (Fig 1) and growth of the three 
semunal roots (Fig 2) than the water controls, 16 1s not 
apparent how such treatment could merease the nutrient 
supply It may be noted that m our expermnents the 
8 or 9 days was taken from first soaking the dry seed, 
whereas the muitial lengths at time zero m Burstrom’s 
Figs 1 and 2 show that he grew his plants for 9 days from 
the time of setting up 1n the solutions, 48 h after soaking 
the seed 

Secondly, Burstrom states (p 81) that “EDTA added 
to IAA does not reverse the inhibition of the seminal roots 
but affects the adventitious roots only (Figs 3 and 4) 
Root production is increased by 10-7 mol/htre of EDTA 
because the lag-period of mitiation of adventitious roots 
disappears and their number mcreases The growth of 
the individual roots ıs unchanged (Fig 4)" It appears 
from his Fig 3 that 10-5 M TAA increases the number of 
adventitious roots and the addition of EDTA, whether at 
10-5 10-7 or 10-5 M, causes a further increase, that 1s. 
they apparently act on the same system No evidence 1s 
presented to show that they do not affect ıt m fundament- 
ally the same manner, except that IAA delays the appear - 
ance of these roots and adding EDTA reduces this delay— 
this might well be termed an antagonism It 1s difficult 
to reconcile all this with the final conclusion quoted earher 
that “EDTA uniformly reduces the growth of all roots 
There 1s no resemblance between the two agents” This 
appears to be based solely on the data for the effects 
of the agents acting alone and m high concentration No 
data are presented for effects of IAA or EDTA alone 
at low concentration, nor for effects on the adventitious 
roots of EDTA alone at any concentration Much of the 
difficulty of understanding Burstrom’s results arises from 
the incompleteness of his factorial design 

In considermg the relevance of Burstrom’s scheme to 
our own results we have exammed our data, from three 
experiments, for (l) length of longest root per plant, 
(2) mean number of roots per plant, (3) mean length per 
root, m addition to total root length per plant as presented 
in our previous publications! (Tables I, 2 and 3) 

For Burstrom’s general mechanism to apply it 15 
essential that each agent must be mhibitory at high con- 


Table 2, EXPERIMENT OF MARCH 22, 1956 


Wheat var Eclipse 8 days from soaking seed Means of two replicates 
each of three plants Values im italics do not differ significantly (P = 0 05) 
from that for water alone 


(a) Total length of roots (cm per plant) 


EDTA 0M 10M 10?M 10°M 10°M 
f 251 256 24 9 243 127 
1077 M 26 1 278 246 25 8 23 8 
TAA 10° M 225 262 23 0 22 6 249 
107 M 132 244 215 148 136 
107 M 121 28 5 204 127 109 
Significant difference (P 0 05) 2333, (P0001) = 6 04 
(b) Mean Iength of longest root (cm) 
EDTA 0M 10c9M 10°M 107M 10°M 
M 79 $0 69 69 56 
10-2 M 0 103 78 77 77 
IAA 10° M 74 75 66 69 80 
107 M 61 70 63 60 54 
10 M 52 63 62 44 37 
Significant difference (P 0 05) = 148, (P 0 001) = 2 68 
(c) Mean number of roots per plant 
EDTA 0M loUM 10°M 107"M 10°M 
0 M 59 69 565 565 45 
100" M 59 56 65 52 44 
IAA 10° M 56 52 49 45 39 
| 107M 52 45 45 42 35 
L 105M 42 39 35 35 32 
Significant difference (P 0 05) = 054, (P0001) = 0 97 
(d) Mean length per root (cm) 
EDTA 0M 104M 10°M  107"M 10°M 
0 M 43 44 45 44 28 
-1 M 45 50 45 50 56 
IAA 10° M 41 51 48 50 65 
107M 26 54 48 36 39 
105M 29 61 59 36 35 
Significant difference (P 0 05) = 0 79, (P0001) = 1 44 
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Table 8 EXPERIMENT OF APRIL 21, 1956 
Wheat var Eclipse 9 days from soaking seed Means of two replicates each 


of three plants Values 1n italics do not differ significantly (P = 0 05) fio: 
that for water alone ` 


(a) Total length of roots (cm per plant) 


EDTA 0M 10M 10°M 107M 10M 
( 0. M 249 260 210 163 89 
| 10-4 M 258 263 242 225 225 
TAA { 10-* M 247 25 2 248 220 213 
107 M 168 216 228 202 154 
L 107M 65 23 8 23 0 158 113 
Significant difference (P 0 05) = 2 39, (P 0 001) = 4 32 
(b) Mean length of longest root (cm) 
EDTA 0M 10M 10M  107M 10°M 
0 M 70 50 52 62 37 
10-4 M 70 70 64 65 57 
TAA 107 M 54 54 70 61 59 
107M 59 61 74 63 51 
10-5 M. 29, 81 62 62 36 
Significant difference (P 0 05) = 152, (P0001) = 2 76 
(c) Mean number of roots per plant 
EDTA oM 10-c2M 10°M 10° M 10°M 
í M 62 62 57 50 30 
10-4 M 58 63 55 47 48 
TAA i 10° M 55 60 48 38 50 
1077 53 52 43 37 40 
L 105M 52 52 42 33 43 
Significant difference (P 0 05) = 0 81 , (P 0 001) = 1 47 
d) Mean length per root (cm) 
EDTA 0M 10-»:M. 10°M 107M 10^5M] 
40 42 37 33 30 
10-" M 44 42 44 48 47 
IAA 10° M 45 42 52 58 43 
107 M 32 42 53 56 42 
10° M 13 46 55 47 26 
Significant difference (P 0 05) = 118, (P0001) = 214 


centration but promote root growth at low concentration, 
though he does not himself state this The previously 
published results for total root growth (Tables la, 2a, 3a) 
provide no instances of significant increases caused by 
10-43, 10-? or 10-7 M JAA or EDTA alone, this might be 
due to stimulatory effects beng masked by the hmitation 
of total growth by exhaustion of reserves There are, 
however, stances of significant mhibition caused by a 
relatively low concentration of one agent alone which 
nevertheless in a mixture reheves the mhibition due to 
high concentration of the other, for example, m Table 3a, 
10-? M of either agent alone depresses growth below that 
in water but partially removes the mhibition due to 10-5 M 
of the other agent 

This interaction disproves the applicability of the general 
mechanism to our results and discussion of special mechan- 
isms is not therefore really relevant It ıs, however, of 
interest to enquire how far Burstrom’s conclusions may 
apply In our previous publications’* we stated that 
the data for longest root showed very similar effects to 
those for total root length This can be seen by comparmg 
the two measures ın Tables la, b, 2a, b, and 3a, b, though 
the random variation 1s greater and the treatment effects 
are somewhat smaller and less significant In Table 3b 1t 1s 
seen that a 10-11 M concentration of either agent removes 
much or all of the mhibition due to a 10-5 M concentration 
of the other Burstrom’s Fig 2 shows the median radicle 
with a length of more than 60 mm in water, m 10-5 M IAA 
it is stated (p 81) to be totally inhibited As noted, the 
addition of a low concentration of EDTA 1s stated to 
merease root production “‘because the lag-period of mitia- 
tion of adventitious roots disappears and their number 
inoreases The growth of the individual roots 1s un- 
changed" His Fig 4 shows the adventitious roots reach- 
mg 25-30 mm only Thisis clearly a very different process 
from the merease of the longest root from 2 9 em m 105 M 
TAA to 8 1 cm when 102! M EDTA is also present (Table 
3b), or from 1 1 em in 105 M EDTA to 7 6 em with 107 M 
IAA also (Table 1b) 

Burstrom’s results for number of adventitious roots 
(Fig 3) show about 3 5 per plant m water with 43 m 
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10-5 M IAA and 5 7 with 10-7 M EDTA added To obtain 
total root numbers a constant 3 0 must be added for the 
semmal roots Our results for mean number of roots pet 
plant (Tables 1c, 2c and 3c) give a mean of about 6 in 
water, but no example of an mcrease over this that even 
approaches significance, in almost every case there 1s a 
reduction Clearly, once more Burstrom’s results and 
hypotheses do not apply here It 1s of mterest that with 
var Eclipse there ıs, ın general, a decrease m root numbers 
with mereasing concentrations of the agents, whether 
alone or together (Table 2c and less regularly m Table 3c). 
whereas with var Holdfast (Table 1c) there 1s evidence of 
an mteraction somewhat similar to that found for total 
root length—the inhibition caused by 10-5 M of either agent 
alone 1s practically, removed by 10-7 M (or even 10-5 M) 
of the other 

Finally, we may consider our results for mean length 
per root (calculated as total root length within each reph- 
cate of 5 or 3 plants divided by the total root number) 
These are presented in Tables ld, 2d and 3d The va 
Holdfast results (Table 1d) show an interaction very 
smmular to that for total root-length and ıt appears that 
m this variety the mutual antagonism acts both on root 
length and to a smaller extent on root number For var 
Eclipse, the more or less steady fall ın root numbers with 
concentration of the agents, referred to here, results m 
some combinations of high concentration of one agent 
with low concentration of the other showmg large and 
significant increases over the value for water alone It 1s 
clear that the removal of mhibrtion involves considerable 
mereases in the length of some roots, but we have no 
data for the distribution of these inereases among the roots 
on a plant except the longest root data (Tables 1b, 2b, 3b) 
Again these results are totally different from Burstrom’s 

We cannot, of course, explain why Burstrom 1s unable to 
detect a mutual antagonism between IAA and EDTA, 
though this might be due to choosing unsuitable concentra- 
tions for the variety concerned—we have had difficulties 
of this kind in experments with coleoptile sections His 
negative results do not mvalidate our positive findings, 
however Not only do his growth-time curves for different 
roots appear inadequate to explain our results for total 
root growth but also they cannot possibly explain the very 
similar interaction obtamed with IAA and 8HQ (but not 
with IAA and 2HQ) by Piet and Belhanafi*? using 
isolated root tips of Lens culhmarws — Burstróm's results 
are also not relevant to the simular mutual antagonisms 
found with coleoptile sections‘, although the most sym- 
metrical and strikmg of these was with IAA + EDTA 
there was highly significant mutual reduction of mhibi- 
tion for SHQ + IAA, and for 8HQ + EDTA (but not 
where 2HQ was meluded) These coleoptile results 
could also scarcely be explained by the hypothesis that 
IAA affects cell extension and EDTA cell multipheation’, 
as Burstrom himself states (p 77) In view of the lack of 
relevance of his special mechanisms and the disproof 
of his general mechanism im our data we remain of the 
opinion that our results provide strong biological evidence 
that m the plant IAA and chelating agents have a sumilar 
mode of action so far as mhibrtory effects and their removal 
are concerned 

We thank Dr R N Curnow of the Biometrics Unit, 
University of Reading, for helpful discussion. of the statisti- 
cal problems mvolved and for having a number of analyses 
performed for us 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Nature of Sources of Cosmic Synchrotron 
Radiation 


From an analysis of the emission bands ın the spectra 
of 30273 and 3048 described in refs 1 and 2, ıt may be 
concluded that the size of the gas envelopes around ‘radio 
stars’ (emitting contmuous spectrum) must be at least 
l0? cm Indeed, the total energy radiated m any emission 
band 1s L « N@r*x1!, where N. 1s the electron density, r 18 
the radius of the gas envelope and «1s the non-uniformity 
factor which has been assumed to be ~ 10-* 

Assuming for Hg-line that L; ~ 3 x 10* ergs/sec and 
r = 10? cm, we obtain Ne ~ 105 cm-? At such a high 
electron density and taking into account the de-activation 
due to collision, forbidden. lines, especially 4 3727, would 
be of a very low tensity m comparison with Balmer hnes, 
which actually 1s not the case It follows, therefore, that 
r > 10? em On the other hand, in view of the star-hke 
character of the apparent image of 30273, v < 2 x 10?!em 
For this value of r, Ne ~ 10? cm In all probability, 
for 30273 the radius of the expanding gas envelope 1s 
^ 10?! em, the gas has a mass of about 108 Mo and the 
age of the source 1s of the order of 105 years The linear 
dimensions of the radio-emitting nucleus of 30273-B may 
be obtained by the method mvolving an analysis of the 
re-absorption of synchrotron radiation? It follows that 
the radio-emittig nucleus has dimensions close to those 
of the gas envelope, that 1s, ~ 10?! em 

Thus, from the analysis of the emission Imes im the 
spectra of the radio stars ıt follows that they are the 
remnants of star-hke objects with a mass of about 108 Mo 
which exploded about 105 years ago 

The object M-82 (ref 4) 1s apparently an example of a 
later stage ın the development of such objects In this 
case, the explosion occurred 15 x 10° years ago, and its 
yield was lower than that of 30273 by at least an order of 
magnitude 

The most striking pomt 1s probably that the activity 
of the nucle: of these objects, manifested by the powerful 
generation of relativistic particles, still continues It 
should be noted that a simular situation is to be observed 
m the Crab Nebula The characteristic varying details 
noted by Baade in the central region of the Crab Nebula 
may be solely explamed by the continuous ejection from a 
small area (most probably a former supernova) of relativis- 
tie particles which ‘sweep out’ the magnetic field up to the 
distance about 1017 cm from the region of generation It 
1s Only at that distance that the Nebula’s magnetic field, 
becoming sufficiently strong, can resist the pressure of 
relativistic particles The magnetohydrodynamic waves 
induced by this piessure may well be the cause of the 
wisps or jets seen 1n the central region of the Crab Nebula 

Another suggestion supportmg the idea of the con- 
tinuing generation of relativistic particles m the nucleus 
of the Crab Nebula 1s the very short hfe-time of relativistic 
electrons responsible for rts optical synchrotron radiation 
It follows, therefore, that the mtensity of the corpuscular 
radiation from the nucleus of the Crab Nebula must be 
> 2 x 1075 ergs/sec 

It is very likely that the optical radiation from the 
‘nucleus’ of 302778, which size is less than 1019 em (ref 5), 18 
also of synchrotron character It ıs of interest, therefore, 
to compare purely empirically the two sources of relativis- 
tic particles—nucle: of the Crab Nebula and of 30273 
(Table 1) 

The # column of Table 1 gives the flux density of 
relativistic particles from the nuclei of the Crab Nebula 


Table 1 
E M Ne ps 
Crab Nebula 2 x 10% ergs/sec c.1Mgo c 01cm 10!5 g em? 
3C278 10** ergs/sec c, 108 € 10? em? 1 g em“ 


and 3C273 The M column indieates the masses of the 
exploded stars, the Ne column presents the density of the 
gas in the surroundings, and the last column gives the 
density corresponding to the gravitational radu (7g = 
2GM/c?) or collapsed stars It will be noted that E and M 
values are approximately proportional On the other 
hand, E seems to be independent of either Ne or pg Itos 
natural to assume that the radio star and the Crab Nebula 
are phenomena of similar nature but different in scale If 
so, an analysis of Table 1 may be useful in tackhng the 
fundamental problem of the mechanism by which the 
cores of exploded stars generate relativistic particles It 
may be said from the very begmning that the accretion 
mechanism suggested ın ref 6 cannot account for the 
observed generation, because ın this case EZ would be 
«N.M?, and is known not to be so 

The contmumg generation of relativistic particles, 
coupled with the impossibility of attributing ıt to acere- 
tion, ımphes that no collapse has ever occurred around the 
cores of the exploded star More hkely, the collapse had 
been prevented by the rotation of the star Somewhere 
during contraction, the cores of the exploded star assumed 
the shape of disks, owing to the rapid rotation, and then 
burst into many fragments rhoving ın a small region by 
orbits lying nearly in the same plene It may be noted, 
incidentally, that when M ıs approximately equal to 
10° Mo, and the dimension of the region 101-1015 em, 
such a system m absence of spherical symmetry must act 
as a powerful generator of gravitational waves This 
radiation may be of paramount importance for the further 
evolution of the exploded star The 1ate of gravitational 
radiation can be as high as 1091-1055 ergs/sec The equiva- 
lent mass loss may be of significance for the further 
evolution of these objects It cannot be ruled out that 
the rapidly varying and very strong gravitational fields ın 
such a system, coupled with magnetic fields, may accelerate 
particles to very high energies Under such conditions, 
Fermis statistical mechanism of acceleration must be 
very efficient 

In conclusion, ıt seems to be relevant to pomt to an 
intriguing analogy between the phenomena occurrmg in 
radio galaxies and ın the supernove outbursts During a 
period of maximum brightness, the optical radiation of 
the latter objects 1s apparently of synchrotron nature, 
as was originally suggested by I M Gordon? m 1954 
After several years this radiation will cease But, as ıt has 
been shown, the nucleus, that 1s, a former supernova, con- 
tinues to emit the relativistic particles The emission of 
radio stars 1s an analogue of the synchrotron radiationzpf 
supernove m a period of maximum brightness After tne 
optical emission of the exploded core of a supernova. ceases, 
1b continues to eject relativistic particles for a long time 
A similar phenomenon can be observed m M-87, M—82 and 
m some other sources 


JOSEPH SHKLOVSKY 


University of Moscow, 
USSR 
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Re lease of Gravitational Energy in General 
pi Relativity 


Tue possible cosmieal importance of the release of 
gravitational energy is at present receiving renewed 
f attention. Unlike previous investigations, however, the 
|; new ones deal with cireumstances in which the differences 
between relativistio and classical treatments aro signifi- 
| eant. In consequence, Schwarzschild’s well-known solu- 
. tion of Einstein's field equations is finding possible new 
"applications; the full interpretation of this solution is, 
therefore, of topical interest. 
Sehwarzschild's exterior metric is: 
pu ds? = (1 — 2M/r) d? — (1 — 2Mjr)-1dr*? — r*d0* — 
Eos r* sin*0 do? (1) 
where gravitational units are used, the light-speed and the 
© gravitational constant being then both unity. This is the 
space-time exterior to a spherically symmetric mass M 
“occupying à sphere r = R, say, where E > 2M > 0. 
The radius r — 2M gives the Schwarzschild singularity 
oo about which a great deal has been written. The purpose 
cof this communication is to suggest the interpretation: 
(200. Were the boundary of the mass M taken at R = 2M and 
" were we to try to add to the mass by bringing material 
from infinity up to the boundary, then the binding energy 
(that is, lost potential energy) would exactly cancel the 
proper mass which we are t toadd. Thus the mass M 
is the maximum mass that can be contained within radius 
R= 2M; or R = 2M is the minimum radius possible for 
¡mass M. As soon as we recognize the equivalence of mass 
and energy ib is clear that such a critical radius must exist. 
'refore, there is no mystery about the oceurrence of the 
ity in Schwarzschild’s solution; on the contrary, 
xistence is seen to be demanded by very general 
ysical considerations. 
| have often given this interpretation in lectures and it 
has doubtless occurred to many other people. But I have 
. mot seen it in the literature and the justification may not 
"obe familiar. Perhaps the simplest derivation is got by 
considering the following process: A free particle of 
proper mass m is projected radially inwards from infinity 
in the space-time of equation (1): the particle i is stopped at 
the boundary R(>2M): the energy in excess of the rest 
energy is radiated radially outwards in the form of a single 
photon: the photon reaches infinity as one having energy 
hw; we wish to evaluate the energy Cm — hv and to con- 
sider the limit when R — 2M, where Cm is the total energy 
of the particle at infinity. 

Here k is Planck’s aonda in the units used. In this 
system, mass and energy are in the same unit. Actually 
momentum is not conserved in the process as described, 
but this is easily taken care of, for example, by having 
several such processes symmetrically disposed around the 
sphere. 

For the radial motion of the particle we may use the 
integrals of the pga equations: 


= AY Be 


2M^/dt 
"ie "7r Ade (3) 
where. C is a constant. Now the velocity v of the particle 
at distance r relative to a local observer at rest in the 
co-ordinate system is from equation (1): 
2M\- M 


ve fyl—-— di 
T. 























= C 


(4) 
— Relative to this observer the mass or energy of the particle 
Su i ning N (2), (3), (4): 


m — v4 = Cm — 2Mj[r)H (5) 
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Since the particle is projected from infinity, we see from i 
(5) that the energy as measured by an observer at infinity 
is: Vus 

(6) 


Now let v(H) be the frequency of the photon prodeend 
when the particle is stopped at R as measured by an ~— 
observer at R. The energy of this photon is the diff ciem E 
between the values of the energy of the partiele before E 
after stopping, relative to the observer tR Thi ; 
from equation (5): : 


hÈ) = moa — 2MJR)- : 


Finally, the well-known formula for.the ms 
shift in the space-time (1) gives for the troqueneye obie! d 


at infinity: 
= (1 — 2M/R)t v(R) 


Hence, using equation (7): 


energy = Cm with C21 
























hy = m[O — (1 — 2M/R)¥ 
Now let R — 2M, then in the limit equation (8) 
hs = Cm 


Comparing with equation (6), this means tha 
radius has the critical value, the whole energ 
going particle is converted into. radiation; 
added to the central body. This is the required 

(It may be remarked that an elementary 
treatment would give a value M instead of 
critical radius. This should be compared with the 
result that a semi-classical treatment of thè gravi 
deflexion of light gives only one-half the value given by y. 
general relativity. But it should also be remarked that the 
operational meaning of the parameter r is not quite the 
same in classical and in relativistic treatments.) ^. 

Tt can also be shown from equations (2) and (3) that any 
observer exterior to the sphere would find that an ingoing: 
particle would take an infinite time to reach the sphere in 
the limit when R — 2M. As stated, equation ( fes. E 
the space-time outside the body of mass M anc 
R > 2M. Insider = R, matter is present and so equation : 
(1) does not apply. From what has just been said, it: 
follows that we could not accumulate material to produce 
exactly the case R = 2M in a finite time. “Hence the 
metric in equation (1) is not of interest for physical applica- 
tion forr < 2M. Much has been written about this, but 
it is probably of academic interest only. A fuller account < 
of the present work is to appear in Astrophysica Ni orvegiea, 
Volume X, 1964. 











W. H. McCrea 
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Elementary Particles and the Signature of. 
the Space-time Metric 


Ir is well known that the Lorentz transformations of ' 
special relativity leave invariant the infinitesimal separa- 
tion: 

Q) 


where c is the velocity of light and (&z,5,z) are the timo- 
and Cartesian space co-ordinates. Equation (1) is the: 
metrie of the four-dimensional Minkowski space-time, the 
signature of which is — 2 (this being the number of positive 
terms minus the number of negative terms in a metric 
when expressed in diagonal form). The signature of à 
metric, when onee decided, is an invariant under alc 
co-ordinate transformations. NS 

In relativistic quantum field theory where the 
lying space-time metric is of the type given b 
the unquantized field theory of gravitatio 





ds? = edt? — da? — dy? — dz? 
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by the general theory of relativity where the metric is that 


of a Riemann space of four dimensions, the signatures of 
the metrics are — 2. However, the problem of the 
properties of the elementary particles (their masses and 
charges, for example) remains unresolved by existing field 
theories. Particles are thought of as singularities in the 
field, and their masses and charges are inserted into the 
field equations as experimentally determined data. 

In an attempt to set up a theory of particles some 
elementary consequences of making the definition: ‘an 
elementary particle is a region of space-time in which the 
metric signature is + 4’, are considered here. Outside the 
particle the signature is to be — 2. A somewhat similar 
approach has recently been made within the framework 
of general relativity!-* in an attempt to derive particle-like 
gravitational solutions. However, the solution of the 
general relativistic problem is much more complicated 
than the special relativistic one. Accordingly we consider 
here only a special relativistic model, which nevertheless 
indicates a possible origin of mass quantization. 

Consider the field equation for a scalar (spin 0) meson 
with rest-mass m: 

202 
a | b= @ 


LG as i 


where V? is the Laplacian three-dimensional operator. 
This equation is invariant under the Lorentz transforma- 
tions and has as its underlying space-time the metric (1) 
with signature — 2. If we now go to a space-time with a 
signature + 4 by making the imaginary space co-ordinate 
transformations z—-ix, y—iy, z—iz in (1) so that: 


(d5)? = c*dt* + da? + dy? + dz? 
then the corresponding field equation takes the form: 


[ ES 
c? Qt: 
Equations (3) and (4) are no longer invariant under tho 
Lorentz transformations, but are invariant under the 
orthogonal group of transformations in four-dimensions. 

Now taking the static spherically symmetric solutions of 
(2) and (4) to obtain a simple model of the meson field of 


- v1) (2) 


(3) 


+!) + leo (4) 


a nucleon, we find (writing u= a) 


Ce-vr + Derr A sin ur + B cos ur 
y= p eee) 


where A, B, C, D are arbitrary constants. We now put 
D = 0 and B = 0 to exclude the singularities at infinity 
and the origin, respectively. Imposing the requirement 
of continuity at r = a on the resulting solutions for ) and 


dy 


d 
9, and on dr and T atr = a, wo easily find the condition : 


(6) 


where a is the radius of the sphere across which the metric 
signature changes. 
The solutions of (6) are 


tan ua = — 1 


(7) 


f 3r 
La aga? s 


where » = UT $.... 


. Since p is essentially the rest-mass of the scalar meson, (7) 


gives a discrete set of mass values. If u, a = = is taken as 
giving the rest-mass of the z*-meson (rest-mass 264 
electron masses) then p,a = us gives a mass value of 968 
electron masses, which is in very close agreement with the 


mass value of the K°*-meson (rest-mass 966 electron 
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masses). Tho other values may correspond to some of the 
partiele resonances recently discovered. However, the 
agreement or disagreement with experiment is not really 
the point at issue here since we have taken only à simple 
case. What seems to be of interest is that mass quantiza- 
tion is a direct consequence of the signature change. 
Furthermore, the field remains finite for all r, unlike the 
divergenee which appears at the origin if the field equa- 
tion (2) is adopted for all space-time. 

Further investigations of this model of elementary 
particles are being carried out. One question presents 
itself immediately: Can a fermion (spin 1/2 particle) mass 
spectrum be derived by treating the Dirac equation in the 
same way ? It would also be of interest to match the 
general relativistic solution* to a corresponding solution 
in a space-time with signature 4- 4. 


G. STEPHENSON 


Department of Mathematies, 
Imperial College of Science and Technology, 
London, S.W.7. 
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Anomalous Contrast in Electron Micrographs 
of Negative Stained Specimens 


Many electron mieroscope investigations in biology 
utilize the negative staining technique introduced by 
Brenner and Horne!. This method involves embedding the 
objects under investigation in an amorphous material of 
high seattering power, preferably a phosphotungstate. 
Thus it becomes possible to obtain images of the objects 
with high contrast even if they scarcely stand out in 
normal preparations, so that unknown fine structures 
can be found in many cases. 

The physical basis of this method is not yet understood 
and many authors have tried various interpretations*~*. 
By spraying single droplets of a phosphotungstate 
solution on to à specimen already prepared in the usual 
way it became possible to compare the brightness of 
embedded and free-lying particles on the same micrograph. 
Thus we obtained the surprising result that the brightness 
of the particles was increased by the surrounding phospho- 
tungstate (Fig. 1; also ref. 2). This contrast was anomalous 
because according to the conventional knowledge it is to 
be expected that the phosphotungstate should reduce the 
brightness. 

We measured the densities in the original plate of a 
polystyrene latex specimen prepared by negative staining 
and obtained the values of S— 0-15 and S — 0-18 for free- 
lying and embedded particles respectively, that is, a 
difference in electron density of 20 per cent. There was 
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Fig. 2. Anomalous contrast in ma jum oxide crystals fumed on 
dried phosphotungstate. (Elmiskop I, x e. 25,000) 


no further difference in density in the same specimen after 
washing off the phosphotungstate. 

The anomalous contrast can also be observed in inor- 
ganic materials as, for example, in Fig. 2. In this 
preparation crystals of magnesium oxide were fumed on 
the supporting film on which droplets of phosphotungstate 
solution had been dried before. It is very remarkable that 
the parts of the phosphotungstate layer which are in 
contact with magnesium oxide show greater brightness 
than the surrounding parts. The effect is independent of 
the direction from which the electron beam penetrates 
the specimen. 

No anomalous contrast was observed when phospho- 
tungstate and object were separated by a supporting 
D which had been strengthened by a thick carbon 

An interpretation of the observed effect may be given 
by the following considerations and experiments: the 
phosphotungstate becomes charged by the illuminating 
electron beam so that an electrostatic field is formed. The 
field is concentrated in the neighbourhood of the embedded 
objects due to the high dielectrie constant of these 
materials. Each embedded object then forms an electro- 
static micro-lens a short distance above the specimen which 
focuses the electron beam on to the object. By this the 
current density within it is increased and the result is an 
intensified brightness in the micrograph. 

A positive charge for the phosphotungstate is deduced 
from the following experiment: a small ground metal 
plane (5 mm x 5 mm) covered with phosphotungstate was 
brought into an electron beam of 50 kV with the electrons 
only glancing the phosphotungstate surface. The beam was 
deflected to a position indicating a positive charge of the 
phosphotungstate. A field strength of 3 kV/cm on the sur- 
face of the phosphotungstate was calculated using the 
general deflecting formula of a plate condenser. It is very 
difficult to examine the complete configuration of the 
postulated micro-lenses because the mechanism of 
phosphotungstate charging is not known. Very likely it 
is induced by a strong secondary electron emission of the 
amorphous phosphotungstate. 

By covering the negatively stained specimens with a 
thick film of evaporated carbon we prevented the forma- 
tion of micro-lenses and hence the anomalous contrast 
disappeared. Thus it became clear that no anomalous 
contrast could be expected when object and phospho- 
tungstate were separated by a carbon film. 

Our experiments, though preliminary, show that the 
remarkable success of the negative staining technique is, 
to a large extent, due to the formation of appropriate 
electrostatic fields within the specimen. Besides this, the 
positive staining with phosphotungstate may be indis- 
pensable for detection of fine structures. 

ting the postulate of micro-lenses, an influence 
might be expected on the resolving power and magnifica- 
tion of the electron microscope. Further experiments 
are necessary to clarify the phenomenon of anomalous 
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contrast and negative staining in general in all its 
complexity. 
G. MULLER 
Tropeninstitut 
Abteilung fiir Virusforschung, 
= K. MEYERHOFF 
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GEOPHYSICS 


Magnetic Anomalies over Oceanic Ridges 


Vine and Matthews? suggest that the pattern of local 
magnetic anomalies on the flanks of a mid-oceanic ridge 
is strongly lineated parallel to the ridge, and that these 
magnetic ‘stripes’ represent strips of material in the 
upper mantle the directions of permanent magnetization 
of which are alternately parallel and anti-parallel to the 
present local geomagnetic field. Vine and Matthews 
suggest that mantle material cools as it rises convectively 
under a ridge and then spreads? horizontally outward. 
As the material cools through its Curie point it is magnet- 
ized parallel to the contemporary local geomagnetic field. 
Because this field reverses quasi-periodically** with a 
period 2T, T being of the order of 0-5-1-0 million years, 
stripes of alternate permanent magnetization are pro- 
duced the width of which is v7’, v being the local horizontal 
velocity with which material at the surface of the mantle 
spreads away from the centre of the ridge. The stripes 
are observed! to have widths of the order of 20 km. If 
T is 0-5 million years, v is 4 em/yr. Convective velocities 
of this order are also indicated by paleomagnetic data’. 

The purpose of this communication is to suggest some 
measurements in the South Atlantic which would test 
simultaneously Vine and Matthews's hypothesis and the 
hypothesis that South America and Africa have drifted 
apart as flotsam on a convection current in the mantle 
which rises under the Mid-Atlantic Ridge. If these two 
hypotheses are correct, and if geomagnetie field reversals 
oecurred regularly during the period in which South 
America and Africa were drifting apart, there should be 
magnetie stripes on the flanks of the south Mid-Atlantic 
Ridge, running parallel to that ridge. Furthermore, these 
stripes should be wider at more southerly latitudes, because 
the South Atlantic is wider there. According to the 
hypothesis of continental drift and renewal of the ocean 
bottom at ridges, this increased oceanie width results 
from a southward increase of the horizontal velocity with 
which the ocean floor diverges from the south Mid-Atlantic 
Ridge. 

In fact, it is possible to make a quantitative prediction 
of how the width vT of the magnetic stripes should vary 
with south latitude. Carey found, by sliding model 
continents on a large world-globe, that South America 
could be fitted to Africa by rotating it toward Africa 
about a point near the Azores. Following a suggestion of 
Sir Edward Bullard, Everett? has used Edsac to caleulate 
a least-squares fit of the two coast lines. Everett finds that 
the 1,000-fathom line of the east coast of South America 
can be made to fit the 1,000-fathom line of the west eoast 
of Afriea from the Ivory Coast to Cape Town with a root 
mean square error of about 100 km. To obtain the fit, 
South America must be rotated through 56-4° toward 
Africa about a pole P at 43-3? N, 30-25? W. Of course, any 
rigid displacement of a continent on a spherical globe is a 









rotation about some point, but the simplest hypothesis 
- that the convection current rising between South America 
"and Africa was steady and produced a rotation of South 
America away from Africa with constant angular velocity 
Q about the pole P near the Azores. The south Mid- 
 Atlantie Ridge runs almost north and south along the 
- meridian of 15° W longitude. The pole P is so far north 
-of the equator that only a small error is committed by 
: placing it on the south Mid-Atlantic Ridge's meridian of 
i: longitude; 15° W, at 43.3? north latitude. Then the 
.. velocity with which the ocean floor spread away from the 
-. south Mid-Atlantic Ridge should vary with south latitude 
^L along the ridge as follows: 
c P v = aQ sin (l + 43-37) 
a being the radius of the Earth. 
. If the reversals of the Earth's field were exactly periodic 
` with period 2T, this non-uniform divergence along the 
ridge would produce magnetic stripes the width of which 


uld be: 
du E of = aQT! sin (l + 43-3?) (2) 
is [ varies from 5° to 30°, vT should increase by 28 per 
` cent. This effect may be large enough to measure. 
"The measurements suggested by the foregoing argument 
"are as follows. First, it would be interesting to try to see 
"us whether indeed there are magnetic stripes on the flanks 
of the south Mid-Atlantie Ridge. Ideally, such an investi- 
gation would require a detailed magnetie survey of the 
sort carried out by Mason! off the Pacific coast of North 
^ America. A much less expensive preliminary test would 
be to measure the local magnetic anomaly along a lino 
perhaps 1,000 km long running roughly parallel to the 
ridge and within 100 km of its centre. If the power 
pectrum of this record showed much less energy at short 
ve-lengths (say less than 30 km) than the power spectra 
agnetic anomalies on lines normal to the ridge, such a 
ifference in spectra would be an indication of the existence 
f magnetic stripes running parallel to the ridge and 
aving widths less than 30 km. 
"Fo measure whether the stripes increase in width as in 
equation. (2), it is necessary to analyse the local magnetic 
"anomalies obtained on several lines 200-400 km long, 
erossing the ridge normally on parallels of latitude ranging 
"from 5? S. to 30? S. It is not necessary to be able to 
detect correlations between these records visually, as in 
. Vacquier’s® discussion of the lateral displacement along 
the Mendocino escarpment. If the period F between 
reversals really is roughly constant, the power spectra of 
the magnetic anomaly records obtained on normal 
© crossings- of the ridge at various latitudes would show 
| peaks at a fundamental wave number k, and its harmonics, 
- hk and k, would vary with latitude as does vT in equation 
(Qo 
- If the convective motion was to a good approximation 
the steady motion (1), but the time between geomagnetic 
field reversals was highly variable, then the power spectra 
of magnetic records obtained from normal crossings of the 
-*idgo would not show pronounced peaks, and subtler 
data analysis would be required. Let mix) be the 
magnetic intensity (corrected for the regional field) along 
a normal crossing of the ridge at latitude l. The distance 
from the centre of the ridge is x, measured positive to the 
East.. Let Qu(E. n) be the eross-correlation between the 
function mi(x) and the function m;(n(x — E). Let £j and 
mij be the values which maximize Qi(5, ). Then the 
"best fit between the records m:(«) and mj(z) is obtained by 
displacing the record m; eastward by 5i; km and shrinking 
< its horizontal scale by a factor of yy. If the convective 
< divergence is given by (1), one should find: 
sin (lj + 43-3?) 
i = sin (l; + 433°) (3) 
If the convective motion deviates largely from the 
simple law (1), then the actual velocity of divergence 
along the ridge might conceivably be measured by means 
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es, if these exist. However, 
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it seems probable that such local effects would be more — 


difficult to extract from the magnetic records than & . 
regional trend like (1). EN IE 
On the basis of the foregoing arguments, it would be . 
useful to obtain a profile of the magnetic anomalies along à. 
long track parallel to the south Mid-Atlantic Ridge on its - 
flanks, and to carry out a detailed statistical analysis of © 
the magnetic records obtained from normal erossings of 
the ridge!*. Such measurements might conceivably show 
the existence of magnetic stripes on the flanks of the ridge, _ 
widening toward the south. If such stripes were found 
they would be evidence in favour both of. Vine and. 
Matthews's hypothesis and of the hypothesis of continental 
drift. Unfortunately, a negative result would be less 
conclusive. Failures to find the stripes might mean simply 
that other mechanisms more powerful than Vine and ` 
Matthews's were also producing magnetic anomalies. . 
Detectable stripes with widths not given by equation (2) : 
might mean that the convective flow was, in fact, much : 
more complicated than equation (1). um 
I thank Norman Neidell and Sir Edward Bullard for | 
helpful discussions. 


GEORGE E. Backus 


Department of Earth Sciences, 
University of California, 
La Jolla. 
1 Vine, F. J., and Matthews, D. H., Nature, 199, 947 (1963). 
? Dietz, R. S., Nature, 190, 854 (1961). 
* Hospers, J., Geol. Mag., 91, 352 (1954). 
* Cox, A., Doell, R. R., and Dalrymple, G, B., Nature, 198, 1049 (1963). 
5 Irving, E., Geophys. J., 1, 224 (1958). 
* Carey, 8. W., Continental Drift: A Symposium (Univ. Tasmania, 1958). 
7 Everett, J., Smith, A., and Bullard, E. C. (in preparation). 
* Mason, R. G., Geophys. J., 1, 320 (1958). 
* Vacquier, V., Raff, A. D., and Warren, R. E., Bull, Geol. Soe. Amer., 72, 
(8), 1251 (1961). 

1° Vacquier, V., and Von Herzen, R, P., J. Geophys. Res. (in the press). 


Additional Rims around the Ries Kessel 
Meteoritic Crater 


Tur Ries Kessel is a meteoritic crater of 24 km diameter 
situated 70 km north-west of Munich in Germany. Its 
impact origin has been established by Shoemaker and 
Chao! and confirmed in this laboratory and elsewhere by 
the examination of high-pressure alterations to its 
minerals. Its age, determined by Gentner et al.?, is 14-8 
million years, which is the same as that of moldavite 
tektites. : 

In order to examine more objectively the topography of | 
meteoritie craters, we have developed the following 
mathematical methods*. First, a Fourier analysis is per- 
formed on the erater heights above sea-level along con- 
centric circles about the crater centre. The Fourier 
coefficients so obtained are then used in a Fourier syn- : 
thesis, in which higher harmonic terms have been neglec- 
ted. Smoothing along circles is thus achieved, which 
aids in making the various circular features more readily 
visible. 

These methods have been programmed in Fortran for. 
the IBM 7074 computer and applied to Ries. The 
programmes are available from us. The heights and 
locations were taken from 1 : 25,000 topographical maps 
Baden-Württemberg and Bayern. The resulting maps 
were printed by the computer using & contour programme 
in which the height in metres is interpolated for a given. 
grid point, divided by ten and converted into an integer 
modulo 10. If this is odd, it is replaced by a blank space; 
if even, it is printed on a grid, based on spaeing of 5 
characters per km horizontally and 3 lines per km verti- 
eally. In the contour map so obtained, starting from the 
erater centre, which is 416 m above sea-level, we thus 
find the 420—429 m area filled with 2's, the 430-439 m- 
area filled with blanks, the 440 to 449 m area filled with 
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raphical map of Ries Kessel, smoothed by Fourier 


Fig. Topog 
Thala. Tt includes first three harmonies. Vertical and horizontal 


axes labelled in km (Gauss-Kruger net based on main merid. 12°) 
4's, ete. Similar programmes are in use in meteorology 
and crystallography. 
t... The most instructive results were obtained using a map 
‘based on the first three harmonics, shown in Fig. 1, from 
which it can be seen that Ries is not quite circular and 
that its inner contours are not quite concentric. The crater 
alls, taken above the central lake deposit, can be fitted by 
araboloid, the axis of which tilts westwards. The north- 
outh section through this paraboloid can be expressed by 
the equation: A = 355 + 0-9 r*, where his the height in m 
and r the distance from the centre in km. The east-west 
“section yields a similar equation which defines a para- 
^ boloid the axis of which is inclined about 4? from horizon- 
tal. If this tilt is due to the conservation of momentum 
-. on impact, the Ries meteorite must have come from the 
east. Therefore, if moldavites are of Ries origin, as 
advocated by Cohen‘, they probably originated as a back- 
‘splash along the meteorite trajectory?. 
^ When the map had been plotted to a distance of 27 km 
from Ries centre, it revealed further circular features 
outside the regular rim of 24 km diameter. These can be 
interpreted as fracture rims, or zones. The second rim 
of 34 km and the third of 45 km in diameter are clearly 
visible, with ratios of diameters to the main rim of 
1: 1-4: 1-9. In some places, the second rim represents a 
rise and the third à drop of about 40 m. Presence of such 
large relative ground movements at great distances from 
impaat makes the occurrence of impact-stimulated vol- 
eanism plausible, if a suitable underground magma or 
other fluidizable source is available at the time of impact. 
The Urach voleanie pipes, about 80 km west from Ries, 
may have been caused by cracks opened up over such 
reservoir by the Ries impact. 
According to Baldwin‘, multiple rings are found around 
several other large terrestrial impact craters. These 
consist of a succession of ring synclines and anticlines. The 
"bigger the crater, the more rings it seems to possess. Each 
cof the lunar maria also possesses at least one such ring 
- (anticline) of about twice the mare diameter. For 
- example, Mare Nectaris of 279 miles diameter is surroun- 
_ ded by the Altai range ring of 562 miles diameter. How- 
| ever, extra rings do not seem to be present around most 
lunar craters, except perhaps Aristillus, Bullialdus, 
Bailey, Atlas and Plato. 
-o Baldwin calls these rings ‘frozen shock waves’. A 
single € Shock weve, however, cannot ‘freeze’. However, 
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beats between compression and shear waves may produce 
such phenomena in certain types of non-Hookean solids. 
Shear waves are highly damped in sand, dust and breccia. 
The absence of rings around lunar craters may be thus due 
to the inability of the shallow lunar surface layers to 
transmit shear shock waves, whereas their presence around 
maria would imply that the deeper lunar layers are able 
to transmit shear waves. 

This work was supported by the National Science 
Foundation research grant No. GP-139. 
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Sudden Heating of the lonosphere in the : 
Auroral Zone 


Soprum clouds were released from Nike-Apache rockets 
launched from Fort Churchill, Manitoba (geomagnetic 
latitude 68:5? N.), on the evenings of May 21 and 22, 1963. 

The clouds were observed for 70 min with our absorption 
technique'. In this experiment, the resonance line of 
sodium, excited in the cloud by solar light, is partially 
absorbed by a sodium vapour cell kept at constant tem-  ” 
perature with optical thiekness + = 1:30 + 0:05. The 
ratio of the light intensity after absorption. (I) to the 
incident intensity (I,) is a function only of +, and of the 
ratio of the line-width in the cloud, Ave, to the line-width 
in the absorption cell, Ava: 


Iil, = F(t, Ave] Ava) 


After the optical density of sodium in the cloud: has 
decreased to the point where self-absorption or multiple. 
scattering is negligible, the line-width of the light emitted 
by the cloud is a function only of the ambient teri- 
perature.  Multiple-seattering broadens the line and 
changes the D,/D, ratio from the theoretical value: for 
single-scattering of 1:68 (this ineludes the effect of Fraun- 
hofer residual intensities) to a lower value which depends 
on the optical thickness. 

The cloud is observed with a raster scanning-disk which 
covers a field of 8? with a period of 12 sec, and absorption 
ratios, 7/1, are photoelectrically measured with a resolu 
tion of 0-5°. Simultaneously, pictures of the cloud and . 
Fabry-Perot photographie interferograms are taken in. 
order to interpret the photoelectric pattern, and to study : 
the multiple-scattering effects. 

Good results were obtained on both shots from 
10.16-11.20 p.m. (c.s.T.) on May 21 and from. 10.19- 
11.23 p.m. on May 22. Excellent pictures and I/T, ratios 
were obtained for both shots during these times.  Fabry- - 
Perot interferograms were obtained only for the May: 22 
shot. 

(1) Cloud behaviour. Above 130 km, diffusion is so fast 
(D> 10® em?/sec) that the cloud was not visible after 
20 min. Below 120 km, the eloud was not sunlit after 
about 40-50 min. This means that for the last 20 min of 
the 60 min experiment only the small part of the cloud 
between 120 and 130 km was visible to the apparatu 

Lacking triangulation measurements after the firs 
the height of the observed portion of the ele 
determined from the evolution of the clo 




















Bokn May 22 oo y. 
nie km 


125 km May 21 Mode 125 km 


£ 





ay ne ii 


30 40 50 -60 
Time after firing (min) 





sasurements of the diffusion coefficient, D, at three 
rent altitudes are in agreement with other investiga- 
as? (Fig. 1), thus verifying the altitude determinations. 
D is a sensitive function of altitude, its constancy 
he entire May 21 experiment and during the first 
min of the May 22 experiment indicates a variation in 
tude of the point under observation of less than 2 km. 
riations noticed during the remainder of the May 22 

ent will be discussed later. 
lalibration. The optical thickness of the sodium 
‘measured before and after each experiment and 
) be constant and equal to 1-30 + 0-05. The 
certainty in the absolute temperature is 
This in no way affects the precision of the 
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Fig. 2. Experimental values e the, DyDi ratio at Fort Churchill on | 
ay 22 us 


relative measurements during the time of any one experi- 
ment. The equipment showed no abnormal behaviour 
during the observations. 


(3) D,/D, ratio. An excellent series of interferograms ... 


obtained on May 22 shows that after the first 20 min the 
optical thickness of the cloud was so small that the line 
emitted by the cloud had a Doppler shape (Fig.2). 08 

(4) Wind pattern. The wind speed at 120-130 km was. 
high : at 125 km, 125 m/sec on May 21, and 60 m/sec on . 
May 22. The wind causes a Doppler shift of the line, 
partially preventing its absorption by the ground-level 
equipment. However, the winds observed during the 
experiment should not produce an error in the temperature: 
value greater than 3 per cent. 

Results : (1) May 21. Results may be divided into two 
parts, according to the D,/D, results: those obtained 


Uncertainty of 
absolute 
(see text) 
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during the first 20 min, and those obtained after the first 
20 mm (Fig 3) 

Dung the first 20 mum, multiple-scattermg creates 
pseudo-high temperatures which decrease when the 
optical density of the cloud decreases through diffusion 
and recombination with ambient atmosphere These 
results are not suitable for computation of temperature 
Furthermore, on this particular cloud during the first 10 
mun, the hne of sight follows practically the vertical 
axis of the cloud between 120 and 145 km m such a way 
that the optical thickness is increased, altitude is un- 
defined, and temperatures cannot be computed How- 
ever, between 20 and 45 min, an excellent series of data 
was obtained at 125 km The same part of the cloud was 
observed between 55 and 70 mun with a poorer signal to 
noise ratio due to the famtness of the light emitted at that 
time From 45 to 55 mun, results were obtamed on an 
‘elbow’ of the cloud where multiple-scattermg was present 

The mean value for the measurements from 20 to 45 min 
yields 340° K, m close agreement with the value obtamed 
m our previous experiments during 1960-62 m Algena 
and Wallops Island, at mid-latitudes (32°-37° N ). How- 
ever, although within the experimental scatter, ib is 
possible that the temperature decreases from 360° K to 
300° K as the angle of solar depression decreases from 
9° to 11° 

No temperature superior to 400° K was detected 
during the entire expeirment of this evenmg 

(2) May 22 Overall, results on May 22 are even better 
than those obtamed on May 21, and both constitute the 
best set of results we have ever obtained (Fig 3) 

The first 18 min show the same pseudo-high temperature 
due to the multiple-scattering discussed above, behaviour 
that we understand perfectly well After 18 mun, results 
were suitable for temperature calculation From 18 to 24 
and from 40 to 70 mm the same portion of the cloud at 
130 km was observed From 24 to 40 min, we observed a 
lower altitude of 120 km Up to 44 mm, everything ıs 
consistent with our temperature model, and with data 
obtained the day before (Fig 4) But after 44 mm and 
until the end of the experiment, the temperatuie of the 
cloud rose monotonically durmg 25 min from 380° + 10° K 
to 950° + 150° K (the scatter is larger at the end of the 
expermment because of the decreased signal to noise ratio 
resulting from the famtness of the light) The heating 
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observed is much larger than the effects of any random or 
systematic error At most, errors may affect the value of 
temperature by 30 per cent but not by 300 per cent 

Concomitant with this observed temperature Increase, 
the diffusion coefficient shows a sharp merease (Fig 1) 
This could result from a change in altitude of the pomt 
under observation or from a temperature merease com- 
parable with that observed The first possibilty seems 
unlikely because the necessary altitude increase would be 
yi 10 km, resultmg m a temperatuie increase of only 
75° 

Other geophysical observations during and followmg the 
May 22 experiment may be related to this anomalous 
heating The only information we have 1s the followmg 

(a) No strong auroral emission in the visible at Fort 
Churchill 

(b) A strong sporad1e-E laye: was observed from Ottawa 
between 1 30 and 2 30am (csT) ‘Thisis more than 2h 
after our experiment ended at Fort Churchill 

(c) No magnetic events durmg the oxperument <A 
magnetic disturbance of about 200y was observed at 
Fort Churchill, starting at 140am (csr) 

These same stations report no significant occurrences 
durmg and followmg the May 21 experiment 

The power input needed to produce such an increase in 
temperature 1s of the order of 10-5 erg/em?-sec, in agree- 
ment with that predicted by other authors? and in agree- 
ment with satellite observations of dumpmg electrons 
The lack of correlation of the heatmg with magnetic 
disturbance does not disprove the possibilty of an 
electron-energy souice since electron dumping has been 
observed durmg quiet magnetic situation 

We thank E I Loomer and L E Montbriand for pro- 
vıdmg the supplementary geophysical data We also 
thank the US National Aeronautics and Space Adm- 
stration, particularly Dr M Dubm, for having supported 
the experiment 

J E BLAMONT 
M L Lory 
Service d'Aéóronomie du Centre National de 
la Recherche Scientafique—Verniéres, 
Seme et Oise 
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Dependence of [01] 6300 A Airglow on 
Latitude as Observed from Townsville, 
Australia 


AN investigation of the red awglow mtensity observed 
from Townsville shows there 1s a latitude correlation with 
ionospheric parameters Results published by the 
Commonwealth Yonospherie Prediction Service for vertical 
medence soundings at Brisbane, Townsville and Port 
Moresby (respective geomagnetic latitudes 366° S, 
28 4° S8, 185° S) have been used to investigate the 
relationship between photometric azrglow observations 
and the parameters fof? and h’F along an approximate 
north-south hne m the emitting layer above the photo- 
meter Apparently close agreement between diurnal 
variations of zenith airglow and functions mvolvmg 
10nospherie parameters has already been reported! This 
communication deals with the latitude correlation between 
variations of local zenith airglow and ionospheric data for 
typical winter and early surnmer nights 

A circular section of the #-layer having pomts above 
Brisbane and Port Moresby on ıts circumference with 
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Fig 1 Variation of red airglow along a north-south line above 
Townsville The emitting layer 18 assumed to have a height equal to 


the approximate mean of the value ee occurring 1n Table 1, namely, 


Townsvile approximately beneath the centre has a 
diameter of about 2,200 km The photometer at Towns- 
ville scans almost 80 per cent of any diameter ın this 
region Fig 1 shows that at the tıme of maximum 
enhancement on an early summer night (approximately 
0030-0100 h local time, November 4-5, 1962) the intensity 
along a north-south line m the emitting layer increases by 
almost 400 per cent The corresponding winter curve 
(July 4-5) shows no significant variation Table 1 con- 
tams rough values of functions which appear ın Bai bier’s? 
semi-empirical relation for airglow intensity 


P — 20 
Q = A(foF2)* exp (E I) +C 


(A and C are constants, H 1s the scale height) Published 
values of foF2 and h’F for 0100 h on the mghts indicated 
and an arbitrary value of H were used for the calculations 


Table 1 APPROXIMATE LATITUDE VARIATION OF FUNCTIONS CONTAINING 
THE CRITICAL FREQUENCY AND EQUIVALENT HEIGHT OF THE F-LAYER 


2)? LAE = 900 

(oF?) exp ( as) 
Station July 4-5 Nov 4-5 Nov 4-5 

Brisbane 12 38 02 

Townsville — 56 08 

Port Moresby 13 77 13 


The figures appearing ın the second and third columns of 
Table 1 show relative values of the maximum number 
density of electrons ın the emitting iegion while Fig 1 
expresses implicitly the corresponding variations in the 
column electron density at approximately the same time 
The former of these are subject to variations which do not 
affect the latter, for example, changes in temperature 
Therefore, a too close correlation 1s not always to be 
expected However, an overall tendency for a marked 
increase towards the north 1s well established at the time 
of airglow enhancement on November 4-5, while such an 
inerease is significantly absent duimg the quiescent 
winter conditions of July 4-5 According to Barbier and 
Glaume? the density of molecular oxygen present in the 
F-region by diffusion will vary according to an expression 


h'F- 200 
P TA) It follows that the 


increase im the values of this function appearing in 
column 4 can be explamed m terms of an increase in 
density of oxygen with a corresponding contribution to 
the observed awglow increase The airglow emission 
depends jointly on electron and molecular oxygen density, 
and so we need to examine the product of the column 3 and 
column 4 results The increase ın this product from 
Brisbane to Townsville 1s of about the same magnitude as 
the airglow increases, however, the Port Moresby 1ono- 
sonde values increase by about twice as much as the 
airglow values Only rough agreement with respect to 
general order of magnitude can be expected in a com- 
parison of the present kind Apart from the fundamental 
difference between photometric airglow measurements and 


of the form exp n 
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vertical meidence 10nospherie soundings, no airglow data 
are in fact available from Brisbane and Port Moresby To 
establish vahd quantitative relationships co-ordmated 
observations with zemth photometers at all three places 
would be necessary The possibilities of such an experi- 
ment are being investigated, meanwhile a detailed mvesti- 
gation of the foregomg latitude variations foi selected 
nights over a five-month period ın 1962 1s proceeding 
E H Carman 
Department of Physics, 
University College of Townsville, 

Queensland, Austraha 

1 Carman, E H, and Kilfoyle, B P,J Geophys Res , 68, 5605 (1963) 


2 Barbier, D, CR Acad Sov, Paris, 245, 1559 (1957) 
3 Barbier, D , and Glaume, J , Planetary Space Sci , 9, 133 (1962) 


GEOCHEMISTRY 


Silicates in some Iron Meteorites 


BERWERTH! reported monochmie pyroxene (diopside), 
orthopyroxene, glass, and a sodium-iron-alummium 
silicate, wembergerite, in the octahedrite iron, Kodaikanal 
So far, however, all his observations have not been 
verified In fact, diopside (or pigeonite) 1s considered to 
occur only m some achondrites, chondrites, and meso- 
siderites? Glass of mtermediate plagioclase composition 
(maskelynite) 1s found m several chondrites?, however, 
Marvin? reported a relatively high-index glass (n = 1 60) 
in the iron, Carbo 

Our exammation of Kodaikanal confirms most of 
Berwerth’s observations Kodaikanal contams about 
10 vol per cent of two types of silicate nodules enclosed 
in metal One type consists of glass (up to 8 mm across), 
the other type consists of an aggregate of glass and 
several silicates (3-15 mm across) In the latter case some 
of the glass 1s devitrified Several nodules were excavated 
and the different mmerals separated, X-rayed, and 
examined optically (Table 1) 


MINERALS FOUND IN KODAIKANAL IRON 


Diopside 
Biaxial 4 ve, 2 V = 60° (approx) Extinction angle with Z = 44° 
Polysynthetic twinning common 
a = 1674, 8 = 1686, y= 1705 
Orthopyroxene 
2 V = 90° (approx ) 
a = 1670, B = 1676, y = 1660 
Alkali feldspars 
Two species present m very fine grams Both biaxial + ve, 2 V <70° Poly- 
synthetic twinning rare 
Maximum index for all grams = 1 534 


Table 1, 


Glass 
n = 1496 Colourless 


The optical and X-ray data for the clmopyroxene check 
well with the data for diopside X-ray patterns of the 
feldspar show 16 to be a mixture of sodice plagioclase and 
potassium feldspar An extended X-ray exposure of the 
glass (6h 1roniad , 143-mm camera slit collimation, over- 
developed film) shows no diffraction peaks at all The 
glass 18 of much lower index than that found by Marvin? in 
Carbo, and 1s lower than maskelynites found m chondrites 
An X-ray emission scan was made on about 50 mg of glass 
grams A strong potassium peak was observed with a very 
weak calcium peak Counting efficiency 18 almost identical 
for these two elements with adjacent atomic numbers so 
that the results are relatively quantitative and potassium 
> calum The hehum-path mstrument used 1s mcapable 
of detecting sodium — Berwerth's! bulk analysis of sihieate 
nodules m Kodaikanal shows 319 per cent Na,O with 
257 per cent K,O The glass differs chemically and opti- 
cally from the mtermediate plagioclase glass (maskelynite) 
of the chondrites and the dark green glass of Carbo We 
conclude that this ıs dommantly a glassy equivalent of 
alkali feldspar 

This work verifies the presence of calcium clmopyroxene 
as well as low-index glass m an iron meteorite In addı- 
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tion, sodie plagioclase has been found in an iron, i6 has 
been known only from chondrites The presence of 
potassmm feldspar is noted as a phase present m some 
stone meteorites* but has not been verified Nothmg 
resembling ‘wembergerite’ was found, and we tentatively 
conclude that ıt was probably a mixture of feldspar and 
pyroxene Pror? has concluded that wembergerite 1s 
ohgoelase mixed with pyroxene and iron oxide 

The well-developed Widmanstatten pattern m Kodar- 
kanel is moderately distorted indicating that severe 
deformation followed anneahng and exsolution of ey won 
phases The silicate and glass nodules, however, are 
unfractured and mdrvidual crystals are not granulated 
Chnopyroxene grains form large, unfractured phenocrysts 
contained in glass and feldspar-orthopyroxene aggregates 

From these relationships ıt appears that the silicates 
were selectively fused (minimum fusion temperature for 
this system 1s approximately 1,100? C at 1 atm ) whereas 
the metal was not heated high enough to destroy the 
Whdmanstatten pattern Impact shock has been suggested 
as a cause for selective fusion controlled by muneral 
density and compositional differences? In addition, 
some textural relations suggest liquid zumuseibihty, for 
example, low-index glass in sharp, mimiscus-hke contact 
with erystalhne pyroxene aggregates  laquid mmmusci- 
bihty m a siheate system of approximately this bulk 
composition (given m Berwerth!) has been found by 
Roedder’ and 1s discussed by Holgate® , 

It would appear that original siheates, selectively fused 
by shock, cooled slowly enough, mutially, to allow mmis- 
cible acidic (alkah) and basic glass fractions to form 
During subsequent devitrification at low temperature 
over a long period of time the sileates of lower degree of 
polymerization (pyroxenes) recrystallized while the highly 
polymerized, (feldspar) structures remamed glass m large 
part, with only partial devitrification Devitrification 
piobably occurred at a low enough temperature to be m 
the field of co-existing ortho- and chno-pyroxene, and 
unmixed alkah feldspar We suggest that the mapact 
shock did not take place on impact with Earth, but rather 
between. meteorite bodies m space where internal meteorite 
temperatures are low enough to retard the devitrfication 
of highly polymerized sihcates while permittmg the 
devitrification of silicates of lower polymerization over 
very long periods of time In addition, the absence of 
volatiles would also operate agamst extensive devitrifica- 
tion of highly polymerized siheates 

The chnopyroxene-orthopyroxene assemblage found m 
Kodaikanal is not an isolated instance Optical and 
X-ray work was carried out on silicate inclusions in the 
wrons Weekeroo Station and Odessa (specimens of Odessa, 
kmdly provided by M. Lrpschutz and E Anders) In both 
eases diopside and orthopyroxene with the same optical 
parameters (within the limits of accuracy) as those of 
Kodaikanal pyroxenes were found In addition, Weekeroo 
Station contams nodules of sodice plagioclase True glass 
was not found m either case, nor was potassium-feldspar 
observed 

Early m the course of this investigation black, rounded 
siheate mclusions (2-3 mm) were found enclosed within 
troilite nodules m the octahedrite, Bella Roca Optical and 
X-ray work show the inclusions consist of a smgle mineral 
The X-ray patterns suggest an iron-rich olivine, however, 
the optical mdices are in the magnesium-rich range 
(Table 2) All X-ray patterns show & persistent, strong 
peak at d = 603 A, which cannot be consistent with the 
space group of ohvine When these films were compared 
m detail with oliwine films (for several iron/magnesium 
ratios) prepared on the same camera, visual intensities 
showed marked contrasts suggesting significant composi- 
tional differences In addition, some of the optical data 
(twmnmg and 11° extmetion angle) preclude olivme 
Further excavations in the troihte revealed an almost 
euhedral crystal (1mm x 07 mm) of this mineral. Inter- 
facial angles were measured on a two-cirele goniometer? 
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Table 2 POWDER DIFFRACTION AND OPTIOAL DATA FOR UNIDENTIFIED 


RAL FROM THE BELLA Roca IRON  IRON-RAD , MANGANESE FILTER, 
148-MM CAMERA, 6 H 


d (A) I (visual) d (Å) I (visual) 
6 08 70 232 10 
§21 10 229 50 
433 50 217 40 
391 100 208 10 
372 30 204 40 
351 100 201 20 
3 30 10 194 10 
309 10 187 20 
301 50 182 70 
282 100 181 70 
273 10 176 908 
258 100 174 10 
253 30 1 68 80B 
247 100 1 66 10 
238 60 162 70 


+ 36 additional Lines to 0 981 
B = broad Biaxial — ve, 2 V < 60°, extinction angle with Z = 11° 
One cleavage  Polysynthetic twinning on some grains 
171«a-«172 fBgR2179 LT4 <y < 176 


and found to be consistent with orthopyroxene morpho- 
logy. This crystal was photographed and broken to 
provide smaller fragments for single crystal X-ray work® 
The results obtamed so far are not promismg, twinning 
and a rotational stacking disorder complicate the precession 
pattern making orientation, space group determmation 
and cell size measurement impossible to obtam with any 
degree of certamty The patterns do show, however, that 
the maximum symmetry os monochnic® Due to the 
muute amount of remamung sample available additional 
work does not appear feasible at present It may be 
possible withun the near future to obtam mucropiobe 
results on the chemistry of thus mmeral We conclude 
only tentatively, that this mmeral appears to be a replace- 
ment of origmal orthopyroxene 

Among the many irons available m the Chicago Natural 
History Museum collection seven others show possible 
silicate inclusions 

EDWARD OLSEN 


Department of Geology, 
Chicago Natural History Museum 


ROBERT F MUELLER 


Department of Geophysical Sciences, 
University of Chicago 
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Qualitative Dating of Glasses—applied to 
Tektite-like Objects from the Ries Kessel 
Meteoritic Crater 


Jurnrus Kavascu! found m the Ries Kessel meteoritic 
ciater in Germany a glassy object which closely resembles 
a tektite It was found near Goldburghausen at a depth 
of 0 6 m under Susswasserkalk on the upper boundary of 
suevite, which suggests that this glass 1s contemporary 
with Ries formation It was found spht into two pieces, 
which are now m the possession of Prof E Preuss and 
Dr W Weiskirchner 

As the implications of this find are 1mportant 1n theories 
of tektite omgim, 14 led us to search the Ries Kessel region 
for further specrmens A party of four persons searched 
fora week Twelve glassy objects with some resemblance 
to tektites were found m the fields at the surface, seemingly 
associated with Ries Kessel bombs The biggest 1s 1 5 m 
long All are sumuar to each other, of macroscopically 
semi-transparent giey glass with pronounced schlieren and 
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striations Fresh fractures are shmy They contam 
numerous small bubbles and metallic spherules which on 
microprobe analysis proved to be of ron Nickel was not 
detected They were found near Hearhof, Pflaumloch 
and Rottmgen Spectrochemical analysis of one specimen 
showed 53 per cent S10,, 18 per cent Al,O, 26 per cent 
CaO, 2 3 per cent MgO, 0 90 per cent Fe,O;, 0 85 per cent 
T10,, 0 037 per cent V,O,, <0 01 per cent N10, <0 01 per 
cont CuO and < 05 per cent Na,O The K,O was not 
determmed Refractive mdex was variable Two 
specimens yielded 1576 and 1588 ‘These results are 
outside the range of known tektites 
In order to make sure that we are not dealing with some 
now type of tektites, we made a qualitative dating of all 
our specimens by the fission track method of Fleischer and 
Price? This method 1s very simple and lends itself 
admurably to qualitative datings, m which the determina- 
tion of the uranium concentration 1s dispensed with 
Small chips of glass were crushed to splmtors of about 
0 5 mm sıze These were then etched for 15-45 sec in 48 
per cent hydrofluoric acid A moldavite tektite of known 
age, 147 milhon years, which 1s contemporary with Pues 
Kessel formation’, served as a control After etching, the 
moldavite showed under optical microscope of 600 times 
magnification, quite a few typical teardrop, elliptical and 
pointed etchpits which are due to fossi fission tracks, 
whereas the glassy objects did not show any 
We must, therefore, conclude that the objects we found 
are recent glasses They may be an iron furnace sleg, 
although there seems to be no iron industry at present near 
Ries Kessel 
This work was supported by US National Science 
Foundation research grant GP-139 We thank J and 
W Kavasch for field assistance 
V VAND 
F DAGBILLE 
P Y Smoys 
Materials Research Laboratory and 
Department of Geochemistiy and Mineralogy, 
Pennsylvania State Univeisity, 
University Park 
1 Kavasch, J. (personal communication) 
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Analysis of Geological Samples by Spark 
Source Mass Spectrometry 


Ir has been found possible to apply spark source mass 
spectrometry to the estimation of trace elements in the 
two standard rock samples granite G1 and diabase W1 
(originating fromthe U § Geological Survey, Washmgton) 
These samples have already been analysed many times, 
but by other analytical techniques such as emussion 
spectroscopy, neutron activation, polarography, flame 
photometry and chemical methods (see Fleischer and 
Stevens!) However, the irreproduerbihty of results for 
some elements by these techniques and the lack of data 
for other elements prompted this preliminary work on the 
application of spark source mass spectrometry to this 
analysis 

The instrument used for the work was the A E I MS" 
mass spectromete:, and the samples, after being ground to 
a fine powder, were compacted mto small rod-shaped. 
electrodes? In order to remove any surface contamina- 
tion which might have been picked up during this process, 
the electrodes were sparked for about 5 min in the spec- 
trometer source before the analysis was cairmed out m the 
usual manner? Each sample was analysed twice and 
silicon was chosen as the internal standard as its concen- 
tration in both samples is accurately known A mucro- 
densitometer was used to compare the densities of lines 
due to the isotopes of the trace elements with that of the 
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hne due to the silicon-30 isotope The concentrations of 
the elements were estimated by the method of Craig, 
Enock and Waldron‘, assumung that al elements have 
equal sensitivity Experience has shown that the majority 
of elements do have the same sensitivity to within a 
factor of three. 

The results for elements detected are given m Table 1 
and limits of detection for elements not detected are given 
m Table 2 Forsome elements, there was definite evidence 
of nhomogenerty of the samples and this has been suspec- 
ted by other workers! The values ın Tables 1 and 2 may 
be in error, therefore, by more than & factor of three, but 
an overall picture of the trace constituents of the two 
locks has been obtamed and the work has provided a 
useful guide for future studies 


Table 1 ANALYSIS OF TRACE ELEMENTS IN Gl AND W1 ELEMENTS 
DETECTED (P PX WEIGHT) 

Element G1 Wi Element G1 Wi 
Uranium 13 05 Antimony 01 03 
Thorum 65 13 Tin 5 = 2 
Lead 22 19 Niobum 4 4 
Thalhum 04 «02 Zirconnm 127 104 
Tantalum 2 05 Yttnum 10 23 
Hafmum* 5 9 Strontium 382 608 
Lutecium * <02 02 Rubidium 783 83 
Ytterbum 07 1 Arsenic 3 3 
Thuhum* 03 03 Galhum 39 39 
Erbium* 2 4 Zinc 17 72 
Holmium * 2 1 Copper 93 152 
Dysprosium * 5 5 Nickel 14 78 
Terbium * 2 i Manganese 248 1,570 
Gadolinium * 46 46 Chromium, 29 154 
Europium 2 2 Vanadium 25 333 
Samarium 97 57 Titanium 1,330 8,200 
Neodymium 48 17 Seandium 11 36 
Praseodymium * 15 45 Chlorine 52 66 
Cerium 116 33 Sulphur 3 3 
Lanthanum 58 11 Phosphorus 69 495 
Barium 1,300 257 Boron 28 18 
Cæsium 47 23 


* These elements were not reported by Fleischer and Stevens 


Table 2 ANALYSIS OF TRACE ELEMENTS IN Gl AND W1 LIMITS OF 


DETECTION FOR ELEMENTS NOT DETECTED (PP M WEIGHT) 


Element Limit of detection Element Limit of detection 
Bismuth 09 Indum 02 
Mercury 03 Cadmum 02 
Gold 0 08 Silver 08 
Platinum 03 Palladium 09 
Iridium 02 Rhodium 01 
Osmium 03 Ruthenium 04 
Rhenium 02 Molybdenum 08 
Tungsten 02 Bromine 07 
Todine 0 05 Selemum 07 
Tellurium 02 Germanium 15 


This mass spectrometric analysis has the advantages of 
speed, sensitivity and the fact that, m a single analysis, 
estimates can be made of the concentrations of 66 trace 
elements m the mass range 7-238 In these experiments, 
the powdered samples were prepared and the mass spectra 
obtamed m approximately 4 h Interpretation of the 
spectra can be carried out visually, in which case the time 
taken would be about 6 h, or a microdensitometer can be 
used to give a more precise result when the time requned 
would be about 24 h 

In these experiments, the photoplates were not given 
the longest possible exposures and, therefore, the highest 
sensitivity has not yet been achieved Further work will 
be carried out to obtain more mformation and lower 
detection hmits, particularly for the rare earth and higher 
mass elements 


R Brown 
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5 Isotopic Composition of Strontium in 
Carbonatites 


4 da a recent letter Hamilton and Deans! presented 
their results on the isotopic composition of strontium in 
< carbonate rocks and strontium minerals, confirming the 
| earlier discovery of Powell et al.? that the isotopic com- 
"position of strontium in accepted carbonatites, which have 
so far been analysed, falls within a restricted range. The 

x results have led both groups of workers to conclude that 
the source of these carbonatites is below the sial, à con- 
':elusion which would certainly meet with the approval of 
many geologists. who have examined such rocks: postula- 

tion of this source, however, provokes the question of how 

the earbonatite rises through tens of kilometres of sialie 
crust without contamination. Probably the most widely 
aecepted answer would be that most carbonatites are 
emplaced through a conduit already lined with co- 
magmatic or co-eval metasomatie products, and hence are 
protected from sialic contamination. If this were a valid 
explanation then it would be expected that some carbon- 
, atite intrusions, not so protected, might incorporate 
sialie material in their uprise and, because of the volatile- 
rich nature of the system, the strontium from the two 
sources would be rapidly equilibrated. Such a possibility 
s envisaged by Hamilton and Deans? when they say that 
;; the atypical isotopic composition of the Keshya intrusive 
; limestone might have resulted from “carbonatite assimi- 
dating granitic or sedimentary rocks". Unlike the other 
‘earbonatites analysed the Keshya intrusion? is indeed full 
of granitic xenolith material, and it is difficult, therefore, 
to see the basis for the subsequent statement of Hamilton 
and Deans! that “Carbonatites show little evidence of 
assimilation on this scale . 

Obviously the Keshya problem will not be resolved with 
the present data and it would seem wise to postpone 
further speculation along such lines until we have know- 
ledge of the isotopic composition of strontium in many 
more carbonate rocks, particularly those veins and vein- 
‘dykes not directly connected to any exposed alkaline 
complex. 
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Bainev has inferred that Hamilton and Deans? have 
; agreed. with Powell et al.? that investigations of strontium 
z isotopes show that the source of carbonatites is exclusively 
from: below the sial. At present the isotopic composition 
of strontium has been examined in well-documented car- 
bonatites and the results clearly show that they have been 
derived. from a region that is identified by having a low 
8Sr/*Sr ratio, similar to that found in basalts. The 
isotopic composition of strontium in carbonatites must be 
treated together with those from alkaline rocks in general. 
The "Sr/*'Sr for alkaline rocks has only been examined 
"dn a few cases while the isotopic composition of strontium 
| in minor carbonate deposits, such as veins, pockets, 
breecia infillings, and that associated with ore mineraliza- 
ion have not been examined at all. 
"The characteristic trace element assemblage (for 
xample, zirconium, niobium, rare-earths, lead, uranium 
nd thorium) common to earbonatites and the alkaline 
peks is more in keeping with a relation to a sialic origin 
or sima, unless extreme differentiation 
i eve shown that the ‘source 
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cannot be one of rubidium-rich sial, but. the possibility 
that the sial shows a decrease in the Rb/Sr ratio with 


depth cannot be overlooked. Deeper parts of the sial ^. 


having a low Rb/Sr ratio would constitute the source 
regions for the carbonatites and alkaline rocks. This zone 
of the crust would have vague limits, and unquestionably 
some material would be introduced from the underlying 
basic rocks through the combined process of differentia- 
tion, diffusion and gas transference. Many of the trace 
elements. common to alkaline rocks eould. be. removed 
from the lower areas of sial through the agency o 1 
complex transfer, a process of some importance ir 
petrochemistry of the alkaline rocks. 

The low *"Sr/**8r ratio for the Bulawayan. limestone i: is 
xpeeted as the relatively thin limestone is associ: ited 






to bee 
with some 35,600 ft. of ironstones, spillites, and ultra-b 
rocks. Of greater interest would be the finding of lo 
strontium ratio in limestones preserved in ancient granitic 
basement rocks. 

The trace element assemblage together with the. mode of 
occurrence has often been used to ‘recognize’ a carbonatite’ 
This approach must be treated with caution as processes of 
differentiation may lead to the depletion of some elements 
within parts of a carbonatite, or exchange with t 
surrounding rocks particularly if the carbonatite phas 
small in volume. uus 


E. I. Haro: Be 


Geological Age Isotope Group, 
University of Oxford. 


1 Hamilton, £. I., and Deans, T., Nature, 198, 776 (1063)... 


3 Powel 5 L., Hurley, P. M., and Fairbairn, H. W., Nature, 1, 1085 


Is view of Dr. Bailey's remarks it must be admitted hat 
my phrase "carbonatites show little evidence of assimili 
tion on this seale" was rather ill-chosen. Near the margins 
of carbonatite plugs inclusions of gneiss transformed into 
feldspathic or phlogopite rocks are common, an 
enrichment of the carbonatite in ferromagnesian: 
is very suggestive of assimilation. The significant p ki 
however, and the one I had intended to convey, is hat ae 
this assimilation has surprisingly little. effect; on the 
earbonatite as a whole, apart from causing a. mu 
increase in the silicate content. So far as. strontium is 
concerned, the negligible effect of assimilation is wit- 
nessed by the very limited range of "Sr/**'Sr ratios in the 
30 carbonatite specimens examined by’ Powell and 
Hamilton, as these could scarcely have failed to include 
some with sialic contamination. This may be largely 
due to the great abundance of strontium in ecarbonatites, 
which ranges from about 1,000 to more than 10,000 p.p.m.. 
and may average perhaps 4,000 or 5,000. p.p.m., a value so 
high as to be little affected by assimilation of granite with 
probably less than 400 p.p.m. strontium, despi i 
higher *"Sr/**Sr ratio. m 

The Keshya limestone (No. 16) would certainly be more ^ 
sensitive to contamination, as it contains only 230 p.p.m. 
strontium (a similar concentration to that in the Lusaka . 
Limestone), but it would not appear to be a heavily con- 
taminated rock, for it contains 86 per cent carbonates and 
only 8-4 per cent silica. Bailey mapped it as “limestone 
with scattered xenoliths’, not as “breccia”. As its 
strontium content and USr/*tSr ratio are similar to those 
of many sedimentary limestones, there remains a strong 
case for regarding it as derived from the latter. In the 
case of the Keshya calcite (also strontium-poor, 110 p.p.m. 
strontium), there is certainly a need for more isotopic 
data on other vein calcites before sound conclusions can. be 
drawn. ; 
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— —.À New Structure in the Magnesium-rich 
- Region of the Cerium- Magnesium System 
A cOMPOUND near the CeMg, stoichiometric region in the 
erlum-magnesium system was indexed as cubic from 
powder patterns and was claimed to be two phases?. 
n examination? of structures of this approximate stoi- 
‘-ehiometry indicated that this would represent a new 
ware if it existed; consequently a structure determ- 
using single crystal techniques was undertaken. 
* Although a subsequent report? utilizing only powder data 
indicated a more probable hexagonal cell and isomorphism 
with the Th,Ni,, structure, our preliminary single-crystal 
data lead to a different result. 
“A preparation of 6 atomic per cent cerium in mag- 
-nesium was made in a tantalum crucible sealed by welding 
in an argon atmosphere. The purity of the magnesium 
Ww :999 per cent and that of the cerium was 99-9 per 
cent. Melting was accomplished in a rocking furnace 
which allowed stirring and provided an argon atmosphere 
around the crucible. A thermocouple well was provided. 
Thermal analysis indicated the liquidus at about 612° C 
and a eutectic at about 594? C. By cooling slowly through 
the range between 612° and 594° it was possible to grow 
large crystals of the magnesium-rieh compound. These 
large primary crystals are shown along with the eutectic 
between the compound and magnesium in Fig. 1. The 
microstructure consisted of approximately half eutectic 
and half primary crystals. Using a microscope and & 
needle, 15 mg of pure compound was removed from the 
ace of the specimen for X-ray work and chemical 
alysis. A gravity separation in 1,2-dibromoethylene of 
finely ground, etched mixture yielded another 85 mg 
ompound. During this gravity separation, rota- 
of the suspended particles was observed in a magnetic 
'Magnetie activity was previously observed by 
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. 3.o Microstructure at x c. 160. Etched with 1 part nitric acid, 
Vm 74 parts glycerol, 24 parts water 


Chemical analysis gave 7-94 + 0-10 atom in per cent 
-cerium for the hand-picked sample and 7-87 + 0-10 for 
the gravity-separated sample, corresponding to an 
approximate stoichiometry of CeMg,,. 

Nine separate crystals, two or more aligned on each of 
the three principal axes, were photographed by Weissen- 
berg and precession techniques using both copper and 
‘chromium radiation. These crystals were mounted in air 
> since no effect was noticed due to lack of an inert atmo- 
"Caphere. All the diffraction data were consistent with a 

ry-centred orthorhombic cell with a = b = 10-33 A, 
11-5 Å, and cja = 13/4/3. 
| Not only was the size of the cell extraordinary, but also 
the set of pseudo-extinetion rules was most unusual. 
These rules are given in Table 1. 

Anticipating some resemblance to the ThMn,, struc- 
ture, due to the c/a ratio and the analytical results, we 
calculated a three-dimensional Patterson function utilizing 
the observation that the intensities were approximately 
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equal for reflexions which were permitted and zero for 
the rest. 
In spite of the fact that no date had actually been 


measured, the results of this Patterson caleulation were |... 


very rewarding. The positions of the cerium atoms were 
easily located and are shown in Fig. 2. A reasonable 
argument ean now be put forth regarding the structure. | 
Tt is postulated that this structure is a stacking of 13 
tetragonal ThMn,,-type cells with a slip of y/2 occurring at 


z = 4/26, 10/26, 17/26, and 23/26. Although this represents 
a new structure, it has a counterpart in the structure 
proposed* for CuAuII. This structure is formed by 
stacking 10 L1, unit cells with a slip of «/2, y/2 occurring 
atz = 5/10. 
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Fig. 2. Unit cell and cerium atom Rt gn of CeMgis. 
aty = 0; @, cerium at y = $ 


OQ, Cerium 


Although some powder patterns in this stoichiometric 
region are indexable on the basis of the structure described 
here, other patterns must be indexed on the basis of the 
normal tetragonal 1-12 structure with a = 10:33 and 


c = 1033/4/3 A. This phase has been observed by 
Evdokimenko and Kripyakevich in the neodymium- 


magnesium system. We have not yet been able to confirm 
or deny the existence of the reported 2-17 phase. 
This work was done under the auspices of the U.S. 
Atomie Energy Commission. 
Q. C. JOHNSON 
GORDON S. SMITH 
D. H. Woop 
E. M. CRAMER 


Lawrence Radiation Laboratory, 
University of California, 
Livermore, California. 
E Boloti, M. 8., and Galperin, Ye. L., Fiz. Metal, i Metalloved., 11, 698 
2 Johnson, Q., Lawrence Rad, Lab. (Livermore) Rep. UCRL-6310-T (1962).. 
* ici Hed V. L, and Kripyakevich, P. I., Kristalloprafiya, 8,186 


* Mahn, F., Rev. Met,, 46, 365 (1940). 
5 Florio, J. V., Rundle, R. E., and Snow, A. I., Acta Cryst., 5, 449 (1952), 
t Johansson, C. H., and Linde, J. O., Ann. Phys., 25, 1 (1936). 


Crystallization of Birefringent, Pseudocubic 
Horse Apoferritin with Cæsium Chloride 


As is well known, ferritin, and its protein moiety, 


apoferritin, ean be readily crystallized in aqueous solutions ^ 


of cadmium sulphate to yield isotropic (cubic) erystals, 
most eommonly octahedra!. Platy orthorhombie horse 
ferritin has been described by Harrison?*, the material 
having been crystallized originally with cadmium sulphate. 
A corresponding orthorhombie form of horse apoferritin 
had not been found. I wish to report that an anisotropie, 
pseudocubic form of horse apoferritin can be regularly 
produced by means of concentrated solutions of cæsium 
chloride. : 
Horse ferritin {twice crystallized) was obtained fron 
Mann Biochemicals, 136 Liberty Street, New York. This. 











ve.ac1o February 8, 1964 





Fig. 1, Suspension of platy crystals of apoferritin in 25 per cent aqueous 

cæsium chloride solution, viewed through polarizing microscope with 

crossed Nicol prisms. ‘Tabular surfaces of most crystals approximately 
parallel to optical axis of microscope (x c. 990) 





Fig. 2, Platy crystals of horse apoferritin produced with 25 per cent 
aqueeus cesium chloride solution, Note fractures. Dark field illumina- 
tion ( x c. 2,130) 


material was reorystallized twice with cadmium sulphate, 
and iron was then removed, essentially as described by 
Granick!, using sodium dithionite and «,«’-dipyridine. 
The precipitate of yellow, denatured apoferritin which 
formed during the removal of the iron was discarded and 
only the clear, colourless solution was used for crystal- 
lization of apoferritin with 10 per cent cadmium sulphate. 
The crystals were redissolved in 2 per cent aqueous 
ammonium sulphate and crystallization with 10 per cent 
cadmium sulphate solution was repeated. The crystals 
thus formed were recrystallized once more by the same 
procedure. Afterwards cadmium sulphate was removed 
by dialysis against distilled water. 

When solutions of 25 per cent cæsium chloride in distilled 
water were slowly overlaid on aqueous solutions of horse 
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apoferritin (for example, 5 per cent), colourless erystals 
appeared within a few minutes. On subsequent vigorous 
mixing there was further rapid crystallization. The 
crystals were platy, generally measured lu or less in 
thickness, while the tabular surfaces often measured up 
to 0-1 mm in length, depending on the speed of erystal- 
lization. 

In the polarizing microscope the crystals were strongly 
birefringent when they were viewed in suspensions in 
cæsium chloride and with their long faces parallel to the 
optical axis of the microscope (Fig. 1). As water evapora- 
ted from the suspension, the crystals assumed a flat 
position, and the -birefringence disappeared though the 
crystals were still wet. They were then best observed 
by dark field illumination, which made their tabular 
nature obvious (Fig. 2). The plates tended to fracture 
easily. 

Surface replicas of the platy crystals were examined in 
an electron microscope. For this purpose crystals were 
allowed to dry on ‘Formvar’ substrates on specimen grids. 
Then the crystals were coated with platinum-palladium 
(80-20 per cent) by vacuum evaporation. The metal 
layer was afterwards covered with a film of evaporated 
carbon, and, finally, ‘Formvar’ was dissolved away with 
ethylene dichloride. A replica of a tabular surface is 
shown in Fig. 3. It can be seen at once that this surface 
shows regular cubic close-packing. The centre-to-centre 
distances between adjacent molecules in the square arrays 
are approximately 110 A and agree with measurements 
previously given by Labaw and Wyckoff* for octahedral 
crystals of horse ferritin. The narrow faces were not 
observed in the electron microscope since the crystals 
invariably lay on their tabular surfaces after drying. Thus, 
electron micrographs did not reveal a deviation from eubie 
symmetry that could account for their birefringence. 

Platy apoferritin was dissolved in water and recrystal- 
lized with 20 per cent cadmium sulphate ; the new 
crystals had the well-known octahedral shapes (Fig. 4). 
Platy crystals were also subjected to ninhydrin and biuret 
tests, both of which were strongly positive. Furthermore, 
solutions made from platy erystals were examined by 
electrophoresis in acrylamide gels as reported elsewhere*. 





Fig. 3. Platinum-palladium replica of tabular surface of apoferritin 
crystal prepared with 25 per cent cæsium chloride solution, Regular 
cubic close-packing is evident. Centre-to-centre distances of molecules 


in square arrays are about 110 A ( x c. 91,300) 
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Fig. 4. Octahedral crystals of horse apoferritin obtained by re- 
crystallizing platy crystals in 20 per cent aqueous cadmium sulphate 
(x e. 730) 


This yielded 5 fractions, as previously described‘, with the 
exact mobilities and relative abundances of horse apo- 
ferritin. 

From our observations it seems likely that the pseudo- 
cubic form of apoferritin described here is uniaxial. It 
is of interest that the crystals of ferritin that are sometimes 
seen in sectioned cells’ appear to be platy rather than 
octahedral though in these instances crystallization 
presumably occurs by means other than cæsium chloride 
or cadmium sulphate. 

This work was supported by research grants A.M-0082: 
and AM-01239 from the National Institutes of Health, 
U.S. Public Health Service, and by grant J-137 from the 
Health Research Council of the City of New York. 

G. W. RICHTER 
Department of Pathology, 
Cornell University Medical College, 
New York, 21. 

1 Granick, S., Chem. Rev., 38, 379 (1946). 
* Harrison, P, M., J. Mol. Biol., 6, 404 (1963). 
iuc W., and Wyckoff, R. W. G., Biochim, Biophys. Acta, 25, 203 
‘Richter, G. W., Lab. Invest., 12, 1026 (1963). 
* Richter, G. W., J. Biophys. Biochem. Cytol., 4, 55 (1958). 


METALLURGY 


Electron Microscopic Investigations of 
Pyramidal Structures formed on the Surfaces 
of Electrodeposited Nickel 


IN a previous communication’, we reported the 
development of various struetures on the growing sur- 
faces of electrodeposited nickel, using electron microscopy. 
The deposits examined were obtained by electrodepositing 
nickel, mainly on polycrystalline copper foils, at a current 
density of 10 m.amp/em? from a Watt’s type of bath at a 
temperature of 25°C. Deposition times of about 1 and 
120 min were used for most of the work. The presence of 
growth features, such as sub-grain structures formed at 
an early stage and microcavities formed at an advanced 
stage of deposition, led us to believe that internal stresses 
associated with dislocations and other structural defects 
play an important part in the growth of cathodic crystals. 
Recently, we have observed by electron microscopy the 
development of pyramidal structures at intermediate 
times of deposition from the same baths and at the same 
deposition conditions as used previously. In this com- 
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munication, results on the development of these struc- 
tures are presented. 

Purified sulphate-chloride baths of pH 5:1, having com- 
positions as described in the previous work!-?, were used. 
Deposition was carried out on 1-mil-thick platinum foils, 
which were previously etched in dilute aqua regia. The 
electron micrograph of the platinum surface is shown in 
Fig. l. Replicas of the electrodeposited nickel surfaces 
for electron microscopic investigations were prepared as 
previously described! . 





Electron micrograph showing the polycrystalline structure of 
the etched platinum cathode 


Fig. 1. 





Fig. 2. Electron micrograph revealing the formation of crystal grains 
during electrodeposition of nickel from a sulphate-chloride bath, of 
pH 5:1, at 25°C, and a current density of 10 m.amp/em?, for 5 min 





Fig. 3. Electron micrograph showing the development of parallel lines 
as well as steps during tbe electrodepositien of nickel using the same 
bath conditions as in Fig. 2, but for a deposition time of 10 min 
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Fig.4. Electron micrograph revealing the formation of simple pyramidal 
structures using the same bath conditions as in Fig. 2, but for a de- 
position time of 45 min 





Fig. 5. Electron micrograph of the electrodeposited nickel surface 
formed under conditions similar to those in Fig, 4, but revealing the 
formation of pit-like structures on the pyramids 





Fig. 6. Electron micrograph of the nickel surface as obtained by 
electrodeposition from a sulphate-chloride bath of pH 5-1, at 25° C, at 
a current density of 50 m.amp/em*, with a deposition time of 12 min 


Nickel electrodeposited from the sulphate-chloride bath 
of pH 51 at a current density of 10 m.amp/cm*, and 
for a deposition time of 5 min, generally developed large 
erystal grains with well-defined boundaries (Fig. 2). A 
similar growth for electrodeposited nickel was observed, 
in some cases, by Weil and Cook*. For a deposition time 
of 10 min, under the foregoing bath conditions, a surface 
developed which eontained mutually parallel lines and 
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steps (Fig. 3). If deposition was carried out at a longer 
time, say 45 min, simple pyramidal structures bounded 
by stepped surfaces were formed (Fig. 4). The apexes 
of a set of pyramids are in general connected by a line, 
with the lines connecting the different sets of pyramids 
running parallel to each other. For a still longer time of 
deposition, say 65 min, pit-like structures appeared at 
the apexes and on the steps of the surfaces of the pyra- 
mids (Fig. 5). The pyramids completely disappeared at 
sufficiently long times of deposition (120 min), with micro- 
cavities, resembling etch pits, forming on the various 
parts of the cathode surface}. 

No pyramids were formed at comparable thicknesses of 
electrodeposited nickel from the foregoing baths and 
deposition conditions at higher current densities of 25 or 
50 m.amp/em* (Fig. 6). This is in agreement with the 
finding of Economou, Fischer and Trivich*, who examined 
the structure of electrodeposited copper. At low current 
densities, pyramidal growth predominated; at higher 
current densities, layer growth predominated. According 
to these workers, high mobility of dislocations on a grow- 
ing cathode surface is necessary to account for the 
development of simple as well as extended pyramidal 
structures. This high mobility of dislocations could be 
& consequence of the exothermic character of the electro- 
deposition process* and the fact that newly formed sur- 
faces tend to a configuration which reduces their internal 
stresses. 

This work was supported by U.S. Atomic 


Energy 
Commission, contract No. A7(30-1)-1710. 


B. C. BANERJEE 
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CHEMISTRY 


Electronic Spectra of some Gaseous Diatomic 
Compounds of Gold 


A WIDE range of diatomic compounds of gold is now 
known, either through observations of their thermal 
emission or absorption spectra, or through mass speotro- 
metric studies of high-temperature equilibriat. The former 
work provides information about the electronic energy 
states, and in favourable cases gives values of the bond- 
lengths, while the latter yields values of the dissociation 
energies. The purpose of this communication is to give the 
results of recent spectroscopic work on AuBe, AuMg, 
AuGa, AuSi and AuGe. 

In the cases of AuBe and of AuMg, rotational structure 
in two band-systems has been satisfactorily resolved, and 
their structure indicates that the systems may be repre- 
sented by B $(*11,), A $(?2Z+) — X *E*, where the upper 
states A, B are probably in Hund's case-c. Constants are 
given in Tables 1 and 2. The values of the internuclear 
distances in the ground states are close to those predicted 
from the hydrides, AuH, BeH and MgH. 

For the other three molecule, AuGa, AuSi and AuGe, 
only vibrational analyses have so far been carried out, 
although some of the structure in AuSi is sufficiently 
to offer the hope that a rotational analysis may be parikin. 
Identification of the carriers of the spectra attributed to 






















BSCR) 18,05666 
C ARCI 17,194-86 647-56 
; YORE 0 800-61 3-53 
“State B, 10'a Pot 5, A 
cog 0-47736 401 + 0-0183 2-024 
ow E 0-49044 4-60 — 0-1056 1:997 
X 045882 3-97 ys 2-064, 


In ‘Tables l.and 2, p, is the Q- doubling parameter, given by 
i Fac p,(J + 4), where e refers tothe + level, d to the — level, of J=}. 





Table 2, CONSTANTS FOR AUMG 
State To AG, 
Bi CH) 19,507:51 
A 40r 18,409-03 334-88 
F AZ 0 306-11 
B, 10a Po ro, A 
014036 + 0-0036 2370 
014195 1:37 — 00282 2-357 
013170 078 y=) 2:440; 
.. Fable 3. CONSTANTS FOR AUGA, AUSI, AUGE 
a Deo we Tete dece 
18,058-0 218-82 1385 — 00064 
5 0 225-62 0:567 -— 0:0014 
: Do, by extrapolation, 46 keal mole- 
State AuSi* AuGet 
To 4G4 Too AG, 
A 13,632 386-0 13,740 244 
1,071 1,552 
} 0 391-2 0 251:7 
.*Multiple-headed bands degraded in both directions. 
fMultiple-headed bands degraded to the red, 
“Table 4. VALUES OF Ke (10 DYNE-OM) 
r87 
ee C) AuaAl 1655 AuSi 2.28 
AuGa 1653 AuGe 2-03 


1096 


uGa and to AuGe is confirmed by the vibrational isotope 
effect. Preliminary values of the constants are given in 
Table 3. AuIn shows red degraded bands in the region 
5600-6400 A; but these have not yet been analysed. 
Some values of the force-constants for the ground-states 
are given in Table 4. These show that, judged by this 
criterion, the bond-strengths increase monotonously in 
the series AuMg, AuAl, AuSi and AuCa, AuGa, AuGe. 
Bones R. F. Barrow 
W. J. M. GassANE 
m D. N. Travis 
ysical Chemistry Laboratory, 
|» University of Oxford. 
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. Nuclear Magnetic Resonance of Adsorbed 

UU Molecules 

In connexion with earlier investigations on the spectro- 
scopic behaviour of substances in the adsorbed state? we 

_ have tried to discover whether it is possible to observe 

-nuclear magnetic resonance signals of molecules adsorbed 


-- onsolid surfaces. Observations have already been reported 


on the magnetic resonance line of water on hygroscopic 
ubstances and water included in starch, albumin?, zeo- 
s" and hydrated Portland cements‘. In the present com- 
nication it is shown with a sample of mesithylene that 
it is possible to observe relatively sharp proton resonance 
lines of adsorbed molecules. This was not to be expected 








4; as the widths of the nuclear magnetic resonance lines in 


the solid-state are so strongly broadened, due to the spin- 
. Spin relaxation, that the signals, covering a wide range of 
frequencies, became often not observable. On the other 


PE 


asymptotically to a value of Av = 60 c/s for the widths |. 


at half maximum. A probable interpretation of these 


facts is possible by the assumption that at low surface 


coverage the degree of freedom of the adsorbed molecules 


is great enough to create conditions which smooth the _ 


local magnetic field of the environmentandleadtorelatively 
sharp lines. With an increasing number of layers à ^. 


lattice-like order is established within the first layers due C 


to orientation of the polarized molecules by the solid: 
surface. This order is causing, by the local field of the 


spin-spin interaction, a broadening of the resonance lines. 
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Fig. 1. Nuclear magnetic resonance lines of mesithylene adsorbed on 


silica, Number of molecular layers: (4) 2, {B} 6, (€) 13, (D) 30. (E) is 
the pure liquid 


One would expect that the resonance frequencies would 


be shifted by the adsorption to higher as well as to lower: 








magnetic fields, because the electric charges are locally. ; 


altered within the adsorbed molecules by the polarization — 


on the solid surface. This has not been observed, at least 
in the case of mesithylene. The relative position of the 
two lines are not altered by the adsorption. On the other 
hand, a change of the relative integral intensity of the 
proton signals in the CH,- and CH-groups is observed. 


The ratio of the integral intensities of the two lines is in. 
the liquid state 3 : 1, while in the adsorbed state this” 


ratio tends with increasing number of layers to the value 


4-5. This indicates that the magnetic dipole transitions of. 
the protons in the CH ,-groups are becoming more frequent 
than those of the CH-group or that the last ones are becom- . 
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in glose frequent. A decision between these aliarhativos by 
the absolute integral intensities is complicated 
ontraction of the samples with increasing adsorption, 
CON hanges their apparent density by a factor nearly 5. 
^n the case of adsorbed pyridine at a bimolecular coverage 
..two nuclear magnetic resonance lines could be observed 
-at nearly the same regions as the lines of liquid pyridine. 
The lines of the adsorbed pyridine, however, do not show 
any fine structure indicating a change in the spin-spin 
interaction by the adsorption. 
A. practical application of these observations would 
- -o proceed on the following lines: (1) an extension of the 
; muclear magnetic resonance measurements to insoluble 
substances would be possible using the adsorbed state; 
(2) special information could be expected about the 
adsorbed sites of the molecules and the changes in the 
population of the energy levels by the adsorption. 
Oo X thank the Varian A.G. (Zurich/Switzerland) for allow- 
ae ing me to measure the nuclear magnetic resonance 
_ Spectra in their laboratory. 
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Effect of Column Pressure on Column 
Efficiency 


; t communication given by Amos and Hurrell!, 
thors stated that it was difficult to obtain high 
es or adequate resolving power, when packed 
Cetemm diameter (4 mm internal diameter) 
analytical chromatographic columns were used in associa- 
tion with thermal conductivity detectors. It was suggested 
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that by using narrower. bore columns. and capillary. re- 
strictions at the end of the column the efficiency could be 
improved, an effect that had been demonstrated by Scott? 
some time earlier. 

Higher efficiencies can be obtained by: (1) reducing - 
the diffusivity in the gas phase. and (2) minimizing the 
gas velocity gradient along the column. These two 
conditions can be obtained by decreasing the inlet/outlet 
pressure ratio and by increasing the column pressure. 

Fig. 1 shows the flow diagram of the apparatus used. 
in the series of experiments. A. 6-ft. copper column was. 
packed with 15 per cent squalane on 60-80 B. 
briekdust and installed in à Pye Argon Chror 
analyser unit. Pressure gauges (0-60 psig) were fü 
at the column inlet and outlet and an Edwards high 
vacuum needle valve placed between the column exit 
pressure gauge and the Gow-Mae katharometer. 
gas samples were injected into the high-pressure line to 
the column using a pneumatic gas sampling valve. Argon 
was used as carrier gas, a separate detector reference 
flow was utilized and the detector and column 
tained at 75? C. Propane, a component of ti 
gas sample, has been taken as an example to 
the effect of column pressure on column effi 

Chromatograms were obtained for pressure 
of 2-5, 5, 10 and 15 p.s.i. across the colu 
pressures of 20, 30, 40, 50 and 60 p.s.i.g. Curve 
plotted of column flow rate against efficiency fo x 
variation of inlet pressure and pressure drop aeross the 
column (Fig. 2). It can be seen that the increase in. 
column efficiency with increased column inlet pressure 
steadily reduces with inerease in pressure drop aeross the 
column. This indieates that the best improvement of 
column efficiency can be obtained by "utilizing 
column inlet pressures and small pressure differen 
aeross the column. i 



























effect is apparent. paesi of ethane, propan: 
and n-butane and iso- and n-pentane was achi 
13 min using a 6-ft. copper column packed wi 
cent squalane on 60-80 B.S. mesh brickdust, 
inlet pressure of 60 p.s.i.g and a pressure difference ( 
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(chromatogram 2, Fig. 1). 'The same separa- 
: industrial application was obtained in 

.90 min on a 48-ft. stainless steel column packed with 
10 per cent squalane on 60-85 B.S. mesh brickdust 


ymatogram 1, Fig. 1). 
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Acid-base Equilibria involving Oxygen- 
containing Molecules in Dilute Aqueous 
Solution 


. Ir has been shown recently! that methanol and iso- 
‘propanol are more basie than water in dilute aqueous 

ons containing mineral acids, in contrast to the 
v of alcohols in alcohol-rich solutions**?. 
.nitroaniline determined spectrophoto- 
added alcohol, 
obeys the 












cen _ KF w CoR 4 W Co 
p= e Kifyr o~ CR K,Fy 


initial concentration of p-nitroaniline without 
d acid or alcohol, r is the concentration of added 
leohol and w = [H,O] before addition of alcohol. This 
expression can be deduced from the three equilibria: 


us Ke » 

HO + ROH == H,O + ROH, 
30 + N == NH + HQ 
"ad K 

ROH, + N <= 2 NH + ROH 


where N and NH sro unprotonated and protonated 
p-nitroaniline respectively, K,F, = [NH](H,0]/(N][H;0] 





‘ig, 2. Effect of pressure and gas flow rate on the efficiency of a propane peak 


and K,F, = [NHICROHJ/[NIIROH,]: all hydroxylated 









plots! for ceg/(cg — c) aga 
values for Ky’ = [ROH,]/[ROH][H,O] were 
calculated from Ko’ = cy w/r wg X slope. 
Ky’ was constant for methanol and isopro- 
panol over the concentration range 2-10 
per cent v/v alcohol. 
Similar linear plots have now beon | 
obtained for other oxygen-containing mole: — - 
cules using a concentration of 5 per cent. 
vjv in solutions of hydrochloric acid and 
sodium chloride at an ionic strength of 
unity. Examples of these plots are given 
in Fig. 1, and the values of Ko’ calculated. 
from the slopes are given in Table 1, which | 
also includes the earlier values for methano 
and isopropanol.  K»' was also caleulated 
by the alternative method!: a value of; 
K,F, is derived in each case from the 
intercepts and slopes of the plots in Fig. 1, 
thereby enabling [ROH,] and Ke’ to beo 
calculated. As with methanol and isos 
anol, Kx’ calculated in this way was independent of  . 
the concentration of hydrochloric acid (over the range | | 
used = 0-10-0-80 M hydrochloric acid) and agreed with 
the values obtained from the slopes of Fig. 1 (Tablel) |^ 
ons IN DILUTE HYDROCHLORIC: 
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Table 1. EK» FOR 5 PER CENT V/V SOLUTL 
‘ACID AT IONIO STRENGTH = 1-0 AND 25°C 
Oxygen containing Ke! 
molecule 
Methanol 0-093 
Ethanol 0:28 
Tsopropanol 0:36 
Tert.-butanol 0-40 
Ethanediol 0:20 
Butane-2,3-diol O33 
Dioxan 070 
Acelone 0-08 
Ethyl acetate 0:95 


The results confirm that, in dilute aqueous solutions, =. 
organic, oxygen-containing molecules can be more basic 
than water, In these conditions the order of basicity for 
an ether, an alcohol and a ketone is, for example, dioxan ~ 
acetone > ethanol > water, whereas, using the puro. . 
organic solvent, Braude*« found the basicity to decrease 
water > dioxan > ethanol > acetone. This again 
emphasizes the effect of the difference in solvation between 
pure solvent and aqueous solution. E 


wow] e g 
co ò o wo 


cepler- c) (molesl,-? x 104) 


irm 
[zl 





02. 08. 04 05 06 OF OB OO 10 


i crilereg) a 
Fig. 1. Plots of c egien—e) against e p/(co cg) at ionic strength = 10. 
and at 25° 6 with 5 per cent viv solutions of organic oxygen-containin: 
com ds in. water containing HCL-NaCl tures. O,- Ethanol 
E, tert-butanol; A, ethanediol; : X, butane-2,9-diol; y, dioxan 
TE 0005. OQ acetone; „Ân: ethyl acetato —— , : 
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igate structural effects, basicities are compar- 
y when all are obtained using the same solvent. 
lues of Kx’ obtained in water show that inereasing 
lation tends to result in increased basicity in alcohols. 
example, Ks’ increases methanol < ethanol < iso- 
iol « tert.-butanol and from ethanediol to butane- 
diol. “Presumably this is due to the inductive electren- 
release effect increasing the electron availability, and hence 
the proton affinity, of the hydroxyl oxygen. Conversely, 
the electron availability and proton affinity of the oxygen 
atom would be expected to be reduced by the presence of 
| an. electron attracting group in the molecule: such a 
"o group is the hydroxyl group, and Ko’ decreases from 
5 ethanol to ethanediol Again the electron availability 
_© “would be expected to be greater at an ethereal oxygen 
than at an alcoholic oxygen, and accordingly dioxan has 
a high basicity. Ethyl acetate exhibits à basicity greator 
|; than acetone and dioxan: here, the acyl group will tend to 
_. reduce the proton affinity of the alkoxy oxygen, and the 
© high basicity may be due to the protonation occurring on 
_ the carbonyl oxygen in the ester. 
- The values of Ky’ in Table I vary overall by a factor of 
> ten. This suggests that structural effects, such as dis- 
¿cussed here, are only of secondary importance and that 
(^ solvation effects on the ionic and non-ionic species pre- 
dominate. 
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Presence of Polarization Bonds in some 
Copper(Il) Complexes 

CRYSTAL structure determinations have shown that 
although the co-ordination of the metal in molecules of 
bisacetylacetonatocopper(ITI), NN'-ethylenebis(acetylace- 
toneiminato)copper(II)' and  bissalicylaldehydatocopper- 
(II) is essentially square planar the molecules pack sueh 
_ that there is an axial approach (that is, perpendicular to 
|.) the co-ordination square) of 3-1-3-4 A from the copper to a 
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in the temperature range 300°-800° 
ately the same conditions as tho 


conjugated region of an adjacent molecule. Whereas such - 
an intermolecular approach is not abnormally short it is 
accompanied by a distinct distortion of the moleeules from. 


_ their expected shape, clearly indicating that there is an 


interaction between them. It has been suggested that 
these are examples of polarization bonding, the x-bond 
system acting as an electron donor and the copper atom as 
acceptor?, S 
We have determined the crystal structures of bis(N- 
methyl-2-hydroxy-1-naphthaldiminato)copper(IT) (4) and 
a second crystal modification. of bissalicylalde 
copper(II) (B). Both exhibit the same type 
molecular approach to the hydroxy oxygens 
bouring molecules (2-94 A and 3-15 A, respectively 5 
the same type of deviation from overall molecular plan- 
arity. Within one molecule the two ligands are indi- 
vidually planar but mean planes through them are sepa- 
rated by 1-16 A and 0-36 x (Fig. 1). A similar molecular - 
distortion was observed in the previously reported modifi- 
cation of bissalicylaldehydatocopper(IT) (C). The distor- 
tions indicate that definite, though weak, interactions 
exist and we suggest that again polarization bonds occur ^ 
in these compounds. Sue e 
Crystal data for the compounds A, B and C are given 
Table 1. In the structures of both A and B the posit 
of the copper atoms were determined by space-m 
requirements, and the lighter atoms were loca 
heavy atom phased threo-dimensional Fourier syn 
Refinement has proceeded by successive difference For Uum 
syntheses to present R-factors for observed planes of 0-159 | 
and 0-164, respectively. CIE Reg 

























Table 1 
Space 
a b c B group  Z ] 
A 3-86 19:55 12-57 911° Pijn 2 br 
B 11-76 4-00 12-42 90-3° Pile 2 . gn 
c 872 6-20 11-26 104-8° P2,In Z 


It is of interest to note that the polarization bonds 
involve different regions of the salicylaldehydato lig 
being to an oxygen of the chelated ring in B and 
carbon of the benzene ring in C, and. it would appear to 
be this factor which stabilizes the two different forms. We — 
are at present studying a further brown modification of A. 

We thank Prof. D. R. Llewellyn for his advice.. 








A. J. MCKINNON . 
J. M. WATERS _ 
T. N. WATERS. 


Department of Chemistry, 
University of Auckland, 
New Zealand. ; VOD 
1 Piper, T. S., and Belford, R. L., Mol. Phys., 5, 169 (1003)... 
* Hall, D., Rae, A. D., and Waters, T. N., Proc, Chem. Soe,, 143 (1 
* McKinnon, A. J., Waters, T. N., and Hall, D. (to be published) 






Dehydration of Calcium Silicate Hydrate _ 
(C-S-H()) mu 
Tur reported formation of beta dicaleium. silicate 
(B-Ca,SiO,; Ca/Si = 2-0, abbreviated to B.C,8) during - 
the dehydration of C—S—H(I) (Ca/Si 0-5—1-5) (in carbon — 
dioxide-free air controlled at a water vapour partial 
pressure of 6 mm of mercury)! seemed to indieate that . 
the crystal structure of C—S—H(I), which has not been 
completely described, might be related to the known 
crystal structure of B-C,8. ; TAGEN 
A survey of the literature reveals that all the large 
number of compounds in the system CaO0--810,—H. 
become dehydrated (to give anhydrous ealei 















wollastonite (CaSiO,; Ca/Si = 1-0) is the usual product 
from hydrated compounds having à composition Ca/Si 
less than 2-0. Afwillite (Ca,(SiO,OH),2H,0; Ca/Si = 
1-5) dehydrating to give dicalcium silicate 
(y-Ca,SiO,;  Ca/Si = 2-0) (ref. 2) and  foshagite 
(Ca,(SigO,)(OH),; Ca/Si = 1:33) dehydrating to give a 
mixture of wollastonite and 6-C,S (ref. 3) are the only 
reported exceptions to this rule apart from C—S—H (1), 
which can be formed over a composition range Ca/Si 
from 0-5 to 1-5. 

Tt has been noted in the literature that great difficulty 
is experienced in preparing carbonate-free samples of 
C—S—H (T) since their highly alkaline nature makes them 

tible to attack by atmospheric carbon dioxide. 
The batch of C—S—H(I) samples to be dehydrated 
had been prepared for a previous piece of work and 
showed the X-ray powder pattern of calcium carbonate 
(calcite and/or vaterite) in addition to the normal 
C—S—H(I) pattern. These samples all produced p-C,8 
at temperatures between 550° and 650° and in addition 
the pattern of caleium oxide was sometimes present. 
'The caleium oxide pattern appeared at a slightly lower 
temperature than that of 8-C,5. 

A second batch of C—8—H(I) produced especially for 
this work by reaetion of colloidal silica and calcium 
hydroxide solution at room temperature for between four 

a and six months showed no carbonate reflexions and also 
gave no B-C,8 on dehydration at temperatures within the 
range given previously. Deliberate introduction of cal- 
cium carbonate by reacting a sample of dry c—S—H(I) 
with moist carbon dioxide gave a product showing 

-additional reflexions of calcite and also produced calcium 
oxide and 8-C,S on dehydration even though analysis of 
the C—S—H(I) sample gave a Ca/Si of only 0-62. A 
mixture of colloidal silica and freshly precipitated calcium 
carbonate having a Ca/Si = 1-0 also produced B-C,8 on 
heating at 650° C. 
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Fig. 2. X-ray diffraction patterns obtained on a $-cm radius Brindley 
semi-foecusing camera (focused at 30 spacing): 0 unheated 
C—S—H(); (ii) dehydrated C—S—H(1); (iii) diso C—8—H(D 


Fig. 3a. Formation of wollastonite from C8-HQ) of low Ca/Si (= 0-88): 
(1) heating at 760° for 2 h; (ii) heating at 760° for 20 h; (iii) heating 
at 930° for 5 h (wollastonite) 


Fig. 9b. Formation of wollastonite from C—$8—H(1) of high Ca/Si 
(= 1:00): (I) heating at 720° for 7 h; (ii) heating at 700° for six days; 
(iii) heating at 780° for 20 (wollastonite) 


It is concluded that, on heating carbonated C—$8—H(I) 
to temperatures in the region of 650° C, 6-C,8 is produced 
at the interface between calcium carbonate present in 
the samples as an impurity (or calcium oxide formed at 


solid-phase reaction has been noted previously*. "There 
was present in 


carbonate-free C—S—H(I) produced this second Bae 
only and gave the results illustrated in Figs. 1 and 2. 


wollastonite. 
powder pattern of the material is 
that of room temperature C—S—H(I), except that re- 
flexions at 12-5 and 5:5 A are missing and the remaining 
spacings are slightly smaller in the heated material 
(Fig. 2ii). This modified room temperature C—$8—H(10) 
pattern is stable even after prolonged heating (5 days) 
at 700°C. At 770? the powder pattern changes smoothly 
to that of wollastonite (Fig. 3a), and the broadness of 
the reflexions indicates that very small crystals of wollas- 
tonite are being formed. These observations suggest that. 
the conversion to wollastonite is accomplished by small 
movements of atomie positions within the erystals similar 
to those reported in the dehydration of xonotlite and 
foshagite*, and so it follows that the erystal struetures 
of wollastonite and C—8—H(I) in this composition range 
are closely related. 

Dehydration of C—S—H(I) in the composition range 
Ca/Si 1-0-1-5 at between 550° C and 770° C produces an 
almost amorphous material giving the X-ray powder 
pattern illustrated in Fig. 2iii. In the composition range 
Ca/Si 1-0-1-2 this material converts to wollastonite at 
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770° (Fig 35) and above Ca/S: 1 2 to a mixtu1e of wollas- 
tomte and p-C,S. The reflexions given by the newly 
formmg wollastomte (Fig 3bu and m) are quite sharp, 
indicating fairly large crystals Prolonged heating of the 
amorphous material at temperatures below 770° allows 
wollastonite to crystallize 

The instability of C—S—H(I) ın this composition range 
(Ca/&1 = 1 0-1 5) mught be caused by the presence in the 
structure of calerum in excess of that required to form 
wollastonite (Ca/Si = 1 0), though foshagite (Ca/Si = 1 33), 
which also has an excess of calerum, 1s able to retain its 
structure until its conversion to wollastonite av 770° 
(ref 3) An alternative explanation is that C—S—H(I) 
in this composition range has a structure which, m con- 
trast to this lower Ca/Si material, ıs less closely related 
to that of wollastonite—the stable structure under these 
conditions—and so 1s unable to form a metastable phase 
at intermediate temperatures 
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Some Cases of Apparent High Conductivity 
in Simple Molecular Crystals 


WHEN one approaches the examination of dark con 
ductivity of molecular crystals, a good first approximation 
18 that ‘molecular crystals are electrical nonconductors’’! 
Most measurements of dark conductivity on molecular 
crystals such as anthracene must be regarded as involvmg 
carrier injection from electrode material, ambient gas, 
unpurities or surface imperfections Simple dc measure- 
ments by two-probe techniques which neglect polarization 
or space-charge effects are relatively meaningless These 
measurements are, however, commonly performed to 
screen materials m an attempt to find high conductivity 
erystals 

1,6-Diammopyrene forms highly conducting complexes 
with a wide variety of substituted quinones? All our 
attempts to purify the parent amine by multiple crystal- 
lizations, sublimations, ete, lead to a materal with a 
resistivity of 109 ohm-cm (single crystal and powder 
measurements by two and four probe techniques) We 
interpret this, however, not as an intrinsic property of pure 
diamimopyrene, but as a reflexion of its easy oxidation 
It 1s probable that a highly reactive diamine of this type 1s 
almost impossible to obtam im a form which does not 
contain acceptor impurities m the crystal Ifone measures 


A Ea 
an ‘activation energy’ | p = po exp vn) for conduction, a 


value of 0 3 eV 1s obtained, reproducible with temperature 
eychng 

Another example of a molecular solid with purported 
high conductivity 1s eyamelurme (I), ın which one would 
have considerable difficulty m evolving an explanation of 
charge transport through an essentially non-aromatic 
lattice 

A sample of this material was sent to us for evaluation 
because of an apparent resistivity of 10° ohm-cm This 
material undergoes a contmual change in iesistiviby with 
passage of current, in 45 mun with a current of 103? amp, 
the resistivity had changed to 10? ohm-cm Although no 
further study was made, we assume this sample, considered 


NATURE 


609 


C,H,C.H, 


HN NH 


a d 


"b 
AS NS 
C.H,C,H; M Y O,H,C.H, 
H H 
D 


‘pure’ by conventional chemical standards, ıs grossly 
impure from an electrical pomt of view 

Finally, another molecular crystal with a reported high 
conductivity 1s phosphonitrilic chloride trimer, a com- 
pound with considerable aromatic character Eley and 
Wills? report a resistivity at 20° of 8 0 x 10!" ohm-cm and 
an activation energy of 0 35 eV on a zone-refined com- 
pacted sample, and suggest 10nie conduction in this 
molecular lattice These workers surprismgly found the 
conductivity of their materal mereased after zone- 
refinmg Our own observations on this material are 
summarized in Table 1 


CONDUCTIVITY OF PHOSPHONITRILIC CHLORIDE TRIMER 


Resistivity at Ea 
26° (ohm-cm) (eV) 


Recrystallized powder* Compacted disk (6,800 atm ) 6 x 10s — 
Zone refined * Compacted disk (6,800 atm ) > 105 ui 


Table 1 


Sample preparation Physical form 


Sublimation grown t Single crystal 5 x 104 
Zone-refined and 
solution grown t Single crystal 1x 10% 0841 


* Measured by techniques described by M M. Labes,R Sehrand M Bose, 
J Chem Phys , 82, 1570 (1960), 33, 868 (1960) 

f Measured by techniques described by P L Kronick and M M Labes, 
J Chem. Phys , 85, 2016 (1961) 


Our results, therefore, indicate the material to be a 
typical insulatmg molecular crystal; the resistivity can be 
lowered by mmpurity concentration The reasons for the 
discrepancy with Eley and Wilbs’s result are not discernible, 
since their material was zone-refined ard of high melting 
pomt We beheve the discrepancy is simply another 
indication of the difficulty ın assessing the meaning of 
dark conductivity measurements on insulators which 
may have some conductivity introduced by a large array 
of artefacts 
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Oxidation of Thiols by Molecular Oxygen in 
Tetramethylguanidine 


Tue formation of stable alkylammonium thiolate salts 
from the reaction of benzenethiol with p-, sec-, and tert- 
aliphatic amines was first observed by Gordy and Stanford! 
and further substantiated by Grillot and Brooks? Subse- 
quent work has demonstrated that (a) the formation of 
alkylammonium thiolates from the reaction or aromatic 
and arakyl thiols with aliphatic amunes is a general 
reaction, (b) that aliphatic ammes catalyse the oxidation 
of thiols by molecular oxygen m hydrocarbon solvents? 
The latter suggests that the active species m these oxida- 
tions is the thiol anion (RSE) Recent mvestigations in 
these laboratories have demonstrated that dipolar solvents 
markedly accelerate the base-catalysed oxidation of thiols‘. 
This finding coupled with the foregoing results suggested 
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Table 1 SUMMARY OF THIOL OXIDATIONS IN 25-ML TETRAMETHYL- 
GUANIDINE AT 23 5° 
Thiol m.moles Mole % R48, Reaction time (h) 
Butane-1- 951 80 19 
Benzene 978 82 2 
Cyclohexane 731 72 16 
Propane-1- 10 97 82 19 
Propane-2- 10 97 82 19 
Toluene-a- 8 52 12* 43 


* Benzyl disulphide is unstable under these conditions 


that tetramethylguanidme (TMG) would be capable of 
functioning simultaneously as both a solvent and a base 
for thiol oxidations This was found to be true 

Thiol oxidations were carried out m a closed system at 
23 5° + 02° and 1,300 rpm under a constant oxygen 
partial pressure of 1 atmosphere* In all reactions 25 ml 
of TMG contaming 7~11 m.moles of the desired thiol was 
used Each reaction was allowed to proceed until the 
apparent uptake of oxygen was less than 2 ml/h Dı- 
sulphides were qualitatively identified by gas chromato- 
graphy comparison to authentic samples on a 2-ft silicone 
rubber column (30 wt per cent silicone rubber on 
‘Chromosorb’, 025 in diam) between 75° and 250° 
Quantitative results were obtamed by potentiometric 
titration of the unreacted thiol with silver nitrate, reduc- 
tion of the disulphide to the thiol m a zinc/acetic acid 
medium, and a second titration with silver nitrate As 
shown in Table 1, the yield of disulphide varied from 
12-82 per cent for the thiols listed Mimor amounts of 
other products were formed but no attempt to establish 
their structure was made 
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Fig 1 Typical rates of thiol oxidation in TMG at 23 5° 
W, c-toluene, A, cyclohexane 


@, Benzene, 


It should be noted that the foregoing reactions were 
extremely rapid Each oxidation was at least 75 per cent 
complete in lh In contrast to thus, 16 was found that 
aromatic and aliphatic thiols could not be 
oxidized, in dipolar solvents such as DMAC 
or DMF at room temperature in the absence 
of added base This emphasizes the unique 
ability of TMG to function as both a base 
and a solvent Based on the initial rates of 
consumption of oxygen, the observed ease 
of thiol oxidation in TMG was found to be 
aryl > arakyl > alkyl (Fig 1) These re- 
sults suggested that mitial ionization of 
the thiol was rate-determming This was 
substantiated by the isolation of several 
tetramethylguaniduuum thiolates from an 
ethereal solution of TMG (01 molar) to 
which the thiol was added slowly under 
nitrogen. Benzenethiol, toluene-a-thiol, 4- 
methylbenzenethiol, 2-methylbenzenethiol, 
and p-xylene, «,«’-dithiol all formed stable 
adducts with TMG (~ 90 per cent yields) 
that melted between 80° and 200? The 
salts were stable indefinitely when stored 
under nitrogen but decomposed rapidly to 
disulphide, water, and TMG when exposed 
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to ar Aliphatic thiols (pKa 12-14) did. not form stable 
salts with TMG Thus, for aliphatic thiols, co-oxidation of 
the unionized thiol and the thiol anion must occur Since 
aromatic thiols are much more acidic ıt would appear 
that oxidation takes place predominantly by the anion® 
T J WALLACE 
N JACOBSON 
A SCHRIESHEIM 
Esso Research and Engineering Co , 
Process Research Division, 
Exploratory Research Section, 
Linden, New Jersey 
1 Gordy, W , and Stanford, S C, J Amer Chem Soc , 02, 497 (1940) 
3 Grnllot, G F , and Brooks, J T, J Amer Chem Soc , 72, 4281 (1960) 
i Osvald, A A, Noel, F , and Stephenson, A J, J Org Chem , 26, 8969 
t Wallace, T J, and Schriesheim, A , Tet Lettere, No 17, 1181 (1008) 


5 Foz a more detailed description of this method, see Wallace, T. J , Bartok, 
W, and Schriesheim, A , J Chem Educ , 40, 39 (1963) 


* TMG 18 an exceptionally strong organic base, and forms very stable salts 
Amer Cyanamd Co Bull IC 0234-R-100-0/60. 


Radiation-induced Oxidation of 
Tetrafluoroethylene by Oxygen 


OXIDATION of unsaturated compounds by oxygen has 
been fully investigatedi-9 Recently, oxidation of 
othylene’, propylene? and tetrachloroethylene? has been 
examined by 1omzaing radiation The oxidation of ethylene 
and. propylene leads to the formation of & large number 
of products and the reported G values for the olefine 
consumption are very low Tetrachloroethylene ıs 
oxidized through a cham mechanism and a @ value of 
910 has been found Trichloroacetylchloride, phosgene 
and oxalyl chloride are the mam products 

We have found that oxidation of tetrafluoroethylene by 
oxygen induced by 1omzing radiation occurs through a 
chain reaction leading to the following products carbonyl 
fluoride COF,, tetrafluoroethylene oxide (CF,),0 and a 
liquid polyperoxide 

The irradiation experrments were carried out on 1 1 
mixtures of tetrafluoroethylene-oxygen at room tempera- 
ture and at a total pressure of 760 mm mercury A 6,000-c 
cobalt-60 irradiating unit (0 4 Mr /h) and a 50-kV X-ray 
apparatus (1 55 Mr /h) were the radiation sources 

The reaction products consisted of a gas and of a non- 
volatile liquid The gaseous fraction was separated from 
the liquid and distilled through a Podbielmak column 
The low-boihng fraction was COF,, which has been 
characterized by the infra-red spectrum!® The high- 
boiing products were (CF,)O and tetrafluoroethylene 
residual These products were further fractionated and 
purified by gas chromatography 
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The purified tetrafluoroethylene oxide has a molecular 
weight of 115 + 2 The infra-red spectrum {Fig 1) does 
not correspond to trifiuoroacetylfluoride and the char- 
acteristic band of the carbonyl group at about 5 5u 1s 
absent The mass spectrum, although ıb does not show 
the parent mass at 116 m large amount, mdicates the 
presence of oxygen in the compound and gives fragment 
masses as would be expected from the chemical formula 
The nuclear magnetic resonance spectrum gives a smgle 
band at about +348 (trifluoroacetic acid as reference 
standard) This chemical shift 1s displaced to a lower 
field compared with CF, groups as would be oxpected 
when bound to an oxygen atom 

The elementary analysis of the liquid separated from 
the volatile gaseous products gave the followmg results 
C, 18 73 per cent, F, 54 04 per cent, O, 26 94 per cent 
The nuclear magnetic resonance spectrum shows & major 
single band at about —23 38 The resonance frequency 1s m. 
a much lower region of the CF, group bound to an oxygen 
atom This displacement may be in agreement with a 
polyperoxidie structure of the type 


(—CF,—CF,—O—O0—}n 
the theoretical composition of which is C, 18 18 per cent, 
F, 57 57 per cent; O, 24 24 per cent 


Table 1 G VALUES CALCULATED FOR THE CONSUMPTION OF OXYGEN AND 
TETRAFLUOROETHYLENE AND FOR THE FORMATION OF THE REACTION 
PRODUCTS 
The data refer to a 1 1 mixture after X-ray irradiation for 30 min at a 
dose-rate of 1 55 Mr /h 


Moles * Gt 
CF, 250 2,950 
04 183 2,160 
COF, 279 3,300 
(CF,)30 92 1,090 


* The figures referred to are 100 moles of :mtial tetrafluoroethylene, 
TG values refer to molecules consumed or formed per 100 eV absorbed 
by the mixture 


Table 1 gives the results concerning the irradiation of 
1 Ilmuxtures of tetrafluoroethylene and oxygen As may 
be observed from the G values, the reaction occurs through 
a cham mechanism 

Discussion of the mechanism which may justify the 
formation. of the various products found will bo presented 
later when more experimental data will be considered 

We thank Prof G Natta and E Lombardi for the 
nuclear magnetic resonance spectra of the reaction pro- 
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BIOPHYSICS 


Equilibrium Temperature of a Small Sphere 
suspended in Air and exposed to Solar 
Radiation 
For small temperature differences between a sphere 


and its surroundings, heat losses other than those due to 
conduction can be neglected Classical theory for the 
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heat loss Q fiom a sphere per second leads to the formula 
Q = 4 r kld, — boja 
where k 1s the thermal conductivity of the surrounding ar, 
0, and 6, are the temperatures of the sphere and the 
ambient and a is the radius of the sphere If the sphere 
is assumed to conduct perfectly and to be exposed to a 
radiant flux of f cal/em?/sec, equilibrrum will be reached 
when 
4zxk(0,— 6a = raf 

assuming that all the 1neident radiation 1s absorbed by the 
sphere Tho excess temperature of the sphere over its 
surroundings becomes 


— 0) = 
(8; — 8o) = th 


If this result 1s apphed to a sphere of diameter lp 
(a = 4 x 10-4 em), which ıs the order of size of airborne 
bacteria, and f 1s taken to be 2 cal/cm?/minute (approxim- 
ately that of solar radiation) and k = 574 x 1l0ces 
then. 


_ 1l 
(8; — 9) = = 


Thus an airborne bacterial particle will experience only a 
very small change 1n temperature on passing from com- 
plete shadow into full sunlight and 1ts temperature will be 
almost entirely dependent on that of the air surroundmg 
it Smee (0, — 6,) depends hnearly on the radius of the 
particle, even for particles as large as 100g diameter 
the temperature change would be less than 1°C. 

The assumption that the sphere 1s perfectly conducting 
1s & reasonable approximation to the case of a bacterial 
particle A heat flow of 2 cal/em?/mm passmg through a 
slab of thickness ly and having a thermal conductivity 
equal to that of water would produce a temperature 
difference of 19 x 10-3 °C between the faces If allow- 
ance 1s made for heat loss from the hemispherical face of 
the sphere directed towards the incident radiation a tem- 
perature difference of less than 10-3 °C between the exposed 
and non-exposed face can be deduced A similar calcula- 
tion for a 100p particle would predict the temperature 
difference to be less than 10-1 ° C 

It ss thought that this deduction, while familar in 
principle to cloud physicists, might be of interest to 
aerobiologists among whom ıt does not appear to be 
widely known 


°C 
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BIOCHEMISTRY 


Fluoro-fatty Acids in the Seeds of 
Dichapetalum toxicarium 


Ir was reported by Peters, Hall, Ward and Sheppard? 
that the seeds of Dichapetalum toxwarvum contain at 
least two fluormated long-cham fatty acids The acid 
present m by far the larger amount was identified as 
o-fluoro-oleic acid, but the other acid which 1s solid at 
room temperature was not properly identified because of 
the difficulty of isolating 16 m a sufficiently pure state 

The purification of this sold fluoro-acid has now been 
mproved It was first separated from fluoro-oleie acid 
by freezing, thawmg and lugh-speed centrifugmg as 
already described! The residue was dissolved m 4-5 ml 
of acetone and any insoluble material removed by centri- 
fugmg After evaporating off the acetone the residue was 
redissolved m 5 ml of hght petroleum (bp 40?-60? C) 
and left for several hours at — 20? C when the fluoro- 
fatty acid crystalhzed out This was separated by 
ceninfugmg end washed with 1 ml of hght petroleum at 
—20° C The fluoro-aod was recrystallized twice more m 
this manner The final product was a silky white crystalline 
sohd, mp 71°-73°C 
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Table 1 GAS CHROMATOGRAPHY OF c-FLUORO-ACIDS ON 4-FT COLUMN OF 
10 PER GENT (W/W) ‘AprEzon J’ GREASE//CELiTE' AT 200°C AND A 4-FT 
COLUMN OF 10 PER CENT (W/W) POLY(ETHYLENE GLYCOL ADIPATE)/‘CELITE 


AT 180° © 
“Apiezon E’ Poly(ethylene 

Methyl ester carbon glyco] adipate) 

numbers carbon numbers 
Synthetic o-fluorocaprate 107 132 
Synthetic «-fluorolaurate 127 152 
Synthetic w-fluoropalmitate 167 192 
o-Fluoropalmitate from D tozicarium 167 192 
Synthetic w-fluorostearate 181 212 
w-Fluoro-oleate from D toxearsum 184 215 


Some of the purified acid was esterified with diazo- 
methane? and the methyl ester analysed by gas-liquid 
chromatography on a Pye argon chromatograph under 
the conditions shown in Table 1 The mam component, 
which, represented, 89 per cent of the area under the peaks, 
gave a single peak when mrxed with synthetic methyl 
w-fluoropalmitate both on Apiezon L grease and poly- 
(ethylene glycol adipate) columns The only other 
significant peak, representmg 9 per cent of the total 
area, was identical with methyl o-fluoro-oleate Synthetic 
methyl w-fluorocaprate, methyl w-fluorolaurate and 
methyl w-fluorostearate were also chromatographed on 
both columns and, as can be seen from Table 1, the 
unknown ester has the carbon number? expected of methyl 
w-fluoropalmitate. The fluorme content of the crystalline 
acid was determmed by a new method described by Hall* 
After allowing for the fluoro-oleie acid present, a mean of 
five determinations gave 6 88 per cent fluorine, which 1s 
very close to the theoretical value of 6 94 per cent 

The infra-red spectrum of the purified acid was identical 
m ali respects with that of synthetre w-fluoropalmuitic acid 
when the acids were measured as potassium bromide 
disks on a Perkin-Elmer ‘Infracoid’ 

A partially purified preparation of mixed fatty acids 
obtained, from the seeds of D toxwarvwm was also analysed 
on the gas chromatograph as methyl esters and the area 
of the fluoro-oleie ester peak was 79 per cent of the total 
Other mmor components gave peaks with retention 
volumes identical with those calculated for w-fluoro- 
caprate, o-fluoiomyristete and «-fluoropalmitate The 
presence of a number of saturated w-fluoro-fatty acids 
ın such, a preparation would suggest that the longer cham 
«-fluoro-acids are synthesized by the plant from short 
cham -fluoro-acids by successive addition of C, units 
fom malonyl coenzyme A and not from fluoromalonyl 
coenzyme A, if thus latter compound exists 

We thank Prof F L M Pattison of the University of 
hir Ontario for samples of synthetic w-fluoro-fatty 
acids. 
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Influence of Carbonyl Cyanide Phenylhydrazone 
Derivatives on the Respiration Rate of Banana 
Pulp Tissue 

Ix 1962, Heytler e£ al t reported that carbonyl cyanide 
m-chlorophenylhydrazone (CCCP) and carbonyl cyanide 
p-trifiuoromethoxyphenylhydrazone (FCCP) were 100 and 
1,000 times moie effective respectively than 2,4-dinitro- 
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phenol (DNP) m uncoupling oxidative phosphorylation 
m mutochondrial-systems 

The object of these experiments was to determine and 
compare the effects of CCCP, FCCP and DNP on the 
respiration rate of banana tissue slices taken from green 
and ripening bananas (Samples of CCCP and FCCP were 
kindly suppled by Dr P G Heytler of the DuPont 
Central Research Department ) 

Green Dwarf Cavendish banana fruit were harvested 
from plants grown m the University greenhouses The 
1espiration rate of the mtact fruit was measured shortly 
after harvesting with an infra-red carbon dioxide gas 
analyser Only frut im the pre-chmacteric phase of 
respiration were used The cortical pulp tissue was 
sectioned into disks 8 mm m diameter and 1 mm thick. 
Placental tissue was not used since ıt was found to respire 
at a mgher rate than cortical pulp tissue The slices 
were washed m three changes of de-3omzed water and 
blotted dry The oxygen uptake of 0 75-g samples was 
determmed manometrically at 25°C over a 120-mmn 
period Controls were run m de-10nized water 

Both CCCP and FCCP at 10-5 M. caused a respiratory 
stimulation five times larger than the strmulation caused 
by 105 M DNP (Table 1) Higher concentrations of 
CCCP and FCCP inhibited respiration and lower con- 
centrations were less stunulatory 


Table 1 EFFECT OF DIFFERENT CONCENTRATIONS OF UNCOUPLING 
MATERIALS ON THE RATE OF UPTAKE OF OXYGEN IN PRE-CLIMACTERIC 
BANANA PULP TISSUE 


Concentration Percentage stimulation (+) 
of uncoupler or inhibition (—) 
CCCP FCCP* DNP 
10° M — 3370 — — 410 
04 — 1060 mE T 541 

1020M + 1370 + 1238 + 268 
10“ M + 853 + 884 + 122 
107 M — + 197 Kur 


* Concentrations greater than 10-^ M were not soluble m water 


INFLUENCE OF 10-5 M CCCP ON THE RESPIRATION RATE OF 
BANANA TISSUE SLICES BANANAS RIPENED AT 18° C 


Fruit respira-  Percentege stimulation (+) 


Table 2 


Days at 18° C tion rate or inhibition (-) 
0 28 + 160 
1 38 + 130 
2 44 + 138 
3 bl + 10 
4 68 -5 
5 70 -6 


The mfiuence of CCCP on the iespiration-rate of tissue 
shees taken from ripenmg bananas was also determined 
One hand of green frut was ripened at 18? C and 85- 
90 per cent relative humidity and daily two fruit were 
removed and treated as described here The shces from 
the two frut were composited and trrpheate 0:75-g 
samples were run 1n 10-5 M CCCP and m de-ionized water 

The meximum respiratory stimulation was obtained 
fiom the green pre-chmacterie fruit (Table 2) As the 
fruit rypened, shown by the mereasing respiration rate, 
the stimulatory effect dimmished At the chmactenc 
peak respiration was actually mhibrted A comparable 
experiment with 10-* M DNP gave smular results 

These observations indicate that the carbonyl cyanide 
phenylhydrazone denvatrves quahtatrvely mfluence the 
respiration. rate of banana pulp tissue simular to DNP 
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Purification and Properties of a New 
Carboxypeptidase from Citrus Fruit 


It has been found that a carboxypeptidase (or a mixture 
of various carboxypeptidases) occurs m. the peel of crtrus 
fruit, for example, of the orange (Cirus sunenszs), lemon 
(Citrus medica), and grapefruit (Citrus maxuma) This 
peptidase differs ın specificity and 1n other properties from 
the known carboxypeptidases A (ref 1) and B (ref 2) of 
the pancreas and from the catheptic carboxypeptidase of 
bram? This o1t1us peptidase or enzyme mixture, referred 
to for short as carboxypeptidase C, 1s the first carboxy- 
peptidase to be demonstrated m vegetable tissue Car- 
boxypeptidase C belongs to the catheptic peptidases—a, 
group which, 1f we extend and 1e-define the term ‘cathep- 
sin’, can also be said to melude the glycyl-glycine-dipep- 
tidase* and leucmaminopeptidase® found 1n leaves 

To obtain a crude carboxypeptidase product, the 
flavedo (= outermost yellow layer of the peel) was 
scraped off from 20 kg oranges, homogenized, and extrac- 
ted with 2 3 per cent sodium chloride solution?! Follow- 
ing two fractionations with ammonium sulphate (fraction- 
ation I: precipitation at 70 per cent saturation, fraction- 
ation II: precipitation at 30 and 70 per cent saturation, 
active fraction = precipitate at 70 per cent saturation), a 
crude product (fraction F) was obtamed after dialysis and 
lyophihzation (fraction E, 28¢,C, = 0 06 (refs 6 and 7)) 
For further purification, the product was submitted to 
chromatography on 'CM-Sephadex (0-50) (hnear buffer 
gradient 003-03 M sodium acetate buffer or sodium 
citrate buffer, pH 5 3, active fraction E; 90 mg protem®, 

1 = 13) Repeated fractionation on ‘Sephadex G—100* 
yielded a further enriched active fraction (fraction E, 
13 mg?, C, = 4 4) 

Investigations carried out so fai, chiefly with the crude 
product fraction #,, indicate that the enzyme has the 
following properties and specificity the pH. optimum for 
hydrolysis of all substrates tested 13 53 Whereas the 
enzyme 1s relatively stable (that 1s, dialysable, lyophihz- 
able) ın 16s 1mpure form (fraction EZ), 16 1s unstable when 
purified and is rapidly destroyed particularly m the pH 
range 6-10 and at pH values of less than 4 (tesis with 
sodium hydroxide, calum hydroxide, magnesium 
hydroxide, triethylamime and with hydrochloric acid, 
acetic acid, respectively) A certam stabilization or 
activation appears to be achieved by the cations Nat, K+, 
Lit, and NH,4* especially in the range 0 1-1 0 M, whereas 
the nature of the anion 1s of no appreciable significance 
Phosphate ions display an inhibitory effect® The pept- 
idase 1s stable at temperatures of up to about 50° C, but 
rapid mactivation occurs at temperatures above 60° C 
The enzymatic activity can be inhibited by Fett (0 05 M), 
but not by EDTA (005 M, pH 5) or o-phenanthroline 
Dusopropylfluorophosphate (DFP) exhibits an inhibitory 
effect on fraction Æ, only ın high concentration 

The specificity of carboxypeptidase C displays the 
features typical of all carboxypeptidases hydrolysis of 
the specific substrate 4—B-U-OH. between B and C (A = 
amino-acid residue, peptide residue, acetyl-, carbo- 
benzoxy-, t-butyloxy-) The ammo-acid in position C 
must have a free carboxyl group, dipeptides (H—B- 
C-OH-, free «-amimo group) are not hydrolysed D-amino- 
acids are not split; D-ammo-acids in the second position 
(B) from the carboxyl end markedly inhibit the release of 


Table 1 HYDROLYSIS OF CARBOBENZOXY DIPEPTIDES WITH FRACTION E; 
(1h, 30°C, pH 53, substrate conc 1 &uM/cc , enzyme cone 5 mg fraction 
E05 cc [C, = 006, 4, = 006]) 


Percentage Percentage 
hydrolysis* hydrolysis 
iis 

Zt Leu-Phe OH 98 Z Ala-Glu OH 44 

Z -Pro-Phe OH 40 Z Gly-Glu OH 30 

Z Gly-Leu OH 35 Z Lys-Asp OH. 37 

Z Arg-Pro OH 31 Z Val-Lys OH 30 

Z Phe-ProOH 20 Z Val-His OH. 26 


* Percentage hydrolysis of the amino-acids at the carboxyl end 
+ Z = Carbobenzoxy- 
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NH: 
' Eod. Ao S eae 
H Asp-Arg-Val-Tyr-Val-His-Pro-Phe OH 
ASp(NH;)1-Val--angiotensin(II) 


xs 


H Asp-Arg-Val-Tyz-Val-His-Pro'Phe NH, 
Asp(NH;)!-Val*-angiotensin(II)-Phe*-amide 
H Arg-Val-Tyr-Val-His-Pro-D-phe OH (no hydrolysis) 


Angiotensin-heptapeptide (with D-Phe) 


l 
Z Arg Arg Pro Val Lys val Tyr Pro OH 
ACTH peptide i 


1 
H Pro-Pro sex pne ay pne! rg OH. 


J 
H Pro-Leu-Glu-Phe OH. 
ACTH peptide 


1-.3d5 404 ESE ad 
H Asp-Glu-GlIy-Pro-Tyr-Ly "Met" Glu Hus Phe Arg- 


8-MSH l 
-Try-Gly-Ser-Pro-Pro-Lys-Asp OH. 


Fıg 1 Hydrolysis of higher peptides with carboxypeptidase C 

the amimo-acid at the carboxyl end Carboxypeptidase C 
splits neutral ammo-acids (Leu Val, and, less rapidly, Gly, 
Ala), especially aromatic amuno-acids (Phe, Tyr), acid 
amino-acids (Glu, Asp), and basic amimo-acids (Lys, Arg. 
His) A peculiarity of its specificity, however, 18 its 
ability to hydrolyse the peptide bond X-Pro —OF in 
small and large peptides (Table 1) 

As regards specificity, therefore, carboxypeptidase C 
differs from carboxypeptidase A chiefly in that ıt releases 
Pro and splits off the acid amino-acids (for example, in 
B-MSH, Fig 1) more quickly! Carboxypeptidase C 
possesses esterase activity (fraction E, and fraction E), 
as demonstrated m tests on Asp(NH,)'-Val*—angiotensin 
(IL)-methyl-ester, the esterase activity ın P,E, probably 
does not come from the acetyl-esterase!! present m the 
extracts, sce ıt cannot be mhibited by DFP m the 
same amount as acetylesterase!b!? "The crude fraction, 
E,, sphts off amide groups at the carboxyl end (amidase 
content), whereas the purified fraction, Hs, does not hydro- 
lyse any amide groups and slowly releases phenylalanine 
amide ın the end position (Fig 1) 

Judgmg from prelmunary experiments, the hydiolysis 
of Z Leu-Phe OH 1s a first-order reaction (fraction E, kı 
= 0014, 0, = 007 (ref 7)), for comparison purposes, C, 
values of other substrates were also calculated from the 
data on the initial rates, although the kinetic characteris- 
tics of the hydrolysis of these compounds were not ascer- 
tamed These C, values were as follows Z Arg—Pro 
OH C, (fraction Z,) = 00046, C, (fraction Æ,) = 032, 
Z Phe-Pro OH. C, (fraction Æ,) = 00029, C, (fraction 
E,) = 020; Z Gly-Glu OH C, (fraction E,) = 0-0045, C, 
(fraction Z,) = 031, Z Lys-Asp-OH. C, (fraction £,) = 
00055; C, (fraction E, = 038, Z Val-LysOH C, 
(fraction H,) = 0 0045, C, (fraction E;) = 031 

H ZUBER 
CIBA, Ltd, 
Basle, Switzerland 
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Isolation of Nicotine from Cell Cultures of 
Nicotiana tabacum 


DzsPITE the considerable variety of plant tissues already 
cultured en vitro there are few mstances of the identification 
of specific secondary metabohtes m such cultures 
Although Nicotiana’ and Atropa? alkaloids have been found 
in the root organ cultures used ın biosynthetic investiga- 
tions, estimates?:? of the concentration of these alkaloids 
mn callus tissue were made without rigorous identification 

We have isolated and identified nicotine from several 
hnes of Necotiana tabacum tissue cultured a vitro 

At Akers Laboratories callus cultures derived from 
root, stem or leaf tissue of N, tabacum var Vargunica (seed 
from Thompson and Morgan (Ipswich), Ltd) were 
isolated and grown on substrates comprising a basal 
medium, such as White’s*, + iron (EDTA salt) (25 mg/l) 
+ naphthalene acetic acid (0 2 mg/l ) supplemented with 
10 per cent coconut water or with casem hydrolysate 
(Difco ‘Bacto-Casammo Acids Technical’) (500 mg/l), 
m-nositol (100 mg/l ) and kmetm (0 1 mg/l ) and sohdified 
with 0-56 per cent ‘Noble’ agar (Difco) Suspension 
cultures derived from the root callus ime were maintamed 
m smular media, without agar, on a rotary shaker All 
cultures have been grown at 25° C m continuous artificial 
hght and collected at 1-3 months by removing callus 
tissue from its agar substrate or by collectmg suspended 
cella on & coarse sintered glass filter 

The nicotine was separated from (a) cells, by repeated 
extraction with hot ethanol, dilution of the extract with 
water and sodium hydroxide (to 2 N) and extraction of 
the basic material mto ether followed by recovery m 
0 5 N hydrochloric acid, (b) agar medium, by acidification 
with hydrochloric acid, concentration m vacuo (<50°) 
and addition of anhydrous sodium sulphate, or alumina, 
to the residue to yield a friable mass which was then 
extracted in the same way as the cells, (c) culture filtrate, 
made alkalne with sodium hydroxide, by extraction with 
ether and recovery mto dilute hydrochloric acid The 
concentration of nicotme m these extracts was estimated 
by the spectrophotometric method of Wilhts et als 
Nicotine was identified by its ultra-violet absorption in 
acidic and alkaline solution (Amax 259, 262 mp respec- 
tively), its chromatographic behaviour on paper m & 
variety of solvent systems9-!?, and the infra-red absorption 
and meltmg behaviour of its crystalline picrate (m p 
222°-224° (decomp )) m comparison with an authentic 
specrmen We have found the alkaloid regularly in the 
cells and filtrates of suspension cultures and m sobd callus 
and sometimes in the agar substrate on which callus has 
grown One culture derived from root, two from stem and 
two from leaf, of different plants, have all given positive 
results In these mitial experiments the concentrations 
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have vaned widely but were generally of the order 
0 1-1 0 yg/mg dry weight of cells. 

Related mvestigations at Leeds have also demonstrated 
nicotine synthesis by suspended tissue cultures of N 
tabacum root of the Akers Laboratories stram 

The growth medium contamed the major and mmor 
element concentrations of Murashige and Skoog’? + 
sucrose (30 g/l) + glyeme (20 mg/l) + naphthalene 
acetic acid (0 2 mg/l) + kinetin (0 04 mg/l ) + m-mosrtol 
(100 mg/l) + pyridoxm hydrochloride (05 mg/l) + 
thiamin hydrochloride (01 mg/l) 100 ml cultures were 
moeulated with mature tissue (grown m the same medium), 
representing 30 mg dry weight Growth was at 25? C, m 
the dark, with rotary shakmg and was complete after 
4-5 weeks with a tissue dry weight of 600 mg per culture 

Cells were removed on & coarse glass sinter, refluxed 
3 h m 01 N sulphuric acid, filtered, refluxed a further 
15 him 01N sulphuric acid and the filtrates combined 
Culture supernatants were made 01 N with respect to 
sulphure acid and treated lke the combined filtrates 
above Extraction with ether removed acidic and neutral, 
ether-soluble material, cluding some fluorescent com- 
pounds ‘The aqueous phase was made alkaline to 
phenolphthalem with sodium hydroxide and extracted 
with ether After drying over anhydrous sodium sulphate, 
the ether was gently evaporated under nitrogen, the residue 
dissolved m water and placed on a column of ‘Dowex 50° 
in the H+ form (about 2 g wet resin per 100 ml. ongmal 
culture) The column was then washed successively with 
5, 10, 20, 40, 20, 10, 5 per cent ethanol and finally water 
(2 ml. each/g wet resm). Nicotme was eluted from the 
resm with 3 6 N hydrochloric acid and recovered by ether 
extraction of the alkalized eluant. 

Cells and supernatant both contained nicotme and 
subsequent isolations were made from total cultures 
These were made 01 N with respect to sulphuric acid, 
refluxed, and extracted as already descnbed 

Infra-red Two fully-grown cultures were used The 
final ether extract was dried over anhydrous sodium 
sulphate, evaporated under mtrogen and the remaining 
oil placed between sodium chloride disks for mfra-red 
spectroscopy (Unieam SP 200) The spectrum was 
identical with that of pure nicotine (Fig. 1). 

Ultra-wolet The ultra-violet spectra (Unicam SP 500) 
were identical with those of authentic nicotine m 3 6 N 
hydrochloric acid (Amax 260 my) and cyclohexane 
(Amax 257, 261 mu, shoulders at 252, 269 my). 

Ton-exchange chromatography ‘The elution of nicotine 
from a column of ‘Dowex 50’ ın the H+ form (diam 1 em, 
length 23 em) with 3 6 N hydrochloric acid was followed 
by measurmg Ess m the column effluent. It emerged 
between effluent volumes 85 and 135 ml, with a poak 
concentration at 110 ml Isolated materal behaved 
similarly and still gave a symmetrical elution 
curve when mixed with authentic nicotme 

Thin-layer chromatography Pure nicotine 
and isolated material migrated at Rr 0 48 on 
J fully activated thin-layers of ‘Kieselgel G" 

(Merck) with methanol as the solvent! They 
were located by Dragendorff’s reagent. 

The highest mcotme-levels were found at 
the end of growth and were approximately 

7 ug/mg dry weight of tissue 
] Our results establish that a specific second- 
ary metabolite can be produced by plant cells 
cultured «n vtro through many transfers 


ANA 


(23 so far), and that cell cultures derived 
from root, stem and leaf all possess, m. com- 
| parable degrees, the ability to produce nico- 

tine This suggests that, in this respect, 
there 1s no mherent difference between the 
cells of different parts of the plant and that 
(im the intact plant) the overwhelmung pre- 
dominance of the root! as a site of nicotine 
biosynthesis is related to its organization, 
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which 1s at least partially preserved in 100t organ cultures 
and may be responsible for their high content of nicotine 
(29 ug/mg dry tissue)** compared with our cell cultures 
Callus tissue culture offers an expermental techmque for 
investigating this relationship and, by separatmg the 
processes of alkaloid formation and accumulation, a means 
of avoiding a source of difficulty always present m work 
with whole plents 
One of us (T A S) thanks the Department of Scientific 

and Industrial Research for the purchase of an mfra-red 
spectrophotometer 
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Aminoacetonitrile Action on the Inhibition 
of the Protein Synthesis produced in the Rat 
Liver by Dimethylnitrosamine 


AMINOACETONITRILE partially protects the lrver of the 
rat from necrosis observed 1n this organ 24 h after admm- 
istration of dumethylnitrosamme*. In the experments 
recorded here the effect of ammoacetonitrile was examined 
on one of the early lesions produced by dimethylnitros- 
amine in the rat liver, which consists of the inhibition 
of the protem synthesis? ‘This lesion 1s already detectable 
3 h after admmustration of dmmethylutrosamme when the 
morphological lesions, observable under the light micro- 
scope, are missing or aie scarcely noticeable? 

Male albino rats weghmg 200-210 g were used All 
the rats were injected peritoneally with 04 ml of water 
in which 40 ue glycine-1-“C and 200 pg unlabelled 
glycme were dissolved A group of rats (controls) received 
only glycme-1-“C, a second and a third group of animals 
3 h before the mjection of labelled glycme were mjected 
mtraperitoneally with 20 mg dunethylnitrosamme dıs- 
solved im 05 ml water, the third group of rats at the 
same time as the dimethylnitrosamune and m the previous 
two days received a subcutaneous injection of 20 mg 
amunoacetonitrile m 0 2 ml water 

Al the rats were kept fasting for 3 h before admun- 
istermg the glyeme-1-C and were killed by decapitation 
l h.after its admmustration The livers were quickly 
removed dnd plunged into ice-cold water, a fragment of 
each. of them of about 2 g was weighed and homogenized 
in an ice bath with 18 mI of ice-cold water The protems 
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were precipitated from 8 ml. of the homogenate by 
addition of trichloroacetic acid and then redissolved at 
40° in 15 ml. 1 N sodium hydroxide together with 15 mg 
of unlabelled glycine. After having removed the matter 
which 1s msoluble m sodium hydroxide, the protems were 
again precipitated with trichloroacetic acid, then isolated 
according to the method of Rabmovitz, Olson and 
Greenberg? 

The protems were counted with a Geiger—Muller 
counter under constant geometry conditions and at 
infinite thickness The results expressed as counts per 
minute are given in Table 1 


Table 1 SPECIFIC ACTIVITY OF THE LIVER PROTEINS (COUNTS PER MINUTE) 


Rats treated with 


Control rats Rats treated with dimethylnitrosamme 


dimethylnitrosamine and amimoacetonitrile 
454 221 466 
386 280 865 
440 301 410 
478 288 590 


These figures clearly show that ammoacetonitrile 
prevents the inhubition. of protem. synthesis which occurs 
m the rat liver even a few hours after dimethylmtrosanune 
administration, therefore, 16 ean be stated that the pro- 
tective action of aminoacetonitrile 1s already operative m 
this early lesion. 
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Possible Significance of the Isoenzymes of 
Lactic Dehydrogenase in the Retina 
of the Rat 


Various physico-chemical techniques have been 
recently used to reveal the heterogeneity of the enzyme 
lactic acid dehydrogenase On the basis of investigations 
of this enzyme 1n tissues of the chicken, Cahn et af have 
suggested that, although five fractions are identifiable, 
three of these represent hybrids of the two major and dis- 
crete fractions, the M and H isoenzymes This designa- 
tion 1s derived from the observation that the former 
piedommates m skeletal muscle, and the latter m heart 
tissue These authors consider, in fact, that the five 
fractions arise from a permutation of four sub-units, each 
type contaming a different proportion of the M and H 
enzymes, and bemg designated as M, M3H1, M2H2, 
M1H3 and H 

Futterman and Kinoshita’, usmg zone electrophoresis 
on starch paste, separated five fractions from retinal lactic 
dehydrogenase, but were uncertam as to the metabolic 
sigmificance of ths finding, they were unable to detect 
any difference in behaviour pattern between the individual 
isoenzymes In this laboratory, the technique of cellulose 
acetate electrophoresis was applied to the retina of the rat, 
and the existence of five isoenzymes was confirmed 
Although each fraction will react with NADP, as well as 
with NAD, the activity 1s less with the former, and the 
relative activity remams the same throughout all the 
fractions There 1s no reason, therefore, to distinguish 
their functions in terms of preferential usage of either 
coenzyme? 

A striking feature of the experiments in this laboratory, 
however, was the changing electrophoretic pattern durmg 
development, LDH;, the most positively charged fraction 
and corresponding to the alleged M enzyme, showed 
significantly greater activity ın the young animal than m 
the adult, and was substantially reduced m both the 
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Fig 1 
(from left to right) retina 1s run agamst heart, and retina 1s run against 
muscle 


Photograph of two typical electrophoretic strıps ın which 


immature and mature ‘retinitis pigmentosa’ rat These 
latter animals are characterized by degenerative changes 
affectmg the neuroepithehum shortly after maturation 

Cahn et al have put forward the mteresting hypothesis 
that the two major fractions, the pure M and H 1s0- 
enzymes, perform radically different functions On the 
basis of differmg response to pyruvate mhibition, they 
beheve the M enzyme to be concerned principally with 
anaerobic lactic acid formation, whereas the H enzyme, 
inhibited by inereasmg concentrations of pyruvate, 1s 
associated. with tissues rarely experienemg oxygen debt, 
that 1s, highly oxygenated tissues In these tissues the 
conditions favour the further oxidation of pyruvate in the 
Krebs cycle The ratio of the M and H enzymes, together 
with their hybrid forms, would provide a subtle means of 
regulating metabolism in different organs or tissues This 
speculation was supported by thew further work on the 
functions of the two forms of lactic acid dehydrogenase m 
the breast muscles of various birds* 

The retina ıs charactemzed by its very high rate of 
aerobic lactic acid production and seemed to be an ideal 
tissue with which to test further this mterestmg hypo- 
thesis Rats were killed by cervical dislocation, and heart, 
muscle and retinal tissue removed, homogenized in saline, 
and the supernatant was electrophoresed on cellulose 
acetate paper according to the method of Barnett’ The 
resulting strips were incubated with NAD, phenazme 
methosulphate, lactic acid and MTT A photograph of 
some typical patterns 1s shown in Fig 1 The bands were 
eluted and their activities measured spectrophotometri- 
cally as described previously The activity of each 
fiaction 1s expressed as a percentage of the whole and 
these activities are shown 1n Table 1 

The results obtained by paper electrophoresis confirm 
the findings of Cahn et al , m. that LDH,, the so-called M 
enzyme, predominates im muscle, but 1s relatively insig- 
nificant in heart tissue The mature retina shows a level 
of activity intermediate between the two, thus supporting 


Table 1 ACTIVITY OF THE FIVE ISOENZYMES OF LACTIC ACID DEHYDRO- 
GENASD IN A VARIETY OF TISSUES, AND AS REGARDS THE RETINA, UNDER 
DIFFERENT CONDITIONS 


Each figure represents a percentage of the total activity for a given tissue 
The point of moculation lies between bands 2 and 3, band 1 mugratmg 
most strongly towards positive 


Tissue 1 2 3 £ 5 
Muscle 126 135 137 161 442 
Heart 227 238 233 190 112 
Immature retina 103 137 158 2206 376 
Mature retina, 130 175 187 245 263 
Immature retinitis pigmentosa 157 160 213 242 228 
Mature retinitis pigmentosa 176 196 215 254 159 
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the original hypothesis that this fraction 18 associated with 
a high rate of lactic acid production It 1s of mterest that 
this fraction shows considerably increased. activity m the 
young retina, suggesting a greater potential for anaerobic 
survival The changing pattern of these enzymes in the 
developmg bram 1s m accordance with this view, but the 
trends are contrary to those found m the chick heart 

Perhaps the most significant finding, however, 19 the 
reduced level of activity of the M enzyme m the retina 
from the immature retmitis pigmentosa rat Assessment 
of the significance of the reduction in the mature animal, 
when compared with normal controls, 1s complicated by 
the degenerative changes in the tissue, but the difference 
between the 7-day-old retimtis and normal animal, obvious 
long before the appearance of pathological changes 1n the 
retina, suggests some primary genetically controlled 
abnormahty which might well be 1esponsible for the 
ultimate disaster 

The activity of the pentose phosphate pathway in the 
retina 1s known to be limited by the availabilty of suitable 
electron acceptors*5/", and Cohen and Noell® have demon- 
strated the stimulation of the oxidation of the carbon-l 
of glucose by the addition of pyruvate to the meubating 
medium ‘This 1s thought to result from the increased 
conversion of NADPH2 to NADP, the latter stumulating 
shunt activity It ıs possible, therefore, that a high pro- 
portion of LDH, to LDH,, as found m the immature retina, 
1s responsible foi the relatively high level of shunt activity 
found in this tissue The pentose phosphate pathway 1» 
not only a useful energy source but an invaluable means 
of producing mtermediates for synthetic processes The 
pentoses might be required for synthesis of pentose 
nucleic acids and of proteins, and in a rapidly developmg 
tissue a high activity of this route would be essential The 
synthesis of the hpoproteins of the visual cells, for example, 
might be expected to be associated with high shunt 
activity 

It follows, also, that a deficiency of suitable inter- 
mediates would mbibit synthetic processes, or mduce 
degenerative changes The finding that DDH, 1s 1educed 
in the ‘retinitis’ rat, therefore, may be of considerable 
importance in considering the sztiology of the condition 

The vaso-obliterative effect of oxygen on the 1mmatuie 
kitten retina ıs well established’, and ıt has been shown 
that the return of the animal to air after several days of 
hyperoxia mduces severe proliferation of the vascular tree 
Experments m this laboratory have shown that the 
activity of fiaction five mcieases markedly durmg this 
proliferative phase These results are preliminary, how- 
ever, and 15 15 not vet possible to assess their significance 
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Activity of Aspartate Transcarbamylase in 
Heart and Liver of the Developing Rat 


ASPARTATE transcarbamylase (ATC) catalyses transfer 
of the carbamyl group from carbamyl phosphate to 
r-aspartate yielding carbamyl aspartate This reaction 
18 the first step peculiar to de novo synthesis of pyridine 
bases Lowenstem and Cohen! deseribed the distribution 
of ATC in tissues of the adult rat Activity was high in 
liver, intestime, stomach, testis, kidney, lung, brain, 
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and spleen, muscle contamed less activity and there was 
neghgible activity m blood and heart 

Calva and Cohen? showed that enzymatic activity 1s 
elevated m regenerating rat liver followmg partial hepatec- 
tomy Afterwards, Kum? reported that the activity of 
this enzyme was elevated m liver of the feetal rat and that 
ib progressively decreased as term approached Since 
there should be a relationship between pyrimidine (nucleic 
acid) synthesis and growth, 1t was reasonable to expect 
that many fetal tissues would be a good source of this 
enzyme 

Using a shght modification of the technique described 
by Lowenstem and Cohen! combined with that of Koritz 
and Cohen‘, foetal rat hver and heart were assayed for 
activity of ATC The results are presented in Fig 1 
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Age (days) 
Fig 1 Activity of aspartate transcarbamylase in heart and liver 


during development The distance between the lines 1s 20, B signifies 

birth and A adult A unit 18 defined as uM. carbamyl aspartate formed 

per mg protein per 10 mm Each par represents at least four separate 
analyses 


The activity of ATC ın any age-gioup was less for heart 
than for hver In both heart and liver, activizy was 
highest ın foetal tissue and ıt decreased to about 50 per 
cent in the post-natal period Laver from adult rats had 
10-15 per cent of the activity of liver obtained from 18- 
day-old foetuses, whereas activity was absent from adult 
heart Since there were no significant differences within 
the group of values obtamed m the three days before 
birth or within the group of values during the 1mmediate 
post-natal period, ıt appeared that dummution m activity 
must occur as a rather sudden event at birth 

This observation was confirmed by assays of organs 
fiom rats immediately after delivery by Caesarian section 
and of their littermates at 15-min mtervals The activity 
was reduced 25-35 per cent within 15 mun after birth 
(P < 001) and thereafter ıt remaimed essentially constant 
An explanation for this rapid decrease in activity of ATC 
at birth is lacking, but ıt may be related to feedback mhibi- 
tion®. When liver homogenate from 18-day rat foetuses 
was added to preparations of liver from rats two days old 
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an activity was obtamed which was an average of the two. 
Neither addition of placental homogenates nor 6 x 10-*M 
progesterone affected the activity of hve: from 2-day-old 
rats 
Similar to the report of Kennan and Cohen* we have 
been able to demonstrate only a trace of activity of 
earbamyl phosphate synthetase in foetal hver at the end of 
gestation despite the high activity of ATC Analogous 
observations were made with foetal heart? Thus, there 
18 no apparent mechanism for the synthesis of carbamyl 
phosphate, the intimated substrate of ATC Nevertheless, 
Bowers and Grisola® have demonstrated pyrimidine 
synthesis m pigeon liver m the absence of carbamyl phos- 
phate synthetase Studies are m progress to determune 
whether as yet unreported pathways exist for synthesis of 
carbamyl phosphate or pyrmıdmes and the relative 
importance of pyrimidime biosynthesis as compared with 
salvage of pyrimidine skeletons m foetal tissues 
This work was supported in part by a US Pubhe 

Health Service research grant (AM-03501), a traming 
grant (24—5229) from the National Institute of Arthritis 
and Metabohe Diseases, National Institutes of Health, 
Pubhe Health Service, and the John A Hartford Foun- 
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Proteolytic Enzymes in Ischemic Necrosis 
of Rat Kidney 


Few results! have been published on the quantitative 
changes of intracellular proteinases durmg the manifesta- 
tion of ischemic necrosis, although these enzymes are 
considered to be essentially involved in this process 
According to de Duve et alë several hydrolases are 
segregated within certam subcellular particles, thus 
prevented from actmg on cell constituents Various 
mfluences, for example, anoxia, provoke a release of these 
enzymes from their structures In rat kidney, cathepsins 
B and D are known to be bound to such particles (diop- 
lets), enzymatic activities responsible for sphttmg 
r-leueme-B-naphthylamide (aminopeptidases (APs) ) and 
azo casein (‘neutral piotemases), however, derive from 
the microsomal fraction®? This communication presents 
results of changes m these enzymatic activities m the 
course of ischemic necrosis 

Male albmo rats (Wistar stram) were killed 2, 6, 24 and 
48 h after unilateral complete hgation of renal blood 
vessels Tho kidneys were homogenized ın 025 molar 
sucrose and centrifuged (100,000g, 40 mm) Immediately 
thereafter the followmg enzymatic activities were determ- 
ined in total homogenates, sediments and supernatants 

Sphttmg of (l) hemoglobm at pH 3 5—resembles 
cathepsin D£, (2) N2-benzoylargmme-f-naphthylamide- 
hydrochloride at pH 5 2—cathepsm B, (3) r-leueme-p- 
naphthylamide-hydrochloride at pH 7 3—(APs), (4) azo 
casom at pH 7 8—‘neutral’ protemases Protein content 
was determined by a modified biuret method, sodium 
lauryl sulphate was added to reduce lipid. turbidities 
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The results given m Fig 1 indicate that developing 
renal necrosis 1s accompanied by a rapid mactivation of 
those enzymes which are mainly bound to droplets On the 
contrary, APs and ‘neutral’ protemases still yield about 
two-thirds of their original activities even after 48h A 
longer period of ischemia was followed by a slow and 
irregular rise of proteolytic activities It could be con- 
cluded from histological controls that this offect must bo 
attributed to immugrated leucocytes The rapid mactiva- 
tion of cathepsms B and D 1s likely to result from their 
degiadation We could not find any evidence for inhibitors 
in necrotic renal tissue The possibility could not be 
eliminated that at least to some extent a lack of thiol 
groups 1s responsible for the quick mactivation of cathep- 
sm B Cathepsm D decreases at about the same rate 
This enzyme, however, 1s independent of SH-groups? 

Additional studies (Fig. 2) revealed that cathepsins B 
and D are rapidly shifted from their structures into cyto- 
plasma This effect was connected with a corresponding 
decrease of the activities in the sediment fraction Similar 
results were obtamed by Novikoff!?, who established an 
evident release of droplet-bound acid phosphatase after 
ischemic lesion of rat kidney On the other hand ıt 1s 
noteworthy that the release of ‘neutral’ protemases 
occurred rather slowly A remarkable shift of APs also 
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Fig 1 Abscissa, time after ligation of renal blood vessels (h), ordinate, 
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localzed in muerosomal fraction could not be observed 
even after 48 h 
The results showmg that droplet-bound catheptic 
enzymes are quickly mactivated durmg developmg 
ischemic necrosis ?n vwo are scarcely consistent with the 
hypothesis that these protemases play an essential part in 
this process 
WERNER NAGEL 
FRIEDRICH WILLIG 
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Deoxyribonuclease II in the Developing 
Mouse Embryo 


Tux rapid 1ate of cell division in early embryogenesis 18 
accompanied by rapid synthesis of DNA! The function of 
deoxyribonuclease IIT (DNase) ıs essentially catabolic and 
1s probably concerned with the breakdown of DNA. from 
dead cells DNase would then be expected to be required 
by the body shortly after embryogenesis and its time of 
appearance in the star-fish, frog and chicken 1s essentially 
similar? Durmg early embryogenesis of the chick DNase 
II is difficult to detect but increases rapidly after four 
days of incubation? The onsct of DNase activity m the 
whole mouse embryo and the developing mouse liver has 
been investigated and been shown to follow a simular 
ontogenetic pattern as in the other species named here 

DNase was measured by the amount of deoxypentose 
compounds released from the DNA substrate durmg 
incubation The method is descitbed in full by Allfrey 
and Mirsky? and ıs a modification of Laskowski’s method! 
The reagents were mouse liver DNA (4 mg/ml water), 
prepared by Kirby’s methods, 02 M acetate buffer, 
diphenylamine reagent (prepared fiesh daily by adding 
l ml cone sulphuric acid to each 40 ml of 1 per cent 
w/v diphenylamune in glacial acetic acid) and 3 6 M tn- 
chloroacetic acid (TCA) Tissues from Balb/e mice or 
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White Leghorn chick embryos were homogenized in 1ce- 
cold water and frozen and thawed three times to rupture 
the lysosomes, buffer was then added so that the final 
concentration was 20 mg/ml For each analysis two tubes 
contaming 1 ml homogenate, 05 ml DNA solution and 
15 ml buffer and two tubes without DNA were incubated 
at 37° C for 2h After this time DNA was added to the 
control homogenates and 0 5 ml of TCA solution added to 
each tube After centrifugation of the protem precipitate 
l ml of each of the supernatants or graded amounts of 
2-deoxynbose were added to 2 ml diphenylamune reagent 
and the tubes immersed in boiling water for 20 min when a 
characteristic blue colour appeared The tubes were cooled 
at room temperature for 20 mm and the optical density 
of the solutions measured at 600 my The amount of 
2-deoxyribose m the homogenates was determined, after 
correction from the control homogenates, by reading from 
the deoxyribose standard curve m each experiment One 
unt of DNase activity is defined as the quantity of 
enzyme which ıs required to release 1 ug of 2-deoxypentose 
m 1h at 37°C The DNA and protem content of the 
homogenates was measured by the methods of Burton’ 
and Sutherland, Com, Haynes and Olsen’, respectively In 
the above conditions, DNase activity moreased hnearly 
with the amount of homogenates used up to 50 mg wet 
weight/ml. 

DNase can be detected as early as 10 days post-cowtus m 
the whole mouse embryo (approximately 05 cm body- 
length) which 1s the earliest age at which sufficient tissuo 
for a quantitative analysis may be obtamed There was a 
rapid increase of DNase until about 17 days post-cowtus 
(DNase activity expressed either per mg wet weight or 
per mg DNA), from this time activity of the whole embryo 
remains constant until birth (Fig 1). After the mouse 
has reached 500 mg body-weight the merease in total 
protem content of the embryo shows an apparent decrease 
of DNase when ıt ıs expressed per mg protem In the 
developing mouse liver, DNase (per mg wet wt or per mg 
DNA) increases from its first appearance as an organ, 
which may be easily removed, until about 2 weeks after 
birth The DNase activity of the adult mouse liver is 
only half the activity of hver taken from 2-week-old 
mice DNase activity of the spleen of the 7-day-old 
mouse was the same as that of the adult (0 6 umts per mg 
DNA) In the chicken the DNase m the hier of 15-day-old 
chick embryos, 9-day-old chicks and adults 1s the same 
(14-18 umts per mg protem) The merease im protem 
of the chicken liver parallels the inerease of DNase during 
development; the shght mcrease of DNase m chicken 
liver during development reported by Allfrey and Musky? 
was for DNase activities expressed per unit dry weight 
and unit DNA 
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Fig 1 DNase activity in whole mouse embryos during development 


NATURE 


619 


30 





" 20 
d 
[=i 
& 
g 
Z 
A 
10 
0 
0 10 20 80 
puth 
Mouse embryo wet weight (g) 
Fig. 2. DNase activity in the liver of developing mouse embryos 


DNase II activity has not been detected in the chick 
embryo prior to 4 days of mcubation, but immediately 
after 1ts appearance at 4 days there was a rapid mcrease of 
activity for the next 6 days of mcubation? However, 
Coleman? considers that ıt ıs possible that Blumenthal? 
failed to detect DNase activity earlier because of the high 
substrate concentration ın combmation with low 10m6 
strength im her experments The youngest mouse 
embryos in which DNase could be found in the present 
work (10 days post-cowus) corresponded to about 2-3 day- 
old chick embryos in the extent of ther morphological 
differentiation 

DNase II activity 1s located in the lysosomes of the cell? 
and its role 1s probably one of degradation of DNA m 
regions of cellular degeneration? rather than bemg 
directly concerned with areas undergomg regeneration 
where there 1s considerable DNA synthesis? The greatly 
elevated DNase of homogenates of regenerating bone 
marrow of chicken 1s probably associated with a higher 
metabolic turnover and catabolism of DNA In regener- 
atmg rat hver, DNase exhibits a marked increase at 18 h 
after partial hepatectomy, but at this time neither mitosis 
nor DNA synthesis was observed!? The elevation of 
DNase activity (per unit protem) durmg the degenerative 
process of resorption of tails of amphibians above that of 
DNase IT activity of non-absorbmg tails? 1s a finding in 
close agreement with the changes m activities of other 
hydrolytic enzymes in amphibians under these condi- 
t;0ns!? Generally the highest values of DNase are m the 
spleen and lver—both organs concerned with the meta- 
bohe breakdown of DNA in dead cells This function 
probably increases during foetal hfe as 1s suggested by the 
mereased, DNase activity of the developing mouse liver 
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Relation between Length of Muscle and 
Breakdown of Phosphorylcreatine in Isometric 
Tetanic Contractions 


RECENT experiments have shown that adenosine tri- 
phosphate (ATP) ıs actually utilized by working muscles 
during single contractions but ıs normally resynthesized 
during the contraction by the action of ATP-Cr trans- 
phosphorylase and ATP-AMP transphosphorylase (myo- 
kinase)'-* A breakdown of phosphorylereatine (PCr) at 
0° C durmg single isotome contractions has been observed 
directly ın frog rectus abdominis muscles (Rana pypiens) 
treated with 2,4-dinitrophenol to reduce the high tissue 
content of this substance ‘There is a linear relationship 
between the amount of breakdown and the work per- 
formed, with very little PCr utilized m activation and 
shortening per se of these muscles The experiments 
reported here show that rectus abdominis muscles cleave 
PCr durmg short isometric tetanic contractions in amounts 
proportional to the time and to the developed tension 

Fig 1 shows that during the first second of an isometric 
contraction at rest length the PCr breakdown at 0° C was 
only 0 19 + 0 09 umole/g muscle, which ıs about one-fifth 
the breakdown in 5 sec, that is, 089 + 019 umole/g 
muscle Under these conditions the rectus abdommis 
muscles develop a maximum tension of about 60 g within 
05sec, therefore, the PCr breakdown during the develop- 
ment of tension ıs not measurably different, within our 
experimental error, from that durmg maintenance which 
requires a steady consumption of energy, for at least the 
first 5 sec 
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Fig 1. Relationship of phosphorylereatme (PCr) breakdown to the 


duration of stimulation in maintained jsometne contractions of frog 
rectus abdominis muscles at rest length at 0? C stimulated by 12 supra- 
maximal electricul pulses per sec The paired muscles from female Rana 
mpensg were dissected free, separated, and mamtained in oxygenated 
Ringer’s solution at room temperature for about 1-3 h The isolated 
muscles were treated with 0 25 mM 2,4-dinitrophenol 1n. Ringer’s solu- 
tion for 40 min at 20? C, then mounted between two immobile supports 
and cooled ın a similar solution at 0°C for 50 mn Ali muscles were 
frozen m liquid ‘Freon’ (CCl,F, + CCIF;) at —172? C and extracted 
with 000125 M EDTA in 48 per cent methanol at —35? C for 7 days 
PCr was converted to creatinine by molybdate-catalysed acid hydro- 
lysis and measured with the Jaffé alkaline picrate reaction according 
to Barker and Ennor (ref 5) The figures in parentheses refer to the 
number of muscle pairs used Means + SE The dashed curve 
represents the time course of tension development im these muscles 
Maximum tension was about 60-65 g for a muscle weighing about 200 mg 


Since the tension developed durmg an isometric contrac- 
tion depends crucially on the length of the muscle, the rela- 
tions between PCr breakdown, tension, and muscle length 
were measured and are shown in Fig 2 It 1s interesting 
that the energy utilization falls almost to zero at long and 
short lengths where the developed tension 1s small or ze1o 
Fig 2 also shows that PCr breakdown and developed 
tension are related m the same manner to the length 
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isometric contractions of frog rectus abdominis muscles at different 

muscle lengths ın à 5-sec tetanus at 0°C The muscles were treated as 

described in Fig 1, tensions were measured m separate experiments 

with a Grass FT03 tension transducer coupled to a recorder ©, Tension 

developed as & percentage of the maximum tension each value is for 

2-4 pairs of muscles, W, PCr breakdown (+ S EM), each value 18 
for 8-12 pairs of muscles 


These results are sumar to the finding of Fenn and 
Latchford? that the heat for maintenance of tension m 
sartorius muscles 1s less at short and long lengths than at 
rest length But they are different from those of Maréchal 
and Mommaerts”, who failed to find an effect of length on 
maintenance metabolism in expermnents on PCr break- 
down in 10doacetate-treated sarto11us muscles Their 
experiments, however, were not regaided as final 

It seems very unlikely that developed tension 18 the 
process leading directly to the utihzation of ATP, since 
experiments ın which activated muscles, pre-treated with 
1-fluoro-2,4-dinitrobenzene, were forcibly stretched have 
shown that the breakdown of ATP can be greatly reduced 
despite a large merease m tension? It thus appears that 
ATP, and hence PCr, breakdown occurs when the 
developed tension causes relative mward movements of 
the actin and myosm filaments, as ın 1sotome contraction 
This cannot occur ın isometric contractions of greatly pre- 
stretched or pre-shortened muscles, which either cannot 
develop tension or cannot shorten further The relatively 
large breakdown of PCr near rest length in these muscles, 
during isometric contractions, 18 probably a manifestation 
of eontanuous mternal work as suggested by Fenn and 
Latchford® This could follow from small instantaneous 
differences in the number of cross links formed, and hence 
the tension developed, between individual myosin and 
actm filaments Since the overall length of these muscles 
was fixed, this would result ın a continuous sei1es of rapid, 
ultra-micro to-and-fio movements of these filaments 
which would result in the dissipation of work as frictional 
heat 

This work was suppoited in part by US Public Health 
Service grant HH-02520 and GPM-12921 
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Metabolism of Ciliary Body in Relation to 
Formation of Aqueous Humour 


THE oxidative metabolism of the clary body has been 
investigated with regard to the energy source for the 
secretion of aqueous humour It has been shown previously 
that formation of aqueous humour 1s dependent on active 
secretion of Na+ (ref 1) and there 1s some evidence that 
this process 1s effected by means of a sodium-potassium 
stimulated ATPase?, a findmg m keeping with results 
on other secretory tissues. The source of ATP or other 
lugh-energy intermediates utilized m Na+ secretion must 
be from glycolysis or the citric acid cycle, as de Roetth? 
has shown that the oxidized substrates of ciary body are 
chiefly carbohydrate ^ Cole? has shown that certam 
enzymes of the citric acid cycle are present in the 
epithelial cells and that succmic dehydrogenase 1s concen- 
trated in the non-pigmented layer 

Bovine eyes, removed and chilled ummediately after 
killing, were used within a period of 2h Only the tips of 
the cilary processes were used, giving a high proportion 
of epithelial cells to stromal tissue Incubations were m 
a phosphate buffer with an atmosphere of 100 per cent 
oxygen, conditions which gave high rates of oxygen uptake, 
as was previously found by de Roetth’. 


Table 1 EFFECT OF SUBSTRATES ON OXYGEN UPTAKE AND LACTATE 
PRODUCTION BY CILIARY PROQESSES 
Additions Oxygen uptake Lactate 
(4d [h/CB) (uM[h/CB) 
None 39 02 
Glucose 38 17 
Succinate 66 03 
Glucose + succinate 70 20 
Glucose + pyruvate 38 21 
ae + nmafate 48 16 
ucose + pyruva 
+ fumarate } 59 16 


Taps of beef ciliary processes were obtained as a ring of tissue, a quarter 
of which was used per flask (CB), approx 40 mg wet wt Medium was 
comprised of NasHPO,, 17 5 mM, ;PO,, 4 mM, NaCl, 98 mM, KOI, 
27 mM, MgSO, 12 mM, 9H 74 Final volume, J ml., gas phase, oxygen, 
temperature, 37^ Glucose was 9 0 mM, and othe: substrates 20 mM 

Table 1 shows the effects of various substrates on the 
rate of oxygen uptake and lactic acid formation of chary 
processes Glucose, at concentrations up to 55 mM, did 
not increase the oxygen uptake rate above the endogenous 
iate, but greatly inoreased the amount of lactic acid 
produced This suggests that the glycolytic enzymes were 
capable of a greater turnover than the rate at which 
oxidative metabolism could proceed However, addition 
of succinate doubled the oxygen uptake rate, though 
pyruvate had no effect This mdicates that the entry of 
pyruvate mto the citric acid cycle was limited by the 
avaiabihty of oxalacetate, and this was confirmed by the 
stimulation of oxygen uptake on the addition of fumarate 
together with pyruvate 


Table 2 CARBON DIOXIDE PRODUCTION FROM ™“C-GLUCOSE BY CILIARY 
‘PROCESSES 
Substrate CO, (cpm) 
110-1-glucose 1,075 
140-6-glucose 1,247 
1-] + pyruvate 1,734 
MO-6 + pyruvate 224 


Incubation conditions were as m Table 1, with 2-uc 4C per flask 


Experiments ın Table 2, with labelled “C-glucose, show 
that exogenous glucose was metabolized as far as carbon 
dioxide and not solely to lactic acid As this caused no 
change in oxygen uptake rates, endogenous respiration 
was possibly mamtamed by glucose utihzation Further 
evidence was obtamed when ıt was found that malonate 
mbuibited both endogenous and glucose-supported respira- 
tion to the same extent and did not affect the lactate 
formation m. either case 

There 1s little glucose present m the processes themselves, 
but the stromal tissue contams larger quantities How- 
ever, m view of the extensive blood supply of the cilary 
body, numerous vessels extending right to the tips of the 
processes’, 1b is probable that the epithelial cells always 
have an abundant supply of glucose and that lactie acid 
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is produced ¿n vwo m quantities comparable with those 
found «n vitro when glucose has been added to the mcuba- 
tion medium It has been postulated that the high lactic 
acid content of the aqueous humour resulis from the 
largely glycolytic metabolism of the lens and from the 
endothelium of the cornea, but the results shown here 
indicate that this third source may make a significant 
contribution. 

Results with 4C-1- and !*C-6-glucose mdicate that the 
hexose monophosphate shunt operates m the ciliary 
epithelium The low activity of carbon dioxide from 
14C-6-glucose in the presence of pyruvate is attributed 
to a dilution of the labelled acetyl-CoA entering the citric 
acid cycle In the case of 4C-1-glucose the same effect 18 
overshadowed by the stimulation by pyruvate of labelled 
carbon dioxide production via the hexose monophosphate 
shunt as described by Kinoshita! Prelimmary examina- 
tion of the labelled products after meubation with 
u-4C-glucose shows that in tissue extracts there are 
quantities of labelled glutamate and aspartate present 
It appears possible that the conversion of citric acid 
cycle intermediates into amino-acids may cause only a 
low concentration of oxalacetate to be available for 
reaction with acetyl CoA, thus limiting the turnover rate 
of the cycle 

Although Ballmtme and Waitzman™ demonstrated 
ATP formation by ciliary processes oxidizing suecinate 1b 
seems probable, m view of the apparently low turnover 
rate of the citric acid cycle when glucose 18 substrate, that 
the energy utilized for active transport by the epithelium 
1s derived chiefly from a high rate of aerobic glycolysis 
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Determination of Small Amounts of Carbon-i4 
in the Presence of Large lodine-131l 
Activities, and an Experimental Estimation 
of the Specific Activities of (!?!1)-lodotyrosines 


In the exammation of mechanisms of chemical reactions, 
and particularly m biochemical studies of this nature, 
radioactive tracer substances of high specific activity are 
needed In many cases ıt ıs desirable to use doubly 
labelled tracers contaming carbon-14 or tritium as well as 
10dine-131 Recently, m an mvestigation of thyroid hor- 
mones (1*1J)-10dotyrosines of very high specific activity 
were prepared by Reith and Tampion!. As the specific 
activity of these compounds could only be calculated from 
uncertain values, i6 was necessary to attempt an experi- 
mental determmation using “C-tyrosme m the iodination 
procedure However, even using a carbon-14 substance 
of the highest obtamable specific activity, the 10dmo-131 
activity 1s so much higher that their simultaneous counting 
becomes an extremely difficult if not an immpossible task 
Taking the specific activity of carbon-l4 tyrosine as 
20 mc /m mole, an average iodination would give a relation 
of 0 01 ue carbon-14 for 500 ue 10dme-131, that 1s, a ratio 
of activities of approximately 1 50,000 on liquid seintilla- 
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tion counting So it was necessary to find a method of 
eliminating as much of the 1odine-131 as possible prior to 
semtilation counting of the carbon-14. The followmg 
method allows the elimmation of more than 99 9 per cent 
of the counts of 10dme-131, making ıt possible to count 
even small amounts of “CO, m a multichannel hquid 
scintillation spectrometer The method can easily be 
used ın serial determinations of several dozen experiments 
per day. 

The combustion of the material (100-200 mg) contammg 
the isotopes was performed by the method of Kalberer and 
Rutschmann? After combustion ın oxygen, the water, 
i0dime-131 and “CO, were dissolved in a mixture of 
ethanolamme (12 per cent) m methanol (BDH special 
for spectroscopy; 150 ml). An aliquot of this solution 
(5 0 ml ) was counted 1n a well-type sointillation counter 
to give the amount of 10dine-131 m uc Another aliquot 
(5 0 ml) was placed ın the bottom of a screw-cap bottle 
(175 ml , Griffin and George, Ltd , No 5-16-390 type 25) 
contaming silver oxide (30-40 mg, moist, freshly pre- 
pared), after closing the hd—lmed with a thin sheet of 
polytetrafiuorethylene—the bottle was shaken for 30-60 
mun on an oscillating table (A Gallenkamp and Co , Ltd., 
ME-500) A glass vial for scintillation counting (Packard 
Instrument Co ) contammg ethanolamine (12 per cent) in 
methanol (5-0 ml ), fitted m a glass envelope (reaching to 
three-quarters of the vial’s height), was then placed m 
the screw-cap bottle, this was followed by addition of 
lactic acid (20 ml, BD.H ‘AnalaR’) m the solution 
contaimmg the silver oxide, after which, as quickly as 
possible, the screw-cap bottle was closed and shaken over- 
night on the oscillating table After this lapse of time the 
4(0,-trensfer into the solution ın the counting vial was 
completed The vial was then taken out, and after 
addition of 15 0 ml of scintillator solution (4 g 2,5-diphenyl 
oxazole + 100 mg 1,4-b2s-2-(5-phenyloxazolyl)-benzene in 
1,000 ml of 10 per cent methanol ın toluene (special for 
scintillation counting), the mixture was counted m a 
Tricarb liquid semtillation spectrometer The settings 
were arranged so that the maximum possible of the 
1emaming counts of 10dme-131 are shifted to the green 
channel leaving a reasonable count of carbon-14 m the 
red channel On our mstrument this setting was red 
channel 10-40, green channel 40—co, gains 100 per cent, 
high voltage 3/6/0 In Table 1 are some typical results 
obtamed by this method 

This method was applied to the determination of the 
specific activity of (1311)-10dotyrosimes of very high specific 
activity prepared ın our laboratory! Using L-tyrosine-4C 
(v ) (speerfie activity 22 9 me /mM., Radiochemical Centre, 
Amersham) the results shown in Table 2 were obtamed 

A calculation from these expermentally obtamed 
specific activities shows that, m the case of the 2A/DIT 
preparation, 0 28 ug of tyrosme has actually reacted to 
give the (1?1Y)-DIT while less tyrosine (0 1 ug) was supposed 
to have been added to the reaction mixture. Similarly, 
m the preparation 2B/DIT the amount of tyrosine which 
actually reacted (0 198 ug) was higher than that supposed 
to have been added (0 1 ug) 


Tablel. WELL COUNTS* 


1S1 (c p 8 ) 
Before Trans- Overall 
Ag,O ferred I-181 counting 
Material burned treatment with transferred efficiency for 
HCO, (96) earbon-14 
Carbon-14, 4 21 muc — — _ 314 
Carbon-14, 21 05 mye — — — 342 
Iodine-131, 1 82 uc 7,814 23 003 — 
poe ai ae gs 59,895 288 0 05 — 
rbon-14, muc 
Todhne-131, 18 2 ue 88,084 120 0 013 339 
arbon-14, mac 
Ioime-13I, 18 2 no 87,083 06 0 0006 288 
arbon-14, 21 05 mge. 
Todine-181, 18 2 uo 88,202 504 006 $23 
Carbon-14, 2 10 mue 81,304 312 004 323 


Todine-131, 18 2 uc 


* Traces of the highly active fodime-131 remain adsorbed on the surfaces 
of the combustion vessel, they are, however, readily eliminated by the 
cleaning procedure 
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"Table 2 
Caleulated Expermentally 
*minimal determined 
Preparation specific activity" specific activity 
(c umole) (c /pmole) 
SA/MIT 027 030 
3B/MIT 028 036 
8A/DIT 054 0 44 
8B/DIT 0 55 0 60 
2A/DIT 13 0 49 
2B/DIT 0 85 0 44 


In the experiment 34, where both the (}94I)-MIT and 
the (13:1)-DIT have been isolated, the amount of tyrosine 
actually used in the reaction (0 658 + 0 375 = 1-033 ug) 1s 
approximately equal to the amount presumed to have been 
added (10 ug) for reaction A simular result was obtained 
in the 3B preparations where 1 0 ug of tyrosine was added 
to the reaction mixture, while a total of 0 806 ug was 
retrieved in the form of (#24I)-MIT and (#I)-DIT 

These results are part of an investigation on the occur- 
rence of 10dotyrosmes in human plasma; we thank the 
Medical Research Council for a grant m support of this 


work W. S. RErmE 
B. L Brown 
Instıtute of Nuclear Medicine, 
Middlesex Hospital Medical School, 
London, W.1. 
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A New Phenol- Hypochlorite Reaction for 
Ammonia 


Tur phenol-hypochlorite reaction for ammonia was first 
described by D. D Van Slyke and A. Hiller’, and later was 
modified by M Borsook? and J A Russell. Unfor- 
tunately this reaction cannot be applied directly to 
biological fluids, because certam amino-acids, alkylamines 
and ammonium salts can react to & certain extent More- 
over, Russell’s modification, bemg dependent on smal} 
concentrations of molybdenum 10n, can be affected by the 
presence of thiols, thioamides, and in general by any 
chelating and reducing substances 

It was necessary to find, therefore, if there was any 
possibilty for colour formation of phenol—hypochlorite— 
ammonia mixture without use of metal salts, and without 
use of strong alkaline solutions The blue colour which 1s 
produced in this reaction 18 probably a polymer of mdo- 
phenol, which changes from blue to green by standing, and 
which 1s very labile and moonstant and cannot always be 
used for colorimetry On the other hand, the presence of 
amuno-end group in various biological fluids produced a 
more or less faint blue colour with the mentioned reagents 
and therefore obliged us to use Conway’s mierodiffusion 
technique before colorimetric estimation of ammonia. It 
was necessary to proceed with deammation prior to 
phenol-hypochlorite reaction to prevent such group 
reactions. 

Partial deamination of samples was obtained by treating 
1 ml with 1 ml of 075 M acetate buffer of pH 4-2, 
with M sodium nitrite at room temperature for 15 mm 
according to Philpot and Small* After deammation a 
new phenol-hypochlorite reaction was carried out. Two 
reagents are used in this technique 

(1) Twenty per cent of crystallme phenol ın ethanol 
(2) Dissolve 25 g of calcrum; hypochlorite ın 300 ml of 
hot water. Add, while stirrmg, 135 ml of a 20 per cent 
potassium carbonate solution Mux thoroughly, heat, and 
dilute to 500 ml Filter the mixture and store ın brown 
flasks in the refrigerator 

Reaction To 1 ml of sample add 0-5 ml of reagent 1 
and 1 ml of reagent 2 Withm 1 mm a bright blue colour 
1s formed, which becomes more intensive after 5 mm, but 
after this time remains stable and fixed for many days 
The sensitivity of the reaction 1s about 0 ly ammonia/ml 
The relation of concentration of ammonia and the hght 
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transmittance 1s proportional and follows the Lambert— 
Beer linear law, with a maximum adsorption intensity at 
055 mp. 

The colour formation was inhibited by ron, molybdenum, 
chrome and copper ions Heating makes the colour faint 
The method can be used m biological liquids because there 
is no interference from other substances, and can there- 
fore be admitted as specific for ammonia By this method, 
enzymatic deamination of thioamides can be followed, 
which 1s impossible by older methods. At the same time 
amidase activity of SH’-activated enzymes such as papain, 
bromelhn and cathepsins can be measured by this method; 
the colour complex develops, and remams stablo m spite 
of strong reducing properties of free SH’ groups 


M. K. Murtre 


Biochemical Laboratory, 
Institute of Hygiene, 
University of Lausanne, 
Switzerland 

Wan Slyke, D D, and Hiller, A, J Biol, Chem , 102, 499 (1933) 
? Borsook, M , J Biol, Chem., 110, 481 (1935). 
` Russell, J A , J. Biol Chem., 156, 457 (1944). 
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Effect of Certain Polycyclic Hydrocarbons on 
the Incorporation of Amino-acids into 
Soluble Ribonucleic Acids 


ONLY a few reports on the biochemical action of poly- 
eyche hydrocarbons have appeared — Gilleland and Bond?! 
observed an increase in the RNA/DNA ratio m Escherwhaa 
colt cells which were grown in the presence of certam 
polyeyche hydrocarbons McCarter and Quastler? have 
shown that 7,12-dimethylbenz(a)anthracene (DMBA) 
inhibits the mcorporation of thymidine into DNA. in the 
growing hair follicle This communication describes the 
biochemical effects of DMBA and 3-methylcholanthrene 
(3-MC) on the formation of ammoacyl-sRNA 

The soluble ribonucleic acid (SRNA) and pH 5 enzyme 
were obtained from E coh, ATCC No 6937 The 
basal medium was that described by Davis? modified to 
contam 0-01 g sodium citrate per 100 ml volume The 
organism was grown at 37° C in litre quantities of the basal 
medium plus 001 per cent yeast extract Inoculation 
was with 10 ml of salme suspension of saline washed 
cells of a 16-h actively growing culture 

The cells were gathered by centrifugation and disrupted 
sonically with about 50 per cent efficiency Some batches 
were used as a source of pH 5 enzymes while other batches 
were used to supply RNA Crude soluble RNA (sRNA) 
was obtained according to the procedure for RNA des- 
enbed by Kirby The method of preparation of pH 5 
enzymes was essentially that described by Littlefield and 
Keller’ Both methods were adapted to be applicable to 
E col cells and to accomplish the objective of this investi- 
gation 

Soluble ribonucleic acid was determined according to 
Umbreit's? modification of the method of Mojbaum and 
the amount of enzyme was estimated as protem by the 
method of Kalekar? 

Insoluble hydrocarbons were peptized by 20 mm sonic 
agitation at the maximum power of a 50-W, 9-ke/s Ray- 
theon sonic oscillator of aqueous suspensions contaimmg 
approximately 600 ug/ml. hydrocarbon and 01 ml of 
“Tween 80’ per 5 ml of rs buffer at pH 7 4 (rof 8) 

The biosynthesis medium was a modification of that 
described by Keller and Zamecnik®, and contamed sRNA, 
6 mg, pH 5 enzyme, 2 mg, “C-labelled amino-acid, 0 1 
m mole, phosphoenol pyruvic acid, 10 m mole, pyruvate 
kımase, 0 02 mg, adenosine triphosphate, 1 umole, mag- 
nesium sulphate, 02 umole, 5 ml earemogenie suspen- 
sion (600 ug/ml ) when required, 0 05 M tris buffer, pH 7 4 
to make the total volume 10 ml 
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After meubation at 37? C for 1 h, the reaction was 
stopped by addmg an equal volume of redistilled phenol 
The amunoacyl-sRNA was isolated by agam using 
Kirby’s method! for RNA Samples were prepared fo: 
the measurement of radioactivity by platmg one-tenth 
aliquots of 10 ml aqueous solutions of the aminoacyl- 
SRNA precipitates Conventional paper chromatography 
of an alkalme hydrolysate of the fraction presumed to be 
ammoacyl-sRNA showed that the radioactivity was con- 
centrated m the amino-acid zones on the chromatogram 

Data which are representative of the results obtamed 
are presented m Table 1 
Table 1, EFFECT OF CERTAIN CARCINOGENIO HYDROCARBONS ON “C-AMINO- 

ACID INCORPORATION INTO TRANSFER RNA 
C pm /mg* 


40 Amino- ! DMBA 3-MC 
acid Controlt DMBA Control 9j 3-MC Control % 
Glycme 1207 743 616 956 792 
Glutamic 1274 1111 872 1023 804 
Leucine 1489 148 6 998 173 2 116 2 


* Relative amount of labelled amino-acid in sRNA fraction from bio- 
synthesis system containmg identical amounts of carbon-14-enriched amino- 
acids, SRNA and pH 6 protein 

1 No polycyclic hydrocarbon. 

Both DMBA and 3-MC influenced the formation of 
aminoacyl-sRNA. in these experiments It ıs interesting 
that the reaction of sRNA with glycme and glutamic acid 
appeared to be inhibited ın the presence of both hydro- 
carbons, whereas the reaction with leucine appeared to be 
either unaffected or accelerated An alteration of any of 
the normal amimo-acid activation steps involved ım 
protem synthesis could result mm a product contammg an 
abnormal ammo-acid sequence 

Enzyme fractions obtained from E col; cells grown m the 
presence of 300 pg/ml suspensions of DMBA demonstrated 
approximately 30 per cent decrease m ability to synthesize 
glycyl-sRNA with essentially no decrease in the pH 5 
protem synthesis over cells grown ın the absence of this 
polycyche hydrocarbon (Table 2) These results suggest 
that the observed effects of DMBA on the uptake of glycine 
arise from the effect of the compound on the enzyme 
system rather than on sRNA 


Table 2 EFFECT OF 7,12-DIMETHYLBENZ(@)ANTHRACENE ON AMINO-ACID 
ACTIVATING ENZYME SYSTEM 


Sample * Cpm./mgft Percentage of depression 
of protein of enzyme depression 
No DMBA added 88 34 0 
Sample 1 60 83 811 
Sample 2 68 58 888 


* Samples 1 and 2 are duplicates Each contained 300 ug/ml of 7,12-di- 
methylbenz(a)anthracene (DMBA) 
1 See footnote to Table 1. 


The impheations suggested by the results presented 
here may be important ın the examination of the overall 
mechanism of carcmogenesis by these chemicals 

Enzyme and sRNA fractions with greater degrees of 
specificity will be required before a quantitative treatment 
of the specific chemical reactions involved can be under- 
taken 

This work was supported m part by a US Pubhe Health 
Service research grant C 1552 (C10) from the National 
Cancer Institute 
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Enzymatic Synthesis and some Biochemical 
Effects of 2'-Deoxy-6-thioguanosine 


6-THIOGUANINE (TG) has been reported to be an 1nbibi- 
tor of the growth of both human and rodent neoplasms 
Investigations of some of the biochemical effects of this 
agent by LePage? have led to the suggestion that 1ncor- 
poration of TG as a deoxyribonucleotide into deoxy- 
ribonucleic acid (DNA) 1s the mechanism by which this 
antimetabohte inhibits growth Accordingly, it was of 
interest to demonstrate the enzymatic synthesis of the 
2/-deoxynbonucleoside of TG (dTGR) and to determine 
whether this compound had any advantage over either 
TG or 6-thoguanosine (TGR) The chemical synthesis of 
dTGR has been reported recently? Biochemical and 
biological studies carried out with the synthetic material 
1ndieated that dTGR 1s superior to TG as an mhibitor of 
the growth of transplanted rodent neoplasms, and greater 
quantities of dTGR were mcorporated into the DNA of 
mammary adenocarcinomas of mice than of TGR (ref 5) 

The enzymatic synthesis of dTGR was accomplished. 
with a bovme hver acetone powder purchased from 
Calbiochem, purine nucleoside phosphorylase activity 
was partially purified by ethanol and ammonium sulphate 
precipitation as described by Fmedkim and Roberts* 
Purme nucleoside phosphorylases obtamed from horse 
liver and fish muscle have been utilized m the prepara- 
tion of 6-mercaptopurme and 8-azaguamme deoxyribo- 
nucleosides’, and the method outhned here is a 
modification of these procedures The followmg com- 
ponents were mixed 64 mg of TG, 100 mg of deoxyribose- 
l-phosphate, 2 5 m moles of tris (pH 75), and 10 ml of 
bovine liver purme nucleoside phosphorylase’ m a total 
volume of 100 ml The mixture was incubated at 38° for 
2 5 h and the reaction stopped by the addition of 500 ml of 
isopropanol, the denatured protem was removed by 
centrifugation and the supernatant fraction evaporated to 
dryness n vacuo The residue was dissolved in a small 
volume of 0 1 M ammonium hydroxide and absorbed on a 
charcoal column (3 em x 1 2 cm) consisting of a mixture 
of acid and ethanol-ammonia washed ‘Nuchar C-190' and 
'Hyflo Super-Cel’ (1 1) Salts were removed with water 
and the dTGR was eluted with ethanol/ammonia/water 
(713 -3 24 v/v), the dTGR-contaming solution was con- 
centrated in vacuo Measurements of the concentrations of 
deoxyribose by the diphenylamine reaction (using deoxy- 
guanosine as the standard) and of thioguanine speotro- 
photometrically at 345 my m 02 N hydrochloric acid 
yielded a molar ratio of thioguanine to deoxyribose of 1 2 
This product was further purified by chromatography on 
Whatman No. 3 MM filter paper using 70 per cent 1s0- 
propanol as the solvent The deoxyribonucleoside 
(Rr = 0 54) separated from unreacted TG and was detec- 
ted using a long wave ultra-violet lamp (model SL 3660, 
Ultra-Violet Products Ine, Pasadena, Cahf) and by a 


Table 1 COMPARATIVE EFFECTS OF 2'-DEOXY-6-THIOGUANOSINE, 6-THIO- 
GUANOSINE AND 6-THIOGUANINE ON THE INCORPORATION OF ISOTOPIO 
PRECURSORS INTO NUCLEOTIDES 


Radioactivity (counts/min/umole of compound x_10-*) 


Inhibitor Nucleic acid Nucleic acid Acid-soluble DNA 
guanine adenine adenine thymine 
None 62 7-0 1311 748 
2’-Deoxy-6-thio- 
guanosine 16 14 234 412 
6-Thioguanosine 22 16 261 3747 
6-Thioguanine 28 14 288 380 


Six days after implantation of tumour cells, each mouse received a single 
intraperitoneal mjection of 18 moles of either dTGR, TGR or TG In 
some instances, each animal received 100 ug of 2-"C-glycme (31 x 104 
counts/mm/ug) 5 min after drugs, while other mice received 200 ng of 
tritiated thymidine (58 x 10° counts/min/ug) 12 h after drugs Isotopes 
were allowed 1 h to be Incorporated, the cells were gathered, and mixed 
nucleic acid and acid-soluble purines were Isolated and analvsed as de- 
scribed bv LePage (ref 12), except that radioactivity was determined by 
liquid scintillation counting DNA thvmine was isolated by the method 
of Tyner et al (ref 18) and radioactivity quantitated by liquid scintillation 
counting 

Each value represents the average of results obtamed from the separate 
analyses of ascites cells from four a 
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positive reaction with cysteme sulphuric acid’? Tho 
absorption spectra of dTGR were similar to those of the 
free base, m 02 N hydrochloric acid, Ama, 345 my, 
260 my, m 02 N sodium hydroxide, Amax 318 mp, 
252 mp. 

Tho effects of dTGR on the biosynthesis of purine nucleo- 
tides de novo, a pathway previously shown to be mhibited 
by TG (ref 11), and on the incorporation of tritiated 
thymidine into DNA thymine were compared with those 
produced by TG and TGR, this was accomplished by 
using sarcoma 180 ascites cells exposed «n vwo to a single 
molar equivalent dose of each agent (Table 1) Similar 
inhibition of both purme nucleotide biosynthesis and of the 
formation of DNA thymine was produced. by each of these 
agents These findmgs may be the result of essentially 
equal potency of each drug on these metabolic pathways, 
or they may represent enzymatic cleavage of dTGR and 
TGR to the free base 

This research was supported by grants CA-02817 and 
CRT Y-5012 from the National Cancer Institute, Public 
Health Service We wish to acknowledge the assistance 
of Mrs Theresa Cheng and Miss Sheila J Feld m the 
performance of these experiments 
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PHYSIOLOGY 
The Camel Capillary 


Various mechanisms have been proposed to explam the 
ability of the camel to survive the dehydration stresses of 
desert life The use of the fatty hump as a water store has 
been excluded because calculations of the volume of water 
released from the metabolic breakdown of this amount of 
fat do not comede with the measured losses of body 
water! Consideration has been given to the stomach as 
the organ 1n which the camel could store water for periods of 
severe dehydration There ıs some evidence to indicate 
that the stomach of the camel may mdeed play such a part 
However, measurements of the amount of water which tho 
camel stomach can store for such a purpose do not give 
clear evidence that such stores could in fact be completely 
adequate to see the camel through the prolonged periods 
of dehydration which ıt has been known to endure*. Peck 
has observed that camels develop a ‘physiological’ sub- 
cutaneous cedema immediately after rehydrating them- 
selves, and he noted that this phenomenon may last as 
long as 24 h On this basis he suggested that the sub- 
cutaneous tissue might act as a water-storage depot. 

Irrespective of the nature of the camel’s water store, the 
remarkable feature of the camel’s response to dehydration 
18 its ability to give up a considerable portion of its body- 
weight as water without susteinmg a proportional loss of 
water from the intravascular compartment When the 
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Figs. 1 and 2 


camel sustains a relatively rapid loss of 20-5 per cent of its 
Ls Aho ap as water, the intravascular compartment 
yields only about 5 per cent of this total. In man and 
many other animals, the extracellular fluid takes the 
brunt of such dehydration and the intravascular compart- 
ment shares the water loss equally with the interstitial 
fluid. In man a relatively rapid loss of body water equal 
to 12 per cent of the body-weight produces a marked rise 
in the hematocrit accompanied by a rapid rise in body- 
temperature and death due to circulatory failure*:‘. 
The failure of the intravascular compartment of the 
camel to give up amounts of water proportional to other 
areas in severe dehydration prompted us to investigate the 
structure of the capillary of this animal as a possible 
ism for preventing severe loss of intravascular 
water during extreme dehydration. For this purpose 
biopsies of the skin of one adult dromedary camel and one 
4-month-old dromedary camel were obtained. These 
biopsies were immediately fixed in osmico acid buffered 
to pH 7-4. Following this they were embedded in meth- 
acrylate and ‘Maraglas’ and approximately 400 sections 
were examined with the electron microscope. Thick 
sections of the same material were prepared for examina- 
tion with the light microscope by staining them with 
hematoxylin and phloxine. = 
Fig. 1 is a photomicrograph of a hematoxylin- and 
phloxine-stained thick section of an adult camel capil- 
lary from the subcutaneous tissue (x c. 1,660). This 
is typical of the subcutaneous capillaries from 
both the immature and the mature camel. In this 
photomicrograph it is readily t that the camel 
capi has an extremely thick wall and narrow 
lumen. In this slit-like lumen one compressed red cell 
may be seen occupying virtually all the free space. The 
struoture of the thick wall is not apparent with the 
Fig. 2 is an electron micrograph of a 


The narrow lumen is filled by a single red cell, and 
it is formed as a cleft between the thick endothelial cells 
of the wall. These endothelial cells contain abundant 
cytoplasm and large nuclei. In their cytoplasm may be 


seen typical mitochondria, and along the cytoplasmic 


borders there are small pinocytotic vesicles. No fenestra- 
tions were observed in the capillary walls in any of the 
sections, indicating that fluid movement from the lumen 
to the interstitial space is accomplished by the trans- 
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cellular route. The capillary is surrounded by a thin rim 
of collagen and this in turn is surrounded by the ground 
substance of the interstitial space. 

It is quite conceivable that the thickness of the capillary 
wall in the subeutaneous tissue of the camel to 
prevent the loss of water from the intravascular compart- 
ment during periods of dehydration and substantial loss of 
total body water. The ability of the camel to maintain its 
intravaseular water volume during periods of severe 
depletion of total body water encountered in its desert 
life protects it from hemoconcentration with its accom- 
panying rise in body temperature and irreversible failure 
of the circulation. 

P. O'B. MONTGOMERY 
C. T. ASHWORTH 
Prerre FONTAINE 
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Hodgkin - Huxley Equations : Logarithmic 
Relation between Membrane Current and 
Frequency of Repetitive Activity 

ALMOST all the d ie properties of the axon mem- 
brane ean be quantitatively predicted by the system of 
non-linear differential equations first proposed by Hodgkin 
and Huxley’. The system takes the following form for the 
current-clamp condition: 


In = Ont li 


I, = 36(V — 12)n* + 120(V. + 115) m*h + Ir 
T = FO. 0) 
= = F (V,m) 
a = F,(V, h) 
where V = displacement of membrane potential from 


resting value; 7; = leakage current; Im = total mem- 
brane current; Cm = membrane capacitance; I; = ionic 
current; n = variable associated with potassium con- 
ductance; m = variable associated with sodium conduct- 
ance; h = variable associated with sodium inactivation. 

This report concerns the behaviour of the model mem- 
brane when membrane current (Im) is a constant other 
than zero. It is known that under such conditions the 
equations produce repetitive action potentials without 
any initial depolarization (that is, when V, — 0). Asa 
corollary, it can be said that in order for the model to 
produce repetitive activity, the condition Im + 0 must 
hold. 

There are certain problems in functional neurophysi- 
ology, particularly those dealing with the sensory systems, 
which involve a logarithmic relation between some 
variable and the frequency of repetitive discharge of nerve 
fibres. In some cases, on the basis of e tal 
evidence, it has been suggested that the appropriate 
variable is membrane current. In the visual system, for 
example, it is possible that current flow occurs between the 
receptor and the axon, and that the repetitive firing of the 
axon depends on this. 















de is, therefore, of interest to know the quantitative 
relation between membrane current and frequency of 
: repetitive discharge in the Hodgkin-Huxley model. The 
equations were, therefore, solved by high-speed digital 
computer (IBM 7094) in order to determine this relation 
“which is shown in Fig. 1. The solid line is obtained from 
-the following € 


= 27 m(ms- 1) 


. = frequeney of repetitive activity (pulses/sec); 
siecinity of constant membrane current (yamp/ 
= base of natural logarithms. 

lutions were run off for a temperature of 6-3° C. 
juations published by Hodgkin and Huxley have a 
threshold near 2-241 pamp/em*. The point (0, 0) 
appears in Fig. l is, therefore, not à computed 
D and is indicated only for convenience. Since the 
 eurrent threshold is very close to zero, and since its 
yumoerical value will change with the magnitude of the 
Te current, it was decided to use an empirical 
equation the locus of which ran smoothly to (0, 0). However, 
this limitation concerning the current threshold should be 

kept in mind when using equation (2). 

. Tho fact that the quantitative relation is simply 
logarithmic should be of interest to sensory physiologists, 
who now have a possible explanation for their ‘logarithmic 
Jaw’. One would hope that the simplicity of equation (2) 


(2) 
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^ New Receptor Potential of the Monkey Retina 
with no Detectable Latency 


E Cone and rod receptor potentials, with characteristic 
_ differences in decay rate, have recently been isolated and 
| iden ified i in monkey retinas by Brown and Watanabe!-?. 
ne and rod cases the leading edge of the receptor 
tial was shown to produce the rising phase of the 
a the local electroretinogram (ERG). The shortest 
retonded latency of the a-wave was reported as 1-7 msec!, 
"based on unpublished observations of Ogden and Brown 
inthecat. An intervening process was therefore suggested 
to occur between the photochemical reactions of the « r 
segment and the onset.of the e cone or md  feeopto " po 












Teceptor terminals, whi 







potentials are 






to second order neurones! ?; 
which the electrical sink of these S pont was found. |. 
In this hypothesis the response latency is assumed due to 

conduction time through the receptor cell, and evidence ~ 
was presented suggesting an intracellular conduction 
route?. 

In the present work a new type of receptor response, of. 
extremely short latency, has been recorded (Figs. 1 and 2). 
The apparatus used has been described’, and the general _ 
techniques have been reported. A condenser-discharge | 
lamp (Grass photo-stimulator, model PS-2) delivered 
stimuli of 20 psec total duration and extremely high but- 
unspecified intensity. The entire stimulator was outside 
an iron enclosure, for reduction of stimulus artefact. A` 
fibre opties bundle (American Optical type LG65-36) - 
carried the light from the stimulus lamp to the animal's _ 
eye. The new response has been obtained only with this _ 
intense brief stimulus and not with the maximum intensity . 
of our tungsten light source*. This response has also been 
detected only by intraretinal recording at the receptor 
level and has not been found between an intravitreous and 
retrobulbar electrode. Using the described stimulus and _ 
recording conditions, this response has been detected in _ 
both the periphery (Fig. 1) and fovea (Fig. 2) of the . 
Cynomolgus monkey (Macaca irus), but has not been. _ 
detected in the eat or night monkey. This suggests that _ 
the early response is more readily recorded from cones. 
than from rods, and this point requires further . 
investigation. : 

Fig. 1 shows responses at high sweep speeds. The lower © 
record shows the early response and the full a-wave, the > 
falling phase of which is due to onset of the b-wavet?. 
The upper record, at higher sweep speed, shows the early : 
response and only the rising phase of the a-wave. Since 
two photoreceptor responses have now been found. 
separate terms are required. Both responses are receptor 
potentials in the sense that they are slow potentials 
generated by some portion of the receptor cell. Hence ~ 
they will be designated the early RP (receptor potential) 
and the late RP; Sew potentials are thus labelled in the. 
upper record of Fig. 1, 

The early RP has been investigated in many records; it. 
rises immediately after the stimulus artefact, so no distinct. 
latency has been detected. Present capabilities of time. - 
resolution show that the latency of this response cannot _ 
exceed 0-1 msec, and the true latency is probably less than 





a-wave 


| \ 





4 msec 


Fig. 1. Time courses of the early RP (receptor potential) and late o o> 
RP at two different sweep spee Tungsten microelectrode, with tip. 
diameter of about. 0-55, located p peripheral retina at depth of maxi- | 
mum amplitude of both responses; reference electrode in vitreous . . 
humour. Stimulus repeated every 10 sec, Stimulus artefact. a 
as- a slight break of the baseline in both records; the stimulus ia also 
indicated bya vertical Ur im the lower rond. Frequency Teaponst 
-of resording syste de 5, 8. Posl responses 
dis : mi, following "e Ere sevens : 
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Fig 2 Selective effect of anoxia on late RP, isolating the early RP 
Different animal from Fig 1 Retinal circulation clamped (see text) 
Normal respiration contiuously blocked by intravenous mfusion of 
succmylchohne ‘Top record obtamed just before turning off respirator, 
and the middle record was obtained 40 min later The retina was then 
stamulated at 30/sec for 12 sec, after which the 44 min record was taken 
Tungsten microelectrode in fovea at level of maximum amplitude of 
both potentials, reference electrode m vitreous humour Stimulus 
repeated every 10 sec during first 40 mm Stimulus artefact did not 
appear in photographs, the stimulus is mdicated by the vertical line 
above the top record Frequency response of recording system asin Fig 1 


this Fug 1 shows that the early RP 1s a positive response 
which rises rapidly to a peak and then decays shghtly 
Isolation of the early RP from the late RP (Fig 2) con- 
firms that this decay phase 1s part of the early RP Onset 
of the late RP in these records has a latency of 1 5 msec 
This value may be obtained rehably and :s the shortest 
latency thus far 1eported for that response The latency 
value 1s not measurably decreased after an hour of dark 
adaptation This fact, plus detection of the early RP, 
suggests that reported latencies of the late RP are closely 
approaching some ureducible minimum value 

The expeirment of Fig 2 shows isolation of the early RP 
from the late RP by anoxia The retmal circulation was 
clamped at the optic disk 3 5 h prior to these observations, 
this procedure elummates the 6-wave and hence isolates 
the late RP from succeeding activity of the mner nuclear 
layer)? This procedure also decreases the amplitude of 
the early RP, hence the 1eceptors, as expected, aro 
normally supplied partly from the retmal circulation 
After cessation of artificial respiration, the late RP began 
declning within 30 see but required about 24 min to 
disappear The amplitude of the early RP was still 
unaffected after 40 min, when the middle record was 
taken ‘This survival of the early RP without dummution 
after 40 mm of anoxia Js à striking observation, especially 
in & mammalan species which has a high metabolism 
The isolated early RP shows that the decay phase, which 
begins before the late RP, continues to the baseline so that 
the total response duration ıs about 5-10 msec A long 
burst of high-frequency flashes was then delivered to the 
retma, afte which the lower record shows complete 
abolition of the early RP Thus final record serves as one 
type of control showing that the early RP ıs dependent 
on the mtegrity of the photopigment and cannot be 
either a direct electrical artefact or a photoelectric artefact 
Artefact possibilities are also excluded by many other 
observations reported here 

Tt seems obvious that the early RP could only ocew ma 
cell which ıs directly 1esponsive to hght Hence the only can- 
didates for this response are the photoreceptors or perhaps 
the pigment epithelium* The latter possibility 1s excluded 
by two observations In any given animal the early RP 
18 larger m the fovea than ın the peripheral retina, this 1s 
also true for the late RP! This is presumably due to the 
greater concentration of receptors m the fovea, and 1s 
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imexplicable in. terms of responses of the pigment epithel- 
ium Also maximum amplitude of the ealy RP 1s not 
agamst the retinal side of the ‘R-membrane’, where the 
electrode 1s against the pigment epithehum> The amplt- 
tude maximum is located about 30u proximal to the 
pigment epithehum, this ıs the level of the connecting 
cilium between the outer and inner segments of the 
receptor Recent results show that the late RP, of 
positive polarity, is also maximum at this level The 
negative sink of the late RP has a maximum at the 
proximal receptor terminals, as previously ieported^? 
but a smk of the early RP has not been detected 

Although the precise origm and functional significance 
of the early RP must be deteimuned by furthe: work, 
certam points may be made at this time The early RP 
and the cochlea: microphome‘, which is considered, a type 
of generator potential in the auditory receptor, have m 
common certain striking characteristics These mclude 
no detectable latency, hgh iesistance to anoxia, and 
maximum amplitude at the ciliary portion of the receptor. 
It, therefore, seems very likely that the early RP and the 
cochlear mierophonie are generated by the same basic 
process, although triggered by different stimul This 
pomt is supported anatomically by the fact that the 
entire outer segment of the vertebrate photoreceptor 1s a 
highly differentiated eilium?, which retams basic features 
of the primitive cium as found m the auditory hair cell, 
the connecting cilium between inner and outer segments 1s 
not differentiated’? It ıs, therefore, suggested that the 
early RP and cochlea: muerophonie both represent a 
speeighzed ciliary response mechanism, which may be a 
physiological common denominator of all ciliated 1eceptors 

Of course, the possibility must be considered that the 
early RP ıs a by-product of a specific photochemical 
reaction and may, therefore, have no direct role in the 
excitation process of the photoreceptor This possibility 
1s greatly decreased by the fact that the cochlear micro- 
phonic, a potential with very similar properties®, is elicited 
by mechanical stumulation It, therefore, seems likely 
that the early RP will provide a link, m the physiology of 
vertebrate photoreceptors, between photochemical 1eac- 
tions of the outer segment and generation. of the late RP 
The early RP is produced, with little or no time lag follow- 
ing the assumed isomerization of the cone photopigment 
by hght The 1somerizations of rhodopsin are extremely 
rapid?, especially by comparison with photopigment 
bleaching’, and are considered by Wald as the chemical 
reactions which muitiate visual excitation!” The extremely 
short latency of the early RP supports Wald’s assumption 
for vertebrate photoreceptors 

Our working hypothesis 1s that the early RP 1s tiiggered 
by isomerization of the photopigment and generated in 
the conduction mechanism which carries activity from 
the outer 1ecepto1 segment to the proximal termmal of the 
receptor With high audio-amplification we have never 
detected any impulse activity from mammalhen photo- 
receptors, and the source-smk 1elation of the late RP 
appears to exclude a depolarization which is electro- 
tonically conducted in the o1thodromie direction As 
previously pomted out?, this raises the serious possibilty 
of mtracellular conduction Conduction has been clearly 
demonstrated m the imtiacellulai fibril systems of mver- 
tebrate ciha", although the conduction mechanism ıs not 
known Since chary structure is remarkably constant 
throughout the anual kmgdom!!, mtracellular conduc- 
tion in a ciliated mammalian receptor would not be su- 
prising In the photoreceptor this conduction may occur 
m the clary filaments and hence through the strongly 
developed newofibril system described m monkey 10ds 
and cones? and also in rabbit and mouse rods? The 
connectmg cihum may well be a site where such activity 
is most readily detected by extracellular leads A. final 
pomt concerns the fact that a smgle quantum of hght, 
trapped by a photopigment molecule m any ono of the 
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double-membrane disks of the outer segment, 1s capable of 
initiating visual excitation’? Any hypothesis of trans- 
mission in vertebrate photoreceptors must be capable of 
explaming this fact Tubules have been deseribed in 
rabbit rods which connect the double-membrane disks 
with the mtracellular filaments of the cium? If these 
observations are significant, then the hypothesis of mtra- 
cellular conduction can explain the equivalent effective- 
ness of widely spaced absorption sites for initiating visual 
excitation 
This work was supported by grant B-1903 from the 
US National Institute of Neurological Diseases and 
Blindness 
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PHARMACOLOGY 


Some New Adrenergic Neurone Blocking 
Agents 


INTERFERENCE with the release of the adrenergic 
transmitter, noradrenaline, by chemical blockade of post- 
ganghonie adrenergic neurones has become an accepted 
tool ın the management of the hypertensive state!, The 
chemical structures involved? mdicate that the presence 
of a cationic head with strong basicity, such as quaternary 
ammonium or guanidine’, 1s required for adrenergic 
neurone-blocking property, umparting a high degree of 
ionization to the molecule The molecular mechanism of 
this type of drug interference 1s unknown. Failure of nerve 
impulse transmission, however, might occur by hyper- 
polarization or by depolarization of the termmal nerve 
membrane, initiated by the charge-carrymg molecules. 
Significant mhibition of the biosynthesis of the transmitter 
by the foregomg compounds can be excluded as a possible 
mode of action on account of more recent work‘. 

‘Adrenergophilic’ structures, such as 2-phenoxyethyl- 
amine or 2-ammomethyl-1,4-benzodioxan, are used with 
advantage as carrier for the cationic head Bovetë in his 
classical exercise on competitive antagonists showed that 
both structures possess an affinity for adrenergic receptor 
sites Recognition of this fact had led to numerous 
attempts over the past years to improve the anti-adrener- 
gie effects of phenoxyethylamine and benzodioxan deriva- 
tives® N-(2-Phenoxyethyl)-N-benzyl-2-chloroethylarane 
(phenoxybenzamme) and 2-(1-prperidylmethy])-1,4-ben- 
zodioxan (933.P) have been used ın the diagnostic test for 
phxochromocytoma The usefulness of phenoxybenz- 
amine and 9337 and that of other benzodioxan derivatives 
such as 2-(N,N-dimethylammomethyl)-1,4-benzodioxan 
(‘Prosympal’) and 1,4-bw(1,4-benzodioxan-2-yl methyl) 
piperazine (‘Dibozane’) has, however, been limited. because 
of potent non-adrenergic side effects? The central effects 
such as sedation and analgesia? and muscular relaxation? 
of benzodioxan derivatives are well recognized 
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O—CH,—CH,—NH, 


R’ 
I 


R, R’ = H, halogen, alkyl, alkoxy 


II 
n = 1—3 R, R’ = asm (I) 


As a consequence of the foregomg considerations we 
meorporated various cationic heads, such as guanidine, 
mono-, di- and tri-ammoguanidine, amidine and amidox- 
me into ‘adrenergophihe’ structures, such as 2-phenoxy- 
ethylammes (I) and 2-aminoalkyl-1,4-benzodioxans (II) 
and obtamed a number of potent adrenergic neurone 
blocking agents 

The most significant activities based on structure I 
were achieved with 2-[2,6-(or 2,5-) dichlorophenoxy]ethyl- 
amino guanidine sulphate (Pfizer 3-01029 and 3-01076) 
and 2-(2,6-dimethylphenoxy)ethylamino guanidine sulph- 
ate (Pfizer 3-01034) (ITI) 


NH, + 
PA 
O—CH,—CH,—NH—NH—C S50,- 


TII 


3-010209 E —OIl 
3-010304 R = CH, 


These compounds suppressed the normal release of 
catechol amınes from nerve and/or tıssue storage sites, 
acute administration antagonized the response of the 
nictitating membrane of the cat to pre- and post-ganghonic 
stimulation of the cervical sympathetic nerves The rise 
in blood pressure produced by clamping of the common 
carotid arteries in the cat, the pressor effects of splanchnic 
nerve stimulation, and those of tyramine were antagonized 
on acute administration to the dog Pfizer 3-01029 
showed, in addition to its adrenergic neurone blocking 
properties, a good imhibition of the enzyme dopamine 
B-oxidase «n vitro (82 per cent at 5 x 10-* and 52 per cent 
at 10-5 molar concentration) 

These compounds were prepared by reaction of the 
corresponding hydrazine derivatives with  S-methyl- 
thiuronium sulphate It was assumed that the major 
pathway of the synthesis led to a product as depicted in IIT 
and not to the formation of the isomeric structure: 


NH, NH 


VA 
úo 0H, 0H, 39 di 


^w, 


Synthesis via an unambiguous route and reductive 
cleavage of Pfizer 3-01029 and 3-01034 with Raney 
Nickel support these structural claims 

A derivative of structure II, 2-guanidmomethyl-1,4-ben- 
zodioxan sulphate (Pfizer 3-01003), at daily administration 
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(10 mg/kg) to conscious dogs with either neurogenic or 
renal hypertension, produced a satisfactory anti-hyper- 
tensive response of more than 24-h duration The anti- 
hypertensive effect was more pronounced than that 
obtained with guanethidme 

Compound 3-01003 antagonized the contractions of the 
nictióatimg membrane ım response to pre- and post- 
ganghome stunulations of the cervical sympathetic nerves 
mthe cat In addition to its adrenergic neurone blocking 
action, compound 3-01003 possessed an anti-adrenergic 
action, whreh was more pronounced m the dog than m the 
cat, it antagonized the pressor effects of tyramine m the 
cat and dog and was much more active than guanethidine 
in this respect 

Compounds 3-01003 and 3-01029 have been shown to be 
effective anti-hypertensive agents in man 

We gratefully acknowledge the co-operation of our col- 
leagues m the Pharmacological Research Department of 
Pfizer, Ltd 
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Uncoupling of Oxidative Phosphorylation by 
some Arylacetic Acids (Anti-inflammatory 
or Hypocholesterolemic Drugs) 


Inpometuactn (1-p -chlorobenzoyl-5-methoxy-2- 
methylindole-3-acetic acid) and ‘Ibufenac’ (4-sobutyl- 
phenylacetic acid) have been recently described as anti- 
inflammatory drugs^* and shown to have ochnoal 
antirheumatic activity’? In common with several other 
anti-nflammatory (antirhoumatic) drugs? these two 
particular compounds uncouple oxidative phosphorylation 
in rat liver mitochondria, that ıs, selectively inhibit the 
biogenesis of adenosme triphosphate (ATP) without 
mhibiting oxidative metabolism and cellular respiration 
Usmg deserrbed techniques? ?, evidence has been obtained 
that these two drugs also uncouple oxidative phosphoryla- 
tion m a connective tissue (cartilage) since they selectively 
mhibit both the meorporation of inorganie phosphate-32P 
into organis phosphates and the ATP-dependent bio- 
synthesis of mucopolysaccharide sulphates, without 
significantly affeoting the oxidation of glucose-“C and 
octanoate-4C, by the cartilage tissue 

Table 1 compares the potency of these two arylacetic 
acids as uncouplers of oxidative phosphorylation with 
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Table 1 EFFECT OF SOME DRUGS ON OxIDATIVE PHOSPHORYLATION 
P/O RATIOS WITH DRUGS EXPRESSED AS PERCENTAGES OF P/O RATIO IN 
DRUG-FREE CONTROLS 


Cone P/O 
Compound (x 103 M) (96 controls) 

Indomethaem 25 15-35 
Indolyl-3-acetic acid 25 100 
Phenylbutazone 25 0-50 
‘Ibufenac’ 10 48 
Phenylacetic acid 25 100 
Saheylie acid 10 40 
Laurie acid 5 50 
Diphenylacetic acid 25 92 
Diphenylpropylacetic acid 35 57 
‘SKF 525-4! 35 51 


Absolute values for P/O in controls were in the range 1 35-17 


the uncouphng activity of some other arylacetic acids and 
of the two antirheumatic diugs (phenylbutazone, salicylic 
acid) with which these compounds were compared in the 
ongmal pharmacological reports? Freshly prepared 
0 2 M solutions of these acids m N,N-dimethylformamide 
were neutralized with 4 volumes of 005 M sodium 
bicarbonate and tested for their effect on phosphorylation 
coupled to succmate oxidation in rat liver mitochondria 
at pH 6 8 and 30° (refs 8 and 9) 

Indomethaem and phenylbutazone were appioxmately 
equipotent as uncouplers of oxidative phosphorylation 
the rather variable activity of given levels of phenyl- 
butazone in successive assays prevented a more exact 
comparison Indomethaem was slightly more active than 
phenylbutazone m mbhibitmg cartilage metabolism at 
0 25 mM 

‘Thufenac’ (C,;H,,0,) and saheyhe acid were approxi- 
mately equipotent as uncoupling agents Prelimmary 
chnical data‘? suggest that, m man, ‘Ibufenac’ is 
comparable with aspirm m relieving rheumatic symptoms 
It can be calculated from the blood levels of ‘Ibufenac’ 
attamed after a smgle dose? that sustained administration 
of effective doses of ‘Ibufenac’ (2 4-3 6 g/day)®? could give 
blood levels of about 20 mg/100 ml , that 35, 1 mM (though 
the plasma level might actually be higher) These concen- 
trations of circulating "Ibufenae! would be sufficient to 
partially uncouple oxidative phosphorylation wm vwo 
The C,; fatty acid, laurie acid, which would be short-lived 
compared with ‘Ibufenac’ an vwo, was more potent than 
‘Ibufenac’ in uncoupling oxidative phosphorylation en 
vitro 

The followmg arylacetie acids did not uncouple oxidative 
phosphorylation when tested at 2 5 mM indolyl-3-acetic 
acid and its 5-hydroxy derivative, phenylacetie, diphenyl- 
acetic, Di-tropie, 1-naphthylacetic and 2-naphthoxyacetie 
acids  Benzilie acid and 2,4-dichlorophenoxyacetie acid 
uncoupled oxidative phosphorylation at 25 mM but not 
at 1 mM 

Both diphenylpropylacetic acid (2,2-diphenylpentanoie 
acid, ‘SKF 2314’) and its diethylammoothyl ester (“SKF 
525-A’), a potent hypocholesterolemic drug, uncoupled 
oxidative phosphorylation The diethylammoethyl group 
present m ‘SKF 525-A’ does not by itself appear to 
confer uncouplmg activity trparanol ('MER-29) 
another hypocholesteroleme drug contammg the diethyl- 
amunoethyl (ether) group, had no effect on oxidative 
phosphorylation at 07 mM ‘Thus the inhibition by 
‘SKF 525-A’ of the ATP-requirmg process of cholesterol- 
genesis ın liver homogenates!? may, in part at least, be 
due to reduction of the ATP-level by drug action— 
activating the hydrolysis of exogenous ATP by mito- 
chondrial ATPase(s) and/or diminishing the production 
of endogenous ATP coupled to respiration Other 
aryl-alkanoie acids described as hypocholesterolemie drugs, 
for example, «-phenylbutyric, B-benzalbutyi acids, may 
act similarly’ 1t 1s known that they inhibit the ATP-linked 
process of acetate actrvation!-12 Certain other hypo- 
cholesterolemie agents (such as  saheylates!?) and 
mbhibitors of hepatic cholesterolgenesis (such as 2 4- 
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dimitrophenol, vanadyl ions or 11bonuclease':15) also 
appeal to act through their ATP-depleting effects 
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HISTOCHEMISTRY 


Shear and Pearse Method for Direct 
Histochemical Demonstration of Sialic Acid 


A DIRECT histochemical method for the demonstration 
of sialic acid was recently published by Shear and Pearse? 
which 18 based on a method described by Svennerholm? 
The procedure as described by Shea: and Pearse requires 
that the reaction be carried out on fresh-frozen cryostat 
sections (8u), mounted on albumin-coated glass shdes 
which. have been exposed to formaldehyde vapour m a 
closed desiccator for at least 72 h and washed m runnmg 
water for 2 min and allowed to dry The reaction 1s then 
cariied out by covering the sections with a few drops of 
resorcinol hydrochloride After 2 mun, excess reagent 15 
removed and the sections treated with a few drops of 1 
per cent sodium nitrite m concentrated hydrochloric acid 
The 1ed colour which develops 1s attributed to sialic acid 
sites and the intensity proportioned to the siahe acid 
concentration 

Our laboratory secured a copy of the manuseiipt of this 
communication fiom the authors in April to use in ow 
work on atherosclerosis Since then, all ow attempts to 
justify the vahdity of this method have been unsuccessful 
We have been unable to support the contention of the 
authors that the red colour 1s only due to the presence of 
sialic acid We have performed a series of experiments 
and m each case our 1esults indicated that stammg with 
then method was primaily due to the formaldehyde 
vapours which were not adequately removed with the 
2 min water wash In order to test this hypothesis, the 
following series of experiments were performed adjacent 
sections from porcine and rat sub-maxillary glands, rat 
trachea, and human aortas were cut on a Lipshaw cryostat 
at 8u A series of sections were mounted both on albumin- 
coated glass sldes and on tıssue tac-coated shdes A 
series of adjacent sections were tieated with the Shear and 
Pearse method exactly as described and an alternate series 
were treated in the same manne: except that Schiff’s 
reagent was utilized instead of resoremol hydrochloride 
The purpose of using Sehif's reagent was to detect 
aldehyde groups originating from formaldehyde 1esidues 
Both the intensity and distribution of staming in both 
methods were similar In ordei to demonstrate that the 
2 min water wash 1s inadequate to 1emove the formaldo- 
hyde residues, a second series of sections were treated in 
exactly the same manner, except that adjacent sections 
were washed for 2 mm, 1h, 2 h, 4h, and 8 h following 
treatment with formaldehyde vapour and afterwards 
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stained by both methods A progressive ieduction in 
staiung with both methods was noted up to 2 h and no 
staining was observed after this period The following 
experiment was effected m order to demonstrate con- 
clusively that the prolonged water wash did not wash out 
the sialic acid in the tissue sections two alternate series of 
sections were treated with the formaldehyde vapours as 
described by Shear and Pearse, and a series of se11al sections 
were washed for 2 min, 1 h, 2h, 4h, 8h and overmght 
All the sections were then 1e-treated with the formaldehyde 
vapours in exactly the same manner, washed for 2 min and 
stained by both the Shea: and Peaise method and Schiff’s 
method All the sections gave maximal stainmg On the 
basis of this evidence, 16 seemed logical to try a series of 
various fixatives which did not contain formaldehyde 
Elftman’s, Carnoy’s, cold methanol, alcoholic lead. nitrate 
(without formaldehyde), dıchromate-calcıum and com- 
binations of these In no case was any significant positive 
stainmg observed with the Shear and Pearse method. A 
final series of experrments were performed to prove defini- 
tively that sialic acid was not responsible for the major 
staming A series of untreated sections and a series of 
sections washed in water for 8 h were individually 
pretreated with a purified mfluenza virus neuraminidase 
preparation utilized according to a modification of the 
method of Quinterelli et al $ to remove the bound siale 
acid Another group was treated with 0 02 N hydrochloric 
acid for 1 h at 60° (ref 3) or 0 1 N sulphuric acid for 1 h at 
80° C (ref 4) Both procedures are known to 1elease bound 
siahe acid without degradation Solutions fiom each 
section were analysed foi sialic acid using the thiobar- 
bituiie acid assay of Wairen! Significant amounts of 
sialic acid weie recorded on a Zeiss spectrophotometer 
with both the neurammudase and acid hydrolysis tech- 
niques The readings by both methods were similar and 
the water-washed sections gave identical readings to those 
that were not washed The sialic acid-extracted sections 
and a gioup of control sections were then processed by 
the Shear and Pearse method All the sections gave a 
strong positive reaction Another interesting finding ıs 
that the slides contaming egg albumen gave a significantly 
higher reading with the thiobarbituric acid assay than the 
tissue tac-treated sections This is in accord with the 
work of Feeney, Rhodes and Anderson’, who found a large 
percentage of sahe acid m egg whites Egg albumen 
should be contraindicated ın any method for sialic acid 
In conclusion, our investigations mdicate that the colour 
attributed to sialie acid ın the Shea: and Pearse method 
1s pumarıly due to formaldehyde residues 1esulting from 
fixation with formaldehyde vapour 
This work was supported in part by U S Puble Health 
Service, National Heart Institutes research grant H-6056 
and American Heart Association grant 62G19 
FREDERICK T ZUGIBE 
CARL PEPINE 
PAUL BELL, JUN 
James Must 
Basic Cardiovascular Research Section, 
General Medical Research, 
Veterans Admunistration Hospital, 
Pittsburgh 40, Pennsylvania 
1 Nature, 198, 1273 (1963) 
? Biochim Biophys Acta, 24, 604 (1957) 
3J Histochem Cytochem , 9, 176 (1961) 
*J Biol Chem , 934, 1971 (1959) 
EJ Bwl Chem , 235, 2683 (1960) 


Tue fact that the resoremol-nitrite reaction (eponymous 
nomenclature is unnecessary) gives a red product with 
sialic acid and ganghoside we regard as established : 

The text of our communication showed that we were 
well aware of the contiibution made by formaldehyde, 
and that 1ts removal by washing was essential In fact, 
we carried out ourselves most of the controls deseribed 
in the communication by Dr Zugibe et al 
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We believed that at a point where free aldehyde failed 
to stain with Schiff’s reagent it was possible to demonstrate 
sialie acid. From the work of Dr. Zugibe et al., and from 
further work of our own, it becomes evident that the gap is 
sometimes insufficient. We are to this extent in agree- 
ment with the observations of the Pittsburgh group. 

After aqueous formaldehyde, and brief washing, muco- 
proteins give a positive Schiff but no resoreinol-nitrite 


reaction. After vapour fixation and brief washing both 
are positive. With longer washing the first disappears. 


Chemically reacted formaldehyde is not Schiff-positive. 
Therefore either more formaldehyde is loosely bound, 
after vapour treatment, or some resorcinol-reacting 
substance is fixed. 
The foregoing work offers no evidence on this important 
point. 
M. SHEAR 
A. G. Everson PEARSE 
Department of Pathology. 
Postgraduate Medical School, 
Ducane Road, 
London, W.12. 


IMMUNOLOGY 


A New Device for Immunoprecipitation 
in Agar Gels 


SiNCE two-dimensional immunodiffusion was introduced 
as an immunological tool':? it has become à major method 
for the examination of precipitating antigen-antibody 
reactions. Placed on a quantitative basis*-* it has proved 
a sensitive and reproducible method for the assay of 
antigens and antibodies*-*. 

The original methods, both qualitative and quantitative, 
were performed on a macroscale and suffered the handicap 
of requiring relatively large quantities of sera and/or 
antigens. The description by Wadsworth’ of a micro- 
immunodiffusion technique based on the use of a plastic, 
basin-containing matrix, and its subsequent refinement by 
Crowle’, greatly reduced the quantities of reactants 
required. However, the method is laborious in that it 
requires a support for the template, the cutting of holes in 
the agar, the delicate filling of the minute wells thus 
formed and precautionary measures against the under- 
running of the agar by the reactants. 

Utilizing the combined supporting force provided by the 
surface tension of molten agar and the non-wettability of 
synthetic plastics, an immunodiffusion technique has been 
devised which completely avoids these disadvantages. The 
concept involved is that of floating a pattern-perforated 
disk or sheet of thin, rigid, transparent plastic on molten 
agar, allowing the agar to solidify in intimate contact with 
the plastic, then using the perforated plastic device as a 
mask for confining contact between agar and applied 
reactants to the agar exposed at the apertures. 

This technique differs essentially from that of Crowle 
and Wadsworth in that no holes are cut in the agar, nor 
does the mask need to be of such thickness as to supply 
wells to contain the reactants; the latter merely sit on 
the exposed agar. As an effective seal is formed between 
mask and agar, under-running of reactants does not occur. 
As the mask protects the agar from over-running of 
reactants, application of the latter need not involve 
undue care. 

A useful material for the masks is rigid polyvinyl 
chloride 0-010 or 0-020 in. thick. The size of the mask 
may be matched to the particular purpose. It may be 
used in conjunction with a dish, or agar may be placed 
directly on a glass slide. The perforation pattern may be 
drilled in the plastic, or quite simply be made with a hand 
punch, such as that commonly used for leather. 

In operation a suitable volume of molten agar, cooled to 

°7)° C, is pipetted into a dish or on to a slide. Holding 
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the mask in a pair of fine forceps, one edge is brought into 
contact with the agar and the mask gently lowered. The 
mask will float on the agar and the assembly is left undis- 
turbed for the agar to harden, Once the agar is set the 
assembly is remarkably stable and needs no special 
handling. 

For qualitative work the reactants are applied ‘by eye’. 
Using hand-drawn capillary pipettes, the appropriate 
reactants are applied as small mounds of fluid over agar 
exposed in the mask apertures. The charged assembly is 
then placed in a reasonably humid atmosphere to await 
development of the precipitation bands. As the masks are 
transparent, band development can be followed visually. 

For quantitative work it is, of course, essential that 
critical inter-aperture distances be accurate to within a 
very small percentage. It is also necessary to apply meas- 
ured quantities of reactants, using Drummond disposable 
micropipettes (Shandon Scientific Co., Ltd., London, 
N.W.10). For the serum gradient immunodiffusion assay 
it was found that with the masks excellent results are 
obtained when using 10 ul. serum and 2 yl. antigen solu- 
tion. This contrasts with 200 ul. serum and about 30 ul. 
antigen solution required for the macroassay**, which 
emphasizes the considerable reactant economy effected. 

Fig. 1 illustrates a specimen mask and some examples of 
performance. One particular advantage of the mask 
technique is its flexibility. It can be performed on a 
macroscale, microscale, or any degree between, the differ- 
ence lying entirely in the size of the mask apertures and 
the distances between them. As there are no confining 
wells to be filled, the volume ratios between reactants, as 
well as the ratio of reactant volume to agar thickness, may 
be varied between fairly wide limits. The thickness of agar 
is continuously variable, depending solely on the volume 
used in any particular system. Thus, using a 50-mm dish 
and 46-mm circular mask, the following agar volume/ 
thickness relationships were established: 2:5 ml. 1-3 mm; 
2-0 ml. 1-0 mm; 1:5 ml. 0-76 mm; 1-0 ml. 0-5 mm; 0-5 ml. 
0-25 mm. 

As virtually all the agar is covered by the mask or 
applied reactants, there is no difficulty about drying out 
of the very thin agars. With these thin agars background 
opalescence is practically eliminated, permitting better 





Fig. 1. A, Mask prepared from 0-020 in. polyvinyl chloride; B, qualita- 


tive double diffusion precipitation pattern. Note uninterrupted bands 
passing toronga agar at mask apertures; C, dried and stained ‘micro- 


spot’ preparation carried out with mask; D, antibody gradient quantita- 
tive precipitation pattern, In C and D antigen solution is in double 
serial dilution (counter-clockwise and clockwise respectively) 
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photographie recording and enlargement of the pi 
tion bands. Also, such thin agar layers are quickly 
washed, dried at 37° C and stained to produce clean, sharp 
mounts with virtually no background staining. Such 
preparations make superb lantern slides. Further, as the 
agar is a continuous sheet, precipitation bands are free to 
develop to their full extent without interruption by holes 
otherwise punched in the agar. 
The mask is ideally suited to carrying out ‘microspot’ 
tests in agar. The mask technique has also been used 
-successfully in immunoelectrophoresis, and this application 
zis being examined further in collaboration with Dr. 
SRL. G. Goldsmith, of the Blood Group Reference 
4 Laboratory, and Dr. R. A. Kekwick, of the Lister 
Institute. Details will be published jointly later. 
I thank the Shandon Scientifie Co., Ltd., and particu- 
> larly Mr. R. H. Powell, technical director, for having 
“supplied many of the prototype masks used in this investi- 
.gation. 





J. G. FEINBERG 


Beneard Allergy Research Unit, 
“Beecham Research Laboratories, Ltd., 
M Betchworth, Surrey. 
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d Effect of Thymectomy on the Termination 
of Immunological Tolerance in Rabbits 


_ Iris well established that the thymus plays an important 
(part in the neonatal development of the immune mechan- 
isms. Thymeetomy during early life inhibits the rejection 
of homografts made later^?, Similarly, animals thymec- 
_ tomized during early life show a decreased ability to 

. produce circulating antibodies, while thymectomy during 
. adult life has no apparent effect on the production of 
circulating antibodies!-?, Rabbits thymectomized within 
five days after birth showed either the absence of or 
greatly reduced response to injections of bovine serum 
-albumin (BSA)’. Although the thymus appears to exert 
¿oits influence primarily during the neonatal poriod, it also 

ean function during adult life in that thymectomy pro- 
` longs the recovery of immunological capacity following 
s Xeradiation*-", Furthermore, Claman and Talmage! 
c have shown that adult mice made tolerant by neonatal 
injection of bovine y-globulin do not spontaneously lose 
their tolerant state so rapidly if the thymus is removed. 
"They interpreted their data as supporting the hypothesis 
that. immunological tolerance occurs through irreversible 
inhibition or death of competent cells and that the loss of 
tolerance occurs through the development of newly arisen 
(uninhibited) colls which may originate in the thymus. 
¿ooo The- present experiment was designed to determine if 
the thymus played any part in the termination of the 
tolerant state following injection of serologically related 
to, antigens. It was previously shown that rabbits made 

_ tolerant to BSA by neonatal injection of BSA lost their 
tolerant state following injection of certain serologically 
related antigens!*!, BSA coupled to the diazonium 
derivatives of both arsanilic and sulphanilie acids (arsanil- 
sulphanil BSA) was most effective in causing the termina- 
tion. of immunological tolerance to BSA. Tolerance was 
induced in rabbits by injecting a total of 500-mg of BSA 
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subcutaneously during the first five days of life. Rabbits 
injected in this manner were tolerant at maturity (3-4 





"months old) and failed to show an immune elimination of 


an intravenous injection of BSA, trace labelled with 
iodine-131 (I*BSA). The tolerant rabbits were either 
thymectomized or sham-operated. Three days following 
the operation, 9 thymectomized and 5 sham-operated 
rabbits were injected subcutaneously with Freund’s 
complete adjuvant containing 25 mg of arsanil-sulphanil 
BSA. Five thymectomized, tolerant rabbits wore injected 
with Freund's complete adjuvant containing 25 mg of 
native BSA. The injections were repeated one and two 
weeks later and. the rabbits bled 14 days after the last 
injection. The sera were analysed for precipitating 
antibody by the method described by Talmage and 
Maurer’, and for binding antibody by the ammonium 
sulphate technique!*. Immediately following the bleed- 
ing, the rabbits were injected intravenously with 20. mg 
of I*BSA and bled periodically for 14 days to follow the. 
disappearance of I *BSA. from the blood. At the end of 
the experiment, the animals were killed and autopsied. 
As determined by gross examination, no organized 
thymic tissue was demonstrable. However, it is possible 
that microscopic remnants of the thymus were present. i 

All the rabbits in both the thymectomized and sham-: 
operated groups lost their tolerant state following injection 
of arsanil-sulphanil BSA as was shown by the appearance 
in their sera of binding antibody to native BSA and the 
immune elimination of a subsequent injection of I*BSA 
(Table 1). Most of the rabbits’ sera also contained preeipi- 
tating antibody to native BSA. Thore was no significant 
difference between the levels of anti-BSA in the sera of the 
rabbits in the two groups. Following the injection of 
adjuvant containing native BSA, thymectomized rabbits 
tolerant to BSA neither produced circulating anti-BSA 
nor showed an immune elimination of a subsequent 
injection of I *BSA. 


Table 1. TERMINATION OF BSA TOLERANCE IN THYMECTOMIZED RABBITS 
FOLLOWING INJECTION OP ARSANIL-SULPHANIL BSA 


Rabbit Precipitating antibody Antibody binding Immune elimination 
No. N to nde BSA capacity * of I*BSA 
Hg. 
Thymectomized 
1 — 16-8 + 
2 174-2 290-0 + 
3 107-1 102-3 + 
4 113:5 297-0 + 
5 2397 40-9 + 
6 31-9 247 + 
7 0 28 * 
8 145 85-8 + 
9 0 2:6 * 
Sham-operated 
16 129-0 58:1 + 
11 313-1 132-2 + 
12 0 2-2 + 
13 9 11 m 
14 58-9 80-1 + 


* ug I*BSA N bound by the globulin fraction (precipitated with 50 per 
cent (NH,580,) of 1 ml, of serum. 


It is apparent from the foregoing results that the term- 
ination of immunological tolerance in rabbits following 
injection of serologically related antigen is not dependent 
on the thymus as is the spontaneous termination of 
tolerance in mice. Thus, the mechanism involved in the 
spontaneous termination of tolerance in mice must be 
quite different from the mechanism involved in the 
termination of immunological tolerance in rabbits follow- | 
ing the injection of serologically related antigens. Possible 
mechanisms involved in the termination of tolerance 
following the injection of serologically related antigens 
have been previously given!*4, As expected, thymectomy. 
itself did not permit a termination of the tolerant state, | 
since BSA tolerant rabbits thymectomized and injected. 
with BSA in adjuvant made no antibody response. 

The thymectomies were performed by Dr. John 8S. 
Najarian. This work was supported by a U.S. Public. 
Health Service grant, an Atomic Energy Commission 
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This work examines the organization and 
activities of one of the most influential of the 
provincial scientific societies in Georgian 
England Based primarily on manuscript 
materials, 1t 1s the first full-length study of 
the almost legendary Lunar Society of 
Birmingham. Illustrated 70s net 
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The atm of this book 1s to give an account of 
the present position of the theory. It deals 
with the principles underlying the derivation 
of the equations, and the properties of the 
two-dimensional steady boundary layers; 
with three-dimensional boundary layers; 
time-dependent problems, interaction 
between the boundary layers and the main 
stream, Attention 1s restricted throughout to 
perfect fluids, and the question of 1nstability 
1snotdiscussed. 63s net 
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The Optical 
Model of 


Elastic Scattering 


P. E. HODGSON 


This book 1s concerned mainly with the 
application of the optical model to the 
analysis of nuclear elastic scattering processes. 
After a brief historical review the mathe- 
matical formalism of the model 1s described 
together with the electronic computing 
techniques needed to apply 1t 1n practice. 
The book 1s written for senior under- 
graduates and experimentalists. 30s net 
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translated from the Russian by J. L. BRENNER 


Applications of Lyapunov’s Second 
Method to Differential Systems and 
Equations with Delay 

This analysis extends the fundamental work 
of Lyapunov and applies his direct method 
to a variety of problems. Definitions are 
given in full, and most proofs are dealt with 
completely unless they are standard and 
readily accessible. 48s net 
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Linear 
Programming 


and Extensions 


GEORGE B DANTZIG 


A book for both mathematicians and all who 
are 1nterested in the possibilities of using 
computers for taking decisions 1n economic, 
industrial and administrative life, The author 
1s a pioneer 1n the field of linear program- 
ming. 92snet 

(Princeton Universtty Press) 
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deductions about hydrothermal solutions, and from general principles and the geological problem to calculations 
of specific hydrothermal equilibria 
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the many important papers are those on the etiology of sleep, the utility of dreams in the diagnostic interview 
with children, personality features in children with sleep disturbances, and observations on the sleep-dream 
pattern in neonates, infants, children and adults 

Inte: national Serres of Monographs on Child Psychiatry, Volume 2 

156 pages 42s net ($6 50) 





Offered for sale by 


ROBERT MAXWELL & CO LTD 


International, university and industrial booksellers 
subscription agents, specialists m out-of-print and difficult-to-get publications 
Waynflete Building, 1-8 St Clements, Oxford 


Pergamon Press books are distributed in the Western Hemisphere and the Philippines by the Macmillan Company 
60 Fifth Avenue, New York 11, NY 


i OS 








no 4919 February 8, 1964 


contract, and a US Public Health Service research 
career award 


W. O WEILE 


Division of Expermental Pathology, 
Scripps Clmic and Research Foundation, 
La Jolla, 

California 


‘Miller, J F A P , Lancet, u, 478 (1961) 
* Martinez, C , Kersey, J , Papermaster, B W, 
Sec Exp Biol and Med , 108, 193 (2962) 


? Fichtelius, K E , Laurell, G , and Philipson, L , Acta Path et Microbiol 
Scand , 51, 81 (1901) 


‘Archer, O , and Pierce, J C , Fed Proc , 20, 26 (1961) 
*Papermaster, B W , Dalmasso, A P, Martinez, C, and Good R A, 
Proc Soe Exp Biol and Med ,111, 41 (1962) 


‘Jankovic, B D, Waksman, B H, and Arnason, B G,J Exp Med, 
116, 159 (1968) 


7 Archer, O K , Pierce, J C , Papermaster, B W , and Good, R A , Nature, 
195, 191 (1962) 


*MMler, J F A P, Nature, 195, 1818 (1962) 


* Globerson, A , Fiore-Donati, L , and Feldman, M , Ezp Cell Res , 28, 
455 (1962) 


Miler, J F A P,Doak, S M A, and Cross, A M , Pioc Soe Ezp Biol 
and Med ,112, 785 (1963) 


! Auerbach, R , Sewnce, 189, 1061 (1963) 

‘Claman, E N, and Talmage, D W , Sctence, 141, 1193 (1963) 
Weigle, W O, J Exp Med , 114, 111 (1961) 

“Weigle, W O, J Exp Med , 116, 913 (1962) 

* Talmage, D W , and Maurer, P H , J Infect Dis , 92, 288 (1953) 
1" Farr, R S, J Infect Dis , 108, 239 (1958) 


and Good, R A, Proc 


RADIOBIOLOGY 


Radiation-induced Protein Leakage into the 
Small Intestine 


THE small intestine 1s particularly susceptible to damage 
by 1omzing radiation, and both morphological and func- 
tional studies have demonstrated a wide range of 
changes!-* Histological changes can be observed 3 h 
after exposure and with moderate dose uradiation usually 
reach a maximum withm thiee to four days, rapidly 
returning to a normal picture five days after irradiation 
Functional changes parallel this time sequence, and 
motility, absorption availabilty, absorption and protem 
leakage have all been studied Some doubt has recently 
been cast on the sigmficance of polyvinyl pyrrolidone 
(PVP) excretion as an absolute measure of protem. leak- 
ages, and ıb was felt desirable to study the problem 
further usmg albumun labelled with 10dine-131 

Groups of four adult male albino 1ats weighing 140—160 g 
were fed on a diet of ground (Thompson) rat cubes (80 pei 
cent) with 'Amberhte IEA-400' (chloide form) anion 
exchange resin (20 pe: cent) bound together with golden 
syrup Forty-eight h after begmnmg the diet, the 
ammals were irradiated with 500-r X-rays from a General 
Electric maximar X-ray set (250-kVp 10 m amp, 1 mm 
copper and 1 mm aluminium filters, FS D 135 cm), 
control ammals were sham-irradiated The dose rate 
(18 r /min) was measured with an ionization. chamber At 
0, 24, 48, 72, 96, 120, 144 and 168 h after irradiation, both 
imadiated and control rats were given an intracardiac 
injection of 10 pe of 1*!T-Jabelled human serum albumin in 
0 5 ml sotone saline, and a purse-strmg anal suture was 
apphed These operations were performed under ether 
anesthesia Twenty-four h later, the animals were 
killed, the small mtestme, cecum and rectum removed 
intact, and the contents washed out with distilled water 
The pooled washings, ingesta and fecal material were 
homogenized Sohd sodium hydroxide pellets and sodium 
iodide were then added so that m the final standard 
volume the concentrations were 10 and 3 per cent, respec- 
tively After 24 h aliquots were taken and counted m a 
well-type EKCO scintillation counter type N5504, using 
a thallium-aetivated sodium iodide crystal The corrected 
count, adjusted to the origmal homogenate volume, was 
then expressed as a percentage of the injected dose 
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It can be seen from Table 1 that there was a mnor 
depression of intestinal radioactivity durmg the first 48 h, 
but that higher than normal values were obtained durmg 
each of the succeedmg 4 days, the increase being statisti- 
cally significant (P < 0 02) on the fifth and sixth days after 
urediation Further mvestigations using 300 r and 1001 
failed to reveal an rnerease m intestinal radioactivity 


Table 1 LEAKAGE OF RADIOACTIVITY INTO GUT (™I ALBUMIN) FOLLOWING 
500 R X-RAYS TO RATS INJECTED WITH !?!]-ALBUMIN 


Radioactivity of intestinal Statistical 


Hours of post- No of contents as a percentage significance of 
irradiation animals of the injected dose the merease 
Mean Range above normal 
Control 26 152 40-283 Not significant 
0- 24 4 102 6 8-13 8 Not significant 
24- 48 4 118 60-172 Not significant 
48- 72 4 i71 7 6-332 Not significant 
72- 96 4 215 15 0-249 Not significant 
96-120 4 258 20 8-32 5 P«002 
120-144 4 247 18 5-31 6 P«002 
144—168 4 144 6 2-26 4 Not significant 


The efficiency with which fiee 10dide 1s held withm the 
intestinal lumen. will depend on the presence of an adequate 
and continuous supply of resm Prelammary examination 
showed that the amount used was fully adequate for this 
purpose if 16 was all eaten The small reduction observed 
1n. the intestinal radioactivity during the first 48 h must 
have been related to the obser ved poor food intake coupled 
with a delay m gastric emptymg time? Any resin 16a8chung 
the stomach would presumably not leave foi 24-48 h 
Changes in motility of the small mtestme are quite the 
reverse’, and, 1f anything, the 1apid passage of intestinal 
contents to the colon would tend to reduce the 10dine- 
binding capacity The significant inerease m. intestinal 
radioactivity durmg days 5 and 6 immphes considerable 
increase rm. the transfer of 1odinated protem or products of 
catabolism mto the mtestial lumen durmg this period 

The possibilty that the increase might follow from 
increased endogenous catabolism and hence increased 
salivary secretion of iodide has to be considered in the 
light of recent work by Jones and Morgan? However, 
radioactivity of excised thyroid glands from imadiated 
and non-rradiated animals in this study iecorded no 
significant difference and hence it os unlikely that there 
was a surplus of circulating free iodide in the irradiated 
animals (non-radiative carrier 10dide had not been added 
to the drinkmg water) In addition, examination of the 
fecal homogenate suggested that the radioactivity was 
bound to the resm in a form othe: than as moiganic 
iodide Hence, the inerease in fecal radioactivity 1s 
probably not a manifestation of iodide excretion, but 
rathei of protein leakage Shekerchi and Makinodan?, and 
Belyaeva®, have already shown depressed values foi 
serum proteins within several days of whole body n1adia- 
tion. and so increased catabolism or protem leakage 1s not 
surpiising The work of Sulhvan‘, which demonstiated an 
increase 1n the intestinal leakage of PVP after radiation 
strongly suggested that intestinal leakage was at least 
major factor m this increased breakdown 

Histological exammation of the 1ats’ intestine following 
500-600-r X-rays has demonstrated not only 1apıd and 
severe damage but also 1apıd and complete 1ecovery? Tt1s 
surprismg that the time of recovery appears to antedate 
the maximum leakage evidenced in this study, but 16 1s 
probable that depression of appetite and, therefore, :esm 
mtake was responsible for shiftmg the peak to a later 
date Support for this hypothesis came from the observa- 
tion of Sullivan, who observed maximum leakage of PVP 
on the fourth and fifth days after 1,000 r , with subsequent 
rapid recovery, although, of course, this is still afte: the 
maximum. histological damage Ow own work suggests 
that leakage ceased after six days 

It would, therefore appear that protein leakage occus 
fiom the small intestine of the rat following 5003. X-ays 
and that this rises to a maximum on the fourth and fifth 
days post-uradiation, post-dating the period of maximum 
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histological damage There ıs no evidence that leakage 
occurs at lower doses 
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BIOLOGY 


Prevention, by Ornithine, of Arginine-less 
Death of Human Cultured Cells 


DELETION of any one of the ammo-acids from the 
Eagle’s basal medium prevents cell growth! and may induce 
cell alterations Cohen et al * observed the formation of large 
cored vacuoles m HeLa cells mamtamed in Eagle’s basal 
medium minus valine, the disappearance of organelles, 
and later gross changes followed by death of the cells 
Similarly, m the course of a study concerning the arginme 
requirement of adenovirus repheation m KB cells, we 
observed that non-infected control cells progressively 
degenerated in medium minus arginine It has been 
shown! that, among arginine analogues, citrullme can 
replace argmine in the growth medium of human cells, 
but that ornithine cannot As non-utilization of ornithine 
might be due to msufficient permeability (for example, 
ornithine molecules mught not fit the receptor site of 
the transport system®, etc), we thought ıt might be 
possible to overcome this difficulty by increasing the 
concentration of ornithme imn argmine-deleted medium 
We have observed that the addition of comparatively 
large amounts of ornithine to the medium minus argmine 
results ın prolonged survival of the cells without growth, 
and that the cells could resume growth when arginine 
was re-added to the medium 

The mycoplasma-free KB cell cultures and medium 
used have been described previously? as has been the 
procedure for determunation of argmine in the medium 
Ammo-acid mixtures were prepared as for Eagle's basal 
medium but with argmine omitted Growth curves were 
obtamed from repheate cultures m serew-capped tubes 
uniformly seeded with 3-5 x 10* cells m 1-ml growth 
medium After 36-48 h meubation, the medium was 
replaced with phosphate-buffered saline and the saline- 
filled tubes were left for 10 min at room temperature 
Afterwards, phosphate-buffered salme was replaced with 
15 ml experimental medium Cell suspensions for 
counting were made by treatmg monolayers with trypsin 
(0 025 per cent in Mg**- and Ca*+-free phosphate-buffered 
salme) In order to count cells, similarly rmsed tubes 
were drained on a filter paper, then treated with 600-ul 
trypsin solution for 10 mm Cells were then suspended 
with a capillary pipette and counted im both chambers 
of a double Neubauer hemacytometer All the available 
grating was used so long as the number of cells was less than 
100/mm? For values greater than this, three fields on 
I mm? were counted m each chamber Two tubes were 
used for each pomt, which agreed fairly well The media 
were as follows Eagle’s basal medium ıs the complete 
medium (01 mM arginine) to which either 10 per cent 
ealf serum (growth medium) or 5 per cent calf serum 
(experimental control medium) 1s added EBM-A- 1s an 
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1 2 3 4 5 6 7 8 9 10 
Time (days) 
Fig 1 Response of KB cultures to maintenance in EBM (O), EBM-A- 


(O), and EBM-A-O* (€) The values plotted are the numbers of 
cells found by trypsinizing KB monolayers 


experimental medium in which argmme was omitted 
EBM-A-O+ 1s the preceding medium to which 10 mM 
ornithine was added Due to the serum, there was 0 03 mM 
arginine m all experimental media, this was responsible 
for the residual growth observed afte: deletion of arginine 
m the ammo-acid mixture, as described here 

KB cultures responded to arginine deletion under the 
present conditions in three successive phases (qa) residual 
growth occurred for a fraction of a generation, until 
argmme was exhausted, (b) cell number stabihzed for 
about 24 h, (c) number of cells, as measured by trypsin- 
ization, declned steadily Durmg this decline, cell 
morphology became progressively altered by the appear- 
ance of vacuoles and granulations, and finally by break- 
down in large fragments Cell counts in this phase of 
cellular degeneration meluded all unbroken cells, even if 
their morphology was greatly altered (Fig 1) 

If 10 mM ornithine was added at the time of argmme 
deletion, growth continued for a short time as m HBM-A- 
The stabilization period, however, lasted for about 10 days 
Durmg this period, cell morphology remamed almost 
unaltered Towards the end of the 10-day period, some 
vacuolization appeared, which was followed by pro- 
gressive detachment of the cells from their glass support 
Although these morphological alterations mereased with 
time, they were never as strikmg as m HBM-A- 

Re-addition of argmme to cultures mamtamed in 
EBM-A-O* for 2-5 days was followed by immediate 
resumption of growth at the rate exhibited by the con- 
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Fig 2 Response of KB cultures to re-addition of arginine mto 
EBM-A-O+ Control cultures m BBM = © Cultures m EBM- DE 


€ Cultures ın EBM-A-O* after re-addition of arginine = © 
Indicates the time at which argimne was re-added to Sow A O* 


trols at the begmnmg of the experment (Fig 2). If 
argmme was re-added between 5 and 10 days after 
deletion, growth was generally resumed, but some cell 
count discrepancies were noted 1n pairs of tubes 

These results suggest that all the cells ın cultures mam- 
tamed for at least 5 days m EBM-A-O* are growth 
competent In an attempt to confirm this, assay cloning 
experiments were run Cultures m HBM-A-O+ were 
trypsmuzed, diluted twice in calf serum in order to 
neutralize the enzyme, further diluted in growth medium 
and plated by 2 5-ml ahquots of the dilutions m 50-mm 
Petri dishes which were incubated in a carbon dioxide- 
flushed meubator Not a smgle colony was obtamed 
from any number of cells When control cultures n 
Eagle's basal medium were similarly treated, they yielded 
colonies with the usual plating efficiency of 40-60 per 
cent. 

It appears thus that argmme deletion induces several 
cell modifications, (1) Not unlike other amimo-acid 
deletions, it stops growth of the cells This effect can 
be prevented with citiulline, a metabole precursor of 
arginine’, but not by ornithine 

(2) Again not unlike other deletions, that of argmine 
induces cell alteration and death As for the preceding 
one, this effect can be prevented with citrullme How- 
ever, m spite of the fact that ornithme cannot be sub- 
stituted to arginine for growth, this arginine analogue can 
prevent cell alterations ın Eagle's basal medium mmus 
arginine Not only does ornithine prevent cell decay, 
but ıt maintains growth competence Thus the specificity 
of growth requirements would appear to be higher than 
the requirements of those processes which can be assumed 
to be necessary for the mamtenance of cell integrity 
When the latter processes fail, that 1s, m the absence 
of arginine, ertrullme or ornithme, cell structures are 
altered and ultimately viability 1s lost 

(3) Omission of argimune, even in the presence of 
ormthine, mduces a higher sensitivity to trypsin and 
thus prevents cell transfer from EMB-A-O* to Eagle’s 
basal medium by trypsmuzation 

Although cultured human cells do not synthesize 
measurable amounts of argmine from ornithine, a certain 
amount of argnme may be constantly released from cell 
protem during the catabolic phase of protem turnover*:? 
On the other hand, argmme may be destroyed by a 
variety of enzyme actions (argmase, argmine-decarboxyl- 
ase, arginine-deammase, ete) In argmme-less media, 
the amount of intracellular-free arginine necessary for the 
anabolic phase of protem turnover will be constantly 
lowered by enzymatic destruction as well as because of 
its diffusion from the cell pools towards the medium 
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This will result m a negative balance of protem turnover 
which may account for cell degradation more protein 
would be destroyed than synthesized 

As ornithme is a potent inhibitor of argmase and 
possibly of other enzyme systems yielding ornithine as a 
split product of arginme!, its protective action on cells 
deprived of argmme might be explained by the protection it 
affords to intracellular free argmme It 1s known that 
ornithine 1s found normally m the acid soluble fraction of 
cultured human cells? However, no argmase activity was 
detected m KB cells? using the technique described by 
Greenberg** and Archibald’s colour reaction which detects 
urea’ 

Furthermore, ornithme might also prevent diffusion of 
argmune from cell pools towards the medium 

Other explanatory hypotheses are permitted Ornithme 
might be an essential metabolite which 1s, normally, 
constantly provided at the expense of arginme, but which 
could be supplied from exogenous sources if its concen- 
tration was sufficient m the medium In turn, ornithine 
might be essential either as a true metabohte, or as a 
repressor or an inhibitor of the catabohe phase of protem 
turnover 

I thank Dr Harriet C Rouse for her help in some of 
the experiments 

This work has been supported by grant 41-01252 from 
the National Institutes of Health, US Pubhe Health 
Service 


VALENTIN H BowiFAS* 


Samt Lows University School of Medicme, 
Department of Microbiology, 
Saint Louis, Missouri 


* Present address Virusunfersuchungeabteiung, Hyg -Bakteriologisches 
Institut der Universitat, Berne, Switzerland 


1 Eagle, H , Oyama, V I, Levy, M , and Freeman, A E,J Bul Chem, 
ee lor (1957) 
2 Coens a P , Nylen, M U, and Scott, D B, Exp Cell Res , 28, 448 


3 Boine, H C, Bonifas, V H , and Schlesinger, R W , Varology, 20, 357 
‘Morgan, J F , Morton, H J, and Pasieka, A E, J-Biol Chem , 235, 
2362 (1958) 


5 Tytell, A A,and Neuman, R E, Exp Cell Res , 20, 84 (1960) 


* Christensen, H N , Biologwal Transport (W A Benjamin, Ine , New 
York, 1963) 

7Shimpke, R T , Biochim Biophys Acta, 62, 599 (1962) 

3 Eagle, H , Piez, K A, Fleishman, R , and Oyama, V I,J Biol Chem, 
234, 592 (1959) 

? Green, M , and Miller, L L, Cancer Res , 21, 1034 (1961) 

1? Hunter, J A , and Downs C E,J Bol Chem , 157, 427 (1945) 


nu Eco A ,and Thomas, W J, Proc Soc Exp Biol Med ,104, 209 


13 Piez, K A, and Eagle, H , J Biol. Chem , 281, 533 (1057) 
13 Unpublished results 


M Greenberg, D M, Arginase, in Colowick, 8 P, and Kaplan, N j 
Methods ^n Enzymology, 2, 368 (Academic Press, New York, 1955). 


15 Archibald, R M, J Biol. Chem , 157, 507 (1945) 


Decrease in Body Temperature of Freshly 
Killed Birds 


Aw expression 13 developed for determmmg the depen- 
dence on tume of the body temperature of wild birds after 
they are shot The data used are from Prozesky!, who 
hsted the mass of each bird (five species 14-964 g) and its 
body temperature ab 30-sec intervals for 3 consecutive min 

I6 1s assumed that the rate of cooling 1s given by 


aT kå 


——— ee Se Te TE 
dt ma. ) 


where T 1s the temperature at any tıme t, m 18 the mass of 
the bird, c 1s a specific heat, A ıs its effective radiatmg 
area, Ta 15 the ambient temperature, and k 1s a propor- 
tionality factor Integrating subject to the conditions 
that att = 0, T = T, the body temperature of the hve 
bird, and at ¿ = œ, T = Ta, we obtain the following 
expression for the temperature 
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T = Ta G — e- ^) + Tae- 2 

There remain to be dete:mined the factor k, the ambient 
temperature Ta, the specific heat c, and a suitable value 
of the effective area A In fitting the expression above to 
the data given by Prozesky, 16 becomes apparent that the 
area of the bird ıs not an 1mportant parameter Since c 18 
assumed, essentially the same for all the species, the 
quantities k, A, and c are combined to give a new factor k’, 
which 1s found to be strongly time dependent and to have 
the form e#* — 1 where ais still undetermined A suitable 
value for a 1s 0 05 when ¢ 1s ın minutes and m 1s m grams 

The relation between body temperature and time 18 now 
purely empirical and ıs believed to result from the delay 
in the actual death of the birds after shooting The 
absence of a measured temperature drop for even the 
hghtest bird for at least a full nunute from zero time 
indicates that the heat generating process goes on foi 
some time after the bird 1s shot, that 1s, time of shooting 
and cessation of heat generation do not coincide 

The ambient temperature at the time of shooting 1s not 
given by Prozesky nor 1s 1t known to be the same for all 
birds The value of 30? C appears to be a good choice and 
is used in the theoretical curves for all the species 
although one other value for the ambient temperature 
appears to give a somewhat better fit for one of the birds 

The expression used in making the body temperature 
calculations has the form 
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Fig 1 Body temperatures of freshly killed birds as a function of time 


The open circles give the measured temperatures The solid hnes give 
the temperature according to 


M A 
T = Ta [i-em] + Te- mi 


Ta = 30° C for all birds with the exception of thie lower curve for the 57-g 
bird for which Ta = 24°C 
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In Fig 1 are shown the experimental points as plotted 
from the data given by Prozesky and the theoretical 
temperature curves as computed from the expression given 
above by using Ta = 30°C This expression fits the given 
cooling data well for all the birds although temperature 
data for longer times are necessary to establish the validity 
of the expression for the entne cooling period The mass 
of the bird and the live-body temperature as given by 
Prozesky are the only parameters which must be vauied 
for the different species 

The theoretical curve 1s increasingly sensitive with time 
to values of T's, especially for the lighter birds Fo 
example, a value of Ta = 24? C gives, with all other 
parameters unchanged, the lowe: curve foi the 57-g bird 
in Fig 1 

We realize that Piozesky’s purpose was to deter mime the 
day body temperatures of the hve birds and he, therefore, 
took temperature readings only long enough to determine 
that his first readig did. indeed give the true live-body 
temperature The plot of experimental data for the 57-g 
bird indicates several possible errors in temperate 
measurement as do also the experimental points foi the 
14-g bird 
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Wound Collagen: Effect of Depolymerizing 
Agent on Wound Granulation Tissue 


Tas experiment 1s part of a series of investigations 
concerning collagen formation in wounds with the view 
of findmg a method of accelerating healmg In a previous 
paper! we have reported prelimmary trials of collagen 
implantation ın an attempt to use collagen as a ‘tissue 
glue’ The collagen used was prepared by acetic acid 
extraction from calf skm In subsequent experiments ıb 
was found that although no rejection occurred, there was 
no attempt by the body to integrate the collagen with host 
tissues The collagen remaimed as an inert foreign matter 
and no increase of tensile strength was produced in wounds 
It was therefore concluded that some further factor was 
necessary to produce tensile strength in a wound The 
two possible sources are cells and ground substance 

The major components of ground substance are muco- 
polysaccharides, of these chondroitin sulphate and hyal- 
uronic acid appear to be significant Both have physical 
properties which would make them capable of acting as a 
tensile matiix for wound strength Support for this 
comes from the work of Prudden et al *, who found ymprove- 
ment in tensile strength of wounds from implantation of 
powdered bovine cartilage  Mucopolysaccharides could 
impart strength either by polymerization among them- 
selves or as an integral part by polymerization withm the 
collagen fibi] In this experrment we have attempted to 
stop these molecular unions by exhibition of a depolyme:- 
izmg agent We have used commercial testicular hyal- 
uronidase This substance also contains a sulphatase and 
would therefore act on hyaluronic acid and chondroitin 
sulphate 

The method used was as described ın a previous paper? 
Full thickness square wounds of 2 cm side were made on 
flanks of guinea pigs using a marker and then photo- 
graphed at a set distance by a camera and jig through a 
gnd 10010 of commercial hyaluronidase were exhibited 
daily m 01 ml of normal saline injected in divided doses 
throughout the granulation tissue Contiols received 
similar injections of normal saline A. fwther contiol 
series was carried out without injections at all Collagen 
was estimated as hydroxyproline m granulation tissue by 
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a modification of the Axelrod and Martin‘ version of the 
Neuman and Logan’ method Granulation tissue was 
collected after killing the animals, bemg removed en 
bloc as described by Grillo, Watts and Gross* 

The effect of sahne or saline and hyaluronidase com- 
pared with nonanjected animals ıs shown in Fig 1 It 
will be seen that mechanical trauma to granulation has 
some effect on the contraction process with salme o: 
hyalase injections 

Even with saline alone there 1s a tendency to mereased 
collagen formation (Fig 2) The effect of hyalase on 
collagen formation 1s shown m Figs 3 and 4 From this 
1b can be seen that a significant reduction in collagen in & 
granulatmg wound results from exhibition of a hyaluron- 
idase/sulphatase mixture This, however, can be explamed 
by interpretation as a one-day delaying effect produced by 
the ‘hyalase’ (see legends for Figs 3 and 4) 

From. these experiments it is apparent that commercial 
hyaluronidase significantly reduces total collagen and 
concentration of collagen in a healmg wound This is 
most hkely to be resultant from the delay of polymeriza- 
tion of mucopolysaccharides It would, therefore, appear 
probable that the mucopolysaccharides are essential for 
the deposition of collagen in a healmg wound and that 
they may be directly or mdirectly essential for the forma- 
tion of wound strength We have »n addition carried. out 
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Fig 1 Contraction of wounds 
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Fig 3 Total collagen 


t-test shows significant lowermg of collagen formation with hyalase on 

the sath day, P = 005-0 02 and there rs a significant rise on the eighth 

day, P = 008-002 If i¢ 1s assumed that these differences are caused by 

delaying effect for one day and a further comparison 1s made, for example, 

hyalase 6 with control 5, then no significant difference occurs at any point 
between the two curves 


Day 3 4 5 6 7 8 9 10 
Hyalase — — 030 0 29 041 0 29 — 0 22 
o — — e 12 12 12 — 10 
SD — — 022 016 010 012 — 012 
Control — — 0 35 052 032 021 — 027 
No -— — 28 20 42 12 -— 12 
SD = — 022 032 022 004 — 022 
t — — 08 217 137 2 15 — 068 
P — — NS 0 05- NS 0 05- — NS 
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Fig 4 Concentration of hydroxyproline 


As with total hydroxyproline formation, no significant difference between 
the two curves applies (Student's /-test) 1f a one-day delay correction 1 apphed 


Day 3 4 5 6 7 8 9 10 
Hyalae — — 038 052 0 64 118 — 167 
No — — 6 12 12 12 — 10 
SD — — 017 016 018 094 = 0 63 
Control —  — 065 0 86 091 103 — 133 
No — — 28 20 42 12 — 12 
SD — — 0384 051 0 40 045  — 066 
t — -— 1456 294 3 05 062 — 12 
P — — 610 005- O01 NS — ws 
015 002 Q 001 


subsequent expeiuments which show a simultaneous effect 
on cellular content of a wound and this may also be a 
facto: These results are bemg reported elsewhere That 
the effect 1s not due to mechanical trauma is shown by 
comparision of untreated controls and salme controls 
The effect of the trauma 1s to reduce 1ather than to accen- 
tuate the effect which we have demonstrated to ocem 
with hyalase 
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Initial Orientation and Distance of 
Displacement in Pigeon Homing 

Tux distance of displacement has recently emerged as 
one, possibly very important, parameter m pigeon 
hommng!* The accuracy of mitial orientation, m particu- 
lar, seems to be a function of the distance from home? 
In order to extend a previous series of expermments, which 
involved a more complex problem and distances below 
100 kmi, a new series was designed to investigate the 
relation between mutial orientation and distance of 
displacement of up to 400 km 

Taught release sites were selected in each of the four 
caidinal compass directions establishing a symmetrical 
cross of 32 release sites (precise distances may be taken 
from Fig 1) and centermg on the Duke Forest loft, one 
mile west of the Duke University Campus at Durham, 
North Carohng From each of these 32 sites two releases 
were made between July 1962 and May 1963, under sunny 
conditions, each with 20 (exceptionally 19) different and 
experienced® individuals Due to the presence of the 
Atlantic Ocean east of Durham, only three release sites 
(north, south and west) could be selected at distances of 
400 km and only one release from each of these was 
performed. The vanishing distribution of each of the total 
of 67 releases was processed vectorially? and the homeward 
component ÅA (ref 7) was calculated In Fig 1 (ordinate) 
1s given as a function of the distance of release (abscissa) 

A rather pronounced relation between distanee and the 
accuracy of initial orientation emerges (1) Ynitial 
orientation 1s more nearly homeward-directed below about 
20 km and above about 100-150 km than m intermediate 
distances (2) In a ‘belt’ of intermediate distances, head- 
ings tend to be widely scattered, (open symbols), 11] directed 
(black symbols low on the ordinate) and the differences of 
behaviour on different days ıs particularly large (large 
vertical distance between the two scores of each site) 
(3) Above 100-150 km, homewaid directness does not 
seem to ymprove further with increasing distance Random 
distributions are still hkely to be encountered, theugh 
they were not actually observed beyond 200 km m this 
experiment (4) Even the most nearly homewardly directed 
sample (the uppermost score at 200 km from the east) 1s, 
m a formal, statistical sense, still different from the same 
piecisely homeward-directed distribution at P«001 
(ref 8), 1t3 99 per cent confidence seetor® 1s + 9°, rts mean 
deviation from the home direction 1s 15° 

No generalizations are possible with regard to the 
variability m homing behaviour, especially to loft specific 
differences? This experiment will have to be repeated at 
other locations  Mattbews?, recently resuming the discus- 
sion of the distance m the light of his hypothesis (unfor- 
tunately ignormg any criticism that questioned its vahld- 
16y!9:23), published. a few more diagrams from Cambridge, 
England Though very fragmentary, they may conform 
toasmilar pattern as that of Fig 1 In sum, these results 
have the following muportant consequences 

(c) The home direction can, in mo circumstance, 
serve as the theoretical expectation in homing experiments 
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of displacement (abscissa) Each symbol represents the homeward 
component of & vanishing diagram of 20 (exceptionally 19) individuals 
released within 2-5 h on one day White symbols indicate vanishing 
diagrams random at P > 001, black symbols those random at P < 0 01 
(= non-random) (ref 2) "The bristle at each score indicates the direction 
of release A black symbol high on the ordmate would indicate a little 
scattered and rather well homewardly directed sample, a black symbol 
close to the zero line would indicate a httle scattered sample deviating 
close to 90° from the home direction, scores below the zero line indicate 
samples deviating more than 90° from the home direction Al) eight 
scores of each distance interval were averaged arithmetically, the 
average scores are given by crosses and are connected with a line 


with pigeons, as has been the case in many previous 
experiments 

(b) Many earler results, especially those obtamed m 
one-sample experiments, will have to be reconsidered 
because they have been collected m what may turn out 
to be a ‘dead belt’ of mitial orientation New experments 
will have to carefully diaw distance mto consideration. 

(c) We may be dealmg with two different mechanisms 
of navigation, one operating over short distances, the 
other over longer distances In intermediate regions 
neither apparently operates Alternatively, we may be 
dealng with some sort of navigational mformation which 
fails to be available in a “dead belt” 

This work is bemg supported by giant G—10849 from 
the US National Science Foundation to P H Klopfer 
and me and by contract 301-618 between the Office oi 
Naval Research and Duke University 
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Systemic Antifungal Activity of Isobutyl 
o-Coumarate in Appie 


0-COUMARIC acid, a structural analogue of cafferc ac 
which forms part of the chlorogenic acid molecule, hi 
been shown to inhibit the growth and sporulation | 
Venturia «aequali, the causal fungus of apple sca 
Sporulation was mhibited m culture and the meiden 
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of disease was reduced when moculated shoot tips of 
the variety Cox's Orange Pippin were mjected with an 
aqueous M/100 solution of sodium o-eoumarate* Spray 
appleations of the acid have been ineffective, however, 
probably owmg to lack of leaf penetration caused by the 
highly polar nature of the molecule 

With the view of mmprovmg leaf penetration, a series 
of esters of the acid was prepared? and, of these, isobutyl 
o-coumarate has shown the greatest biological activity. 
The ester was dissolved im acetone contaimng the non- 
ionic surface-active agents, ‘Tween 80’ and "Eriton X-100’, 
which gave & fine suspension of crystals of the ester 
when poured mto water. Three leaves below the first 
fully unrolled leaf at the tip of a growing shoot of Cox 
were dipped m an M/100 suspension 24 h before the tıp 
wes moculated with conidia of V naeguahs | Fig 1 
shows that the incidence of disease was reduced by the 
coumarate treatment, suggestmg that both leaf penetra- 
tion and translocation to the site of infection had occurred 


20 
16 
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Fig L Inhibition of V anaequals on the first fully unrolled leaf at the 
trp of a Cox shoot where the three leaves below had been dipped in 
a suspension of 150butyl o-coumarate (M/100) 


To obtam chemical evidence of translocation, similar 
shoots were treated with the ester, after 24 h, leaves 
above those which had been dipped were removed, frozen 
on a Lertz freezing microtome stage, and the upper 
epidermis removed by scrapmg with a fine scalpel The 
frozen epidermal tissue was transferred to 96 per cent 
methanol, ground with fine sand, centrifuged, and the 
supernatant hquid evaporated to dryness by e stream 
of nitrogen The samples were each dissolved in a drop 
xf methanol and run on a thm-layer chromatogram of 
nhes, gel bonded with 13 per cent gypsum (thickness 
2504), using coumarm, o-eoumarie acid and isobutyl ester 
narkers, and a benzene/ethanol/glacial acetic acid 
90:10 3) solvent system The ultra-violet absorption 
umd fluorescence developed by spraymg with sodium 
iydroxide were recorded photographically The presence 
f the ester, coumarm, and traces of o-coumaric acid 
vas demonstrated m the upper epidermis of three leaves 
bove those which had been dipped, but not in com- 
areble leaves on untreated shoots After an mterval 
f sxx days, durmg which extension growth continued, 
he ester was found m highest concentration m the fifth 
3af above those treated 

Work 1s m progress to mvestigate more fully the move- 
rent, persistence and metabohsm m apple shoots and 
saves of compounds related to o-coumaric acid and the 
assulta will be presented elsewhere 

D S8 KmsHAM 
L D. HUNTER 
East Malling Research Station, 
Maidstone, Kent 
Urkham, D 8, and Flood, A E,J Gen Microbwl , 32, 123 (1903) 
Uirby, 4 H M, and Hunter, L D (in preparation) 
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Synthesis and Virus-inhibitory Activity of 
D- and L-Isomers of 2-(o-Hydroxybenzyl)- 
benzimidazole 


2-(«-HYDROXYBENZYL)-BENZzIMIDAZOLE (HBB) 16 a 
selective and potent inhibitor of picornavirus repioduo- 
ti0n/-3 The compound has been shown to mhibit the 
synthesis of virus-directed RNA polymerase!, of viral 
RNÀ5- and viral coat protem* Several mvestigations 
have alieady been carried out on the relationship between 
the chemical structure of derivatives of HBB and their 
virus-inhibitory aetivity?-? In the work recorded here 
we have determuned the virus-inhibitory activity of the 
optical isomers of HBB 

The hydrochlorides of n-(—)- and r-(-- )-2-(a-hydioxy- 
benzyl)-benzimidazole were synthesized by the method of 
Phillips! in which the n-(— ) and r-(4-) forms of mandelic 
acid were allowed to condense with o-phenylenediamme 
in acidic medium The isomeric benzimidazoles were 
isolated and purified as their hydrochloride salts 

Preparation of n-(— )-2-(«-hydroxybenzyl)-benzumudazole 
A. solution of 4 56 g (0 03 M) of p-(—)-mandehe acid and 
216 g (002 M) of o-phenylonediamme in 20 ml of 4 N 
hydrochloric acid was refluxed for 45 min The reaction 
mixture was poured mto 15 ml of ice cold concentrated 
ammonium hydroxide and the semi-solid precipitate 
which separated was removed by suction filtration and 
was washed well with water The gummy material was 
dissolved m 25 ml of warm 1 N hydrochloric acid and the 
acidic solution was made basic with 2 N sodium carbonate 
The cloudy mixture which resulted was thoroughly 
extracted with ethyl acetate and the combmed ethyl 
acetate extracts were dried over magnesium sulphate 
Filtration and evaporation. of the ethyl acetate left an oil 
to which ethereal hydrogen chloride was added The 
resulting precipitate was filtered and was recrystallized 
three times from isopropyl alcohol-ether to yreld 130 g 
(25 per cent) of white crystals On heatimg the com- 
pound became pink at 207° and melted with purple decom- 
position at 210°-211°, (o)? —82 7° (el, water) 

Analysis calculated for C,,H,,CIN,O C, 6449, H, 
5 03, Cl, 13 60, N, 1075, found C, 64 16, H, 491, Cl, 
13 66, N, 10 66 

Preparation of u-( + )-2-(a-hydroxybenzyl)-benzwnidazole 
This compound was prepared in the same manner as the 
p-(—) isomer except that L-(+)-mandehe acid was used 
The hydrochloride salt was recrystallized three times 
from isopropyl alcohol-ether to yield 1 30 g (25 per cent) of 
white crystals becommg pink at 207° and melting with 
purple decomposition at 210?-211?, (q)? + 832° (el, 
water). 

Analysis calculated for C,,H,,CIN,O C, 6449, H, 
803, Cl, 13 60, N, 1075, found C, 64 72, H, 505, Cl, 
13 45, N, 10 72 

Thus, the purified optical isomers of HBB hydrochloride 
had identical decomposition points and displayed equal 
and opposite specific rotations 

Inhibitory effects of the optical isomers of HBB on prcorna- 
vwus multeplicatoon The virus-mhibrtory effects of the 
isomers were first determined by measurmg the yields of 
Coxsackie 49 virus after a single eycle of multipheation m 
the presence of various concentrations of compound’ 
Monolayer cultures of rhesus monkey kidney cells m 
Petri dishes were moculated at a multipheity of 46 plaque- 
forming units of virus per cell After 1 h adsorption at 
37° the moculum was removed and the monolayers were 
overlaid with 25 ml of Eagle’s medium contaimmg the 
mdicated concentrations of compound After additional 
incubation for 7 h at 37° the cultures were collected and 
the virus yields determined by the plaque technique 

The results of a representative experiment are shown in 
Fig 1 v-HBB hydrochloride was found to be 25-3 
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Fig 1 Effects of the D-(—) and L-(+) isomers of HBB on the multi- 
plication of Coxsackie A9 virus 

times more active than r-HBB hydrochlomde, 25 
uM p-HBB hydrochlonde and 70 uM rL-HBB hydro- 
chloride, respectively, were required to obtain 90 per cent 
inhibition of virus yield A mixture of equal parts of the 
two isomers exhibited intermediate activity, which was 
indistinguishable from that of the pt-HBB used in all oui 
previous experiments 

The effects of the optical isomers on the multiplication 
of ECHO 6, ECHO 12 and polio 2 viruses were determined 
as follows? about 100 TCID,, (50 per cent tissue culture 
infective doses) of virus was inoculated per tube culture 
of rhesus monkey kidney cells, and the cultures incubated 
with or without 98 uM compound During an observation 
period, of 8 days the cells were examined daily for the 
development of cytopathic effects, viral cytopathic 
effects provide a 1ehable index of vuus multipheation 
under the conditions used? D-HBB Hhydiochloride 
completely prevented the development of cytopathic 
effects 1n cultures infected with HCHO 6 or HCHO 12 virus, 
and caused a 3-day delay ın cytopathic effects with polo- 
virus L-HBB hydrochloride delayed the cytopathic effects 
of ECHO 6 and HCHO 12 virus for only 3 and 1 days, 
respectively, and had no significant effect on the develop- 
ment of poliovirus-nduced changes We conclude that 
the D form of HBB is a more potent mhibitor of picorna- 
vuus reproduction than the L form 

T'oascity of the optical 1someis of HBB for monkey kidney 
cells At 493 uM concentration? the toxicity of both 
D-HBB hydrochloride and r-HBB hydiochloide was 
shght for monkey kidney cells, as judged by the morpho- 
logical appearance of cells Thus, as a virus inhibitor, the 
D form 1s more selective than the L form At concentra- 
tions higher than 493 uM both isomers exhibited some- 
what greater toxicity than pt-HBB This 1s piobably 
ielated to the fact that HBB in the form of its hydro- 
chloride salt 1s much more soluble than the fiee base 

To summarize, D-(—)-HBB hydiochloride has been 
shown to be a more active and selective inhibitor of 
picornavirus multiplication than its optical isomer 
L-(+)-HBB hydrochloride A molecular-biological under- 


NATURE 


February 8, 1964. Vot. 201 


standing of this difference m activity must await clarifica- 
tion of the primary site of action of HBB 

This investigation was suppoited by a grant from the 
US National Foundation 
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Form of the Nucleoprotein Component as a 
Taxonomic Criterion for the Myxoviruses 


THE members of the myxovirus gioup may be divided 
into two classes on the basis of the form of their particles, 
and this division comeides with that made on biological 
enteriab? The two groups are the influenza group, on 
one hand, and the para-influenza gioup, on the other 
The first group includes influenza A, B and C, fowl plague 
and virus N, the virion is small, not easily disrupted 
bears conspicuous spikes, and contains an imternal 
heheal ribonucleoprotem (nucleoprotem antigen. or NP- 
antigen) This, on disruption of the particle, 1s seen to be 
90-100 A in diameter, to occur m lengths generally less 
than 1000 A, and to lack the conspicuous herringbone 
appearance often seen in the corresponding structure of 
the other group This structure has not yet been seen m 
the viria of influenza C (ref 3) 

The second group (paia-mfiuenza group) includes the 
paza-influenza viruses, and those of mumps and Newcastle 
disease For the purposes of the present communication 
ib is relevant to point out that the viruses of measles 
rinderpest and distemper have the same morphology as 
the para-mfluenza group of myxoviruses The virion 1s 
larger than that of the influenza group, 1s comparatively 
easily disrupted, has less conspicuous projections on its 
surface, and contams an NP-antigen of 170-180 A 
diameter, which 1s regularly seen in lengths of several 
thousand A, and has a characteristic heiringbone appear- 
ance* 

Becker®, durmg an mvestigation of the morphology of 
two avian myxoviruses, has questioned the value of the 
morphology of the internal component as a criterion foi 
plaemg a myxovirus 1n one or other of the two groups, on 
the following grounds His two viruses, on all other 
morphological criteria, fall into the mfluenza group, but 
measurements of some portions of the internal component 
released from the virion of the ‘tern virus’ by ether give 
a value of ‘between 118 and 130 A’ Becker quotes ow» 
paper on measles virus? in which we state that certai 
intact particles had concentric rmgs of breadth 120-150 A> 
visible on their surface, and writes “‘such variations in. thi 
diameter of the internal helical component must be taker 
into account if the diameter 1s to be used m the furthe 
classification of the myxoviruses" 

We maintain that the morphology of the nucleoproter- 
of these groups of viruses 1s of value as one of the mai» 
taxonomic features, and would make the following observa 
tions 

(1) All the various features of the virion as a whole an 
of the ribonucleoprotem (and not only the diameter 
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must be taken into account. By these criteria both 
Becker’s viruses are without question mfluenza-hke 
rather than para-influenza-hke 

(2) The mam source of confusion 1s Becker's statement 
that we “report a diameter of 120-150 A for the internal 
component of measles virus when inside the particle, and 
170-180 A m free-lying hehxes" In fact, no such distine- 
tion 18 made 1n our article It 1s true that a diameter of 
170-180 A is given for fragments of the N P-antigen when 
lying free on the grid, but the figure of 120-150 A refers to 
the rings seen m some mtact particles The disposition of 
these rings may in fact represent directly the arrangement 
of the internal component withm the particle concerned, but 
we certainly (and intentionally) made no claim that these 
were m fact the mternal component, or a true reflexion 
of 1ts diameter, which ın these preparations, and also m 
those reported in a subsequent publication’, was only 
measured at sites where the edges could be adequately 
resolved The diameter was always about 170-180 A, as 
it 1s also for the corresponding component of para-mfluenza, 
viruses, mumps, various strains of Newcastle disease 
virus and the viruses of rmderpest and distemper 

For these reasons we believe that the dimensions and 
appearance of the NP-antigen are valid certera for 
assigning a myxovirus to 1ts appropriate subgroup 
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PSYCHOLOGY 


Errors in a Further Four-choice Reaction 
Task with the Hands and Feet 


IN a previous communieation!, four 4-choice reaction 
experiments were described in which the responses were 
mede by the hands and feet In one of them tactile 
stimul were used , in the other three the subjects responded 
to positional displays ın the form of erther a square or a 
rectangle In each of the experiments rpsilateral errors 
predominated 

The three positional displays were similar in that the 
signals to be responded to by the right hand and foot were 
both to the right of the central fixation pomt, and hke- 
wise the signals to be responded to by the left hand and 
foot were to the left of 1t It was possible that 16 was this 
common factor that was the cause of the rpsilateral errors, 
and that they were due to the signal being incorrectly, or 
-nsuffieiently identified For example, when the bottom 
aght light appeared the subject might respond to ‘hght on 

the right’ without making further discrrmmation An 
alternative explanation was that, when an error occurred, 
the signal had been correctly identified but the response 
meorrectly selected, or msufficiently so, with the result 
«hat two limbs responded instead of one 

The fundamental question, therefore, appeared to be 
vhether the ipsilateral errors were due to the displays, or 
vhether they were due to inherent confusion between 
<psilateral hand and foot responses An attempt to 

mswer this question was made in the following experi- 
nent 

The same display was used as ın the first of the previous 

xpermments!—four neon indicator bulbs set m a black 
creen so as to form a 4 in square—and tho subjects again 
esponded by pressing morse keys with the hands and feet 
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Table 1 COMBINED ERRORS OF ALL 25 SUBJECTS 
Errors 
RH LH RF LF 
Correct RH | 48 (22) 46 (23) 9 (5) 
response 8 096 9196 18% 
75 (25) 18 (8) 29 (18) 
LH 150% 58% 
32 (21) 21 (12) 
RF 64% 42% 
LF 5) 


10% 





Down the side of the matrix 18 mdicated the correct response The columns 
across show the number of errors made to each signal by each of the other 
limbs. The figures in parentheses give the number of subjects contributi 
to the error total Errors are also expressed as percentages of the total 
number of responses to each signal 


Table 2 ERRORS BY RIGHT-HANDED AND BY LEFT-HANDED SUBJECTS 
(a) Right-handers (15) 
Errors 
RH LH RF LF 
17 (12) 38 (15) 
Correct MH 57% 110% 
28 (15) 12 (5) 
LH 93% 40% 
16 (13) 
RF 5 395 


3 (2) 
LE 10% 





(b) Left-handers (10) 
TB 


EH LH RF LF 
u | Sg 


10% 





For an explanation of the matrices see Table 1 


However, the subjects were now required to respond to the 
top right signal with the left hand, and to the bottom 
night signal with the right foot, and hkewise to the top 
left signal with the mght hand and to the bottom left 
signal with the left foot Thus ‘reversed-positional’ display 
meant that, unhke in the previous experiments, the hand 
and foot on either side now responded to signals on opposite 
sides of the fixation pomt I argued that, 1f 1n this situa- 
tion 1psilateral errors were agam made, 16 would indicate 
that the errors occurred ın the selection of the response, 
rather than through insufficient identification of the 
signal in the way suggested here 

Twenty-five subjects (10 of whom were to some degree 
left-handed) each responded to 80 signals, 20 for each foot 
and each hand presented ın a random order 357 errors 
were made, giving a total error rate of 17 8 per cent 
The distribution of the errors 1s given in Table 1 This 
shows that ipsilateral errors still occurred, though not 
to the same extent as 1n the previous experiments In the 
corresponding experiment with an ordinary positional 
4m x 41n display, ipsilateral errors totalled 14 1 per 
cent of all responses, whereas m the present experrmment 
they totalled only 71 per cent Similarly, whereas ın the 
previous experrment 98 I per cent of the errors were ipsi 
lateral, in the present experiment only 39 8 per cent were 
so 

The very large number of contralateral errors in this 
experiment compared with the previous experiments ean 
reasonably be attributed to confusion caused by the 
display, which required the subject to perform the reverse 
of the normal hand responses, but left the foot responses 
unchanged It is difficult to see, however, how any such 
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confusion could account for the considerable number of 
ipsilateral errors that were still made There was appar- 
ently little risk of confusion between the hand and foot 
signals for either side of the body, and the spsilateral 
errors must, ıt seems, have been due to some mherent 
confusion in the selection of the response 

An interesting meidental finding arises from a com 
parison of the errors of the 11ght-handed and left-handed 
subjects 183 errors were made by the 15 1ight-handers 
(error-rate = 153 per cent), and 174 by the 10 left- 
handers (error-rate = 217 per cent) The distribution 
of the errors ıs given in Table 2 This shows that the 
contralateral error-rate (that 1s, right hand for left hand, 
left foot for mght foot, etc) was greater among loft- 
handers than mght-handers, and the left-handeis pio- 
duced a statistically significantly greater proportion of 
contralateral hand errors than did the mght-handers (the 
difference bemg more than three times its standard error) 

This difference 1s perhaps relevant to the indication 
from neurological and other evidence that cortical organ- 
ization in left-handers may not be the ‘murror-image’ of 
that ın right-handeis The majority of left-handers are 
not as wholly left-handed as right-handers are right- 
handed?, and it 1s now fairly well established that with 
most left-handers the right cortical hemisphere 1s not 
dominant to the extent that tho left ıs dommant with 
nght-handers** Critchley! mentions the term ‘bicere- 
brality’ which has been used of left-handedness, but ıb 
seems that most of the evidence relates to the higher 
functions thought to depend on the dominant hemisphere 
There 1s apparently no certam evidence whether, for 
example, laterality m the sensory and motor cortices 18 also 
less pronounced with left-handers than with right- 
handers 

Some evidence perhaps related to this question 1s given 
by Semmes et af5 They showed, by their studies of 
somatosensory loss following brain injuries, that the 
sensory functions of the left hand are very much more 
diffusely represented ın the two hemispheres than are those 
of the right hand, the normally accepted ideas of contra- 
laterality of representation were found to apply to the 
night hand, but not to the left They pomt out that, as 
only a few of their subjects were left-handed, their findings 
are perhaps typical of right-handers alone, and that the 
situation with left-handeis would not necessarily be a 
straightforward revorsal of this Roferring to the findings 
mentioned here on dommance in left-handers, they 
suggest that in fact such a reversal would be unlikely, the 
implication appears to be that m left-handers the 1epresen- 
tation of both hands might be more diffuse 

The greater proportion of contralateral hand errors 
made in the present expeimment by the left-handed 
subjects may tentatively be taken as further indirect 
evidence of such diffuseness of cortical representation 

K W BrvrEH* 

Psychological Laboratory, 

University of Cambridge 
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STATISTICS 


Combining the Probabilities from Significance 
Tests 


Tt 1s frequently useful to combme the probabilities 
resulting from two or more independent significance tests 
The followmg simple method appears to do so directly 
in an unbiased manner. 
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Divide the probabilities mto those greater and those 
less than 05 A probabilty of 0 5 can be put mto either 
gioup or ignored Subtract each of the larger probabilities 
(>05) from 1 Double each probability now m the two 
groups and multiply the rosulting probabilities within each 
group together, forming products Ra for the smaller and 
Ry for the larger omgmal probabilities If there were no 
origmal probabilities less than 0 5, then Ra=1, if there 
were no probabilities greater than 05, then E»—1 
Divide the smaller of the quantities Ra and E» by twice the 
larger to produce a quotient Q If Ea was larger than Ro 
subtract Q from 1 If Ra=R», then Q=0 5, since this 
is the limiting case when either 1s larger Q 18 in any event 
the combined probability desired 

This procedure may be justified as follows The original 
probabilities must of course be multiphed together m 
some way to obtain a jomt probability Under the null 
hypothesis the orginal probabilities wil have a roct- 
angular distribution from 0 to 1 It :s convenient to reduce 
the entire distribution of products to a single exponential- 
like distribution, this 1s done by subtracting the larger 
probabihties from 1 The probabilities are now doubled 
to restore the original range of the distribution 

If the smaller probabihties are P, Pi, 
P1«0 5, and the larger probabilities are Py P, 
where P;>0 5, then the two products aro 


Pn, where 
Pn, 


n 

Ra = PI (Pi) 
1-1 
m 

Ry = 2nTI(1-Pj) 


2-71 


Ra represents the effect of those individual tests that tend 
to disprove the null hypothesis, while Ro represents the 
effect of the tests that tend to restore confidence m. the 
null hypothesis The ratio between Ra and Ro should 
therefore estimate the degree to which the null hypothesis 
has survived its tests To restore the probabilities to 
their origmal ranges this ratio 18 divided by two and, if 
Ra> Rp (that 15, 1f efforts to disprove the null hypothesis 
have been less successful than would be expected half the 
time by chance), subtracted from 1 

The null hypothesis tested by the final probabrhty Q 
1s that the null hypothesis of none of the individual tests 
1s false No restriction as to the nature of the orginal 
populations sampled 18 necessary 80 long as some land of 
valid test can be made on each. This test need not be the 
same for all the populations, m fact the union of several 
quite different hypotheses about the same or different 
populations can be tested by Q, so long as the significance 
tests are independent 

If N 1s the total sample size of a homogeneous popula- 
tion and n the number of significance tests of the same 
hypothesis on different parts of this population, then the 
efficiency of Q 18 


N-n 
N-—1 


as compared with combining the data into a smgle teswe 
on a parameter such as the mean or variance 

This work was supported by & NATO post-doctora 
fellowship at University College, London, and a gran’ 
from the US National Science Foundation 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk aie open to the public) 


Monday, February 10 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIO PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 
6 p m —Duseussion Meeting on “Net Positive Suction Head—Do We Need 
a New Term ?" 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 6 p m —Mme Th Ullens de Schooten — "Caspian Sketches" 


ROYAL SOCIETY oF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm —Miss D Reader Harris "Soviet, Russia ‘lo-day—Education” 
(Third of four Cantor Lectures ) 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 6 30 pm —Mr 
J D Higham “AnA C Line Regulator Using Silicon Controlled Rectifiers” 


Tuesday, February |! 


INSTITUTION OF CHEMICAL ENGINEERS, SOUTH-EASTERN BRANCE (at the 
Geological Society, Burlington House, Piccadilly, London, W 1), at 5 30 pm 
—Dr C M Nicholls “Some Thoughts on Safety 1n Nuclear Installations” 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, 
W1), at 530 pm—Mr E L Tuff ‘Productivity’, 7 pm—Mr A 
Dibbo “Testing, Characterization and Utilization of Antiozonants” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 5 30 pm —Mr F V Webster and Mr R F Newby 
“Research into the Relative Merits of Roundabouts and Traffic-S gnal- 


Controlled Intersections” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 5 30 pm 
—Prof R J Harrison ‘Critical Stages in Life Before Birth” (Afternoon 
lecture for Sixth Form Boys and Girls from Schools in London and the Home 
Counties Further lectures on February 12, 25 and 26 ) 


UNIVERSITY OY LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC 1), at 530 pm — 
Prof J L Gowans “The Function of Lymphocytes” (Tenth of twelve 
lectures on “The Scientific Basis of Medicine" organized by the British 
Postgraduate Medical Federation )* 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 Gordon 
Square, London, W C 1), at 545 pm —Dr Kurt Bittel (German Archeo- 
logical Institute, Istanbul) ‘‘Archeological Problems of Hittite Asia 
Minor" (Further lectures on February 18 and 18 )* 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, Westminster, London, S8 W 1), at 6pm —Mr D Downs 
and Mr F B Theobald “The Effect of Fuel and Engine Characteristics 
on Pre-ignition” 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANOH (in the Chemistry 
Theatre, Queen Elizabeth College, Campden Hill Road, London, W 8), at 
630 p m —Lecture on "The Work of the British Standards Institution” 
by a member of the Public Relations Department, B S I 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SYCTION (joint meeting with 
the SIR JOHN CASS COLLEGE CHEMICAL SOCIETY, at the Sir John Cass College, 
Jewry Street, London, E C 3), at 7 pm —Prof G W Kenner “Spectra 
and Syntheses of Pyrroles and Porphyrms" 


Wednesday, February 12 


COLOUR GROUP (Great Britain) (in the new Physics Department, 
Imperial College, Prince Consort Road, London, S W 7), at 3 pm—Mr 
S Rees-Jones "'Artists' Materials and Techniques", 405 pm —Mr G E 
Wickham ‘Colour Aesthetics” 


UNIVERSITY OF LONDON (at the Institute of Diseases of the Chest, 
Brompton Hospital, London, S W 3), at 5 pm —Dr N S Plummer “The 
Use of Steroids in Acute and Chronic Lung Disease” * 


UNIVERSITY OF LONDON (at the Institute of Dental Surgery, Eastman 
Dental Hospital, Grav’s Inn Road, London W C 1), at 530 pm—Dr A 
Stuart Mason ‘‘Endocrine Aspects of Dentistry" — (First of tnree lectures 
on “The Scientific Basis of Dentistry” organized by the British Postgraduate 
Medical Federation )* 


BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS GROUP (at 
the London School of Hvgiene and Tropical Medicine, Keppel Street, Gower 
Street, London, W C 1), at 6 pm —Mr A N Burd ‘Correlation Tech- 
niques 1n Studio Testing" 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London S W 1), at 6 pm — 
Discussion on “Should an Undergraduate Mechanical Engineering Course 
include Production Engmeering ?” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—LEA VALLEY SUB- 
SECTION (at Hatfield College of Technology, Roe Green), at 730 pm— 
Prof R N Haszeldine ‘‘Carbanions to Carbenes” 


Thursday, February 13 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W 1), at 
430 pm—Prof O Lowensten, F RS, Mr M P Osborne and Mr Jan 
Wersäll “Structure and Innervation of the Sensory Epithelia in the 
Labvrinth of the Thornback Ray (Raja clavata)’, Miss Ann M Mullinger 
“Ampullery Electric Sense Organs” 


INSTITUTION OF CIVIL ENGINEERS, TRAFFIC ENGINEERING GROUP (joint 
meeting with the ROYAL STATISTICAL SOCIETY and the INSTITUTION OF 
MUNICIPAL ENGINEERS, at Great George Street, London, S W 1), at 5 30pm 
—Informal Discussion on "Application of Statistical Methods to Traffic 
Engineering” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C 1), at 5 380 pm — 
Prof M F A Woodruff “Immunological Tolerance" (Eleventh of twelve 
lectures on “The Scientific Basis of Medicine’ organized by the British 
Postgraduate Medical Federation )* 
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CHEMICAL SOCIETY (in the Large Chemistry Lecture Theatre, Imperial 
College of Science and Technology, London, S W 7), at 6 pm —Prof G 
Ourisson ‘Molecular Rearrangements of Terpenes" (Simonsen Lecture) 


INSTITUTION OF MECHANICAL ENGINEERS, INDUSTRIAL ADMINISTRATION 
AND ENGINEERING PRODUCTION GROUP (at 1 Birdcage Walk, Westminster, 
London, $ W 1), at 6 pm—Duscussion on "Industrial Design as Applied 
to Lngmeering Products” 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (in the Department of Chemical Engmeering, Imperial College of 
Science and Technology, London, S W 7), at 7 p m —Annual Centre Meet- 
mg Mr A White /— "Drying" 


RADAR AND ELECTRONICS ASSOCIATION (1n the Lecture Hall of the Royal 
Society of Arts, John Adam Street, Adelphi, London, WC 2), at 7 pm— 
Mr R F Jones “Radar Meteorology" 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—KENT SUB-SECTION 
(at the North-West Kent College of Technology, Miskin Road, Dartford, 
Kent), at 7 pm—Dr C W Rees “Some Aspects of Heterocyclic Chem- 
istry” 


Friday, February 14 


SOCIETY OF INSTRUMENT TECHNOLOGY, SYSTEMS ENGINEERING SECTION 
(at the Northampton College of Advanced Technology, St John Street, 
London, E C )—Ail-day Symposium on ‘‘The Use of Redundancy in System 

esign' 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 10 a m —Dr A Connell “Rado Tele- 
metering Techniques m Gastroenterology" * 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Lecture Hall of the British 
Museum (Natural History), Cromwell Road, London, S W 7), at 1050 am 
qiu Meeting followed by Symposium on “Freshwater Fisheries 

esearch” 


PHOTOELECTRIC SPECTROMETRY GROUP (at the Science Museum, London, 
S W 7), at 2 30 p m —Report on the Collaborative Test of Recording Ultra- 
Violet Spectrophotometers, principal speakers wil include Dr A J 
Everett, Mr Young and Mr A W S Tarrant 


BONE AND TOOTH SOCIETY (at the Royal Dental Hospital, 32 Leicester 
Square, London, W C 2), at 4 30 p m —Seientific Papers 


UNIVERSITY OF LONDON (at Royal Holloway College, Englefield Green, 
Surrey), at 8 15 p m —Prof M W Beresford ‘The Foundation of Towns 
in Western Europe, 1000-1700" 


ROYA! INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 p m — 
Prof R L F Boyd ‘Recent Studies of the Ionosphere by Space Vehicles” 


Saturday, February 15 


INSTITUTION OF MECHANICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at 1 Birdcage Walk, Westminster, London, S W 1), at 3 p m — 
Mr Pemberton “A Review of Progress in Marine Engineering" 
(Annual Lecture) 


LONDON COUNTY COUNCIL (at the Horniman Museum, London Road, 
Forest Hill, London, S E 23), at 3 30 p m —Prof J D Evans “Tartessos, 
a Prehistoric Kingdom in Southern Spain” * 


Monday, February |7 


UNIVERSITY COLLEGE, LONDON (m the Physiology Theatre, Gower Street, 
London, WC 1), at 5 pm —Dr J R Tata “The Action of Thyroid 
Hormones” (Further lecture on February 24 )* 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
See, London, WC2),at5pm—Prof A J Ayer “Man as a Subject 
or Science" 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (m the Joint Staff 
Common Room, University College, Gower Street, London, W C 1), at 
530 pm—Mr D J Furley “Zeno and the Greek Atomists" 


SocIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, WC 1), at 530 pm —Dr Daphne J Osborne "Inter- 
actions of Hormonal Substances ım the Growth and Development of Plants” 


ROYAL SOCILTY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6pm —Prof the Hon Richard Hare “St Petersburg—Petrograd— 
Leningrad Russian Architecture, Yesterday and To-day” (Last of four 
Cantor Lectures on ‘‘Soviet Russia To-day” ) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 

IMPERIAL CHEMICAL INDUSTRILS RrSEARCH FFLLOWS IN VARIOUS 
BRANCHES OF CHEMISTRY (including INORGANIC CHEMISTRY, CHEMICAL 
ENGINEERING), ENGINEFRING, TECHNOLOGY, PHYSICS and allied subjects— 
The Registrar, The University, Manchester 18 (February 14) 

TURNER AND NEWALL RESEARCH FELLOWS IN ENGINEERING INORGANIC 
CHEMISTRY, PHYSICS and allied subjects— The Registrar, The University, 
Manchester 13 (February 14) 

RESEARCH STATISTICIAN (with interest in the development of mathe- 
matical models and survey techniques) IN THE DEPARTMENT OF ARCHI- 
TECTURE (Prof The Lord Llewelyn-Davies), to work with à small umt 
concerned with the problems of growth, change and ageing of buildings 
and cities—The Secretary, University College Gower Street, London, W C1 
(February 15) 

LECTURER (with a good honours degree and a wide range of teaching 
experience and fieldwork) IN BroLoGy—The Principal Furzedown Tram- 
ing College, Welham Road, London S W 17 (February 17) 

SEED OE PHILOSOPHY —The Registrar, The University, Leicester (Feb- 
Tuary 22 

LFCTURFR or ASSISTANT LECTURER IN PURE MATHFMATICS, a LECTURER 
IN NUMERICAL ANALYSIS and an ASSISTANT LECTURER IN MATHFMATICAL 
StaTiIsTICS—The Registrar, The University, Leicester (February 22) 

MASTER TO TEACH PHYSICS to advanced level or beyond—The Acting 
Warden, St Edward’s School, Oxford (February 22) 
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SENIOR LECTURER IN CONTINUUM MECHANICS OR STRUCTURES, and an 
ASSISTANT LECTURER IN MATERIALS—The Registrar, The University, 
Leicester (February 22) 

LECTURFR IN EDUCATION in the Institute of Education—The Registrar, 
The University Leeds 2 (February 24) 

LECTURER or ASSISTANT LECTURER IN SOCIOLOGY IN THE DEPARTMENT 
OF ADULT EDUCATION AND EX\TRA-MURAL STUDIES—The Registrar, The 
University Leeds 2 (February 24) 

ASSISTANT LECTURER IN ZOOLOGY—The Secretary, Birkbeck College 
(University of London), Malet Street, London W C1 (Februarv 25) 

FELLOW AND TUTOR, or a LECTURER IN PHILOSOFHY—The Principal, 
St Hulda’s College, Oxford (February 25) 

OFFICIAL FELLOW AND TUTOR (prepared to teach principally within the 
field of applied mathematics) IN MATHEMATICS—The Principal, Jesus College, 
Oxford (February 26) 

ARCHEOLOGICAL TECHNICIAN—The Curator, Colchester and Essex 
Museum, The Castle, Colchester, Essex (February 29) 

ASSISTANT LECTURER or LECTURER (with qualifications ın organic chem- 
istry or microbiological chemistry) IN THE DEPARTMENT OF CHEMISTRY— 
The Registrar University College of Swansea, Singleton Park, Swansea, 
South Wales (February 29) 

ASSISTANT LIBRARIANS (2) (men or women graduates)—The Registrar, 
The University, Leicester (February 29) 

HEAD (Principal or Senior Principal Scientific Officer grade) OF THE 
DEPARTMENT OF CELL BroLoav—The Secretary, John Innes Institute, 
Bayfordburv, Hertford, Herts (February 29) 

LECTURER IN SOCIOLOGY IN THE DEPARTMENT OF SOCIAL ANTHROPOLOGY 
AND a Registrar, The University, Manchester 13 (Feb- 
Tuary 

LECTURER (man or woman graduate, experienced teacher with qualifica- 
tions and interests ın the social sciences) IN THE SCHOOL OF EDUCATION— 
The Registrar, The University, Leicester (February 29) 

LECTURER (with a special interest in the phvsical chemistry of high poly- 
mers) aoe Registrar, The University, Manchester 13 (Feb- 
ruary 29 

RESEARCH ASSISTANTS (science graduates) IN THE LABORATORIES OF THE 
RHEUMATISM RESEARCH CENTRE, to take part in studies of the experi- 
mental mmuno-pathologv and ultra-structure of synovial and other con- 
nective tissues—The Registrar, The Universitv, Manchester 13 (February 29) 

SENIOR LECTURER (with registrable medical qualifications and prefer- 
ably with considerable research and general experience of clinical aspects 
of medical microbiology) IN THE DFPARTMENT OF BACTERIOLOGY—The 
Secretary The University, Aberdeen (February 29) 

STATISTICIAN, Scientific Officer grade (graduate, or graduating this vear, 
with a good honours degree (or diploma in technology) ın mathematics or 
an appropriate science, and a qualification or experience in statistics)— 
The Secretarv, Glasshouse Crops Research Institute, Worthing Road, 
Rustington, Littlehampton, Sussex (February 29) 

CHAIR OF EDUCATION and DIRECTORSHIP OF THE UNIVERSITY INSTITUTE 
OF EpucaTion—The Registrar, The University, Birmingham 15 (March 2) 

RESEARCH FELLOW for independent research—The Assistant Registrar 
(Room 22, O R B ), The University, Reading (March 2) 

SENIOR LECTURER or LECTURER IN Som PHYSICS, SENIOR LECTURER 
or LECTURER IN SOIL CHEMISTRY, LECTURER IN AUTOMATIC CONTROL, 
READFR IN GENETICS, READER IN PURE MATHEMATICS SFNIOR LECTURER 
IN MATHEMATICS, SENIOR LECTURFR or LECTURER IN MATHDMATICAL 
PHYsICS, and a LECTURER IN PHYSICS at the University of Adelarde—The 
Registrar, Universitv of Adelaide, Adelaide, South Australia or The Secre- 
tary Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, S.W 1 (Australia March 2) 

ASSISTANT LECTURER or LECTURER (with qualifications in microbiology 
or biochemistry or biochemical engineering, and with a research interest, 
in fermentation or a related microbiological topic) IN THE DEPARTMENT OF 
BIOCHEMISTRY (Sub-Department of Malting and Brewing)—The Assistant 
Registrar (Science), The University, Birmingham 15 (March 7) 

CHAIR OF MFDICINE at St Thomas’s Hospital Medical School—The 
ete Registrar, University of London, Senate House, London, W C1 

arc 

LECTURFRS or SnNioR LECTURERS (2) (with an_epproptiate honours 
degree or Diploma in Technology, with research and/or other appropriate 
professional experience) IN METALLURGY—The Secretary Roval College 
of Advanced Technology, Salford 5, Lanes, quoting Ref ME/#6 (March 13) 

ASSISTANT LECTURER or LECTURER IN ASTRONOMY—The Secretary, 
University College, Gower Street, London, W C 1 (March 14) 

LECTURFR or ASSISTANT LECTURFR (with research interests in the high 
energv physics field) IN THE DEPARTMENT OF PHYSICS IN THE FACULTY OF 
Screncr—The Registrar, The University, Manchester 13 (March 14) 

CHAIR OF CIVIL ENGINEERING—The Secretary, University of St Andrews, 
College Gate, St Andrews, Fife, Scotland (March 24). 

GREGORY CHAIR OF APPLIED MATHEMATICS m St Salvator’s College, 
St Andrews, and BAXTER CHAIR OF APPLIED MATHEMATICS in Queen's 
College Dundee—The Secretary, University of St Andrews, College Gate, 
St Andrews Fife, Scotland (March 24) 

LECTURER IN APPLIED ENTOMOLOGY IN THE DEPARTMENT OF BIOLOGICAL 
ScIENCES— The Secretary, Wye College (University of London), near Ashford, 
Kent (March 30) 

ELFcTRON MICROSCOPIST (with up-to-date experience 1n specimen prep- 
aration techniques for biological materials), to take charge of electron 
microscopy in the recently established DEPARTMENT OF MICROBIOLOGY, 
University of Auckland, New Zealand—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (New Zealand and London, March 31) 

SENIOR LECTURER IN PHYSIOLOGY WITH EMPHASIS ON HISTOLOGY—The 
Secretary of University Court, The University, Glasgow (March 31) 

ASSISTANT LECTURER or LECTURER (with a degree m phvsics or mech- 
anical enginecring, or a Diploma in Technology m a relevant field) IN Foop 
PHYSICS IN THE FOOD SCIENCE SrcTION of the Department of Agricultural 
Sciences, to deal with the physical and engmeering aspects of food process- 
ing—The Registrar, The Universltv, Nottmeham 

ASSISTANT LFCTURER (with a suitable qualification m engineering, physics 
or mathematics) IN THE DFPARTMFNT OF ELTCTRICAL ENGINFFRING, to 
specialize m Control Engineermg—The Academie Registrar, Loughborough 
College of Technologv, Loughborough, Leicestershire, quoting Ref 3/G 

HPAD OF THF CHFMISTRY DEPARTMENT—Ihe Headmaster, King George V 
School, Southport Lanes 

MASTFR TO TEACH MATHEMATICS at alllevels—The Headmaster, School 
House Rugbv 

MASTER TO TEACH PHYSICS at all levels (preferably with chemistry 
offered as a subsidiary subject)—The Headmaster, Blundell’s School, 
Tiverton, Devon 

MASTER TO TEACH PHYSICS throughout the school to university scholar- 
Ship standard—The Headmaster, The Perse School, Hills Road, Cambridge 
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RESEARCH DEMONSTRATORS (with a good degree in botany or horti- 
culture) IN THE DEPARTMENT OF HORTICULTURE, to assist with practical 
classes m horticulture, plant physiology or crop protection, and carry out 
research in one of these subjects—Prof O V S Heath, F R S, University 
of Reading Horticultural Research Laboratories, Shinfield Grange, Reading. 

TECHNICIAN FOR THE ZOOLOGY DEPARTMENT—The Secretary, Royal 
Holloway College (University of London), Englefield Green, Surrey. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


City of Leicester Museums and Art Gallery 57th Report, Ist April 1962— 
31st March 1963 Pp 39 (Leicester City of Leicester Museums, 1963 ) [512 
The North East a Programme for Regional Development and Growth. 
Ip? maps (Cmnd 2206) (London HM Stationery Ofhce, 1963 ) 
e 512 
United Kingdom Atomic Energy Authority Guide to UK A E A. 
Documents EditedbvJ Roland Smith Pp 39 (London United Kingdom 
Atomie Energy Authority, 1963 Available from H M. Stationery Office ) 
nei 512 
The British Hat and Allied Feltmakers Research Association S1ateenth 
Annual Report for the year ended August 1963 Pp 22 (Audenshaw, 
io British Hat and Allied Feltmakerg Research Association, 


[512 
Ciba (A RL), Ltd Technical Notes, No 251, (November 1963) High- 
Voltage Components Incorporating Araldite Pp 8 (Duxford Ciba 
(A RL), Ltd , 1963 ) [512 
Department of Scientific and Industrial Research and Fire Offices’ Com- ^ 
muttee Jomt Fire Research Organization List of Recent Reports, etc , 
published bv HM Stationery Ofbce and in Technica] Journals (1958— 
August, 1963) Pp 12 (London Department of Scientific and Industrial 
ime and Fire Offices’ Committee Joint Fire Research Organization, 
512 
The Institution of Electrical Engmeers 1963 Amendments to the Regula- 
tions for the Electrica] Equipment of Bwidings Pp 8 (London The 
Institution of Electrical Engmeers, 1963 ) 512 
Munuistrv of Agriculture, Fisheries and Food Domestic Food Consumption 
and Expenditure 1961—Annua] Report of the National Food Burvey 
Committee Pp viir--124 (London HM Stationery Office, 1963 ) Brt 
ne 512 
Third Annual Report of the Commonwealth Scholarship and Fellowship 
Plan for the period ending 31 March 1963 Prepared bv the Association of 
Commonwealth Universities for the Commonwealth Education Liatson 
Committee Pp 70 (London HM Stationerv Office, 1963 ) 5s 
Building Research Station Digest (Second Series) No 41  Estimatin 
Pavlight ın Buildings—1 Pp 6 (London HM Stationery Ofhce, Be 
1 


Traffic Towns a Studv of the Long Term Problems of Traffic in Urban 
Areas Report of the Steering Group and Working Group appointed by the 
Minister of Transport Pp xiv+224 (London H.M Stationery Office, 
1963) 50s [012 


Other Countries 


Republic of Cvprus Geological Survey Department Geological Map of 
IM Compiled by L M Bear (Nicosia Geological Survey Department, 


United States Department of the Interior Geological Survey Water- 
Supply Paper 1525 Geology and Water Resourcer of the Sante Fe Area, 
New Mexico By Zane Spiegel and Brewster Baldwin With contributions 
by F E Kottlowsk) and E L Barrows, and n section on Geophvsics by 
H A Wankler Pp xiu--258--plates 1-7 (Washington,DC Government 
Printing Office, 1963 ) [512 

Canada. National Research Counet] Division of Buildmg Research 
Technica] Paper No 156 Manpower Utilization tn the Canadian Construc- 
tion Industrv—a Pilot Study By David C Aird Pp iv+51 (NRC 7551 
IE National Research Council Division of Building Research, 1963 

ollar 512 

Federation of Nigeria Munistrv of Mines and Power Geological Survey 
of Nigeria Bulletin No 29 The Geology of Parts of Niger and Zaria 
Provinces, Northern Nigeria, (Explanation of 1 250,0C0 Sheet No 31) By 
Dr J F Truswell and Dr R N Cope Pp 42+7 plates+1 map (Lagos 
Federa) Government Printer, London Crown Agents for Oversea Govern- 
ments and Administrations, 1963 ) 30s [512 

United States Department of the Interior. Geological Survev Geophvsical 
Abstracts, No 202 By James W Clarke, Dorothy R Vitaliano, Virginia 8 
Neuschel and others Pp 111+931-1017 (Washington,DC Government 
Printing Office 1963) 35 cents 512 

Annils of the New York Academv of Sciences Vol 105, Article 9 The 
Geologv of the Lunar Base By Jack Green Pp 480-626 350 dollars. 
Vol 105, Article 10 Radiation Measurements Comparison of Radiolysis 
Effects of Cobalt-60 Gamma Rass and 3-6 MeV Electrons on Nitrile Sx stems 
Bv Gordon H Miller and Joseph T Martm Pp 627-650 3 dollars Vol 105, 
Article 11 Effects of a Nuclear Detonation on Swine—I acteriologic Studies 
By Howard E Noves, Jimmv R Fvans and Hinton J Paher Pp 651-666 
2 dollars Vol 105, Article 12 Build-Up of Concentration Polarization for 
Natural Convection Electrolysis Ry Leonid Nantz Pp 667-680 2 dollars. 
(New York New York Academy of Sciences, 1963 ) 
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APPOINTMENTS VACANT 


WOOL RESEARCH 
ORGANIZATION OF 
NEW ZEALAND 


A TEACHING AND RESEARCH 
FELLOWSHIP IN BIOCHEMISTRY 


at 
LINCOLN COLLEGE 


Applications are invited from persons gradu- 
aung PhD in biqchemistry this year, or with 
some years post-doctoral experience in biochem- 
istry, for a teaching and research Fellowship being 
established at Lincoln College, University of 
Canterbury, in association with the Wool Re- 
search Organization of New Zealand 

The teaching duties will involve approximately 
one hundred hours of lectures and seminars and 
two hundred hours supervision of practical work 
of biochemistry students per annum 

In addition the successful applicant will be re- 
quired to undertake fundamental research on the 
biochemistry of the wool root and surrounding 
tissue with a view to acting as consultant to the 
research worker whose duties are outlined in 
the advertisement below 

The allocation of time between teaching and 
research will be reviewed in 1966 when the 
laboratory to be built for the Wool Research 
Organization adjacent to Lincoln College is ex- 
fected to be ready for occupation 

Commencing salary £1,280 per annum to £1,780 
per annum, according to qualifications and ex- 
perience 


B BIOCHEMIST OR ORGANIC CHEMIST 


The Wool Research Organization of New Zea- 
land (Inc) wishes to engage a well-qualified 
chemist, preferably with an interest ın microbio- 
logy and enzyme chemistry, for developing im- 
proved chemical methods of removing wool from 
sheepskins 

A strong group doing basic research on the 
chemistry and biology of skin and hair at Lincoln 
will be available for consultation, and the ap- 
pomtee will also be free to do some basic re- 
search in this field 

The position offers an opportunity to make 
an important contribution to one of New Zea- 
land's major export industries 

Initially, the appointee will be posted to the 
Leather and Shoe Research Association, Welling- 
ton, where a laboratory has been newly fitted out 
for this work In about three years’ ume the 
appointee may be transferred to the Organiza- 
tuon’s laboratories which will be built at Lincoln, 
near Christchurch 

Commencing salary £1,000 to £2,000 per 
annum according to qualifications 

Fair and reasonable expenses will be paid tor 
the appointee and their families in taking up 
‘duty Additional information. may be obtained 
from 


The New Zealand Scientific Liaison Office, 

BCSO 

Africa House, 

Kingsway, LONDON, WC2 

Applications, stating age, nationality, qualifi- 
cations, and the names of two referees, should 
be sent direct to 


The Director, 
Weel esearch Organization of New Zealand 
(Inc ), 
Private Bag, 
Christchurch, NEW ZEALAND 
by March 4, 1964 


UNIVERSITY OF OTTAWA 
OTTAWA 2, CANADA 
DEPARTMENT OF GEOLOGY 


Applications are invited. for the post of 
Jedimentologist to be responsible for teaching 
«ndergraduate and graduate courses and to 
utate and supervise graduate research Salary 
nd rank depend upon qualifications and experi- 
nce 

Further details may be obtained from the 
“harman of the Department of Geology, to 
thom applications should be sent 








GLAXO RESEARCH LTD. 


STOKE POGES, BUCKS 


has a vacancy for a young 


SCIENCE GRADUATE 


to work in a section concerned with the search 


for new antibiotics 


Applications are invited from men or women, preferably in their early 
twenties who are either graduate BIOLOGISTS with some knowledge of 
chemical extraction methods or alternatively graduate CHEMISTS who are 
interested 1n learning microbiological techniques 


The Company offers excellent conditions of employment including pen- 
sion and bonus schemes It operates a five-day 38-hour week Amenities 
include a Cafeteria and Sports and Social Club 


Applications should be sent to Miss G J Brown, Personnel Officer, 
Glaxo Laboratories Ltd, Greenford, Middlesex 


PARKE-DAVIS 


PHARMACOLOGICAL RESEARCH 


Graduates with an honours degree m pharmacology 
or physiology are invited to apply for a vacancy m 
a team engaged in the search for new drugs. 


Applications should be sent to : 


The Personnel Manager, 
PARKE DAVIS & COMPANY, 
Staines Road, 
HOUNSLOW, MIDDLESEX 





SENIOR RESEARCH OFFICER 


A graduate physicist (aged 25-35) 1s required in the research department 
for X-ray diffraction and X-ray fluorescence analysis, usually m a metal- 
lurgical context Other problems of a physical nature frequently arise 
Previous experience in this field would be an advantage 


Please apply im writing to 
The Personnel Manager, 
C.A V. Limited, 
Warple Way, Acton, W.3. 
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SCIENTISTS IN 
GOVERNMENT SERVICE 


The following are examples of existing 
vacancies which may be filled at SCIEN- 
TIFIC OFFICER or SENIOR SCIEN- 
TIFIC OFFICER level 


GOVERNMENT CHEMIST’S 
LABORATORY, London 

Qualitative and quantitative analysis of wide 
variety of organic and imorganic materials, 
development of new analytical methods and 
improvement of equipment Sound know- 
ledge of PHYSICAL METHODS OF 
CHEMICAL ANALYSIS, particularly in 
the field of X-RAY FLUORESCENCE re- 
quired Ancillary topics include gas-liquid 
chromatography and atomic absorption 
spectroscopy 


ROYAL RADAR ESTABLISHMENT, 
Malvern, Worcs 

Mathematicians to work on COMPUTER 
PROGRAMMING TECHNIQUES for ex- 
ploitation of (a) large fast universal com- 
puters, (b) special purpose computers asso- 
crated with, for example, navigation and 
air traffic control 


SERVICES ELECTRONICS RESEARCH 
LABORATORIES, Baldock, Herts, and 
Harlow, Essex 

Newly-graduated Mathematicians, Physicists 
or Electronic Engineers There are open- 
mgs ın research work on ELECTRON 
PHYSICS, eg, solid-state, microwave, Or 
gas laser problems (Scientific Officers) 


MILITARY ENGINEERING AND 
EXPERIMENTAL ESTABLISHMENT, 
Christchurch, Hants 

Electrical Engineers for research and devel- 
opment in POWER SUPPLIES—generation 
and transmission—for the field army Work 
will concentrate on high-speed machmery, 
including turbines for airportable power 
units, static electronic power equipment and 
electrochemistry of fuel cells and batteries 


There are many other vacancies in most 
scientific disciplines Recruitment by the 
Civil Service Commissioners ıs to perman- 
ent and pensionable posts 


APPLICATION Forms from Civil Service 
Commission, 23 Savile Row, London, W 1, 
stating age and qualifications 


EXPERIMENTAL OFFICER CLASS 
SPRING—1964—RECRUITMENT 

Careers in SCIENCE and TECHNOLOGY 
are offered to men and women with quali- 
fications ın MATHEMATICS, PHYSICS, 
CHEMISTRY, BIOLOGY, METEORO- 
LOGY, ENGINEERING and GEOLOGY 
as Assistant Experimental Officers and Ex- 
perimental Officers, ın Government Scien- 
tific Establishments 


QUALIFICATIONS University Degree, 
Dip Tech, HNC, etc, and candidates 
under age 22 may offer lower qualifications 
(mmmum GCE “A” level in two 
Scientific or mathematical subjects) 


SALARY and AGE LIMITS 
Experimental Officer (age 26-30) £1,164 to 
£1,431 

Assistant Experimental Officer (ages 18 to 
27) £490 (at 18) to £858 (at 26 or over) to 
£1,053 

Salaries supplemented in London area 
Aid given for further education Promo- 
ton prospects  Pensionable posts 


APPLICATION FORMS AND BOOKLET from 
Civil Service Commission, 23 Savile Row, 
London, W41, quoting S/577-578/64 
Closing date March 13, 1964 (Further re 
crutment in Autumn, 1964) 








WAR DEPARTMENT 


CHEMICAL DEFENCE EXPERIMENTAL 
ESTABLISHMENT, Porton Down, near 
Sahsbury, Wilts 


ASSISTANT EXPERIMENTAL OFFICER / 
EXPERIMENTAL OFFICER required in 
Physiology Section 

APPLICATION FORM from The War Office 
(C5F), London, SW 1 


MINISTRY OF POWER 


SAFETY IN MINES RESEARCH 
ESTABLISHMENT 


a) SENIOR or JUNIOR RESEARCH 
FELLOWSHIP 

Post at Sheffield for Mathematician, Physi- 
cist or Engineer to study fluid flows, in the 
general area of density currents, relating to 
nuclear reactor safety 


QUALIFICATIONS  First- or second-class 
honours degree im appropnate subject plus 
two years’ postgraduate research (three 
years’ for Senior Fellowship) during which 
a high standard of research ability must 
have been demonstrated Previous experi- 
ence in fluid mechanics an advantage 


SALARY Senior Research Fellowship be- 
tween £1,420 to £1,755 annually 

Junior Research Fellowship between £975 
to £1,310 annually 


APPLICATION Forms from Civil Service 
Commission, 23 Savile Row, London, W 1, 
quoting S/570/SM Early application ad- 
vised 


(u) SCIENTIFIC OFFICERS/SENIOR 
SCIENTIFIC OFFICERS 

The establishment :s engaged in research 
into methods of advancing the safety and 
promoting the health of persons employed 
in and about mines, with two research 
stations, one at Sheffield where new and 
well equipped laboratories have been built 
adjacent to the university, the other near 
Buxton, where large scale experiments are 
conducted 

There are vacancies in the fields of Mathe- 
matics, Fluid Mechanics, Metallurgy, Fric- 
tonal Ignitions, Electrical Hazards Re- 
search and Strata Control 

Good prospects for permanent, pensionable 
appointments 


Applications to Director, SMRE _ Redhill, 
off Broad Lane, Sheffield 3 


MINISTRY OF 
AGRICULTURE, FISHERIES 
AND FOOD E 


(D FOOD SCIENCE LABORATORY, 
London 


ASSISTANT EXPERIMENTAL OFFICER / 
EXPERIMENTAL OFFICER for post 
concerned with basic studies on the physi- 
cal and chemical changes occurring during 
food storage and on methods of minimizing 
deterioration Degree (or equivalent) in 
chemical or biochemical subject preferred 
Interest in physical chemistry desirable but 
not essential 


APPLICATION FoRM from Ministry of Agn- 
culture, Fisheries and Food, Estab IB 
Room 612, Great Westminster House, 
Horseferry Road, London, S W 1 


(2) PLANT PATHOLOGY LABORA- 
TORY, Harpenden 


ASSISTANT EXPERIMENTAL OFFICER/ 
EXPERIMENTAL OFFICER for work in 
a small group in the chemrstry department 
on the determination of residues of pesti- 
cides in foodstuffs of vegetable origin De- 
gree, HNC (or equivalent) preferred 
Some experience with thin layer, paper or 
gas/liquid chromatography techniques desir- 
able but not essential 

APPLICATION FORM from Director, Plant 
Pathology Laboratory, Hatching Green, 
Harpenden, Herts 


Closing date for both posts February 18, 
1964 











D.S.LR. 


G) WATER POLLUTION RESEARCH 

LABORATORY, Stevenage, Herts 

SCIENTIFIC OFFICERS/SENIOR 

SCIENTIFIC OFFICERS (PHYSICAL 

CHEMISTS/CHEMICAL ENGINEERS) 

required 

1 To carry out fundamental studies of bio- 
logical filtration systems Some acquain- 
tance with problems of flow and mass 
transfer in packed towers would be of 
assistance An interest in the kinetics 
of growth of micro-organisms and in the 
use of radioactive tracer techniques 
would also be advantageous 

2 To take part in studies of the factors 
affecting the drying rate of sludges 
Some acquaintance with heat and mass 
transfer calculations, with colloid chem- 
istry, and with statistics would be an 
advantage 

3 To work on the application of the re- 
sults of research to the improvement of 
design and operating conditions of full- 
scale biological treatment plants — Initi- 
ally the work would involve supervising 
a small survey team conducting investi- 
gations into the causes of difficulties in 
achieving a desired standard of perform- 
ance in certain full-scale plants and 
comparing performance with that in 
pilot plants An interest in the kinetics 
of growth of micro-organisms under 
conditions of continuous culture would 
be an advantage 

BUILDING RESEARCH STATION, 

Garston, Watford, Herts 

an ASSISTANT EXPERIMENTAL 

OFFICER /EXPERIMENTAL OFFICER 

as technical translator/abstractor of techni- 

cal literature dealing with wide range of 

subjects in building science and techno- 


logy 

QUALIFICATIONS Science degree, Dip 
Tech, HNC, or equivalent, inteligent 
interest in information work , sound know- 
ledge of at least two foreign Janguages re- 
quired, one Scandinavian language an ad- 
vantage Opportunity for further language 
study (Reference E/AF/068) 

qu) ASSISTANT EXPERIMENTAL 
OFFICER to join research team concerned 
with air-movement processes in buildings 
QUALIFICATIONS Degree, HNC (or 
equivalent qualification) in Physics or 
Mathematics Interest in fluid dynamics re- 
quired (Reference E/AF/096) 
APPLICATION Forms from Directors at 
above addresses quoting appropriate refer- 
ence Closing date February 28, 1964 for 
(0 and February 26 for (D and Gu) 


SCIENTIFIC OFFICER/SENIOR 


SCIENTIFIC OFFICER 
SALARIES S O £791-£1309 
(Increments and special £95 award for 
approved post-grad experience) 
SSO £1438-£1772 
(Starting salary may be above minimum) 
Salaries are supplemented in the London Area 
QUALIFICATIONS 
So Ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 
sso As above plus at least 3 years post- 
graduate research Age 26 to 31 


ASST. EXPERIMENTAL 

OFFICER/EXPERIMENTAL 

OFFICER 

SALARIES AEO £490 (age 18) - £691 
(age 22) — £858 (age 26) - £1053 
EO £1164-£1431 

Salaries are supplemented in the London Area 

QUALIFICATIONS 

Degree, Dip.Tech , H.N.C or equivalent 
In appropriate subject Under age 22, 
minimum qualification is 2 GCE ‘A’ levels 


in Sctentific subjects AEO age 18-27 
EO 26-30 











Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W | 
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NEW ZEALAND 


University of Canterbury 
CHRISTCHURCH 


LECTURER IN 
MECHANICAL ENGINEERING 


Applications are invited for the position of 
Lecturer in the Department of Mechanical 
Engineering Applicants should have a degree 
m mechanical engineering, preferably at Honours 
level, of a recognized Commonwealth university, 
together with either experience in industry or 
research and teaching experience at university 
level The appointee's principal teaching will be 
m one of the following branches strength and 
properties of materials, stress analysis, produc- 
ton engineering, or aeronautical engineering 
according to previous experience The salary 
will be at the rate of £1,250 per annum, rising 
to £1,700 per annum, commencing salary being 
in accordance with qualifications and experience 
Approved fares to Christchurch will be allowed 
for an apportee, his wife, and children, in 
addition, actual removal expenses will be 
allowed within specified. limits 

Purther particulars and information as to the 
method of application are obtainable from the 
Secretary, Association of Commonwealth Uni- 
yersities (Branch Office), Marlborough House 
Pall Mall London, SW 1 Applications close 
in New Zealand and London on March 31 1964 


MEMORIAL UNIVERSITY OF 


NEWFOUNDLAND 
ST JOHN'S, NEWFOUNDLAND, CANADA 


The Unversity invites applications for the 
following appointments which it hopes to make ın 
the Faculty of Arts and Science for the next 
academic year 

DEPARTMENT OF BIOLOGY 

(1) Professor/Head of Department Salary up 
to $12,500 Applicants should be Marine Bio- 
logists, or freshwater biologists who are prepared 
to change their line of research to marine work 

(2) Marine Bacteriologist as Assistant Professor 

(3) Marine Botanst as Assistant Professor 

DEPARTMENT OF MATHEMATICS 

(1) Lecturer, Assistant or Associate Professor in 
Pure or Applied Mathematics or Mathematical 
Physics 

(2) Lecturer, Assistant or Associate Professor 
with qualifications, preferably a doctorate, in 
Numerical Analysis and experience with com- 
puters to assume general responsibilty for a 
computer centre (the University 1s acquiring an 
IBM 1620 Computer) —Salary up to $10 000 


DEPARTMENT OF PSYCHOLOGY 


Lecturer or Assistant Professor, preferably a 
specialist 1n. Learning or Social Psychology 


DEPARTMENT OF PHYSICS 


Assistant Professor Candidates should be ex- 
perimental physicists in Solid State or Nuclear 
Physics 

Except where otherwise stated, commencing 
salaries will be Lecturer, Arranged on an indi- 
vidual basis — Assistant Professor, $6 500 mim- 
mum up to $8,500 Associate Professor, $8,000 
up to $10,500 Appointments will be made at 
the rank and salary commensurate with qualifi- 
cations and experience Actual travel expenses 
are repayable up to a maximum of $750 

Applications, giving complete curriculum vitae, 
the names and addresses of three referees and 
enclosing a recent photograph, should be sent 
by airmail to the Dean of Arts and Science, Mem- 
oral University of Newfoundland, St John’s 
Newfoundland In addition one copy should be 
sent to the Secretary, Association of Common- 
wealth University (Branch Office), Marlborough 
House, Pall Mall, London, SW1 Applications 
closes in Canada and London, on February 28, 
19 


UNIVERSITY OF BRITISH 
COLUMBIA 


DEPARTMENT OF CHEMISTRY 


Applications are invited for staff appointments 
mvohing research and teaching im inorganic 
chemistry Current salary floors are Assistant 
Professors, $7,000 Associate Professors, $9 000 
and Professors, $12000 Appointments may be 
made above these floors Candidates from the 
Unned Kingdom and Europe can arrange to be 
interviewed in London by Profesor C A 
McDowell by writing to him c/o Ihe Depart- 
ment of Theoretical Chemistry, University Chemi- 
cal Laboratory, Lensficld Road, Cambridge 

Applications, mecluding complete curriculum 
vitae and the names of three referees, should be 
sent atrmail to the Acting Chairman Department 
of Chemistry, University of British Columbia, 
Vancouver, 8, Canada 
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IMPERIAL METAL INDUSTRIES 
(KYNOCH) LIMITED 


SENIOR 


ASSISTANT 


(WOMAN) 


A vacancy exists for a senior Assistant Librarian 1n our Central Library Duties include 
supervision of routine work including spécial Library activities 


experience and supervision of junior staff essential qualifications 
Preference given to Fellows or Associates of the Library 


Association with a knowledge of one or more languages 


Written applications should be addressed to the 
Women's Personnel Officer (Staff), 


IMPERIAL METAL INDUSTRIES (KYNOCH) LIMITED, 


P O. Box 216, Kynoch Works, Witton, Birmmgham, 6 


eering background desirable 


UNIVERSITY OF SOUTHAMPTON 
ICI RESEARCH FELLOWSHIPS 


Applications are invited for ICI Research 
Fellowships in Biochemistry, Chemistry, Chemi- 
cal Oceanography, Engineering or Physics (experi- 
mental or theoretical) The appointments will 
date from October 1, 1964, or earlier if the 
selected candidate is available before that date 
The salary, which will depend upon qualifications 
and experience, will normally be in the range of 
£1,000 to £1,200 per annum but awards up to 
£1,500 per annum may be made in the case of 
engineers and technologists whose industrial ex- 
perience or other special circumstances warrant 
t FSSU and children's allowances 

Applications (seven copies), containing list of 
publications and names of two referees, together 
with date of birth and a brief curriculum vitae, 
should be sent to the Secretary and Registrar, 
the Unrversity, Southampton, from whom further 
particulars may be obtained, before February 29 


1964 


Veterinary Surgeon 


An interesting vacancy has occurred for a recently qualified Veter 
inary Suigeon, preferably but not essentially with post-qualification 

experience, to jom a team engaged in the development I 
and testing of vaccines for human and veterinary use 
w ll involve histopathology and small anımal surgery facilitaung the 
standardisation of these vaccines and other biological work 


The post will be 'ocated at Sandwich, Kent 

vaccine facilites have recently been extended 
wide variety of attractive residential 
coastal, and 1s within reasonabe travelling distance of London 
The conditions of service will be good and include non-contribu- 
tory pension and life assurance schemes and payment of removal 
The salary will be attractive and progressive 


Applications are invited, they should be addressed to 
The Personnel Manager, Reference A 5331 
Pfizer Ltd , Sandwich, Kent 


TEZGI GROUP 


CHEMICALS 
FOODS AGRICULTURAL & VETERINARY PRODUCTS 
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CLARE HALL HOSPITAL 
SOUTH MIMMS, BARNET, HERTS 
(301 beds for Diseases of the Chest) 


Biochemist (Senior Grade), non-resident re- 
quired Candidates should be qualified in ac- 
cordance with Ministry of Health requirements 
Whitley Council salary scale plus London weight- 
ing 

Applications Medical 
Committee 


MOUNT VERNON HOSPITAL 
NORTHWOOD, MIDDX 

Technician required to work in laboratory en- 
gaged in the study of the Chromosomes of 
Tumours Previous experience im techniques used 
in the study of chromosomes would be advan- 
tageous but is not essential Salary dependent 
upon qualifications and experience 

Applications, with two names for reference, to 
Hospital Secretary 


to Chairman, Advisory 
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COMMONWEALTH OF AUSTRALIA 


WEAPONS RESEARCH ESTABLISHMENT 
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DEPARTMENT OF SUPPLY 


SOUTH AUSTRALIA 


VACANCIES-SCIENTIFiC STAFF 


The Weapons Research Establishment 
capital cny of South Australia, 1s see! 
a number of Scientific Officer vacancies 
The present annual salaries (Aust) are as follows 
Senior Scientific Officer, £2,751 to £3,111. 


SPACE PHYSICS 


Senior Scientific Officer 


Dutles : Position No 267 Research and dc- 
electronics with 
emphasis on the generation, detection and 
sub-mullimetre 


velopment in quantum 


amplification of coherent 


waves 


Higher Scientific Officer 


Duties Position No 74 


their application 
automatic computing 


Duties : Position No 81 
velopment 


communications and instrumentation 


Qualifications (Above positions 
Appropriate first- 


tions 
fields 


spectroscopy 


Duties : Postion No 75 


team undertaking theoretical studies 


guided weapons systems involving compiling, 
checking, and using complex mathematical 
models of such systems Digital and analogue 


computers are used for this work 


Qualifications 
engincering, with 


mation theory or weapon systems 


(1) Commencing salary will be determined according t 
or first-class sea passage, 
d dependants (wife and dependent children) 
(3) Assistance will be given m obtaining married accommodation 
(4) General conditions of employment as applicable under the 


(2) Official charter aircraft, 
the successful applicant an 


will apply 


Applications * 
London, 


UNIVERSITY OF LIVERPOOL 

Applications are invited for the post of Re- 
search Assistant in the Department of Histology 
The salary will be wahin the range £900 to 
£1,100 per annum Interest in or experience of 
tussue culture, histochemistry, photography or 
electron microscopy would be advantageous 

Applications, staung age, qualifications and ex- 
perience, together with the names of three 
referees, should be received not later than Feb- 
ruary 24, 1964, by the Registrar, from whom 
further particulars may be obtained, quoting 
reference number CV/14/N 
S —Ó——————— 


UNIVERSITY OF OTTAWA 


FACULTY OF MEDICINE 
OTTAWA, CANADA 
Position. of 
ASSOCIATE PROFESSOR IN 
PHARMACOLOGY 
Salary $9500 to $11,500 depending upon 


qualifications and expenence 
Applications to Professor M F Murnaghan 


at the above address 


- 


Research and de- 
velopment in the circuitry of micro-electronic 
devices at ordinary or low tempcratures and 
in communication and 


Research and de- 
in sub-millimetre wave genera- 
tors, detectors and amplifiers with emphasis 
on their applications ın spectroscopy, Optics, 


74, 81, 267) 
or second-class honours 
degree with experience or special qualifica- 
in one or more of the following 
quantum mechanics, physical optics, 
crystal physics, electron physics, or infra-red 


A member of a 


First- or second-class honours 
degree im science, applied mathematics, Or 
research experience 
Servo-mechanims, automatic control, infor- 


Forms obtanable from the Senior Representative—AV /198/4, 
W C2, with whom completed applications 


Salisbury, 


Scientific Officer, Grade 1, £1,571 to £2,231. 


TRIALS | 


Senior Scientific Officer 


Duties: Postion No 30 In 
charge of a section responsible 
for research into telemetry sys- 
tems 


Duties : 
research in modern electronic techniques used 


which is situated. approximately 15 miles from Adelaide, the 
king the services of appropriately qualified and experienced persons to fill 
Details of the positrons are given hereunder 


Higher Scientific Officer, £2,331 to £2,631, 


WEAPONS RESEARCH 
AND DEVELOPMENT 


Senior Scientific Officer 
Position No 132 Responsible for 


in the development of the test instrumenta- 


Higher Scientific Officer 


Duties * Position No 215 Re- 
search and development in tele- 
metry systems applicable to the 
performance testing of guided 
missles The work includes 1n- 
vestigations into techniques and 
the devclopment of appropriate 
receiving equipment, high fre- 
quency and video magnetic tape 
recording equipment and de- 
multuplexing equipment 


Qualifications (Above positions 30, 
215) Appropriate first- or 
second-class honours degree plus 
relevant research experience 


Duties : Position No 76 Re- 

sponsible to a Semor Scientific 
on Officer for undertaking operations 
research into problems associated 
with organization and planning 
of trials of guided weapons and 
test vehicles 


Qualifications Appropriate 
in Honours Degree with some relc- 
vant experience in operations 
research 


Conditions 


UNIVERSITY OF ABERDEEN 
REGIUS CHAIR OF ANATOMY 


The Secretary of State for Scotland invites ap- 
plication for the Regius Chair of Anatomy in 
the University of Aberdeen The person ap- 
pomted wil be expected to take up his duties 
on October 1, 1964 

A note of the Conditions of Appointment may 
be obtained on request from the Seeretary, 
Scottish Home and Health Department, Room 
130D St Andrew's House, Edinburgh, 1 Three 
copies of applications, accompanied by the names 
of three referees, should be sent not later than 
February 28, 1964, to the Pnvate Secretary, 
Room 505, St Andrew’s House, Edinburgh, 1 


UNIVERSITY OF READING 
RESEARCH FELLOWSHIPS 
Applications are invited for a research Fellow- 
ship for independent research, value £880 per 


annum 

Further particulars may be obtained from the 
Assistant Registrar (Room 28, OR B), the Uni- 
versity, Reading, to whom applications should be 
sent by March 2, 1964 


tion associated with guided weapons 
cluding a study of the factors affecting the 
rclabiliy of airborne electronic components 
of guided weapon systems 


Qualifications 
class Honours Degree and extensive relevant 
rescarch or development experience 
perience 
wcapon equipment trials ss desirable 


Duties : Position No 20 Responsible for re- 
search associated with the application of new 
electronic 
tan ge the assessment of the operational 
an 
design of military. electronic equipment 


Qualifications Appropriate first- or sccond- 
class Honours Degree 1n physics or electrical 
engineering with severa] years experiencc in 
the design of precision electronic equipment 
involving solid state devices 


Duties * Position No 133 
ated with the development of electronic 
equipment used in the simulation of ele- 
ments of guided weapon systems 


Qualifications 
class Honours Degree 


m- 


Appropriate first- or second- 


Ex- 
in execution of Services guided 


techniques to weapon systems 


environmental factors affecting the 


Scientific Officer Grade I 


Research associ- 


Appropriate first- or second- 


o qualifications and experience 
at the discretion of the Department may be provided for 


Commonwealth of Australia Public Service Act 


Department of Supply, Australia House, The Strand, 
should be lodged by February 26, 1964 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
(SUB-DEPARTMENT OF MALTING AND 
BREWING) 

Applications are invited for the post of Assis 
tant Lecturer or Lecturer in the Department ot 
Biochemistry (Head of Department, Professo 
S V Perry) The appointment will date fron 
June 1, 1964, or as soon as possible thereafter 
Initial salary in the scale £1,000 by £50 t 
£1,100 , £1,250 by £60 to £1670 by £80 t 
£1,830 , £1,830 by £80 to £2150 according t 
age, qualifications and experience, together with 
FSSU and family allowance benefits Th 
successful candidate will assist in the teaching O 
biochemistry, microbiology, and technology fo 
the MSc course in brewing science Applicant 
should have qualifications in microbio:ogy or bio 
chemistry or biochemical enginceering and wit 
a research interest in fermentation or a relate 

microbiological topic 

Applications (three copies), naming tw 
referees, should be sent by March 7, 1964, to th 
Assistant Registrar (Science), The Universit 
Birmingham, 15, from whom further particula: 
can be obtained 
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Two new accessortes are announced for the Unicam SP 500 ultraviolet and visible spectrophotometer The SP 500 
itself is further improved by the incorporation of new, all-enclosed potentiometers These potentiometers have the 
advantage of longer life and greater accuracy, and are sealed to exclude dust The hydrogen lamp has now been 
replaced by a deuterium lamp which gives a higher radiation output throughout the ultraviolet. 


SP. 525 Autocell 


The new Unicam Autocell (pat app) replaces the sample cell and 
provides automatic filling and emptying without need for direct access, 
by simple control of a small suction pump (not provided) The Autocell 
speeds operation and reduces fatigue, eliminates risks of cell breakage 
and sources of error due to cell mismatch, spillage or cleaning, and 
reduces the capital requirement for costly cells 


Sample volume required is 5 ml and the sample may be recovered if 
necessary Tests have shown that less than' 177 of sample volume 
remains after emptying and the sample comes into contact only with 
fine bore polythene or stainless steel tubing The Autocelt fits directly 
into the SP 580 Universal Cell Housing 


Delivery ex stock Price (UK)... £40 


SP. 590 Electrophoresis Strip 
Scanning Accessory 


Based on the original design by Bennett,’ the accessory is designed 
to scan agar, starch and acrylamide gels mounted on 3" x 1" micro- 
scope slides and cellulose acetate strips "If silica slides are used, 
electrophoresis patterns may be examined directly in ultraviolet light 


A precision mechanism, free from back-lash, moves the slide across 
the light beam, which ts accurately defined by ar auxilliary slit A counter 
indicates traverse in units of 01 mm The SP 590 replaces the cell 
housing of the SP 500 Spectrophotometer for this purpose 


Delivery ex stock Price (UK) £48 100 


Please write for further details of these two exclusive new accessories 
which add to the versatility of the SP 500 Spectrophotometer 


* Biochim Biophys Acta, 63 (1962), 298 
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PROBLEMS OF THE PROFESSIONAL SCIENTIST 


N several recent American books, the problems of the 
professional scientist have been considered at some 
length, particularly with reference to the employment of 
professional scientists m industry The American Academy 
of Arts and Sciences has now devoted the Fall, 1963, issue 
of its journal Daedalus to a discussion of the problems of 
the professions in the United States m general Three of 
the articles are of some interest also to scientists m 
Britain Prof E C Hughes’s discussion of the professions 
generally m American society, Prof B Barber’s review 
of some problems m the sociology of the professions, 
and Prof J J Beer and W D Lewis on some aspects of 
the professionalization of science However, Prof S P 
Huntmgton, in diseussmg “Power, Expertise and the 
Miltary Profession", also touches on some of the 1ssues 
which have been raised in Britain on the relations 
between Government and science 

While the symposium is concerned in the main with the 
issues as they are raised in the context of American society, 
the contribution made by Sır Alexander Carr-Saunders 
and P A Wilbon to the study of the professions a genera- 
tion ago 1s not overlooked Indeed, the pere:pient and 
earher observations of A N Whitehead m Scrence and 
the Modern World and m Adventures of Ideas are also 
duly noted, and Prof K S Lynn, who edited the number, 
m particular, 1s fully cognizant of the degree of ossification 
to which professions are always exposed and shows a 
welcome sensitiveness to the value of some freedom of 
movement withm and between the professions. This 
mobility 1s something which the scientist and technologist, 
m particular, should be at pams to preserve While 
there may well be professional frontiers which are not 
easily crossed, even ın medieme the relations between 
the medical practitioner and the wide range of auxiliary 
technicians on whose services he increasingly depends 
need more constructive and rmagmative consideration 
ihan they often receive. 

This seems to be somewhat lacking ın Prof Hughes's 
artiele, and certamly what he has to say about the pro- 
fessional aspirations of particular groups scarcely obtams 
in e British context Nor would ıb be true to say that m 
Britam the learned societies show the stram between 
intellectuals and practitioners which he notes m America 
It 1s equally doubtful whether ıt could be traced in the 
professions themselves 

Prof Hughes, m fact, seems to muss the extent to which 
a sense of public responsibility and service and not mere 
professional competence are part of the professional sradi- 
tion, and his essay m this respect lacks the realism which 
marked the discussions in Britam in the decade or so 
immediately before the Second World War regarding the 
registration of chemusts, architects and some others 
For this reason, he seems to miss the real issues that were 
raised at that time However, he rightly emphasizes the 
value of the contribution to a profession which 1s made 
by those who work m complex conditions and must be 
sengitive to more problems and a wider vanety of pomts 
of view than a professional man practising on his own But 
2e seems to exaggerate, at least so far as practice m Britam 


is concerned, the difficulties which may beset a profes- 
sional man employed, for example, by a firm or a Govern- 
ment institution 

Prof. Hughes starts, mdeed, with rather too shallow a 
definition of 'professionahsm', but he ends on a much 
more pererpient note when he refers to the international 
links of professions and looks hopefully to new patterns of 
international exchange of professional knowledge and 
professional mstitutions That m itself could help to 
break down the more extreme form of professional mbreed- 
mg and encourage the wider outlook that :s hable to 
characterize one who works m an organization rather than 
m private practice The urge to piofessionahzation may 
not be so widespread m Britain as Prof. Hughes might 
imply, but his comments are worth attention by profes- 
sional organizations here. 

Prof Barber’s contribution goes deeper and 1s, more- 
over, provided with a useful bibhography However, while 
there can be no question as to the growth m the world 
generally of the size and mportance of the professional 
occupations, the question of what constitutes a profession 
is still a matter of debate Not everyone in the United 
Kingdom would accept the four criteria suggested by Prof 
Barber A basis of learning or knowledge or, m Prof 
Barber's own words, “a high degree of generahzed and 
systematic knowledge", public responsibility and service 
or, again in hus words, "primary orientation to the com- 
munity interest rather than to individual self-interest’, 
hugh standards of professional conduct formulated and 
enforced from within the profession 1tself—these would be 
generally accepted The fourth, however—‘a system of 
rewards that 1s primarily a seb of symbols of work 
achievement and thus ends in themselves, not means to 
some end of mdividual self-mterest’—might well be 
rejected out of hand by most professional men and 
women m Britam. A briefless barrister 18 not on that 
account excluded from the legal profession and neither 
in science nor in medicine is professional competence 
or even public esteem necessarily related to financial 
success 

The validity of Prof Barber’s scales 18 certamly open 
to challenge in Britam, but what he has to say about 
the function of university professional schools deserves 
closer attention, not least m the context of university 
expansion He may be inclmed to overstress the part 
which the university school can play m mamtamıng or 
advanemg ethical standards, its part m providing the 
basis of advancing knowledge for mmproved professional 
practice 1s unquestioned, nor 1s 1ts influence m preventing 
mbreeding and m encouraging contact with advances 
in related fields of learnmg and professional practice to be 
deprecated The university school could, if wisely used 
and supported by the professional associations themselves. 
contribute a good deal to the self-criticism and the wide 
outlook that are so vital if a profession 18 to be kept ın 
touch with changmg needs and conditions m the society 
15 serves and avoid the stagnation and ossification which are 
the eontinumg danger of all institutions no matter how 
excellent. “There was never anythmg by the wit of man 
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so well devised or go well established, which m contmuance 
of time hath not been corrupted.” 

Nor are universities themselves mmune from the 
danger, as Prof Barber himself recognizes, though it 
might be suggested that there is now m Britam, at all 
counts, far less of the stram or divergence m outlook or 
standards between the academic and the mdustrial or 
private practitione: that he umplies Nevertheless, 
there 1s room for some further thought as to the functions 
of professional bodies m the changing society of to-day, 
and the standards required for the performance of those 
functions as well as the means to be adopted It 1s to this 
end that the great professional mstitutions should be 
directing their attention, and, to some extent, 15 should be 
done m co-operation with the universities themselves 

Such enquiry and constructive thinking should precede 
the consideration of the problems of the emergmg or 
marginal professions, to which Prof Barber next directs 
attention, if sound decisions are to be made He describes 
well the tensions and conflicts that may arise, but offers 
no guidance or criteria to help in resolving the difficulties 
At this point, above all, clear thinkmg ıs imperative and 
much will depend on the outlook and action of some of the 
existing professional bodies whose position may be directly 
or indirectly affected Conflict 1s not, ın fact, inevitable 
As Prof Barber pomts out, there are ample possibilities 
of accommodation if first things are put first and there 
is no attempt to put sectional mterest m front of the 
publi interest 

It could well be argued that here we encounter one of 
the central issues of the day, and Prof Barber shows 
clearly enough how relations between the scientist and the 
admunistrator, between the scientist and other professional 
workers and Government arise directly out of this ques- 
tion Professional organizations are at the very centre of 
this issue of power and influence, of Government and 
knowledge, and without clear conceptions of the extent 
and limitations of professional responsibility, of the place 
and functions of professional groups m society, the 
problem of establishing the mght relationship between 
science and Government ıs unlikely to find a satisfactory 
solution. It wil not be solved by sectional interest, 
whether of a political party or a professional group, and 
the disposition of political pai ties to shelve until after the 
election the critical issues regarding the structure of 
Government in relation to science and defence 1s pro- 
foundly disturbing 

The aspects of the professionalization of science dıs- 
cussed by Prof Beer and W.D Lewis add very little and 
are concerned with the more superficial and materialistic 
aspects of the relations between the scientist engaged m 
research whether m mdustry or m Government service 
Like W Kornhauser m hus study of scientists 1n industry 
(Nature, 197, 112, 1963), they seem to magnify tensions 
which are abnormal rather than normal, at least in Britam, 
and ther paper ıs relevant rather to the administiation of 
research and the relations between research worker and 
administrator than to the real issues that arse out of any 
consideration of science, or departments of science, as a 
profession This undoubtedly stems from the absence of 
any clear conception of the nature of & profession or the 
functions and responsibilities of a professional organiza- 
tion, and the way such organizations can function m a 
technological society. 

The approach 1s altogether too narrow and materialistic, 
but 16 1s curious that a sumilar approach should characterize 
a further contribution to the sympos1um—that of A S 
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Wittln on “The Teacher" Except on the most material- 
istic scale of values, the place of teaching as a profession 18 
undeniable what ıs lacking 1s the appropriate organization 
to establish fully its dignity and authority, and ın Britain, 
mn any event, the absence of unity m the profession itself 
1s a mam cause of its weakness Wittln, however, goes 
near to equatmg professional status with power rather 
than influence, and with the taking of decisions on policy 
rather than m teaching itself, and for British readers his 
contribution lacks msight and inspiration 

For such readers the value of the whole symposium, 1s 
secondary rather than primary It ıs to be read not so 
much as opening afresh a discussion on the nature of a 
profession, the responsibilities and opportunities of 
professional men and women in this rapidly changing 
technological society, as ın reflecting on the issues which 
arise out of debates already opened—debates on the 
relations between science and Government, between pro- 
fessional institutions and those of higher education, 
between professional men and the socialized industiies 
and services, and the organization of Government itself 
Repeatedly, questions are indicated to which the great 
professional mstitutions should be directing fresh atten- 
tion, examming them constructively ın the light of chang- 
ing situations, and new resources Sometimes, the issues 
are specific, narrowly specialized or professional Often 
they are much wider and even general, sometimes callmg 
for co-operation from a wide range of professional mstitu- 
tions for successful solution For those with rmagmation 
and some understanding of the nature and functions of a 
profession, much that 1s stimulating 1s to be found 1n the 
symposium Those institutions which are finding it 
difficult to hold or attract the allegiance of the growing 
generation of professional men and women might well 
consider whether this failure may not, m part at least, 
be due to lack of vision and to a failure to present to the 
new generation the full measure of the challenge, 
opportunities and responsibilities which professional life 
presents. 


LA GENESE DU SYSTEME SOLAIRE 


Origin of the Solar System 

Edited by Robert Jastrow and A G W. Cameron. 
(Proceedings of a Conference held at the Goddard Institute 
for Space Studies, New York, January 23-24, 1962) 
Pp xm+176 (New York Academic Press, Inc., 
London Academic Press, Ine (London), Ltd, 1963) 
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E trés intéressant recueil, oeuvre de treize émments 
auteurs, nous donne un panorama précis des idées 
régnant actuellement Outre-Atlantique sur la genése du 
système solare Il ne nous apporte pas, bien entendu, un 
méeanisme précis de l'élaboration. du système, mais se 
borne, plus prudemment, à l'exposó de généralités ossen- 
tielles pour l'ntelhgenee de ce difficile probléme, telles 
que la formation du Soleil, le pomt de vue de la 
physique nucléaire et l'importance cosmogonique des 
météorites 
Dans une introduction de 37 pages, D Ter Haar et 
A G W Cameron rappellent les principaux caractères du 
système solaire, et diseutent, en les critiquant, une dizaine 
des hypothèses les plus récentes La faveur est donnée 
aux théories dérivées de celle de Laplace, la dissipation 
du moment angulaire solaire en excès étant attribuée à un 
puissant champ hélomagnétique La formation des 
planètes names terrestres serait düe à l’acerétion des corps 
planétésimmaux de Chamberlin et Moulton Ces planété- 
simaux sont, précisément, identifiés avec les chondres 
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apparents dans les météorites pierreuses, supposés 
S'etre constitués à partir de la matiére mterstellaire 
divisée gaz et fumées 

Le difficile sujet de la génétique stellae à paitir du 
milieu interstellaire est traité, avec sa maitrise habituelle, 
par Lyman Spitzer jun, qui distingue 4 étapes dans la 
condensation La premiére est attribuée au processus 
d'Eberb L’:mportant travail de McCrea (1957) sur ce 
sujet n’est ni exposé, ni discuté Les proto-étoiles serar- 
ent amsi engendrées en amas de quelques centames Le 
processus ne s'applique qu'aux étoiles galactiques de la 
population I de Baade L'auteur souligne l'importance 
du champ magnétique mterstellaire Buen que la genèse 
de celui-ci demeure obscure, i11 serait capable de prévenir 
toute condensation, si son mtensité excédait ly (105- 
gauss) Or, les observations récentes, faites & Jodrell 
Bank par Davies, Versheer et Wild, par l'effet Zeeman, 
sur la radiation A21 cm de Vhydrogéne, ont montré 
l'existence de champs atteignant 2 5y La contraction ne 
serait efficace que pour un champ dix fois plus faible 
Une autre difficulté provient de l’état dhonisation de 
lhydrogóne Celui-c1 dépend du spectre d'énergie des 
rayons cosmiques pirmaaires qui détermine leur absorption 
Sı le gaz est 10nis6, la séparation du champ magnétique 
devient difficile 

Les stades ultérieurs, tels que la contraction de Kelvm-— 
Helmholtz, lionisation thermique de Vhydrogene et 
Yamorgage des réactions nucléaires, ne présentent pas de 
diffieultés théoriques fondamentales 

A G W Cameron expose ensuite les remarques faites 
par M Schwarzchild sur le passage du proto-soled géant 
vers la série prmeipale du diagramme de Hertzsprung- 
Russell, en tenant compte d'un important travail de 
Hayashi, suggérant un état convectif du Soleil durant sa 
phase initiale de contraction — 

W A Fowler discute le probléme de la formation des 
noyaux légers On sait que le rapport solare du deuter- 
ium à l'hydrogène est de 10-1’, alors qu'il est égal à 
1-5 x 10-4 dans les océans En outre, le rapport solaire 
hthium/beryluum n'est que le centième du rapport 
terrestre et météontique L'auteur montre qu’ i n'est 
pas impossible de rendre compte de ces anomalies 

A. G W Cameron discute la formation de la nébuleuse 
solaire primitive, dont il suggóre divers modéles Il 
propose, pour réduire les difficultés résultant des champs 
magnétiques galactiques, de considérer des nuages déjà 
denses qui peuvent renfermer jusqu'à 10? atomes/ 
em’, 

Dans une seconde partie d'un haut mtérét, A G W 
Cameron, Ed Anders, H E Suess et J A Wood, 
discutent l'mportance de la composition minéralogique, 
chimique et isotopique des météorites et particuliérement 
des chondres De trés beaux travaux dûs à Reynolds, 
Murphy et Anders sur les anomalies isotopiques du 
xénon, de l'argent et du palladium, imposent des lımıta- 
tions à l'histoire des roches cosmiques La discussion en 
est rendue difficile par les modifications nucléaires subies 
par celles-c1 durant leur longue exposition à l'état. divisé 
aux rayons cosmiques primaires Les chondres sont 
supposés résulter de l'acerétion de la matiére mnterstellaire, 
ou mieux, de la nébuleuse solaire primitive Les travaux 
théoriques de Linblad et de Corlin (1938) sur ce sujet ne 
sont pas mentionnés Assurément, la synthèse pneuma- 
tolytique de nombreux minéraux a óté réalisée, mais elle 
exige, souvent, la vapeur d'eau hypercritique, et toujours, 
des températures et des pressions qui ne sauraient se 
rencontrer dans cette nébuleuse ultra-raréfiée C'est un 
peu vouloir róaliser le projet West Ford à l'envers, ce 
que voudra:ent bien faire les radio-astronomes! 

Depuis une dizaine d'années, nombre d'auteurs améri- 
cams ont reconnu l'importance cosmogonique des météor- 
ates, et certains y ont même “‘découvert”’ des microfossiles! 
Mais beaucoup semblent 1gnorer les travaux fondamentaux 
poursuivis en Europe depuis un siécle, par des savants 

C els que Daubrée, St Meunier, Lacroix, Benediks, Fers- 
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man, Paneth, Hevesy et bien d’autres Il redécouvrent 
ams: l'importanee des carbures et du diamant dans les 
sidérites, souhgnée par Daubrée et les synthéses de 
Moissan Les recherches de Berthelot et de Pasteur sur 
les météorites carbonées, ont ótabh lorgne minérale de 
leurs matiéres "organiques" Une origine biogéne et 
impensable sui des corps célestes ayant une masse de 
l'ordre de celle de la Lune, privés, par conséquent, 
docéans et d'atmosphére, et distants de 28 unités 
astronomiques du Soleil, où la température n’excéde 
pas — 60°C 

Mais que penser du travail de G J. F MacDonald ? 
Cet émment géophysicien, bien connu pour son magistral 
ouvrage The Rotation of the Earth, écrit avee W H 
Munk, s’attache à détruire d'un cœur léger, les fondements 
de nos connaissances acquises depuis un siécle sur les 
propriétés internes de la Terre et l'histoire du système 
Terre-Lune, sous le fallacieux prétexte que les courants 
de marée dans la mer de Bering, ne semblent pas attemdre 
2 noeuds! Les admurables travaux de Lord Kelvm, Su 
George Darwin, E Roche, H Poincaré, Sır Geoffrey 
Taylor Sir Harold Jeffreys (que Pauteur dénommo 
‘Jeffries’) sont rejetés. On s'y résoudrait si des concep- 
tions géniales, nouvelles et irréfutables, devaient les 
remplacer 

Or, l'auteur, remarquant que le flux géothermique serait 
interprété sı le globe était homogène et constitué d'une 
chondrite peu radioactive, cherche & appliquer cette 
hypothèse aux autres planètes terrestres, telles que Mars 
(dont la densité est dite être égale à 5-5 (p 155), alors 
que la valeur de Rabe n'excéde pas 41) Il n’oublie que 
les célóbres travaux de J Joly et de ses successeurs, ainsi 
qu'une très petite chose, un rien le voleanisme! Il 
aboutit ainsi à rejeter, contre toute évidence, les courants 
de convection, la théorie des marées du systéme Terre- 
Lune et à considérer celle-ci comme un corps céleste 
étranger capturé par la Terre 

Ces remarques n'ótent ren à la valeur de l'ouvrage, 
qui est édité avec grand som Le rapporteur n'y a 
trouvé, tout au plus, qu'une douzaine de fautes typo- 
graphiques ou autres Le papier et l'mpression sont 
excellents Il renferme une foule d'informations récentes 
et précises et tout lecteur averti, soucieux d’être mnformé 
sur l'évolution des idées sur ce difficile sujet, devra 
l'aequérir et l'étudier longuement A DAUVILLER 


THE FIRST ANTI-PARTICLE 


The Concept of the Positron 

A Philosophical Analysis By Prof. Norwood Russell 
Hanson Pp 1x+236 (Cambridge: At the University 
Press, 1963) 32s 6d net, 5 95 dollars 


ROF. Hanson gives an account of the conceptual back- 
ground of the discovery of the positron, the first of 
the anti-particles, ın its historical development He set 
to his task with mnmense knowledge acquired by long 
and thorough preparation as shown by the forty pages of 
“Notes” giving bibliographical references, quotations 
from published literature and personal correspondence, 
explanatory remarks and seventeen pages of appen- 
dixes 
Historically the period spanned by the first eight 
chapters of the book covers some three centuries, dis- 
regarding references to philosophers of antiquity. The 
discussion ranges from references to, or brief descriptions 
and critical assessment of, experrments (sometimes rather 
confusmg), to arguments involving the use of advanced 
mathematical formalism, from the philosophical analysis 
of the concepts of ‘explaming’ and ‘predicting’ to the 
evaluation of different views—old and new—concerning 
the nature of ultimate matter, m order to “secure some 
philosophical point, without which features of the positron 
discovery would be difficult to grasp” (p. 1). However, 
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most of what we learn in these chapters (pp 1-134) is 
not more closely related to the positron discovery than to 
any experiment m which a non-relativistic quantum 
mechanical effect 1s observed 

Considering, for example, the wave-particle duality of 
hght (Chapter 1, pp. 5-24), a penetrating analysis of the 
logical structure of the experimentum crucis is given 
The clam, however, that 'Newton's conception of Fits 
represents just that kind of theoretical coraplexity which 
identifies the positron idea” (p. 24) seems to be rather far- 
fetched The arguments of Chapter 3 (pp 42-59) to the 
effect that “the impossibihty of visualizmg ultimate 
matter ıs an essential feature of atome explanation" 
(p 42) but at the same time “elementary particles are not 
logical fictions” (p 47) are very instructive, but what 1s 
peeular about the positron, that ıb 1s created and annihil- 
ated, 18 mentioned only m a brief remark One would 
prefer to see the discovery of the positron contrasted with 
the discovery of other elementary particles, for example, 
the electron, and not with that of “other objects easily 
pictured. ” (p. 59) 

“An acute conceptual tension within quantum theory” 
1s the subject of Chapter 4 (pp 60-70) and ıt 1s claimed 
that “the consequences of this affect our understanding 
of the positron itself” (p. 1) Prof. Hanson denies "the 
logical contmuity suggested by semu-popular statements 
of the Correspondence principle” (p. 68), admittmg only 
that *16 1s perfectly legitimate to point out that, m the 
lmit of large quantum numbers, average properties of 
mucroparticles—position, momentum, etc —are definable 
as if they were classical measures and obeyed classical 
equations” (p 69) However, one can go quite a bit 
further than this. If a system ıs described by a wave 
function, the outcome of a measurement performed on 
this system to determme any observabie quantity 1s 
given. by the expectation value of the appropriate operator, 
and these expectation values always satisfy equations 
analogous to those of classical dynamics These equations 
reduce to familar classical equations if the quantum 
mechanical commutator term—representat:ve of the un- 
certamty prmciple—becomes negligible, that ıs, if the 
parameters describing the system and having the dimen- 
sions of ‘action’ are large compared with Planck’s h 
Thus, the conceptual tension, 1f 1t exists at all, seems to 
vanish if one's attention 1s concentrated on relationships 
between measurable quantities, as 1s the case with most 
physicists " 

Three chapters (pp. 71-112) are devoted to the defence 
of the ‘Copenhagen interpretation’ of quantum theory, the 
criticism of opposing views and further arguments to the 
effect that the uncertainty relations are the conceptual 
foundations of quantum theory (often statements rather 
than arguments) The penultimate chapter deals with 
the problem of equivalence of wave mechanics and matrix 
mechanies It suggests that the proofs of Eckart and 
Schrodinger are wrong and “the really convincing argu- 
ment for the equivalence as physical theories was estab- 
lished by Born’s statistical mterpretation o? the function” 
(p. 183) I failed to understand the relevance of this 
problem to the discovery of the positron, or to the concept 
of anti-matter in general 

It 18 ın the last chapter only (pp. 135-165) that we find 
the history of the discovery of the positron Great em- 
phasis 1s put on the problem of how others, who, in Prof 
Hanson’s view, saw the positron prior to Anderson, failed 
to identify 1t and why Anderson’s discovery was received 
‘with universal reluctance Prof Hanson gives his own 
reasons and quotes m the “Notes” other opinions as well 
(p 223) Many physicists will probably find the views of 
Bohr and Mott the more agreeable. 

The brief historical review of relativistic quantum 
theory 1s Ulummatmg but the conceptual analysis hinges 
on references to subtle mathematical arguments which 
have little meanmg to anyone who 1s not well versed in the 
subject to start with (“It 1s, of course, mathematically 
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impossible tő apply the general theory of transformations to 
differential equations higher than the first order 1n. time" 
(p. 145) ) The postulates of Lorentz mvariance and that 
the hear partial differential equations m question should 
be first-order ones both have physical meanings Instead 
of a mere statement, ıt would have been particularly 
interesting to have expounded the philosophical impheca- 
tions why “it was more important to theoreticians to 
have an equation which, although [it] harboured unm- 
telhgible solutions, was none the less Lorentz-mvariant, 
than to adopt an alternative equation which, although 
easily interpretable physically, Jacked mvariance” (p 
147) 

The story 1s concluded by the review of the synthesis 
achieved by the investigations of Blackett and 
Occhialini 

To summarize, I feel that the conceptual contributions 
of the special theory of relatrvity are very much neglected 
in comparison with those of non-relativistic quantum 
theory, m spite of the fact that the discovery of the 
positron consisted of the observation of phenomena which 
can be interpreted in terms of relativistic quantum 
mechanics only This does not change the fact that ányone 
who 1s interested in the history of the growth of modein 
ideas m physics, their logical structure and wider philoso- 
phical mmphiestions will find Prof. Hanson’s book most 
interesting, although not easy, reading which challenges 
critical appreciation. P S Faraco 


CERAMURGY 


The Physics and Chemistry of Ceramics 

Edited by Cyrus Khngsberg (Proceedings of a Sym- 
posium held at The Pennsylvania State University, May 
98-30, 1962 Organized and sponsored by the Office of 
Naval Research ) Pp 1x+361 (New York and London 

Gordon and Breach, 1963) Paper 950 dollars, cloth 
14 50 dollars 


HE Physics and Chemistry of Ceramics 18 a valuable 
and welcome further addition to the growmg volume 
of sophisticated, hterature on what, one hopes, might soon 
be called ‘ceramurgy’, to distinguish once and for all 
between science and :stheties ın this important field of 
materials It records the proceedings of a symposium 
organized and sponsored by the US Office of Naval 
Research, and held at Pennsylvama State University 
durmg May 28-30, 1962, and contams m addition to 
sixteen papers an important account of a panel discussion 
on the future of ceramic education 
Prof F Seitz, m an openmg survey paper, suggests 
that metallurgists have shown a much more ready accep- 
tance of developments m physics than have ceramists, & 
suggestion which promoted a spirited defence of all tho 
interests concerned Indeed, later on m the book Dr J J 
Gilman (whose own contribution on ‘The Strength of 
Ceramic Crystals" ıs surely one of the best essays ever 
written in this field) says that while the physicist has a 
liberal attitude, that of the classical ceramist seems to be 
that of the conservative In a sense, this 1s what the book 
18 all about—trying to understand the physics of a class of 
materials which, however deeply rooted m history, are 
really among the newest products of technology, and 
trying to match the pomt of view of the physicist, who 
wants to stylize his problem and understand what happens 
in a single crystal, with that of the ceramist—or ceram- 
urgist—who must be concerned with complex polyphase 
systems Prof Kingery puts this point of view m his 
paper on the effects of microstructure on properties, and, m 
& more general philosophical way, Prof W R Buessem 
gives what one contributor to the discussion neatly 
described as “a coramust/s eye view of the physicist’s role 
m ceramics” 
In the face of such engaging discussion, one does not 
dare to classify as chemists, physicists or ceramuists those 
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authors who have contributed the group of papers on 
ionic solids: these are perhaps more highly specialized 
than the other papers and deal with crystal chemistry as 
the foundation of a systematic approach to research on 
ceramic materials, with impurity controlled properties 
(with particular reference to dielectric and elastic relaxa- 
tion, dislocation pinning and thermal conductivity), with 
diffusion m 10n1e crystals and with the use of high pressure 
(~ 100 lulobars) to investigate the electronic structure of 
1onic crystals R Chang contributes a paper on theoretical 
and expermental work on high-temperature creep of 
ceramic oxides and reveals a power-law stress dependence, 
which 1s mterpreted m terms of a dislocation model 
Present-day mterest in devitrified glasses 1s reflected m a 
paper by G W Sears on recent developments m nucleation 
theory 

The editor of the book, C Kimgsberg, gives a brief 
account of federal sponsorship of research and develop- 
ment in ceramics, and i6 appears that agencies of the 
Federal Government spent, ın 1962, some 16 million 
dollars on ceramics (including cermets and glasses), the 
major partners ın this bemg the Department of Defence 
and the Atomic Energy Commission One wonders whether 
this figure, even on a proportional basis, 18 anywhere near 
matched m Britam The book ends, as we have sad, 
with a vigorous panel discussion on the future of ceramic 
education in the United States Perhaps this does not 
come to a very sharp focus, but the views recorded (and we 
must remember, mn this context, that American universi- 
ties have had considerable experience of schools of 
ceramics) cannot fail to be of great interest to thoso m 
Britain who are at present concerning themselves with 
education in materials science On the whole this 1s 
probably the best, and certamly the most stmmulating, of 
the ceramic anthologies which have appeared m recent 
years N. F ASTBURY 


INFLUENCE OF RADIATION ON 
GENES AND CHROMOSOMES 


Radiation-Induced Chromosome Aberrations 
Edited by Sheldon Wolff Pp xn+304 (New York and 
London: Columbia University Press, 1963) 56s. 


Repair from Genetic Radiation Damage and Differential 
Radiosensitivity in Germ Cells 

Edited by Prof. F. H Sobels (Proceedings of an Inter- 

national Symposium held at the University of Leiden, 

The Netherlands, August 15-19, 1962) Pp x+454 

(New York and London Pergamon Press, 1963) 105s 


WO of the most 1mposmg and perhaps not unrelated 
problems ın cellular radiation biology are (1) What 
are the mechanisms involved m the formation of chromo- 
some aberrations ? (2) Why does the radio-sensitivity of the 
genetic apparatus vary with cell type and stage in cell 
development ? Implicit m both these questions 1s the 
problem of whether the cell can repair radiation damage 
which may ultimately be expressed by the formation of 
chromosome structural changes or, at the finer level, as 
gene mutations These and related questions form the 
topies covered by the papers and discussions presented in 
these two books 
The volume edited by Wolff 1s a report on the nmth 
conference on basic mechanisms m radiobiology organized 
by a sub-committee of the US National Academy of 
Sciences—National Research Council, and 1s virtually a 
transcript of a series of discussions between biologists, 
chemists and physicists interested in the effects of sonizmg 
radiations on chromosome structure 
The conference was organized into five sessions dealmg 
with theories of chromosome aberration formation, 
biochemical and biophysical studies, aberrations in human 
cells, and, finally, the genetic consequences of aberration 
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induction Each session m the book consists of two or 
three papers givmg a general background and highhghting 
particular problems for discussion Jt was the mtention 
of the conference organizers to make the discussions as 
informal as possible, and as a result the papers are some- 
what discontmuous, bemg liberally spiced with comments 
and discussion by other speakers On the whole, this 
type of presentation makes for lively reading, but m some 
parts the discussion 1s rather turgid and m others 1s difficult 
to follow. 

Much of the book 18 concerned with the basic mechan- 
isms of aberration formation, the recent mvestigations 
bearmg on the exchange hypothesis for aberration forma- 
tion, site limitation for exchange induction, importance of 
free radicals, and the mteraction between different types 
of radiations and between base analogues and other 
chemical agents, are fully discussed In addition, there 
are useful discussions of the more recent work on the 
organization of chromosome structure as examuned by 
electron microscope methods and through the use of 
H3-thymidme 

The general impression gamed on reading the sections 
dealing, either directly or mdirectly, with chromosome 
structure and the organization of the chromosome in the 
imterphase nucleus is that there are a number of signs 
that considerable advances will shortly be made m this 
field, due to the combined use of the variety of modern 
techniques now at the cytologist’s disposal At present, 
however, questions as to the numbers of fibrils (which 
need not be synonymous with the number of replicating 
units observed with H*-thymidine) making up a single 
chromatid and to the possibility of a linear differentiation 
of the chromatid mto a number of linked units remain as 
topics for conjecture and argument 

The book should prove a useful addition to the literature 
on this rather specialized subject, and the style of presenta- 
tion and the strong debates on some of the topics discussed 
—such as the exchange hypothesis and the actions of 
certam base analogues—should provide an added stimulus 
to research ın this field On the debit side, however, there 
are & considerable number of misprints and a few of the 
statements attributed to discussants border on the un- 
intelligible and seem to bear little relation to the questions 
under discussion. 

The second book edited by Sobels ıs also a report of a 
conference, but in this case the papers were delivered at 
formal sessions and the discussion of each contribution 13 
printed as an appendix to the paper The volume consists 
of twenty-four papers, the topics covermg chromosome 
aberrations, mutation and cell death, particularly from 
the point of view of mechanisms responsible for changes ın 
radiosensitivity and for repair of damage both in different 
types of cells and within different stages of the cell cycle 
Eleven of the papers deal with the radiation response and 
ts modification m Drosophila germ cells, five papers are 
concerned, with micro-organisms including phage, bacteria 
and Paramecvum, and the remamder deal with germ cells 
of the mouse, the wasp Habrobracon, the silkworm, and 
somatic and germ cells of higher plants The whole of the 
proceedings 1s admirably summarized in a concluding 
“Summary and Synthesis” by R F Kimball 

One of the more satisfymg general principles which 
emerges from the wealth of data presented 1s the general 
agreement between the patterns of change m radiation 
response with stage in germ cell development 1n a variety 
of different organisms evidently a large number of factors 
are mvolved m these changes m radiosensitivity, but 
we are merely at the beginnmg of our understanding as to 
how these factors operate One of these factors, which 1s 
contmually referred to throughout the book, is the mtra- 
cellular oxygen tension It would appear that the presence 
of oxygen plays a dual part m mfluencing the radiation 
response; on one hand, its presence serving to increase 
the mutis] amount of damage inflicted by X-radiation 
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and, on the other, ıts absence preventing or delaying the 
operation of those repair processes which are believed to 
involve oxidative metabohsm However, the relative 
importance of oxygen as a modifymg agent is difficult to 
ascertain There 1s a great deal of discussion of the 
indirect evidence, pomting to the conclusion that germ 
cells in certain stages of development and in certain parts 
of the gonad may exist ın a relatively anoxic state, and 1b 
would seem that a clearer understandmg of the avail- 
ability and rate of utilization of oxygen m these cells would 
be of tremendous help m interpreting some of the radiation 
results 

Between the time of irradiation and the time of observa- 
tion of genetic damage a large number of processes may 
intervene, which may modify the final response Thus, 
in order to demonstrate an active repair process, 1t 1s 
necessary to elimmate other possible mechanisms serving 
to reduce the amount of scorable damage, especially as ıt 
is hkely that a change ın cell development stage may well 
alter the amount or prevent the development of muitial 
damage Clear demonstrations of both reparation and 
prevention of development of initial genetic damage are 
in the four papers reporting on experiments in micro- 
organisms, where new information on the genetics of the 
reactivation of ultra-violet induced mactivation of phage, 
and on repair and elimmation of potential mutations 
in bacteria (ultra-violet) and Paramecium (X-rays), 18 
presented No less excitmg, and certamly more contro- 
versial, are the papers dealing with the question of repair 
of genetic damage m germ cells of the mouse, fruit fly 
and silkworm Here the picture ıs less clear, mamly 
because of problems of cell lethahty and selection, but the 
results obtained so far—particularly m the mouse—are 
very suggestive, 

The book 1s well produced and edited, but is rather 
expensive and will probably find a home ın the 
departmental library rather than on the personal book- 
shelf H J Evans 


“WHAT IS THIS LIFE... 2” 


Excitation 

(A Monograph in The Bannerstone Division of American 
Lectures in Pharmacology) By Georges Ungar Pp 
xin--437 . (Springfield, Ilhnois, USA Charles C 
Thomas—Publisher, 1963 ) 13.50 dollars 


ANY monographs have been written on the subject 
of excitation Most of them have dealt with its 
electrophysiological manifestations or other specific aspects 
of this phenomenon This book differs from the earlier 
monographs ın its general approach to the problem Dr 
Georges Ungar has attempted to treat the subject of 
excitation m the widest possible sense Tho book will 
therefore appeal not only to the scientist speciahzing in 
one of the many problems of excitation but also to a wider 
circle of readers 
The book 1s divided mto four parts The first part 
meludes a historical survey, explains the known basic 
physical, bioelectrical and chemical phenomena of excita- 
tion and, most usefully, gives precise definitions of the 
terms used It 1s written m a clear and easily understand- 
able form and may serve as a valuable introduction for a 
newcomer to this branch of physiology 
The second part of the book 1s concerned with a detailed 
analysis of the process of excitation of the mdividual cell 
The transport of ions across membranes, the chemical 
changes within the cell and the observed physical events 
are discussed The views of the physical chemist, the 
biochemist, the biophysicist and the electrophysiologist 
are well correlated The author stresses the difficulties 
which are involved in the chemical analysis of the 
extremely fast processes which occur an nerve or muscle 
and the uncertainties arismg from such observations 
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Special emphasis 1s laid on the part played by protems 
1n the state of excitation and on the importance of the cell 
structure Dr. Ungar does not hesitate to offer his own 
views on many theories and warns repeatedly agamst the 
use of assumptions for the interpretation of new observa- 
tions 

Part 3 of the book deals with the functions of excitation 
and their co-ordination at the more complex level of the 
tissue, the organ and the whole organism The author 
sees excitation as the basic event of life and thus there 1s 
no hmitation to the material which can be discussed m 
this section Dr Ungar covers a wide range of subjects, 
from the fertilization of the egg to Gestaltspsychologie and 
extrasensory perception Receptor and effector systems 
are dealt with m detail, nervous and hormonal communi- 
cation systems aie discussed and two chapteis are devoted 
to rhythmic activities and homeostatic systems Only 
httle space 1s given to the chemical mediators m the 
nervous system and to the concept of feed-back mechan- 
isms The last chapter discusses excitation as reflected in‘ 
behaviour, motivation, learning, memory and conscious- 
ness 

In Part 4, which 1s entitled “Pathology and Pharma- 
cology of Excitation”, myuries, inflammation and other 
diseases are looked on as pathological deviations of 
excitatory processes Tribute is paid to Selye's concept 
of the diseases of adaptation The complex phenomenon 
of shock 1s interpreted as misdirected homeostasis which 
s 18 neither stupid nor ıll-adapted it 1s merely limited 
in its ability to fight agaist overwhelming odds” The 
pharmacology of excitation 1s only briefly reviewed and 
the chapter concludes with some thoughts about the moral 
responsibility arising from the imtroduction of psycho- 
pharmacology The expression of many unorthodox 
views throughout the book stimulates thought 

The extensive bibhography comprises more than 1,200 
references covering two centuries and includes a number of 
papers which are httle known or not easily accessible 
The thirty-nine illustrations aie well chosen and the index 
18 carefully arranged 

Dr Ungar mtroduces his book by saymg ‘It was 
written on the assumption that it may still be possible 
for a physiologist to explore a physiological problem 1n all 
its complexity”? With this monograph he has proved 
that general physiology is not yet a dying subject 

MARGARETHE HOLZBAUER 


SOIL MICROBIOLOGY 


Soil Fungi and Soil Fertility 

By Dr S D Garrett (The Commonwealth and Inter- 
national Library of Science, Technology, Engineering and 
Liberal Studies Botany Division, Vol 1) Pp vm+ 
165 (London Pergamon Press, New York The Mac- 
milan Company, 1963) 10s 6d net 


N this age of increasingly early specialization, the need 
for a comprehensive approach to a subject becomes 
very evident for at least two reasons there 1s the problem 
of the individual who for one reason or another wants to 
learn something of a subject other than his own, and 1t 
1s salutary for those specializmg m a subject to be made 
aware of the umpact of related disciplines on their own 
In this book, which perhaps deserves a more embracing 
tatle than that given, Dr Garrett caters for both classes 
The first four chapters are obviously meant for those 
who wish to turn to mycology, but who have no previous 
biological knowledge Basic concepts, such as the differ- 
ences between plants and animals, and between higher 
and lower plants are discussed, together with a brief 
account of the mam types of micro-organisms found m 
the soul Under physical organization of fungi are covered 
such topics as asexual 1epioduction and dispersal, and 
the formation of mycelial strands and rhizomorphs 
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(but, strangely, not of sclerotia), and of the fruit bodies of 
higher fungi The genetics and classification of fungi are 
introduced in general terms with a brief historical review, 
and the account proceeds via nuclear division to genetic 
mechanisms mecludmg nuclear fusion, heterothalhsm, 
dikaryosis, heterokaryosis and a mention of the para- 
sexual cycle The breakdown of simple and more complex 
tissues by fungi, and the part played by bacteria, are 
discussed, as 1s the role of nitrogen m these processes 

The strength of the book comes in the second part, 
begmning with a eritical account of the mam techniques 
which have been used, to isolate fungi from the soil, and 
proceeding to the distribution of organic matter within 
the soil, and the factors which affect fungal colonization 
and succession on the substrate The practical applica- 
tions of such investigations lead directly to a discussion of 
saprophytic competition in the soul The last chapter is 
devoted to root-mfecting fungi which are placed in one 
of three groups primitive or specialized pazasites, and 
mycorrhizal fungi, with & lucid account of the character- 
istics of each group 

The book 1s well documented, with 124 references and a 
short hst of books for general 1eading at the end of the 
second chapter, the index is perfectly adequate It is 
well produced, and 1s illustrated by two plates and fourteen 
text figures It 1s bound ın a soft ‘flexicover’ 

In a short book, when so much has to be omitted, 16 18 
not always possible to quahfy all the generalizations 
which are made At times this 1s unfortunate, and occa: 
sionally misleading, as on p 49 where reference 1s made 
to the sperm and the egg m higher plants and animals, 
and on p 28 where the yeasts are mcluded with the 
Oomycetes as having cellulose cell walls as ın higher plants 
Certamly this 1s known to be the case for some of the 
Oomycetes, but the yeasts have been stated to possess a 
polyglucose wall which is distmet from cellulose. While 
1b 1s obvious that Dr Garrett means that simple carbo- 
hydrates are formed at first m photosynthesis, the use, 
on p 22, of the formula CH,O could be misleading to the 
beginner, as could the remark on p. 70 that “woody stems 
will absorb nitrogen from the surrounding soil durmg 
decomposition" 

Newcomers to biology will find the early chapters an 
interesting imtroduction to the subject, while young 
biologists will find the approach refreshng All students 
of soul mycology will benefit from readmg the later 
chapters, where the essence of Dr Garrett’s vast research 
experience 18 evident Few will fail to be fasemated by 
seeing the evolution of a field of research, or by the 
glimpses of research problems and the detailed thought- 
processes which go into solving them Such readers, while 
able to appreciate Dr Garrett’s concern for the beginner, 
may well regret that these later chapters were not 
expanded to fill a whole book G J F Puen 


TICKS IN BRITAIN 


British Ticks 
By Prof Don R Arthur Pp 1x+213 (London Butter- 
worth and Co (Publishers), Ltd , 1963) 55s 


CCORDING to the author, “‘ticks are the most 1mpor- 
tant arthropod vectors of disease to domestic animals 
bn Britain], and probably the least well known" ‘There 
are apparently twenty-two species of British ticks, and 
“the main purpose of this book 1s to assist m recognition 
[that 1s, identification] of the British species and to gather 
between two covers such sources of biological mformation 
as are available” 

The first part of the author’s purpose 1s accomplished 
with monumental thoroughness Indeed, no less than 
three-quarters of the book 1s devoted to identification 
under the following headings techniques and terms, keys 
to families, to genera, and to the males, females, nymphs 
and larvee of the species, descriptions of the species 
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The exposition of techniques ıs lucid but, in a book 
otherwise characterized by excellently clear drawings, 16 
18 exasperating to find that a magmfymg glass 1s required 
to reveal details ın the basic diagrams of male and female 
(Figs 1—4) illustrating the anatomical terms used m the 
keys These diagrams should be twice as large and shorn 
of their obfuscating covering of hars So far as could be 
ascertained by running down a limuted amount of preserved 
material, the keys themselves seem admuable A munor 
fault is the failure to indicate absence of I pars in the key 
to the males, and of both I arvicolae and I guernseyensis 
in the key to the nymphs, of the genus Ixodes 

The descriptions of species, although equally lucid, are 
mvariably cluttered with futile measurements of a ‘type 
specimen’ in the antique taxonomic tradition As a 
typical example, the female of Ixodes rinus ıs stated to 
have the followmg dimensions (length x breadth or length 
alone) m mm, capitulum 10 x 059, palp, segment 2, 
037 x 023, and segment 3, 032; tarsus I, 076, and 
IV, 0 61, metatarsus I, 0 40, and IV, 038 The inclusion 
of such data unfortunately suggests lack of appreciation 
that dimensions of bodily parts. and ratios thereof, vary 
considerably within any species Incidentally, six of the 
twenty-two species are incompletely described, five 
(genus Ixodes) unavoidably because male and/or young 
stages are “unavailable” or “not known", and one 
(Hyalomma aegyptvum) for no stated reason since its 
nymph and larva are simply not mentioned 

In accordance with the second part of the author's 
purpose, biological information 1s provided at the end of 
the description of each species under the following head- 
ings distribution, hosts, biology and ecology, disease 
relationships Here the accomplishment ıs less satıs- 
factory 

More often than not, British records of distribution are 
sandwiched within a tedious, higgledy-piggledy lst of 
"selected" (see p 1x) European or world records with no 
explanation of the mode or intention of the selection In 
a book devoted to British ticks, one would expect to have 
first the full details for Britain and then no more than a 
bare hst of the foreign countries in which the species 
occurs Again, there really is no need to give complete 
lists of known hosts ın other countries The only foreign 
records of mterest in this kind of book are those for 
animals which either have not so far been recorded as 
hosts m Britain or (less important) do not occur in 
Brita 

The sections dealing with biology and ecology are the 
least satisfactory of all The author seems undecided 
as to what 1s biology and what ecology Thus, for example, 
the very scanty information on Ixodes festar ıs appor- 
tioned to two sections respectively entitled “Biology” and 
"Ecology", while the same kinds of mformation on I 
?:c0nu8 are bundled into a single section entitled “Biology” 
This must seem even more curious to readers who know 
that I rwwvus is the only British tick with its ecology 
fully worked out Moreover, m the few species where the 
available 1ange of formation 1s fairly wide, the choice of, 
and emphasis on, topics seems to be capricious Thus, for 
example, there 1s undue preoccupation with feeding and 
moulting ın I hexagonus and with seasonal activity in 
I rwwus The book would be much improved by reducing 
the text here to a brief statement of (1) seasonal incidence 
of host infestation, (2) time required for engorgement, 
(3) habitat off the host, (4) references to papers providing 
fuller biological/ecological information 

The authorities for statements on disease relationships 
are too often omitted 1n the text 

Despite the foregomg criticisms, this 1s undoubtedly a 
very valuable reference book on British ticks because 16 
facilitates identification and lists all the relevant biological 
papers Anyone who (like myself) has struggled with the 
world-embracing taxonomic monograph of Nuttall et al 
and the scattered literature will gladly endorse this opimon 
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Fundamentals of Palaeontology 

Reference work for Palaeontologists and Geologists of the 
U.SSR Principal editor, Y. A. Orlov Vol 15 Algae, 
Bryophytes, Pteridophytes Edited by V A Vachrameev 
etal Pp 698+plates. (U.S SR. Academy of Sciences, 
Moscow, 1963) np 


HIS remarkable volume 1s evidently the first in the 

series of Fundamentals of Paleontology to deal with 
fossil plants It ıs divided into two parts the first on 
algae is edited by Maslov and about half 1s written by 
him; the second deals with Bryophytes and the various 
classes of Pteridophytes A large number of authors 
contribute ‘ 

The mam drvisions are normal, but the balance 1s 
unusual The section on Bryophytes, for example, 1s as 
long as that on the Articulatae (Equisetales, Sphenophylls 
and minor families), the section on Diatoms (100 pages) 
1s slightly longer than on the ferns and their alles The 
various sections are produced im much the same style as 
one another 

Each section has a general part, amounting to perhaps 
half, which may deal as much with livmg genera as with 
the fossils, followed by a special part dealmg with fossil 
genera I imagine this ıs just what a Russian geologist 
would want if he were to tackle, say, a fossil red-alga, for 
botanical texts would give him much that 1s wholly 
irrelevant to his needs and rather little on what he wants. 

What may be even more valuable, each section 1s 
followed by a bibhography I magme the Russian 
bibhography 1s complete, the non-Russian 1s not, but the 
writers have meluded all the relevant and worth-while 
work they know and the lists are very long Certainly 
nothing 1s excluded for political reasons 

The authors figure specimens from ther own country 
when they are suitable, but they describe great numbers 
only known from other lands It 1s the references to 
Russian specimens and Russian literature which will be 
most useful to users here, and I dare say the converse 
will be true for Russian users, for ıt 1s often very hard 
for them even to know about Western literature, and then 
often difficult for them to see 16 

Nearly all the specimens illustrated m the half-tone 
plates are Russian and almost all are sufficiently clear to 
show most of their features, though they may have lost 
somewhat ın reproduction The very numerous line draw- 
ings show ther features plainly, they have been redrawn 
where reduction was necessary I wish I could criticize 
the text, but I can only read Russian with such extreme 
difficulty that I have not attempted 1t This 1s probably 
my great loss, for I can tell that the work 1s not all compil- 
ation, but the authors have included their own critical 
thoughts. T M Hanns 


Weak Interactions and Topics in Dispersion Physics 
Lecture Notes from the Second Bergen International School 
of Physics, 1962. Edited by Christian Fronsdal Pp 
xi+332 (New York W A Benjamm, Inc, 1963) 
Clothbound 8 80 dollars, paperbound 5 45 dollars 


HESE summer school lectures are amed at research 
workers m nuclear and elementary particle physics, 
others can stop reading now Various topics in weak 
interaction theory are treated side by side with dispersion 
theory Hitherto, dispersion relations have been applied 
mainly m strong-coupling physics, where they have proved 
to be powerful tools, presumably the mtention here 1s to 
encourage their use m weak interaction problems 
The lectures are printed as nimeteen separate articles 
by sixteen different authors Most of them are rather 
short and deal with particular questions, perhaps mevit- 
ably, there 1s not much cohesion here But there are two 
longer articles which form the backbone of the book, and 
these are excellent One, by Treman, 1s a lucid summary 
of what 1s known or surmised about the structure of weak 
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interactions It1s a pity that the first high-energy neutrmo 
experiment was completed one month too late to be 
included in these lectures. The other maim article, by 
Mandelstam, describes the appheation of dispersion 
relations in strong mteraction theory, smce his lectures 
closely followed his masterly review ın Reports on Progress 
m ri ae (25, 1962), the latter has sumply been reprinted 
in full 

Finally, 1t must be said that the shorter contributions, 
though disconnected, are none the less authoritative, the 
lecturers include Bernardini, Fubmi, Primakoff, Telegdi 
and other well-known names. Although this book 18 not 
comprehensive enough to rank as a work of reference, it 
contains a lot of useful mformation. R J. N. PHILLIPS 


Concepts of Forest Entomology 

By Prof Kenneth Graham. (Remhold Books in the 
Biological Sciences) Pp xu+388. (New York Rem- 
hold Pubhshmg Corporation, London: Chapman and 
Hall, Ltd, 1963) 76s net 


N 1939, Prof S A. Graham, of the University of 
Michigan, published an excellent book on Principles of 
Forest Entomology Now Prof K Graham, of the Univer- 
sity of British Columbia, has produced its successor, 
rather similarly entitled Concepts of Forest Entomology 
Although there 1s necessarily some overlap, however, the 
two works are essentially complementary, the second 
bemg as a whole more generalized but at the same time 
more advanced and more detailed m its discussion of 
some aspects of the science. 

In his preface the author makes ıb clear that he has 
mtended to write not only for the specialist m forest 
entomology, but also for the general forester In this he 
has set himself a very difficult task, but he has succeeded 
in at least his first chapter, which 1s easily readable and 
discusses the role of entomological research within the 
framework of forest policy, economics, and the practices 
of sylviculture and forest management and utilization 
The latter chapters, which are largely devoted to forest 
msect surveys, population studies and the eauses and 
forecasting of epidemics, leading up to the theories of 
control, are for the most part probably too detailed to 
interest any but the professional entomologist 

The author primarily refers, of course, to conditions 
m the United States and Canada, and the methods that 
he advocates may not always be immediately applicable 
to other territories, such, for example, as the less-devel- 
oped, tropical, tumber-produemg countries of the Com- 
monwealth. Nevertheless, it 1s im North America that 
the science of forest entomology has reached its highest 
development, both m theory and in practice, and the 
contents of the book provide both a model for future attain - 
mentandmethodsforpresentadaptation F.G BROWNE 


The Essentials of German Grammar 
By Prof Alan S. C Ross (The Essential Series ) Pp 28 
(London: Kenneth Mason Pubheations, Ltd , 1963) 58 


N this remarkably condensed version of German 
grammar, the author emphasizes that these essentials 
must be ruthlessly committed to memory This approach 
has been facilitated by greatly reduemg the number of 
forms to be learnt, as an example, m the verb, since tho 
first person smgular present mdicative and the singular 
present subjunctive are of identical form, they are here 
presented together so that only one learning operation 1$ 
necessary Although the booklet 1s mtended primarily 
for the reader who wishes to learn to speak German 
quickly, 1t should also be very useful as a rapid survey of 
German grammar for those scientists who, without having 
had any previous formal mstruction im German, find ıt 
necessary or desirable to read German scientific literature 
Another welcome feature is that the emphasis on con- 
densation has enabled the booklet to be published at the 
relatively low price of only 5s A ALLSOPP 
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GALILEO GALILEI (1564-1642) 


By Dr. J. ROSE 


Vice-Principal, Coventry Technical College 


“Science as an mmportant force began with Galileo"—BERTRAND RISSELL 

N the ninth and the tenth centuries A D Arabie szience 

and civilization were at ther peak in Spam, Northern 

Africa and the Middle East, while Christian Europe was 
engulfed in a barbaric darkness Arabic was the language 
of scholarship, and the wisdom of the East sometimes 
penetrated the European remoteness via translations 
from that language In the twelfth century, however, the 
Muslim decline was accompanied by a gradual hft:ng of 
the European gloom, and the ‘First Renaissance of 
Learning"! saw & revival of science, while many tech- 
nological developments took place m the growing towns 
There was an increasmg mflux of scientific traditior. from 
the Muslim world via Jewish translators, and the mtro- 
duction of the art of prmting in the fifteenth century 
brought about a more rapid spread of ideas At the same 
time the religious unity of the Middle Ages was breaking 
down, and the general mood of tho times gave an 
added impetus to the struggle of ideas and march of 
progress 

The “First Renaissance” was followed by anothar age 
of cultural revival m the fifteenth and sixteenth censuries, 
known simply as the Renaissance This age, though not 
scientific m nature, generated a thrusting attitude and a 
spirit of enquiry The Renaissance broke down tho 
scholastic strait-jacket of the medieval mental processes 
and encouraged intellectual activity m search of new ideas 
and not cloistered speculations on the basis of a changeless 
orthodoxy It revived the knowledge of the Greek world. 
and preferred Plato to Aristotle A new mdividualism 
was being created, and a race of Renaissance adverturers 
arose, such as Leonardo da Vine (1452-1519), who could 
turn their hands to anything, from creating works of art 
to performing feats of engmeering The new phase of 
artistic naturalism, as practised by Botticelli 1444- 
1510), Durer (1471-1528) and Leonardo da Vna, required 
a knowledge of perspective and anatomy, and this study 
of the geometrical aspect of perspective had important 
repercussions in mathematics and physics The towermg 
figure of Copernicus, who published his epoch-makmg 
heliocentric hypothesis ın 1548, was another of the giants 
of this age, though standmg apart from the main stream 
of the Ttahan Renaissance 

There was, however, a fatal flaw in the course of s3ienti- 
fie discovery ın the fifteenth and sixteenth centuries 
the lack of specialization was accompanied by an a sence 
of a self-conscious scientific group ready to confirm the 
discoveries and consider their applications Lecnardo 
worked alone and none persuaded him to publish his 
discoveries, as Halley did for Newton Discoveries were 
thus made and lost For example, the knowledge of 
magnetism by Peter Peregrinus of Picardy ın the thirseenth 
century was only brought out agam by Gilbert .1540— 
1603) m his book De Magnete 1n the sixteenth ceatury; 
the isochronous property of the pendulum, which was used 
as an astronomical time measure ın the fifteenth century 
(not in clocks, however), had to be rediscovered by Gahleo 
at the end of the sixteenth century, while Leonardo’s 
repudiation of Aristotle’s mechanics—that stumbling 
block ın the march of European science—had been antici- 
pated by Bundan (about 1297-1358) at the beginning 
of the fourteenth century. Furthermore, mathematics 
remamed an isolated science so that even Leonardo da 


Vinci failed to develop the laws of mechanics and hydro- 
statics, though he had a clear conception of the principles 
involved 

In addition, a cult of secrecy and a tendency towards 
mysticism, especially in the face of apparently msoluble 
problems, brought about a lack of interchange of ideas 
and an absence of cross-fertilization of concepts in the 
realm of scientific discoveries Perpetual motion was still 
sought, ‘gravity’ and ‘levity’ were still endowed with 
mystical qualities, heat was not a branch of physics but 
was looked, on as a chemical element, while the alchemists 
confused material substances with abstractions and 
searched for the ultimate of things, the qumtessence or 
‘soul’, that 1s, the philosopher's stone or the elixir of hfe 
The sixteenth century was medieval in thought, and copied 
books but not Nature, while the modern world really 
began in the seventeenth century, thus, whereas the 
views of the Renaissance Italians would have been intel- 
ligible to Aristotle and Plato, these Greek philosophers 
of the antiquity could not have understood the ideas of 
Galileo and Newton 

There were a few solitary voices in the wilderness of 
the late medieval European culture which tried, but 
unsuccessfully, to remove the veil of mysticism from 
scientific knowledge The doctor Paracelsus (1493-1541), 
the chemist Valerius Cordus (1515-44) and the metal- 
lurgist Agricola (1490-1555) attempted to swim against 
the tide, but the lack of communication and a new up- 
surge m religious fanaticism m the sixteenth century 
brought their efforts to nought The dogmas of Aristotle 
—those so-called conclusions derived by means of ‘com- 
mon sense’ and incorporated mto theology and the 
culture of Christian Europe as self-evident and unalterable 
truth—submerged the discoveries of men of vision and 
stifled the urge to change Indeed, through modern times 
practically every advance ın science had to be made in 
the teeth of the opposition from Aristotelians 

It 1s mteresting, however, to note that many crafts 
requiring technological knowledge flourished in those 
times For example, distillation of spirits and German 
mining and metallurgy were already old m the sixteenth 
century, while Italian glass dated from the twelfth century 
(convex spectacles were known m Venice by 1300), 
drugs were manufactured for the long-distance trade, the 
production of gunpowder was already an industry, while 
metal workers produced exquisite mechanical toys, and a 
surgeon (Ambroise Paré, about 1560) made artificial 
limbs, using the skill of the armour craftsmen experienced 
in the making of jomted-metal pieces Much of this, 
however, was subordinate to war, since at the end of the 
Renaissance Europe was devastated by religious wars 
caused by schisms which cut across national boundaries. 
While States were seethmg masses of disorder and hot- 
beds of disloyalties, the seventeenth century began to 
emerge as the age of scientific revival In the year 1600 
the outlook of educated men was medieval, so that Sir 
Thomas Browne could still take part m trials for witch- 
craft, and cultured clergy mdulge in the burning of 
‘heretics’ In fact, Giordano Bruno was burned as a 
heretic in Rome in February 1600, and in Shakespeare's 
time comets were portents and signs pointing to impending 
catastrophes Radical changes were, however, on the 
way, and the scientific revolution was begining with the 
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entry of the seventeenth-century giants, ranging from 
Gahleo to Newton 


The Seventeenth Century 


The dawning century emerged curiously as an age of 
reaction and suppression The universities were com- 
mutted to Aristotelian dogmas and abhorred the Renais- 
sance humanism and science, the monasteries, the leaders 
of learning 1n former times, ceased to be the nurseries of 
science, though Descartes and Pascal were trained in the 
excellent schools run by the Jesutts Witches, magic, 
superstitious practices and their vicious persecutions still 
pervaded the life of nations, while wars devastated large 
tracts of land and destroyed the work of man 

Despite these drawbacks the Courts and the learned 
societies began to assume the role of patrons of science 
The Accademia dei Lincei, founded by the Price Federico 
Cesi, a patron of Gahleo, was born in 1603, another 
academy was founded in Spam m 1657, and Galileo’s 
disciples established the Accademia del Cimento (‘academy 
of expermment’) in Florence m the same year The fiar 
Mersenne presided over a sort of a communication centre 
—a clearing house of scientific ideas—while the Royal 
Society was founded in 1660 (it received the Royal 
Charter m 1662), and the French Académie des Sciences 
came into existence m 1666 The Kings of England and 
France became interested ın the scientific age, and the 
learned societies published the discoveries of ther mem- 
bers For example, the Royal Society began the publica- 
tion of the Philosophical Transactions m 1665, while the 
Journal des Scavants, a transient effort, saw the light of 
day m the same year Germany appeared on the scene 
in 1672 with Sturm’s Collegium Curiosum and in 1682 
with the Acta Eruditorum 

This was the age of the philosopher Spinoza m the 
Netherlands, of the French Descartes, Fermat and Pascal, 
of the German Leibniz, the Dutchman Huygens, the 
Scot Napier, of Harvey, Newton and Hooke m England, 
and of the Italian Galileo, ın the last-named, the secular 
vitality of the Renaissance emerged as bright and fresh 
as ever. While Aristotle, Columbus, Luther and Charles 
V governed the sixteenth century, Galileo and Newton 
dominated the following century The period of isolation 
was ending and experimental science was entermg its 
golden age There was a rapid transfer from scientafic 
speculation to observation and imstrumentation The 
invention of the telescope by Galileo 1n 1609 was followed 
by the use of the biconvex lens combination first 
discovered by Kepler m 1611, the first barometer was 
made m 1643 by Torricelli, a pupil of Galileo, a vacuum 
was produced by means of pumps, a decade later, while 
the second half of the seventeenth century saw the intro- 
duction of the pendulum clock, telescopic sights, screw- 
micrometer and bubble-level 


The Galileo Revolution 


Gahleo Galle: (the duplication of surnames was an 
old Tuscan oustom) was born on February 18, 1564, m the 
year m which Michelangelo died and Shakespeare came 
into the world He was only twenty-five years of age 
when he became a professor of mathematics at the 
University of Pisa at a princely salary of 74d per day 
His character is known from more than 100 letters written 
to his older daughter Marie Celeste, a nun, an account of 
which was pubhshed anonymously by Messrs Macmillan 
and Co, Ltd, m 1870 It appears that mathematics was 
his second choice after having studied medicine at the age 
of seventeen, ın fact, while m his youth he calculated the 
dimensions of the errcles of Dante’s Inferno from the 
description given in the poet’s work Although he ques- 
tioned Aristotle’s teachmgs—the embodiment of all 
knowledge and wisdom in those times—he was appointed 
to the char of mathematics owing to his undoubted 
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leadership in this field and his flair for experimentation 
and observation, such as on the motion of the pendulum 
(he noted that a chandelier m the Pisa Cathedral took the 
same time for a complete vibration, though the arc of 
oscillation varied) He then proceeded to question 
Anstotle's law of fallng bodies by carrymg out some 
expermments In fact, nobody dared to experiment in 
this field, smce Aristotle’s ideas were accepted as self- 
evident and mmutable truths 

In consequence of Gahleo’s aggressive attitude towards 
the Aristotelians and rather disparaging remarks made 
about Don Giovanni de Medici’s useless pumping con- 
trivance, conditions at Pisa became intolerable, and the 
professor moved to Padua m 1592 at a salary of 180 
florins per annum, later mcreased to 520 (by way of com- 
parison, the pedantic philosopher Cremonim drew a 
salary of 2,000 florms per annum!) There Galileo drew 
crowds to his discourses on natural philosophy, as well as 
private pupils Among his students m the Auditorrum 
Maximum were young noblemen from all over Europe, 
including the Crown Prince of Sweden, Gustavus 
Adolphus? He lectured on harbour planning, bridge 
building, fortifications and some military construction. 
Experiments were carried out m order to demonstrate 
sound resonance, the speed of sound and hollow-pipe 
construction Some of the lectures were concerned with 
astronomical discoveries consequent on the manufacture of 
telescopes, for example, the appearance of the Moon 
and its libration, the existence of the four satellites of 
Jupiter (later called sidera medicea in honour of Galileo’s 
patrons the Medicis), the phases of Venus and the expanse 
of the Milky Way 

As a result of his discoveries Galileo was mvited m 
1616 to Florence, the heart of European culture even 
before 1600, as a mathematician and philosopher to the 
Grand Duke of Tuscany The unusual aspect of his teach- 
mg was the novelty of carrymg out experiments before 
the eyes of his audience instead of theorizmg for, or 
agamst, Aristotle Indeed, ın 1599 he engaged a skilled 
workman to try out the various contrivances he devised 
to carry out his researches Whereas Copernicus dethroned 
Ptolemy, Gahleo attacked all Amstotle’s science and 
toppled him from the throne He assaulted the Aristo- 
telan dogma of pairs of opposites, hot and cold, heavy 
and hght Galileo was the first to pomt out that the con- 
cept of hot and cold ought to be superseded by one of 
temperature, and to measure 1t he introduced in 1602 the 
idea of a thermometric fluid, such as water or spirits 
(mercury was not thought of until fifty years later) In 
actual fact, he constructed several years before the first 
thermoscope, the parent of the barometer and thermo- 
meter, which consisted of a glass tube having at one end 
a bulb filled with water or alcohol, by mventmg these 
instruments he altered the whole status of thermal motion 
as a part of a deliberate campaign of making physics 
mathematical and not just imntroduemg finer measure- 
ments Similarly, he attacked the concept of ‘gravity’ 
and ‘levity’, according to which heavy bodies had an 
impulse to go down and light bodies to go up Thus, 
gases m flames were Armtotehan examples of ‘levity’, 
while lumps of lead represented the notion of ‘gravity’ 
To demonstrate the fallacy of Arstotle’s argument 
Galileo replaced the concept of ‘levity’ ın respect of gases 
by relative density and weighed air, which he found to 
be 1/800 as heavy as water 

Though the account of his experiments on falling bodies 
carried out on the Leaning Tower of Pisa 1s m some doubt? 
(Stevmus and De Groot did a srmilar experiment in 1590 
(ref 4) ), his observations on the motion of the pendulum 
and the fall of small and large lumps of the same material 
and of different materials led him to suspect Aristotle’s 
concepts He showed that a heavy cannon ball and a 
musket ball arrived nearly simultaneously when dropped 
from a great height, the small deviation from simultanerty 
bemg due to ar resistance Gahleo confirmed these 
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conclusions by letting various bodies drop through water, 
in which the rate of fall differs greatly owmg to the greater 
resistance of water to motion The conclusion thus 
followed that m a vacuum a feather would drop as quickly 
as lead Unfortunately, the prejudice of the age about 
the ‘horror vacui’ stopped further developments until 
the production of a vacuum by Torricelli many years 
later, the complete proof of the law of fall was not possible 
until the air pump had been mvented ın 1654 To dəmon- 
strate the law of gravity he set up an experiment with an 
inclined plane, smce m his opmion the movemen: of a 
body on such a plane must obey the same law as a, freely 
fallmg object, thus establishmg the first principles of 
dynamics 

Galileo showed that motion could be dealt with mathe- 
matically by thinkmg m formule rather than in "words, 
since "the book of nature 1s written ın the language of 
mathematics" The motion of fallmg bodies was repre- 
sented by a graph with tme as an abscissa, and from this 
graph Galeo derived formule which formed the basis of 
new concepts m physics and astronomy ‘Thus, from his 
law of acceleration he derrved the new science of dynamics, 
and by observing the motion of a pendulum he dedaced a 
general rule for all types of falhng motion This n turn 
led him to a revolutionary principle later embodied in 
Newton’s first law of mertia, that 1s, endless motion 
produced by a single mmpulse on a body moving m a 
horizontal plane—a conclusion which was anathena to 
the Aristotehans, who injected animism into the laws of 
physics and who postulated that left to itself any m- 
animate body would become motionless A dynamic 
concept of nature has thus come mto bemg uniform 
motion does not need force, just as does a state cf rest, 
but acceleration contams an element of force Hence 
objects fall faster and faster not because they Lave a 
mysterious quality to do so, but because the Earth 
applies continually fresh force to the falling object and so 
continually increases its velocity, the concept of ac2elera- 
tion was thus discovered by Galileo 

A further development of this dynamic picture was the 
motion of objects subjected to the influence of two simul- 
taneous forces, for example, a projectile The path of the 
projectile was shown to be parabolic as a result 5f the 
interaction of two forces. Hence if several forcss act 
simultaneously on an object, the effect 1s as if each acted 
in turn This conclusion 1s, of course, a paro of the 
general principle known as the parallelogram law This 
m turn has led others to the mterpretation of K»pler's 
elliptical paths of the planets—the Earth's motion bemg 
caused by an initial impulse and the constant avtraction 
of the Sun. (Kepler himself thought magnetism rather 
than gravity to be the attractive force, Galileo identified 
this force with gravity ) Though Galileo recogniz2d the 
far-reachmg consequences of his physical dynamics, the 
actual synthesis of Kepler’s and Galileo’s ideas was 
achieved by Newton, who was born in the same year 
that the Italan genius died totally blind, as a virtual 
prisoner of the Inquisition Newton, of course, was 
fortunate m having his ideas accepted by his conten-porar- 
es, since m the intervening years the anti-Aristotelan 
views took root, while the era of religious wars, which 
came to an end m 1648, brought about a change of 
attitude, m fact, Charles II formed the Royal Society 
partly as an antidote to bigotry Scientific methcd had 
thus come to Europe with Galileo in the form of quantita- 
tive laws and induction methods Until then the Church 
deduced its ‘scientific’ concepts from sacred books and 
the writings of certam ancients, but Galileo questioned 
the Bible and Aristotle and took the first big step to 
acquire knowledge by an mductive procedure based on 
observation, he thus eroded the basis of prejudice and 
superstition 

According to Bertrand Russell, 1f a hundred of tha mtel- 
lectual giants of the seventeenth century had beer killed 
in their mfancy, the modern world would not exist, and 


NATURE 


655 


of the hundred Galileo 1s the chief The mductive method, 
first employed by Francis Bacon (1561-1626), was that 
used by Kepler and Newton, 16 proceeds from a number of 
propositions based on fact upwards through a hierarchy 
of hypotheses and deductions therefrom, until higher 
orders of generality are reached For example, Galileo 
(1604) discovered the law of falling bodies from a small 
number of facts (16 1s noteworthy that Gahleo failed to 
use the mductive method to arrive at the formula s = 1/2 
at? from the abundant data available), while Kepler 
formulated his three laws of planetary motion (1609— 
1619) on the basis of observation, Newton then collected 
the laws of Galileo and Kepler and that of tides mto a 
more general gravity law This m turn was further 
generalized by Emstem and ineluded into a broader 
concept of gravity. 


Galileo the Astronomer 


About 1608 an obscure Dutch spectacle-maker in 
Zeeland, Hans Lippershey, whom Huygens called an 
*"óihterate mechanick", made by chance the first mono- 
cular telescope It ıs believed by some that the first 
telescope was made by Porta m Italy about 1590, this 
found its way mto Holland in the early years of the 
seventeenth century’ In any event, the news of Lipper- 
shey’s instrument spread quickly to Germany, France and 
Italy, and m 1608 similar telescopes were on sale in Paris, 
while a year later they appeared in Italy under the name 
of ‘Dutch trunks’ or ‘perspectives’, rumours of the 
Dutchman’s invention 1eached Galileo m May 1609, while 
traveling in north-east Italy Withm twenty-four 
hours of his return to Padua he produced lus first tele- 
scope, a lead tube fitted with a plano-convex lens at one 
end and a plano-concave lens at the other This mstru- 
ment excited great mterest among high officials at the 
Court of the Doge of Venice in view of the mtrmsie mili- 
tary value of telescopes As a mark of recognition the 
professorship at Padua was conferred on Galileo for life 
and his salary was mcreased to 1,000 florms per annum 
Though he never failed to pomt out that the credit for the 
invention was due to Lippershey, he remaiked, however, 
that while the Dutchman’s invention was achieved by 
"hazard and chance", his own telescope was produced 
"by the way of pure reasoning" (the word telescope, 
instead of Galileo’s original term “‘perspicillum’’, was intro- 
duced by the poet-scientist Johann Demusiani ın 1611 
at a banquet m Rome given by Price Federico Cesi m 
honour of Galleo*) Furthermore, Galleo fastened his 
tube to a column and pomted it at the Moon, oddly 
enough, Lippershey never thought of directing his instru- 
ment at the sky, for he seemed to be rather preoccupied 
with negotiations with the States-General concerning the 
financial rewards for his contribution to the war effort 
of the Netherlands agamst Philip II of Spam! Moreover, 
the urge to study the heavens was quite non-existent 
even among the learned of the age—Gahleo's colleagues 
refused to look through “his godless magie tube” These 
traditionalists believed that the number of celestial bodies 
should be the sacred number seven (the Sun, Moon and 
five planets), so that any further discoveries could not 
possibly be contemplated. 

Galileo, dissatisfied with his crude telescope, produced 
an instrument havmg a magnification of thirty and 
perfected ıt by using the centre zones of the object glasses, 
thus improving mage definition at the expense of mage 
brightness The telescope gave a well-illuminated field 
and erect and bright mages, the field of vision was. 
however, small and suffered from spherical and chromatic 
aberration The usefulness of Galileo’s instrument was 
soon exhausted, and all later refractors had biconvex 
lens combinations, first described by Kepler m 1611 and 
introduced, into astronomy in 1640 

Contrary to the prevailing philosophical views, Galileo 
noted that the Moon was not a smooth sphere He found 
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that the stars were not enlarged by his tubes, but new 
ones became visible, the Milky Way appeared as a myriad 
of tiny dots and mstead of six Pleiades he saw fifty His 
further observations resulted in the discovery of the four: 
moons of Jupiter, phases of Venus, parts of the Saturnian 
imgs and the rotation of the Sun; the latter discovery 
was made by observing the sunspots directly and later 
by a projection method, ıt 1s beheved that the direct 
observation of the Sun mmpaired, Galileo’s sight and caused 
his ultimate blmdness He also found that none of the 
planets shmes by ıts own light, and that Mercury and 
Venus revolve around the Sun In a letter to Diodati 
some years later (1638) he writes “I by marvellous 
discoveries and clear demonstrations have enlarged the 
heavens a hundred thousand times beyond the belief of 
bygone ages” All these revolutionary discoveries had 
been made ın the space of less than two years It should 
be noted, however, that others m Europe have claimed to 
be the first to have made astronomical observations by 
means of telescopes, for example, Johann Fabrics m 
1611, the Jeswt Christopher Schemer m the same year, 
and Thomas Harriot m 1610, the latter, a mathematics 
tutor to Sir Walter Raleigh, had a telescope constructed 
by the instrument-maker Christopher Tooke and carried. 
out vestigations on Jupiter’s moons, the Moon and the 
Sun’s axial rotation. 

Galileo published most of his observations in a small 
book entitled Sidereus Nuncius (Messenger from the Stars) 
in March 1610, and dedicated 16 to the Grand Duke Cosmo 
TI de Medici. Although he left the facts unrelated to 
Copernican ideas, the rabid adherents of Aristotle denied 
the validity of Galileo’s observations a priort, since the 
Greek philosopher had not mentioned these! Libellous 
tracts were published against Galileo at the mstigation of 
professors of astronomy, while the Jesuit Clavius, the 
author of the Gregorian calendar reform, laughed at the 
pretended satelhtes of Jupiter, saying that “you must 
construct a telescope which would first make them and 
then show them". A monk Sizy attacked Gahleo on 
theological grounds by asserting that the moons of Jupiter 
were incompatible with the doctrmes of the Holy Senp- 
tures, while the Jesuit Schemer mamtamed that the 
Sun’s rotation was contrary to the views of Ptolemy and 
Aristotle, the pillars of the orthodox astronomy In 
addition, the opponents of Copernicus jomed battle by 
asserting that the Copernical system provided a useful 
mathematical representation of the motion of the solar 
system, but that the Earth did not revolve around the 
Sun They pomted out that tho introduction to Coperni- 
cus’s De Revolutwnabus Orbvum Coelestvum, written by a 
Protestant clergymen Osiander but ascribed to the 
author of the book, stated that “The hypotheses of this 
book need not be true, nor even probable It suffices if 
they make possible ealeulations which fit the observations 
We may confidently place them alongside older hypotheses 
which are no more probable”. On the other hand, Kepler 
supported Galileo by refuting the various objections in a 
foreword to a reprint of Sidereus Nuncvus published m 
Prague Galileo himself published six letters agaist his 
detractors under the title of Istoria e Dwnonstrazwma 
«ntorno alle Macchie Solare and took his stand with 
Copernicus. The news of Galileo’s discoveries spread 
through Europe, he was received with great honour m 
Rome by the Pope Paul V, and the Grand Duke of Florence 
appomted him to the academy with a handsome salary 
At the academy he lectured to princes and scholars, and he 
emphasized more and more the truth of the Copernican 
system He silenced the Aristotehans by pomting out 
that whereas Aristotle was a man with eyes and ears, he 
had the additional advantage of having a telescope On 
the other hand, he msisted that his views were not heretical 
and contrary to the Holy Writ, smce “the laws of nature, 
which operate with absolute mevitability, are the creations 
of God”? The move from Padua to Florence was, however. 
the beginning of his misfortunes 
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The Inquisition 


Despite Galleo's protestations agamst accusations of 
heresy the enmuty of religious circles and vested interests 
grew, and m 1616 he was warned neither to defend nor to 
hold the Copernican hehocentrie doctrine, which, strangely 
enough, had been tolerated for more than sixty years 
(The Church in Copernicus’s lifetime (1473-1543) was more 
liberal than ıt became after the Council of Trent and the 
activities of the Inquisition, also, Copermicus could not 
adduce sound arguments in favour of his hypothesis, and 
the unobserved stellar parallax and lack of knowledge 
of the laws of falhng bodies rendered the Copernican 
system rather abstract and unconvinemg ) 

Galleo did not appear to have taken the warnmg 
seriously, and ın 1623 he published JI Saggzatore, m. which 
he referred to the Copernican hypothesis but declared the 
idea of the diurnal motion of the Earth as unsubstantiated 
This work was followed in 1632 by a frankly Copernican 
treatise, Dealogo .. Sopra I Due Massım Sisteme Del 
Mondo, & discussion of the philosophy of science, this was 
the first book of popular science in Europe written in the 
form of a dramatic dialogue between Salviati (Galileo), 
Sagredo (an ordmary man) and Sympheus (Aristotehan) 
Indeed, Galileo was the first scientist to abandon Latin 
and write m the vernacular The writing was that of a 
philosopher and not of a mathematician. Instead of the 
mathematical argument of Kepler, he enunciated the 
hehocentrie theory from a qualitative and physical 
aspect on the basis of dynamics and kinematics He 
assumed that the Earth and planets move concentrically 
m perfect circles about the Sun, and he ignored all the 
difficulties associated with the concept of planetary motion 
Gahleo was well aware that perfect circular motion did 
not tally with astronomical observations, but ıt made 
sense to him philosophically, while the Copernicus— 
Kepler epicycles and ellipses did not The effect of the 
books was to remforce the Copernican arguments on the 
basis of recent astronomical discoveries and to demon- 
strate the fallacies of Aristotle’s cosmology according to 
which the Earth was the centre of the universe to readers 
and laymen not acquamted with mathematical formula- 
tions. In fact, Galileo’s works provided the strongest 
evidence m favour of the truth of the Copernican system 
and did more than anything else to ensure its eventual 
acceptance 

Though the arguments m the Dialogo were often dubious 
and at best plausible, the work attracted international 
attention, and a Latin translation spread rapidly across 
Europe ın 1635, and m 1665 an Englısh version became 
available Despite the imperfect proofs, the dialectic 
skill and brilhance buttressed the heliocentric theory, 
though in the foreword the author held Copernicus’s 
hypothesis to be unproved and took pains to disguise his 
support for the concept 

The Inquisition, however, soon penetrated the thin 
disguise and summoned Gahleo to appear before the 
tribunal m Rome, chargmg him with disregardmg the 
warnig not to teach the Copernican doctrine. The 
alleged cry of “Eppur sı muove” during the lengthy trial 
was not uttered contrary to widely believed views, though 
16 probably represented his mood He did not thus meet 
with the fate of Giordano Bruno, who had been burned at 
the stake, but recanted and admitted his gult An 
exhaustive treatment of the proceedings 1s grven by de 
Santillana’, who pomts out that many historians and 
clergymen have smee these events been mdulgmg in 
distortions and specious reports of the proceedings One 
of the most irresponsible and widely used accounts came 
from a Protestant publicist of the eighteenth century, 
Mallet du Pan, and Sir David Brewster, some of the 
silliest descriptions are due to the French Encyclopzdists, 
while professedly Cathohe historians, hke L'Epmois 
and Reusch, tried to restore some semblance of reality 
Actually, a formidable array of hostile opposition faced 
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Galleo on one hand, philosophers could not become 
reconciled to his physics, while Protestants and Catholics 
considered Galileo’s views to be heretical; personal 
animosities played them part as well (after Gahleo's 
death the Grand Duke wanted to erect a monument on his 
grave in Santa Croce, but Pope Urban VIII stopped hun 
m his endeavours, so that Gahleo's body remained for 
about a century m the basement of the bell-tower) 

In consequence of the recantation and promises of ‘good’ 
behaviour coupled with mfluential mtercessions on his 
behalf, Galileo did not pay the supreme penalty, and he 
was sentenced to virtual imprisonment for hfe at his villa 
in Arcetri near Florence It 1s also believed that the 
decision. of the Inquisition might have been less severe 
had Galileo been able to supply a visible and irrefutable 
proof m support of his views on the Earth's rotation 
and that proof was before his very eyes in the Pisa 
Cathedral, in which the chandelier (pendulum) moved in a 
circle in the course of a day—a fact first observed by 
Foucault in the nineteenth century ın the Paris Panthéon. 

Galileo spent his remaming nine years until his death m 
1642 in Arcetri plagued by the mquisitorial surveillance 
and increasing bhndness He was allowed some freedom 
to receive certam visitors, Descartes and Milton among 
them This period marked Galieo’s return to the science 
of dynamics Hus findings were summed up m Dvaloghr 
delle Nuove Scienze in 1636 and published by Elzevir m 
Leiden m 1638 Owing to restrictions, the manuscript 
was smuggled out of Italy by Prmce Mattia de Medici 
and could not be prmted m the country People vied 
with one another in buying up copies of the book at 
grossly mflated prices, the equivalent of about £35 was 
the standard price instead of the actual price of £3 In 
the year of the publication of the dialogues total blindness 
overtook the author, but before that he imparted his 
method of grindmg and polishing lenses to Mariani of the 
defunct Accademia dei Linee Within a generation of 
Gahleo's death, the progress of science in Italy came to a 
grinding halt, largely through the efforts of the Inquisition, 
and science did not revive there for centuries afterwards 
The Accademia dei Lineei ceased to exist m 1630, the 
Accademia del Cimento ın 1667, and the medieval central- 
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ization of learnmg m Padua, Bologna and Florence broke 
down 

When Newton was born m the year of Galileo’s death, 
the scientific revolution im the seventeenth century was 
its turnmg pomt, for the work of Galileo was still to be 
accepted, Kepler’s laws and hypotheses were ignored, 
and Descartes, Boyle and Huygens made but httle mpact 
on the established ways of thmkmg Moreover, the early 
part of this century was an era of transition ın the history 
of scientific expermmentation Many of Galileo’s exper- 
ments were rather rhetorical and not reports of events 
made to occur m a precise fashion, most of the work was 
devoted to the verification or otherwise of previous 
expectations and not to the exploitation or revelation of 
Nature’s wonders But new methods based on mathe- 
matics and mechanics were on the ascendancy, and in the 
second half of the century Newton’s genius confirmed tho 
scientific revolution begun by Galileo 

The unmistakable break with the old orthodoxy, 
brought about by Galileo’s discoveries m astronomy and 
dynamics, acheved 1ts fullness with Newton’s synthesis 
of the Keplenan laws with the Galilean observations 
The science of antiquity, which was until the seventeenth 
century the source and model of European thinkmg, has 
been replaced by a new tradition based on observational 
and: experimental processes, and experiment became a 
meticulous tool of science The mtrepid declaration of 
faith addressed by Giordano Bruno to his judges in Rome 
that “I await your sentence with less fear than you pass 
it The time will come when all will see what I see” is a 
fittmg monument to the seventeenth-century mtellectual 
giants 

I thank my son John for considerable help m the 
preparation of this article 
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HEIGHT OF THE GLOW STRATUM FROM THE ERUPTION OF 
AGUNG ON BALI 


By Dr. A. B. MEINEL and MARJORIE P. MEINEL 


Steward Observatory, University of Arizona, Tucson 


ONTINUED observations of the height of the sunset 
glow stratum now produemg brilliant and prolonged 
sunrises and sunsets! appear to confirm that the high 
dust layer ıs of voleanie origin. It has been reported by 
Bok? and Stock® that the southern skies have been quite 
hazy since the eruption of the voleano Agung on Bali on 
March 17, 1963 It ıs, therefore, logical to conclude that 
the ash stratum from this eruption has diffused mto the 
northern hemisphere durmg the autumn of 1963 
The heights of the glow stratum have been estimated 
from the times of horizon disappearance of the sharp 
boundary of the Earth's shadow on the sun-ilummated 
dust The heights measured ın this manner are shown in 
Fig 1 These measurements are corrected for a smgle 
refraction (—4 6 km) since the time of sunset ıs also as 
observed at the horizon We assume that the ocean 
surface 530 km west‘ of Tucson 1s the geometrical horizon 
for the tangent solar rays, hence there 1s a correction for 
differential elevation (+40 8 km) of the observer relative 
to sea-level The sunlight 1s, ın addition, greatly attenuated 
for a tangent path over the ocean To approximate this 


factor, we assume a mean screening height of +18 km 
The total correction to the observed height to obtain the 
true height 1s therefore assumed to be —2 0 km 

The mean apparent height of the dust layer 1s found to 
be 17 8 km (58,400 ft ) as compared with our preliminary 
value of 22 km (ref 1) without the foregoing corrections 
It 1s clear that the screenmg height changes from day to 
day The hlac upper edge of the sunset glow 1s often 
serrated by the shadow of clouds beyond the apparent 
horizon This rayed appearance, m fact, often gives the 
1mpression that one 18 viewing an intense-rayed red aurora 
On November 12 we observed a glow which rendered a 
clear mterpretation of the cloud effect The appearance 
of the glow stratum that evening is shown m Fig 2 We 
assume that the nght-hand portion was screened by 
clouds The height of the cloud layer produemg this 
shadow 18 7 0 km (23,000 ft ), quite m line with the cloud 
types that moved over Tucson from the west durmg the 
night We therefore conclude that the true height of the 
top of tho dust layer 1s close to 20 km (65,600 ft ) above 
mean sea-level 
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Fig 1 Height determinations for the apparent altitude of the glow 

stratum corrected for refraction and screening The two points for 

November 12, 1963, refer to yee on two dıfferent portions of the 
shadow arc! 


Researching into the history of the sunset glows from 
the eruption of Krakatoa, reported m numerous articles 
in Nature m 1884 and in the report of the Royal Society 
Krakatoa Committee’, we find mteresting parallels both 
for the visual description of the glow stratum and in the 
measured heights From Symons‘ we find typical heights 
derived from the disappearance of the primary glow 
averaging 20 9 km (68,500 ft ) m November and December 
1883. This agreement between the stratum heights sup- 
ports our conclusion that the present dust layer 1s also of 
voleanie origi. 

A second feature 1n common with the 1883 glow stratum 
1s the appearance of a secondary glow, which at times 
becomes quite conspicuous immediately after the setting 
of the prmary glow We measured a mean height of 
612 km (200,700 ft) from three particularly strong 
appearances of the secondary glow. While our first 
impression from the irregular appearance of the secondary 
glow was that ıt was a higher layer separate from the 
primary, we are now strongly inclined to believe ib 18 a 
reflexion effect resulting from the scattermg of illumina- 
tion of the primary glow by the dust layer. On the latter 
assumption the height of the layer derrved from the 
secondary glow agrees well with the 20-km height of the 
layer derived from the primary glow. 

The visual appearance of the Agung sunset glows can 
often be quite spectacular. We have the followmg notes 
in our observing book: 

October 12 During sunset a lavender glow appears as 
high as 70° above the horizon The primary glow changes 





Fig. 2 On November 12, 1963, the Earth's shadow was quite obviously 
cut by the shadow of a distant cloud layer The height of the cloud 
producing the distinctive shadow was found to be 7 km (23,000 ft ) 
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gradually to yellow and eventually to orange. The 
glowing stratum shows fine horizontal striz even though 
the sky 1s absolutely clear earher Must be m the glow 
stratum. Venus appears clearly only 1° above the horizon, 
confirming the transparent nature of the stratum. The 
secondary glow is the brightest yet, a distmet reddish 
glow shadmg upward mto purple Ended 70 mun after 
sunset 

November 2, There is a silvery sheen in the western 
sky one hour before sunset, at sunset striations can be 
seen in the silvery are After sunset the sky turns mto a 
gorgeous hlac-pmk serrated by blue rays The glow sets 
a brillant gold. 

Very similar descriptions are given in the Krakatoa 
report! One of the most expressive, perhaps, 1s that 
given by Bishop? from Honolulu m September 1883 
“One marvellous effect ıs often a sudden appearance of 
thick lummous haze where a minute [sw] before all was 
pellucid. unsullied blue Meantime the glow especially 
gathers and deepens above the western horizon along a 
hne of 60 degrees until the whole occident 1s a uniform 
sheet of flammg crimson, shading up into lilac and orange 
Down upon that creeps the dark Earth-shadow, sharply 
cutting off the edge of the blazing sheet, often serrated 
with the shadows of remote cumul As the shadow 
descends, the glow deepens until night has closed down 
uponit At once on the darkened sky arises a secondary 
‘after-glow’, repeating the same phenomena as the stars 
come out with almost equal brilhancy of effect. In this 
after-glow the defined shadow lne is lacking, and the 
deep fiery red above the horizon bears a singular resem- 
blance to the peculiar reflection on the sky from some 
immense but remote conflagration. These appearances 
occur before sunrise with equal briluancy, but in reversed 
order ” 

One can even go back 1n time to other great eruptions 
and read similar descriptions In 1814 Mayon erupted in 
the Philippines, and m Tottenham, England, Mr Howard 
reported!, “There was a streaked orange sky at sunset, 
briliant twilight, lemon surmounted by purple, orange, 
deheately varied with dusky horizontal striae” The fol- 
lowmg year, Tomboro erupted on Sumbawa and added 
to the dusty skies Mr Howard agam reports ‘Luminous 
twilghts, a bright orange twilight and purple glow above, 
the evening twihght generally coloured and at times 
streaked with converging shadows, the origin of which 
could not be traced to clouds mtercepting the hght. At 
Clapton, near London, pale golden above sunset, greenish 
blue to the north, a fine pmk blush above” One would 
scarcely need to add to these descriptions to deseribe 
what we have seen repeatedly this year 

We would hke to pomt out that we have established 
the first appearance of the glow stratum over Tucson. 
based on photographs of the sunset skies collected from 
various persons, as being during the first week of Septem- 
ber 1963 The delay in diffusion 1s interesting m view of 
the fact that when Krakatoa erupted on August 27, 
1883, the dust was visible in the northern hemisphere in 
early September Smee both eruptions are m the same 
geographical area the delay could be indicative of a 
stratopheric meridional transfer between the northern 
and southern hemisphere at the equmox The third case 
of a major eruption m the same area, Tomboro on Sum- 
bawa on April 12, 1815, does not give a clear test since 
Mayon had already distributed ash widely from 1ts 
eruption in 1814 Mr Howard‘ does report very strong 
glows durmg September-November 1815 which could 
indicate the mflux of additional ash from Tomboro. 

This work was supported by the Selby Parker 
Fund. 
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SOME ARCHAOMAGNETIC EVIDENCE CONCERNING THE SECULAR 


VARIATION 
By Da M. J. AITKEN, M. R. 


IN BRITAIN 
HAROLD and G. H. WEAVER 


Research Laboratory for Archaeology and the History of Art, Oxford 


HE thermoriemanent magnetism ın the baked clay 
walls and floor of an ancient kiln, oven or hearth 
provides a record of the geomagnetic field direction at the 
time of the last cooling-down ‘This article reports the 
magnetic directions found in some recently excavated 
sti uctuies for which there 1s archeological dating evidence, 
thus extending knowledge of the secular variation in 
Britain to before the period (the last four centuries) during 
which direct observations of magnetic needles have been 
recorded! Archeomagnetic measurements of this type 
were first made by 'Thelher and Thelher?:? of l'Institut de 
Physique du Globe, Paris, and our procedures follow the 
general lines established by them 
The results are given in Table 1 and Figs Land 2, each 
point in the figures representing a separate archeological 
structure The majority are pottery kilns, the archeo- 
logical datmg evidence for these bemg usually more secure 
than for other baked remains In all, 1,008 samples were 
extracted from 72 structures, but the results quoted refer 
to 546 samples from 44 structures The samples were 
measured with a 5-c/s spmning magnetometer! having a 
large volume (1 ft ?) of uniform sensitivity so as to avoid 
eriors due to mhomogeneity of magnetization in the 
sample (usually 4-5 in across) The strength of any 
viscous component was estimated either by storage pro- 
cedures or by thermal washing typically the viscous 
contribution would be about 5 per cent of the thermo- 
remanent moment, and where the direction of the latter 
differed appreciably from the present field direction a small 


Angle of dip (2) 


Table 1, PREHISTORIC HEARTHS AT GWITHIAN (50 24° N , 5 3° W) 


Date No of Remanent Direction Fisher 
BO samples dip(Z) Decl (D) index 
OA house phase c 1700 15 65 3? 71°R 31° 
Middle Bronze Age e 1000-950 8 65 2° 115? E 22° 
(house No 3) n 
Middle Bronze Age c 950-000 13 62 0° 115° E 26 
{house No 2) 


correction was necessary ‘This correction never exceeded 
2? The Fisher index® (6,,) for each structure was 
computed at the 80 per cent level of confidence, the 
limits of error shown m Figs 1 and 2 correspond to this 
level In addition a subjective estimate of the reliability 
of the average value was made having 1n mund the possi- 
bility of such non-random errors as might result from sub- 
sidence or the proximity of the roots, ete The structures 
regarded with confidence are shown m Figs 1 and 2 by 
full crosses and heavy circles respectively, those regarded 
as doubtful but worth considermg are indicated by hghtor 
circles m Fig 2, by broken crosses m Fig 1 when subse- 
quent to AD 400 and by dots when prior to ap 400 
Structures in the last category have been omutted if the 
span of the archeological date exceeds half a century 
With the exception of Gwithian (Table 1) and Down- 
patrick (DP on Fig 2) the structures all he between the 
latitudes of 51° N and 535° N and the longitudes of 
12? E and 28? W The angle of dip for each structure 
has been reduced to latitude 51 5? (London) on the assump- 
tion of an axial dipole field No correction has been made 





East 





Declination (D) 


West 


400 





1,800 


1,000 1,200 1,400 1,600 2,000 


Years (A D ) 
Fig 1 
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EN DECLINATION Jo 
` Fig 2 
Key to archeological dating (all A D ) 
cc 950-1050 AP 1237-1252 ) 
ES 1050-1150 DP 1250-1325 
IP 850-1150 SE 1325-1350 
TEK]l 1050-1150 TN 1275-1325 
TKJI2 900-1000 PO 1475-1550 
B 1300-1350 GY c 1600 
Bo 1300-1350 NSIKE 1538-1547 or 1665 
BRID 1800-1350 BOJEK1 1961 
BRIE 1300-1350 BO/EK2 1962 


to the angle of declmation since this would mvolve un- 
warranted assumptions about the spatial variation of the 
ancient field Gwithian hes at 50 24° N, 63° W and 
Downpatrick at 543? N , 5 75° W 

The dotted curves in Figs 1 and 2 aro tentatively 
hypothesized from the data shown The solid curves 
correspond to the Bauer curve for London with later 
additions It 1s at once evident that the thermoremanent 
results lend support neither to the already discounted 
belief that the secular variation consists of repeated 
cycles, nor even to the assumption used by Watanabe? in 
establishing his geomagnetochronological scale ın Japan 
that the past angle of dip ıs predictable It ıs also of 
interest to note (from Fig 2) that between ap 900 and 
AD 1350 the motion of the hypothesized curve 1s anti- 
clockwise Runcorn? has shown that the clockwise 
motion of Bauer's curve (ref land Fig 2) 1s to be expected 
for the spherical harmonics predominant in the present 
geomagnetic field so long as the crust and mantle rotate 
slightly faster than the exterior of the core—as ıs evidenced 
to-day by the westward drift of the field® Since, accord- 
ing to Rochester?, periods m which the crust and mantle 
do not rotate faster cannot last for more than a few de- 
cades, ıt must be assumed that the spherical harmonics 
predommant durmg the period ın question were markedly 
different from those predommant to-day This auto- 
matically excludes the possibility of predicting the past 
secular variation in terms of westward drift of the existing 
geomagnetic field, whether of dipole and non-dipole parts 
ın unison or of the two parts at different speeds Evidently 
the limited correlation found by Yukutake?® durmg the 
past 400 years for London does not extend back much 
further 

Archzomagnetic measurements recently reported by 
Burlatskaya!! on. bricks fired at Baku (Jat 405° N, 


long 50? E) and Tbilisi (41 5° N , 45 8? E j indicate an 
even stronger oscillation in the angle of dip (26°--75°) 
Maximum values occur in AD 800 and ap 1600, and 
munma m AD 250 and ap 1200 ‘The approximate 
simultanerby of the mnıma for that region with those of 
Fig 1 for London suggests a common cause, and the 
precision with which the mimma are defined does not 
exclude westward drift of a near-surface core disturbance 
having a velocity comparable with that estimated for the 
present day 

It should be noted that our results do not substantiate 
those quoted for Britam by Belshó? and by Cook", 
particularly ın the thirteenth century However, com- 
parison with measurements reported earlier by Cook and 
Belshó suggests that the discordance 18 serious only 
when the latter’s results are based on less than six samples 
per structure, and from our own experience such hmuted 
sampling 1s hable to produce seriously erroneous results 
A full account of our own measurements, together with 
summaries of the archeological dating evidence, will be 
found elsewhere!5 
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WHEN RED TURNS TO GREEN* 


By Da. R. A. WEALE 
Department of Physiological Opties, Institute of Ophthalmology, London, WC! 


HE fickleness of our sensations 18 as old as fickleness 
itself 
Portia tells the proud Prince of Morocco 


* All that glistens 1s not gold, 
Often have you heard this told, g 


but, no doubt, 1f Bacon really had written Shakespeare's 
plays, the scroll would have started with the Imes 


"Sane men say that they have seen 
Red turn before their eyes to green". 


‘There are, of course, many instances to show that a given 
spectral stimulus can give rise to a variety of chromatic 
sensations. Buidwell’s experiment, recently elaborated by 
Keeler!, provides one example, the Brueke-Bézold, effect, 
studied quantitatively by  Purdy?, another, and the 
Stiles-Crawford, effect (cf Enoch and Stiles?) a third 
None of these effects 1s obviously explicable in terms of 
contrast or adaptation, nor 1s the same explanation likely 
to apply to all of them In the following, attention 1s 
concentrated first on the Brucke-Bézold effect, which can 
be readily observed with simple means, and 18 best de- 
seribed by saying that a long-wave-length stimulus which 
appears to be red at a low luminance level, tends to look 
orange, if not yellow or even green‘, as its luminance is 
1aised. An example of this observation is illustrated. m 
Fig 1  Laght from a xenon are was filtered through 
Chance glass (020) and passed through an Ilford 206 
filter, which 1s red, and transmits 1 per cent of the meident 
hght of wave-length 623 my. and less at shorter wave- 
lengths* This hght entered the left eye Another beam 
from the same arc passed, nto the right eye after traversmg 
one of a semes of interference filters the wave-lengths of 
maximum transmission of which decreased m steps of 
approxumately 10 mu from 680 mp The lummances of 
both beams could be controlled mdependently The 
object of the experiment was to match the brightness and 
dominant hue of the two beams (a) when both foves were 
dark-adapted, (b) when the left fovea had been exposed 
for 30 sec to illuminations of between 147 x 10° and 
145 x 10° photopic trolands Two observers were tested 
(Fig. 1) their results were not identical But while the 
wave-lengths of the doramant hues are not the same in 
both when the eyes are dark-adapted they are none the 
less reasonably constant Subject 4 shows values lymg 
between 610 and 625 my, whereas subject B maintamed 
constancy approximately at 600 my When, however, 
the foveæ were light-adapted and, as we shall see later, 
partly denuded of the hght-sensitive substances contamed 
presumably ın the cone outer limbs, both observers 
recorded parallel changes in dommant hue As the 
retmal Ulummation increased by a factor of ten, the 
dominant hues due to the mtense field were, after exposure 
for 30 sec to ıt, found to have a wave-length of approxim- 
atwiy 960 mu 

Analogous changes were observed by Cornsweet et al *, 
who determmed the time required to notice subjective 
changes m hue as & function of the time of exposure 
Their observers seemed to be more sensitive to hue 


1 
* Substance of an address to the Colour Group at Imperial College on 
November 6, 1963 


Subject AB 
Dork adapted W @ 
Light adapted oo 


60 


Log photopic trolands 
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550 650 


600 


600 
Wave-length (mu) 


Fig 1 Variation of the wave-lengths of the apparent hue of xenon 

light filtered through heat-absorbing glass and an Ilford 206 ('deep' 

red) filter plotted as a function of retinal illumination by this light, to 

which the eye has been exposed for 30 sec The curve links the wave- 

lengths of the maxima of the difference spectra obtamed by foveal 
bleaching with similar light 


changes than our observers A and B, for exposure for 
30 sec produced, a sensation of green with a retinal iumin- 
ance some twenty times less than the maximum value 
utiuzed here It should, however, be emphasized that 
the present experments involved binocular matches 
and that the sensations produced by tho stimul: were 
neither mquired into nor reported on. 


A Possible Objective Basis for the Hue Change 


The foregoing experments were paralleled by objective 
exammations of the photochemical changes occurring 
in the fovea under the mfluence of the aforementioned 
stmul The method mvolved fundus reflectometry®’ 
as developed for cone pigments’ *-, and consisted 
essentially m measuring the spectral reflectivity of the 
background of the eye with twenty-six narrow-band 
interference filters of different wave-length of maximum 
transmission, both before and after the dark-adapted oye 
had been exposed to the foregomg stimuh (and others in 
addition) If the retina or—án this mstance—the fovea 
was dark-adapted and lght-absorbmg pigments had 
accumulated m it then the apparent reflectivity of the 
ocular background was less than when the stimul had 
bleached away some or all of the photo-labile material 
in the cones Consequently, 16 was possible to measure 
a difference spectrum by computing the logarithm of the 
change in reflectivity of the fundus, presumed to be due 
to a change ın retinal transmissivity (that 1s, a pigment 
density difference) It was necessary to measure the 
difference spectra even when energy measurements were 
required, as, for example, m the production of an action 
spectrum, for 15 had been found!?:* that methods which 
depended on the measurement of the density difference 
at but one wave-length were hable to produce ambiguous 
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Wave-length (mx) 


Fig 2 Percentage foveal density cen as a function of wave-length 

TheYcolour of the bleaching light 18 m icated on the right, the retinal 

illummation by the figures against the curves Compare the variance 

of the percentage change obtained with green hight with the changes 

observed with red light Note also that mcreased violet radiance pro- 
duces a relatively greater change at shorter wave-lengths 


results especially when more than one pigment may be 
mvolved Rushton! seems to have found this criticism 
unanswerable. 

The objective experiments mvolved the determination 
of difference spectra when both the mtensity and the 
spectral composition. of the stumulus (or bleaching light) 
were varied One of the aims of the investigations was to 
see to what extent a photochemical basis can be provided 
for the spectral sensitivity of the normal foveal? \ The 
rationale of the method was as follows Given that the 
spectral sensitivity 1s expressed m terms of the spectral 
energy of mdividual wave-bands required to produce & 
fixed sensation, what 18 the spectral function connecting 
the energies in similar wave-bands producing a fixed 
change in the transmission characteristics (density 
difference) of the fovea ? Here a difficulty was met with, 
for an arbitrary decision has to be made as to the wave- 
length at which the density change 1s to be measured It 
had previously been shown that even in an area rich m 
rods, presumably dommated by a single visual pigment, 
namely visual purple, the assumption that measurements 
at one wave-length were representative of changes 
throughout a major part of the spectrum had to, but 
cannot, be substantiated!?:!?, 

‘This ıs due m part to the presence of large cones m 
such peripheral regions, and partly to the fact that the 
bleaching process m the hving eye may involve hght- 
sensitive substances formed as a result of primary 1somer- 
iation!518 In the fovea, however, the major difficulty 
on this score ties up with the presence of two cone pig- 
ments, namely, chlorolabe (Weale:$), and erythrolabo 
(Rushton!') beheved to absorb hght mainly ın the green 
and orange parts of the spectrum respectively In fact, 
15 has been shown that whereas the relative amounts of 
the two pigments bleached are not significantly affected 
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by the mtensity of the bleaching hght when it 1s green 
(Fig 2), this ıs no longer true when the dominant wave- 
length of the bleaching hght shifts to longer wave- 
lengths?°-14 

Tn the context of the topic of subjective colour changes, 
the observations made with red hght are of particular 
interest The bleachmg hght was rendered chromatic by 
passing hght fiom the aforementioned xenon are through a 
3-mm Chance (ON 20) heat-absorbing glass and an Ilford 
206 red-spectrum filter this combination consequently 
had the same spectral distribution as had been used in 
the subjective experiments It was found that when the 
bleaching retmal illummanee was low—1 04 x 105 photo- 
pic trolands m. the case of subject A, and 397 x 105 
photopic trolands m that of subject B—the difference 
spectrum was maximal at approximately 590 my. As the 
illuminance was raised, however, the maximum density 
differences were found at progressively shorter wave- 
lengths (Fig 2) at a retmal illumimance of 346 x 10° 
photopic trolands the maximum was m the neighbourhood 
of 560 mp, & value confirmed by the work of Brown and 
Wald!® The simplest explanation of this finding 1s as 
follows At low intensities the ‘deep’ red hght bleaches 
predominantly erythrolabe, as the intensiby is raised 
uante are captured by the green-absorbing 
chlorolabe for bleaching of this pigment also to become 
measurable 

A simple theory based on reasonable assumptions 
relating to the photo-sensitivities of the pigments, to the 
pigment densities and their spatial distributions ın the 


retina enables one to predict thus illummance variation 


e 
t 


<- pupi! - 





PERIPHERAL CENTRAL 
BLEACHING BLEACHING 
BEAM MEASURING BEAM 
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ENTRANCE 





BLUE BLEACHING LIGHT 





C BLEACHES MORE ERYTHROLABE 
THAN DOES P 





ORANGE BLEACHING LIGHT 





C BLEACHES MORE CHLOROLABE 
THAN DOES P PRESUMABLY 
BECAUSE THE DIRECTIONAL 
PROPERTIES OF RECEPTORS 
CONTAINING CHLOROLABE ARE 
MORE SELECTIVE THAN THOSE 
OF RECEPTORS CONTAINING 
ERYTHROLABE 


Eapermental arrangements for the objective study of the 


Fig 3 
Stiles-Crawford effect 
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© Subject A 
€ Subject B 





variance with green light bleaches) An 401 
IBM computer has offered 800 solutions & 
to the problem which are now receiving Ñ 
attention (Ripps and Weale, m prepara- | 
tion) To the extent to which a difference ©& 
spectrum can be approximated to an absorp- S 
tion spectrum!*-1®—t¢he limitations may be ~ 


more severe for wm stu than «n vitro 
measurements — these results provide a 
possible explanation of the subjective results 
mentioned at the begmnimg For they 
may imply that, as the lummance 1s raised, 
relatively more chlorolabe than erythrolabe 
1s bleached, that 18, that chlorolabe absorbs 
a progressively larger fraction of the incident 


o 29:07 86 g--9tet ERGO. 58 
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AD(2)e — AD(2)p 


light Now the middle (‘green’) part of 
the spectrum evokes the sensation of green- 
ness, presumably because of the high photo- 
sensitivity of chlorolabe m this spectral 
region This is precisely the situation 
mimicked by fundus reflectometry done 
under the foregomg conditions, and it 
may, therefore, be suggested tentatively 
that one of the sensory spectral changes 
from red to green mentioned m the intro- 
duction, namely, the  Brucke — Bézold 
phenomenon, ıs at least partly photo- 
chemical 1n origin The curve for subject 
B (Fig. 1) connects the wave-length of the 
maximal density differences observed for red bleaches 
(Fig 2 and ref 11) and shows some measure of agreement 
with the subjective data 


400 


Hue Changes and the Stiles-Crawford Effect 


It 1s possible to show that a phenomenon, associated 
with the Stiles-Ciawford?? effect, hkewise may be partly 
photochemical m nature Stiles?! and Enoch and Stiles? 
have shown that the chromatic sensation evoked by a 
monochromatic pencil of hght falling on the fovea depends 
on the pomt of entry of the pencil in the pupil of the eye 
If, for example, two yellow pencils of hght of A = 579 mu 
enter the eye, one through the pupillary centre and the 
othe at a distance 2 mm away from it, then the latter 
appears more orange than the former Enoch and Stiles 
computed the spectral directional sensitivities of the red, 
green and violet fundamental response mechanisms, and 
one of their observations relevant to the topic under 
discussion is as follows Whereas the red and green 
mechanisms have similar directional sensitivities for ight 
of wave-length shoiter than 540 my, for wave-lengths 
longer than this the green mechanism ıs more sensitive 
to the duection of the meident hght than ıs the red 
mechanism This was estabhshed m a series of detailed 
trichromatic matching experiments between pencils of 
cential and peripheral pupulary entry respectively, and 
finds its counterpart in objective experiments recently 
done by Ripps and Weale??, who used fundus reflecto- 
metry The latter authors used orange and blue pencils 
of hght which could be made to bleach foveal photo- 
pigments either after entermg through the pupillary 
centie or 3 mm away from ıt (Fig 3) They found that 
the bleachmg efficiencies of both orange and blue pert- 
pheral pencils were lower than those of the corresponding 
central ones less pigment was bleached by the peripheral 
than the central pencils 

There 1s, however, an important aspect wherem the two 
chromatic bleachmg beams differed from each other 
Whereas the peripheral blue beam bleached relatively less 
of the red-absorbmg erythrolabe than did the central blue 
beam, the peripheral orange beam bleached relatively 
less of the green-absorbing ehlorolabe than did the central 
orange beam (Fig 4) The finding with the blue beam can 
be explamed tentatively in terms of retinal 1llummataon as 





500 600 
Wave-length (my) 


Fig 4  Dufferences between foveal difference spectra obtamed by central (C) and peri- 
pheral (P) bleaching, respectively The symbol (2) signifies that the points refer to double 
transit of the measuring light through the retina 
light show that the central beam bleaches more pigment at longer wave-lengths than 
does the peripheral beam Fig 2 shows that an increase ın violet light (also transmitted 
by the broad-band ‘blue’ filter) leads to a relative increase 1n density changesfor A 550 mp 
As the yellow centre of the lens (Fig 3) weakens (C)btue more than (P)blue, the latter 
bleaches relatively more pigment absorbing at 590 mz Hence the results are not neces- 
sarily due to a spectral difference in directional sensitivity to blue bght as between 
receptors containing chlorolabe and erythrolabe, respectively But lens absorption does 
not greatly affect orange light The data 1n the lower part may therefore be attributed 
to a receptor difference in directional sensitivity for orange light 


Note that the data obtained with blue 


affected by pieaetinal absorption??, and of difference 
spectra obtained with bleaching hght of short wave- 
lengths (Fig 2 and ref. 11) But thus 1s unhkely to play a 
material part in the experiments with orange ight Now 
if the peripheral orange beam bleached less chlorolabe 
than did the central, this pigment 1s presumably less 
sensitive to, or absorbs less, orange light passmg through 
the periphery of the pupil than when it passes through 
the pupillary centre This 1s what Enoch and Stiles? have 
in fact computed, and we see that the observation that an 
orange beam passing through the pupillary centre appears 
greener than a similar beam passing through the periphery 
1$ also explicable m terms of foveal photochemistry 

While it would be folly to expect (and to claim) that 
all apparent colour changes aie to be explained m terms of 
photochemical rather than nervous phenomena, 1t would 
be wise not to exclude the possibility that this may be 
done at least m part. For there is other evidence‘ to 
suggest that photochemistry can account for visual 
effects even if the associated changes m retinal visual 
pigment concentration are not as yet amenable to direct 
measurement 
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NEWS and VIEWS 


Royal Society Leverhulme Scholarships Tenable in 
Developing Countries 


Tar Royal Society has announced the establishment, 
by means of a grant from the Leverhulme Trustees, of 
scholarships to piovide facilities for young graduates 
from the Umted Kmgdom to gain practical experience of 
scientific problems ın the developing countries It 1s 
expected that about six of these scholarships, which will 
be known as Royal Society Leverhulme Scholarships, 
will be awarded annually durmg the next seven years 
They will be of particular mterest to graduates in the 
environmental sciences for which the developing countries 
pose numerous novel and challenging scientific problems 
As these sciences have been founded largely on conditions 
in north temperate regions, 16 1s evident that investiga- 
tions ın areas south of the tropic of Cancer—where most 
of the developing countries lie—can add significantly to 
progress in these sciences as a whole One of the objects 
of this new scholarship scheme ıs therefore to make the 
scholar aware, at an early stage after graduation, of the 
existence of scientific problems which he would not 
normally encounter in a laboratory m the United King- 
dom The scholarship would enable the scholar to collect 
data and, if appropriate, specimens which he could use 
in investigations for a higher degree The scholarships will 
normally be tenable for a period of 6-12 months and will 
cover the cost of travel to and within the country of 
choice, as well as a maintenance allowance Each scholar 
will be expected to work under the general direction of a 
senior scientist ın the country to which he goes This 
might be a professor m. a university, or a senior scientist 
in a Government department or a research institute, or 
the leader of a recognized scientific expedition The 
Council of the Royal Society has set up a committee to 
administer this scheme 
Associated Electrical Industries Ltd Appointments 

L J Davies 


Mr L J Davies, who was formerly director of research 
of Associated Electrical Industries (Rugby), Ltd, has 
been appointed research consultant to the Company 
During recent years, Mr Davies has, in addition to being a 
Faraday lecturer and designing a new research laboratory, 
directed his attention to the problems and intent of indus- 
trial research He was appomted director of research of 
Associated Electrical Industries ın 1961 and durmg his 
period of office undertook considerable reorganization of 
the Company's 1eseaxch 


Dr J E. Stanworth 


Dr J E Sranworts, who succeeded Mr Davies m 
1961 as director of research, Associated Electrical Indus- 
tries (Rugby), Ltd, has been appomted director of 
central research Dr Stanworth started his career m the 
technology of glass In addition to carrying out basic 
research on glass structure, he rapidly assumed responsi- 
bilities connected with the technical control of glass 
manufacture ın the Company's works at Chesterfield He 
afterwards resumed full-time research work, carrying out 
original mvestigations on new glass formmg systems, 
work which has been repeated and used m many indus- 
trial countries 


Dr J M. Dodds 


Dr. J M Dopps has been appointed director of 
1esearch, Power Group, Manchester Dr Dodds graduated 
at the University of Aberdeen m 1926 On completion 
of an apprenticeship with Metropolitan-Vickers Electrical 


Co , Ltd , in 1931 he was awarded a travelling scholarship 
to the University of Aachen He was appomted physicist 
m the Radio Section of the Metropolitan-Vickers Electrical 
Co, Ltd, Research Laboratory at Trafford Park, Man- 
chester, in 1933, working on high-power radio trans- 
mutters, and became responsible in 1937 for the develop- 
ment of the ch radar transmitters utilized throughout 
the Second World War for early warning of approaching 
aircraft He later became group leader m charge of the 
work of the mechanical, metallurgical, physical metal- 
lurgy, radio and process laboratories, and in 1956 he was 
appointed assistant manager of the Research Laboratory 
He became manage: in 1957 Dr Dodds was appomted 
director of the Associated Electrical Industries, Ltd , 
Research Laboratory, Manchester, m 1961 


The Medical Research Council. New Research Unit and 
Research Groups 


Tug Medical Research Council has announced the 
establishment of a new Research Unit and three new 
Research Groups The Cellular Immunology Reseaich 
Umt was established on October 1, 1963, at the Sir 
Wilham Dunn School of Pathology, University of Oxford, 
under the honorary direction of Prof J L Gowans The 
Unit will extend the mvestigations on the physiology 
and pathology of lymphoid tissue that Prof Gowans has 
previously pursued with support from the Counen! The 
Research Group on the Bwchemastry and Physiology of 
Intracellular Organelles 1s to be set up 1n the Department 
of Biochemistry, University of Sheffield, under the 
honorary direction of Prof W Bartley The Group will 
study the relationship between the biochemistry and 
physiology of isolated cell organelles—work initiated by 
Prof Bartley while a member of the staff of the Council’s 
Cell Metabolism Research Unit The Research Growp on 
the Brochemastry of Connectwe and Lung Trssues 1$ to be 
set up m the Department of Biochemistry, University 
College of South Wales and Monmouthshire, under the 
honorary direction of Prof K 8 Dodgson Dr A G 
Lloyd will also be closely associated with the work of the 
Group, which will carry out investigations on connective 
tissue ammopolysaccharides and related compounds, 
and on the chemistry and biochemistry of lung tissue 
The Varus Research Group is bemg established 1m the 
Department of Virology and Bacteriology, University of 
Birmingham Medical School, under the honorary direction 
of Prof Peter Wildy, who, until recently, was a member 
of the staff of the Council’s Experimental Virus Research, 
Unit, Glasgow The new Group will mvestigate non- 
meorporated proteins and enzymes pioduced by herpes- 
infected cells 


Heriot-Watt College, Edinburgh 


Forrowisa the Government's acceptance of the 
recommendations contained m the Robbins Commuttee 
Report on Higher Education that certam Scottish 
institutions should have university status, the Governors 
of the Heriot-Watt College, after discussions with the 
University of Edinburgh, the Scottish Education Depart- 
ment and the University Grants Committee, are to 
appoint, in consultation with the University Grants 
Committee, an Academic Advisory Committee to con- 
sider how best this status might be achieved and to advise 
generally on the future development of the College The 
number of full-trme students followmg Associateship 
Courses in the College has been increasing steadily over 
the past few years, and it 1s anticipated that, with the 
inereaesing demand for technologists coupled with the 
bulge in the teenage population, this will expand to 
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1,500 within the next three years In accordance with 
arrangements made with the Scottish Education Depart- 
ment and the Edinburgh Corporation Education Com- 
mittee, the College has devolved on the Education 
Committee the greater part of its National Certificate 
Courses With the completion of Napier College this 
year, 1t 1s anticipated that the remainder of the National 
Certificate Course work will be transferred to this new 
institution, together with the Prmting Department, thus 
providing m part for the increased number of full-time 
day students in the College The College premises have 
been extended by stages over a period of years com- 
mencing in 1933, but even with the present 830 full-time 
students, certain sections of the College have been severely 
stramed The Old Corn Exchange building in Grass- 
market has recently been acqmred by the College and 
arrangements are in hand to redevelop this site When 
completed, the new building will provide accommodation 
for the Departments of Electrical Engineering and Indus- 
trial Administration 


Return of British Scientists and Engineers 


ANSWERING a question m the House of Commons on 
January 28, the Munster for Science, Mr Q Hogg, said 
that as a result of the activities of the selection board 
representing the Civil Service, the Atomic Energy 
Authority and the Central Electricity Generating Board, 
13, 23 and 12 British scientists and engineers had returned 
from Canada m 1961, 1962 and 1963, respectively Of 
these, 2, 3 and 2, respectively, had obtained doctor’s 
degrees at Canadian universities 


Commonwealth Scholarships and Bursaries 


IN a written answer m the House of Commons on 
January 24 the Secretary for Technical Co-operation, 
Mr R Carr, gave the expenditure on Commonwealth 
scholarships from April 1, 1962, to December 31, 1963, as 
£835,035, and on bursaries £582,806 The total expendi- 
ture on tramung at postgraduate and lower levels under 
Regional Programmes of Technical Assistance, April 1, 
1962-November 30, 1963, was £2,049,025 Seventy-five 
bursaries had been provided for Commonwealth students 
to be trained in Britain as technical teachers since March 
1962, cluding seventeen bursars attending a new type 
of two-year course mcludmg study im a technical college 
and industrial experience as well as a session in a technical 
teacher-traming college About 2,300 of the 2,500 tech- 
nical experts provided by the Department of Technical 
Co-operation since its foundation had been placed in 
Commonwealth countries, includmg 900 in territories 
which were still dependent 


Industrial Liaison Centres 


On the development of technical information services 
for mdustry, the Earl of Bessborough said in the House 
of Lords on January 28 that besides the establishment of 
ten new industrial liaison centres by the Department of 
Scientific and Industrial Research already authorized this 
year, further expansion was planned for 1965 and 1966 
The Department would be paying two-thirds of the cost 
and the remaimmg one-third would be found m the normal 
way through the finances of the colleges of technology 
participatmg The new facilities should greatly benefit 
the small firms and provide a very valuable lnk between 
industry, research and education. 


Desalination of Sea and Brackish Waters 


Iw reply to & question m the House of Lords on January 
28, the Parhamentary Secretary to the Munster for 
Science, the Earl of Bessborough, said that the Govern- 
ment had made arrangements to keep m touch with 
American research and development m the desalination 
of sea and brackish waters The Interdepartmental Com- 
mittee on Hydrological Research had asked the Water 
Board Association to keep a “watching brief” on all 
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developments ın desalination from the United States 
Office of Salme Water and other bodies active m this 
field The major communication was direct between 
United States agencies and the Department of Scientifio 
and Industrial Research and the Water Research Associa- 
tion The recommendation of the Industrial Grants 
Commuttee that a scientist should be allocated specifically 
for this purpose was still under consideration, but the 
Earl of Bessborough had every hope that a grant might 
be earmarked for this purpose 


Ministerial Meeting on Science in Paris, October 3-4 


Tug OECD Observer for December 1963 includes a 
brief note on the Ministerial Meeting on Science ın Paris 
durmg October 3-4 (Nature, 200, 719, 1963) The 
Ministers recognized that the rapid progress of science 
and technology contributes essentially to the strength 
and well-bemg of countries and also places increasmg 
strans on national budgets and resources of technical 
manpower Tho Munsters agreed that exchanges of 
experience and information about national scence pro- 
grammes could help countries to formulate better their 
own policies for science, and they stressed the importance 
of establishing effective links between scientific and 
economic policy. They agreed to mvite the Organization 
to remforce its work concernmg the contributions of 
science to the economy, and particularly in estabhshmng 
comparable statistics on scientific and technical activities 
They also recognized both the scope for co-operation in 
identifying and studymg scientific fields of potential 
importance to the economies of member countries of the 
Organization for Economic Co-operation and Develop- 
ment and that these activities require the closest exchange 
and co-operation among scientists and technologists m. 
Government, industry and educational institutions The 
Ministers decided to meet again within two years under 
the same conditions and to appoint an mnterum committee 
of high-level officials concerned with science policy to 
continue substantive mvestigation of these questions, 
possibly mitiating fruitful exchange of mformation, and 
identifying and studying the issues to be presented to 
the next Ministerial Meeting 


The Australian Museum 


Tue report of the Trustees of the Australian Museum 
for the year ended June 1962 indicates continual progress 
m all departments (Pp 28 Sydney Government 
Printer, 1962 3s 6d) With regard to display, work has 
concentrated on the completion of the Mammal and Fish 
Galleries Plans have been prepared for the proposed 
Fossil Gallery and a scale model has been made An 
outstanding gift was a collection of more than 5,000 stone 
implements It consists of flake implements from more 
than ninety camp sites m New South Wales and a fine 
series of ground-edge axes, percussion and abrading 
stones and millstones Many new distributional records 
of geometrical microliths, Burren adze flakes and uniface 
block axes are represented in this collection A large 
specimen of pitch-blende, presented by the Atomic Energy 
Commission, is displayed with two Geiger-Muller tubes 
which can be operated by visitois 


Cambridge Dissertations 


Tur titles of dissertations approved for the degrees of 
PhD,MSc and M Litt im the University of Cambridge 
durmg the academical year 1962-63 are listed m a pub- 
heation from the University Press The titles are arranged 
alphabetically first under the faculty, then by the depart- 
ment m which the student worked, and finally alpha- 
betically by the name of the student Summaries of the 
dissertations can be obtamed on application -to the 
Secretary of the Board of Record Studies and normally a 
copy of the dissertation can be consulted m the University 
Library Microfilm copies can be obtamed at the apph- 
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cant’s expense on application to the University Librarian 
and subject to the written consent of the author 


Royal Society Leverhulme Visiting Professors to India 


Ix 1962 the Royal Society and the Leverhulme Trust 
announoed the establishment of a scheme for the appomt- 
ment of two visiting professors to visit a university 
or research institution in India each year for a period of 
about four months The following appomtments to 
visiting professorships under the scheme have been 
announced for the period October 1964-—March 1965 
Prof G Higman, Waynflete professor of pure mathe- 
matics in the University of Oxford, as vistting professor 
in the field of mathematics at Panjab University, Col 
H E Shortt, formerly professor of medical protozoology 
in the University of London, as visiting professor in the 
field of zoology at Banaras Hindu University 


Postgraduate and Post-doctoral Agricultural Student- 

ships 

A Limrrep number of postgraduate studentships are to 
be awarded by the Mimstry of Agriculture, Fisheries and 
Food and the Department of Agriculture and Fisheries 
for Scotland for the academic year begmning October 1 
The studentships are available in the various branches of 
husbandry (including horticulture), farm management, 
agricultural or horticultural economies, agricultural or 
horticultural statistics, marketmg, agricultural and dairy 
engineering (including farm mechanization), rural estate 
management and agricultural science Applcants norm- 
ally resident m England, Wales and Northern Ireland 
can obtain further mformation and forms of appheation 
from the Muustry of Agneulture, Fishenes and Food, 
Room 2314, Great Westmmster House, Horseferry Road, 
London, SW 1 Apphcants normally resident ın Scotland 
should apply to the Department of Agriculture and 
Fisheries for Scotland, Room 53, St Andrew’s House, 
Edmburgh, 1 The closing date for receipt of completed 
application forms 1s February 29 

Postgraduate awards are also offered by the Agni- 
cultural Research Council, Cunard Building, 16 Regent 
Street, London, S W 1, for trammg 1n research (see also 
Nature, 201, 452, 1964) These are open to honours 
graduates in science or those holding a vetermary quah- 
fication, and -to honours graduates in agriculture or 
horticulture who have shown a special interest in one of 
the basie sciences Applications for awards in vetermary 
science should also be made to the Agricultural Research 
Council Awards are also available to postgraduate and 
post-doctoral students of agricultural science under the 
NATO Science Studentships and Fellowship Programme, 
which 1s mtended to stimulate the exchange of students 
between member countries m the North Atlantic Treaty 
Organization The scheme is admunistered for United 
Kingdom students by the Department of Scientific and 
Industrial Research, State House, High Holborn, London, 
W C 1, to whom appheation should be made by March 1 


The Leopoldina German Academy of Sciences Elections 


Tax Deutsche Akademie der Naturforscher Leopoldma, 
Halle, recently elected the following new members m the 
sections indicated Mathematics, Prof F Hurzebruch 
(Bonn), Geography, Prof L Aario (Helsmki). Prof I P 
Bakker (Amsterdam) and Prof F Mager (Greifswald), 
Physvological Chemesiry, Prof T Bucher (Marburg), 
Pedeatries, Prof Q Joppich (Gottingen), Prof F 
Linneweh (Marburg), Prof S Siwe (Lund) and Prof H 
Wilk (Zurich), Ophthalmology, Prof A  Franceschetti 
(Geneva) and Prof A Pillat (Vienna) 


The Keilin Memorial Lecture 


Ir has been announced that the appeal for funds to 
endow a Kein Memorial Lecture (Nature, 199, 24, 1963) 
has evoked a generous response and the future of the 
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lectureship 1s now assured The Kelm Memorial Fund 
Commuttee wishes to thank all those who contributed to 
the fund Dr A Lwoff (Institut Pasteur, Pans) has 
agreed to give the first Kein Memorial Lecture at a 
meeting of the Biochemical Society to be held in Cam- 
bridge on September 17. Dr Lwoff was recently appomted 
Royal Society Visiting Professor for the academic year 
1964-65 (Nature, 200, 631, 1963). 


Announcements 

Pror G Tuzws, of the Physiological Institute of the 
University of Kiel, and Prof G W Harns, of the Depart- 
ment of Human Anatomy, University of Oxford, have 
been awarded the 1964 Feldberg Foundation Prizes for 
German—English Scientific Exchange for experimental 
medical research The Feldberg Foundation for German - 
English Scientific Exchange was established ın 1961 by 
means of an endowment from Prof W Feldberg (National 
Institute for Medical Research, Mill Hill, London) In 
accordance with the Statutes of the Foundation, a prize 
i3 awarded each year to one German and one British 
Scientist, and m recognition of the gift the German 
recipient gives a lecture in Brtam, and the British 
recipient a lecture m Germany Details of the lectures 
are to be announced later 


Tue annual conference of the Non-Destructive Testing 
Society of Great Britam, entitled “Non-Destructive 
Testing for Mamtenance’’, will be held m the University 
of Southampton duung April 1-4 A trade exhibition of 
equipment, films, chemicals, ete, will be held concu- 
rently Further mformation ean be obtamed from Mr 
C Staff, 36 Willow Green, Ingatestone, Essex 


AN advanced course on "Human Population Genetics”, 
organized by the Institute of Genetics, University of 
Rome, and sponsored by the Advanced Study Institute 
Programme of the North Atlantic Treaty Organization, 
will be held durmg April 1-26 The mtroductory part of 
the course, mvolving films, lectures and practical classes, 
will be held m Rome, this will be followed by & field 
research campaign in Saidinia Further mformation can 
be obtamed from Prof G Montalenti, Istituto di Genetica, 
Facolta di Scienze, Citta Universitaria, Rome 


A course in “Embryology and Epigenetics”, spon- 
sored by Unesco and the International Cell Research 
Organization, will be held at the International Laboratory 
of Genetics and Biophysics m Naples during April 6-18 
The course, which will mvolve lectures, semmar-discus- 
sions and practical work, 1s intended for molecular bio- 
logists, physicists, chemists, mathematicians and others 
who wish to apply ther knowledge to the problem of the 
control of cellular differentiation Further mfoimation 
can be obtained from the Laboratorio Internazionale di 
Genetica e Biofisica, Casella Postale 104, Napol. 


THE second mternational conference on “Fluid, Sealing”, 
sponsored by the British Hydromechanies Research 
Association, will be held at the College of Acronautics, 
Cranfield, during April 6-8 The conference will melude 
eight technical sessions static seals, seals for reexpro- 
cating shafts, aircraft and high-temperature seals, 
applications of radial face and mechanicals seals, hydro- 
static seals, characteristics of fluid films in seals, alterna- 
tive forms of seals for rotatmg shafts, elastomeric 
materials and extreme operating conditions Further 
information can be obtamed from the Secretary, British 
Hydromechames Research Association, South Road, 
Harlow, Essex 


Erratum In the communication by B F Stone 
entitled ‘Parthenogenesis in the Cattle Tick, Boophilus 
macroplus", which appeared on p 1233 of the December 
21 issue of Nature, line 11 should read “ticks isolated from 
males ın small areas on a bovme ” the word “bovine” 
should be substituted for “sheep” 
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FRENCH LESSONS ON 


BROADSHEET entitled French Planning—Some 
Lessons for Brown, written foi Political and 
Economie Planning by M. MacLennan, seeks to indicate 
some of the lessons which experience of the French 
system of four-year plans has for Britan. Mr MacLennan 
pomts out first that although the encouragement of growth 
1s the primary raison d'étre of planning m Britain, the 
contribution made by the Fiench plans to economic 
giowth m France has not been properly assessed in 
present discussions Moreover, the system of Fiench 
planning that has been taken as a model has been the 
particular variant operatmg since 1960, whereas there 
have been four differmg plans each covering a particular 
phase of post-war Fiench economic development The 
concept of indicative planning appeaied in a reasonably 
developed form only m the Thud Plan (1958-61), in 
which, too, a first attempt was made to deal with regional 
development The integration of regional planning into 
the national plan 1s carried much further m the present 
Fourth Plan, which attempts to formulate a growth path 
for the French economy, postulating both a certain rate 
and a certam pattern of growth It poses difficulties 
similar to those which the National Economic Develop- 
ment Council has had to face in formulating a plan for 
the British economy, and m its evolution the advantages 
and disadvantages of French planning in cireumstances 
similar to Britain’s may be assesssed 
Planning ın Fiance, Mr MacLennan observes, has never 
been the subject of ideological debate and its theoretical 
treatment has also been hmuted ın scope and is a fairly 
iecent development He notes that while the French 
plans are worked out in terms of mdustiies but nnple- 
mented with the individual firm, organized labour has 
been excluded from the plans to a surprising extent 
There is no form of meomes policy nor are the chances of 
ieceiving the co-operation of the Trade Unions in a 
national wages policy regarded as high The measures 
for regionalization in the Third Plan sought to ieduce 
the economic and social costs of congestion and shortages 
in northern and eastern France and the under-utihzation 
of resources m the south and west The Fourth Plan 
introduces a new policy of the gradual development of 
infrastructure and public services m regions where agii- 
cultural, mdustriaal and commercial expansion 1s spon- 
taneous and vigorous, and in less-favoured regions, 
impulsive, involving bold anticipation and more aid 
Adopting the policy of direct intervention, 1t sketches 
out a new regional pattern which would create alterna- 
tives to Paris and fit m with the expansion programme 
of the national plan The decentralization policy of the 
Third Plan had some success in limiting expansion m. the 
Paris region, although the population of the Paris region 
is still growing rapidly It ıs hoped that the measures 


* Planning Vol 29, No 475 (September 9 1963) French Planmng— 
Some Lessons for Braun. Pp 323-402 By Malcolm MacLennan (London 
Political and Economic Planning, 1963 ) 7s 
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outhned in the Fourth Plan may encowage among 
regional authorities the same change of outlook that the 
plans have worked among busmess men 

The conclusions drawn from this comparison of experi- 
ence are that the French plans have operated in an 
economy much less open to external mfluence than the 
British economy, and the Fourth Plan 1s the first to direct 
attention to the restraints and disciplmes that have domin- 
ated Buitam’s economic policy smece the Second World 
War The Fiench system of target plans seems to have 
created an attitude of confidence and expansion by making 
economic policy a concerted affair and elummmatmg some 
of its uncertamty To avoid the dangers m such co- 
operation between the State and the private sector and 
between industriahsts themselves, adoption of simula. 
arrangements in Britam must be combined with a soundly 
based pohey of expansion, including probably a formal 
incomes policy agreed to by the Trade Unions The 
incentives used in the French planning system are geared 
towards remedymg defects in the French economy that 
are not present to some extent in Britam where their 
effectiveness ıs open to question, but the integration of 
the regions into the national plannmg system 1s a feature 
that could be apphed with profit m Britam 

The influence of the French plans on public expenditure 
ıs an interesting feature and the plans have provided a 
framework that outlnes the rate of growth and dis- 
tribution of public mvestment compatible with different 
overall rates of giowth of output The salent admums- 
trative features of the French planning system are likely 
to be necessary elements of a successful British planning 
system A national plan must be based on decisions about 
the type of society that ıs desired, taken by the elected 
representatives of the nation, but based on a thoroughly 
worked-out scheme, indicating the consequences of the 
various options The plan 1s not simply a series of measures 
for stimulating the growth of output, and the planning 
body must be sufficiently influential to make its views 
felt by Government departments, as well as to convinec 
business men that they are sufficiently influential ın the 
administration to make the plan the basis of economic 
policy, while sufficiently autonomous to be considered less 
cautiously than the work of other departments Mr 
MacLennan does not find ıt easy to visualize the National 
Economie Development Council developing along the 
same lines as the French system of target plannmg, but 
he regards the present Fourth Plan as providing the first 
workmg model of an indicative plan operating m an 
economy where price stability and balance of payments 
equilibrrum are necessary conditions for growth British 
planners, he concludes, might with profit compare the 
techniques used with their own, for ıt 1s this more detailed 
and technical interest in French plannmg methods which 
should be encouraged as the circumstances and prob- 
lems of the French economy become much closer to 
Britain’s. 


THE NATIONAL RESEARCH DEVELOPMENT CORPORATION}: 


Tes report and statement of accounts of the National 
Research Development Corporation for vhe year 
ended June 30, 1963, while published after the Trend 
Report, covers an earher period and no reference 1s 
naturally made to the recommendations m that Report 
The present report reaffms the behef that with 1ts 


strict control of expenditure and its small, loyal and 
uniquely experienced staff the Corporation has a part 
to play in the nation’s affaus of mereasing value 
Of the 882 inventions communicated to the Corpora- 
tion during the year, 223 were from Government Depart- 
ments and Research Councils, 122 from universities 


668 


11 each fiom nationahzed industries and industrial 
research associations, and 448 from private firms 
and dividuals m the United Kmgdom Of 146 
patent rights assigned to the Corporation during the year, 
101 were from Government Departments and Research 
Couneils and 33 from universities At the end of the year 
the Corporation held 366 United Kingdom patent applica- 
tions and 611 granted patents, as well as 1,147 overseas 
patent appheations and 1,232 granted patents A further 
92 United Kingdom patent applications and granted 
patents were held by the Corporation’s subsidiary develop- 
ment companies as well as 631 overseas patent applica- 
tions and granted patents Forty-five heence agreements 
were completed m the United Kingdom durmg the year, 
and altogether 523 were in force while 1,092 United 
Kimgdom patents and patent applications are the subject 
of exploitation 

The Dracone project for flexible barges has been the 
subject of urgent scrutiny and the long-term project for 
fuel cells contmued under direction of the subsidizing 
company, Energy Conversion, Ltd Interest persisted 
m the antibiotic, cephalosporin C, but the Corporation’s 
association with two major projects for developing 
scientific and commercial data processing machines, Atlas 
and Emdec 2400 ended as planned The possibilities of 
establishing a closer relation with the Corporation was 
discussed with the Defence Ministries during the year with 
the view of ensuring that results of ther research and 
development activities could be made more readily avail- 
able for use m civil industry where appropriate The 
Joint Development Committee with the Department of 
Scientific and Industrial Research considered six proposals 
during the year, as well as five which had been submitted 
to that Department under a special industrial research 
association scheme The Committee also discussed poten- 
tial projects from a survey by the Department on mstru- 
mentation and from two other surveys sponsored by the 
Corporation on clinical technology, and on civil engineer- 
ing/architecture/building. Proposals for assistmg further 
advances m solid-state physics and cryogenics as well as 
methods for encouraging exploitation of the results of 
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university research were considered, generally the wok 
of this Committee seems to justify the recommendation 
of the Trend Committee for closer association between 
the Corporation and the Department of Scientific and 
Industral Research 

The Corporation’s 32 major revenue-earning inventions 
earned £246,297, of which £17 3,000 came from five only 
At the end of the year, 33 potential development projects 
m various technological fields were under consideration, 
16 of which were submitted by private firms Among 
projects on which work was m progress or starting durmg 
the year, m addition to those already mentioned, are 
the aldosterone project at the Middlesex Hospital School 
of Medicme, an aquatic mower for clearmg weeds m 
inland waterways, the ARCH project for electronic auto- 
matic control equipment for plant and process control, 
and a project for a personal guidance aid for the blind 
The first prototype for the automatic analysis of milk 
for fat, lactose and protem content by an infra-red 
absorption technique 1s under a long-term test programme, 
and a reconditioned ground-nut harvester 18 under & 
further series of trials As regards hovercraft, the main 
preocoupation during the year has been consideration. of 
the need to develop in the United Kingdom and put mto 
commercial service craft designed to meet special opera- 
tional needs Two prototype hydro-pneumatic ship 
fenders are undergomg trials and a study 1s bemg made 
of the possibilities of applymg automatic techniques in 
medicine 

The Corporation continues to support work on the 
miero-organism breeding project at the Microbiological 
Research Establishment, Porton Down, Wilts, and 
a further programme of development with the oil-well 
drilling rig has been agreed Work on reluetance motors 
is bemg supported to facilitate an early decision as to 
whether the motors have commercial applications, and a 
prototype of a new spectropolarmeter has been ordered 
The development of a system for achieving economy 
in the frequency spectrum of transmitted television signals 
1s being supported and the work on variable-speed motors 
1s now virtually completed 


THE BRITISH BROADCASTING CORPORATION 


"abs debate m the House of Commons on January 14, 
m. which the Licence and Agreement of December 19, 
1963, between the Postmaster-Geneial and the British 
Broadcasting Corporation was approved, was notable 
chiefly for the refusal of the Postmaster-General, Mr R 
Bevins, to make any increase m the present television 
licence fee He admitted that this heence fee of £4 was 
the lowest in Europe, perhaps in the world, but claimed 
that now that the Corporation 1ecerved almost the whole 
of the licence, with the increase in borrowmg powers of 
up to £20 millon for capital purposes, he thought the 
Corporation could meet the developing situation. He was 
quite unconcerned that m 1962-63 the Corporation met a 
deficit of £2:67 milhons from reserves Finance was m 
fact the mam issue of the debate At the outset the 
Assistant Postmaster-General, Mr R Mawby, admitted 
that while the Corporation would now receive the whole of 
the net licence revenue, this was still "such proportion of 
ib as the Treasury may from time to time determine” 
Although, for the Opposition, Mr A Greenwood quoted 
the Government’s acceptance m the White Paper of “its 
responsibility to see that the B B C can secure sufficient 
income to finance adequate services", neither he nor other 
speakers who, lıke Mr D Gibson-Watt, thought that the 
right way to finance the Corporation was through the 
licence fee, was committed as to heence fee, however, 


Mr. J Guimond thought a £6 licence fee would be reason- 
able, and was supported by Sir Robert Cary Mr C 
Longbottom stressed the importance of guaranteed 
support for external services Sw Harry Legge-Bourke 
was convineed that the heence fee must be a good deal 
higher and that more should be spent on overseas broad- 
casting, and apart from Mr R Mason no speaker other 
than Mr Bevis and Mr R Mawby challenged the need 
for an early or mumediate merease in the hcence fee 
Besides overseas broadcasting there was strong support 
in the debate for developments in local broadcasting, but 
there was little mention of educational broadcastmg 
Broadcasting and education was the subject of the 
second lecture ın the second series of BBC lunch-time 
lectures, now pubhshed Init Mr J Scupham was con- 
cerned with the ways m which broadcasting could help to 
fulfil educational purposes, and he began by pointing out 
that the BBC would be startmg its alternative pro- 
gramme BBC-2 m Apri 1964, and by January 1966 
would have gone far towards achieving national coverage 
Another wave-length m the same band had still to be 
allotted and a fifth and sixth wave-length could be made 
available for national purposes It was hoped soon to use 
the Third Programme wave-length thoughout the day 
and, that ultimately the Corporation would control a 
network of local stations serving every major centre of 
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population With these developments there was growmg 
interest m closed-cucuit television systems of all kmds 
and at every level, the Cambridge Television Week had 
just demonstrated the potentialities of two-way lecturmg 
lnks with mnter-university seminars 

This steadily developing network of communications 
would afford dung the next ten years an opportunity to 
demonstrate still further the educational uses of radio, 
and to make as extensive a use of educational television as 
Japan and Italy were already domg Durmg the present 
school year the Corporation would be transmittmg 63 
radio programmes, reaching more than 30,000 schools 
each week durmg term time at an annual cost of £522,000 
The newer service of school television now provided 
15 programmes all 1epeated 1n the same week and reachmg 
some 6,000 schools at an annual cost of £844,000, and last 
year a new service for technical colleges was started 
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From January 1964 the adult education ser vice would have 
a "Study Session” hour of its own and audiences foi 
these programmes ranged from 50,000 to 150,000 with a 
steady sale of 50,000 pamphlets for each beginneis' 
language course New television programmes m this field 
had started and the Corporation had also announced its 
intention to devote Tuesday evening on the new channel 
to specifically educational purposes Mr  Seupham 
discussed the specific contribution which broadcasting 
and television can offer to educational purposes and, after 
referrmg to the new Working Party on Higher Education 
over which Mr Fulton, vice-chancellor of the University 
of Sussex, 1s presiding, mentioned that in April a new 
major series was starting for teachers on the new mathe- 
matics and its mdustiial and pedagogical implications 
The new services would cost some £2 milhon of the Cor- 
poration’s licence revenue in 1964 


SCIENCE MUSEUMS IN DEVELOPING COUNTRIES 


HE museum devoted to science takes its place in 
present-day society along with the central library, the 
historical museum. and the art gallery The responsibih- 
ties of such a museum aae two-fold, first, to present through 
its exhibits a picture of the current state of knowledge 
m the various branches of science, m particular recent 
developments, and secondly, to illustrate from its begin- 
nings the history of the subject This latter function m- 
volves the collection of significant historical material 
The present time 1s one of greatly increased activity in the 
organized preservation of the material evidence of the 
history of science and technology by museums and other 
professional bodies, and ıt 1s with this that the present 
note 1s concerned 
In Great Britain the collection of scientific material of 
historical importance has been a primary duty of the 
Science Museum at South Kensington since its foundation 
in 1857 Similar functions have, for example, been 
carried out by the Conservatoire des Arts et Métiers in 
Paris and by the Smithsonian Institution in Washington 
The policy of the Science Museum 1n this respect has been 
m large measure, that expressed m 1874 by the Devonshire 
Commission on Scientific Instruction which enjomed, the 
preservation of material which was notable “by reason of 
the researches in which, or the persons by whom it was 
employed” The apparatus used by the mvestigator who 
made the primary experiments, his note-books and related 
material are unique and, properly, have pride of place in 
any national collection In this context, however, science 
embraces technology, and technological material 1s not 
unique in the same sense Technological advance involves 
development and ultimately duplication and often multi- 
plication of some product on a massive scale 
This multiplicity of examples of significant technological 
developments might be expected to ensure the survival 
of a sufficient number to satisfy the very limited needs of 
museums This has by no means always been true in the 
past and will m one respect at least inevitably be less true 
in. the future for, assuming that the long-established science 
museums of the technologically advanced counties are 
fully supplied with examples covermg the past hundred 
years, 1b 1s to be expected that countries now undergomg 
rapid technological development will, before long, be 
establishing science museums themselves and endeavour- 
ing to collect as many early examples as they can There 
18, therefore, a clear duty on the part of the longe: mdus- 
trialized communities to preserve material for the museums 
which will be established m the younger territories 
Great credit must be given to the museum authorities 
themselves foi the remarkable degree of co-operation 


they have achieved in collecting material foi sister institu- 
tions, but the problem of the storage of material and of 
the dissemmation and exchange of mformation is an 
exceedingly difficult one Items which already are satis- 
factonly represented ın practically all the existmg 
museums but which could be important exhibits m a new 
institution become available from time to time, and often 
go to the scrap heap simply because their potential value 
18 not appreciated, or 1t may be impossible to store 

It can mdeed be.said that an interest m old scientific 
and technological material 1s fairly widespread in Britain, 
and in certam branches of engineering very well developed 
mdeed_ Motor-cars, ralways and steam engmes might be 
cited as examples Many important areas of the field are, 
however, only known to specialists Enlghtened in this 
matter as an individual or an organization may be, the 
fact remains that, at the present time, ib 1s not easy to 
find a wing recipient for material which duplicates 
examples already in the possession of the major collections 
In Britain the great collection of the Science Museum 18 
supplemented by substantial science and technology 
sections m the Royal Scottish Museum, Edinburgh, the 
Glasgow Museum, the National Museum of Wales in 
Cardiff and the Birmingham City Museum A number of 
industrial organizations and nationalized industries, for 
example the British Transport Commission, have private 
museums and small collections exist ın various university 
departments 

A recent development which should do much to co-ordm- 
ate the resources and policies of museums m a region, and 
which should greatly improve the present situation, 18 the 
formation of museum area councils An important 
ielated activity, the preservation of some of the laiger 
monuments of the industrial era, has become a matter of 
concern to historians who, through the Council for British 
Archeology, are promoting steps to preserve engines 
factories and other large remams Important as these 
developments are, they do not 1n themselves help to solve 
the urgent problem of collecting and stormg material 
which would be invaluable in a few years’ time to museums 
in developing countries 

Three Imes of action suggest themselves (1) Suitable 
press and television publicity to explain the nature of the 
problem, and to describe the range of material of potential 
interest (2) The estabhshment of a central office which 
would receive offers and enquuies and would endeavour 
to ‘channel’ them appropriately (3) The allocation of 
suitable vacant buildings as stores and the provision of 
funds for the mamtenance of the stores and the transpoit 
of material 
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Already museum staffs are engaged m various pro- 
grammes of assistance to underdeveloped countries If 
financial and o1ganizational help were forthcoming there 
1$ no doubt about the willing co-operation which would be 
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offered ın collecting seientifie and technological material 
for the museums which will be established in developing 
territories Initiative at Government-level would appeai 
to be an essential first step JAMES GREIG 


SEARCH FOR OIL AND GAS POOLS BENEATH THE NORTH SEA 


FFSHORE drilmg for oi within continental shelf 
deposits has for some years past been established 
procedure in determining seaward extensions of proved 
land-based, oil and gas fields, notably ın the United States 
The great advances ın design, constuction and adaptabil- 
ity of modern drillmg ‘barges’ has made such projects 
economically feasible 1f not always commercially success- 
ful So far as the United Kingdom ıs concorned, offshore 
drilling history was made in the autumn of 1963 by the 
fust exploratory well put down 24 mules off the coast at 
Lulworth Cove, Dorset, in this case using a self-elevating 
mobile De Long barge, in 60 ft of water The pioneers 
of this venture were the British Petioleum Company, 
who have also been granted permission by the Dutch 
Government to search for oil and gas in the Wadden Zee 
area off the northern Dutch coast 
Geologists m Britain, as in other West European 
counties bordermg the North Sea, have long iealzed 
the possibilities of oil or gas pools (or both) existing 1n tho 
sedimentary deposits constituting its floor, but by general 
consent the chances of locatmg commercially worth- 
while supplies were not 1ated very high This vista was, 
however, rapidly changed by the recent discovery and 
development of a major gasfield ın the Groningen area in 
the Netherlands (Nature, 200, 123, 1963), the seaward 
extension of which 1s now the objective of great activity 
by various international oil interests Prior to this, 
however, interest m the potentialities of the North Sea 
Shelf off Britam was roused m 1961 when the Buitish 
Petroleum, Esso and Shell Companies announced the 
start of a jomt seismic survey of 30,000 square miles 
of the North Sea basm Many ships carrying out such 
surveys, from Lowestoft to the Firth of Forth, have 
since been operative, under direction of the Shell Com- 
pany of the United Kingdom, Ltd , employmg contractors 
“This autumn, the experts m Bataafse Internationale 
Petroleum’s Exploration and Production Division in 
The Hague should have m then hands a reasonably 
comprehensive picture of this stretch of the North Soa 
floor, 1t will have cost some half a million pounds to obtain 
but will provide the essential basis for a decision on where 
to continue seismic work or whether to starb underwater 
drillimg, and if so, where" (Search «n the North Sea, 
Information Cucular No 40, Shell International Petroleum 
Co, Ltd, London, October, 1963) Other geophysical 
surveys have been m progress within a 20,000 square 
mile area off the coasts of Yorkshire, Lincolnshire and 
Norfolk, under the egis of Pan American International 
Exploration Co, in association with the British Gas 
Council and some other American companies The French 


State concern BRP, through its British subsidiary, Coastal 
Oil has been working an area of some 180 square miles 
within British territorial waters off the Yorkshire coast, 
and also carrying out seismic surveys m other parts of the 
North Sea 

Apart from the exploratory work off the east coast of 
Britam, Shell and Esso Companies (through a joint 
organization known as NAM, that 1s, Nederlandse Aardohie 
Mi), who were responsible for the gas discoveries m 
Holland, have been operating off the Dutch coast, both 
north and west, in the latte: zone four offshore wells were 
drilled ın 1961-62 at a total cost of £14 milion In 1963 
an extensive programme of seismic surveying within and 
beyond Dutch territorial waters was prosecuted The net 
has, however, been spread much further recently, embrac- 
ing Scandmavian and Danish seaboards In Norwegian 
waters Shell, Esso and British Petroleum group have 
conducted surveys, Phillips Petroleum, also the French 
concerns BRP and RAP have been active here In 
Denmark, A P Meller, the shipowner, has obtained a 
50-year exploration concession covermg the whole 
country includimg Danish territorial waters, he, together 
with Gulf Oil Company (U S A ) and Shell, aro undertaking 
joint exploration m this region Offshore developments in. 
Germany are beg sponsored by certain German oil- 
producing companies in which Pan-American. 011 interests 
are active 

Thus 1n the West European region of tho North Sea 
basin the problems of North Sea oil and gas pools are well 
on their way to solution According to the Shell Informa- 
tion Circular No 40 “The surveys may show structures 
that might contain. oil or gas but they may well prove to 
be empty, or oi] may be present there but the first holes 
drilled may mss it Even if there were a show of gas o1 
oil, 16 would be some considerable time before a sufficient 
number of exploration wells could be drilled for the 
companies to be able to determine whether or not they had 
discovered really significant 1eserves on Western Europe's 
doorstep” Onl and gas are not the only problems raised 
should commercial success reward these efforts of the oil 
companies, there may ensue inteimmnable arguments on 
the question of who owns the mmeral (including oil and 
gas) nghts over the bottom of the North Sea Some 
guidance on the legal aspects of this problem 1s provided 
by the International Convention on offshore rights, drawn 
up by the Geneva Conference on the Law of the Sea in 
1958, but so far, except for Denmark, none of the countries 
bordering the North Sea have ratified the convention and. 
much internal legislation 1s hkely before they do so 

H. B MONER 


POTATO RESEARCH IN BRITAIN 


ARGELY as the result of amendments to the Potato 
Marketing Scheme, the Potato Marketing Boaid can 

now increase its contribution towards research and assist 
attempts to answer some of the problems facing the mdus- 
try to-day To help 1t to do this, the Board has set up a 
Research and Development Committee to advise on ways 
in which research on potatoes can be encouraged and 
assisted In addition to the chairman, Mr J E Rennie, 
and six other membeis of the Board, who represent the 


interests of the potato groweis, the Committee consists 
of F. C Bawden (director of Rothamsted Experimental 
Station), W. H Cashmore (director of the National Insü- 
tute of Agricultural Engmeermg), F R Horne (directo: 
of the National Institute of Agricultural Botany), Prof 
Alexander Robertson (Agricultural Research Council), 
Prof S J Watson (Edinburgh School of Agriculture) 
and Prof W T Wilhams (University of Southampton) 
Dr E E Cheesman provides the necessary haison with 
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. 9f consumption is changing. but of the roughly 200 Ib. 
^rof potatoes consumed per head of the population in Britain, 

.10 percent is still prepared and eaten in the home. Of 

“the remainder it is estimated that approximately 15 per 
| gent is used by caterers, 7 per cent by fish and chip fryers, 

2:4 per cont for the manufacture of crisps and 3 per cent for 
us frozen chips, canned foods, soups and dehydrated products 
= Of various kinds. The housewife is, therefore, by far the 

. biggest user of potatoes in Britain and it is important that 
; the quality of the sample she is offered should improve, 

|. for as the competition from other foods becomes greater 
he may buy fewer potatoes. 
Much. research has been done on the factors that influ- 
(0s c enee yields. but much less on quality, probably because 
Uo quality is very difficult to evaluate scientifically. More 
. research, therefore, must be directed towards devising 
“physical and chemical methods to assess quality and to 
integrate these measurements with taste-panel assess- 
s ments. When these methods have been developed the 
factors that influence quality will become more amenable 
‘to exact study... This is a big problem, for it involves a 
consideration of almost all aspects of potato research and 
development, from the breeding of varieties to how 
ertilizers, agronomic practices and conditions of storage 
affect the suitability of the potato for its ultimate use. 
The demand for better-dressed ware and the increase of 
-pre-packaging, for which a high-quality product is needed, 
ill inevitably lead to more potatoes being rejected for the 
table because of irregular shape, blemishes or mechanical 
damage. Methods of avoiding these sub-standard tubers, 
or finding an economic. use for them, are urgently 
needed. 
5. The third problem is set by the fact that potato yields 
“differ greatly in different years while consumption is 
relatively static. These fluctuations in production com- 
/;plieate marketing, and. until some economic way cf using 
^surpluses for industrial purposes can be found, stable 
yields from season to season may be more important than 
maximum yields. Stabilized yields are most likely to come 
from combining all those techniques that counteract the 
effects of the season on the growth of the erop, for example, 
sprouting of seed, correct manuring. and pest and disease 
control. Much research is now being done on these 
problems, but the Board would like to see much more. 

The Board now assists research on potatoes by the 
following methods: 

(1) Grants to universities and research stations to 
enable investigators to employ scientifie, laboratory and 
other staff to work on a particular research project; to 
_ obtain special apparatus and/or equipment and to provide 
materials and services specially needed for the research. 
(2) Postgraduate studentship awards to graduates 
hol ding first- or upper-second-class honours degrees. These 
wards are at present worth £600 per annum, tax free, 
lus fees, and are tenable for a maximum period of three 
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seab and other potato tub 
(5) Dr. E. C. Humphries (Rothamsted 
Station), to investigate the part played by different p! 
growth regulating and inhibitor substances. in gontroll g 
dormancy and sprouting in the potato tuber. 
(6) Mr. F. R. Horne (The National Institute of Agricul: 
tural Botany), to investigate further the. factors that 
influence the cooking quality of potatoes with particular 
reference to their texture and tendency to disintegrate 
when boiled. 
(7) Prof. J. D. Ivins (University of Nottingham), to 
study the effects of fertilizers and irrigation on both e 
and mainerop potatoes with particular regard bot 
the time of application’ of these. treatments in relation 
to the growth, development and quality of the crop, and 
to the maturity und susceptibility of the tuber to ee 
during harvesting and ede : 
(8) Prof. F. L. Milthorpe 
(2 grants), (i) for an investi: 
apical dominance in the tuber; i) for 
the varietal and environmental factors that ix 
infection of potato sprouts by Rhizoctonia sole 
(9) Mr. J. W. Slater. (Agricultural Rese 
Farin Buildings Unit), to investigate the effec 
in. temperature and, light in different parts 
houses and potato stores on the physiolo 
ware potatoes. 
(10) Prof. S. J. Watson. (The Edinburg 
Agriculture) (2 grants) (i) to investigate th 
feeding habits and means of control of the conu 
of slugs that cause damage to potato crops 
investigation on the husbandry factors tha 
yield and proportion of seed-sized tubers in. 
erops. 
um Dr. C. L. Cutting: (British Food M l 
Industries Research Association), for an inve 
methods for the prevention of discoloration i 
potatoes. : 
At) Prof. J. Yudkin (Queen Elizabeth Co 


Kod into the social aspects of nutrition. 

(13) Arthur D. Little Inc., to conduct an enqu j 
the possibilities of the industrial utilization o f surplus 
potatoes in Britain. 

In addition to these research grants, pos 
studentships have been awarded to Miss D. Glendi 
(Scottish Horticultural Research Institute), Mr. P. H. 
Lovell (University of Sheffield), Mr. P. Hunt Saag 
cultural Research Council Unit of Inseet Phys ‘ 
Mr. P. W. Dyson (Rothamsted Experiment: 
and Mr. A. R. Procter (University of Edinburgh)... . 

Notices about the research grants and postgrad: 
studentships. awards are usually circulated in F 
and applications for 1964 should be received by 
(50, Hans Crescent, London, S SW. 1) not late th 
31. 


"tes where ab and ad are designated x and y respectively, and the 
mrrotational strains are assumed to area of the rectangle is thus zy. By the removal of alter- 
or a large part of the total deformation. The nate laminw, the rectangle may be fore-shortened along 


shape transformations are based on the idealized simpli- the z-axis by a half, without change along the y-axis. 
` eity of uniform strain, but may be modified to represent Such a ‘compressed’ version of half-area reproduces with 
non-uniform and periodic strains analogous to the general continuity the original shapes inseribed in the initial 
rheid transformations of Carey*. rectangle but with superimposed distortion effected by 
Fig. 1 (top) is a photograph of an ‘edge-surface’ of a uniform uniaxial contraction. If alternate laminw are 
rectangular laminar block formed by thin lamine the again removed from the half-rectangle, it may be further 
"planes of which are perpendicular to the page, and the shortened to one-quarter, with corresponding distortions 
edges of which lie in the plane of the page and parallel to of the inscribed shapes without loss of continuity. 


ad. 'The exposed surface, abcd, is thus amenable to arbi- Fig. 1 (bottom) shows the original rectangle segregated 
trary shear deformation by differential movement of the into ‘compressed’ versions as designated. At this stage 
laminze along shear lines parallel to ad. the ‘compressed’ rectangles may be taken to illustrate 


The surface is inscribed with arbitrarily specified shapes the special case of two-dimensional finite homogeneous 
| of which the morphological responses to both simple and strain in which there is uniaxial contraction (case (i) of 
. pure shear are to be noted. S is a reference circle the Jaeger’). The ‘compressed’ rectangles may then be 

deformation of which is a measure of total gross strain; uniformly expanded photographically to restore their 
areas to increasingly larger fractions of the original area, 
satisfying particular cases of dimensional changes along 
both v and y axes (case (ii) of Jaeger). 

Fig. 2 shows the particular transformation in which the 
original rectangle, abcd, is transformed on parallel axes to 
a rectangle of equal area but of different axial dimensions. 
In this event the change is effected first by ‘compressing’ 
the initial dimension, ab, from æ to }a, while maintaining 
be as constant and equal to y, as in Fig. 1 (bottom). The 
quarter-rectangle is then expanded photographically to 
increase the a-axis dimension from 1x to 4a. This corre- 
spondingly increases the y-axis dimension from y to 2y 
and thus converts the area to the original zy (Fig. 2 
(bottom)). This corresponds to a transformation by pure 
shear (case (iii) of Jaeger). By varying the proportional 
number of extracted lamin, the first reduction of the 
a-axis dimension may be varied as desired. If this reduc- 
tion factor is designated by n, such that the original 
x is reduced to nz, the ultimate pure shear transformation 
requires a uniform expansion by a factor m, such that: 


mí(nr).m(y) = xy 
: 1 
that is: m= - 
n 
or n E» 
$ m= -= 
Vn 


In Fig 2, n = ] and m = 2. 


Some of the noteworthy morphological changes in the 
homogeneous pure shear transformation of Fig. 2 are the 
asymmetry and lateral migration of ripple shapes in R; 
the curvature of axes of symmetry and disturbance of 
parallelism in 7; the unequal rotation of individual ellipti- 
cal elements in AZ; and the doubling in width of the band 
AU as compared with the lack of change in width of the 
band AE. 

; Fig. 3 shows the effect of superposing simple (rotational) 
Fig. 1. Top, 'edge-surface' of laminar block inscribed with specified shear on the pure shear model of Fig. 2 by differential 


shapes; bottom, the same surface egated into ‘compressed’ version s . 
i Pg half and genre size x E movement of the laminæ parallel to the y-axis. The 
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amount of simple shear strain is expressed as tan 5j 
(case (iv) of Jaeger), which, in this case, is 2. The left 
and right photographs of F ig. 3 show respectively the 
clockwise and anticlockwise transformations. A note- 
worthy difference in these may be seen in the final orienta- 
tions of the elliptical elements in the band AE. The 
clockwise shear has swung their formal elongations 
approximately into parallelism in sympathy with the 
strain ellipse S, whereas the anticlockwise shear has 
allowed the initial diversity of formal orientations to 
remain. Whereas both shears produce similar effects 
on the width of the band AU, they have opposite effects 
on AE. In a like manner, the acquired similar-fold 
qualities of F are accentuated by the clockwise shear, 
whereas the anticlockwise shear induces a stronger essence 
of discontinuity in F, with ‘pods’ of thickness and even 
the suggestion of a discordant drag. 

It will be noted that these concepts are here applied to 
a field, whereas the analysis of Jaeger applies strictly to 
point conditions. In practice with plastic materials, 
pure shear applied to a rectangular field produces a curved 
transform, in which the ‘movement picture’ is not uniform 
and the strain not homogenecus. However, it can be 
shown that smaller fields within the larger behave topo- 
logically in a way that can be described by applying point 


principles to them in the form cf varying combinations of 
simple and pure shear—subject to the added freedom of 


finite rotation of the field as a whole (case (v) of Jaeger). 
The models described are thus intended to be applied at 
scales where statistically homogeneous deformation may 
be postulated. The strain ellipse may be regarded as a 
gauge of gross strain considered at a separate scale from 
the smaller perturbations of which it represents the mean, 
and from the larger field of which it may itself be a 
perturbation. 

In kinematic analysis the varying validity of assump- 
tions of pre-deformational shape is a problem*. An 





Fig. 2. The ‘pure shear’ transformation of the original 'edge-surface' 
(top) to the equi-areal surface (bottom) along parallel rectangular axes 
inthe plane of the page 
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Fig. 3. Simple shear superposed on the surface already transformed by 
pure shear in Fig, 2 


interesting example of the survival of a pre-deformation- 
ally known grid in a final distorted form was recently 
observed in a highway pavement in Adelaide, South 
Australia. Fig. 4 shows the appearance of a Limmer-rock 
limestone pavement originally laid down 48 years ago 
in the form of sawn square blocks on a square grid. 
Under the percussive vibrations of continual traffie over 
that period of time, the blocks have slowly deformed 
apparently by both rotational and irrotational shear. 
The precise initial grid position, orientation, shape and 
area of each block are known, and, together with the 
observable trend of the deformation zone, presumably 
allow a unique solution to the problem of estimating the 
amounts of the two types of strain and their respective 
contributions to the mean strain ellipse. 

Rotational and irrotational strain are, of course, intim- 
ately connected, and are implicitly united in all three- 
dimensional laminar models. This may be seen, for 
example, in a laminar model which has the initial shape 
of a rectangular parallelepiped. Uniform simple shear 
movement of the laminw concurrently produces degrees 
of the two types of strain in the planes of the four ‘edge- 
surfaces’, varying from rotational strain alone to irrota- 
tional strain alone, or combinations of the two, depending 
on the direction of slip with respect to the initial edge- 
surfaces. The technique of model seale variation as 


| 
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Fig. 4. Limestone paving blocks, originally square, deformed over a 
period of 48 years by both rotational and irrotational shear 
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desóribod hore quay abo be ona to quodis of Ahree: 
dimensional fold interference surfaces of the type previ- 
ously described’? to simulate horizontal shortening that 
accompanies vertical growth of fold amplitudes. 

As a teaching device to illustrate particular aspects of 
shear strain, I have found moving laminar models 
to be of considerably greater advantage than fixed line 
drawings. Such models also allow the fullest scope for 
heuristie propensities of students in a way that commonly 
lies beyond the compass or conviction of line drawings. 

There are many applications of laminar models to demon- 


csírations of geometrie problems. The dynamie proof of 


the Pythagorean theorem described by Bell? is elegantly 
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annabi to such proveniition, as-is, for exanp, the 
. Steiner ‘symmetrization’ in relation to isoporimetrio 


problems. 
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EVIDENCE FOR THE BETA- GAMMA TRANSITION POINT IN SULPHUR 
FROM LOW-TEMPERATURE SOLUBILITY MEASUREMENTS USING 
SULPHUR-35 AND ITS RELEVANCE TO THE THEORY OF 
INTERFACE REACTIONS IN SOLIDS 


By M. THACKRAY 


Australian Atomic Energy Commission, Research Establishment, Lucas Heights, Sydney 


ROM an investigation of the rates at which interfaces 
move between various pairs of the x, B and y poly- 
morphs of sulphur, it has been suggested! that a transition 
point exists between 8 and y sulphur at some temperature 
below. —18° C. Measurements of vapour pressures at 
higher temperatures were unable completely to confirm 
„this by extrapolation’. 

This transition point has now been confirmed by determ- 
ining solubility curves for the three common allotropes at 
low temperatures in organic solvents and is at approxi- 
mately. —88:5? C (184-7? K). 

‘The 6 and y crystalline forms of sulphur were prepared 
by melting sulphur (labelled with sulphur-35 to a specific 
activity of about 4 me./g) at the lowest possible tempera- 
ture to form a thin film between a 0-5-in. microscope slide 
and cover-slip, and then quenching the film by placing 
the slide on a metal block. The various crystalline forms. 
which appear as spherulites, are easily recognized under 
the polarizing microscope. Since x sulphur is of infrequent 
occurrence under these conditions, it was obtained by 
inoculating slides of B sulphur and allowing them to 
transform at about 40° C. 

< After identification, the cover-slips were prised off and 


«^ the slides allowed to fall into the solvent maintained at a 


temperature of  —23^ in glass-stoppered test-tubes. 
Below. — 23°, the polymorphie transformations between 
a B and y sulphur occur so slowly that they are of no 
significance over periods measured in weeks. No errors 
arise, therefore, from measurements on partially trans- 
formed films such as might occur at higher temperatures. 
By this technique, about 0-01 g of sulphur presents a 
surface of at least 1 em* to about 10 ml. of solvent. 

The tubes containing the sulphur were shaken several 
times during the day and allowed to settle overnight. By 
means of a transfer pipette, about 0-1 g of solution was 
sampled and transferred to a bottle of toluene-based 
liquid seintillant. The exact amount transferred was 
determined by weighing. This procedure was continued 
until the number of counts per unit mass of solvent 
appeared to be approaching a constant value, when the 
tubes were transferred with continuous shaking to an 
environment at a lower temperature. The procedure of 
shaking, settling and sampling was repeated for several 
days, before further lowering the temperature of the 
solutions. 

Methanol was chosen as the first solvent and the temper- 
ature of the solutions was maintained by means of con- 





stant low-temperature, baths of carbon tetrachloride 
(—232-9* C), chloroform (— 63-5? C) and acetone (— 96:5? 
C) Owing to the difficulty of maintaining the constant 
low-temperature baths over long periods and. because the 
final low-temperature measurement was made so close 
to the freezing point of methanol, the results, given with 
their standard deviations in Table 1, were not very precise 


but they indicated unmistakably that the solubility. of ge 


Y sulphur became less than the solubility of B sulphur 
at about — 80° C and that a transition point exists, there- 
fore, close to this temperature. 


Table 1. SOLUBILITY OF SULPHUR ALLOTROPES IN METHANOL. (MG 8/100 à 
SOLVENT) 
‘Temp. °C a 8 y 
~ 22-9 2-22 + 011 9-04 + 022 406 x 035 
— 63-6 O-74 + O11 0-87 + 0-20 138 + 023 
-95»5 0:154 + 0-022 0-362 + 0-006 0.2830 + (001 


Attempts to confirm this transition température using 
ethanol solutions failed owing to the high viscosity of this 
solvent at low temperatures, which hindered the attain- 
ment of equilibrium. However, by using ‘AnalaR’ 
petroleum ether (below 40° C fraction) and a cryostat 
kindly lent by D. Roman’, which proved capable of main- 
taining temperatures in the region of — 100° C to 0-5* C 
for several weeks, a more precise estimate of the transition 
temperature became possible. The results obtained with 
petroleum ether are shown in Fig. 1 and the interseetion 
of the 8 and y solubility eurves is seen to oceur at &bout 
—88-5° C. The figure also indicates that the curves for 
Y and « may intersect at some lower temperature. 

The existence of a &—y transition point was postulated 
to explain the interface rate measurements shown in 
Fig. 2. In particular: (1) The rate at which y changes to 
B approaches zero as the temperature is lowered to about 
40° C with an apparent activation energy of about 150,000 
cal. Since the sublimation energy of sulphur and the 
activation energy of the B — a and v — « reactions are: 
all around 23,000 cal, the figure for the y — f$ reaetion 
seems impossibly high unless it corresponds to a region 
just above a transition point, that is, unless the eurve DB 
of the y — B change corresponds to the curve EF of the 
B — a transition just:above 05:5? C (Fig. 2). (2) The rate 


at which y changes to « becomes equal to the rate at which CUN 


6 changes to « at about 12° C (point 4, Fig. 2). ; 2 
The fact that the newly established transition point 


between 8 and. y is about 130^ away from the temperature: c | 


at which all movement. of B-v interfaces censes. (while 
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Fig. 1: Solubility of sulphur allotropes in petroleum ether 





| appreciable movement of a-B interfaces can readily be 
| detected only a few degrees on either side of the well- 
"established transition point at 95-0? C) calls for some 

‘explanation. It is extremely doubtful now whether this 
remote transition point at. — 88-5? C ean be invoked to 
“explain the very high energy of activation of the y — 8 

|» transition above 40° C. Since the physical process in 
all these transitions is thought to be the transfer of S, 
rings from one erystal to another, it is difficult to see how 
|; molecules in the transition region could be more energetic 
than molecules in. the. vapour state, that is, the limiting 
` activation energy of any of these transformations should 
be the sublimation energy of the unstable form (as has 

v been found to be approximately the case for the B — a 
... &ransition and for the y — « transition; see Fig. 2 (ref. 4)). 

The fact that molecules can leave a surface of y sulphur at 

«40? C is shown by the quite rapid rate at which the 

oy = a reaction proceeds at this temperature, and the 

_ problem is to explain why such departing molecules can 

add easily to an « surface but not to a B surface. The 

^t existence of the problem proves in itself that the rate of 
these interface reactions is very much more affected by 
the properties of the growing phase than by those of the 
‘receding phase. 

-. "When all these rates are expressed in the form Ae-E/RT, 
the temperature-independent factor A is found to be 
many thousands of times larger than ean. be explained in 
terms of & simple evaporation-condensation mechanism. 
This is.also true of many other interface reactions and a 
large number of theories have been advanced to explain 
it. These fall roughly into two groups. In the first group, 
the removal of a ‘keystone’ molecule from the unstable 
phase or the bridging of an interface crack by vapour phase 
growth is assumed to permit a large number of molecules 
of the unstable phase to re-orientate to the structure of the 
growing phase by a process of much lower activation 
energy*5. In the second group of theories, stress at the 
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Fig.2. Interface rates in sulphur 


- interface is assumed to cause local melting? or the move- 


ment. of lattice vacancies’, again in such a way as to allow 
large numbers of molecules to change by a process of low 
activation energy. " 

It is now suggested that the high activation energy of 
the y — B change is à fictitious effect caused, not by the ` 
proximity of a transition point, but. by the fact that, in 
this event, the interface stress is compressive (owing to 
density decrease) whereas it is tensile in the other two 
transformations. In the B—- « reaction, cracks parallel to 
the interface form continuously, but such growth cracks 
are never witnessed in Y — B change. Where tl S8 
tensile, it is limited to a rather low value by the 
of the erystals in the interface region, but whe: 
compressive this is not the case and, if stress ia one 
main driving forces of the reaction as suggested in th 
second group of theories, a self-accelerating mechanism 
would be built into the reaction which would be markedly 
affected by temperature. UNA 














In the present investiga 
further erystalline modification of sulphur (8 
occasionally been encountered. When. this highly 
form crystallizes at room temperature, it nucleates and 
transforms instantly to the B form but, if it is formed from 
molten sulphur below — 20^ C, it ean be preserved for 
long periods and both the 8 and y forms have been observed . 
to grow into it at a measurable rate at these temperatures. 
When the rates 8 -> «, 8 — f and 8 — y can be measured, 
it will be interesting to see if they are more affected by 
density differences than by free-energy differences. | 
"Hr R. S., Hartshorne, N. H., and Thackray, M., Nature, 173; 400 
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LASERS AS TOOLS FOR EMBRYOLOGY AND CYTOLOGY 


By KENNETH R. LANG, Pror. FRANK S. BARNES 


Electrical Engineering Department 


i ASERS are providing the biological investigator with 

4 exciting new tools. This article contrasts the 
Advantages and limitations of two types of lasers, 
and illustrates a few of the problems we have en- 
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countered in developing these tools into. 

instruments. . Chicken embryos, and HeLa cell 
layer culture, were irradiated with & pulsed 
Organelles of HeLa cells were irradiated wi 
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Fig. 1. 
before incubation, 


helium-neon laser. Additionally, the light from this gas 
laser was used as the illumination for phase contrast 
microscopy. 

The most important property of the laser, which is 
different from an ordinary light source, is the coherence, 
which has been improved by many orders of magnitude. 
By coherence we mean the ability to specify the relation 
between the magnitude and polarization of a wave as a 
function of space and time. It is this property which 
allows us to obtain very good focusing and very high 
energy densities as compared with ordinary light sources. 

The continuous, monochromatic helium-neon laser 
(6328 À) operating in a simple axial mode with a gaussian 
amplitude distribution provides one of the most coherent 
optical beams available permitting nearly ideal optical 
resolution. By operating through one ocular of a binocular 
microscope at 400 times magnification we have been able 
to focus the output of this laser through a lu spot. The 
power density in this spot is estimated to be approxi- 
mately 1 x 10* W/em* with a 1-mW output. (Energy 
densities of approximately 100 
times this will be available soon). 
A nearly perfeet Fresnel pattern is 
ereated near the focal point of the 
microscope. The energy density 
outside the approximately 1 spher- 
ical spot remains less than 5 per 
cent of the maximum intensity!. 

If the helium-neon laser is driven 
sufficiently hard so that it oscillates 
in more than one mode, the diffrac- 
tion effects become substantially 
worse and the spot size increases 
several fold. This problem is 
particularly troublesome with solid- 
state lasers. The best spot size we 
have been able to achieve with a 
pulsed ruby laser (6943 A) focused 
through a microscope at times 400 
without mode control is about 20y. 
With the techniques described by 
Okaya* one should be able to reduce 
this spot to a few u. The principal 
advantage of the solid-state lasers 
is the higher power densities and 
the wide range of frequencies which 
are available either directly or via 


= Fig. 2. 
the Raman effeet?. We have found : 


Comparison between normal control embryo (left) and “heart island” (right) resulting from laser irradiation of the blastoderm 
Both pictures were taken after 72 h of incubation and are of the same magnification (12 diameters) 


that power densities in the range of 2-5 x 10° W/cm? for 
a few milliseconds are adequate for biological inactiva- 
tion. 

Although electromagnetic fields of the magnitude of 
2-4 x 10* V/cm exist at the focused 20u sphere of the ruby 
laser, one would expect biological interference and in- 
activation to be a result of the excitational, vibrational 
and thermal effects of direct quanta action on the atomic 
and molecular scale. The high-power density can cause 
large thermal effects at a small localized region of a cell 
even if the components absorb visible red light to only a 
small degree. Thus despite the low quantum energy of 
laser red light (2 eV) the large number of quantum per 
unit area suggests thermal denaturation of protein at the 
point of concentration. This method of cellular alteration 
is distinctly different from the destruction of nueleie acid 
through its absorption of ultra-violet’. The diffused 
coagulation of the chloroplasts and cytoplasm of plant 
cells by the ruby laser focused through a triocular miero- 
scope has been noted by N. Saks*. HeLa cells in monolayer 





Microscope photograph of HeLa cell with 14 white, helium-neon laser spot in middle of 
nucleolus within larger circular nucleus 
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culture have been coagulated smgly and m gioups with 
our pulsed laser at microscope settings of times 400 and 
100 respectively Cells as small as 20u m diameter were 
killed without visible effect on surrounding cells by this 
laser rated around 1/10 joules output energy 

The actual output energy of the ruby laser 15 propor- 
tional to the input energy to the optical pumping system 
An attempt to determme more subtle biological effects 
at various mput energies was made by irradiating chicken 
blastoderms im vivo Unmeubated, fertile chicken eggs 
(Hi-Line hybrid breed) were subjected to the pulsed ruby 
laser beam at different energies, and then mcubated for 
22 days The beam was focused to blastoderm size by a 
lens the focal length of which termunated at embryonic 
depth withm the egg The side of the yolk eontammg the 
blastoderm, by rotatmg to the top, put the embryonic 
region m a position of easy access, requiring the beam to 
penetrate shell, shell membrane and several millimetres 
of albumen The results are summarized in Tabie 1 


Table 1 RESULTS OF LASER RADIATION OR UNINCUBATED EGGS 
Laser Per Deformities 
mtensity No of No cent Normal Splay Club Yisceral pro- 
(Joulesinput} eggs hatchmg hatch leg foot tuberance 
0-Control 22 11 50 li 
72-1 Shot 22 7 318 6 1 
72-2 Shot 22 6 272 3 2 1 
312 5-1 Shot 22 10 454 7 3 1 


The number of deformities, expressed as percentage of 
eggs irradiated (or percentage of normal controls hatched), 
18 roughly proportional to the energy received by the egg 
The mortality rate shows no such proportion for the rela- 
tively small number of eggs tested However, this may 
reflect the difference m probability of hittmg the blasto- 
derm between one shot and two shots of the laser beam 
It is suggested that the laser may effect some deformmg 
change 1n the embryonic environment, killing the embryo 
only when a direct hit on the blastoderm is achieved 
This hypothesis 15 supported by the fact that all the 
deformities are of the hmd limbs or abdomen 

To facilitate direct focusing of the laser beam on the 
blastoderm, eggs were windowed by cementing a sterile 
cover shp with paraffin over a small hole (1 em diameter) 
in the upper surface of the shell through which the beam 
was sent The shell was picked away using sterile forceps 
after the surface had been cleaned with 70 per cent alcohol 
Some losses were suffered due to drying and contamina- 
tion, but, of the controls that survived to 72 h, all were 
normal None of those receiving two shots of the low- 
energy beam (11) was normal and only one out of 10 sur- 
viving the one shot of high-energy beam appeared normal 
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(presumably havmg been missed by the beam) The 
abnormaltrties in every case were severe and identical, only 
one identifiable tissue-organ-system had developed, the 
heart and associated vessels Only traces of other 
embryonic structures (with the exception of one badly 
malformed speexmen from a high-energy radiation) could 
be clearly identified The typical structure of an embryo- 
me heart ıs apparent m these heart islands and mdeed 
two of them were beatmg when the specimens were 
fixed and stamed after 72 h imeubation (Fig. 1) 

After cleavage of the chick egg, growth begins and with 
1t synthesis of some forms of protem? It seems apparent 
that the cardiac precursor celis have already initiated 
differentiation m the unincubated egg even though specific 
heart protem 1s not detectable until 15-16 h of incubation? 
Potential heart cells have the capacity to resist the action 
of the laser beam not found in other cells 

For the cell biologist, the 1deal microbeam would permit 
selective destruction withm an organelle of a parti- 
cular class of compounds These requnements can be 
met with the heium-neon laser when brought in through 
one eyepiece of a binocular microscope — Simultaneous 
visuahzation through the alternate eyepiece of the focused 
spot and the mtracellular target permits direct lateral 
and depth alignment Critical lateral and depth align- 
ment of a pulsed laser through a triocular microscope 18 
not possible due to such problems as the Bertrand lens 
system, mechanical tube length, machiming tolerances, and 
pulse duration Under optimal mode control of the 
hehum-neon laser a discrete 1 0-~ spot 1s produced at 
tunes 400 (Fig 2) Radiation about 05 mW up to 100 
sec had no ummediate effect detectable optically m the 
living cell or histological preparations Measurements of 
possibly altered metabolism of these cells are in progress 

A somewhat different use for the helium-neon laser 1s 
an Uluminating source for a phase contrast microscope. 
Prelimmary results indicate that coherence substanti- 
ally increases the sharpness of the contrast at cell bound- 
aries and between cell components although we are still 
having difficulties m. obtainmg a uniformly illuminated. 
field 
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INFLUENCE OF «-NAPHTHALENE ACETIC ACID ON GROWTH, RESPIRATION 
AND CO, PRODUCTION FROM GLUCOSE-I-'^C AND GLUCOSE-6-'*C 


By Pror A CARLIER and C VAN HOVE 


Department of Plant Physiology, Lovantum University, Léopoldville, Congo 


INCE Beeveis and Gibbs! have shown that the pentose 
phosphate pathway (PP pathway) may be an impor- 
tant route of glucose catabohsm m a number of ngher 
plants, several authors have examimed the influence of 
growth substances on the relative contribution of the 
glycolytic pathway (Embden-Meyerhof-Parnas pathway 
o EMP pathway) and of the PP pathway in the total 
1espiration 
In order to evaluate the ielative importance of these 
pathways the ratio of radiochemical yields of “CO, from 
glucose-1-4C and glucose-6-"G is used The 10,/MC, 
1atio gives the maximum fraction of the glucose metabol- 
ized via the E M P pathway? 


Several authors have mentioned the complexity of the 
two catabohe pathways and the close interplay between 
them, since some intermediates and enzymes are common 
to both? It was stressed particularly that ıt 1s not posmble 
to evaluate quantitatrvely these pathways solely from & 
comparison of the yields of “CO, from the first and tho 
sixth carbons of glucoset For this purpose differently 
labelled glucose substrates were used, for example, 
glucose-2-4C, glucose-8-4-4C, intermediates were isolated 
(triose phosphate, pyruvic acid, orgamic acids) and the 
position of the labelling analysed? 

In the present study no attempt was made to estimate 
quantitatively the E M P and the PP pathway as we were 
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interested only in the changes caused in the ielative 
unportance of these pathways by giowth substances 

Gibbs and Beevers? found that indolyl-3-acetic acid 
(IAA) (2-4 mg/l ) mereases the consumption of glucose in 
oat coleoptiles without changing the C,/C, ratio 

As this ratio 1s close to 1, they concluded that there 1s 
an exclusive E M P pathway respiration, with as well as 
without LAA treatment 

In corn and pea root tips, pretreated with IAA m high 
concentration (10-? M), Humphreys and Dugger? found a 
decrease in the yield of CO, from glucose-6-“C This 
decrease, however, was not observed when the cotyledons 
were removed before IAA treatment With low concen- 
trations of IAA (10-1? M) on pea root tips no significant 
change either ın "CO, fiom glucose-1-*C or in CO, fiom 
glucose-0-«C was observed In a futher pape: the same 
authors‘ used 10-3 M JAA and 10-5 M JAA on corn root 
tips and concluded from their results that JAA caused an 
increase in the participation of the PP pathway Similar 
experiments with 2,4-dichlorophenoxy-acetic acid (2,4D) 
(10-3 M and 10-5 M) led to simular results. 

Shaw et al ? found that leaf disks from wheat seedlings 
pretreated with IAA have an increased uptake of oxygen 
of 10-15 per cent and an apparent lowered C,/C, ratio 
The C,/C, ratio was approximately halved by 2 h pre- 
treatment with 5 0 and 83 ppm IAA, mamly due to a 
decrease 1n the recovery of C, 

Faeng!?^ found in bean stem tissue a greatly mereased 
C,/C, ratio from the respiration carbon dioxide The 
increase was correlated with the 2,4D dosage 

Bourke et al * found on root tissue of garden peas an 
increase of C,/C, ratio for carbon dioxide with 10-5 M 
2,4D, with a 10? M 2,4D concentration there was a sharp 
reduction m this1atio From ther results they concluded 
that with low concentration of 2,4D there 1s a stimulation 
of the glycolytic pathway whereas the high concentration 
depresses the glycolytic and the PP pathway 

Daly et al !?, investigating the influence of IAA on 
respiratory metabolism of bean and wheat tissue, observed 
no alteration of the C/C, ratio, even with concentrations 
which enhanced the respiration (1-5 p p m ) 

The experiments to be described here aie concerned 
with the effect of «-naphthalene acetic acid (NAA) on 
growth (measured as wet weight merease), overall respua- 
tion (measured manometrically as oxygen consumption) 
and “CO, production from glucose-1-4C and glucose- 
6-4C in mung bean stem tissue As we found a swift 
response by the-tissue to NAA no pre-treatment was 
needed 1n this way we were able to observe the respira- 
tion change from the very outset As our results are calcu- 
lated on initial tissue weight the samples are biologically 
equivalent at the startmg-pomt This ıs not true with 
pre-treated tissue, compared with non-treated tissue where 
a different growth stage can be reached 

Mung beans (Phaseolus aureus, Roxb ) were grown m 
sand culture at 30? C in the dark From the 65-h-old 
seedlings (+ 6 cm long) the third centimetre of the hypo- 
cotyl was used for the experments After cuttmg, the 
sections were floated for 3 h on distilled water before use 
in the Warburg flasks, im order to cause some meipient 
starvation by diminishing the internal respiratory sub- 
strate and natural growth substance level Eight equal 
samples of 20 stem sections each (weighmg about 06 g) 
were placed in standard 15-ml Warburg vessels Four 
vessels received about 1 ue glucose-l-4C each, two of 
which received 0 1ml of 2 x 10-4NAA solution (final con- 
centration of NAA 10 ppm) The four other vessels 
received l uc glucose-6-14C, two of which recerved the same 
NAA solution All the vessels recerved 01 ml of a0 1M 
glucose solution (final concentration 0005 M) and the 
liquid volume in the mam compartment was made up to 
2 ml by fresh ‘Pyrex’ distilled water In the centre well 
0 5 ml of an N sodium hydroxide solution was added 

No buffer was added but the pH. was routmely checked 
after all experiments m each vessel and was uniformly 5 4 
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In most experiments of this kind potassium phosphate 
buffer was used 'Thimann?? stresses the point that there 
is à powerful interaction between auxm and metallic ions 
in growth phenomena In particular potassium promotes 
growth in many tissues and organs The activities of the 
glucose solution used were checked experimentally, 
before and after experiment, by counting aliquots at 
infinite thinness, this allows estimation of mitial radio- 
activity m the Warburg flasks and glucose uptake during 
the expermment Respiration experiments were iun at 
30° C for 4h The glucose consumption never exceeded 
20 per cent of the imtially present glucose so that no sub- 
strate shortage mterfered At the end of tho expel ment, 
the sodium hydroxide-sodium carbonate solution was 
removed from the centie well of the Warburg flasks, a 
barium carbonate precipitate was made and plated on 
copper planchets Radioactivity was measured with a 
thin mica window counter (19 mg/cm?) The results were 
coirected for background, auto-absorption and different 
initial radioactivities ın the flasks (which were as close as 
possible A<38 per cent) 

Total radioactivity was obtamed by multiplying the 
specific activity by the weight of the carbonato sample 
The tissue samples were weighed before and afte: the 
respiration experiments 

The results of 4 experiments are given in Table 1 The 
means and standard eirors were established after the 
homogeneity test, which enabled us to average tho results 





























Table 1 
Total radioac- 
% Weight | Absorp- | tivity c p m in 
increase | BaCO, | tion Og | COs/g tissue/4h 
wet mg/g | mm?/g |— — — — — | 0,[50, | =C- 
weight* | tissue* | tissue* | Gluc- Gluc - 
6-401 1-MC[ 
Control 186 69 714 3077 5050 0614 | 1973 
x019f| +01 +7 +80 +203 | +0022 | +169 
NAA 13 97 102 {1,018 5077 6661 0770 | 1584 
+046 | +01 +9 X171 +307 | +0084 | +307 
4% 48 98 428 | 052 323 259 
+33 £20 [444 +50 | +54 











* Mean of 16 determmations t Mean of 8 determinations f Standard 
error of the mean § Mean (with standard error) of the 4 per cent m each 
experiment (slightly deviating from the 4 per cent of the means as listed) 


The considerable stmnulation of water absorption by 
NAA 1s in agreement with the marked effect of NAA on 
water absorption by potato tuber disks?! and other 
tissues 

This growth phenomenon is accompamed by a highly 
significant merease in respiration That the PP pathway 
1s functional in mung bean stem tissue 1s indicated by the 
C,/C, ratio of the control, which ıs less than 1 - 

The NAA treatment gives a considerable increase of 
6-CO, Even if a small fraction of 6-CO, were lberated 
via the PP pathway’, 16 may be considered that the very 
largest part came through the EMP pathway A stimu- 
lation of the EMP pathway brings about an equally 
mereased C, and C, value in so far as the PP pathway has 
not been affected by NAA The C,-C, value gives an 
approximation of the non-E M P pathways? This value 
certamly did not merease imn our experiments, actually 
there was a decrease in this value, although statistically 
1b 1s not significant The 118e of the C,/C, ratio, resulting 
from & proportionally greater increase of 6-300, than of 
1-4CO,, can thus be ascribed to the enhanced EM P 
pathway, whereas the PP pathway seems not to be 
affected a theory not supported by our results 

With regard to the conflicting data of the literature, 
we would stress the pomt that the effect of growth sub- 
stances on catabolic pathways should be correlated with 
growth effects and effects on overall respiration 

Growth-mhibitmg concentrations can alter completely 
the C,/C, ratio as shown by Bourke et al?! In so fai as we 
are concerned with a positive action of growth substances 
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and its effect on the catabolic pattein, physiological 
concentrations of growth substances should be used by 
which neither growth nor overall respiration 1s hampered 
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APPLICATION OF THE PROPERTY OF PROTEIN-BINDING TO THE 
ASSAY OF MINUTE QUANTITIES OF HORMONES 
AND OTHER SUBSTANCES 


By Dr BEVERLEY E. PEARSON MURPHY* 


Clinical Investigatron Unit, Queen Mary Veterans’ Hospital, and Department of Investigative Medicine, 
McGill. University, Montreal 


MA substances in blood sre bound to plasma 
protems and ın some cases thus binding 1s of a highly 
specific type with a high degree of affinity between the 
protem and the hgand Such bindmg has been shown 
to exist between certam antigens and antibodies, between 
certam hormones (for example, thyroxme, cortisolf) and 
globulins (TBG, CBG respectively), between vitamm B,, 
and globulin, and between certain metals (for example, 
Fe, Cu) and globulms (transferrm, ceruloplasmm, respec- 
tively) Probably a sumular type of binding exists between 
many other substances and protems 

This type of bmdmg was first utihzed to provide a 
method of assay by Berson and Yalow in 1957 (ref I) 
These authors developed a radiommmunoassay technique 
for the determmation of serum msulin, which was based 
on the reversible bmding of insulm by non-precipitating 
antibodies produced following the admumustration of 
insuhln The same method was used by Unger et al to 
deterrume serum glucagon? Investigations were reported 
by Hunter and Greenwood at the proceedings of the 
Biochemical Society m 1962 of an assay for growth 
hormone m plasma using the same method 

Recently, the bmding of much smaller molecules to 
protems occurrmg normally in serum has been utilized 
to provide assay methods for cortisol and other steroids*-4, 
thyroxme', and vitamin B,, (ref 6) In the ease of steroids 
this approach was used empirically at first, but rt soon 
became apparent that the method shared many of the 
features of the radioimmunoassay and that for vitamin B, 

It 1s the purpose of this article to point out the general 
prmeiple mvolved m all these methods, to indicate the 
various ways in which ıt has been applied, and to suggest 
possible future applications. 

There are two major aspects to be considered first, the 
existence of a hgand-specifie protein for the substance to be 
measured, and, secondly, the application of the prmoiple 
which the author has chosen to designate as that of 
competitive protem-bmdmg analysis smee the term ‘radio- 
immunoassay’ is not appleable to the general case 
The term ‘saturation analysis’ has also been used but 1s 
less specific® 

Iagand-specific protems The term ‘hgand-specific 
protem’ ıs used to refer to a protem which binds only one 
hgand, or a small group of chemically similar hgands 

In the case of large molecules, such as insulin, glucagon 
and growth hormone, there 1s sufficient difference between 
the hormones of each species to allow the formation of 

* Medical Research Council Fellow, Medical Research Council, Canada 


t The following trivial names are used here corticosterone, 118,21- 
dihydroxypregn-4-ene-3,20-dione, cortisol, 118,17¢,21-tmhydroxypregn-4- 
ene-3,20-dione, 11-deoxycortisol, 118,17 a-dihydroxypregn-4-ene-3,20-dione, 
cortisone, 17a,21-dihydroxypregn-4-ene-3,11,20-irione 


hgand-specific protems (antibodies) by admimustration of 
the hormone of another species which acts as a foreign 
antigen 

In the case of small molecules, such as steroids and 
thyroxme, hgand-specific protems must be searched for 
m the blood or tissues However, there 1s mereasing 
evidence for the existence of such protems for many 
substances and perhaps this 1s not surprising m view of the 
fact that serum protems would scem to play an important 
part ın the transport of many substances, both with respect 
to creasing thew solubility in plasma and, m the cases of 
substances which are not re-absorbed, preventing them 
undue loss through the kidney Antoniades has suggested 
that most oi perhaps all hormones are transported in the 
blood m association with specific carrier protems? Thus, 
even large hormone molecules such as insulm may have 
specific naturally occurrmg plasma protein carriers, 
although so far these have been difficult to demonstrate® 
It is interesting that such proteins have been shown to 
increase in concentration durmg pregnancy and/or with 
estrogen administration with a consequent rise m the 
concentration of the ligand Such a change has been 
shown to occur m the concentration of CBG (ref 9), 
TBG (ref 10), transferri?! and ceruloplasmm* 

Nature of the binding An adequate explanation of the 
forces volved in such binding has not yet been achieved 
The large alterations in the bindmg of a ligand to a protein, 
which may be brought about by small changes ın hgand 
structure, indicate that the stereo-chemueal configuration 
of the hgand and the specific steric structure of, the 
protem determine this type of bmding, although the exact 
mechanism is not clear This specificity 18 well illustrated 
in the binding of corticosteroids to CBG The corti- 
eosterone molecule ıs shown imm Fig 1 Cortisol, corti- 
costerone and 1l-deoxycortisol, which differ in structure 
only by the position of a single hydroxyl group, compete 
approximately equally with each other for the same bind- 
ing sites on CBG = Cortisone, however, which differs from 
cortisol by havmg a ketone group at the Cll position 
instead of a hydroxyl group, has a greatly reduced com- 
petitive ability Competition 1s also greatly decreased 
by the presence of an ila-hydroxy, an 18-aldehylic or a 
9a-fluoro group on the corticosterone molecule? An 
interesting finding by Flori: and Buyske was that the 
decrease m competition produced by the introduction of 
6a-CH,;, 16c-OH and 16a-CH, substituents could 
be partially reversed by dehydrogenation at the 1-2 
position!4 Dehydrogenation at the 1—2 position by itself 
did not alter competition 

Smmlar competition mvestigations have been earned 
out ın the case of thyroxine and its analogues Thus ıt has 


680 


Fig 1 The corticosterone molecule 


been shown that truodothyronme competes less strongly 
than thyroxime for sites on the TBG molecule while 
tetraiodopyruvie acid, tetraiodothyroacetic acid, tri- 
1odothyroacetic acid and tetraiodothyropropionic acid 
show progressively weaker bmding activities 

The exchange of the isotopic hgand with the stable form 
and with the protem 1s usually a relatively rapid process 
Insuhn and antibody react to form a non-precipitating 
complex which is m zeversible equilibrium with the un- 
complexed species Transient state mvestigations revealed, 
two smgle-order dissociation constants averaging about 
0 005 mmn- and 02 min-!, respectively!® In our own 
experience, for both thyroxme and cortisol, equilibration 
appeared to be complete within a minute at room tempera- 
ture, while for iron 1t was not complete even after many 
hours More precise investigations were reported by 
Robbms, Rall, Berman and Andreoli, who evaluated the 
rate of interaction between thyroxine and serum proteins! 
Using a fluorescence method, they calculated a munimal 
dissociation rate of 6 7 sec" 

Principle of analysis by competitive protein-binding of 
asotoprcally labelled compounds _ If a radioactively labelled 
form of a substance, S*, 18 added to plasma contammg 
unlabelled S and a limited. amount of 1ts specific bmding 
protem P, then if a dynamic equilibrium exists between 
S and P, S* will distribute itself evenly among the un- 
unlabelled S If the binding affinity between S and P 1s 
very high, virtually all the S* added will be bound 
until P is saturated, and at equilibrium DOR EDT). CRM) 

i q ' total (S + 8*) 


S*P SP 


will equal total St and total 8 If, then, further S is 


added ıt will also compete for the same binding sites so 
that the S*P wil be reduced Still further additions of 
S will cause the S *P to be reduced further 
The reduction ın S*P which will occur in these 
circumstances can be predicted as follows Suppose P 
has 200 binding sites and imitially only 20 molecules ofS 
are present Sufficient S * 1s added to saturate P, that 1s, 
180 molecules of S* Virtually all are bound so that 
SP + S*P 
fotal (S + S*) x 100 = 99-100 per cent If then 100 
molecules of S are added there 1s a total of 300 (S + S*) 
molecules competing for 200 binding sites When equili- 
b tablished th b ee 
rium 1s establshe e pereentage- ound total (S + S*) 


S*P 


total S" 





120 
x 100 = zn x 100= 


200 
aan X 100 = 180 


x 100 = 300 


66 6 per cent 
If a further 100 molecules of S are added, the per- 


200 90 . 
centage-bound becomes zgo X 100 or 186 X 100 — 50 


pei cent 

Continung with further additions of S, each of 100 
molecules, the curve m Fig 2 1s obtained With very 
large additions of S, the percentage-bound S approaches 
zero If the reciprocal of the percentage bound 1s plotted 
versus S, a straight lme 1s obtamed instead of a curve 

If mstead of pure unlabelled S, a sample of plasma fiom 
which all the P has been removed and which contains 
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an unknown amount of S, ıs added to the same system, 16 
may be quantitated according to the fall m S *P which 16 
eauses 

Essential requirements for the application of the principle 
(1) The substance to be measured, that ıs, the hgand, S, 
must be available m an isotopic form of sufficiently high 
specific activity — (2) The hgand, which may be of any 
chemical nature, meludimg protem. must bind with high 
affinity to a protem which has specific binding-sites for 16 

In applymg the principle to provide a method of 
determining S, three mam problems present themselves 
(a) the preparation of the specific binding protem , (b) the 
separation of the protem-bound S* from the non-protem- 
bound S*, and (c) the removal, if present, of binding 
proteins from the test samples 

(a) Preparation of the specific binding protein (‘standard 
protem’). In the methods developed for cortisol, thyroxme 
and vitamin B,,, the hgand-specifie protems were present 
m normal blood, while for msulm, glucagon and growth 
hormone, the formation of specific protems was mduced 
by immunization 

For the assay of plasma msuln in human subjects 
Berson and Yalow used the sera from guinea pigs immun- 
ized, with erystallme bovine msulmn, while to assay gluca- 
gon, Unger ef al used serum from female rabbits mmun- 
ized with erystalhne beef-pork glucagon suspended m 
Freund’s adjuvant Hunter and Greenwood also used 
serum obtained from rabbits, m this case human growth 
hormone was used as the antigen. 

The formation of the ligand-specific protem by immun- 
zation requires ielatively large molecules with some 
degree of species specificity, and therefore, while suitable 
for insulm, glucagon and growth hormone would not be 
likely to be successful for smaller polypeptides and is not 
applicable to small molecular substances such as cortisol 
and thyroxme 

In the cases of these two smaller hormones, the difficulty 
was not in finding suitable specific protems, but m the 
fact that more than one binding protem was present for 
each in the plasma 

Thus cortisol 1s bound both by a highly specific protein, 
CBG, which is present m small concentration, and by 
albumin, which binds 16 weakly and non-specifically but 15 
important by virtue of its very large concentration m the 
plasma From a consideration of Fig 21t may be expected 
that a protein of weak affinity and large concent ation 
competing with one of high affinity and small concentra- 
tion will flatten the curve, preventmg the percentage- 
bound S* from approaching zero, and this was found to 
be so, expermnentally In this case, 1t was found that the 
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CBG binding could be enhanced by lowermg the tempera- 
ture while the albumm binding could be decreased by 
dilution Therefore, the determination was onginally 
carried out using plasma diluted 1/8 or 1/10 at 8° C (ref 3) 
It was observed by DeMoor et al that the albumm bindmg 
of cortisol was also decreased. by gel filtration’, and this 
means of separating the protem-bound fraction has 
recently been utilized to assay cortisol! 

A simular problem existed for thyroxme, which 1s bound 
by at least three different protems, namely, albumin, 
which binds it weakly and non-speoifieally, TBG, which 
binds ıt strongly and with a high degree of specificity, 
and pre-albumin, which binds ıt with intermediate affinity 
and specificity. TBG is present m very small concentra- 
tions while pre-albumm 1s present in significantly hugher 
concentrations For the assay of thyroxme, the albumm 
binding was decreased both by dilution 1/32 and by using 
gel filtration to separate the protem-bound fraction, 
but when phosphate buffer was used for elution from the 
gel, pre-albumun binding gave a simular effect to that of 
albumin in relation to cortisol as described here Smce 
pre-albumin binding 1s inhibited to a great extent by 
barbital, this effect was greatly decreased by using barbital 
buffer for elution 

In order to achieve maximum sensitivity of the method, 
16 would be necessary to use purified preparations of TBG 
and CBG to avoid completely interference by other 
protems The optimal concentration of protem used for 
assay depends on the amounts of S to be measured and 1s 
limited by the speerfie activity of the isotopic form of S 

(b) Mode of separation of the protein-bound from the 
unbound ligand Many different methods are available 
for the separation of the protem-bound from the unbound 
fraction and the choice depends mamly on tho ligand 
involved These methods include equilibrium dialysis, 
ultrafiltration, electrophoresis, protem precrprtation, ex- 
change resins, and gel-filtration 

The recently introduced dextran polymer gels (‘Sepha- 
dex’) afford the most generally useful method o? separa- 
tion These gels form molecular sieves of various sizes, 
small molecules are held by the gel while large molecules 
pass through With the passage of suitable solvents, the 
small molecules also pass through and thus various fractions 
can be collected Differences m the degree of cross-Imkage 
determine pore size so that with tho larger pore sizes 
smaller protems may be separated from larger ones The 
results are highly reproducible so that, once conditions 
have been standardized, a column can be used several 
hundred times It 1s frequently much the fastest means of 
separation, for example, ıt has been possible to separate 
protem-bound thyroxime from unbound thyroxme 
routinely using ‘Sephadex G 25’ m 5mm The time re- 
quired depends on the length and diameter of the column 
used and the resolution of the particular substances 
mvolved 

The method of assaying the radioactivity of the bound 
and/or unbound fractions depends on the nature of the 
isotope and on the method utilized for the separation 
of the bound and unbound fractions One may determine 
either the protein-bound fraction or the unbound fraction 
routmely, but m the prelmunary experiments 1b 1s netes- 
sary always to determine both, and to compare them 
with a standard contammg the total number of counts 
added m order to make sure that there are no losses 
unaccounted for Once the recovery of radioactivity 
added 1s well established one fraction only may be counted 
routmely, the bound or the unbound, whichever is more 
convenient, and this count may then be related to that 
of a standard contaimmg the total counts added to the 
samples Berson and Yalow used the ratio Bound Ligand/ 
Free Ligand rather than percentage-bound hgand m 
making their calculation, but 16 seems to me more accurate 
and more convenient to use the latter expression 

(c) Preparation of test samples Complete destruction 
of the binding ability of the binding proteim(s) ın the test 
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sample must be achieved m order to free all the ligand fo: 
assay of the total amount of S 1n tbe sample. 

If only the portion unbound to the specifie protem, 
usually considered to be the biologically active fraction, 
1s to be measured, it can first be collected by initial 
separation in the same manner as used m the assay, with 
collection of the unbound fraction and its subsequent 
assay In some cases 1t may be desirable to determino 
both The hgand may be determined m blood, plasma 
serum or other fluid depending on its distribution 

Many methods of deprotemuzation can be used, and 
the most suitable m any particular case will depend on 
the solubility and binding characteristics of the particulai 
protem and of the hgand, and on the volume which is 
convenient for subsequent separation of bound and 
unbound fractions 

Those methods found to be most useful have meluded 
(2) extraction with organic solvents, (b) precipitation by 
solvents, (c) heating Enzymatic hydrolysis, alteration of 
pH and combmations of methods may also be used m 
some cases 

The precipitation of protems can often be accomplished 
conveniently with organic solvents such as ethanol, but 
the solvent must be evaporated or diluted prior to adding 
the standard protem since otherwise the standard protem 
itself will be precipitated 

Steps in the applecation of the principle’ (a) Establishang 
standard curve A constant amount of isotope 1s mixed 
with various amounts of plasma (or the purified protein, 
if available), mamtamimg a convenient volume by adding 
buffer or other suitable solvent These solutions are then 
separated mto bound and unbound fractions of S*, and 
the percentage-bound S * 1s calculated 

The amount of plasma which gives about 95 per cent 
bound 1s ideal, that 1s, S + S* ıs shghtly more than that 
required to saturate the protem However, few protems 
have sufficient affinity for hgands such that virtually all 
ligand is bound if the protem is unsaturated In most 
cases, even when the protems are unsaturated, unbound 
hgand 1s present ın sigmficant amounts Thus, unsaturated 
CBG binds virtually all the cortisol present at 4°-8° C, 
but only about 90 per cent at 15° C and 80 per cent at 
20° C 

Once some idea, of the amount of S * required to saturate 
P under the conditions used 1s obtained, varying amounts 
of unlabelled S are added and a standard curve 1s estab- 
lished The optimal amounts of S * and P are determined 
by the desired range of the standard eurve and the specific 
activity of the isotope 

Once the standard curve ıs established, 1 1s reproducible 
provided the same plasma is always used and all other 
conditions are exactly reproduced This plasma 1s termed 
the “standard protem” solution Usually ıb 1s most 
convenient to make a large stock solution of this plasma 
and add the appropriate amount of S * to ıt 

(b) Establesheng the specificity of the protein for the ligand 
Since the amount of protem 1s limited, substances other 
than S competing for the same binding sites will reduce 
the amount of bound isotope Thus, using the conditions 
of the zero point of the standard curve, various substances 
meluding analogues of S, m quantities m excess of those 
found m plasma, are added If there 1s no competition, 
the value of the percentage-bound S* will be unchanged 
If there is competition, the percentage-bound S* will fall 
proportionally 

(c) The determination of the ligand n the deprotewnzed 
test sample When destruction of the bindmg abihty of 
the specifie protems in the test sample (nob necessarily 
of all the protems m the sample) has been completed, a 
suitable portion of 16 1s combined, with a suitable amount 
of stock solution contaming the experimentally determined 
optimal amounts of P and S* ‘These two solutions are 
muxed and then allowed to stand until equilibrium 1s 
achieved such that the S of the test sample has inter- 
changed with the S* added in the stock solution (The 


682 


time 1equued 1s deter mined expeirmentally ) The piotein- 
bound and unbound fractions are then separated and one 
o1 both assayed for activity The protem-bound (usually) 
fraction of S* 1s compared with the standard curve and 
the amount of S determmed according to the percentage- 
bound 8* 

Possible applications of the protein-binding assay method 
At present only bioassays or compheated chemical 
methods are available for the measurement of many 
hormones, such as cestrogens, oxytocin, vasopressm, angio- 
tensin and parathormone In recent years, mcreasing 
mterest has been manifested in the protem-bmding of 
hormones and other substances, such as metals and 
vitamins, both m the blood and the tissues Much of 
this work on protem-binding has been stimulated by the 
mereasing availability of isotopes of substances which 
are difficult to measure and present m only small con- 
centrations The structure of many of the smaller poly- 
peptide hormones (foi example, oxytoem, vasopiessm, 
angiotensin) has only recently been established, and smce 
they can now be synthesized, satisfactory isotopic forms 
will doubtless soon become available Smee there ıs 
increasing evidence that most hormones and many other 
substances are bound to naturally occurrmg plasma 
proteins ıt seems hkely that the type of assay described 
here will be applicable to these substances also 

Only plasma protems have been considered as specific 
bindmg proteins here, but ıt would seem i1casonable to 
suppose that specific intracellular proteins might be 
utihzed in the same way, for example, the Van Dyke 
protein of the posterior pitwitary, o: the msuln-binding 
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protem(s) of the pancreas Very recently an assay for 
vitamin B,, utilizing the bmding properties of hog m- 
tunsie factor has been described}* 

I thank Dr C J Pattee and Prof J S L Browne of 
McGill University, and Dr E A Murphy of Johns 
Hopkins University for ther advice 

Note added «n pioof Reference should be made to an 
article by R. P. Ekins, who was the first to use this type 
of method for the determmation of thyroxme (Chn 
Chim Acta, 5, 453, 1960) 
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OVARIAN HISTAMINE DEPLETION DURING ACUTE HYPERAMIC 
RESPONSE TO LUTEINIZING HORMONE 


By Profr. CLARA M. SZEGO and Mrs. EILEEN S. GITIN 


Department of Zoology, University of California, Los Angeles 


YPERZEMIA of the ovary has long been 1ecognized 

as an eatly correlate of gonadotiophic hormone 
action! Indeed, this response has been used as an end- 
point, at first for a pregnancy test (cf refs 2 and 3 foi 
review of the early literature), and later for biological 
assay of lutemizing hormone, particularly that of pitwitaiy 
ougm’-' "The objectivity of the assay has recently been 
improved by the use of serum albumin labelled with radio- 
10dine as an indicator of vasculai engorgement? That the 
hyperemic response itself may participate as an obligatory 
antecedent to metabolic®!° and structural! modifications 
of the target organ has not heretofore been emphasized 
The mechanism of augmentation of local blood supply 
and accompanyimg increase m bulk transvascular filtra- 
t1on!*- in an apparently analogous response of the uterus 
to one of 1ts tiophic hormones, cestrogen, has, however, 
been intensively examined in these laboratoiies!535 and 
elsewhere!" It has been demonstrated that cestrogen 
mobilizes intrinsic histamine durmg the mitial period of 
hormone action at its uterme target and that the amine 
so released ıs an obligatory partierpant!? in the progressive 
expansion of the local microcirculation mduced within 
the first 40 + 5 sec (ref 19) by this metabole disturbance 
Attention has been directed? to the role of the enlarged 
vascular support as a regulator of the accompanying 
metabolic stimulation*! and subsequent growth?2.23 
Hypersemia as an acute consequence of hormone stimula- 
tion appears to be a general phenomenon" , its significance 
may be great For some time these laboratories have been 
engaged in identification of possible analogies to the 
cestrogen-dependent release of uterine histamine by other 


tiophic hoimones at their sites of action The ovauan 
response to lutemizing hormone was selected for particular 
emphasis in the investigations to be reported herein 
because of early onset and clear-cut end-point of the 
hyperemia, 

Initial efforts to carry out these experiments in virgin 
New Zealand rabbits were abandoned when the veiy low 
basal ovarian histamine content was noted (0 2-0 5 ug/g 
flesh wt ) It was necessary to 1esort to analyses of pooled 
ovaries of immatuie Sprague-Dawley rats Lutemizing 
hormone oi the physiological saline vehicle was admin. 
stered intravenously The animals were killed 2 or 25h 
later by cervical fracture or under chloroform?, and the . 
paned ovaries rapidly dissected free of fat and connective 
tissue on siu under an enlarging lens (average elapsed 
time 314 + 14 sec), blotted, and pooled for histamine 
determination or analysed for water content In some 
of the experments the paired ovaries from individual 
animals were rapidly weighed on a Roller-Smith balance 
before being pooled for histamine analysis by a revisedi5 
Code and McIntire method Some of the samples were 
analysed concomitantly by the highly sensitive supei- 
fusion method of Gaddum'5, which gave sımılar results In 
other experiments, the organs were immediately fiozen 
m a glass-stoppeied vial in a dry ice-ethanol bath and 
thawed unde 1 ml 10 per cent trichloroacetic acid before 
bemg weighed and homogenized No significant differ- 
ences in histamine content were observed as a result of 
these dissimularities of initial collection Total protem 
in the residues after repeated TCA extraction was 
estimated from semu-muero Kjeldahl analyses x 6 25 
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Table 1 INFLUENCE OF LUTEINIZING HORMONL* ON OVARIAN HISTAMINE IN IMMATURE SPRAGUE-DAWLEY Rats 
(0) tamını 
No anmals | Age Tissue pool pie lowed 
Group represented (days) mg ng uglg uglg uglg ug/100 g % A (dry 
1n pool fresh wt dry wt protein body-wt wt basis) 

Control unmjected | 31 right ovar 23 2516 0 325 129 679 814 0 033 Ł 78 
Control uninjected | 31 left ovar 23 233 9 0 279 119 6 28 761 0 028 
Control saline 14 24-27 2328 0318 137 708 1051 0 036 -270 
LH 5 pg-S4 14 24-21 3118 0 290 0 93 517 918 0 033 
Control saline 4 | 21-22 65 6 0100 152 7 25 — 0040 —465 
LH 10 ug-S1 i 4 | 21-22 714 0 050 070 388 — 0024 
Control saline 15 21 206 2 0 200 0 97 503 — 0 025 —209 
LH 50 ug-S1 i 15 [ 21 209 9 0 150 072 3 98 — 0 020 
Control salme rt 15 21 231 9 0233 , 100 571 7 89 0 030 -240 
LH 250 ag-S4t} | 16 21 266 4 0216 + 08 434 672 0 025 
Control sahne t 1 10 | 25-27 1443 0 216 170 879 13 52 0 040 — 353 
LH 250 ug-S4| 1 10 25-27 1684 0181 108 5 69 8 43 0 032 
Control salme 1 25 2571 0 303 118 6 73 8 89 0 032 -186 
LH 250 ug-S4 14 25 2515 0211 084 548 6 48 0 022 

















* Lutemzıng hormone, ovine (lot N I H -LH-S1 or -S4, as specified), 
hight ether anzsthesia unless otherwise t mdicated In the latter caset, 
the hind paw of the unanesthetized rat 
expermmentt im which the mterval was 25 h), 
text For further detail 


s of sampling and analytical procedures, see text 
experiment 


Further procedural details aie given m Fig 1 and 
Table 1 

Ovarian histamine depletion im immature rats was 
achieved within 2 h of the intiavenous administration of 
lutemuzmg hormone, concomitantly with evidences of 
mueroereulatory expansion, and, presumably, mereased. 
vascular permeability as a consequence of histamine 
release Ovarian cedema associated with trophic hormone 
aetion!^;?*, a phenomenon amply documented ın the acute 
uterme response to cestrogen'?-4, accompanied these 
changes Fig 1 depicts the progressive elevation in the 
ovarian water concentration of 21-day-old weanling rats 
2 h after increasmg doses of highly purified lutemizing 
hormone It will be noted that the minimal effective dose 
hes below 05 ug, and that the response to 25 ug ap- 
proaches the maximmum*? In a series of observations 
(14 controls 802 + 030 pei cent versus 27 lutemizing 
hormone treated 0 5-50 ug, 820 + 028 per cent), the 
difference ın ovarian water was significant at P < 0 001 
Possible hyperemic action of folhcle-stamulating hormone 
has as yet not been explored because of the shght but 
significant contamination with lutemuizing hormone of 
the follicle-strmulating hormone-S1 preparation available? 
The amount of follicle-strmulating hormone present 1n the 
ovine lutemuzing hormone 1s, however, negligible (NIH 
Study Section) A time-study revealed that the onset of 
ovaiian water elevation induced by lutemuzing hormone 
occurred pior to 1 h following intiavenous administra- 
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Fig 1 The influence of varying doses of highly purified lutemuzing 


hormone on ovarian water of immature rats The animals were 21-day- 

old weanlings, injected 1ntravenously with either physiological saline or 

lutemizing hormone (USPHS -S1) Two h thereafter, the paired 

ovaries were rapidly removed under an enlarging lens, blotted, and 

analysed for water by wet and dry weight determination The data 

shown were obtained in a single experiment Each pomt represents 
the average value from four annals 


in 025 ml physiological saline was admunistered via thi 
injections were made 
Controls received the equivalent volume of salme 

on ammals killed under CHC); or by cervical fracti 
Each pair of groups si 


e saphenous vein under 
into the superficial cutaneous vein on the dorsal aspect of 
Autopsy was carried out 2 h after injection (except in one 
Te Ovarian dissection was performed as outlined in 
hown represents the data obtamed within a single 


tion’, earher observations have not yet been made A 

eak (comoeident with the greatest degree of accumulation 
of [labelled albumun?) occurred between 2-25 h, 
dechne m water values was noted at 4 h after 1ntravenons 
lutemizing hormone admunistiation Some of the labelled 
albumin accumulated may be extravascular, as 1b 1s°7 in 
the comparable response of the uterus to cestrogen. 

The progress of these investigations was foreibly inter- 
rupted durmg a period of contammation of the cage- 
washing facilities with large quantities of estrogen Intro- 
duced madvertently by workers m another department 
This variable resulted m irregular base-hnes of ovarian 
water and histamine content, presumably through 
enhanced release of endogenous gonadotrophins?* 

When the contamination problem was controlled and 
the work resumed, the phenomenon of ovarian histamne 
depletion and its expression in local hyperemia and 
cedema were mvarably observed (Table 1) The evidences 
of creased transfer of water and other substanoces?:!? may 
thus have thew orig im lutemuzing hormone-induced 
release of vaso-active ammes Table 1 demonstrates that 
intravenous lutemizing hormone admunistration was 
associated with depletion of ovarian histamine, presumably 
as a consequence of the liberation of the latter in pharma- 
cologically active form from tts bmding-sites ın the 
organ Hustamme release was evident after doses of 
lutemizing hormone as low as 5 ug, at which level 1t 
appeared maximal, notwithstanding efforts to augment 
amine depletion by administration of overwhelming 
concentrations of lutemuzig hormone The data are 
statistically significant at P < 001 when expressed on 
the basis of dry weight, and at P < 0 05 when referred to 
total organ histamine/100 g body-weight, the values on 
the basis of protem content also show the lutemizing 
hormone-induced decline, but, because of the degree of 
variabilty, are probably too few in number to be of 
statistical significance 

It may be concluded 
with other amines release 
very early in the target organ respo 
entirely dissimilar character, that 1s, 
Uterine metabolic pathways which have previously been 
shown to be cestiogen-responsive are also stimulated by 
exogenous histamme?! Indeed, even mitotic activity, & 
1elatively late correlate of stimulation, can be elicited by 
certam biogenic amines ın the absence of the hormone??? 
Similar mvestigations have not yet been extended to tho 
ovarian loci of lutermzmg hormone action 

Tt 1s apparent that elucidation of the mechamsm of the 
hormonally induced hyperemia which precedes in most 
target tissues thus far examined (cf, however ref 29) 
all other evidences of stimulation, biochemical as well as 
morphological, would contribute significantly to the 


that histamine, possibly in concert 
d simultaneously? participates 
nse to hormones of 
steroid and piotem 
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understanding of the pimmary, triggermg disturbance 
associated with hormonal action 

This work was supported by a grant from the National 
Cancer Institute of the US National Institutes of Health 
(GA-01488) and by Cancer Research Funds of the Univer- 
sity of Cahforma Highly purified lutemizing hormone of 
ovine ongm was a gift of the Endoerme Study Section, 
US Pubhe Health Service 
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HEXOKINASE ACTIVITY IN NORMAL AND GLUCOSE-6- 
PHOSPHATE DEHYDROGENASE-DEFICIENT 
ERYTHROCYTES 


By Dr. 


NECHAMA S. KOSOWER, GRACE A VANDERHOFF and 


Pror IRVING M. LONDON 


Department of Medicine, Albert Einstein College of Medicine and 
Bronx Municipal Hospital Center, New York 


D investigations of the metabolic changes ın normal 
and glucose-6-phosphate dehydrogenase (G6Pd)-de- 
ficient human erythrocytes which are induced by acetyl- 
phenylhydrazine (APH), dimmished glycolysis was found 
in the APH-treated G6Pd-deficient cells when they were 
depleted of their ieduced glutathione (GSH) (ref 1) 
These observations were made by measuring the accumula- 
tion of lactic acid and pyruvic acid durmg meubation. of 
the erythrocytes with glucose, m. the presence and absence 
of APH, and by determinmg the utilization of glucose 
after pre-incubation of the cells with and without APH 
The activities of glyceraldehyde-3-phosphate dehydrogen- 
ase (GA3Pd) and lactic dehydrogenase (LDH) were 
maintained in these erythiocytes despite the marked 
fal ın free GSH (ref 1) We have since observed 
that the utilization of the 11bose moiety of inosine, as 
measured by the accumulation of lactic and pyruvic 
acids, was unimpaired in the G6Pd-deficient erythrocytes 
treated with APH (unpublished observations) These 
findings pointed to an inhibitory effect of APH on glycoly- 
sis in G6Pd-deficient erythrocytes at one or more stops 
early m the Embden—Meyerhof pathway 

Eldjarn and Bremer? have reported inhibition of 
utilization of glucose, but not of inosine, m normal human 
erythrocytes treated with disulphides and have suggested 
that the mhibition mvolves the hexokinase reaction In 
rabbit erythrocytes, the activities of a number of enzymes, 
meluding hexokmase, have been reported to be decreased 
by treatment with phenylhydrazine? Investigations by 
Chapman et al * and Grignan end Lohr* have shown that 
the level of hexokmase activity ın normal human erythro- 
cytes 1s lower than that of any other enzyme m the 
glycolytic pathway Bartlett and Shafer® in their work on 
the phosphorylated carbohydrate mtermediates of the 
erythrocyte have suggested that a dimmushed conversion 
of glucose to glucose-6-phosphate by hexckmase might 
be responsible for the observed changes ın the levels of 
these imtermediates and for the dimunution of adenosine 


triphosphate (ATP) found duumg o vitro agemg of 1ed 
blood cells 

Since several of these observations indicate that the 
activity of hexokmase may be rate limitmg in glycolysis 
m the erythrocyte, 16 was of paiticular interest to examine 
the effect of APH on hexokmase activity m normal and 
G6Pd-deficient erythrocytes 

Suspensions of erythrocytes from normal men and 
women and from healthy Negro males with G6Pd 
deficiency were meubated with glucose 20 mg/ml and 
APH 25 mg/ml of meubation mixture as previously 
desembed! Hexokinase activity, determmed at the 
beginning and at the end of meubation, was assayed m & 
system coupled with TPN-dependent G6Pd (ref 4) 


Table 1  XEXOKINASE ACTIVITY AND GSH-LEVELS IN NORMAL AND 
GLUCOSE-6-PHOSPHATE DEHYDROGENASE-DEFICIENT ERYTHROCYTES IN- 
OUBATED FOR 7} H WITH GLUCOSE IN THE PRESENOE AND ABSENCE OF APH 


Hexokinase GSH 
Erythrocytes % of activity at 0 time — mg/100 ml erythrocytes 
Control APH Control APH 

Normal 94 9T 
100* 54 
97* 46 
98 94 64 29 
97 96 66 52 
93 96 80 47 

Mean 96 0 96 2 
GOPd deficient 66 4 
17* 6 
81* 7 
97 66 55 0 
98 77 54 2 
98 76 44 3 
95 83 $7 4 
89 74 50 4 

Mean 95 4 750 

SE + 169 + 220 
P «0001 


*b5ih 
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Fig. 1. Suspensions of rir tes in sodium phosphate buffer, pH 7-25, 
re incubated for 1-54 h without glucose, with APH in final concen- 

tions of 0-5-2-b mg/ml. The values for GSH and for hexokinase 

ivity are expressed as per Sent of Ae LEUR found at the beginning of 
; ‘the incubation 
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o assays were performed at 37^ C on a stroma-free 
sate of washed erythrocytes from the incubation 
suspensions. GSH, GA3Pd and LDH were measured by 
methods used in our previous investigations!, 

. The results of this work, obtained with the erythrocytes 
5 normal and 4 G6Pd-deficient individuals, are shown in 
able 1. After incubation of normal erythrocytes with 
cose, the hexokinase activity was about 95 per cent 
of the initial values both in the control and in the APH- 
. treated cells (columns 1 and 2). In the G6Pd-deficient 
"erythrocytes incubated with glucose alone, the hexokinase 
activity was maintained to the same degree as in the 
|, normal cells. In the APH-treated erythrocytes it was 
5, decreased to 75 per cent of the initial value. The diminu- 
|. tion in hexokinase activity observed in the presence of 
_ APH is statistically highly significant (columns 1 and 2). 
The level of free GSH in the normal erythrocytes incubated 
with glucose and APH was only partially diminished; 
| however, in the G6Pd-defieient erythrocytes incubated 
^ with APH under the same conditions, the concentrations 
of GSH were deereased to values less than 10 mg per 
55 100 ml. of erythrocytes (columns 3 and 4). 

























: + HE individual isozymes of lactate dehydrogenase 
"4 (LDH) differ not only in electrophoretic mobility 
bu : 
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Blindness, Bethesda, Maryland 


substrate in the incubating me 
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A fall in GSH occurs both in normal and G6Pd-defici 
erythrocytes when they are incubated with APH in the. 
absence of glucose. The decrease in GSH is related to the 
amount of APH used and to the length of incubation. 
Hexokinase activity and GSH were measured, in normal 
and G6Pd-deficient erythrocytes incubated with APH 
but without glucose. The composite results of 11 experi- 
ments are shown in Fig. 1. Hexokinase activity was 
markedly diminished when the GSH-levels were less than. 
20 per cent of the initial values. pin Be 

The results of these experiments are consisten! 
the possibility that a decline in GSH plays a 
rendering hexokinase more susceptible to inactivation by 
various agents or to inhibition by disulphides, such as 
GSSG. It is of interest to note that in the erythrocyte 
depleted of GSH, hexokinase activity was diminished to a 
greater extent in the absence of glucose (Fig. 1) than in 
the presence of glucose (Table 1). It was also observed 
that hexokinase activity declined in a stroma-free hamoly- 













sate incubated with APH; this decline could be prevented 
by the presence of glucose. The mechanisms by whic 
glucose and GSH exercise a protective effect on. 
enzyme deserve further investigation. eee ene 
Since the hexokinase reaction appears to be rate 
limiting in glycolysis in the erythrocyte, even a slight 
diminution in the activity of this enzyme might k 
decline in the regeneration of ATP in t 
Meyerhof pathway, which in turn would lead 
diminution of hexokinase activity. On the 
that ATP plays a central part in maintaining t] 
tural integrity of the erythrocyte", a marked declin 
ATP could predispose the cell to destruction. — 
The applieability of such a working hypothesis to the 
sequence of events leading to in vivo hemolysis in G6Pd 
deficiency has been questioned*. Further work on 
G6Pd deficiency in Negroes and in Caucasians and on. 
other metabolic disorders of the erythrocytes, associated 
with low levels of GSH, may determine the validit; 
hypothesis. pU 
This work was supported by the U.S. Public H. 
Service (H-2803, A—2655). 
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excess substrate (pyruvate) and by certain. chemical 
inhibitors'??. "Techniques have been deseribed for the 
display of selective LDH isozymes on an electrophoretic - 
pattern by altering the enzyme with heat!! or a ehem 
agent? prior to electrophoresis or by using an 








E 


r 
F s 
ps 


*- 


A 


t 
+ 


686 


p. 





Fig. 1. Arrow indicates origin. Isozymes are numbered from anode. 
The channels are lettered and represent one electrophoretic run of 
human gastrocnemius muscle extract, 

A, standard incubating medium for total LDH activity reveals tive 
posee isozyme bands; B, oxamic acid, 0-014 M in standard medium, 
nhibits all isozymes; C, sodium lactate, 0-72 M in standard medium. 
inhibits LDH 1; D, urea, 2-61 y ae medium, inhibits LDH 5 

and L 


This article describes a new histochemical method for 
the display of selective LDH isozymes on an electrophore- 
tic pattern. The method involves preparation and electro- 
phoresis of a tissue extract in the usual manner, without 
the addition of foreign substances. The standard incubat- 
ing medium for total LDH activity is used, but this 
medium is modified by the incorporation of a differential 
isozyme inhibitor. The technique depends entirely on 
the ability of the modified incubating medium to suppress 
only certain of the isozyme bands. Thus, this technique 
provides a convenient means of investigating the capacity 
of a given enzyme inhibitor to produce differential 
inactivation of the isozymes. 

Human gastrocnemius musele, obtained 4 h following 
death, was minced and homogenized with 10 times its 
weight of 0:05 M tris(hydroxymethyl)aminomethane 
_ buffer, pH 7-4, by means of a motor-driven pestle. The 

homogenate was centrifuged at 11,000g for 10 min and the 
supernatant fluid separated by vertical starch-gel electro- 
phoresis?’ in a discontinuous buffer system" at pH 8-75. 
A voltage gradient of 12/em was applied for 3 h. All 
operations were performed at 4? C. 

After electrophoresis, the starch-gel was sliced and the 
individual channels separated. The channels, each of 
which utilized the same muscle extract, were then placed 
in their respective incubating media. All ineubations 
were carried out in the dark for 30 min at room tempera- 
ture (23° C), following which the channels were washed in 
4 solution containing 50 per cent aleohol, 40 per cent 
water, and 10 per cent glacial acetic acid. The only 
variable factor in the treatment of the different channels 
was the composition of the incubating medium. 

The standard ineubating solution for total LDH activity 
was similar to that of Ressler e£ al.!*, It consisted of 35 
ml. of 0-05 M tris buffer, pH 7-4; 1-0 ml. of 2-14 M sodium 
lactate (D,L); 0-4 ml. of a 0-2 per cent solution of phena- 
zine methosulphate; 25 mg of f-nicotinamide adenine 
dinucleotide (NAD); 3-0 ml. of 0-06 M potassium cyanide ; 


— and 19 mg of nitro-blue tetrazolium. The appearance of 


five principal isozyme bands on the control channel 
incubated in the standard solution (Fig. LA) confirmed a 
previous investigation of normal human muscle in which 
a similar formazan-precipitation technique was used", 
The isozyme moving fastest toward the anode is desig- 
nated LDH 1, and the slowest-moving isozyme is LDH 5. 
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Another channel from the same electrophoretie run was 
ineubated in a medium identical to the standard solution 
except for the addition of oxamie acid (0-014 M, final 
concentration). Each isozyme, compared with the 
control, was proportionately decreased in intensity 
(Fig. 13). A third solution, consisting of the standard 
medium modified by the addition of excess sodium 
lactate (0-72 M), was used to incubate another channel. 
LDH 1 and, to a lesser degree, LDH 2 were disproportion- 
ately faint in the resulting pattern. while LDH 3. LDH 4 
and LDH 5 were little changed from the control (Fig. 
1C). Another channel was incubated in a fourth medium, 
which consisted of the standard solution to which urea 
had been added (2-601 M). In contrast to the result 
with excess lactate, the urea-containing solution produced 
a distinct reaction of LDH 1 and LDH 2 with complete 
inhibition of LDH 5 and partial suppression of LDH 4 
and LDH 3 (Fig. 1D). 

Guanidine hydrochloride (0-82 M) and zine sulphate 
(0-02 M) were each found to produce an inhibitory effect 
similar to that of urea when added to the standard 
incubating medium. Sodium sulphate, which is known to 
counteract the denaturing action of urea on proteins", 
significantly decreased the inhibitory effeet when added 
(0-92 M) to the urea-containing solution. Excess NAD in 
the urea-containing medium also diminished the inhibitory 
effect. 

Control experiments indicated that the variations in 
volume and pH of the incubating solutions could not 
account for the results. The patterns of inhibition de- 
scribed were confirmed on samples of gastrocnemius from 
four other consecutive human autopsies. 

Gastrocnemius muscle from a guinea pig showed patterns 
of isozyme inhibition with excess lactate and with urea 
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Fig. 2, Upper three channels are from one elect rophoretic run of guinea 
pig gastrocnemius muscle extract. 
A, standard incubating medium for total LDH activity reveals five 
principal isozymes; B, sodium lactate, 0-50 M in standard medium, 
mhibits LDH 1 and LDH 2; C, urea, 217 M in standard * 
completely inhibits LDH 5, LDH 4 and LDH 3. Lower three channels 
are from one electrophoretic run of guinea pig liver extract. D, standard 
incubating medium for total LDH activity reveals five racines iso- 
zymes; E, sodium , 0:61 M in standard medium inhibits LDH 1 
and LDH 2; F, urea, 2-09 M in rd medium, completely inhibits 
LDH 5, LDH 4 and LDH 3 ^ 
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_that were similar but not identical to those of human 
- gastrocnemius (Fig. 24, B, C). Liver. however, obtained 
: from another guinea pig. showed inhibition patterns 
closely resembling those of guinea pig gastrocnemius 
(Fig. 2D, E. F) The selective suppression of the fast- 
‘moving isozymes by excess lactate predominantly 
affected LDH 1 in human gastrocnemius, whereas LDH 1 
and LDH 2 were both strikingly inhibited in guinea pig 
© gastrocnemius and guinea pig liver. Furthermore. the 
|. urea-eontaining solution suppressed LDH 5 and LDH 4 in 
human gastrocnemius, while LDH 3, in addition to LDH 5 
and LDH 4, was readily inhibited in guinea pig gastro- 
"COenemiusand liver. Thus, the inhibition patterns of guinea 
vpig gastrocnemius bore a somewhat closer resemblance to 
those of guinea pig liver than to those of human gastro- 
. énemius. Further experiments established that this 
relationship reflected a species difference in the sensitivity 
of the individual isozymes to the effects of the inhibitors 
d was not the result of particular concentrations of 
` inhibitors in the incubating media. 
|" COxamie acid is a known inhibitor of LDH (ref. 18). 
In the present experiments it produced apparently equal 
| inactivation of the isozymes. 
The resistance of the slow-moving isozymes to the 
inhibitory effects of excess lactate may indicate that a 
logical role of these isozymes is to maintain activity in 
e presence of accumulated lactate. Since lactate is the 
tural product of anaerobic glycolysis, the slow-moving 
sozymes may be better adapted to an anaerobic environ- 
ment than the fast-moving isozymes. This conclusion is 
ipported by the observation of Pfleiderer and Wachs- 
muth!* that the slow-moving isozymes are preponderant 
- in tissues with a relatively large capacity for anaerobic 
glycolysis, such as liver and certain skeletal muscles, 
(whereas the fast-moving isozymes predominate in tissues 
ependent on. aerobic metabolism, such as heart-muscle. 
The: ability of urea to inactivate the slow-moving 
zymes preferentially may explain the finding of Brand 
f al that urea inhibits the total LDH activity derived 
from chicken and beef skeletal muscles more effectively 
‘than that derived from the heart-muscles. The skeletal- 
- musele total LDH may be more sensitive to urea inhibition 
by virtue of the faet!? that it contains a higher proportion 






































































NTISERA to allotypes (genetically determined 
‘-globulins?) in the rabbit may be raised by immuniz- 
ing the donor with bacteria, coating a suspension of them 
with the antibody so raised, and injecting the y-globulin 
(^ {antibody)-eoated cells intravenously into the recipient 
rabbit’. In an attempt to identify new allotypie determ- 
inants, animals identieal with respect to the known 
allotypes As 1,4 were mutually immunized in this way, 
with rather unexpected results. 

Anti-Proteus antibody was raised in a rabbit (D1) by 
“twelve injections of Proteus vulgaris X 19 (10°-10"° cells 
per dose) eoated with antibody from another As 1,4 
rabbit: only anti-Proteus antibodies were produced. and 
so the serum from D1 was used as an anti- Proteus anti- 
rum: for coating bacilli used to immunize further As 1,4 
(We have no reason to suppose that the immun- 










tion of D1 with antibody-coated bacilli, rather than 
baeilli alone, is relevant to the results reported here.) 


with reported 
a f five recipients of the y-globulin of this rabbit 


podies after a course of about twenty 
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S slow-moving isozymes than the heart-musele total 
The patterns of inhibition seen in thesé experiments 
contribute additional evidence that the individual iso- 
zymes of LDH have different chemical properties. The 
fact that the selective inhibitions occurred in gradient 
fashion from one end of the electrophoretic pattern to the 
other supports the proposed theory that LDH land LDH6 
are pure but different molecular forms and-the intermedi- 
ate isozymes are step-wise hybrids?'s*, In addition, it- 
appears from the present experiments that. ent ^ 
organs in a given species may show marked J 
patterns of isozyme inhibition. This similarity. may be 
less marked when homologous organs from different 
species are compared. 274 
The incubating media here described that incorporate 
urea for the selective display of the fast-moving LDH 
isozymes and excess laetate for the display of the slower- 
moving isozymes may be considered reagents for ‘isozyme 
histochemistry’. : : 
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ANTI-ANTIBODY OR CLONE-PRODUCT? 


By Pror. P. G. H. GELL and Dr. A. S. KELUS 
Department of Experimental Pathology, University of Birmingham 





strongest of these antisera (Rl). 

As to the nature of the new substance appearing in 
Di which has produced antibodies: (1) Is it a residual- 
circulating antigen from Proteus vulgaris X 19 whieh 
has failed to immunize D1 but has immunized E ? (2) 
Ts it, on the other hand, an antibody to Proteus, and the 
reacting substance in R1 a true anti-antibody, sp | 
adapted to the combining site on anti-Pro 
which is itself specifically adap 
(3) Is it the result of- 
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Table 1, TUBE PRECIPITATION REACTION (RING TEST) BETWEEN FRACTIONS OF RABBIT Dl SERUM AND OTHER REAGENTS. FRACTIONS WERE 
PREPARED BY AGAR-BLOCK ELECTROPHORESIS. SAMPLES 1A TO 1E REPRESENT FRACTIONS EXTRACTED FROM FIVE EQUAL SECTIONS OF THE y-GLOBULIN 
BAND; SAMPLES 2 TO 6 REPRESENT BANDS IN THE ANODIC REGION 














Sample No. 









































Reagents | 1 2 3 4 
- A B C D E 
pe ilit 
Bheep anti-rabbit serum ++ ++ ++ ++ ++ +++ + + 
"s Rabbit allotypic antiserum, anti-As 4 ++ ++ ++ ++ ++ tr, - - 
Rabbit antiserum RI - tr. * ++ tr. | - - - 
Proteus extract = - * p = | Not tested 
Optical density 0-680 0:780 1:060 0:595 0:405 0:420 0:675 0:450 
i. Note: +++, ++, +, tr. (trace) indicate strength of reaction; — indicates negative reaction, 


Table 2. SUMMARY OF PRECIPITATION REACTIONS (RING TEST AND AGAR-GEL DIFFUSION) BETWEEN RABBIT SERA D1, R1, OTHER RABBIT ANTISERA 
AND Proteus EXTRACT 

















‘Tested against: 
Rabbit 

Rabbit Rabbit Rabbit Eight rabbit Proteus allotypic 

Rabbit sera D1 and R1 serum serum anti-serum  anti-Protews extract antiserum 

D D n antisera anti-As 4 
Rabbit serum D1 - a + i i + 
Rabbit serum D1 absorbed with Proteus not tested +* -f +e - * 
Rabbit antiserum R1 = - not tested - * + 
Rabbit antiserum R1 absorbed with Proteus not tested + not tested +* -= - 
Rabbit antiserum R1 absorbed with D1 not tested - not tested - * * 

Rabbit antiserum R1 ‘absorbed’ with rabbit serum D (pre- 

immunization sample of D1) not tested - not tested - + + 














Note: + indicates positive reaction; — indicates negative reaction. 
* Reaction due to excess Proteus antigens resulting from absorption process. 
f In this reaction R1 was also absorbed with Proteus, 


involved in the immunization process ? (4) Is it a new and Table 1) and appears with the 7S y-globulin peak on 
product (or one in negligible concentration in pre- gel-filtration through ‘Sephadex G.200'. On the analytical 
immunization serum), stimulated by immunization ? ultra-centrifuge (test kindly carried out by Dr. D. R. 

There are several points against the first possibility. Stanworth) the 75 y-globulin peak is more than doubled as 
The D1 substance has the physico-chemical characteristics compared with the pre-immunization sample, but no new 
- of 78 y-globulin as to electrophoretic mobility (Fig. 1 peak isobservable. Preliminary investigations with starch 





i Fig. 1. Lmmunoelectrophoresis of rabbit serum D1 
1, Rabbit antiserum #1; 2, goat No. I anti-rabbit globulin antiserum; 3, goat No. II anti-rabbit y-globulin antiserum; 4, rabbit allotypic 
antiserum anti-As 4 


The faint extensions of the y-globulin lines Into the anodic cip result from the diffusion of rabbit y-globulin from troughs 1 and 4 reacting 
wi 


ith the goat antisera 


No. 4920 February 15, 1964 





Fig. 2. 


Double diffusion test in agar gel 
1, Rabbit serum D1; 2, rabbit antiserum Rl; 3, Proteus extract; 
serum D (pre-immunization sample of D1); 5, rabbit anti-Proleus antiserum; 6, rabbit 


allotypic antiserum anti-As 1; 
absorbed with Proteus—not relevant 


electrophoresis show no qualitative differences between 
the two samples. Moreover, the substance which reacts 
with R1 as antigen reacts with Proteus extract as antibody 
and also reacts as antigen with allotypic antisera (Fig. 2). 
Fig. 2 also indicates that all the reacting substance is 
anti-Proteus antibody. and all the anti-Proteus antibody 
is the substance reacting with R1. The agar block electro- 
phoresis (Table 1) also shows that both the anti- Proteus 
activity and the reactivity with R1 occur in the same 
limited central section of the y-globulin range. Finally, 
full absorption of R1 with Proteus extract or cells does 
not affect the R1/D1 reaction (Table 2) but absorption of 
D1 with Proteus extract or cells removes the R1/D1 
reaction. 

Though these points indicate that the D1 substance can 
function as antibody, the substance in R1 cannot be an 
anti-antibody in the true sense (cf. 3 and 4), that is, 
adapted to a unique kind of grouping on y-globulin which 
is itself adapted to Proteus, since it fails to reaet with eight 
strong anti-Proteus antisera, even by the very sensitive 
ring test; indeed, R1 has itself appreciable anti- Proteus 
activity (Fig. 2) as a result of the immunization technique. 
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4, normal rabbit 


„a weak anti-allotypic and anti-Proteus serum, partly 
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As regards the occurrence of somatic 
mutation between the time of the pre- 
immunization bleeding and the im- 
munization, we feel that for all the 
anti-Proteus antibody, and only this, 
to be the product of this random mutant 
is a coincidence too great to credit, 
unless one is prepared to envisage an 
induced mutation in the strict Lamarck- 
ian sense. 

If it is a new product, its physical 
characteristics, time of appearance, 
homologous antigenicity, and antibody 
activity, make it entirely unlike “O 
reactive protein'5, The most likely 
hypothesis would seem to be that it is a 
"clone-product", the result of only one 
limited type of cell being able to respond, — 
in this animal, to immunization with 
P. vulgaris. The nearest analogue 
is a myeloma protein, which it resembles in its limited 
range of electrophoretic mobility within the y-globu- 
lin range and its characteristic antigenicity. If this 
kind of situation were the rule with antibodies» 
rather than, as we suppose, the exception, oneal 
might use it as good evidence for a “clonal selection” 
theory. 

Unfortunately the original (D1) rabbit is no longer <9 
extant, but we are attempting to find other examples of 
this interesting phenomenon. 

When this work was complete, a report* appeared of a 
situation which seems to be essentially the same as that 
dealt with here. 

This work was supported by the Medical Research 
Council. 
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EFFECTS OF MITOMYCIN C ON THE CELLULAR TRANSFER OF & 
DELAYED-TYPE HYPERSENSITIVITY IN THE d 


GUINEA PIG 


By Dr. BARRY R. BLOOM*, Dr. L. D. HAMILTON 
and Dr. MERRILL W. CHASE 


The Rockefeller Institute and the Sloan-Kettering Institute, New York 


FTER the discovery by Landsteiner and Chase? that 
delayed-type hypersensitivity to tuberculin and 
simple chemical allergens is transferable from an allergic 
to a normal animal by living white cells, much effort has 
been directed towards elucidating how this transfer is 
accomplished. Lawrence? has reported that bacterial 
and fungal hypersensitivities can be transferred in man 
by disrupted cells, that is, by frozen and thawed peripheral 
blood leucocytes from sensitive donors. There are several 
claims of transfer of contact or tuberculin hypersensitivity 
in the guinea pig by disrupted cells or cell extraets?*-*, but 
these are not confirmed’:*. 

When it became apparent that the disrupted cells or 
cell extracts did not effect transfer in the guinea pig, the 
possibility emerged of inhibiting some portions of the 
metabolism of the living competent cells and so defining 


* Present address: The Wright-Fleming Institute of Microbiology, St. 
Mary's Hospital Medical School, London, W.2. 


biochemical functions needed for transfer of hypersensitiv- 
itv. Recently, two eompounds have become available 
for selective inhibition of nucleic acid and protein synthesis 
in mammalian cells: mitomycin C and actinomycin D. 
This communication deals mainly with the effects of the 
mitomycin C on immunologically competent lymphoid 
cells of the guinea pig, and their capacity to transfer to 
normal animals contact hypersensitivity to picryl chloride. 
Mitomycin C, the structure of which has recently been _ 
elueidated?, first aroused interest because of its anti- .. 
tumour activity'*. Mitomycin in relatively high concen- - 
trations halts synthesis of RNA and later of protein in 
cultured L-cells and S-91 tumour cells"; only DNA- | 
dependent RNA synthesis appeared affected. After ^ 
incubation of cells in high concentrations of mitomycin C, 
even on removal of the antibiotic, many nuclei were dis- 
rupted, and granules of DNA appeared, floating in the 
cytoplasm. It was concluded that the compound broke - 







ly affect RNA or protein synthesis. Even 


; iecond compound, actinomycin D, complexes 
ge. ely and reversibly with DNA (ref. 12). When 
bound, it inhibits synthesis of RNA and protein. 
. The present: experiments followed this plan: lymphoid 
om donor guinea pigs rendered exquisitely sensitive 
yl ehloride were ineubated for 75 min either with 
vithout the antibiotics dissolved at various concentra- 
tions in gelatin-containing (0-125 per cent) balanced salt 
sc 3. Twiee-washed cells were injected into normal 
guinea pigs. 

The effect on transfer was determined by testing the 
recipients with 1 per cent pieryl chloride in olive oil on 
day of transfer or after three days. To determine the 
metabolic. effect of mitomycin C under these conditions, 
of one cell source were incubated in serum- 
CUBE medium containing labelled precursors of DNA, 

CRNA and protein, and the amount of incorporation into 

„each of these fractions was determined by a modified 
Sehmidt-Thannhauser procedure. In all experiments, 
control cells from the same pools were handled alike and 
" incubated without drug. 

The animals used as cell donors were sensitized to pieryl 
chloride and tuberculin by the ‘combination method’, in 
which pierylated guinea pig erythrocyte stromata are 
given in. water-in-oil emulsion with killed tubercle bacilli, 
followed by two applications of the allergen to the skin. 
Only animals strongly reacting to 0-02 per cent picryl 
chloride were accepted as donors. From them, 6-10 weeks 
ter initial sensitization, three cell sources were collected: 
‘itoneal exudate cells induced by injection of sterile 
1 oil intraperitoneally 48 h before transfer; (2) 
hite cells prepared by the general method of Turk ; 
h node cells obtained by gentle teasing of trimmed 
odes with two- and three-tined probes. The cells 
y source, after washing in the gelatin-containing 
fanks’s solution and centrifugation at 230g, were incubated 
at a population of 1 x 10* cells/ml. in roller drums, sus- 

pended in gelatin-containing Earle’s solution with or 

without the antibiotic during 76 min at 37°. The cells 
were eentrifuged and washed twice in balanced salt 
solution. Viability was determined by staining with 0-2 
er cont trypan blue in normal guinea pig serum. The cells 
ere re-suspended in a small volume and pairs of recipients 
re injected, one of the pairs through the jugular vein, 
he others intraperitoneally (number of peritoneal exudate 
cells were 5-1-11-4 x 105, splenic white cells, 9-7-14-7 x 
108, lymph node cells, 18 x 108). Recipients receiving 
the cells by the intravenous route were tested on the day of 
“transfer; animals given the cells intraperitoneally were 
tested on the third day after transfer. Reactions at 24 
| and 48^h were recorded according to the method of 
Chase's, 

Peritoneal exudate cells from the same pools for transfer 
were examined for their ability to incorporate tritium- 
labelled thymidine, uridine, and valine into DNA, RNA 
and protein respectively. Inhibition by varying concen- 
trations of mitomycin C on incorporation of uridine into 
ORNA in one experiment is shown in Fig. 1. Synthesis 
of protein was diminished significantly only by high 
concentrations of mitomycin C, while incorporation of 
ritiated thymidine into DNA was inconclusive because 
counts were less than twice background. 
> effect of mitomycin C and actinomycin D on the 
iy of the cells to effect transfer of contact hyper- 
sensitivity is shown in Table 1. Intradermal tests with 
25 ug tubereulin (purified protein derivative) followed the 
pattern for contact reactivity to pieryl chloride. IÍneuba- 
tion of cells with lower concentrations of mitomycin C 
(10-15 ug/ml.) did not diminish their ability to effect 
transfer after intravenous injection when the recipients 
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Fig. 1. One of several experiments showing incorporation of tritiated 
uridine into RNA of peritoneal exudate cells after exposure to varying 
concentrations of mitomycin C. All incubations in duplicate. Tritiated < 
uridine specific activity 1-71 c./mM at 1 me./ml. Radioactivity determ- 
ined in Beier’ (6 eheny issus) benzene in a Packard scintillation 
counter. Values after 100 ug mitomycin from separate experiment 


were tested on the day of transfer. But when aliquots: 
of the same cells were injected intraperitoneally and testing 
was withheld until the third day after transfer; reactivity 
of the recipients diminished as compared with that in 
recipients of control cells. The reactions of duplicate 
recipients receiving cells treated with 15 pg/ml. mitomycin: 
C and tested on the third day after transfer were essenti- 
ally uniformly negative. When 22-5 ug/ml. was used, 
there was some diminution in the reactivity when the 
recipients were skin-tested on the day of transfer, and 
practically no reactivity when tested three days after the 
transfer. Vital staining at the time of transfer disclosed 
no loss in viability of the cells exposed to mitomycin C. 
Inhibitory effects of 10 ug/ml. mitomycin C on peritoneal 
exudate cells from the same pools used for transfer are 
shown in Table 2. 
RNA within the 2-h period varied from experiment to 
experiment (for example, the RNA control counts varied 
from 1 to 32 x 10° c.p.m./10* cells), the percentage incor- 
poration remained rathor constant (Table 23). Cells: 


exposed to 10 ug/ml. mitomycin C incorporated about 70 | 


per cent of the tritiated uridine and about 90 per cent of 
the tritiated valine as compared with controls. 
low concentration mitomycin C diminished, but did not 
abolish RNA synthesis. There was no pronounced effect 
of 10 ug/ml. on protein synthesis, either when cells were 
incubated. with the isotope immediately or when the cells. 
were maintained for 2 h in tissue culture medium before 
adding labelled precursor. 

In contrast, exposure to mitomycin C at higher concen- 
tration (100 ug/ml.) completely abolished the capacity of 
the cells to effect transfer, both at early and late testing 
(Table 1). Reactivity did not reappear when animals 
were re-tested at intervals up to 40 days. Preliminary 


Tablel. EFFECTS OF MITOMYCIN C AND ACTINOMYCIN D ON THE TRANSFER 
CAPACITY OF IMMUNOLOGICALLY COMPETENT CELLS 


Contact reactions to 1 per cent picryl chloride in 
reeipients of white cells incubated under the 


Day of Route of following conditions: 


testing transfer Mitomycin Mitomycin Actinomycin 
Control 7 C 
10-15 ng/ml. 100 gimi. 12 ng/ml, 
Te iv. teat ++ e+ 0 0 
T, i.p. cR t 0 
Tas Lv.: 0 
re-test — ip.) 


T, refers to contact test made the day of cell transfor, reading made 24- 


and 43h later; Ts; refers to test made on the third clapsed day after transfer. 





22-5 ugi mil. E 








Although peak incorporation into ^: 


Thus in. 
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Table 2 SYNTHESIS OF RNA AND PROTEIN BY CELLS TREATED WITH 
MITOMYOIN C GIVEN AS PERCENTAGE OF CONTROL CELL INCORPORATION AT 
SAME SAMPLING TIME* 


Mitomycin cone 


10 ug[ml 
100 ug/ml 


RNA synthesis t 


69 + 141 
63246 


Protein synthesis + 


90 + 135 
41+ 121 


* Isotope concentrations For RNA-tritiated uridine, 05 zejm! in 
Eagle’s medium contaiming 25 per cent calf serum, for protem-tritiated 
valine, 1 4c /m] ın Eagle's medium contaming 0 25 usual valine concentration 
and 2 5 per cent dialysed calf serum 


f Percentage + standard deviation 


mvestigations indicate that actmomycm D at 12 ug/ml 
acts lko mitomyem C at 100 ug/ml , however animals 
receiving cells treated with actmomyem D died rather 
suddenly on the fourth or fifth days after transfer, prob- 
ably from the toxicity of the compound persisting in the 
cells at the time of injection Agam, the viability of the 
cells treated with 100 ug/ml of mitomyem C or 12 ug/ml 
actinomycin D stayed as high as that of controls Peri- 
toneal exudate cells treated with mitomyem C at 100 
ug/ml (Table 2 and Fig 1) no longer mcorporated tritiated 
uridine mto RNA and had a diminished incorporation of 
tritiated valine into protem Thus 100 ug/ml of mitto- 
myem C under these conditions stopped RNA synthesis 
and partially stopped protein synthesis and at the same 
time abolished the capacity of the cells—still viable at the 
time of transfer—to transfer contact hypersensitivity 
Although the cells were viable at the time of transfer, 15 1s 
not known whether they remamed so throughout the time 
necessary for the contact reaction to develop 

Prehmunary observations on how mitomycin affects 
the capacity of spleen cells to produce antibodies in 
recipients suggest that antibody production is affected 
m much the same fashion as the ability to transfer delayed- 
type hypersensitivity When serum was obtamed from 
recipients on the fourth day after cells were mjected mtra- 
peritoneally, anti-pieryl antibody was detected by passive 
cutaneous anaphylaxis m 2/2 recipients of control cells 
and m 2/4 recipients of cells treated with 10 ug/ml of 
mitomycin C None of the two recipients given cells 
treated with 100 ug/ml mtomyem C had detectable 
antibody 


It 1s therefore concluded that 


(a) Cells treated with 100 ug/ml mitomyem C probably 
remain viable although ther RNA synthesis 1s essentially 
completely inhibited These cells do not transfer hyper- 
sensitivity Therefore, we suggest that continumg synthe- 
sis of RNA and/or protem by cells competent to transfer 
hypersensitivity 13 required for the appearance of hyper- 
sensitivity 
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(b) Cells tieated with low concentrations of mutomyomn 
C, ın which the amount of RNA synthesis has been dimin- 
ished by about 30 per cent of that of untreated cells, still 
tiansfer substantial levels of hypersensitivity if reerpients 
are tested early Since the antibiotic has acted on DNA 
to the extent that a detectable dimmution of RNA 
synthesis 18 observed, i6 appears unlikely that the cells 
could divide?! This suggests that the transferred cells 
are themselves directly involved in inducing the reactivity 
in the recipients, and that cell division 1s not required 


(c) Assuming that the antibiotics used do not mactivate 
a hypothetical ‘transfor factor'?, these results support the 
idea that no sufficient amount of any factor exists pre- 
formed withm the competent cells of the guinea pig to 
effect the transfer of hypersensitivity This follows from 
the fact that competent cells which were alive and still 
metabohzmg at the time of transfer, and contained all 
intracellular materials, could not effect transfer after the 
antibiotics acted on DNA to stop RNA and later protein 
synthesis It 1s reasonable to assume that ‘transfer factor’ 
1s not specifically mhibited by these metabohe inhibitors 
since the antibiotics are known to act only on DNA and 
since the ‘transfer factor’ obtained from human white cells 
18 reported to be unaffected by treatment with DNase? 
and 1s, therefore, presumably not DNA. 


We thank Dr Wilh Kreis and Dr E Reich for helpful 
discussion, and Miss I Shzys and Mrs P Zucker for tech- 
nical aid 

The work at the Sloan-Kettering Institute was aided 
by a grant from the National Cancer Institute of the U S 
National Institutes of Health 
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PRACTICE EFFECTS IN A SIMPLE VISUAL DETECTION TAKS 


By Dr. JOHN H. TAYLOR 
Visibility Laboratory, Scripps Institution of Oceanography, University of California, San Diego 


HE extent to which practice mfluences the results of 

experiments in sensory psychophysics 1s a matter of 
contmuing concern to workers m this field Experrment- 
ally naive observers typically show an initial improvement 
m performance, the magnitude and duration of which 
vary with the nature of the discrimiation task and with 
the experimental method used A review article by 
Gibson! and several subsequent investigations?-! have 
deseribed the effects of traming m a wide variety of dis- 
crimination experments In most cited examples, how- 
ever, only relatively short-term effects were mvestigated, 


and 16 ıs difficult to estimate at what point an observer be- 
comes ‘fully trained" in the sense that contmued practice 
would not result m a further improvement in performance 

An experiment was performed in order to trace the 
expermmental history of completely naive observers over 
an extended period of time, keeping the diserrmmaition 
task mvariant Four college students served as subjects 
during fifty expermental sessions which extended over 
a period of 4 months The task was simple detection of a 
eircular, uniformly bright target which was presented as 
a luminance merement at the centre of a large uniform 
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background the lummance of which was maintamed at 
10 foot-lamberts The target subtended two degrees of arc 
at the observers’ position, and appeared for 0 33 sec on 
presentation The psychophysical method of temporal 
forced-choice was used, the observers being required to 
guess m which one of four audibly indicated time intervals 
the stimulus occurred? Each experimental session lasted 
approximately 1 h, durmg which 250 presentations of the 
stimulus were made, with rest periods at the end of each 
block of fifty trials Five discrete values of stimulus 
magnitude were used, and were chosen so as to yield 
detection probabilities from essentially 1 00 to zero These 
magnitudes were varied randomly m blocks of ten, while 
the interval contammg the stimulus was randomly varied 
from tral to trial Stimulus magnitude and time of 
occurrence were controlled, and the responses recorded 
by entirely automatic equipment similar to that described 
by Blackwell et al* The obtamed frequencies of seemg 
were fitted to normal gaussian integrals by a fractile 
analytic technique developed from the probit method 
described ın ref 6 Estimates of threshold contrast, defined 
as the ratio of target lummance increment to the lammance 
of the background, for a detection probability of 0 50 
(after correction for chance successes) were obtamed from 
these curves All observers completed fifty sessions, 
although the order and spacing of these were commonly 
different owing to scheduling considerations Hence, the 
data represent 50,000 presentations of the stimulus The 
y? test of goodness of fit of the individual curves showed 
83 per cent to have been acceptable at the 0 01 level of 
confidence, only seven of the 200 cases were excluded from 
subsequent data analysis 

To enable averaging of results from all four observers 
(whose practice curves were simular in shape, but whose 
absolute values of threshold were different), all data were 
converted into proportions of the average terminal contrast 
threshold of each, based on the last 45 sessions only 
Fig 1 shows the average obtamed values of relative 
threshold contrast as a function of the serial number of 
the expermental session The continuous curve is 
arbitrary, with the hnear portion (sessions 6-50) defined 
by & least-squares fit to the obtamed data pomts The 
seeming periodicity of the data pomts around the lmear 
portion of the curve might suggest that the obtained 
threshold estimates were somehow correlated with quoti- 
dian factors, for example, with day of the week It was 
found, however, that this apparent cycling trend is for- 
tuitous, for when the data are replotted as a function of day 
of the week, as in Fig. 2, there 1s no evidence of significant 
periodicity Also, as noted here, the observers’ schedules 
were so irregular that no consistent relationship between 
day of the week and serial number of the sessions existed. 

The results in Fig. 1 indicate a large initial improvement 
in performance during the first five experimental sessions, 
followed by a more gradual d1op in the threshold estimates 
which was sustained out to the fiftieth session While the 
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Fig 1 Average practice curve obtained from four observers over fifty 
experimental sessions WN = 50,000 trials 
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slope of the linear portion 1s small, it 18 significant at the 
0 05 level, as determined by the t-test for significance of 
regression Because the observations were made over a 
period of about four months, 1t 1s possible that the long- 
range effects shown by the data might have resulted from 
extraneous factors, such as seasonally changing average 
outdoor illummation-levels which are known to mfluence 
visual sensitivity Smee the experment was performed 
durmg the period from  December-March, with a 
moderate merease m average daily illummation-levels at 
our latitude, one might expect a small and gradual 
increase m threshold As the data show the reverse 
effect, the curve slope evidently cannot be ascribed to this 
cause 
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Fig 2 Relative values of obtamed threshold contrast plotted agamst 
day of the week on which the session fell 


The results of this work mdicate that short-term practice 
effects—presumably caused by habituation to the experi- 
mental environment and famubarization with the response 
mode—in simple visual detection are followed by a long- 
term and gradual further reduction m measwed threshold 
Because of the moderate slope of the second limb of the 
curve, and the presence of appreciable session-to-session 
variabihty, ıt ıs understandable that long-term effects of 
this sort have remamed undetected in investigations 
limited to a small number of experimental sessions 

This research was supported by the US Aur Force 
Cambridge Research Laboratory and by the US Navy 
Bureau of Ships 
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LETTERS TO 


ASTROPHYSICS 


Terrestrial, Interplanetary and Universal 
Expansion 


A REMARKABLY close agreement between the iate of 
increase of the Earth's radius! and that of the universe, 
according to Hubble’s law?, was recently pomted out by 
MacDougall et al 3 

Extending this hne of mvestigation to the recession 
of the Moon from the Earth, assuming tho same expansion 
rate, Hubble’s constant H = 100 km/s megaparsec? We 
then arrive at a recession rate for the Moon of 3 9 em per 
annum, whereas the observed recession, found as far back 
as 1878 by G H Darwin, amounts to 13 em per annum 
This recession 1s usually ascribed to a tidal effect Does 
perhaps part of this recession stem from the general 
expansion of the universe ? 

Both these ‘local’ applications of Hubble’s law have 
aheady been pomted out recently by met Hubble’s law 
appears, in my theory, as an apparent, general expansion, 
due to a combined general contraction of the measuring 
rod and the time scale, in conjunction with a combined 
continuous creation of new matter and generation of 
gravitational fields 

H B KrzrP 


Royal Norwegian Naval Academy, 
Bergen 
1 Egyed, L , Nature, 197, 1059 (1963) 


? Struve, O , and Zebergs, V , Astronomy of the 20th Century, 469 (The Mac- 
millan Co, New York and London, 1962) 
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RADIOPHYSICS 


Observations of Background Electromagnetic 
Noise in East Greenland 


A PROGRAMME for the observation of naturally occurring 
background noise in the 3-10-ke/s frequency range of the 
electromagnetic spectrum was undertaken by the Cam- 
bridge East Greenland Expedition, 1963 Observations 
were made at Cambridge, England (geomagnetic co- 


-ordmates, 54° N , 84° E ), and at ‘quiet’ sites in. Iceland 


(70° N, 75? E) and East Greenland (76° N, 80° E), 
where man-made inteiference was negligible As has been 
suggested’, “it 1s important to determine the spatial 
distribution of ‘hiss’ with geomagnetic latitude This 
could be accomplished using spaced station studies 
along a line of equal geomagnetic longitude” 

The receiving aerial consisted of two coils, each of 
110,000 turns of 39 standard wire gauge enamel-coated 
wire, mounted on a u-metal rod 1 in. im diameter and 36 in. 
long Because each coil had an inductance of several 
thousand henries, a resistance of 31 kO and a self-capacity 
of about 100 pF, the natural frequency of the aerial was 
30 c/s The aerial responded very well ın the earth- 
ionosphere cavity resonator region of the spectrum 
(5-30 c/s), and sufficiently well ın the ke/sec band Battery 
operated transistor amplifiers were built incorporating 
parallel T filters and emitter follower circuits? The signal 
received, together with a time and voltage calibration, 
was recorded directly on to magnetic tape for 2 mm, 
begmning at 10 min before each hour v r on selected days 
throughout July and August 1963 
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The signals 1n the bands 770 + 10 c/s, 1-6 kejs, and 
8 + 1 ke/s were rectified and integrated, the signal 


powers above arbitrary levels were plotted against uni- 
versal time In the lowe: frequency bands a maximum 
power at about 3 h before mdmght was observed, and at 
8 ke/s maxima at 03 00 and 18 00 h were noted Fig 1 
shows the dependence of the power m the 1—6-ko/s band 
on local geomagnetic time? Part of the increased signal 
intensity occurred on July 19 and 20 during a magnetically 
disturbed period The signal in Iceland was normally 
about 5 db greater than m England or Greenland, 
observations ın Cambridge‘ with a receiver’ tuned to 5 36 
+ 019 ke/s have shown a typical day-time value of the 
signal to be 0 1 (uV/m)?/c/s with a broad maximum 3 db 
greater than this around geomagnetic midnight At 770 
c/s (the proton gyro-frequenoy at ionospheric heights), the 
signals observed in Greenland and Iceland wore of com- 
parable magnitude, and 8 db above those recorded m 
Cambridge ‘Hiss’ at 8 ke/s was 5 db stronger m Iceland 
—im the amoral zone—than m Greenland and 10 db 
above that observed in England, 8 ke/s ‘hiss’ has been 
associated with certam kinds of auroræ observed at high 
latitudes?:4 
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Diurnal variation of noise mtensity ın the 1-6-ke/s band 
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Fig 1 


The average signal intensity of recordings made with 
the aerial m different positions was mvestigated m East 
Greenland For example, with the axis of the aerial north- 
souta and perpendicular to the geomagnetic field Ines, 16 
was found that the signal power at 8 kc/s was 1 1 db above 
that received with the aerial mits normal position, that is, 
with its axis horizontal and east-west This 1s intei preted 
as meaning that the signal propagating along a line of 
force of the Earth's magnetic field, Bg, 1s 1 1 db stionger 
than that propagating north-south m a wave-guide mode 
under the ionosphere The results are summarized in 


Table 1 
Table 1 
Received power, db , 
waves with magnetic vector H in stated direction 
Frequency H horizontal 

E-W  N-S Hj, BE, N-S H| Be 

770 c/s 0 -02 -07 -05 

1-6 ke/s 0 —04 —03 -07 

8 ke/s 0 -03 +11 -08 


It would seem that the signal at 770 cjs 1s predominantly 
due to protons gyrating or mirroring above the observer, 
whereas that m the ke/sec band is ‘hiss’ which has 
propagated northwards from the auroral zone 
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The variations with local geomagnetic time confüm ow 
belief that the motions of the charged paaticles pı oducing 
broad-band hiss m the ke/s region ae controlled by the 
geomagnetic field associated with the auroral zone’ 
Protons radiating at therr fundamental cyclotron frequency 
in the high ionosphere are possibly associated with the 
outer reaches of the magnetosphere On the other hand, 
radiation at 8 ke/s could be associated with radiation from 
particles entering the geomagnetic cavity near the neutral 
points® 

Wo thank Dr S Evans, of the Scott Polar Research 
Institute, and members of the Ionosphere Laboratory of 
the Royal Technical University of Denmark foi then 
assistance This iesemch was supported by the Royal 
Society and the NATO Research Grants Programme 
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Effects of the U.S. High-altitude Nuclear 
Test Series of 1962 on Radio Propagation 


Tuis communication lists observations made n 
Melbowne of some high-frequency transmissions and the 
very-low-frequency standard frequency transmission 
NPM from Hawan on 19 8 ke/s during the American. test 
series at Johnston Island in 1962 The July 9 explosion 
was in the megaton iegion but the Octobe:x—Novembo1 
bombs were stated to be sub-megaton Decreases in high- 
frequency signal-level which occured were immediato, 
that is, less than the receiving system response time 
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(about 1 sec) 
measured by the retardation observed during the ensuing , 
period until the normal phase pattern was 1e-established 
In each case the advance occurred well within the time 
constant of the very-low-frequency receiving system. 
(9 sec) In one case (November 1, 1962) N PM signal-level 
increased after the explosion 

(1) July 9, 1962 Explosion (H h) at 0900 GM T Three 
high-frequency signals were recorded VOA, Honolulu, on 
9,650 ke/s (800 mules east of Johnston lsland), a San 
Francisco station on 9,700 ke/s (great encle passing 800 
mules south-east) and a Vancouver station on 9,307 ke/s 
(path almost ove: Johnston Island) For each station 1e- 
ceived field strength fell immediately below background 
noise-level, and commenced recovery afte. approximately 
6mm Honolulu (Fig 1, A) reached its pre-explosion level 
m 13 mm (although with distoition and flutter fading), 
then declned 20 db by H + 25mun AtH + 84min the 
amplitude of fading became very shght for about a min 
NPM phase advanced about 70 usec and did not appem 
to recover fully until 7 h later 

(2) October 20, 1962 H hat os30cmr No effect was 
observed on San Francisco on 9,700 ke/s or an Ecuado 
station on. 9,745 ke/s (path 4,000 miles south of J ohnston 
Island) NPM phase advanced 35 psec, recovering m. lh 
to 15 psec and to normal in 4 h 

(3) October 22, 1962 Hh at 0730 cw T Signal-level 
from San Fiancisco dropped 10 db 1ecovering to normal 
in 6 min. The Ecuado: station and NPM showed no 
effect 

(4) October 26, 1962 H h at 100067 Honolulu on 
9,650 ke/s showed a drop of signal-level of 8 db (Fig 1 B), 
recoverng in 15 mn San Francisco diopped 10 db 
recovering m 30 mın Ecuador showed no effect NPM 
phase advanced about 70 usec, 1ecoveling to 30 usce m 
1 hand to normal in 7 h 

(B) November 1, 1962 H h at 1210 emr Honolulu 
level diopped 20 db (Fig 1€), showed some oscillation of 
field strength (somewhat sımılaı to rts behavioui on July 9, 
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1962), with reduced. fading amplitude and then gradually 
1ose to origmal level by H + 60 mm San Francisco 
dropped 10 db, recovering m 15 mn A Los Angeles 
signal on 6,185 kejs dropped 7 db and recovered m 30 nun 
NPM phase advanced about 90 usec, recovering to 35 usec 
ini hand tonormalim4h_ Its signal-level inereased by 
10 db within the response time of the system, decaying to 
normal m 45 min NBA, Balboa, on 18 kejs also showed 
shghtly mereased amphtude, with similar 1ecove1 v 

(6) November 4, 1962 Hh at 0730 amr No effect 
was observed on the San Francisco or Eeuador signals 
NPM appeared to show a small phase advance of about 
10 psec, recovering within 20 min 

We thank the Engmeer-m-Chief, Postmastei -Gene1al s 
Department fo: permission to pubhsh this communication 
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PHYSICS 


The Temperature Scale 


Now that physicists and electitcal engineers have 
almost universally adopted the MKS system of units, 
which system eliminates the usual conversion factors of gc 
and J for the force and heat units, respectively, I find 
that there ıs still one conversion factor that has not been 
eliminated This 1s the so-called gas constant R or um- 
versal gas constant R This constant amses from an 
incorrect selection of the temperature scale 

Tho centigrade scale, as is well known, 1s determmed 
by maiking on a thermometer 100 intervals between tho 
fieozing and bowing pomts of water The thermo- 
dynamic or Kelvin scale has the foregoing temperatme 
intervals but bases the zero pomt on the ideal gas law 

The usual treatment 1s to start with the ideal gas law as 

pv = Rb (1) 
where 6 1s the absolute temperatuie, and R 1s the gas 
constant and is different for each gas Tho universal gus 
constant 18 obtained fiom Avogadro’s law, that 15 

pvM = pV = MRO = R6 (2) 
Where R is the so-called wmversal gas constant, V the 
volume of the gas per kilogram mole and M 15 tho molecu- 
lar mass numba of the gas (usually called molecular 
woight, a misnomer) 

There 1s no good reason for using the gas constant R as 
there is to use ge o1 J Therefore, to have a completely 
unified M X s system of units, I propose the temperature 
scale be selected such that R = 10 Hence, equation (2) 
becomes 


pV = 0 (3) 
and equation (1) will be 
8 
pe = 7j (4) 


In the mx» system of units the temperature unit will 
now be joule/kilomole, and 1ts dimension L?/7^ The 
conversion factors R and E no longer need be memorized 
or tabulated ın hand-books, for R ıs the i1eciprocal of 
molecular mass number and E = 10 

The scale of the temperature can be found from the 
fundamental constant given by Rossmi as 


Pio = Te = 2,271,160 + 40 Joulo/kilomole for ideal gas 
at 0° C and P, —0 


For convenience the following two conversion factors 
aie given for the Fahrenheit and centigrade scales which 
can be used until the absolute mK s temperature scale 
has been universally adopted for all thermometers 
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Lo obtain 


joule/kilomele 
joule/hilomole 


Given temperature 


Degree Fahrenheit (Ranlane) 
Degree centigrade (Kelvin) 


Multiply by 


4,619 0 
8,314 4 


Ii can be seen that this unit. of temperature 1s a small 
quantity compared with the Rankine or Kelvin unit tem- 
perature So, we may use kilojoule/kilomole as the scale 
or, better, mark the thermometer m units of 104 joules! 
kilomole Therefore, freezmg of water will be at 227 116 
x 10* joules/kilomole mstead of 273 16°K The interval- 
on tho usual mereuiy thermometer will be only 1/ 83144 
large: than the present centigrade scale 

There are other advantages of this scale By dispensing 
with the gas constants we see clearly that temperature 
has the units of speoific energy, that 1s, L*/T? In usmg 
temperature m dimensional analysis we will not fall m the 
error of considering temperature endowed with a separate 
dimension. 

By undeistanding the proper dunenzion of temperature 
we note the specific heat defined as 


dg 
€ = do (5) 
and entiopy defined as 
dg 
ds = 6$ (6) 


are dimensionless quantities One can look in vain for & 
text-book on thermodynamics o: physics that will point 
out this fact Instead, these quantities will be given a 
dimension. depending on the outmoded units used, for 
example, B T U /lb - F , C H U [lb ^C , kg calfkg—° C, 
ft -lb ,slug—° F, ote ' 

Other simplifications come to mind, for example, 
Boltzmann constant k = 1/N is now seen as only the 
reciprocal of the Avogadio number 

To sum up, a temperature scale 1s proposed that 
eluminates the gas constants as conversion factors and 
fits temperaturo into the mxs system of units This 
means all hitherto existing temperature scales should be 
abolished and only one absolute wK s temperature scale 
used in the future 

J C QGEORGIAN 
Washington University, 
Samt Lows, Missou1i 
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Rotational-vibrational Eigen Values and Eigen 
Functions for Diatomic Molecules 


As 1s well known. the Schiodinger equation for diatomuc 
molecules can be solved exactly only for rotationless 
states ın very limited cases as, fo: oxample, by Morse! and 
myself? The purpose of this communication 1s to give a 
potential cwve, which 1$ moie accurate than the Moise 
curve and has the advantage that the Schrodmger equa- 
tion ean be solved exactly for vibrational-rotational 
states The potential curve considered here has the form 

b nin + 1)* 1 
~ ire) ^ v + erp (1) 
where D, 1s the dissociation energy, fe is the equilibiium. 
distance and y = (2ur.2/h?), where Å 1s the Planck constant 
and 1s the reduced mass of the nuclei In equation (1) a, 
b, c and n are constants, which can be determmed from the 
three followmg conditions? U(0) = + oo, Ulre) = U'"(re) 
= 0, U” (re) = ke, as also from the formula for the vibra- 
tional-rotational couplng constant a, (ref 4) Here he 
denotes the force constant After simple calculation we 
obtain 





a 
Ue) = Det olay 





A(L — e?) + efe — 2) 2A(1 + e) — 6c 

opa = 5C — 09, pa =e 
A—1 nt Dei " 

fom 73D o P 
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and 
[3A —1— AJ/T']e? + ive. + Pe — A]=0 (3) 


where A 1s the Sutherland parameter and T 1s expressed by 
the rotational constant Be, the vibrational frequency we 
Qee \? 
and ae as follows T = e + i) 
e 
In Table 1 we have compared some of our results for the 
unharmonicity wexe with the corresponding numerical 
results of Morse’ 


Table 1 A COMPARISON OF OUR RESULTS FOR weze WITH THE CORRESPOND- 
ING MORSE VALUES FOR «ere AND THE EXPERIMENTAL VALUES 


We Xe 


Diatom Experimental 

Morse Our results results 
Ha 1790 12727 117 99 
ZnH 472 36 71 5514 
CdH 516 38 27 46 30 
HgH 331 63 43 83 01 
CH 72 55 58 01 64 30 
OH 96 12 78 88 82 81 
HF 122 81 83 33 90 07 


Next let us consider the eigen values and eigen functions 
of the Schrodinger equation 


d?R, IED] _ 
"dri pup 


Using the substitutions y = (2ur,[h?), 8 = [y(De — E)]V?, 
s(s — 1) = 9(7 + 1) + ay, @ = (r/re) and set the solution 





+ (jeu - ven - (4) 


m 
R,(r) m the form R,(r) = xse-bzr(1 + cæ)” X ame where 
1-0 


m 18 an integer and a; are coefficients, we obtain for the 
vibrational rotational levels the formula by + 28(n — s — 
m) — 0 The coefficient a; of the eigen functions can be 
calculated from the following recurrence formula 


(v + 2)(v + 2s + 1)av4.5 + (v(v + 1)e + 2[ — B(s- v +1) 
+ c(v + 1)(s — n) — nes] + byjavas 
+ c[by + Bin — s — v) = 0 (5) 


where a., = 0,a = land» = — 1, 0, 1, m 


T. Tretz 
Univeisity of Lódz, 
Poland 
1 Morse, P M , Phys Rev, 4, 57 (1929) 
*Tietz, T, J Chem Phys , 38, 3036 (1963) 
? Varshni, Y P , Rev Mod Phys , 29, 664 (1957) 
‘Varshni, Y P, and Shukla, R O , Trans Farad Soc , 57, 537 (1961) 


5 See ref 4 
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A New Hligh-resolution Dark-field Electron 
Microscope Technique 


Ir is now generally recognized that high-resolution dark- 
field electron microscopy 1s essential for a comprehensive 
study of mperfections in crystalline materials However, 
commercial electron microscopes have not been designed in 
the past with this technique m mund, and. consequently 
the amount of dark-field work that has been carried out to 
date 1s limited and has only been possible as & result of a 
considerable amount of perseverance on the part of the 
operator Moreover, the operation has taken so long that 
injurious contamination of the specimen has occurred A 
technique has now been developed here in co-operation 
with Associated Electrical Industries, Ltd , which allows 
a suitably modified Æ M 6 electron microscope to be used 
with equal facility for high-resolution dark-field or hght- 
field work 

The two essential requirements for the dark-field tech- 
nique are- 7 

(a) That it must be possible to choose any diffraction 
spot in the diffraction pattern from a selected area of a 
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transmission specimen, and to bring this spot easily and 
quickly to the centre of the microscope by tilting the elec- 
tron beam so that the diffracted beam ım question 1s 
directed down the magnetic axis of the microscope 

(b) That the specimen may be tilted 1n order to maximize 
the intensity of this diffracted beam while keeping the 
chosen area unde: observation 

To satisfy these two requirements the standard E M 6 
electron microscope here has had the followmg additional 
features added to ıt 

(a) The standard electron beam deflector yoke used for 
ieflexion microscopy has been modified to be rotatable 
+ 100? about the usual central position from outside 
the microscope! The effect of this change 1s to allow the 
electron beam to be tilted im any direction fiom the 
normal by about + 4° 

(b) A new gomometer stage? has been designed and 
manufactured by Associated Electrical Industries, Ltd, 
which allows a standard specimen holder to be tilted 
accurately through + 5° about a fixed axis normal to the 
electron beam and allows the specimen to be rotated 
through any angle without stops about an axis parallel to 
the axis of the microscope The advantage of the standard 
specimen air-lock fo: rapid changmg of specimens 18 
retamed 

By arranging that the beam tilt direction 1s normal to 
the goniometer tilt axis and marking the fluorescent 
screen with these directions, 1b becomes a very simple 
matter to rotate the specimen to allow any diffraction 
spot to be brought to the centre The specimen 18 then 
observed in dark-field, and a suitable amount of tilt 18 
apphed to produce a high-resolution dark-field mage 

The technique described fulfils its aim, as several 
different dark-field micrographs of the same area of the 
specimen can be made before contamination of the speci- 
men becomes serious It 1s now being applied to the study 
of the strain fields around precipitates m metals? and to 
the determmation of the Burgers vectors of dislocations* 


K F Hate 
D McLean 
National Physical Laboratory, 
Teddington, Middlesex 
1 Page, R S (unpublished) 
2 Lucas, G (to be published) 
3 Ashby, M F , and Brown, L M , Phil Mag , 8, 1088 (1963) 


‘Hirsch, P. B , Howie, A, and Whelan, M J Phil Trans Roy Soc, A, 
252, 499 (1960) 


GEOLOGY 


Barium in Deep-sea Sediments of the 
Atlantic Ocean 


Usine a spectroanalytical technique! we have examined 
the distribution of barium m the tops of cores raised ın the 
Atlantic Ocean by the Lamont Geological Observatory 

The concentrations of barum in some deep-sea sedi- 
ments of the Pacific Ocean have been shown to be corre- 
lative with surface biological productivity? although all 
the reasons for the association are not known A simular 
relationship 1s evident for the Atlantic Ocean from this 
study 

Fig 1 ıs a scatter diagram of barium concentration 
plotted agamst calerum carbonate concentration for the 
tops of North Atlantic cores where biological effects aie 
low compared with the South and equatorial Atlantic The 
barium concentration of pure calcium carbonate, com- 
posed of forammifera and coccolith tests, ıs obviously 
quite low from the extrapolation in Fig 1, and 1s probably 
of the order of 10-30 parts per million barium as are other 
marie carbonate tests! The extrapolated pure clay value 
from Fig 1 1s about 600 parts per milion barium, which 
compared with an average of 700 parts per million barum 
obtamed by Wedepohl? for North Atlantic red clays 
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Scatter diagram of barium against calcium carbonate con- 
centration for sediments of thé North Atlantic 


e Fig. A. 
To see best deviations of barium concentration from 
(the trend of Fig. 1 in other parts of the Atlantie, we have 
calculated the barium concentrations on a calcium 
carbonate-free basis. Goldberg and Arrhenius? used the 
barium/titanium ratio. The results have been grouped in 
he following manner: less than 1,000 parts per million 
barium: |. 1,000-4,000 ‘parts per million barium; and 
greater than 4,000 parts per million barium. A more 
refined grouping is not useful as the relative accumulation 
tes of non-clay-associated barium and clay are not 
Own. 
Fig. 2 shows the plotted results for 125 cores from the 
tlantic Ocean. It is evident that the South Atlantic 
sediments are higher in barium than the North Atlantic. 
The average of the 1,000-4,000 p.p.m barium grouping in 
he Atlantic north of 10° N. is 1,100 p.p.m. barium while 
outh of this latitude it is 2,000 p.p.m. barium. Generally. 
. the eastern Atlantic is higher than the western, and the 
. area of prominent upwelling off south-west Africa delin- 
eated by the Walvis Ridge on the north-west is the highest. 





80° 60° 40° 20° 0° 20° 






















40° 


0? 






GUN eee ode 
| | PPM Ba (CACO3 - FREE) 
|o) * > 4000 

9 . 1000-4000 
o < 1000 







20° 













40° 


um calculated on calcium ca 
cores from the Atlantic Ocean — 






NATURE 










Table.1. POST-GLACIAL CLAY ACCUMULATION RATES AND BARIUM Con- 
CENTRATIONS OF NORTH AND EQUATORIAL ATLANTIC DEEPSEA CORES 








Post-glacial day Pipam. 
Lamont Location accumulation. barium 
No, rate (ref, 4) iCaCO free 
(glem* 1,000 yr.) 5 0 
aA 164-44 33° 57' N. 62° 30° W, 0-15 
A 172-2 16? 12' N. 72° 19' W, 065 
A 180-89 25° 50° N, 9° 28° W. 015 
A 180-74 00? 03' 8, 24°10" W, 0-22 
R 5-60 19^ 31' N. 22? 52-2' W. O83 
R 9-7 59° 39-2’ N. 22° 406/27 W, OSE 
SP 8-4 32? 49' N. 18° 31' W. pi 
V 3-128 23° 45-5’ N, 92? 28-5" W. ros 
F 9-27 00° 23' N. 29° 52' W. 0-18 


This picture corresponds fairly well with estimates of 
biologieal productivity and. phosphate content of the 
Atlantic waters, WOW 
Table 1 shows no obvious correlation between the rate o 
clay accumulation and the ealeium carbonate-free barit ni 
concentration of sediments from both high and low barium 
regions of the North and equatorial Atlantic. Near hore. -> 
however, the effect of high detrital accumulation rates 
may obscure the independent barium component if the 
latter is not large. This in part explains. the lowe ies 
around the continental margins, except for so 
Africa and the higher values on the Mid-Atlantic 
The research was supported by the U.i 
Science Foundation. OUR 
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Goniatite Faunal Phase in some Na 
Limestone *Bullions" 


RECENTLY it has been discovered that rich. 
excellently preserved radiolarian faunas are. 
associated with Namurian goniatites. Pulfrey! 
small radiolaria-containing nodules from the base he 
Edale Shales (Namurian) in north Derbyshire, and Davis* 
recorded some radiolaria, mostly indifferently presei ved. 
from shales of the Ewmorphoceras bisulcatum Girty 8.8. 
Zone (Namurian) in north Derbyshire. Pulfrey considered 
the radiolarian phase unusual in the shale-limestone 
development of the Namurian and it has not been prev- 
iously recognized that many Namurian ‘marine bands’ 
of Central England were radiolarian sediments- p 
approximating to true radiolarian oozes—at the t 
their deposition. Detailed examination of the new radio- 
larian faunas is not complete: the present communication 
describes the nature of their occurrence and their macro- 
faunal associates. t $us 

Ramsbottom et al.* demonstrated six faunal phases in 
Namurian rocks of Ashover, east Derbyshire. "The best 
known of these is the 'thicker-shelled goniatite phase’, 
faunas of this phase providing the basis for detailed 
zonation of the European Namurian**. The massif 
development”: of the Namurian in east Derbyshire is thin 
and largely lacking in limestone. The complementary 
"autogeosynclinal development"* of south-west Der 
shire, north Derbyshire and north Staffordshire 
siderably thicker, and at the narrow horizons w 
thicker-shelled goniatite phase ocours—the ‘goniatite- 
^marine-' or ‘faunal bands’ of many authors—liz tone is 
ently found. Limestone developme: 





















ypes: (1) fissile, argillaceo 
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goniatites; (2) seams of discrete, lens-shaped limestone 
coneretions up to 3 ft. long and 1 ft. 6 in. thick—com- 
monly known as ‘bullions’—containing completely undis- 
torted goniatite specimens. Very rarely, thin, semi- 
continuous beds of non-fissile limestone contain uncrushed 
goniatites. "The new radiolarian faunas are all from 
bullions and a single semi-continuous limestone. 

Fresh bullion limestone appears essentially structure- 
less. Fracture is conchoidal or subconchoidal and frac- 
tured surfaces are black and porcellanous. Fresh surfaces 
show no trace of a microfauna, but acid-etched specimens 
examined under a high-power binocular microscope 


frequently prove to have a framework largely composed of 


detached radiolarian spines and spicules and complete 
skeletons (Fig. 1), often preserved exquisitely in full, undis- 
torted relief (Fig. 2). They are extremely fragile and 

— dissection from the etched rock has so far proved im- 
possible. 

Specimens of 37 bullions and one semi-continuous lime- 
stone from different localities and horizons in north 
Staffordshire and south-west Derbyshire have been 
examined. 18 bullions and the semi-continuous lime- 
stone eontain very abundant radiolarians, the original 
sediments, apparently, having been virtually true radio- 
larian oozes. Eight specimens contain radiolaria in 
slightly lesser abundance, 3 contain occasional radio- 
larians and in 8 specimens no radiolaria are detectable. 
Preservation of the radiolarians is excellent in 13 speci- 
mens, moderate in 11 and poor in 6. Limestones con- 
taining the following 16 goniatite faunas have so far 
proved to be richly or moderately richly radiolarian 
„sediments: 


_ CRAVENOCERATOIDES NITIDUS (Phillips) Zone. 2b. 

(1) Cravenoceras cf. subplicatum Bisat. (2) Cravenoc- 
eratoides edalense (Bisat). (3) Cravenoceras aff. holmesi 
Bisat. 

NUCULOCERAS NUCULUM Bisat Zone. E9d. 

(4) N. nuculum (solo). (5) N. nuculum; Eumorphoceras 
bisuleatum Girty s..; Eumorphoceras bisulcatum mut. 
8 Schmidt. 


HoMocERAS SUBGLOBOSUM Bisat Zone. Hla. 
(6) H. cf. subglobosum. (7) H. subglobosum. 


Homoceras UNDULATUM (Brown) Zone. H2b. 
(8) H. undulatum. 





Fig. 1. Etched bullion limestone from Reticuloceras paucicrenulatum 
Bisat and Hudson faunal band showing small goníatite in richly radio- 
larian matrix ( x 28) 
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Fig, 2. 


Spumelline radiolarian in R. paucicrenulatum bullion showing 
excellent preservation of the spongy shell ( x 280) 


RETICULOCERAS CIRCUMPLICATILE (Foord) Zone. Rla. 
(9) Homeras magistrorum Hodson. (10) Reticuloceras 
cf. pulchellum (Foord). (11) Reticuloceras todmordonense 
Bisat and Hudson. 
(12) Homoceras henkei Schmidt. 
paucicrenulatum Bisat and. Hudson. 


(13) Reticuloceras 


RETICULOCERAS EORETICULATUM Bisat Zone. Rlb. 
(14) Reticuloceras nodosum Bisat and Hudson. 


RETICULOCERAS RETICULATUM (Phillips) Zone. Rle. 
(15) R. reticulatum group: —Homoceras striolatum 
(Phillips) group. 


RETICULOCERAS BILINGUE Bisat Zone. R2b. 
(16) Reticuloceras bilingue (early) Bisat. 


Bullion material from higher faunal bands is not yet 
available. Large pieces of fossilized wood are found in 
several of the radiolarian bullions. The lamellibranch 
Posidoniella cf. variabilis Hind is abundant in Fauna 5 
and a brachiopod, Crurithyris sp., abundant in Fauna 14. 

Members of the sub-order Spumellina? are the most 
abundant radiolaria present but winged Nassellinids also 
occur with varying frequency. Associated with the 
radiolaria are rather coarse monaxon and polyaxon 
spicules—sometimes found in small sheafs—most 
probably derived from sponge skeletons. Endothyrid 
foraminifera are present sparsely in some bullions. The 
preservation of the radiolaria was due to the presence 
locally in the accumulating muds and oozes of conditions 
favouring syndepositional crystallization of calcite in large 
amounts. Bullions are more or less perfectly fossilized 
samples of pelagic sediments. Carbonate reerystallization 
and partial solution of silica appear to account for the less 
well-preserved radiolarian faunas, and until the diagenetic 
histories of these limestones are understood in detail it will 
be impossible to assess the paleoenvironmental significance 
of bullions in which radiolaria are not detectable. Absence 
of preserved radiolaria at the only cherty horizon in the 
succession studied—H2b.3—suggests that the micro- 
crystalline silica here may not have been formed by 
primary precipitation. 

Authentic records of carboniferous radiolaria are rare 
(cf. ref. 7, p. 19) and discovery of the new micro- 
faunas may prove to be of some significance in Namurian 
research. Where it is known, or suspected, that two or 
more successive bullion horizons contain essentially similar 
goniatite faunas the natures of the radiolarian assemblages 
can provide information bearing on the detailed corre- 
lation of isolated bullion horizons at separated localities. 
Different ratios of detached spines and spicules to com- 
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plete radiolarian skeletons seem to distinguish two bullion 
horizons eontamung the H subglobosum group m north 
Staffordshire and south-west Derbyshire 

Radiolarian morphology reflects environment?, and study 
of the new microfaunas promises to provide fresh mforma- 
tion 1egarding the habitat of the thicker-shelled goniatites 
Prevalence of delicate lattices and elaborate spmes sug- 
gests that the Namunan spumelhnds may have hved 
pelagically m comparatively shallow water Variation in 
1ichness and composition of radiolarian assemblages at a 
single, well-defined gomatite horizon could m future 
provide mdications of regional environmental variation 
not otherwise detectable Similarly, variation 1n assemb- 
lages between faunal bands may prove indicative of local 
fluctuations in environment with time The presence of 
1adiolanan bulhons m normal shale marme bands leaves 
little doubt that the orginal shale-forming sediment was 
equally rich ın radiolaria, even though no trace of the 
micro-organisms now remams Such sediments would be 
paiticularly susceptible to subsequent diagenetic altera- 
tion, and m interpreting the results of geochemical investi- 
gations of shale and mudstone goniatite bands ıt may be 
necessary to reassess the degree to which present chemistry 
1cfleets that of the original sediment 
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CHEMISTRY 


Rotational Structure in the Electronic 
Spectrum of Tellurium Monoxide 


A LARGE nunbe: of bands have been assigned! to the 
molecule tellurium monoxide (TeO), but httle agreement 
has yet beon reached on their vibrational analysis, and no 
10tational analysis has yet been reported By analogy with 
SeO (ref 2), ıt ıs to be expected that the visible and near 
ultra-violet bands arise fiom a transition 3X- — ?X- in 
which the spin-splittang constants X’ and A" are largo In 
the lmit of case-c, the predicted 3X- — *X- system will 
appear as two separate systems, 1 — l and Or — 0+ 
Some pielimmary obser vations of the absorption spectrum 
taken in a second order of a 665-m concave grating 
spectrograph support this view 

In paiticulai, one band at 31,301 em-! shows the smnple 
two-branch structure expected foi a 0* — 0* transition 
The band 1» so stiongly degraded to longer Wave-lengths 
that the rotational analysis ıs unambiguous ın the 1ange 
J = 20-45 The vibrational analyses agree m assigning 
1" = 0 to this band, but the vibrational constants for the 
upper state aie too uncertain to enable v’ to be established 
by the isotope shifts the band has been regarded as tho 
6 0 band of system B — X. but ıt appears that the value 
of v’ should be incieased by two or three units 

R and P branches of the three most abundant moleculos, 
80TeO, 128Te0, 12°TeO, are well resolved, and the analysis 
leads to the followmg values of B,” for these species 
respectively 0 3541,, 0 3549,, 0 3556, em-! If the values 
for 1?*"TeO and !?*"TeO are corrected to 18°TeO by division 
by p?, we obtain the three estimates, 0 3541,, 0 3543,, 
0 3543, cm~, giving the mean value 0 3543 cm for B”, 
30TeO 3B’ is found to be 0226 cm- This estimate of 
B, for the ground-state, X3X:i-(F,) or X 0*, 1s smaller? than 


NATURE 


699 


the true value by 2B*/(4—2X4B) However, values of 
à for the ground-states of S; (ref 4) and of SeO (ref 3) are 
116; and 86 0, cm, respectively, so that m the present 
case, A may well be greater than 100 cm-! The uncor- 
1eeted value of B," may then be used to derive the inter- 
nuclear distance, givmg 7,” = 1828 A, about 019 A 
larger than the internuclear distance m SeO 

Further elucidation of this spectrum will require the 
use of isotopically pure TeO this work 1s now 1n progress 
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High-performance Propane Fuel Cells 


In April 1963, a high-performance fuel cell for satu1ated 
hydrocarbons was announced! The cell contamed 
platmum electrodes, a phosphoric acid electrolyte, and 
operated ın the range 1509-900? O It was noted also that a 
number of hydrocarbons, including methane, propane, n- 
octane, and n-cetane, could be utilized by the cell with 
complete oxidation to carbon dioxide and water bemg 
achieved More recently an E {m F -current density curve 
and carbon dioxide yield data were published for a 
propane-oxygen fuel cell operatmg at 150° C with an 
electrolyte of 85 per cent (14 6 M) HPO, (refs 2 and 3) 

The performance of piopane-oxygen cells operating 
between 150° and 200? C was recently described in detail 

The foregomg information on complete cells has 
recently been supplemented by the work of Oswin et al 5, 
who reported results on a propane half-cell using platmum 
electrodes and 85 per cent H,PO, electrolyte at 160° C and 
concluded that direct hydrocarbon-air fuel cells are 
feasible Oswin’s data show a luting current density 
near 280 m amp/cm? In this connexion, I have recently 
observed ın a complete propane-oxygen fuel cell the E «w F - 
current density curve shown m Fig 1 It 1s to be noted 
that the limiting current density exceeds 500 m amp/cm? 
The form of the  M F -ewent density curve indicates that 
the current density is limited by a diffusion process 
(probably one involving a gas such as propane or carbon^ 
dioxide) It appears then that the current density limit 
mnposed by the kineties of electio-oxidation of propane at 
this temperature would exceed 500 m amp/cm? 

Electrode structure is a critical factor m determining 








hmiüng current densities in hvdroearbon fuel cells The 
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Fig 1 EMF versus geometric current density for propane-oxygen 
cell operating at 150° C with platinum electrodes and 85 per cent (14 6 M) 
H;PO, electrolyte O Total cell EMF, (1, :R free EMF 
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general question of the effects of electrode structure on 
limiting current densities in fuel cells has been discussed n. 
some detail by Liebhafsky et al ° 

This work was supported by the Advanced Research 
Projects Agency through a contract with the US Army 
Engineer Research and Development Laboratories, Fort 
Belvoir, Virgima 
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See Battery Division Extended 


Thermal Decomposition of N-Benzylbenzene- 
sulphonamide 


Tum classic investigations of Hurd and Blunck** on the 
pyrolysis of esters have disclosed a variety of degradative 
pathways Recently, the studies of several investigators 
have shown that the prmeral reaction mechanism 18 8 
unimolecular cs elimination?-*, however, the nature of 
the secondary decomposition mechanisms 18 still not 
clearly defined Recent studies*° on this aspect of the 
reaction have mdicated that bimolecular decompositions 
may beinvolved In an attempt to determine the scope of 
these mechanisms, a study of the pyrolysis of N -benzyl- 
benzenesulphonamide was undertaken 

The thermal degradation was accomphshed in the 
following manner the amide (4 94 g, 0 02 mole) was placed 
in a distilling flask, heated slowly to a temperature range 
of 300°-310° C, and kept m this range for 1 h During 
this time, the pyrolysate distilled from the flask mto a 
receiver The pyrolysate was then dried over sodium 
sulphate, distilled, and analysed by gas chromatography 
The analysis was conducted at a column temperature of 
195° C, ‘Apiezon I’ as the liquid phase, and a helium flow 
rate of about two bubbles per second At these conditions, 
three peaks were recorded that had retention times of 
3, 8 and 10 mın These peaks corresponded to benzene 
(10 per cent), benzaldehyde (22 per cent), and benzonitrile 
(68 per cent), respectively The residue from the distilla- 
tion slowly crystallized on standing, and was identified as 
2,4,5-trrphenylimidazole (0 267 g) by a direct comparison 
with an authentic sample Thus, the decomposition 
appears to take the following course 


Ho H 
H H C= + SOaH 
LLNS s 0° 
{5 Ce 


Under these conditions, the imme could undeigo 
dehydrogenation”, hydrolysis, and trimerization? The 
dehydrogenation reaction would explem the presence of 
benzonitrile, whereas benzaldehyde would be the product 
of hydrolysis The trumerization reaction would afford 
hydrobenzamide™, and this compound has been shown to 
be converted to 2,4,5-trrphenylumdazole under thermal 
eonditions!? The production of benzene, however, 
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probably does not result from the mmme, but from the 
decomposition of the sulphinic acid or anhydride“ 
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Relation of Activation of Mullite in the 
System Kaolinite - Aluminium Fluoride 


Ix the caso of a proper stoichiometric relation the re- 
action between kaolmite and alummium fluoride gives 
mullite The theoretical ratio consists of the mixture of 
one mole of kaolinite with two moles of alummium fluoride 

By means of the DTA and the the1mogravimetrical 
method ıt was possible to estabhsh that the reaction 
presents three phases of activation between temperatures 
of 300° C and 1,000°C Depending on the thermogravi- 
metric medium the first phase of activation falls between 
temperatures of 300° and 650°, the second between 550° 
and 810°, and the third between 820° and 1,050°C By 
the combination of the thermostatic and the dynamic 
investigations 16 is possible to survey the formation of the 
state of equilibrium between the aforementioned tempera- 
ture-lumits 

During the first phase of activation only one o1 two 
fluoride ions of alummuum fluoride react with the 
hydroxyl ion of the kaolimte The second and thud 
phases of activation show the liberation of silicon tetra- 
fluoride 

It ıs possible to establish the energy of activation 
occurring durmg the processes by means of the differential 
thermogravimetrie method of investigation 

The formation of the amorphous substance, analogous 
to the metakaolinite compound, occurs durmng the first 
phase of activation The inclusion of groups of AlF,* 
and Al,OF,2* in the structure of the kaolinite 1s character- 
istic for the constitution of this compound The amorphous 
supermetafluorkaolmite proved to be quasi-stable m the 
temperature-range 400°-580° C 

According to the progress of a quasi-equilibrium 
durmg the first phase of activation of the reaction between 
kaohmte and aluminium fluoride, the formation of the 
mullite occurs either with the exclusion or, on the contrary 
through the topaz-phase 

Beta P LócsE: 
Building Materials Research Institute, 
Budapest, È 
Hungary 


Hydrogen Abstraction by Benzy! Radicals 


DIBENZYLMERCURY (I) decomposes readily on heating 
at 170° or above to form mercury and dibenzyl'* 9,10- 
Dihydroanthracene (II) 1s a hydrogen transfer reagent 
which has been used m several reactions where a hydrogen 
donor 1s required, for example, the formation of quinols 
from quinones‘ and the hydrogenation of thryl radicals to 
form thiolss When (I) was thermally decomposed under 
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nitrogen in the presence of (II) at 210°-215° the products 
obtamed were mercury, dibenzyl, toluene and 9,9’,10,10’- 
tetrahydrodianthrany]-9,9’ (III), m.p 249°, which was 
identified by combustion analysis (cale for C, Hs 
C, 93 85, H, 6 15, found C, 93 9, H, 6 1), mixed meltmg- 
pomt with an authentic sample (mixed mp 249°) and 
conversion to 9,10-dibromoanthracene by reaction with 
bromine m carbon disulphide® 

The products obtained from the reaction are believed to 
be consistent with homolytic decomposition. of (I) to form 
mercury and free benzyl radıcals The latter may dimerize 
to form dibenzyl or abstract hydrogen from (IT) to form 
toluene and free 9,10-dihydroanthranyl radicals, which 
cdimerize to form (TIT) 


(C,H, CH,),Hg—20,H; CH, -- Hg 
(I) 
2C,H,; CH,—(C,H, CH3), 


C,H,CH,; 'CY —C,H, CH; +7 
X 


QT) 


QUO = OOO 


(TIT) 
K C Bass 
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BIOPHYSICS 


Streaming Potentials in a Biological Membrane 


STREAMING potentials, the converse of electro-osmosis 
and one of the four classical electrokinetic phenomena, are 
the electrical potential differences frequently observed 
across charged artificial membranes through which watei 
1s bemg forced They arise from the fact that 1f the mem- 
brane matrix bears, say, negative fixed charges, thc 
aqueous channels through the membrane will contain 
more mobile cations than mobile anions An apphed 
water flow will then sweep out fluid with an excess of 
cations, and the side of the membrane towards which 
water 1s flowing will acquire an electrical potential of a 
sign opposite to that of the membrane matrix Recently, 
stieaming potentials were observed across 2 biological 
membrane! This communication describes streaming 
potentials across the gall-bladder of the rabbit and their 
significance for the problem of biological water transport 

Gall-bladders from New Zealand white rabbits weighing 
4-5 kg were cannulated and studied «m vitro at ambient 
100m temperatures of 21°-22° C by methods similar to 
those aheady described? This organ actively transports 
Nat and Cl- from its luminal (mucosal) side to its serosal 
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Fig 1 Streaming potentials ın sodium sulphate Ringer’s solution 


Osmotic gradients were produced across gall-bladders by adding vary- 

ing amounts of sucrose to the luminal bathing solution, which was 

otherwise identical in composition to the serosal bathing solution 

The ordinate 1s the potential difference at the given osmotic gradient 

relative to the potential difference for a gradient of 100 mOsM/l in 

the same gall-bladder The figure, includes results from seven gall- 
adders 


side, and absorption of sodium chloride carries along water 
in isotonic proportions by a mechanism discussed else- 
where? Sodium sulphate 1s absorbed poorly or not at all 
When both sides of the organ were bathed by identical 
Ringer’s solutions with sodium chloride as the mam salt 
and with an osmolarity of 295 mOsM/l1, the electrical 
potential difference was — 01 + 03 mV (average value 
and standard deviation from 13 experiments, the poten- 
tial difference 1s stated as that of the lumen with respect 
to the serosal side), and with sodium sulphate, 00 + 03 
mV (10 experiments) This absence of a potential differ - 
ence between identical bathmg solutions means that rabbit 
gall-bladder must transport one Nat for every Cl- by 
means of an electrically neutral, coupled NaCl pump, as 
already shown for fish gall-bladder? When sodium 
chloride or sodium sulphate on one side was replaced 
isotonically with sucrose, that side went electrically 
positive ‘This diffusion potential confirms the finding*® 
that rabbit gall-bladder 1s more permeable to cations 
than to anions and presumably bears negative fixed 
charges 

In further expermments an mmpermeant non-electrolyte, 
sucrose, was added to the bathing solution on one side to 
cause osmosis, the two bathing solutions otherwise being 
identical in composition Under these conditions no 
diffusion potentials could arise across the organ, since 
there were no electrolyte concentration gradients and the 
opposite faces of the gall-bladder have the same relative 
permeability coefficients? The side on which sucrose was 
present—that 1s, towards which water was flowmg osmoti- 
cally—was found to become and remain positive by up to 
8mV Similar results were obtamed with other mperm- 
eant non-electrolytes, such as raffinose and mannitol Fg 1 
illustrates steady-state potential differences in sodium 
sulphate Rimger’s solutions when sucrose was added to 
the luminal (mucosal) side The potential difference 
increases linearly with the osmotic gradient up to about 
125-150 mOsM/l (about 3 atmospheres), then shows 
little further ineiease Since sodium sulphate is not 
actively transported, there 1s little or no water movement 
in the absence of an osmotic gradient, and the rate of 
water flow will be directly proportional to the osmotic 
gradient, provided this 1s not too large These potential 
differences associated with osmosis therefore correspond to 
the definition of streammg potentials, as they arise across a 
charged membrane m response and m proportion to water 
flow Since the side towards which water moves becomes 
positive, the aqueous channels in the gall-bladder must 
contam predominantly positive mobile 10ns (Na+), and the 
fixed charge of the membrane matrix must be negative, m 
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agreement with the conclusion deduced from measure- 
ments of diffusion potentials The saturation of streaming 
potentials at high osmolarities may be due either to 
saturation of water flow or to alteration of the fixed 
charge and will be considered elsewhere® Streaming 
potentials built up to their steady-state values withm a 
fraction of a minute after addition of impermeant non- 
electrolyte to the mucosal side, while serosal transients 
lasted up to several mmutes These transient diffusion 
delays mean that the sti eaming potentials actually arise 
at the luminal and serosal faces of the epithelial cells, 
since the cells aie separated from the bathing solution by a 
much thicker laye: of connective tissue on the serosal 
than on the luminal side The gall-bladder wall contains 
2 single uninterrupted layer of these cells 
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Fig 2 Streaming potentials and water fluxes ın sodium chloride 
Tunger's solution, measured on the same gall-bladder Osmotic gradients 
were produced by adding varying amounts of sucrose to the luminal 
bathing solution, which was otherwise identical ın composition to the 
serosal bathıng solution The scale on the right refers to the lower curve 
(water flow), while the scale on the left refers to the upper curve 
(streaming potentials) A negative value of the streaming potential 
means that the lumen 18 negative with respect to the serosa, while a 
negative value of the water flux means that water 1s flowing out of the 
lumen towards the serosa Water fluxes were measured gravimetrically 


Fig 2 illustrates an expeimment m sodium chlorido 
Funger's solution, when stieaming potentials and water 
flow were measured on the same gall-bladder Unhko 
sodium sulphate, sodium chloride 1s actively transported 
and gives rise even 1n the absence of an osmotic gradient 
to a flux of water from lumen to serosa, m this case at 
168 ul/h Addition of sucrose to the lumen exerts an 
opposing force, tending to draw water by osmosis from 
serosa to lumen, and the largest gradient applied (200 
mOsM/1) almost reduces the net flux of water to Zero 
Just as in experiments with sodium sulphate, the stream- 
mg potential meieases with the osmotic gradient, and the 
morease eventually becomes non-linear at high gradients 
The curves for water flow and streammg potentials 1un 
parallel but are no longer directly proportional, since 
solute-Imked water transport is now superimposed on 
the osmotic wate: flow In the absence of an osmotic 
gradient there ıs no stleaming potential despite a con- 
siderable net water flow, while the maximum osmotic 
gradient tested gives the maximum streaming potential, 
although there 1s almost no net wate1 movement Clearly 
only that component ef tho water flow due to osmosis 
produces a streaming potential, and the water flow lmked 
to active sodium chlorido transport does not cause a stream- 
ing potential Hence osmotic water flow and solute-linked 
water flow must occur in separate channels This conclu- 
sion 1s supported by other experiments on solute-Imked 
water transport? 

It has sometimes been proposed that electro-osmosis 18 
the mechanism of water transport associated with active 
solute transport Since streaming potentials (potential 
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differences resulting fiom an applied water flow) and 
electro-osmosis (water flow resulting fiom an applied 
potential difference) are opposite manifestations of the 
same fixed charge, knowledge of the former permits calcu- 
lation of the latte: by means of a simple formula derived 
by Helmholtz 
v 
P 
wheie H is the electrical potential difference (statvolts), 
and P the pressure difference (dynes/cm?) m a streaming 
potential oxperrment, v the volume flow (co /sec, em?), 
and + the current density (statamperes/em2) dui mg electro- 
osmosis 
In the present experiments the aveiage value of H/P m 
sodium chloride Ringer’s solution was 0 022 mV/mOsM/] 
= 322 x 102? statvolt-em?/dyno The average rate of 
wate1 transport associated with active sodium chloride 
transport ın rabbit gall-bladder is 148 x 10-6 ec /em?, 
sec (ref 3), and if this arises as a result of electa 0-osmosis, 


the 16quired current would be HIP =148 x 10-6/3 22 x 


103? = 46 x 10° statampeies/em? = 1 54 m amp/em? 
Since the electrical resistance 1s about 50 Q — em? (cal- 
culated from flux values in ref 4), the required voltage 
would be (50) (154) = 77 mV, lumen positive Tho 
actual voltage ıs — 01 + 03 mV (present work) 01 + 07 
mV (ref 5), hence the actual electro-osmosis is several 
orders of magnitude too small to account for solute-linked 
water transport 

The principal conclusions may be summarized as follows 
(1) Passive wate: flow im iabbit gall bladder produces 
streammg potentials, which should thus be considered 
among possible causes of biological potential ditferences 
m addition to diffusion potentials and active transport of 
ions (2) The matrix of the cell membiane contains 
negative fixed charges (8) Electro-osmosis 1s not the 
mechanism of the water movement lnked to active trans- 
port of sodium ehlonde in the gall-bladder — (4) This 
solute-linked wate: flow does not take place m the channels 
for passivo water movement but must follow a separate 
10ute through the cell membrane 

This work was supported by grants fiom the US 
Atomic Energy Commission and National Science Founda- 
tion 
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BIOCHEMISTRY 


Sulphated Mucopolysaccharides of the Gastric 
Secretion 


DuniNG the past six years attempts have been made mn 
this laboratory to identify the carbohydrate components 
of the human gastric mucopolysaccharides The invosti- 
gation meluded 30 controls, 240 patients with duodenal 
ulcer, 135 patients with gastric ulcer and 70 patients with 
gastric carcmoma One hundred and fifty patients were 
operated on. and a gastrectomy performed on each 
patient The whole of the operation specimen was cut in 
longitudinal strips, blocked and sectioned The cellular 
topography of every mucosa was thoroughly examined 
Morphological changes observed were compared with 
changes m the secretory pattern 
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HISTAMINE INSULIN 
VOLUME I4 20 67 9 18 12 30 6 
pH 3115 145 14 135 145 135 135 
Fig 1 


The procedure for obtammg gastric secretion was as 
follows 

Two fasting aspirations at 10-min mtervals were obtained 
followed by mtramuscular injection of histamme acid 
phosphate (0 5 mg) and three aspirations each at 20-mm 
intervals Intravenous msulin was then given and a 
further three specimens were aspirated each at 20-min 
intervals It was aimed to obtam a blood sugar-level 
between 20-30 mg per cent The insulin dose was regu- 
lated according to the fasting blood sugar In each speci- 
men the pepsi content, free acid, protem-bound hexose, 
hexosamune, sialic acid, fucose and sulphate were estim- 
ated A detailed ieport of this mvestigation will be 
published 1n due course This communication deals with 
the gastric secretory patterns of hexosamine, sulphate, 
acid and pepsin 

Hexosanune Hexosamme dete1mmations were cared 
out according to the procedure of Boas! The samples 
were hydrolysed ın 2 N hydrochloric acid for 2 h at 100? C 
Pielhmimary investigations showed that hydrolysis of 
gastric secretion under these conditions achieved maximum 
values of be: ated hexosamine 

Sulphate A modification of Luke’s? method was used 
All other colorimetric procedures attempted failed because 
of the considerable humin produced durmg hydrolysis 

Pepsin For the first two yeais West's? technique was 
used We then changed to Christiansen's* method Fo1 
the past two years a modification of Hunt’s® method was 
adopted 

Aculty The pH was measured with a Cambridge pH 
meter Free acid was titrated with 0 1 N sodium hydroxide 
using Topfers 1eagent as mdieator 

Contiols The secretory patterns of the sulphated muco- 
polysaccharides of the 30 contiols (Fig 1) showed two 
characteristic featuies 

(1) The basal secretion (£1, #2) contamed appreciable 
quantities of hexosamme and sulphate The ratio of 
sulphate to hexosamine was generally between 1 1 25 to 
I 3 Occasionally specimens showed a ratio of 1 1 

(2) The secretory patterns revealed an inhibitory effect 
of acid and pepsi on hexosamine and sulphate The 
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depressıon of sulphate was greater than that of hexos- 
amine With an increase of acid afte: histamme and m- 
sulin there was a simultaneous fall in the concentration 
of hexosamme and sulphate, the deciease in sulphate 
concentration was much greater than that of hexosamine 

Duung this investigation ıt was found that the gastric 
secretion contains a sulphatase enzyme with an optimum 
activity of pH 56 This enzyme apparently regulates the 
sulphation of the mucopolysaccharides Its activity 15 
depressed with a 11sing H+ concentration 

Theso data suggest that the sulphated mucopolysaccha- 
rides form the major part of the gastric mucopolysaccha- 
rides , between 30 and 80 per centof the hexosamine appears 
to be sulphated The variation m sulphation ıs deteim- 
med by the H+ concentration of the gastiie secretion 

The present opinion appears to be that the main com- 
ponent of the gastzic mucopolysaccharides ıs a neutial 
mucopolysaccharide contammg hexosamine and neutral 
monosaccharides and only a small part (10-20 per cent) 1s 
an acid mucopolysaccharide consisting of mucoitin sulph- 
ate, composed of equimolar proportions of N-acetyl- 
D-glucosamune, glucuronie acid and ester sulphate*-* This 
prevailmg assumption is based on an investigation of 
Meyer et al ? carried, out 26 years ago on hog commercial 
muem, but the presence of glucuronic acid in human gaste 
secretion could not be confirmed m this laboratory!? It 1s 
reasonable to assume that the greater part of the extracts 
were of mesodermal origin and did not consist of secretory 
products It is obvious that this procedure is hkely to 
introduce a major source of error and confusion 

Duodenal Ulcers. The secretory pattern of patients 
with duodenal ulcers fall into two groups 

(1) The secretory pattern showed a contmuous low 
mucopolysacchaiide concentiation and a high acid and 
pepsm im all the aspirated specimens (Fig 2) The 
reduction of sulphate below control-levels was much 
greater than that of hexosamme The ratio of sulphate to 
hexosamine was 1 6tol 10 

(2) A normal or low concentration of acid and pepsm 
was accompanied by a normal or high concentration of 
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HISTAMINE INSULIN 
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Fig 4 


mucopolysaccharides in the fasting specimen This was 
followed by a brisk response of acid and pepsin to hist- 
amine and insulm and a simultaneous fall m sulphate and 
hexosamine (Fig 3) Histological exammation of the 
gastric mucosa showed varying degrees of gastritis As 
only 12 surgical specimens of patients belongmg to this 
group were available this small number does not warrant 
any conclusions Further data are bemg collected 
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Gastric Carcinoma (Fig 4) The secretory pattern of the 
mucopolysaccharides was disturbed and the relationship 
between hexosamme and sulphate became disorganized 

I thank the Medical Research Sub-Commuttee of the 
Manchester Regional Hospital Board for financial grants 
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Extensive Biodegradation of Synthetic 
Detergents 


THE principal surface-active constituent of most modern 
commercial synthetic detergents 1s a mixture of sodium 
alkylbenzene sulphonates (ABS) derived from a highly 
branched, low-molecular-weight propylene polymer and 
benzene ‘This material ıs not completely destroyed in 
typical activated sludge sewage treatment plants Thus, 
some of it finds 1ts way into rivers, lakes, ponds, ete. 
where unsightly foammg occasionally results There is 
widespread belief that only part of the ABS mixture 1s 
biodegradable, and that those isomers which survive 
normal sewage treatment are refractory to further bio- 
logical action Contrary to this behef, I have found that 
essentially all isomers are truly degradable, though the 
rate of degradation of some of the more resistant com- 
ponents 15, as expected, quite slow 

I recently became interested ın comparing long-term 
biodegradability of a branched-cham ABS derived from 
polypropylene and representative of the present commer- 
cial product with that of a biologically soft detergent, a 
straight-cham alkylbenzene sulphonate contammg only 
munor amounts of branched-cham isomers Since the 
normal die-away test 1s static m nature and detergent 
biodegradation often practically ceases after a few weeks, I 
felt that this test method might not be appropriate for an 
extended experiment I chose instead to conduct the 
tests in the dynamic biological environment characteristic 
of an aquarum 

For each surfactant, an mdividual 14-gallon aquarium 
was prepared contaming 441 of water and equipped with 
a standard air pump water circulating system Other 
solid materials (rocks, gravel, sand, etc ) were not added 
since they would be expected to adsorb surfactant and 
complicate later interpretation of results Eleven small 
fish were mtroduced, and the system was allowed to 
approach steady state for 7 weeks The fish by number 
and type were (l) six guppies (Lebwtes reticulatus), 
three male and three female, (2) three white clouds 
(Canechthys albonubes), (3) two catfish (Corydoros and 
Plecostomus) A normal feeding schedule was used 
Small amounts of the detergents (05 mg/l) were then 
added to stimulate acclimatization of the living com- 
ponents of the system Periodic measurements of the 
surfactant-level by standard colormetric methods 
showed that the expected degradation was occurring 
Four weeks later, the formal test was begun with the 
introduction of fresh samples of the branched- and straight- 
chain ABS at the 1 0 mg/l level (tanks A and B, respec- 
tively) The new detergent samples contamed radio- 
active sulphur-35 Subsequent analyses were then per- 
formed with modifications of the excellent radioisotopic 
method of House and Fries! These techniques are far 
superior m accuracy and reproducibility to the standard 
colorimetric schemes using dyes such as methylene blue 
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Durmg the 9 months of the experiment, the fish population 
im each tank mereased to approximately 80 Water lost 
by evaporation was replaced with distilled water The 
size of the samples withdrawn for analysis was negligible 
with respect to the total volume of water An unusually 
high mortality rate ın a third tank originally mtended as a 
control caused us to discontinue its maintenance after a 
few weeks The cause ıs unknown 

Fig 1 depicts the disappearance of the two surfactants 
as a function of time The concentration of the straight- 
chain alkylbenzene sulphonate dropped to about 2 per 
cent of 1ts o11ginal value in only a few days Degradation 
of the remainder was slow, the levels bemg 1 0, 0 50, and 
0 29 per cent of the original on the 30th, 100th and 196th 
days, respectively As expected, the highly branched 
commercial ABS derived from polypropylene disappeared 
much more slowly The disappearance did continue, 
however, until at the 196th day the level had been reduced 
to 2 2 per cent of the original and disappearance seemed 
to be continumg further 
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The total area of solid surfaces increased slowly but 
continuously throughout the expermnent as the fish 
reproduced and waste products accumulated The levels 
of suspended solids at the 141st day were about 145 p p m 
and 165 p p m m tanks 4 and B, respectively In order to 
verify that the disappearance of detergents from solution 
reflected biodegradation and not sunple adsorption on 
newly formed suifaces, samples of the suspended sohds 
were subjected to radioactive assay The results showed 
that no more than 2 24 and 1 85 per cent of the original 
surfactant charge was adsorbed on the solids of tanks A 
and B, respectively 

The data depicted in Fig Y reflect the biologically 
induced loss of surface active character of the detergents 
(tendency to foam, cleansmg properties, etc ) The extent 
to which further oxidation occurs can be determined by 
measuring the amount of inorganic sulphate formed 
Biological oxidation of detergents of the ABS type 
probably occurs through the carbon chain toward the 
aromatic rmg and the sulphonate group, that 1s, the 
process does not begm near the sulphur atom Thus, 
morganic sulphate ion should arise only after the carbon 
skeleton has been completely or nearly completely 
destroyed 

Table 1 shows the levels of sulphate 10n as determmed 
by radio assay of barium sulphate precipitated from water 
samples after removal of the detergent About one-half 
of that fraction of the highly branched ABS which was 
attacked by the bacterial system was completely oxidized, 
while 60-70 per cent of the straight cham material was 
thoroughly degraded 

As a final verification of the significance of the data on 
surfactant disappearance, radioactivity balances were 
determmed by measuring the total activity of water 
samples from each tank Values measured on the 150th 
and 168th days were 89 and 84 per cent, respectively, for 
the tank contammg the branched-chain ABS Correspond- 
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CONVERSION TO INORGANIC SULPHATE 
Inorganic sulphate 10n M 


a 
Straight cham ABS 


Table 1 


Tıme (days) Tank A 
Polypropylene ABS 


93 497 628 
100 471 621 
116 503 678 
129 477 735 
135 488 
184 426 710 


* Reported as a percentage of that surfactant which has been stripped 
of its surface activity by biodegradation 


ing values of 101 and 100 per cent were measured for the 
tank with the straight cham surfactant Thus, no large 
losses of activity occurred to cast doubt on the validity 
of the results On the 140th day the Plecostomos catfish m 
the tank contammg the branched-cham surfactant died 
I took this opportunity to assay the radioactivity m. its 
body and found that ıt contained approximately 0 5 per 
cent of the total sulphur-35 origmally added to the tank 
Thus fish was very large Its volume represented approxumn- 
ately one-third of the total volume occupied by fish in the 
tank This leads us to suspect that not more than 1 5-2 
per cent of the sulphur-35 was associated with the fish 
population by adsorption or incorporation 

Thus, this experiment has shown that the highly 
branched ABS representative of modern commerce con- 
tains essentially no components which are not attacked by 
bacteria at a finite rate Other very recent work mvolv- 
ing biodegradation studies m unsaturated soil? and activ- 
ated sludge sewage treatment processes? has led to similar 
general conclusions although the levels of degradation 
were not so high as m the work recorded here 


SAMUEL H SHARMAN 


California Research Corporation, 
Richmond, California 
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Abnormal Serum Components after 
Escherichia coli Endotoxin Administration 
to Male and Female Rats 


PREVIOUS investigationsb? have established that mtra- 
peiitoneal injection of cadmium chloride into rats was 
followed 24 h later by the appearance in the serum of an 
abnormal component, identified as a distinct band on 
starch-gel electrophoresis and designated ASC This 
component reached a maximum concentration in the 
serum at 48 h following a smgle dose and gradually 
decreased over the subsequent 7 days Other metallic salts 
at a similar dose rate were tested in an identical manner 
At a level of 1 mg/kg, the following sequence of effective- 
ness was observed mercury > beryllium, cadmium, 
copper > manganese > chromrum, nickel > iron, cobalt 
Lead had no effect 

This communication records that an apparently 
identical A S C. can be induced im the rat by a single dose 
of Escherichia cola endotoxin — It 1s further shown that this 
effect of both cadmium and Æ col endotoxin diffeis 
markedly m male and female 1ats 

Adult Chester-Beatty rats were used The electio- 
phoretic patterns were made according to the method of 
Smuthies? using a continuous é77s-citrate buffer system as 
described previously? 

Six pears of male rats were given 2, 4, 8, 12, 16, and 20 
mg/kg of a preparation of E cole endotoxin (Abbott 
Laboratories, North Chicago, batch K235, with a stated 
LD; of 20 mg/kg by intrapeutoneal mjection) by mtra- 
peritoneal myjection Those receiving 8 mg/kg and over all 
died within 48 h ‘The anumals receiving 2 and 4 mg/kg 
showed a strong ASC in serum taken at 48 h after 
injeetzions This was confirmed to be a regular occurrence 
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by several subsequent experiments on larger groups of 
animals 
Influence of sex Two groups of four rats, one group of 
each sex, were given 1 mg/kg of cadmium by intraperi- 
toneal injection The animals weie bled after 48 h with 
the result that the males responded to the treatment with 
a strong ASC band, whereas no band was apparent m 
any of the female sera 
Two groups of eight rats, one group of each sex, were 
given 400 ug/kg of E col» endotoxm by mtraperitoneal 
injection The anmals were bled 48 h afterwards The 
response of the female rats was umform, showing a barely 
perceptible A S C Ime The male 1ats responded with an 
A SC band comparable with those shown by male rats 
given 1 mg/kg of cadmium 
Effect of castration Two groups of four male rats were 
used, one group serving as controls, bilateral orchidectomy 
bemg performed on the other group The ammals were 
left for five days and given 1 mg/kg of cadmium as chloride 
by intraperitoneal injection Electrophoretic examination 
of the sera 48 h after the mjection indicated that, whereas 
the control animals responded with an ASC of the 
expected strength, that given by the castrated rats was 
much weaker although not so weak as that given by normal 
females m the earlier experiment 
Effect of casti ation and testosterone therapy. Three groups 
of four male rats were used, group 1 serving as controls, 
bilateral orchidectomy being performed on groups 2 and 3 
In addition to such treatment, group 3 received 2 5 mg 
of testosterone propionate by subcutaneous injection on 
the third, fifth, seventh and ninth days after the operation 
On the ninth day, all the animals were given 1 mg/kg of 
cadmium as chloride by mtraperitoneal injection, the sera 
bemg examined on the eleventh day Group 3 of the 
castrated rats on replacement testosterone therapy 
yielded only famt serum ASC bands, which were, m 
general, less than those of group 2 Those of group 2 were, 
in turn, less than those m group 1 Evidence was thereby 
provided that testosterone could not restore the abihty of 
a castrated rat to respond to cadmium 
Effect of estrogenic drugs Two groups of fom male 1ats 
were used, group 1 serving as controls, group 2 receiving 
25 mg of stibostrol dipropionate subcutaneously on 
days 1, 4, 7, 11, 13, 18 and 20 On the twentieth day all 
the animals were given 1 mg/kg of cadmium by mtra- 
peritoneal injection and the sera were examined 48 h later 
Whereas the untreated males m group 1 gave an A SC 
band of the expected strength, the cestrogen-treated 
animals in group 2 gave a very famt ASC band, com- 
parable in strength with that seen m cadmium-tieated 
female rats 
Effect of crystalline silica dust (hbidymite) In view of 
the similar action of tridymute dust to endotoxin‘, four 
male rats were injected intraperitoneally with 10 mg of 
tridymite dust, particle size < 2u, batch 5L/63M (kmdly 
supphed by Dr Perms), m 0 5 ml of physiological saline 
Serum samples of two of the fou rats bled at 48 h and 4 
days after injection showed strong A S C bands 
Effect of 70 and 90 per cent hepatectomy ^ Followmg 
various reports’? the question arose whethei the slow 
«,-globuhn described m a variety of situations usually 
associated with cellular growth or repair processes was 
identical with the abnormal serum component resultmg 
from treatment with cadmium or endotoxin ‘The regen- 
eration of hve: following partial hepatectomy was chosen 
as & valid experimental state, accompanied by intense 
cellular proliferation Male rats were subjected to partial 
hepatectomy® (60 and 90 per cent) Serum was obtained 
at 24h, 36h, 48h and 5 days The AS C band appeaed 
in six out of six animals at 24 h (90 per cent hepatectomy), 
six out of six animals at 36 h (90 per cent hepatectomy) 
and four out of four animals at 48 h (60 per cent hepatec- 
tomy) Five days after 60 per cent hepatectomy, the 
ASC band was no longer apparent By starch-gel electio- 
phoresis of mixtures of 2-day post-hepatectomy and 2-day 
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post-cadmium treated 1at sera, the A S O bands occurring 
m these two experimental states were found to be of iden- 
tical mobility 

The experiments of this communication have extended 
the growmg lst of conditions under which the serum 
ASC band can be elicited Two broad categories of 
agents or physiological conditions are associated with the 
occurrence of this abnormal serum component One 
category includes agents of obvious cytotoxicity 
cadmium and other heavy metals!?, bacterial endotoxin, 
crystalline sihea dust (tridymute)‘, carbon tetrachlomde?, 
X-radiation? and possibly trypan blue? The other 
category meludes states involvmg cellular proliferation 
pregnancy, neo-natal states, neoplasia®, and post-partial 
hepatectomy? Further work 1s obviously desirable to 
delineate the factors which are directly responsible for the 
occurrence of the abnormal serum component We have 
been unable to reproduce the findings of these experiments 
in the mouse This fact and the experiments described 
in this communication mdicate that all such results must 
be carefully mterpieted with due regard to the species and 
sex of the animal used 

We thank Dr K Weinbren for performing the partial 
hepatectomies 
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‘Daunomycin’, a New Antibiotic of the 
Rhodomycin Group 


‘DAUNOMYCIN 1s & new antibiotic isolated fiom the 
cultures of S  peucehus! m the Farmutaha Research 
Laboratories The substance ıs easily obtained as hydro- 
chloride in thin red needles melting at 184?—186? C, soluble 
m water, methanol, aqueous alcohols and insoluble ın 
chloroform, ether, benzol 

The colour of the aqueous solutions varies according to 
the pH, turning fiom pink at acid pH to blue at alkaline 

H 
á Analysis of the hydrochloride gives the following values 
(pei cent) C, 5549, H, 545, N, 2 28, O, 30 31, Cl, 5 98 

The ultra-violet spectrum exhibits absorption maxima 

at the following wave-lengths (m methanol as solvent) 


234 mu (Eie, = 665) 252 my (Ej, = 462) 
290 mu (Ej, = 153) 480 mu (Ei, = 214) 
195 mp (Fi. = 218) 532 ma (Ej, = 112) 


From the tests carried out so far, ‘Daunomyem’ appears 
to be a glycoside the aglycone of which 1s a chromophore 
of polyoxyanthraquinone type, msoluble m water, soluble 
in organic solvents 

For its physico-chemieal characteristics ‘Daunomyein’ 
shows similarities with rhodomyems?-5, cynerubmes', 
pyrromiems® and iutilantins? but clearly differs from 
them 
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Rhone Poulenc Laboiatoiies have recently and mde- 
pendently isolated a product having physico-chemical and 
analytical characteristics identical with those of ‘Dauno- 
mycin’? ‘Daunomycin’ has a weak mhibiting activity on 
Gram-positive and acid-resistant micio-organisms such as 
Staphylococcus aureus 

The LD;, of ‘Daunomycin’ administered in the mouse 
and in the rat mtravenously ıs 15-20 mg/kg The anti- 
biotic at a daily dose ranging fiom 1 to 2 mg/kg shows a 
marked inhibiting action on solid and ascites tumours 
Detailed results have already been reported elsewhere®!° 

Daunomyem' has a remarkable cytotoxic activity, at 
concentrations rangmg from 001 to 01 ug/ml it com- 
pletely inhibits the mitotic activity of normal and neo- 
plastic cells in vitro 

We have found changes in the form and volume of the 
nucleolus, alterations in the nuclear chromatine (m mter- 
phasic cells) and also remarkable modifications in chromo- 
somes appearing swollen, fragmented and thinned with an 
irregular disposition duimg mitosis Metabolic mvestiga- 
tions do not allow the detection of any activity of the 
antibiotic on the energy-producing processes and on the 
incorporation of radioactive precursors m protems of 
nucleic acids by suspension of cells or HeLa cells m tissue 
cultures 

However, investigations cared out by the autoradio- 
graphic method! on Ehrlich ascites cells show that the 
antibiotic, which only affects DNA synthesis late 
(examined by means of tritiated thymidme incorporation), 
strongly and prematurely inhibits tritiated uridine inoor- 
poration into the nuclea RNA This mhibition may be 
observed after 5 mm from the action of the antibiotic at 
concentrations lower than those necessary for stopping 
the mitosis 

In mterphasie cells the mhibition of the incorporation 
of the uridme into the nuclear RNA does not exceed 50 
per cent (also with high antibiotic doses) The mhibition 
1s clearly found ın the RNA fiaction, which is synthesized 
in strict contact with chromosomes duimg mitosis until 
the late prophase 

A possible meanmg for the dynamics of the mitosis has 
been attributed by Mazia!? to this RNA fraction which 1s 
synthesized also during late mitosis On the other hand, 
if the cells which have already begun mitosis undergo the 
antibiotic action, we may observe deep alterations m 
metaphasic chromosomes and it appears very unlikely 
for the cell to overcome the metaphasic stage even if the 
spindle 18 present and not apparently altered — 'Dauno- 
mycin’ has a strong tendency to form a complex with 
DNA both «n vitro and «n vwo 

We have found that all “‘Daunomycin’ 1s present m the 
deoxynucleoprotein fraction after meubation of hepatoma 
ascites AH130 cells with a solution of “‘Daunomyein’ and 
after fractionation of the cell material according to 
Crampton'4 

The splitting of deoxynucleoprotem by salt solution at 
hugh ionic strength or treatment with DNase oi trypsm 
has shown that ‘Daunomycin’ 1s bound to deoxyribo- 
nueleie acid 

The formation of a complex between ‘Daunomyem’ and 
DNA from AH130 hepatoma ascites has also been shown 
an vitro according to the followmg observations!5 changes 
m the absorption spectrum of ‘Daunomycin’ in the visible 
iange m the presence of DNA. the maximum effect 1s 
obtamed when the amount m weight of DNA ıs about 
four times that of ‘Daunomyecm’, disappearance m the 
presence of DNA of the fluorescence peculiar to *"Dauno- 
mycm’, absence of the reduction wave at 0 62 V standard 
calomel electrode determined by polarographic method 
and characterizmg ‘Daunomycin’ m solutions contaiming 
‘Daunomycin’ and DNA We have not observed any 
formation of complexes of 'Daunomyein' and deoxy- 
nucleotides or deoxynucleotides o: apurmic DNA prepared 
according to Tamm?* 
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The action of Daunomyoein' shows some simularities 
with that of actmomycm, that is, the ability to form 
complexes with DNA!?-2 and the mhuibition on the 
synthesis of nuclear RNA2?:24 

The action on mitotic cells and that on RNA synthesis 
in interphase cells might be two functionally different 
consequences of the same basic phenomenon, that 13, the 
combmation of the antibiotic with DNA molecules This 
combination could prevent both the function of DNA as a 
primer m RNA synthesis and its ability to undergo those 
structure alterations which appear to be indispensable foi 
the mitosis 
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Species Interaction in the Fibrinogen-Fibrin 
Conversion 


THERE 18 a considerable body of evidence mdieating 
that a species specificity exists ın the interaction of 
thrombin with fibrmogen It has been observed that 
when thrombin of one species reacts with a fibrmogen of 
another species, the clotting time ıs longer than it 18 in 
the ease of thrombin acting on a fibrinogen of its own 
species! The rate difference in this interaction could be 
explained in various ways One possibility is that the 
bond split and therefore the peptides released from the 
same fibrmogen by various thiombins could be different 
In order to investigate this, we undertook a study of 
the peptides released by various thrombins on various 
fibrinogens In this communication we report new find- 
ings and compare the results of all possible combinations 
of mteraction between human and bovine thrombin with 
human and bovine fibrinogen 

Human fibrinogen was clotted with both human and 
bovine thrombin and the clot liquors were separated, as 
previously described? The peptides obtained from both 
systems gave identical chromatograms when separated 
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Table 1 AMINO-ACID COMPOSITION OF THE a- AND f-PEPTIDES RELEASED 
FROM HUMAN FIBRINOGEN BY HUMAN AND BOVINE THROMBIN 


No of residues 


Ammo-acid Human thrombin on Bovine thrombin on 
composition ee fibrmogen human fibrinogen 
a a 
Aspartic acid 2 2 2 2 g 
Serme 1 1 1 I 
Glutamie acid 2 2 2 2 
Glycine 5 5 5 5 
Alanine 2 2 2 2 
Valine 1 1 1 1 
Leucine 1 1 1 1 
Phenylalanine 1 1 1 1 
Arginine 1 1 1 1 
Phosphate 0 1 0 1 


on DEAE-cellulose utihzmg a hnear gradient between 
0-2 M and 0 3 M ammonium bicarbonate buffermg system 
at pH 78 and is shown in Fig 1 Peak 1, the slower 
moving component in papel electrophoresis at pH 6 4, 
was designated as the B-peptide, and peak 2, the fast- 
moving component, as the «-peptide, as previously 
reported? These peptides were demonstiated to be of 
a high degree of purity as judged by the following 
techniques (1) paper electrophoresis m pyridine-acetate 
buffer pH 64, (2) chromatography m putanol/acetic 
acid/water (4 1 5) 1m one dimension and electrophoresis 
at pH 3 6 1n pyridimne-acetate buffer m the second. dunen- 
sion Amuno-acid analyses were performed on the puri 
fied peptides utihzing an automatic amino-acid, analyser 
Both peptides contam 16 amino-acids with identical 
quantitative amino-acid analyses, as 18 shown ın Table 1 
The C-terminal amino-acid residue of both the g- and 
B-peptides, as determined usmg & purified carboxy- 
peptidase-B, was shown to be arginine The partial 
amino-acid sequence of both these peptides starting from 
the N-terminal was ala -asp -ser -gly -glu , 88 
determined by the phenyl isothiocyanate method? How- 
ever, the «-peptide contams a phosphate group covalently 
bound to the serine residue, whereas the g-peptide dees 
not contam bound phosphate This additional negative 
charge explams why the «-peptide moves faster toward 
the anode in paper electrophoresis at pH 6 4 

The 8-peptide was enzymatically split with chymo- 
trypsm, which segmented the peptide into four fragments 
as 1s shown m Fig 2 Fragment 3 contains a phenyl- 
alanine C-terminal and is derived from the N-terminal 
portion of the B-peptide Fragment 4 was identical with 
fragment 3, except that 1t contams one additional ammo- 
acid, which was identified as C-terminal leucme These 
results, therefore, dicate that a phenylalanyl-leucyl bond 
18 present ın the peptide Both fragments 1 and 2 con- 
tamed argmmine, indicating, therefore, that they are from 
the C-termmal end of the peptide They differ from 
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Fig 1 Isolation of a- and f-peptides on DEAE-cellulose utihzing a 


lear gradient between 02 M and 03 M ammonium bicarbonate at 
pH 7 8 developed by quantitative nmhydrin procedure 


NATURE 


February 15, 1964 vo. 201 


Electrophoresis ——> 





Ne 
D 
^^ 


C—) 
Chromatogiaphy ——* 
Fig 2 Chymotrypsm sphtting E the B-peptide Chromatography in 


butanol/acetic acid/water (4 1 5) 1n the first dimension and electro- 
phoresis in pyridine-acetate pH 35 in the second dimension 


each other ın that fagment 2 contains one more amino- 
acid than fragment 1 and ıt was identified as an N-terminal 
leucine 
The same results with chymotrypsin were obtamed for 
the a-peptide except that fragments 3 and 4 moved slower 
in the electrophoresis because the phosphate group on 
the serme residue made them more acidic 
Yahne was identified as the penultumate amino-acid 
at the C-termmal end of both the «- and f-peptides 
Blomback et al 4 have reported the sequence of the pep- 
tides released when human fibrmogen 1s acted on by 
bovine thrombin Our partial sequence 1s ın accord with 
their findings These results, therefore, indicate that the 
peptides released from human fibrmogen are the same 
whether the clottang 1s accomplished by human or bovine 
thrombin 
When bovine fibrmogen 1s acted on by bovine throm- 
bm, two acidic polypeptides A and B are released 
These peptides have previously been characterized by 
enzymatic and chemical procedures’? Human thrombin 
was used to clot bovine fibrmogen and the peptides were 
isolated and their structure investigated The peptides 
proved to be identical to the A and B peptides from 
an all bovine system as described here In the cases 
discussed here, the difference in clotting behaviour can- 
not be explaimed by differences in the peptides released 
Further mvestigation 18, therefore, necessary to explain 
this phenomenon It may well be that the configuration 
of the thrombm molecule of one species 1s such that ıb 
does not have easy access to the hydrolytic site of a 
fibrmogen of a different species In order to clarify this, 
additional work 1s mm progress 
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Comparison of Bovine Bone Sialoprotein and 
Serum Orosomucoid 


In iecent investigations! a sialoprotem was isolated 
from bovine cortical bone and some similarities with the 
orosomucoid («,-aeid glycoprotein)? of bovine plasma were 
noted It was considered to be of some interest, therefore, 
to compare these two substances under sumilai conditions 
of isolation and analysis 

A modified procedure was used for isolating the sialo- 

pilotem from bone extracts, using chromatogiaphy on 
Amberlite CG—50' 1esm followed by the separation of the 
insoluble cetylpyridmium salt This method has been 
dese1ibed in detail elsewhere? | Orosomucoid, was prepared 
from Cohn's bovine plasma Fraction VI (L Light and Co , 
Ltd) usmg ion-exchange chromatography When a 
solution of Fraction VI in 0 1 M acetate buffer (pH 5 0) 
was applied to a column of *Amberlite CG—50' resin equilib- 
rated with the same buffer, the effluent contamed mainly 
a,-glycoprotems, but no material forming a precipitate 
with cetylpyridmium chloride could be detected The 
orosomucoid was separated from the other protems xn this 
fraction by further chromatography on carboxymethyl 
cellulose at pH 41 as desenbed by Bezkorovamy and 
Winzler, and Bezkorovamy and Doherty’ The final 
precipitation of both the sialoprotein and the o10somucoid 
was made with ethanol (5 vol) contaming zme acetate 
(500 mg/l ) and acetic acid (to pH 50) The precipitates 
were washed with ethanol and ether and dried to constant 
weight «m vacuo over phosphorus pentoxide at room 
temperature 

Ultracentrifugal analysis (performed by Dr A R 
Peacocke) showed that both preparations behaved as 
single components The molecular weight of the sialo- 
protem was about 30,000, which 1s considerably less than 
that of bovine orosomucoid (49,000) as determmed by 
Bezkorovainy and Doherty’ Both glycoprotems also 
moved as smgle components when exammed by moving- 
boundary and paper electrophoresis m 0 1 M acetate buffer 
(pH 60). 01 M diethylbarbiturate buffer (pH 7 0) and 
0 12 M. diethylbarbiturate buffer (pH. 8 6) In all cases the 
sialoprotem had the greater mobility which at pH 5 0 was 
19 relative to orosomucoid The staining reactions of the 
two fractions after paper electrophoresis wero m sharp 
contrast Tolwdine blue, for example, stained the sialo- 
protem clearly but was without effect on orosomucoid, 
hght green, on the other hand, stamed orosomucoid 
strongly but its reaction with the sialoprotein was barely 
detectable Both, however, stamed readily with the 
periodie acid-Schiff technique 

The analytical composition (Table 1) of the two glyco- 
protems is mm agreement with the apparent difference of 
acidic properties, particularly with regard to their contents 
of sialic acid (as N-acetyl neuramimic acid!) There were 
also small differences in the amounts of hexose’ (as 
galactose, corrected for fucose), methyl pentose (as fucose!) 
and phosphate? The most pronounced difference, how- 
ever, was found m the relative amounts of the two amino- 
sugars separated and determined by the method of 
Gardell!’ after acid hydrolysis (2 N hydrochloric acid. 
4 h, 100°) 

The siale acid content of the orosomucoid was con- 
siderably lower than that 1eported by Bezkorovainy and 
Doherty* using the Ehrhch and orcinol reactions but m 
some cases these methods appear to give higher values 
than the Warren (thiobarbituric acid)? technique? There 


Table 1 COMPOSITION OF BOVINE BONE SIALOPROTEIN AND SERUM 
OROSOMUCOID 
Sialoprotein Orosomucoid 
(per cent) (per cent) 
Nitrogen 104 112 
Hexose 103 133 
Methylpentose 23 08 
Glueosamine 39 72 
Galactosamine 38 07 
S1aDie acid 171 115 
Phosphate 18 02 
Zane (by ash as sulphate) 40 16 
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did not appeai to have been any loss of stale acid from ou 
preparation when the electiophoretic mobility 1elative to 
albumen was observed 

The foregomg results show several characteristics which 
cleaily differentiate the sialoprotem from o1osomucoid 
Recently, another glycoprotem resembling the sialoprotem 
m tts high siahe acid content has been 1solated from human 
serum”, though this had the lower mobihty of an «,-glyco- 
proten A prehmumnary mvestigation using whole fresh 
bovine plasma, however, has not ievealed any com- 
ponent which, either before or after fractionation, could 
be precipitated with cetylpyridmium chloride, or which 
had the electrophoretic mobihty and staining characters- 
tics of the sialoprotem These results mdicate that the 
sialoprotem 1s probably formed ın bone 1ather than being 
derived fiom the plasma piotems 

G M Herrinc 
Medical Research Council Bone-seeking Isotopes 
Research Umit, 
The Churchill Hospital, Oxford 
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Effect of Ethanol and Acetaldehyde on Liver 
and Brain Monoamine Oxidase 


Maynard and Schenker! have reported. that monoamme 
oxidase from mouse liver ıs inhibited by ethanol ın vitro, 
however, these authors could not obtain sumlar mhibition 
of monoamine oxidase of mouse bram The fact that the 
liver of mammals contams alcohol dehydrogenase suggests 
that the inhibition of liver monoamime oxidase may occur 
via the transformation of ethanol to the 1eactive acetalde- 
hyde, which ıs responsible for the observed effects 
Further, the level of mhibition observed by Maynard and 
Schenker 1s low and 1equires what amounts to bo substrate 
concentrations of ethanol (0022 M-0087 M) ‘The 
absence, or a low level, of alcohol dehydrogenase in braun 
would account for the failure to observe inhibition of 
monoamine oxidase from this source by ethanol 

The hypothesis that ethanol inhibition of monoamme 
oxidase 1s caused by metabolically produced acetaldehyde 
was tested usmg rat brain and lver homogenates 
Monoamme oxidase activity was followed using tho 
disappearance of serotonin at 37° C by procedures similai 
to that of Maynard and Schenkei!, except that lve: 
preparations weie incubated for 30 mun, and bram 
preparations for 60 min, and that 1 14 umole of serotonm 
was used Ethanol, when added, was used so that its 
final concentration was 011M Acetaldehyde was fieshly 
distilled by the procedure outhned by Vogel? and used so 
that tts final concentration was 0 12 M Alcohol dehydro- 
genase activity was followed by the method of Bonnischen 
and Brink? 

No alcohol dehydrogenase could be found in bram 
homogenate, whereas activity m liver was easily detected 
In the presence of ethanol, liver monoamine oxidase was 
inhibited by 8 per cent when compared with the complete 
system ın the absence of ethanol, with acetaldehyde, the 
inhibition was increased to 26 per cent The corresponding 
values with brain homogenate were l per cent in the 
presence of ethanol, and 36 per cent in the presence of 
acetaldehyde 
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These results support the conclusion that acetaldehyde 
derrved from metabole conversion of ethanol acts as a 
non-specific inhibitor of liver monoamine oxidase 

This work was supported im part by US Natonal 
Institutes of Health grant B-2453 
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Production of Hyaluronate and Collagen by 
Fibroblast Clones in Culture 


Tue synthesis of hyaluronate and of collagen aie two 
specialized functions of connective tissue cells Hyal- 
uronate has been shown to be produced by populations of 
cultured fibroblasts by Grossfeld et al 1, Morris?, Castor 
et al%, and Davidson et al 4, and collagen synthesis has 
been examined in cultured explants contammg, fibroblasts 
by Fitton-Jackson and Smuth’, Porter and Pappas* and 
Yardley et al? Both products have been shown to be 
synthesized m embryo heart explants by Games* It has 
not been possible to decide, however, whether individual 
fibroblasts exist as distmot fixed cell types!? specialized to 
form either polysaccharide or collagen’, or if the same 
fibroblast type may make both products, perhaps under 
different environmental conditions® 

The recent development of established fibroblast lines 
having infinite growth potential, but retammg their 
ability to synthesize collagen!'!* and hyaluronate, has 
made ıb possible to examine these synthetic functions 
in cloned populations One of these lines, 3T'6, has a 
plating efficiency of about 20 per cent in the absence of 
feeder cells, grows with a doubling time of 13 h until 
saturation density 1s attamed and then begins to secrete 
collagen at a constant rate’, the protem bemg deposited 
between the cells as typical fibrils 

A confluent culture of this cell hne was trypsinized, 
dispersed to single cells and Petri dishes were moculated 
with very dilute cell suspensions, so that not more than 
two or three widely separated colonies grew out i each 
plate These colonies were isolated m cloning cylinders 
by the method of Puck, Marcus and Cieciura*, trans- 
ferred, and grown out to mass cultures No larger than 
average colonies were selected to avoid the possibility of a 
colony having actually arisen from a clump contammg 
more than one cell Five clones were isolated and grown 
out to mass culture Cultures derived from each of the 
clones were allowed to remain at saturation density 
without transfer for periods up to 11 days, the medium 
bemg changed three times weekly 

Samples of medium and of the cell layer of saturation 
density cultures were assayed for hexuronic acid by a 
modification of the method of Sundblad! Medium or 
cells homogenized in saline by grinding with glass beads 
were dialysed agamst buffer pH 4 8 (0 1 M sodium chloride 
and 005 M acetate), and digested with testicular hyal- 
uronidase for 24 h at 37° Protem was then precipitated 
with trichloroacetic acid at a final concentration of 5 per 
cent, and hexuronic acid in the supernatant determined by 
the carbazole reaction!$ 

Hexuronie acid eonteiung polysaccharide was found m 
the cell layer and ın the medium of cultures of each of the 
clones tested Streptococcal hyaluronidase was as effec- 
trve as testicular hyaluronidase m degrading the poly- 
saccharide in the medium; the polysaccharide may, 
therefore, be assumed to consist almost exclusively of 
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hyaluronate Assummg a hexuronie content of 40 per cent, 
16 was calculated that the clones secreted mto the medium 
100-200 ug of hyaluronate per 107 cells per day This rate 
of production 1s ın the range reported by Castor et al * for 
human fibroblasts derived from several organs, and by 
Morris? for a rat fibroblast hne 

Cell layers of duplicate cultures were washed, scraped 
from the Petri plates mto 6 N hydrochloric acid and 
hydrolysed at 120° for 10 h Hydroxyprohne determ- 
mations were performed by the method of Prockop and 
Udenfrend!? Each clone was found to accumulate 
collagen in the cell layer of saturation density cultures at 
the same time that hyaluronic acid was secreted mto the 
medium Assuming & constant rate of formation after 
saturation density was attained! and a hydroxyproline 
content of 13 per cent, the rate of collagen formation was 
estimated to range from 5-16 ug per 107 cells per day On 
the average, then, the various clones of 37'6 appear to 
synthesize the polysaccharide at roughly 15 times the 
rate at which they synthesize collagen 

It may be concluded that hyaluronate formation and 
collagen synthesis both occur ın homogeneous cultures of 
876 descended from single cells and are, therefore, 
functions of the same cell type In all probability both 
functions are carried out simultaneously m each cell of 
saturation density cultures 

Another fibroblast hne, 38, m the course of 1ts estab- 
lishment appears to have lost its ability to synthesize 
collagen?! but continues to synthesize hyaluronate at the 
same rate as 376 No lme has been found which 1s able 
to synthesize collagen but not hyaluronate, though a 
systematic search has not been made 

This work was supported by grants from the US 
Public Health Service 
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A Possible Role of Phosphate in Regulating 
Phosphatase-level in the Rat Kidney 

THE part played by phosphate in repressing alkaline 
phosphatase formation has been described ım Æ colo1?; the 
first results of research on the possibility of an analogous 
regulation m rat kidney are presented here 

The effect of admmustermg to rats a diet lacking in 
phosphate on the levels of alkalme phosphatase, organic 
phosphate and a possible substrate of the enzyme, glycerol- 
1-phosphate, in the kidney, was investigated 
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The diet consisted of 25 per cent (w/w) fibrm hydro- 
lysate (b per cent ‘Ammoabbott’?, Abbott Lab, North 
Chicago), 65 per cent dextrin, 5 per cent corn oil, 5 per cent 
salt mixture mmus phosphate according to Frost and 
Sandy‘, and vitamins, the control rats recerved the same 
diet with salt mixture containing 39 per cent of potassium 
dihydrogen phosphate 

After five days of ad luum feeding, the content of 
organic phosphate was dosed by the method of Lowry 
and Lopez® on a kidney perchloric extract obtained by 
quick-freezmg according to Hohorst, Kreutz and Bucher‘, 
m the same extract L-glycerol-l-phosphate, usmg the 
optical-enzymatic method of the same authors. was also 
determmed The activity of alkalme phosphatase was 
determined on a fraction (15 min at 4,000g, supernatant) of 
10 per cent kidney homogenate ın a 300 mM sucrose, 2 mM. 
EDTA, 10 mM triethanolamine buffer medium, by a new 
accurate optical procedure usmg p-nitrophenylphosphate 
as substrate’ 

The diet lacking ın phosphate causes a very significant 
(P <0 001) moerease of alkaline phosphatase and a very 
significant (P<0001) decrease of moiganic phosphate 
level, whereas the variation of glycerol-l-phosphate ıs 
not significant (P>01) The values are mdicated in 
Table 1 


Table 1 Erricr OR A DIET LACKING IN PHOSPHATE ON THE RAT KIDNEY 
LEVELS OF ALKALINE PHOSPHATASE, INORGANIC PHOSPHATE AND L-GLY- 
OEROL-1-PHOSPHATE 


Determinations Controls Phosphate lacking 
Alkaline phosphatase 
(mmoles/min/g proteins) 94 + 16 (17) 152 + 26 (24) 
Inorganic phosphate 


(umoles/g wet weight) 48 + 059 (12) 31+ 0 48 (21) 
L-glycerol-1-phosphate 


(mumoles/g wet weight) 106 + 45 (12) 132 + 54 (19) 


Eu results are means + standard deviations, ın parentheses, the number 
of rats 
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Enterohepatic Circulation of Urobilinogen 


TuE bacteria of the large bowel reduce bile bilirubm to 
colourless, Ehrhch-positive chromogens, collectively 
termed urobilmogen! It has been stated that urobilinogen 
13 partly re-absorbed from the colon, and afterwards 
ie-exereted in the bile, and, to a lesser degree, m the 
urine? Earhei attempts to provide direct proof for this 
concept were marred by the hmutations of conventional 
methods for identifymg and estimating absorbed chromo- 
gen In order to surmount these difficulties, a labelled 
urobilmogen, mesobihrubmogen-MC, was prepared from 
bilirubin-"C (ref 3), and preliminary investigations of its 
mtestinal absorption and re-excretion were performed in 
rats 

Crystaline unconjugated bilrubin-“*C (ref 3) was 
reduced to mesobilirubiogen-"‘C in the presence of sodium 
amalgam‘, the reaction mixture was neutralized and the 
end-product was extracted mto petroleum ether (bp 
30°-60° C) The ether extracts were taken to dryness, and 
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the mesobilirubinogen-“C residue was then crystallized 
and re-crystallized from hot ethyl acetate The crystals 
were stored in the dark en vacuo until mediately prior 
to use 

Labelled chromogen prepared by this technique 
appeared to be radiochemueally pure Melting point 
determinations were withm established limits‘, and the 
specific activity remamed constant on repeated crystal- 
lization Mesobiirubmogen-“%C coupled with Ehrlich 
reagent to form the characteristic purple complex with 
maximal absorption at 556 my (ref 5) When chroma- 
tography was performed m three different solvent systems, 
more than 90 per cent of the radioactivity apphed to thin 
layers of silica-gel migrated with the Ehrlich-positive 
material, despite the marked lability of the chromogen 

Mesobihrubimnogen-!*C dissolved ın plasma was injected 
intravenously mto Sprague-Dawley rats with common 
bile duct dramage Withm 3 h of admmistration, 85-90 
pei cent of the isotopic material was excreted in the bile, 
while less than 10 per cent appeared ın the urme 

For investigations of intestinal absorption, meso- 
bihrubinogen-“C dissolved m aqueous taurocholate was 
administered to anesthetized rats prepared with an 
external bihary fistula and with a plastic perianal 
receptacle® The labelled chromogen was mfused through 
a transoral duodenal tube or was injected directly into 
the termmal ileum Afterwards, the animals were 
permitted to recover from anesthesia and were maintained 
in a modified Bollman restrammg cage Bule and urme 
were collected at regular mtervals after chromogen 
administration, and were assayed for radioactivity® 
Pooled bile samples were extracted into petroleum ether/ 
ethyl ether (9 1) for determination of the specific activity 
of the excreted mesobilirubinogen- iC 

Representative results are given in Fig 1 Isotope 
invariably was demonstrable m the bile withm 30 min 
after mfusmg chromogen into the duodenum, and its 
excretion continued for the ensumg 24-48 h A major 
proportion of the radioactivity absorbed was re-excreted 
in the form of intact mesobilrubmogen-“C After infusion 
of urobilinogen mto the duodenum, absorption was faster 
and of greater total magnitude than after mjection mto 
the terminal ileum Less than 5 per cent of the radioactive 
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Tig 1 Appearance of radioactivity in bile following mfusion of 
mesobilirubmogen-“C either into m duodenum (O) or terminal 
Jeum (6 
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dose was recovered in the wine Prelimmary mvestiga- 
tions have established that mesobilirubmogen-4C 1s 
absorbed from the mtestme of human beings 

We thank Dı C J Watson and his staff, University of 
Mmnesota, for ther invaluable aid in synthesizing 
mesobiirubmogen-“C This work was supported in part 
by US Pubhe Health Service giant AM-07091-2 
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Influence of the Thyroid Gland on the 
Accumulation of Sugars in Rat Intestinal Mucosa 
during Absorption 


ACCORDING to Althausen and Stockholm! the thyroid 
gland exerts a marked influence on the absorption of 
sugars by the small intestine of the rat Measurmg the 
absorption of orally admunistered sugars wm vwo they 
showed that thyroidectomized male rats absorbed glucose 
at about 60 per cent of the rate for normal animals The 
treatment of normal animals with thyroid extract had 
the effect of doubling the 1ate of glucose absorption In 
the case of galactose ıt was found that m male rats 
the previous administration of thyroid extract increased the 
absorption rate to about 150 per cent of that found m 
normal anmals Many differmg factors, all of which are 
difficult to control, are lable to influence the findings in 
absorption investigations on animals ın vwo? Intestinal 
absorption can now be investigated in the isolated mtes- 
tme w vtro, moreover, the processes underlying sugar 
transport in the mammahan small intestine are now 
known to be associated with the accumulation of sugar 
in the mucosal tissue and, m particular, in the epithehal 
cellss-^ We have accordingly examined the effects of the 
thyroid gland on the capacity of rat intestinal mucosa to 
accumulate sugars during absorption 4n vitro 

At the age of 25-35 days (75-115 g body-weight) groups 
of male albmo rats of local stock were surgically thyroid- 
ectomized, and then mamtamed for a further 40-55 days 
before intestinal sugar accumulation was examined, at 
this time the body-weights were m the range 160-190 g 
The success of the operation of thyroidectomy was deduced 
from changes m weight observed. post-operatively, and only 
those animals m which the weight gain became restricted 
to less than 20 per cent of the normal 1ate were selected 
for mvestigation® Under our conditions complete abla- 
tion of the thyroid gland was judged to have been 
achieved ın rather more than 80 per cent of the operated 
animals One group of thyroidectomized animals was 
treated 45 days after operation with a smgle dose of 
30 pg 3,5,3’-trnodo-t-thyionme (Ts) mjected subcu- 
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taneously 2 days before’ mtestinal activity was 
investigated 

Sugar accumulation by the Jejunal mucosa of the 
expeimmental animals was measured after absorption as 
Follows Cannulated everted sacs of jejunum (10-15 em) 
were prepared from the unfasted animals and incubated 
as described previously? 55 mM/l of ether D(+)- 
galactose or D(+)-xylose was present m the meubation 
fluds After 20 mm absorption the sacs were removed, 
the mucosal tissue gently blotted and the epithehal layer 
removed by pulling & microscope shde along the length 
of the intestinal segment The sample of tissue thus 
obtained contains the cells of the mucosal layers immersed 
in extiacellular fluid derived in part fiom the muoosal 
incubation fluid. and m part from fluid extruded from the 
villus core The tissues of the villus core are not removed 
by this procedure and the epithelial cells bordering the 
intestinal erypts remain behind with the rest of the 
intestinal tissue ‘The mucosal tissue thus prepared 
(300-400 mg wet weight) was divided into two lots, one 
lot was rapidly weighed, homogenized and the total 
ieducing substances determmed by the method of 
Nelson? On the other aliquot, the water content and the 
fat-fiee dry weight were measured, ıt was therefore 
possible to deduce the fat-free dry weight of the sample 
which was homogenized The reducmg substance found 
was expressed ın terms of the fat-free dry weight and the 
concentration in the whole mucosal tissue fluids was 
compared with that found in the mucosal fluids at the end 
of incubation 

Two mam sorts of contiol measurements of sugar 
accumulation during absorption were undertaken In one 
set, the accumulation was measured in the mtestme of 
normal, unoperated rats of the same age as the thyroid- 
ectomuzed animals (65-90 days) In the other set, the 
accumulation was measured in the intestme of normal, 
unoperated rats of the same body-weight as the thyroid- 
ectomized animals (160-190 g) The ages of these control 
animals were from 40-50 days In other control exper- 
ments with normal 80-day old rats, the residual reduemg 
substances found in the mtestinal mucosal layers after 
incubation for 20 mm with no added sugar amounted 
to 0 72+0 16 (8) mg/g fat-free dry weight 

In the results, which are presented ın Table 1, no 
allowance has been made foi the sugar present m the 
mucosal fluid fraction of the extracellular fluids 

We interpret our findings to mean that m all the animals 
examined the mucosal tissue possesses the capacity to 
accumulate galactose, that m contiast to D(+)-xylose, 
the galactose concentration in the tissue fluids after 
absorption for 20 min 1s between 2 and 3 times that 1n the 
flud bathmg the mucosal cells and that the removal of 
the thyroid gland produces no effects on this accumulation 
We conclude, therefore, that m the absence of the thyroid 
gland there 1s no major deficiency in the processes unde: - 
lying the ‘active transport’ of sugais by the mtestine 
of the rat 

After treatment with T, there 1s an increase m the 
capacity of the mucosal layers of thyroidectomized rats 
to accumulate galactose, measured as reducing substance 
(P<001) For the ratio (galactose concentration in 
tissue fluid)/(galactose concentration in medium), the mean. 
value found in the mucose of the thyroidectomized 











‘ABLE 1 ACCUMULATION OF SUGARS IN MUCOSAL TISSUES OF RAT INTESTINE AFTER 20 MIN ABSORPTION INITIAL SUGAR CONCENTRATION, 5 5 MM/L 
EACH VALUE Is OF MEAN + STANDARD ERROR OF MEAN (NO OF OBSERVATIONS) 

| 1 | a 
i Mucosal tissue accumulation mg/g FEDW * Ratio concentration m tissue fluid | 

Anunals | : concentration ın mucosal fluid ` 

| Age (days) | Weight (g) Galactose D( + )-Xylose / Galactose D(4-)-Xylose 1 

p -— -- - — -- —. 

| Thyroidectomized | @5-90 | 160-190 1451 +056 (8) | 5414016 (6) ' 9584013 (8 | 093-002 (6) 

| Thyroidectomuzed + T, ' 65-90 ı 160-190 : 18864097 (8) = 3072019 (8 d — 

! Controls 65-90 300-340 ! 1388 +062 (4) , 630027 (11) 228 x 013 (14) , 101 +003 (11) 
| 40-50 | 160-190 i 1214 + 041 (14) ' 577 £084 (15) 2144009 (14) ' 





096 + 004 (15) 


* FEDW = fat-free dry weight 
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animals which had been treated with T', was significantly 
higher than the ratio found with either group of controls 
(P<0-01), although it was not significantly higher than 
the mean for the thyroidectomized animals (P > 0-05). 

The finding that some 7-8 weeks after thyroidectomy 
there is no impairment of the ability of rat intestinal 
mucose to accumulate galactose during absorption in 
vitro does not necessarily mean that the seeretions of 
the thyroid gland have no direct effect on the processes 
underlying sugar accumulation in rat intestine. Thus in 
the absence of the thyroid secretions, some other organ 
may exert compensatory actions. If this is so, the 
increased tissue accumulation of galactose found after 
the administration of T', will represent the resultant of 
the direct effects of T', and the effects mediated through 
the other organ. If, however, the thyroid gland does not 
exert a direct influence on the sugar transport processes 
of the mucosæ, then the effect of T, in increasing the 
accumulation of galactose must be due to indirect actions 
mediated on the mucosal cells through another organ. 

This work was supported in part by grant No, AM-02757 
from the U.S. Public Health Service. We thank Mrs. M. 
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Surface Lining of Lung Alveoli as a Structure 


HicnLy surface-active material has been obtained from 
lung alveoli in the form of bubbles'. The inference that 
extracts of mammalian lungs contain this material rests 
on the evidence that these extracts reduce surface 





a 
Fig, 1. 
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Myelin forms produced by lung alveolar material. Phase contrast. 


* 
B- 


713 


tension at air-water interfaces on compression*. Wide 
hysteresis loops, indicating an endergonie process with 
large changes in surface tension, are obtained in such 
experiments when surface tension is plotted against area 
of the film during a slow compression-expansion cycle. 
This behaviour has been used to suggest that surfactant 
in lung alveoli confers stability on lung tissue*. This 
surface-active material has been cited also as a possible 
agent in the clearance of foreign material from lung alveoli 
and as a mediator in the exchange of respiratory gases?. ^ 
It has been suggested earlier that this material possesses 
the physico-chemical attributes of cell membranes in 
general and, when cast off from the surface of air sacs, it 
fulfils its vital function in the lung due to its intra-alveolar 
spatial position®". An attempt is made here to relate 
surfactant from lung alveoli to the basic ‘unit membrane’ 
of animal and plant cells*. 

Our approach consisted of looking for similarities in 
chemical constitution, liquid crystalline behaviour, and 
physical structure between material from lung alveoli and 
material which has been taken to represent external and 
internal cellular ‘unit membranes’ in general’. 

The chemical composition of the lung alveolar material 
has been shown to be similar to that of the ‘unit mem- 
brane’, 

To demonstrate similarity in the liquid crystalline 
behaviour of the lung surfactant and the unit membrane of 
the cell, surface active material was obtained as the cen- 
trifugate of washed bubbles expressed from the alveoli of 
pig lungs as described elsewhere’. A small sample was 
dried at room temperature (20° C). Myelin forms were 
produced rapidly by the dried material in the presence of 
water (Fig. la). Myelin forms showing interdigitation in 
the presence of 7-5 per cent (w/v) ninhydrin in 40 per cent 
(v/v) aqueous ethanol are shown in Fig. 1b. Bovine serum 
albumin was mixed, in approximately equal quantities, 
with some of the wet surfactant, and the mixture was 
dried as before. A small piece of the dried mixture, on a 
microscope slide and under a cover-glass, produced myelin 
forms in 1:5 h only sparsely in the presence of water. At 
this time the cover-glass was pressed down, and the figures 
shown developed rapidly (Fig. lc). This im vitro pro- 
cedure produces myelin forms of identical physical appear- 
ance to those formed when phospholipids are liberated 
internally on injury of living cells by compression®. 

Additional evidence that lung surfactant could produce 
‘unit membrane’ lamellar structures was obtained by 





(x 800) 


Ei »" m A 


714 





Fig. 2. Electron micrograph of lamellar fo: 


produced by lung alveolar 
material, Repeat spacing 95 / 


(x 42,000) 


electron microscopy supported by detailed measurement 
of these lamellar structural membranes, 

Specimens of lung surfactant which had been stored 
frozen under argon were thawed before fixing at 0° C for 
4h in Dalton’s osmium tetroxide-biehromate mixture at 
pH 7-6. Afterwards, the specimens were dehydrated 
successively in 10 per cent, 20 per cent, . . . . 95 per cent and 
absolute ethanol. After embedding in “Epon-812’, the 
specimens were stained with lead citrate and examined at 
84,000 magnifications (Fig. 2). 

The alternating parallel light and dark bands show a 
repeat period of approximately 95 A which is substantially 
greater than the 40 A figure given for pure phospholipids*, 
but agrees well with the 75-100 A spacing given for the 
‘unit membrane’. 

On the basis of the chemical similarities and our physical 
and electron micrographic investigation of lung surfactant, 
we wish to submit the structural-functional concept that 
the surface active material obtained as bubbles from lung 
alveoli exists in each lung alveolus as a complex lamellar 
structured unit much the same as internal and external 
cellular membranes. 
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Relationship of Electrical Potential Differences 
to Net lon Fluxes in Rat Proximal Tubules 


Srorrrp flow microperfusion techniques have been used 
to advantage in the investigation of the origin of trans- 
tubular potential differences in amphibian nephrons! *; 
the present communication is concerned with the applica- 
tion of similar methods to mammalian proximal convolu- 
ted tubules. 

When the lumen of a rat proximal tubule is perfused 
with an ion-free solution made isotonic with raffinose, 
transtubular concentration gradients are established which 
favour inward diffusion of solutes present in the extra- 
cellular fluid*. In these circumstances net movement 
of Nat, K+, and Cl- is from interstitium to tubular fluid 
until concentrations in the perfusion fluid reach values of 
110, 4-6, and 110 m.equiv./l respectively’. At these 
concentrations, which are achieved within 50 see after 
initial contact of the raffinose solution with the tubular 
epithelium, net flux of the individual ions has been found 
to approach zero. Afterwards, raffinose diffuses slowly 
out of the tubule but in an isotonie reabsorbate, so that 
intratubular ion concentrations remain constant, and net 
ion movement is now from tubular fluid to interstitium. 
The reversal of transtubular ion flow achieved in this 
system provides a unique opportunity for the examination. 
of possible relationships between bulk ion movement. and. 
the genesis of the transtubular potential difference. 

Sprague-Dawley rats were anesthetized with 'Inaktin" 
and prepared for micropuncture by methods previously 
described**; the kidney was bathed in saline to 
provide electrical continuity. Glass microelectrodes were 
pulled and filled with 3 M potassium chloride by conven- 
tional techniques; recording was through calomel half 
cells connected to a high-impedance vacuum tube volt- 
meter. Sharpened two-channel micro-pipettes were 
inserted into individual surface proximal tubules, flow 
of tubular fluid obstructed by the introduction of castor 
oil from one channel of the pipette, and the oil column 
interrupted by injection of a 300 mM raffinose solution 
from the second channel, as described by Gertz’. Imme- 
diately after intratubular injection of the raffinose solution, 
the microelectrode was inserted into the tubule and the 
transtubular potential difference between perfusate and 
interstitium recorded. Localization of the electrode tip 
in the perfused segment was accomplished by the resistance 
method of Eigler’. 

In Fig. 1, transtubular potential difference is presented 
as a function of time following initial injection of the 
raffinose solution into the tubule. The series of points 
connected by arrows represent experiments in which con- 
tinuous measurements over the indicated time course were 


Transtubular potential difference (mV) 





0 100 2 30 40 650 60 70 100 110 
Time (sec) 
Fig. 1.  Eleetrical ial differences between raffinose-perfused 
segments of rat p bules and interstitium, as a function of 
time after inject of solution, Arrows indleate 


raffinose-perfusion > 
sequential observations made with a single puncture 
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made. . Ín these experiments the magnitude of the 
potential difference is seen to be independent of the time 
of initial measurement following intraluminal injection of 
an. electrolyte-free solution, and the potential difference 
remains constant when prolonged observations are made. 
The average transtubular potential difference measured 
during free flow on adjacent proximal tubules was — 17-7 
mV (S.D. + 3-5); in the stopped flow microperfusion 
experiments, the average value was — 20-9 mV (S.D. 
t 46) Kashgarian et al.* have also reported measure- 
ments of potential differences from similar experiments 
performed during the late phase when net ion movement is 
from tubular fluid to interstitium; their mean does not 
differ significantly from either of the values reported here. 
Tt, would, therefore, seem reasonable to conclude that the 
transtubular potential differences found at any time 
during the transient phase are not different from those 
found under freo-flow conditions. 
The direction of net Na*, K+, and CI- fluxes underwent a 
reversal during the.eourse of the measurements which 
revealed a transtubular potential difference of constant 
sign and magnitude. We have been unable to find a 
solution of the Nernst-Planck flux equations which can be 
reconciled with this observation and, therefore, tentatively 
conclude that the transtubular difference is not simply a 
diffusion potential, or series of diffusion potentials, as has 
. "been suggested. Alternative sources of the measured 
|. potential difference which may be considered include: 
^| (1) streaming potentials; (2) electrogenic ion pumps. 

. That the measurod potential difference is not primarily 
, 4 streaming potential may be readily seen from the fact 
_. that the siga of the potential difference remained constant 
despite a reversal of transtubuler fluid flow in the present 
experiments. 

‘The presence of electrogenic ion pumps could explain 
_tho present observations, since such pump activity would 
give rise to electrical potentials in parallel with those 
arising from ordinary diffusion processes. The operation 
of ion pumping mechanisms which exchange cations or 
which transport equivalent quantities of cation and anion, 
|. usually considered to be non-electrogenie, is not sufficient 

; to explain the present findings, since potential differences 

associated with these systems may be regarded as diffusion 

^. potentials. It is, of course, not excluded that some fraction 

of the total active transport activity of the proximal 
tubule is through non-electrogenic pathways. 

Since it has been argued that the transtubular potential 
difference is the algebraie summation of two-cell membrane 
potential differences'-*, it would be desirable to locate the 
inferred eleetrogenie pump activity. Unfortunately, it 
has not been possible to make reliable measurements of 
intracellular potential differences during the early phases of 
these experiments, and we are, therefore, unable to 
determine whether the individual cell membrane potential 

- differences also remained constant. However, the 

apparent constancy of the transtubular potential difference 
is suggestive of a similar constancy of its additive com- 
ponents which in this eontext could imply the location of 
an eleetrogenie pump at least at the luminal cell membrane 
oriented from cell to lumen. The ionic species involved in 
this pump activity is not identifiable from data at present 
available. 
a Because it could be demonstrated that both luminal and 
5. peritubular cell membranes of Necturus proximal tubules 
behaved as reversible potassium electrodes when extra- 
cellular potassium concentrations were systematically 
increased, it has been suggested that the transtubular 
potential difference is the sum of two diffusion potentials 
in series**. This conclusion does not necessarily contra- 
dict the suggestion that the potential difference measured 
n the present experiments is an eleetrogenie pump poten- 
tial, but may simply reflect. different experimental con- 
ditions. Raising external potassium concentration would 
dneroase partial potassium conductance®, in which ease 
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the potential difference would tend toward the value of the 
potassium equilibrium potential. 

/e thank Prof. K. J. Ulrich, in whose laboratories 
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H/EMATOLOGY 


Properties of Phytohemagglutinin 


Tue kidney bean, Phaseolus vulgaris, supplies an extract 
that has the property of agglutinating red blood eells!. 
This extract, called phytohemagglutinin (PHA), has been 
found more recently to be a mitotie stimulant for human 
peripheral blood lymphocytes?, PHA is now routinely 
used for its mitogenic properties in short-term white blood. 
cell cultures?:4. j iun 

Although PHA is widely used, its mode of aetion is not 
clear. Nowell‘ feels that PHA may alter the cell mem: 
brane of the lymphocyte so that some substance in the 
culture medium enters the cell and initiates the mitotic’ 
process. Cooper et al.5 put forward the view that PHA may 
be producing its mitogenic effect by permitting the induc- 
tion and progress of DNA synthesis. Pearmain and 
Lycette? suggest a specific immunological response to PHA | 
acting as a specific antigen. An alternative view is pro- 
posed by Hirschhorn et al.*, who theorize that a non-specific 
immunological response to phytohemagglutinin occurs. 
These authors have demonstrated that phytohamagglu- 
tinin stimulates y-globulin production. Hastings et.al.* 
observed that mitoses occur only in white blood eell 
clumps and thus feel that leucoagglutination may be 
partially responsible for the mitotic activity. The studies 
to be presented here were designed to see if there really is 
an association between the mitogenic effect and white 
blood cell clumping and also to determine the relationship 
of the hemagglutinating activity to the leucoagglutinat- 
ing and mitogenic properties. 

To test these various properties, human peripheral blood 
cultures were prepared according to the method of 
Hastings et al.* with the following change: 0-15. ml. of a 
stock solution of 0-5 y/c.c. of vincaleucoblastine (“Velban’. 
Eli Lilly) per 10 ml. of culture replaced the colehicine. 
Several different lots of Difeo-phytohemagglutinin-M were 
used during the course of these experiments. 

Four suspensions of lymphocytes were prepared in each 
experiment. The first two served as controls: one eon- 
tained no PHA, the second untreated PHA. A third 
culture was prepared by adding PHA treated by multiple 
red blood cell passages so as to remove its ability to 
agglutinate red blood cells. Finally, the fourth eulture 
was prepared with PHA which was adsorbed with red 
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c 
1. a, Red blood cell clump; b, white blood cell ani c, white 


ea cell clump and single red blood cells in response to blood cell- 
treated PHA 


blood cells and white blood cells repeatedly so that it was 
now no longer able to agglutinate either type of cell. 
Microscopic hæmagglutination and leucoagglutination 
were looked for in all cases and are demonstrated in Figs, 
la and 1b. Fig. lc demonstrates that leucoagglutination 
can occur with red blood cell-treated PHA when hemag- 
glutination no longer occurs. The erythrocytes and 
lymphocytes of a single donor were used for each experi- 
ment. 

Table 1 illustrates the results obtained in these experi- 
ments. The large range of control mitotic rates is a result 
of the use of different lots of PHA-M and of the varying 
times of exposure to ‘Velban’. Removing the heæmagglu- 
tinating activity did not alter or impair the leucoagglutin- 
ating or the mitogenic activity. However, when the leuco- 
agglutinating activity was removed, mitotie activity was 
lost. In certain cases, the leucoagglutinating activity 
eould not be completely removed because of insufficient 
amounts of lymphocytes for the experiment; here the 
mitotic rates were unimpaired. These results were 
independent of the ABO blood group of the donor. 

In one experiment. PHA was first adsorbed with 
lymphocytes until no further leucoagglutination occurred. 
After an aliquot was added to a lymphocyte culture, the 
lymphocyte-treated PHA was mixed with erythrocytes. 
The erythrocytes were not agglutinated, and mitotic 
activity was essentially lost after the lymphocyte passages 
(mitotic rate with untreated PHA: 5-8 per cent: white 


Table 1 
Control 
Blood without Control RBC-treated RBC + WBC 
type PHA (%) untreated (%) PHA(%) treated PHA (%) 
0 «001 $1 jy — 
«001 17 — 27* 
0 «0-01 39 — <01 
o «01 24 20 «(001 
0 «001 19 r6 1:2* 
A «0:01 21 — «0:01 
A «(0-01 156 12:2 — 
«0:01 79 — <001 
A «(001 134 T4 m 
«0:01 47 — 56* 
A «(01 20 3-5 «01 
B «0:01 40 60 01 
n «0-01 27 09 «001 
AB «001 2-5 r9 17* 
AB «0:01 r3 o5 «001 


Results are expressed as mitotic rates, At least 1,000 cells were counted, 
* WBC-absorption not complete, due to insufficient material. 
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blood eell-treated PHA: 0-5 per cent/white blood and 
red blood cell-treated PHA: «0:1 per cent; no PHA: 
«0-01 per cent). As in the previous experiments, elimin- 
ating the leucoagglutinating activity eliminated the mito- 
genic activity. 

The preceding experiments indicate that the hemag- 
glutinating activity is separate from the mitogenic 
activity, since the first can be entirely removed without 
affecting the second. Such a result has been predicted 
previously by other authors*!* and demonstrated by 
Beckman", who had a Phaseolus extract that did not 
agglutinate erythrocytes but did stimulate mitoses. The 
loss of the red blood cell agglutinating ability has no 
effect on the lymphocyte agglutinating activity. However, 
when the leucoagglutinating activity is entirely removed, 
mitogenic activity is lost. Thus it would appear that 
either mitogenic activity is dependent on white blood cell 
agglutination or that the two properties are related to a 
common mechanism, such as a binding of PHA to the 
lymphocyte with a resulting alteration of the cell mem- 
brane. 

The hemagglutinating activity of PHA can be removed 
by repeated red blood cell passages without impairment 
of the leucoagglutinating or mitogenic activity. There 
is no relationship of any of these properties to the ABO 
blood groups. If the leucoagglutinating activity is then 
removed by repeated white blood cell passages, mitogenic 
activity is lost. An apparent relationship between 
mitotic activity and white blood cell clumping activity 
has thus been demonstrated. 
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Comparative Examination of Carboxylic 
Esterases in Sera of Horse, Donkey and 
their Hybrids 


TWENTY-THREE fresh and 28 frozen (1-11 years old) 
samples of horse sera, 62 frozen donkey sera (3-11 years 
old), 24 frozen mule sera (2-10 years old), and 1 frozen 
2-year-old serum sample of a hinny (offspring of a she-ass 
by a stallion) were studied by starch- and agar-gel electro- 
phoresis (stareh gel: horizontal migration, discontinued 
buffer system; tris-citrate pH 8-7 and borate 0-3 M, pH 
8-2; 2 V/em for 14h; 10 samples analysed simultaneously ; 
0-1 ml. serum mixed with soluble starch Merck; agar 
gel: 0-8 per cent agar in veronal buffer 0-025 M, pH 8:2; 
4:5 V/em; 24h; 10 samples on the same plate). 

The activity of carboxylic esterases was demonstrated 
by incubation in the following substrates: l-naphthyl 
acetate (a-naphthyl; B.D.H., Poole) with o-dianisidin 
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Fig. 1. 
starch gel of horse, donkey, mi 


stain intensely 





Fig. 2. Esterase activity (a-naphthyl acetate) after electrophoresis on agar gel: 2 horse, 
2 donkey, 1 hinny and 2 mule sera 


tetrazotized (diazo blue B; E. Gurr, London) in phosphate 
buffer 0-1 M, pH 7:5; 2-naphthyl acetate (B-naphthyl; 
Mann Lab., New York) in phosphate buffer 0-1 M pH 7:5, 
diazo blue B; carbonaphthoxycholine iodide (Serlabo, 
Paris) in phosphate buffer 0-1 M, pH 7:5, diazo blue B; 
indoxyl acetate (Mann Lab., New York) in veronal 
buffer 0-05 M, pH 8:2. 

The inhibitors used were:  'Prostigmine (Roche) 
(dimethyl carbamie ester of trimethyl-3-hydroxyphenyl 
ammonium, methyl sulphate) M 10-* and M 10+, DFP 
(L. Light, Colnbrook) (diisopropylfluorophosphate) M 10-* 
and M 10-5, copper acetate M 10-*, heating to 60° for 1 h. 

On starch gel, using either «-or 9-naphthylacetatesorthe 
indoxyl acetate, the sera of horse, mule and hinny give an 
identical pattern of two intensely stained bands (with the 
first substrate some samples show also two faint zones of 
activity slower than the transferrin) (Fig. 1). The faster 
migrating zone, called E,, is the most intensely stained. 
These zones form well-defined spots, although in a few 
samples the slower zone, E,, was double. 

Their localization was achieved by cutting two parallel 
incisions in the slice of gel to delimit the zone of esterase 
activity and then staining the gel with amido-black for 
proteins. The slow esterase zone (H,) is somewhat faster 
than the slow « 2, and the fast esterase (E;) is localized 
just behind the albumin (Fig. 1). The donkey sera contain 
only the slow esterase (Fig. 1). 

With carbonaphthoxycholine as substrate, the sera of all 
four groups of animals exhibit only the slow esterase band, 
which can thus be identified with serum cholinesterase. 

The inhibition investigations show that both esterases 
are thermolabile; the slow esterase is partially inhibited 
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by copper ion and completely by DFP 
M 10-, prostigmine and p-chloro-mereuri- 
benzoate M 10~ (with all substrates used). 
The fast esterase is not inhibited by pro- 
stigmine, even M 2 x 10-* or p-chloro- 
mercuri-benzoate M 10-* or by eopper. It 
is, however, partially inhibited by DFP 
M 10- and totally inhibited by DFP M 10-*. 

In agar gel the two activity zones are 
only slightly separated and the region 
between them is coloured with naphthyl 
or indoxyl acetates. The faster migrating 
zone, situated just behind the albumin, is 
the more intensely stained. We did not 
observe any activity in components migrat- 
ing faster than albumin. 

The differenee between horse, donkey, 
mule and hinny serum esterases is, there- 
fore, less marked than in starch; however, 
the donkey serum does not exhibit a fast 
zone, only a coloured tailing (Fig. 2). 

With the carbonaphthoxycholine all 
sera give the same pattern: a uniformly 
coloured tailing between the albumin 
and the origin. 

As the two activity zones are well 
separated in starch gel, we tried the 
identification of these components with 
the esterases as revealed on agar gel. 

The activity-containing zones of a starch- 
gel slice were cut off after superimposing 
one coloured slice on to another untreated 
one. The cuttings were inserted in an agar- 
gel plate and after 3 h of migration the 
plate was treated for esterase activity with 
a-naphthyl acetate. Another identically 
prepared plate was stained for proteins. 

No activity subsisted at the insertion 
region. The ‘slow’ esterase migrated as a 
slightly active tail; the staining spread over 
3 cm; the ‘fast’ esterase forms a rather 
intensely stained spot with a little tail: this 
spot migrates definitely less than the Z,. 

The horse, mule and hinny fast esterase spots were 
fairly similar in migration; the migration of the cholines- 
terases of four animals is also the same. 

The amido-black staining reveals that a part of the 
protein content of cuttings migrates toward the cathode, 
mainly from ‘slow’ esterases (cholinesterases); and that, 
further, all reservoirs are coloured. The spots of ‘fast’ 
esterase are intensely coloured and well defined, but the 
tailing is less important than when revealed by esterase 
activity reaction. The staining of ‘slow’ esterase is som2- 
what reduced when compared with the activity zone. The 
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shigention is shorter than for the ‘fast? ahe more likely 
resembling their original migration in starch. Further- 


more; the spot. is better defined, although it is always less 
intense than the ‘fast’ esterase spot. 

-In another analogous experiment, the cuttings of 
E, E, and albumins of four animals were transferred to 
an agar plate. This was first incubated in carbonaphthoxy- 
choline and the purple staining appeared only for E,; the 
plate was then washed and incubated in indoxyl acetate, 
“which coloured principally the E, spots in blue. No 
“peaction was observed for albumin (Fig. 3). 

The identification of E, with serum cholinesterase seems 
thus. confirmed. 

The comparison of the migration of four cholinesterases 
and three ‘fast’ esterases shows that the mobilities of 
those eomponents in sera of horse, donkey, mule and 
hinny are the same. 

‘These results show that the donkey serum lacks an 
.esteraso present in horse serum and that both their 
«hybrids resemble the horse, whether it is the father or the 
mother. 
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ur Estimation of Glucose-6-phosphate Dehydro- 
5. genase in Sheep Erythrocytes 


Usine three different methods, which all depend on dye 
uction and the use of redox intermediates for the 
ADPH, formed in the assay, Budtz-Olsen et al.! have 
reported absenee of glueose- 6- -phosphate dehydrogenase 
(G6PD)-activity in erythrocytes of sheep and goats. We 
have been estimating G6PD in sheep erythrocytes by a 
ethod which is not dependent on dye reduction, and 
; although the values are lower than in human beings, 
there is still appreciable activity. 

"The method we have used for our investigations is 
based on that of Schrier e£ al.*, using the reaction coupled 
to glutathione reductase (GSSGR): 


G6PD 
Glucose-6-phosphate + NADP ——-——-- 6-phosphogluconate 
+ NADPH, 
GSSGR 
NADPH, + Oxidized glutathione (GSSG) -> NADP 
+ Reduced glutathione (2GSH) 





with determination of GSH as a measure of G6PD activity. 
This method, of course, depends on GSSGR activity being 
greater than that of G6PD, and so ensuring the rate of 
G6PD activity as the limiting factor. This appears to be so 
in the case of ruminant erythrocytes, where GSSGR 
activity is about twice that of G6PD, and also in the case of 
erythrocytes from drug-sensitive human beings, where the 
G6PD. activity is less than 10 per cent of normal with 
GSSGR activity about 1-5-2 times normal?*. This coupled 
reaction may not be strictly valid with normal human 
erythrocy tes where G6PD activity is greater than that of 
GSSGR in terms of GSH production, and therefore the 
“rate of the latter reaction is the limiting factor. Indeed, 
. Jocelyn‘ used the same coupled reactions for the determ- 
|; ination of GSSGR activity. 
In order to clarify the problem, we have compared 
- results on sheep and human hwmolysates by determining 
' G6PD by three different methods: (a) coupling G6PD and 
GSSGR (GSSG method, Table 1); (5) rate of decolorization 
of dichlorophenolindophenol’ by the continuous produc- 
tion of NADPH, (DCIP method); (c) continuous measure- 
ment of NADPH, at 340 my using the technique of Glock 
and MeLean* for coloured samples, except that tris 
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f Table. 1. ACTIVITY OF: es arD BY THREE METHODS m 


Specimen . GSSG method `  DCIP method NADP method 
a b e 
Sheep 1 1:38 0:112 445 j 
» 2 2-88 = 261 
T 3 4h 0:130 1:43 
Human 1 8&2 132 6-37 
Pa 2 6-35 1-58 7:99 
3 835 161 841 


a, umoles GSSG reduced/min/g hemoglobin at 37?. b, umoles DEP 
decolorized/min/g hemoglobin at 20°, c, pmoles NADPH, formed fmin/g 
hemoglobin at 377, 


` (hydroxymethyl)amino-methane buffer replaces that of l 


glyeylglycine (NADP method). 

All methods indicate that the G6PD activity of sheep 
erythrocytes is lower than that of human beings, as was. 
found by Budtz-Olsen et al. 

Since the speetrophotometrio NADP method is: 
generally accepted as the reference method, involving 
fewest reaction stages and hence having fewest variable 
factors, it would appear that the following conclusions 
could be drawn: 

(1) The colorimetric coupled G6PD-GSSGR method | 
works reliably in the case of sheep erythrocytes, although 
the method is probably not exact in the case of normal. 
human erythrocytes. ui 

(2) The method of Ells and Kirkman‘ utilizing the 
decolorization of DCIP gives lower values than the NADP- 
spectrophotometric method even making an allowance . 
for the temperature difference. This discrepancy is very 
marked in the case of sheep erythrocytes and probably 
accounts for Budtz-Olsen et al. finding sheep erythrocytes 
to be deficient in this enzyme. n 

It is perhaps significant that the three methods used by A 
Budtz-Olsen eż al. involved the use of the redox inter- 

mediates methylene blue or phenazine methosulphate, — 
which are not present in the coupled G6PD-GSSGR or E 
NADPH-:pectrophotometrie methods. n 

It seems likely that methods involving addition 
substances not normally found in the natural system for . 
NADPH, production, that is, dyestuffs and redox inter- . 
mediates, while their validity has been proved with | 
human erythrocytes, may not be strictly applicable. to . 
red cells of other species. The possibility of co-factors | 
which would affect the rate of a reaction occurring in some 
species and not in others is exemplified by Huennekens's? 
report that the methemoglobin reductase of cattle erythro- 
cytes does not require a redox-intermediate such as. 
methylene blue whereas that from human erythrocytes. : 
does. : 
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In this mild controversy it is worth recalling that: 
Somogyi’ long ago found that the total glycolytic activity 
of sheep blood is only 20-30 per cent of that of human 
blood. Leng and Annison? have recently shown that 
glucose only in rare cases penetrates- into sheep erythro- 
cytes. But they also observed that of the low glucose 
metabolism which does take place in these red cells 15 per 
cent goes through the pentosephosphate pathway; when 
stimulated by methylene blue, the fraction rises to nearly - 
100 per cent. These findings implicate the presence of- 
glucose-6- “phosphate dehydrogenase in the-cells, but. the 
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concentration is clearly so low that rb escapes detection 
with the rather crude methods we use for convenience m 
our surveys of human populations This particular 
feature of sheep red cells is probably only another aspect 
of the peculiar carbohydiate metabolism in these animals 
O. E Bunprzz-OLsEN 
BARBARA ÁXTEN 
Department of Physiology, Susan HAIGH 
University of Queensland, 
Brisbane 
1Somogyi M, J iol. Chem , 108, 665 (1933) 
*Leng, R A, and Annison, E F, Austral J Agne Res , 18, 31 (1962) 


PHARMACOLOGY 


Dihydromorphine in Peripheral Nervous 
Tissue 


Recent work has shown that morphine and other 
narcotic analgesic diugs depress the 1esponses of certam 
autonomic neuro-effectors to stimulation of then nerves, 
foi example, the cat’s nictitatmg membrane, the 1at’s and, 
1abbit’s sino-auricular node, and the longitudmal muscle 
of the guinea pig ileum!-5 The inhibition is assumed to bo 
piesynaptie because the action of the transmitter, where 16 
can be tosted, 1s not depressed by morphine, and. because 
there 1$ no evidence to show that morphine imhibits 
impulse transmission in the nor ve axons®:? 

The concentration of morphine requi ed to depress tho 
iesponses of autonomic newo-effectois in vtro is well 
established? Howover, the concentration of moi phme 
which is piesent m autonomic nervous tissue after mtra- 
venous injection of the diug is unknown To obtam 
information on this point, we used tiitiated dihydro- 
morphine’ which Dr L A Woods, of the Depaitment of 
Pharmacology, State University of lowa, kindly placed 
at our disposal The potency of non-radioactive dihydro- 
morphine in depressmg autonomic newo-effectors, foi 
example, m the cat’s motitating membrane wm vwo or in 
the isolated guinea pig ileum, 1s slightly greater than that 
of morphine? 

Cats, anesthetized with wethane (0 5 g/kg) and chlora- 
lose (0 05 g/kg), wore injected with 0 3-1 mg tritiated 
dihydromorphine/kg As the tissue samples were small, 
weighing only 5-20 mg, we did not attempt to determine 
free and bound dihydromorphine, but estimated total 
radioactivity 1n blood samples, ın the vagus nerve, in the 
superio1 cervical and inferior mesenteric ganglia and their 
pre- and post-ganglonie branches The tissues were 
homogenized in potassium hydroxide, after addition of 
hyamuine and 2 N hydiochloric acid! the homogenate was 
transferred to a dioxane-contaimmg semtillato. and the 
radioactivity determined in a ‘Tucarb’ liquid. semtillation 
spectrometer  Countmg efficiency was estimated by 
recounting after addition of known amounts of tritiated 
dihydromorphine to each sample The results are 
expiessed as ug ‘dihydromorphine’/ml blood or g tissue 
It should be noted, however, that these values include 
conjugated dihydromorphine and metabolites 

The results of an experiment ın which 0 3 mg tritiated 
dihydromorphine/kg was injected intravenously are shown 
m Fig 1 The concentration of ‘dihydromorphine’ m the 
blood fell rapidly during the first hour after administration 
of the drug and more slowly theieafter | Dung the 
fourth and fifth hours the concentration was about 0 05 
ug/ml and 2 h later about 0 035 ug/ml In the nerves 
there was 0 07—0 11 ug ‘dihydromorphine’/g 4-5 h after 
injection and 0 045-0 085 ug/g 2-3h later "There was no 
consistent difference between the samples, except that the 
postganghomie nerves of the superioi cervical ganglion 
contained less radioactive material than the preganglionic 
nerves or than the ganglia themselves This difference was 
probably due to the large amount of fibious tissues in the 
postganglionic nerves 
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, Hours after mjection of tritiated dihydromorphine 


Fig 1 Total radioactivity ın blood and peripheral nervous tissue of 
the cat Abscissa intervals after mjection of tritiated dihy dromorphine 
(03 mg/kg) _ Ordinate total radioactivitv, expressed as 'dihydro- 
morphine’ Open circles indicate concentration in blood, the columns 
concentrations in samples of nervous tissue 1 and 5 vagus nerve, 
2and 6 preganglionic cervical sympathetic, 3 and 7 postganglionic 
cervical sympathetic (internal carotid nerve), 4 and 8 superior cer- 
vical ganglion, 9, saphenous nerve, 10 hypogastric nerve, 11 m- 
ferior mesenteric ganglion, 12 inferior splanchnic nerves 


When 1 mg tritiated dihydiomoiphine/kg was injected 
intravenously, the blood and tissue levels were corie- 
spondingly higher, afte. 3-4 h the blood contained 0 3 ug 
‘dihydiomoiphine’/ml and the nervous tissues 0 45-0 84 
ug/g The distiibution of the diug was similar to that 
found after injection of the smaller doso 

From our results we can conclude that, after admmıs- 
tration of sufficient tutiated dihydiomorphine to block 
neuio-effector transmission ın vivo, the concentration of 
‘dihydromorphine’ in autonomic neivous tissue 18 similar 
to the concentration of morphine causing block wm vitro 
Foi example, morphine in concentiations of 0 1-1 pg/ml 
mhibits the contractions of the isolated nictitatmg mem- 
biane caused. by stimulation of its ne1ve?, in concentra- 
tions of 0 05-0 1 ug/ml ıt depresses the peristaltic reflex 
and the graded reflex of the longitudinal muscle of the 
isolated guinea pig 1leum* The concentration of ‘dihydio- 
morphine! after injection of 1 mg tritiated dihydromor- 
phine/kg, a dose which inhibits new o-effector transmission 
at the nictitatimg membrane, was 0 5-1 ug/g nervous 
tissue These findings exclude the possibility that the 
mhibitoiy action of morphine can be explained by inter- 
ference with impulse tiansmussion m axons smoe ib has 
been shown to have no such effect ın concentrations up to 
10 ug/ml (ref 7) 

This investigation was supported m part by U S Public 
Health Service grant NB 03026 
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^ PATHOLOGY 


Effect of Steroids and Leukemic Serum on 
the Respiratory Activity of Bacillus subtilis 


THE increased susceptibility of animals to a variety of 
infections after admunistration of adrenal corticosteroids 
1s well established! A considerable amount of evidence 
indicates that m the same circumstances man also 
experiences an increased susceptibility to infection by 
different micro-organisms?? For example, it has been 
shown that the admunistration of prednisone to patients 
afflicted with chromic lymphocytic leukemia (CLL) 
inoreases the severity of bacterial mfections* 

There ıs general agreement that the admunistration of 
hormones may result in a decreased host resistance 


However, the exact alteration and precise mechanism 7 


involved is unknown ‘The host has many mechanisms 
which can bo utilized for defence against an mvading 
mucro-organism that is, phagocytic cells (fixed and 
wandering), serum factors (bactericidins, complement, 
antibody), and the micro-environment of tissue spaces 

I$ has been previously shown in our laboratory that the 
seia of patients with acute or chrome lymphocytic leuk- 
emia (ALL, CLL) will mhibit the 1espiratory activity of 
some micro-organisms to a significantly greater degree 
than any other sera tested’ Occasionally, however, a 
se. um sample would be obtamed from a patient with CLL 
that would not show the usual mhibitoiy effect It was 
later found that the sera of patients with ALL or CLL 
undergoing steroid therapy no longer exhibited the 
ihibitory activity The work 1ecorded here ıs con- 
cerned with the effect of steroids on the host resistance, as 
related to the steioid effect on the mhibitory factors 
found in serum of patients with CLL 

Human sera were collected by the method previously 
described’ However, m these investigations patients 
undergoing prednisone or prednisolone therapy wee 
meluded Smee the vanations between patients taking 
either of the steroids were identical the results of both 
groups were combined The five patients takmg the 
steroids were on three to four oral doses per day Tho 
daily dose ranged from 1 mg/kg to 002 mg/kg All 
patients taking the steroids had been on therapy for at 
least two days previous to bleeding Serum samples were 
obtamed through the kmdness of Dr Wilham Damashek 
of the Blood Research Laboratory of the New England 
Center Hospital and Di Wilham Maloney of the Hema- 
tology Laboratory of the Boston City Hospital The 
stiam of Bacillus subtus used to assay the mhibritory 
nature of the serum was obtamed from the culture collec- 
tion of the Department of Pathology and Medical 
Research, St Margaret's Hospital 

The ability of B subtilis to respire in the absence and 
presence of different sera was used as a measure of the 
mhibitory activity of the different sera Briefly, the 
system consisted of 0 5 ml of an 18-h culture of B. subtilis 
(1 x 10? cells) grown 1n trypticase soy broth and washed 
twice and resuspended with M/15 phosphate buffer of 
pH 74 The cells were placed in. the main compartment 
of Warburg flasks along with 1 ml of either tiypticase soy 
broth (30 mg), yeast extract (3 mg), or M/15 phosphate 
buffer The total volume m this compartment was 
brought to 24 ml with M/15 phosphate buffer 06 ml 
of test serum was added from the side-arm after an 
appropriate equihbration period The centre well con- 
tamed 0 2 ml of a 20 per cent potassium hydroxide solu- 
tion The experunents weie done at 37° C 

The effect of normal human serum, serum from patients 
with CLL, and serum from similar patients undergomg 
prednisolone therapy is shown m Fig 1 — Signifieant 
respiratory mhibition was observed with B subitis when 
the cells were allowed to incubate m the presence of CLL 
serum, in contrast to the respiratory activity of the organ- 
18m m the piesenee of normal human serum’ However, 
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CLL (prednisolone 
therapy) 
Normal serum 


CLL (no therapy) 


Hours 


Fig 1 xl oxygen uptake of 5 x 107 cells per ml in the presence of 

20 per cent normal human serum, CLL serum and CLL serum from 

a patient on prednisone Oxygen uptake in presence of 20 per cent 
normal geruin at 2 h set at 100 per cent 


when B subtils was allowed to respire ın the presence of 
CLL serum taken from a patient who was undergoing 
predmsolone therapy, the mhibitory activity was com- 
pletely eliminated 

Table 1 shows that the addition of prednisolone to 
B subtils, ^n vitro, does not result m a stimulation m 
respiratory activity This would indicate that the 
increased respiratory activity seen m the presence of 
serum from a patient with CLL taking prednisolone 18 not 
due to a direct action of prednisolone 


Table 1 RESPIRATORY ACTIVITY OF Bacillus subtilis IN THE ABSENCE AND 
PRESENCE OF PREDNISOLONE 


Addition Al oxygen uptahe* 


20 per cent human serum 100 
20 per cent human serum + 0 1 mg prednisolone 100 
20 per cent human serum + 1 0 mg prednisolone 5B 


* u) oxygen uptake of 5 x 10' cells/ml im the presence of 20 per cent 
normal human serum Oxygen uptake m presence of 20 per cent human 
serum at 2 h set at 100 per cent 


It 1s known that the admunist: ation of prednisone or its 
derivatives to patients with CLL increases the frequency 
and the severity of mfections‘ Other workers! have also 
reported that patients afflicted with CLL and treated with 
methylprednisolone are more susceptible to mfections 
Hypogammaglobulinzemna and decreased circulating anti- 
body occur frequently m patients with CLL? The 
observed hypogammaglobulmzmia and the decreased 
circulating antibody are not, m themselves, sufficient to 
explam the increased susceptibility to infections of 
steroid treated CLL’s However, the steroid may possibly 
mterfere with, as yet unidentified, factor(s) which mhibit 
bacterial growth and respiration In the absence of 
steroid therapy the sera of the CLL patient will signifi- 
cantly depress the respiratory activity of B subtelis when 
compared with normal serum and serum taken from 
patients with other disease states Thus, the presence of 
these factor(s) in patients with CLL may be an important 
host defence mechanism In addition, this factor(s) may 
compensate for the hypogammaglobulinemia which is 
often reported m patients with CLL 

lt 1s known’! that both cortisone and predmsolone 
may inhibit antibody production It has also been shown 
that in patients without any hematological disorder 
corticosteroid administration produces a lymphopema 
as well as a decrease in lymphatic tissue* 

Our results indicate that steroids either neutralize the 
factor «n vwo or perhaps work by decreasmg the amount 
of factor produced. through production of a lymphopenia 
This would result in a quantitative decrease m detectable 
factor in steroid-treated leukemias The failure of the 
steroid to stimulate the respiratory activity of B subtus 
would tend to favour the foregoing 

The increased severity of infections often seen im CLL 
patients on prednisolone therapy 1s consistent with results 
presented here 

This work was supported in part by grants P 311 from 
the American Cancer Society, CA0530703 from the 
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RADIOBIOLOGY 


Endotoxin-induced Neutrophil Response in 
Miniature Pigs ingesting Strontium-90 
Daily 
A CONTINUING investigation to evaluate the biological 
effecta of daily strontium-90 mgestion in mimature pigs, 
a species similar in weight and some physiologicai features 
to man, has been m progress m our laboratory since 
1958 (refs. 1 and 2) One of the few clinical changes 
observed after 3 years of day ingestion of 125 uc 
strontium-90/day 1s a moderate neutropenia? So far, 
under our expermental conditions, this has not mterfered 
with the health of the anumals However, under certain 
adverse conditions the ability of the animals to maintain 
their health may be influenced by thew ability to merease 
neutrophil numbers This report summatizes preliminary 
observations on the use of the endotoxmm-induced neutro- 
phil response as a measure of the neutrophil reserve of 
control animals and animals mgesting strontium-90 daily 
In normal animals a transient neutrophiha 1s one of the 
prominent effects produced by imyection of bacterial 

endotoxin! 

Female mimiature pigs, approxumately 2:5 years old and 
in apparent good health, were used in this work The 
strontium-90 animals were born to and suckled a dam 
mgesting 125 uc strontium-90/day. At 6 weeks of age 
they were given 31 pe stiontrum-90/day, at 3 months this 
was increased to 63 uc strontium-90/day, and then to 
125 uc stroniium-90/day at 6 months of age The 
strontim-90 intake ıs continued at the latter level for 
the anmmal’s hfe Control animals were of the same 
genetic Ime and were cared for in the same manner as the 
strontium-90 anrmals, except the controls received no 
strontium-90 A more detailed description of the experi- 
mental procedures used in the maim  strontium-90 
experiment has been published elsewhere? 

A purified Pseudomonas endotoxm (‘Piromen’, obtamed 
by courtesy of Baxter Laboratories, Inc , Morton Grove, 
Dhnois), 05 pg/kg body-weight, was admmustered ntra- 
venously via the anterior vena cava to two strontium-90 
fed and two control miniaturo pigs A third control 
animal received no endotoxm Ali endotoxm injections 
and initial bleedmgs were made at tho same time of day. 

Five-ml blood samples for hematological examination 
were collected from the anterior vena cava at frequent 
intervals for 24 h followmg endotoxin admumustration 
The packed-cell volume and hemoglobin were determmed 
using standard techniques Erythrocyte and leucocyte 
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Table 1 NEUTROPHIL RESPONSE FOLLOWING ADMINISTRATION OF 05 pG 
ENDOTOXIN/KG BODY-WEIGHT 
Absolute Integrated response 
Endotoxin merease Percentage for 24 h following 
Animal No (05 pg/kg) 10? neutro- merease im endotoxin 10* neutro- 
philsfmm? neutrophils phils/mm! x h 
1 Control - 23 110 120 
2 Control + 51 170 170 
8 Control + 70 150 220 
4 125 pe 
Sy/day + 20 160 80 
5 125 uc 
*'Sríday T 12 90 50 


numbers were obtamed by counting samples m tiipheate 
in an automatic electronic cell counter Differential counts 
on 400 leucocytes were performed on coverslip smears 
stamed by the Wright method 

Followmg endotoxin admumstration, erythrocyte values 
stayed withn normal hmuts A iransitory absolute 
lymphopema, was observed m all animals given endotoxm 
The degree of lymphopenia was not markedly different in 
the control and strontium-90 fed animals 

Fig 1 shows the neutrophil response during the 24 h 
followmg endotoxin admmustration The neutrophil 
response was evaluated by three criteria as shown in Table 
1 The absolute increase in neutrophils was the difference 
between the peak value and the pre-injection value The 
per cent mcrease 1s the peak value relative to the pre- 
myection value. The integrated response was calculated 
by integrati the area under the curve for neutrophil 
numbers with respect to time By all three erteria, the 
neutrophil response was greater in the two control animals 
than the animals fed strontrum-00 The merease seen m 
the control which received no endotoxin 18 assumed to be 
due to erther diurnal changes or a response to the blood 
samphng Of the three criteria exammed. (Table 1), the 
integrated neutrophil response 1s probably the best 
indicator of the animal's abihty to mobihze and sustam 
mereased levels of neutrophils 

The reduced neutrophil response in the animals fed 
strontrum-90 suggests that m the event of a bacterial 
stress requrmg mobilzation of increased numbers of 
neutrophils, ther health could be severely compromised 
as compared with that of the controls 

Smuth and co-workers*:* have shown for mid-lethal and 
sub-lethal doses of whole-body radiation that the mouse’s 
ability to survive an early death 1s related to its level of 
granulocytes They have also found a rather constant 
relationsmp between the granulocyte count and the 


"'Neutrophile (10?/mm?) 





Post-administration of endotoxin (b) 


Ex 1 Neutrophil response of muniature pigs following intravenous 
admunistiation of bacterial endotoxin @, Control, no endotoxin, 
4,0, 05 ug endotoxin/kg, C], +, 125 «c »Sr/day, 0 6 «g endotoxin/kg 
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number of Pseudomonas organisms 1equired to cause a 
constant portion of deaths Although these observations 
were made during tho first few weeks following whole body 
radiation, 16 1s reasonable to expect that the general 
relationships noted between neutrophil numbers and 
abibty to survive a bacterial challenge would be true for 
chronically radiated anmmals such as the miniature 
pigs fed strontium-90 daily By evaluating the hemato- 
logical response to an endotoxin jection, McFarland and 
Libre? have recently shown a decreased marrow granulo- 
cytic reserve ın alcoholic patients and suggested that this 
may be one explanation for their abnormal susceptibility 
to infection Fink and Calabresi? have used an endotoxm 
technique to evaluate the granulocyte reserve of patients 
receiving myelosuppressive agents, including radiation, for 
treatment of neoplastic disease 

We thank Dr L K Bustad for advice and the assistance 
of the staffs of the Experimental Animal Farm and the 
Biological Analyses Operation This work was performed 
under contract A7'(45-1)-1350 between the US Atomic 
Energy Commission and the General Electric Co 
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Incorporation of Tritium into Human Plasma , 


Triglycerides from Glucose-I-3H and Lactic Acid- 
23H 


THE importance of TPNH as a specific hydrogen dono: 
m fatty acid synthesis is well known TPNH formed 
during the process of glucose oxidation through the 
pentose phosphate pathway 1s an established precursor 
for such synthesis!, TPNH formed fiom isocitric acid 
oxidation may be another important source? Expe- 
ments done with glucose-1-"H in obese hypeiglycemic 
mice? show a small per cent corporation of tritium, doso 
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into body fatty acids (maximum incorporation obtamed 1s 
2 per cent) Measurement of tritium in body water of 
these mice indicates that 70-80 per cent of the tritium 
contained in the glucose-1-"H can be accounted for m 
body water This low ratio of tritium in fatty acids to 
tritium in body water casts some doubt as to the critical 
need of hydrogen atoms at the 1 position of glucose m 
maintaming fatty acid synthesis This doubt has been 
further substantiated by recent investigations‘ with three 
different pairs of substrates (1) lactic acid-2-°H and lactic 
acid-2-4C, (2) glucose-1-H and glueoso-1-4C, (3) glucose- 
6-*H. and. glucose-6-4C injected mto obese, non-diabetic 
patients Tritium content in body water and carbon-14 
content ın respired carbon dioxide were measured The 
sHOH HCO, ratio in the case of lactic acid has been 
found to 1emain at a level of about 3 1 at all times up to 
2 h, whereas in the case of the other two pairs (2) and (3) 
the same ratio shows a value of about 6 1 at 30 mm, 
gradually decreasing to about 3 1 at 130 mm after 
injection This ıs induect evidence that hydrogen trans- 
feired from the carbon-1 position of glucose has very little 
specificity for 1eductive synthetic reactions compared 
with other metabolic sources of hydrogen 

This communication, dealmg with the extent of mooi- 
poration of tiitium mto human tuglycenides and body 
water fiom glucose-l-?H and lactic acid-2-"H, provides 
moze direct ovidence on the relative efficiency of these two 
Sources as hydrogen donors in fat synthesis on vwo 

The patients, consistmg of lean diabetic, obese mild 
diabetic and obese non-diabetic, were fasted overmght 
The next morning either glucose-1-7H (and glucose-1-"C) 
or lactic acid-2-7H (and lactic acid-2-“C) were mtra- 
venously administered to each of the patients (Carbon-14 
data arc not the point of mterest m this communication 
and not reported hcre ) Blood samplos were drawn at 
different time-intervals The concentration of plasma 
triglyceride and the content of trtum and carbon-14 
both m purified plasma tiglyceride and ın plasma watei 
were determined Separate investigations m the same 
patients with injected tritiated water provided measure- 
ment of the total body wate: The purification of tii- 
glycerides was based on adsorption on floiisil and subse- 
quent selective elution’, followed by further purification 
by thin-layer chromatography? Tiiglyceride was estim- 
ated m terms of observed glycerol content? Tritium in 
plasma water was assayed accordmg to Vaughan and 
Bolmg®, quantitative determmation of tiitium. and car- 
bon-14 was estimated following the method of Okita et al ° 

The triglyceride (TG) level and its specific tritium 
activity as well as the per cent dose of tritium m total body 
wate: (TBW) for different patients are shown in Table 1 
It 1s obvious that higher activity relative to the tritium 
dose ıs found ın TG of patients given pr-lactate-2-°H than 
m. those given glucose-l-9H However, lactic acid m the 
blood 1s metabohzed somewhat faster than glucose as 
indicated by the higher percentage of mjeeted tiitium in 


Table 1 CONTENT Or TRITIUM IN PLASMA TRIGLYCERIDES AND BODY WATER AFTER INTRAVENOTS INJECTION OF GLUCOSE-1-°H OR DL-LACTIO ACID-2-]1 
































Subject | Isotope Triglycerides 1 
| Timeof ' | Percentage 
Patient Age | Sex Wt Condition Cmpd Dose analysis mg/100 ml DPM °H dose ın 
(kg) (DPM x 107) (h) plasma per mg body water , 
FB 47 N 78 insulin-dependent glucosc-1-H 92 2 102 56 ?8 
diabetic 3 102 37 
CP 60 M 65 mild diabetic s 152 2 159 78 43 
. 3 163 5 
EA 40 F 147 obese, non diabetic m 195 2 190 48 66 | 
3 190 3 
JC 30 F 98 obese, non diabetie i 149 2 234 n 56 
GA 52 F 128 obese, non-diabetic ji 185 2 163 63 57 
3 163 8 
cs 58 M 62 mild diabetic DL-lactate-2-H 120 2 181 120 81 
EJ 49 F 87 obese, mild diabetic oe 192 2 48 888 92 
3 48 662 
AA 56 M 98 obese, mild diabetic a 136 2 220 208 78 
AP 30 M 121 obese, non-diabetic s 149 2 112 576 91 
3 112 510 
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Fig 1 Relative incorporation of tritium into plasma tiiglycerides (TG) and, body water 2 h after intravenous injection of different labelled 
components 


the TBW When the ratio of per cent dose m TG (per 
litre of plasma) to per cent dose m TBW is compared, as 
presented m Fig 1, lactic acid-2-°H 1s still seen to be in 
general a more efficient donor of tritium to TG than is 
glucose-l-"H This difference appears to be significant 
only for some obese patients Whether lean and obese 
subjects are really distmngurshable on this basis will 
require further investigation among different metabolic 
types includmg non-obese, non-diabetic The distribu- 
tion of tritium between glycerol and fatty acids of tnr 
glycerides has not been clearly determined In prelumin- 
ary observations we find that with either precursor about 
one-fourth to one-half of the tntium of TG is m fatty 
acids 

In the resting state, lactic acid m the blood 1s utilized to a 
considerable extent (at least 25-50 per cent) by the liver?®, 
where triglycerides of plasma are largely formed Blood 
glucose ean also be utilized appreciably by the liver, that 
1s, up to 50 per cent during glucose infusion! If there 
were proportionately equal hepatic utilization, then it 1s 
not clear how lactic acid-2-°H, which 1s oxidized mainly 
via DPN, could be a better source of hydrogen for tn- 
glyceride fatty acids than glucose-l-?H, the tritium of 
which 1s partly removed by TPN The latter coenzyme 18 
favoured over DPN for reduction of fatty acid inter- 
mediates by purified enzyme preparations!® 

Lowenstem!® observed more incorporation of tritium 
from lactic acid-2-°H than from glucose-1-8H into ti1- 
glyceride fatty acids of rat liver shees Hoe cited various 
possible mechanisms of transfer of hydiogen from lactic 
acid to pyridine nucleotides which could relate to unrecog- 
nized enzyme-coenzyme specificities or DPN~TPN inter- 
conversion Foster and Bloom" confirmed the higher 
total incorporation of tritium from lactic acid-2-H as 
well as glycerol-2-?H compared with glucose-1-*H into 
fatty acids of rat liver slices They also measured the 
conversion to water and noted that relative to the rate at 
which tritium-labelled water was formed from each of the 
3 compounds glucose-1-°H was the most efficient in trans- 
ferrmg tritium to fatty acids The present finding «n vwo 
m human bemgs differs from theirs m that regard Con- 
trary to the popular concept that synthesis of &riglyceride 
fatty acids depends strongly on formation of TPNH from 
glucose via the pentose phosphate pathway, it suggests 
that other sources of hydrogen, such as oxidation of lactic 
acid, may be of equal or greater importance 


This work was supported by the US Atomic Energy 
Commission 
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Effect of lonizing Radiation on Uterine 
Contractility 


Investigations of the effects of ionizing radiation on 
the nervous system and neuromuscular responses reveal a 
greater variation in the degree of radiosensitivity than. 1s 
shown by almost any other mammalian tissue Earher 
observations on macroscopic and histological damage 
occurring only after supra-lethal doses!:? have to be viewed 
in the hght of more recent work on functional changes 
occurring after very low doses and in the absence of 
visible damage? It ıs also strikmg that the greatest 
changes seen with low doses have been demonstrated in 
smooth muscle responses as agamst striated muscle and 
its nerve-muscle preparations Delay in gastric emptying 
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time has been demonstrated with as little as 25 rads', 
and Hug’ has shown that 25 rads will induce alterations nm 
the contraction of nerve muscle preparation set up from 
the leech and the earthworm Whether these last two 
observations are the result of stimulation of muscle or of 
nerve is not clear, and irradiation of muscle alone has 
generally shown considerable resistance to damage* The 
response of smooth muscle to humoral agents such as 
oxytocm can be regarded as & measure of muscle sensi- 
tivity and, if the observations are carried out wm vitro, 
largely unaffected by nerve stimulus 
of uterme muscle to commercial preparations of oxytocm 
has therefore been mvestigated, and a marked increase 1n 
responsiveness demonstrated after muid-lethal doses of 
X-irradiation 

Female albino rats weighmg 150-200 g were used fo: 
the investigation and mamtamed on a standard laboratory 
diet of rat cake and water Each experimental group 
comprised 4 rats, and the animals were killed by a blow 
on. the head and bleeding at a number of different time 
intervals after irradiation The uterme horns were excised 
and their responsiveness to a commercial preparation of 
posterior pituitary assessed (Parke Davis ‘Oxytocin’, 
5 mg/ml ) according to the method of Holten (1948) The 
solution added was used ın a number of dilutions such as to 
give 0 05-5 0 ug of standard material im a constant volume 
of 01 ml In the second part of the investigation, the 
control values were taken from the group tested, half the 
uterus bemg excised 24 h before irradiation and removal of 
the second half The operative removal of the uterme 
horn was carried out under urethane anesthesia (0 5 ml 
of a 20 per cent solution per 100 g body-weight by 
intraperitoneal injection) Whole-body irradiation was 
carried out usmg a Marcom X-ray apparatus (250 kV, 
15 m amp, half-value layer, 2 5 mm copper), the dose rate 
being 350r /mın Dosage was measured with an ionization 
chamber placed mside the body of & wax phantom 
positioned in the centre of the beam A restrainmg device 
used to hold the animals was a modification of one devised 
by K A Pearce of the C.D E, Porton Down, Salisbury, 
and animals used as controls were also placed in the 
restramer for a comparable period, 

750 r was delivered as whole-body irradiation, the 
animals were left to regain consciousness and then killed 
24h later The uterus was excised, one-half used mmedi- 
ately to test the response to posterior pituitary, and the 
other stored at 4? C for 4 days before ıt too was tested 
The results recorded m Fig 1 show that there 1s virtually 
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01 1 10 


Weight of posterior pituitary (ug) 


Fig 1 Response of control and irradiated uterme horns to a standard 
pituitary extract O ——— O, Control, O——O, 750r tested 1mme- 
diately, A—— A, 750r tested after 4 days 
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Fig 2 Response of control and a number of irradiated uterine horns 
tested with a standard pituitary extract at 5 min (6), 1 day (Bi) and 
5 days (A), after 750-r X-rays 


no difference in response between the specmmen tested 
immediately and that stored for 4 days, but that both are 
very much more sensitive than the control sample It 
required 5 times as much extract to initiate the first 
contraction from the control as from the irradiated uterus. 
The persistence of this effect with time was then examined, 
and in Fig 2 ıb can be seen that the magnitude of the 
mcreased sensitivity varies with the time interval between 
irradiation and testmg The greatest merease was found 
at 24 h, and mereases seen at 5 mun and 60 h after 
irradiation are minor and do not affect the response curve 
uniformly 

The increased responsiveness of the uterme muscle is 
therefore considerable and probably lasts as long as 5 
days The possibility that surgery and anesthesia have 
mfluenced the results significantly seems unlikely as the 
two separate control values obtamed are virtually 
identical These were obtained from uteri which were on 
one hand removed fiom killed normal animals and, on 
the other, only after anesthesia and surgical mtervention. 
Any effect exerted by either of these agents, therefore, 
must have been balanced by an equal and opposite effect 
from the other 

However, the magnitude of any pure surgical effect 
must be small, as values obtained 24 h after irradiation are 
similar whether or not they have been preceded 48 h 
earhor by a hemi-uterectomy Hence it seems improbable 
that surgery or anesthesia has significantly influenced 
the results obtained The change m contractility developed 
within mimutes of radiation was very marked after 24 h 
and was present only doubtfully at the end of 5 days. The 
reason for the moereased uterme sensitivity to hormonal 
stimulation might include one or a number of factors such 
as the following a specific change ın the sensitivity of 
the muscle fibre, the production in the muscle of chemical 
substances produemg muscular irritability, the release of 
hormones affecting uterme contractility, or stimulus of 
some part of the nervous system which will secondarily 
affect the uterus The hfe of free radicles produced m the 
tissue by irradiation does not allow of their being respon- 
sible for the change, but ıt 1s quite possible that chemical 
changes ın large molecules might appear later, similarly 
an increase m circulating hormone-levels might occur only 
after an mterval and such substances might then be bound 
withm the uterus at the time of killing 

However, any such substance must be very firmly bound 
in the tissues as soaking for 4 days at 4? C did not reduce 
the sensitivity As previous expermments showed no change 
in sensitivity of a normal unirradiated uterine horn, ib 
seems unlikely that these observations may be explained 
on a humoral basis It seems more probable on the other 
hand that the explanation les m the muscle cell or its 
membrane, where a speerfic change has occurred which 
recovers probably within about 5 days in the live animal, 
but not in tissue stored am vitro at 4° C 
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Role of Photosynthesis in the Light-induced 
Assimilation of Acetate by Chlamydobotrys 


THE green alga Chlamydobotrys (Volvocales) respires 
acetate but is unable to grow aerobically m the dark In 
the hght ıt can grow rapidly with acetate as its sole 
source of carbon! Yet this alga shows a weak capacity 
for photosynthesis The question arises whether the low 
rate of carbon dioxide reduction 1s only a residual ability, 
or whether the photosynthetic process has some significant 
part to play m the mam metabolic pathway of acetate 
assimilation m Chlamydobotrys 

Examination of this problem gave the following results 
Under aerobie conditions m a stream. of carbon dioxido- 
free ar, the removal of carbon dioxide did not change the 
rate of acetate assimiation m the hght at all Under 
anaerobic conditions, in a stream of nitrogen which not 
only removed carbon dioxide but also prevented 1ts form- 
ation by respiration, the light-induced. meorporation of 
acetate stopped But ıt resumed rts normal course when a 
sufficient amount of carbon dioxide was re-mtroduced into 
the anaerobic cell suspension In Table 1 we present a 
typical experiment in which the algae were kept m 1llum- 
mated Warburg flasks under anaerobic or aerobic condi- 
tions, with or without sodium bicarbonate The numbers 
refer to the mciease ın carbohydrate content formed from 


acetate or from carbon dioxide after 1 h of illumimation 
Table 1 EFFECT OF CARBON DIOXIDE ON CARBOHYDRATE FORMATION 
FROM ACETATE IN THR LIGHT 


Increase m y-carbohydrates */mg protem/h 


Carbon source Aerobic Anaerobic 


Acetate 210 51 
Os «1 «1 
Acetate + CO 235 200 


15-20 mg of algae dry weight, suspended in 3 ml of 0 005 M phosphate 
buffer pH 70, 700 ft -candles of white light 

10 umoles NaHCO, partial pressure of CO, = 03-0 4 per cent, 30 umoles 
sodium acetate 

* Carbohydrntes assayed by anthrone reagent (ref 2) 


This and many sumar experments of short duration 
showed that carbon dioxide alone does not support the 
synthesis of carbohydrate m the hght With acetate m 
air, carbon dioxide does not enhance the yield signifi- 
cantly, but anaerobically its presence 1s all-important In 
the anaerobic expermnent without added carbon dioxide 
the synthesis of carbohydrate does not fall lower than 20 
per cent of the control simply because the acetate assimi- 
lation process itself releases a certam amount of carbon 
dioxide The partial pressure of the latter, however, 1s 
too small to brmg the strongly imhibited carbohydrate 
synthesis,up to normal values In growth experiments of 
longer duration and with higher carbon dioxide concen- 
trations, the situation 1s somewhat different, because 
Chlamydobotrys adapts’ itself to a measurable rate of 
carbon dioxide assimilation?:i 

The possibility that without air and carbon dioxide the 
photoass:milation of acetate might switch from carbo- 
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hydrate to fat production 1s excluded, because it 1s the 
very uptake of acetate as recorded by titration which 
stops promptly when both gases are 1eplaced by nitrogen 

What does the beneficial role of carbon dioxide consist 
of? Is xt the catalytic effect which has been discussed 
recently in connexion with chloroplast reactions’-*? Or 
does the assimilation of acetate require a stoichiometric 
coupling with a complete photosynthetic reaction ? If the 
latter were tiue, acetate assimilation should be as sensitive 
to mhibrtors of photosynthesis as photosynthesis itself We 
found that the reaction is sensitive to 3-(3,4-dichloro- 
phenyl)-1,1-dimethylures (DCMU), the most potent 
inhibitor of photosynthetic oxygen evolution But m 
am/ea1 bon dioxide the acetate assimilation was a hundred 
times less sensitive to DCMU than m mtrogen/carbon 
dioxide The strong mhibiíion by this poison under 
anaerobic conditions is not due to a blocked photophos- 
phorylation because the DCMU concentration (1 x 10-9 M)— 
which sufficed to produce this effect—was too low to 1nter- 
fere significantly with photophosphorylation The mh: 
bition disappeared with the mtroduction of some oxygen 
(0 5 per cent oxygen in nitrogen) Since either carbon 
dioxide and light, or oxygen and hght, are needed for the 
synthesis of carbohydrates from acetate, we conclude that 
under anaerobic conditions the algae have to take recouise 
to photosynthesis to obtam some free oxygen or at least 
‘oxidative power’ This may be explamed ın several ways 
Many metabolic reactions in the cell occur only under 
participation of oxidized substratos?!* Thus cyche 
photophosphorylation might depend also on æ well- 
balanced interaction between ieduced and oxidized 
electron carriers 

Our present knowledge of the photoassimilation of 
acetate m Chlamydobotrys pomts to another possibility 
It may well be that ıt ıs the re-oxidation of reduced 
pyridine nucleotide during the conversion of acetate into 
carbohydrates under participation of the glyoxylate 
cycle, which requires oxygen for recychng! According 
to this scheme, acetate 1s transformed to carbohydrates 
and some carbon dioxide, while NAD becomes reduced 
For a while the necessary re-oxidation of NADH, might 
be done by intracellular substances Because of the limited 
amount of such compounds in the cell the main oxidation 
of NADH, under aerobic conditions ought to proceed via 
the respiratory chain and oxygen 

In absence of respiration another system 1s needed One 
would be the enzymatic reduction of carbon dioxide with 
NADH, Such a mechanism does not appear to work m 
green organisms!?!3 and, if present, ought not to be 
sensitive to DCMU In view of the specificity of carbon 
dioxide reduction via photosynthesis m green plants, we 
think 1t-more likely that anaerobically carbon dioxide 
serves as photosynthetic ox:dizmg agent This means 
that not NADH, but NADPH, functions as mbermediate 
in the light reaction“ The resulting oxygen or a 
precursor (‘oxidative power’) ın turn oxidizes the NADH, 
formed during the enzymatic transformation of acetate 
into carbohydrates If it 1s true that the latter depends 
on the re-oxidation of NADH, we can understand why the 
absence of carbon dioxide or the poisomng by DCMU 
must block the acetate uptake under anaerobic conditions 

On the strength of the foregomg experiments we would 
hke to emphasize these pomts (1) An enzymatic reduction 
of carbon dioxide by NADH, durmg the assimilation of 
acetate, which has been recently proposed as a mechanism 
present in green algae", is an unhkely explanation 
(2) Under aerobic conditions photosynthesis 1s of no im- 
portance for the light-mduced assimilation of acetate The 
latter 18 msensitive to DCMU concentrations which stop 
the former (3) The need for photosynthesis under anaerobic 
conditions revoals that m Nature photosynthesis 1s not 
always and exclusively needed for the fixation and reduo- 
tion of carbon dioxide but sometimes also for the produc- 
tion of ‘oxidative power’, and that the use of this ‘oxidative 
power’ 1s not limited to phosphorylation 
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Reversal by Sucrose of the Effects of Indolyl- 
3-acetic Acid on Cation Uptake by Plant Cells 


We have already described! the effects of mdolyl-3- 
acetic acid (LAA) on the uptake of monovalent cations by 
segments of sunflower hypocotyl. These effects were highly 
specific with regard to cation The auxin markedly 
inhibited the uptake of NH,*, while under the same 
conditions K+ uptake was strongly stimulated Na+ 
uptake was not significantly affected The TAA concen- 
tration was such that growth of the segments was pro- 
moted We now wish to report that 1f sucrose 1s added to 
the external medium the IAA effects on cation uptake— 
both mhuibitory and stiumulatory—are largely abolished 

The hypocotyl segments used 1n this investigation were 
1 em long and wore 1emoved at a distance of 1 cm below 
the cotyledonary node of etiolated 6-day-old seedlings of 
Hehanthus annuus L var Jupiter They were washed 
for 7 h m running water, after which 35-segment samples 
(about 1 2 g) were blotted and placed in 5-6 ml phosphate 
buffer (pH 66) Cations were added as mdicated under 
Tables land2 Uptake was allowed to proceed for 16-19 h 
m a lighted thermostat held at 20? C The disappearance 
of K* from the medium was followed by flame photometry, 
and of NH,* by the Conway technique 

The results of a typical experiment where both NH,* 
and K+ were present in the medium are shown m Table 1 
It will be seen. that extra K+ entering the tissue under the 
influence of IAA was reduced from 72 uequv to 37 
yequiv in the presence of 0 05 M sucrose (column 5) At 
the same time the inhibitory effect of IAA on NH,* 
uptake was diminished, the difference between JAA- 
treated and control declmmg from 26 pequiv m the 
absence of sucrose to 0 7 pequiv in its presence (column 7) 

Sucrose did not counteract the stimulatory effect of 
TAA on uptake of K* if the NH,* m the medium was 
replaced by Nat This ıs shown m Table 2 Half the 
samples m this experment were placed ın media contaimmg 
NH,+ and K+, the other half in media in which Nat 
replaced the NH,+ It will be noted again that, when 
NH,* was present, sucrose greatly reduced the size of the 
IAA effect on K* uptake (column 7) Sucrose, however, 
had no effect when Na+ was present mstead of NH,* 
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Table 1 EFFECT OF AUXIN ON K+ AND NH,* UPTAKE BY SEGMENTS OF 
UNFLOWER HYPOCOTYL IN THE PRESENCE AND ABSENCE OF SUOROSE 


1 2 3 4 5 7 
Difference* Difference * 
between between 
K+ uptake NH,* up- 
Sucrose IAA 4H,Ot ined of control BES * take or n 
nd tha uptake o; 
e OD. uptake DR of TAA- ‘ that of IAA- 
treated treated 
0 0 117+01 094500 13201 2 
0 10+ 440408 81208 +72 106408 2g 
5x10 0 140407 11401 487 152-01 -07 
5x103 10 416401 481400 145+01 


* uequiv jg mıtıal fresh weight 

t Expressed as percentage initial fresh weight 

K+ and NH,* were supplied as phosphates in phosphate buffer Concentra- 
tion of K+ and NH,* each 7 x 102 M Phosphate concentration 10-3 M 


Table 2 EFFECT OF SUCROSE ON AUXIN-INDUCED K+ UPTAKE FROM MEDIA 
CONTAINING NH,* AS COMPARED WITH THAT FROM MEDIA CONTAINING NA* 


1 2 8 4 5 6 r oe 
Difference* be- 
tween K* up- 
NH,* p Sioro IA HOt Ei take dL comet 
uptake uptake ani at o! 
wo D QD QD up p that of 
7x10° 0 0 0 54-01 00+00 61 
7x107 0 0 104 282410 61+01 
7x103 0 5x10? 0 48405 0O1+02 35 
7x103 0 5x10 3104 267411 36+01 
0 7x10° 0 0 32-02 42+01 56 
0 7x102 0, 104 280405 98Ł04 
0 7x109 5x10? 0 34+09 4504 BB 
0 7x103 5x10? 104 250-05 100+02 


* uequiv /g initial fresh weight 

+ Expressed as percentagé initial fresh weight 

The cations were supplied as phosphates m phosphate buffer 
centration 7 x 102 M Phosphate concentration 107? M. 


K con- 


The action of sucrose in countermg both the inhibitory 
effect of [AA on NH4* uptake and 1ts stimulatory effect on 
K+ uptake was statistically significant at the P = 001 
level 

In a previous communication? we reported the release of 
NH,* ions by IAA-treated tissue The cause of this 
effect was probably identical with that of the mhibition 
of NH,* uptake discussed here? This release of NH,* was 
also abolished by sucrose? 

Sucrose has been observed*'5 to modify the influence of 
LAA on the growth of pea epicotyl segments It 1s possible 
that there 1s a connexion between this observation and the 
sucrose effect reported here 
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Comparison of the Importance of Insect 
and Wind Pollination of Apple Trees 


Most workers conclude that wind plays httle or no part 
m pollinating fruit trees}? However, the early methods 
used to collect air-borne pollen m orchards were probably 
very inefficient’, and Burchill‘, using a volumetric spore 
trap®, found much apple pollen ın the air of orchards 
contammg Cox’s Orange Pippi and Bramley’s Seedling 
Moreover, although the rapid decreases in fruit set with 
mecrease m distance from pollmizer varieties which 
sometimes occur m fruit orchards?;" were to be expected 
from investigations on bee behaviour®, similar decreases 
occur m wind-pollinated crops?!? The work recorded 
here attempts to determme the relative importance of 
insect, and wind pollmation of apple trees 

The Cox’s Orange Pippin trees used were m the guard 
row of a 4-year-old orchard of 3 rows of Cox’s and 2 rows 


` 
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Table 1. EFFECT OF DIFFERENT TREATMENTS ON THE FRUIT SET OF SMALL COX'S ORANGE PIPPIN TREES ENCLOSED IN CAGES 


A Treatment A B 

Enclosed with: Bees and bouquets Bouquets, 

“Tree: No, H 2 8 4 Mean 1 2 8 
No. of flowers 193 119 101 42 0 

-Percentage of lowers set fruit: à ie ae 

une 2 28 40 31 38 0 0 0 

July 9 26 18 29 17 22 0 0 90 

August 23 13. 5 B EI 12 0 0 0 


uuo Worcester Pearmain (pollinizer variety); a Worcester 
- Pearmain row was adjacent to the guard row. 16 of the 
` treos were enclosed in nylon insect-proof cages (9 ft. x 
_ 9 ft. x 6 ft. high) just before flowering began and were 
divided into 4 treatment groups which were matched 
according to the number of flower buds per tree (Table 1). 
Each treatment A tree was enclosed with a small honeybee 
. eolony and had ‘bouquets’ of Worcester (renewed every 
(..8 days) suspended among its branches; treatment B 
|. trees were enclosed with honey-bee colonies but no 
|| bouquets, treatment C trees were enclosed with bouquets 
- but no bees and treatment D trees were enclosed without 
. bees or bouquets. The honey-bee colonies were fed sugar 
; syrup continuously. 
552 Flowering began on May 15 and had finished by June 1. 
"During. flowering the mean and maximum wind speed 
recorded 5 miles away at Rothamsted Experimental 
_ Station each day ranged from 3 to 11 knots (mean 5-9) 
and 6 to 13 knots (mean. 9:4). 
55. Both bees and bouquets were necessary for any sub- 
| stantial fruit set (Table 1). There is no evidence that wind 
isted pollination. Suspending bouquets of a pollinizer 
iety among the branches of a tree normally facilitates 
ross-pollination*, but it did not do so in cages which 
did not eontain bees, although the cage walls slowed the 
id speed by only about 30 per cent. 
ixtcen trees in the guard row were not caged. All the 
wers on 8 of these trees (mean of 14-9 flowers each; 
go 5 to 38) were emasculated (stamens, petals and 
als removed leaving the stigmas intact); none of these 
owers set fruit. The mean fruit set on the remaining 
. 8 trees (one had 171 flowers, and the rest a mean of 11-9 
"with a range of 5-20) was 14:6 per cent on June 11, 
512-2 per cent on July 9, and 9-0 per cent on August 23. 
<. An adjacent mature 7-acre orchard of 9 apple varieties 
|. had near its centre a row of Cox's Orange Pippin trees 
(approximately 40 years old with a mean spread of 26 ft.) 
. enclosed between a row of Bramley's Seedling to the east 
| and Worcester Pearmain to the west. Four branches 
- (2 facing the Worcester and 2 the Bramley's) were chosen 
on each of 10 Cox trees and, starting from the tip of each 
branch, about 100 flowers were counted and a label tied 
"behind the last one. All the flowers counted on 2 of these 
_ branches (one facing the Worcester and one the Bramley’s) 
on each tree were emasculated. Any flowers on which one 
or more of the stigmas were obviously damaged during 
 emasculation were discarded. Two other Cox trees were 













Table 2, Erect OF EMASCULATINGO APPLE FLOWERS ON FRUIT SET 
Branches yim emasculated Branches with normal 


lowers lowers 
Adjacent to Adjacent to Adjacentto Adjacent to 
Worcester Bramley Worcester Bramley 
Trees 1-10 
Mean No. of 
flowers per 
: branch 
‘Mean. percentage 
oof flowers set fruit 


oo daly 9 

o> August 23 
Trees 11-12 * 
; Mean No. of 
121 





13-6 
11-6 
6-6 
inated, 
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c D ' 
no bees Bees, no bouquets No bees, no bouquets 
4 Mean 2 8 4 Mean 1 2 38 4 Mean 
41 104 228 94 87 45 114 160 122 70 01 100 
0 0 012 0 0 3 1 0 0 0 02 
9 0 0 0 0 O0 0 1 0 0 9 02 
0 0 0 0 0 O0 0 0 0 0 0 oo 


treated similarly except that the emasculated flowers 
were hand-pollinated with Worcester pollen. * 

Differences in the compatibility and nearness of 
Worcester and Bramley pollen could explain why the fruit 
set of normal Cox's flowers was greater on branches 
adjacent to the Worcester than adjacent to the Bramley 
trees (Table 2), but I cannot explain why emasculated 
flowers that were hand-pollinated also had a greater set 
on their sides facing the Worcester. 

Emasculated flowers that were not hand-pollinated 
rarely set fruit (Table 2) and much less than flowers not 
emasculated (P<0-001 for each date) Flowers attract 
bees by their odours and colour", so the emasculated 
flowers were probably visited less than ordinary flowers 
by bees. This was probably especially so during the 
present experiments in which bad weather greatly. cur- 
tailed the time suitable for foraging during flowering. `. 
However, the stigmas of emasculated flowers are as likely, - 
or more s0?, to receive air-borne pollen than the stigmas — 
of flowers not emasculated. Therefore, the small set of 
emasculated flowers confirms that apple flowers are | 
normally insect-pollinated, but provides ‘no evidence of . 
wind pollination. EM 

I thank Mr. S. R. G. Downs, of the Hertfordshire - 
Institute of Agriculture, for the facilities to do this work. . 


J. B. Faee 
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Mesocoty! Development in Russian Wild. der 
Ryegrass and its Effect on Survival of Shoot 
Apices 


IN the management of grass for seed production the 
question that often arises is whether or not to remove the | 
aftermath. In Russian wild ryegrass, Elymus. junceua 
Fisch., early spring burning increased yields of seed in 
some instances! With other grasses, workers have ob- 
tained inereased seed yields by fall burning of residues 
and attribute the increases to control of injurious insects 
and diseases’-*. Accumulation of plant residue had no 
apparent influence on the seed yield of tall fescue and. 
orchard grass*. However, the seed yield of Kentucky blue. - 
grass is related to the degree of leaf defoliation, the smaller - 
the amount removed the greater the production of seod 
the following season’. 

In a replicated field trial with Russian wild ryegrass we 
have found that substantial increases in seed yield followed 
removal of aftermath forage by grazing. In the final year 
of this test, investigations were conducted on individual. 
plants to determine the effect of grazing on morphological 
development. Tillers taken at random from grazed and 
ungrazed plants in April 1963, shortly after the start 
spring growth, were dissected and examined 
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stereoscopic microscope. A large percentage of frost- 
damaged apices were observed in ungrazed plants while 
none was found in plants which had been grazed. The 
damaged apices appeared to be in an advanced stage of 
floral development although they lacked the structural 
definition of healthy growing points. A distinct brown 
ring was apparent at the crown of frozen apices while 
immature leaves proximate to the frosted apices were dis- 
coloured. Counts were made on sufficient tillers collected 
at random to show conclusively that higher seed yields 
from grazed plants could be attributed to the increased 
survival of shoot apices. 

A record was kept of mesocotyl development as it 
related to various tillers at the time of dissection. Measure- 
ment of mesocotyls on samples from ungrazed plots 
showed an average length of 45 mm, whereas tillers 
from grazed plants had an average mesocotyl-length of 
10 mm. Frost-damaged apices generally occurred in 
tillers with mesocotyls in excess of 40 mm in length. 

An examination of cross-sections through plant rows 
(Fig. 1) showed that the shoot apices of ungrazod plants 
were elevated by the extensive mesocotyl growth to above- 
ground level where they became susceptible to frost 
damage in the winter or early spring. Apices in grazed 
plants were usually situated below the ground surface 
and were protected and unharmed. ‘The pronounced 
development of mesocotyls was associated with the build- 
up of leaf and stem material in the ungrazed rows, and is 
likely & response to low light intensity at the crown of the 
plants. 


AM 


"SA. 


“25 NOT GRAZED 


Fig. 1 


to ground-level 
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Cross-sections and individual plants of grazed and ungrazed Russian wild rye- 
grass showing extent of mesocotyl development and location of shoot apices in relation 
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To our knowledge this is the first report of increased 
seod yields being attributed to the prevention of mesocotyl 
development and hence prevention of frost damage to the 
growing points. 

T. LAWRENCE 
R. ASHFORD 
Experimental Farm, 
Research Branch, 
Canada Department of Agriculture, 
Swift Current, Saskatchewan. 
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A Field’s Capacity to support a Butterfly 
Population 

THE controversy among ecologists on ‘density depend- 
ence’ swelled out of all proportion due to differences 
among authors in the meaning and use of such words as 
‘carrying capacity’, ‘competition’ and ‘density’. Beneath 
these unimportant disagreements, however, there lies at 
least one fundamental question which has seldom been 
investigated: Does an area have for a 
species of organism a carrying capacity 
with the property that the population 
decreases when it exceeds the carrying 
capacity and increases when it is less ? Few 
doubt that each area has such a carrying 
capacity in theory, but there is little evi- 
dence that the carrying capacity is ever 
reached or has much bearing on the actual 
size of population. Rather, as Andrewartha 
and Birch! have claimed, it is often more 
useful to ask how recently the population 
met a catastrophe, to what level it was re- 
duced, and at what rate it is able to recover 
toward the theoretical carrying capacity 
until it is overtaken by the next catastrophe. 
(Smith?, on the other hand, was able to 
detect evidence of a carrying capacity in 
Andrewartha’s data, but even so it was 
rather poorly correlated with the actual 
population.) When extra vertebrates are 
stocked into an area their population quickly 
falls to the pre-stocked level*, Thus ecolo- 
gists have long known that areas reached 
their carrying capacity in so far as verte- 
brate populations are concerned; the real 
question is whether the same is true with 
respect to invertebrates. It is the purpose of 
this communication to describe some experi- 
ments which not only demonstrate the exis- 
tence of a carrying capacity for the checker- 
spot, Melitaea harrisii, but also to show, in 
general, what determines this carrying 
capacity. 

Melitaea harrisii is a nymphalid butterfly 
the larva of which, in the New England area 
where this work was conducted, feed exclu- 
sively on Aster umbellatus Mill. Eggs are 
laid in July, the larve feed through the 
third instar, pass the winter in that stage, 
and complete their feeding and develop- 
ment the following June. The adults 
emerge in July. This butterfly lives associ- 
ated with asters in old fields in appropriate 
stages of succession. The fields, scattered 
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Table r Couns or Jsorepuate IN DIFFERENT DEVELOPMENTAL STAGES 
: IN AND NEAR THE CENSUS AREA 


No.ofautumn Egg 































































Bethe Adults Autumn larve per larva r Me acent 
 Aarve- larve following spring per field adjacent 
1956 -— 24 11,400 23 0 
1067 0 — — 14200 418 — 0 
1958 — 84 — — — — 0 
1959 34 19 8,600 261 23 0 
m 29 8,000 384 lou 0 
E 22 "n 800 257 0-66 0 
E (stocked with 19,800 20,600 
oo subumn larve) (total 
1962 400 = 0-09 >10 
1963000 — 1,800 — 3-0 0 


throughout a heavily forested area, represent a patchy en- 
vironment; consequently, the butterfly oceurs in fairly 
isolated populations. ‘Because of the partial isolation of 
populations, the restricted larval feeding habits, the habit 
of the females of laying eggs in batches of about 200, and 
the gregarious web-spinning behaviour of the young larve 
‘it has been possible to maintain a fairly accurate census of 
| the local populations in the town of East Bluehill, Maine. 

‘Such a census was conducted during the years 1956-63 
; inclusive‘. 

The results of the observations are summarized in Table 
de "The general decline in population from 1956 to 1961 
was associated with the trend in succession of the old 
field which was becoming, progressively less suitable. On 
the basis of this trend it was estimated in 1961 that the 
butterfly population would drop to zero by 1963. 

“In autumn of 1961, the field was stocked with an 

ditional 19,800 larva representing a 25-fold increase 
over the 800 larve already present. Remarkably enough, 

‘their survival over the winter, as indicated in the fifth 
lumn, was not less than in previous years; in fact, 
; was somewhat greater, Thus 80 larve were present in 
he spring following the stocking, in contrast to the fewer 
than 20 which would have been expected in the absence 
'stocking; however, thé adults in 1962, at least, five-fold 
‘more common than they might have been i in the absence 
of stocking, laid only 0-09 egg masses per adult in the 
field instead of a typical figure of about 0-66-3-0. Why 
did these adults lay so few eggs in the field? A clue to 
the answer is seen in the last column, which indicates that 
in this year alone a substantial number of eggs were laid on 
‘the asters along the roadside leading out of the forested 
"area in which the field was located. In any event, the 
umber of autumn larvæ in 1962, one year following the 
stocking, fell to 400, which is about what it would have 
been had there been no new larve introduced. 

. Although this completes the aecount of the field for 
which the eensus data are tabulated, two more general 
pointa can. be made. First, all the egg masses. for 
stocking of the census area in 1961 were taken from three 
‘fields that are 1-2 miles distant in the unforested environs 
of the village. Yet in 1962 these three fields had recon- 
- stituted approximately their normal numbers of Melitaea. 

Tn fact, counts of egg masses in 1958 in these three 
fields were 22, I, 1, respectively, while the same three 
fields in 1962 had 18, 8, 9, respectively. (These fields 
are kept in fairly uniform habitat by yearly mowing or 
grazing.) This result, too, is consistent with the hypo- 

thesis that the main density dependent regulation of the 
population within a field takes place by dispersion of 
adults to and from the field. 

Tt is an unfortunate fact that the weather in the summer 
-of 1962 was the least suitable for butterflies of any of 
“the years in which counts were made. There were only 
three days of sun during July and two sunny days during 
he first three weeks of August. Thus, within the town, 
elds which had 21,000 autumn larve in 1958 had only 
10,200 in 1962; however, in these fields the number of 





‘overstocked field the eggs were reduced to about 


of the reduction: 
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eggs was depressed to 50 per cent of normal, while in . 
tof normal. Hence, the bad weather can account. . 
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Thus Melitaea harrisii populations within a. 1 field seem. 
to be governed by a carrying capacity of the field and 
quickly return to that level when additional individuals 
are stocked. Emigration occurs before larval food. or 
oviposition sites become inadequate, The main density 
dependent factor operating within a separate field is 
not local mortality but emigration. E 
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A Potassium Relationship between Soil 
Solution and Cacao Bark 


IN a number of areas, particularly in Trinidad, numerous: 
field trials have been carried out to determine the effects of 
fertilizers, shade and spacing on cacao yield and nutrient | 
uptake!-*. Little attention has been directed to the effeots 
o the soil or on correlations between the nutrient stati 1 of. 
the soil and nutrient uptake. 

In view of the re-awakened interest in the nutrition d 
status of the soil solution based on physical-chemical | 
considerations’ an investigation was made on plots from a 
well-established 25 factorial shade, spacing and fertilizer. 
experiment’. In this work the cacao was close spaced 
(8 ft. x 8 ft.) with 36 trees per plot. Shade was provided 
by Immortelle trees (Erythrina poeppigiana). There were: 
two replications. The fertilizers were sulphate of ammonia, 
triple super-phosphate and muriate of potash appli 
450, 150 and 300 Ib.. respectively. per acre pe: 
giving total applications, respectively, of 5 363 lb., 4 
lb. 3,972 lb., since 1949 when the experiment: | 1 
During the experimental period here considered, August 
1959-September 1960. split applications were made on. 
September 8, 1959, and May 5, 1960. Soil (1 in.-4 in. and 
4 in.-7 in. depths), leaf litter. cacao bark and leaf samples 
were taken every six weeks during the 14 month experi- 
mental period (which included part of the wet season of. 
1959 and 1960 and the dry season of 1960) from each of the 
plots, taking composite plant samples from four trees in a 
square and soil samples from the mid-point between these . 
trees. Trees in a similar plot position were sampled on the 
same occasion choosing a different group of four trees on 
successive sampling occasions. The soil solutions were 
extracted from the soil samples and analysed for: potas: 
sium, calcium and magnesium’. 

Bark and leaf samples were analysed for potassium, 
calcium, magnesium, nitrogen and phosphorus. by pro | 
cedures described elsewhere!*. e$ 

Since the composition of the soil solution and P 
material varied considerably over the experimental 
and since the time taken for the effect of the variations in 
the composition of the soil solution to be reflected in the 
nutrient composition of the plant is not known. mean 
values were taken of concentrations of potassium. calcium 
and magnesium in the soil solution (m.mole/L.) and in the 
leaf and bark (m.equiv. per cent) of the 10 sampling 
occasions. of depths and of replicates. Samples of leaves, .. 
which were only available during the wet season, were 
taken on 6 occasions from one replicate and on 5 occasions. 
from the other. Soil solution compositions were expressed. - 
by the term pK — łp(Ca + Mg) (negative logarithm of | 
np ratio), plant values were expressed as log | 

— Mog[Ca + Mg]. Previous work has sugg 
Ve of such values to ie aia: the poles 
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Fig.i. Values of pK — }p(Ca + Mg) in soil solutions from cacao plots under different 


fertilizer treatments 


status and it has been shown that the soil valuo, 
pK — ip(Ca + Mg), is a dependent on other soil potassium 
;values!?, 
^VFig. [shows the effect of various fertilizer treatments 
and shade (S) on the soil value. It can be seen that the 
increases in values due to fertilizer treatments fall into the 
same order in the presence or absence of shade. Shade 
lowers the potassium intensity status of potassium fer- 
tilized plots but has little effect on nitrogen and phos- 
«phorus fertilized plots. Under shade the calcium and 
magnesium levels of the soil solutions were significantly 
higher while that of potassium was significantly lower than 
;4n the absence of shade. Both these changes would 
‘make values of pK — 4p(Ca + Mg), under shaded con- 
ditions, higher than in its absence. Since the effects of 
. nitrogen and phosphorus fertilizers on the nutritional status 


of the soil solution were not significantly altered by the 


| presence of shade, values of pK — }p(Ca + Mg) in the 
nitrogen and phosphorus fertilized plots would not be 





influenced by the presence of shade. 





-> In the case of the plant samples there was no correlation 
< between values of log K — Hog [Ca + Mg] in the leaf and 
. values of pK — ip(Ca + Mg) in the soil solution (r = 
(00:449), but Fig. 2 shows that there was a very good 
correlation for the bark samples. A slightly better correla- 
_ tion coefficient (r = — 0-882***) was obtained for the 


soil values versus bark potassium. The correlation between 


soil solution pK values and bark potassium values was also 
highly significant (r = — 0-836***). This is to be expec- 
ted since it has been shown that for this soil the 
$p(Ca + Mg) component of pK — }p(Ca + Mg) is a minor 
correcting term’. This correlation between soil solution 
potassium and bark potassium is of particular importance 
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Fig. 2. A potassium relationship Between soil solution and caeao bark. 
oO, Uushaded: @, shaded. r = —O-867***;y = 0827-0331 (x ~ 2-185) 
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approximately 95 per cent relative humidity (1-3 mm 


—in nutritional investigations of cacao since — 
it demonstrates that it is the bark and not 
the leaf which reflects the soil potassium . 
intensity status. p E 
Yield responses to potassium fertilizers for < 
this soil are generally small and variable so 
that it has not been possible to correlate = 
potassium uptake by the tree with yield. It — 
is of interest to note that the lack of potas- > 
sium responses occurs when the pK o = 
ip(Ca + Mg) value is as high as 2-83 whereas ^ 
preliminary work with bananas shows potas- = 
sium responses, when the ratio is about 23. 
This is in agreement with other information 
on these crops which shows that bananas > 
have a much higher potash requirement than __ 
cacao. 
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Research, 30 (Imperial College of Tropical Agriculture, Trinidad, 1957), 
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Seta Formation in Colletotrichum spp. 

Tue production of sete during the formation of the 
acervulus in the genus Colletotrichum has for some time .. 
been regarded as of doubtful value in distinguishing | 
between the genera Colletotrichum and Gloeosporium. >. : 
Schilling! suggested that an investigation into the factors. 
affecting seta produetion would help greatly in the solu- 
tion of these taxonomic difficulties. The results presented. 
here are part of a study of the whole process of asexual: : 
sporulation in Colletotrichum linicola Pethybr. and Laff., 
the causal organism of seedling blight of flax, both on the: 
host plant and in pure culture. us 

Experiments were made with flax seedlings grown in. - 
sterile culture at different levels of atmospheric humidity, . 
water evaporation from the culture vessels being prevented 
by means of a wax seal. Sporulation of C. linicola on. the 
seedling hypocotyls occurred only at 85-100 per cent 
relative humidity (3-5-0 mm mercury vapour pressure 
deficit). The exact: value of the lowest atmospheric | 
humidity permitting sporulation has not been determined. 
This appeared to depend on the available water content 
of the substratum, that is, the flax hypocotyl, the basal 
regions of the hypocotyl drying out less rapidly after 
death of the seedling than the upper regions. Sporulation’ 
at the top of the hypocotyl ceased at approximately 92 
per cent relative humidity (1-8 mm mercury vapour 
pressure deficit), whereas sporulation at its base did not 
cease until approximately 85 per cent relative humidity 
(3-5 mm mercury vapour pressure deficit) was reached. . * 

Apart from its limiting effect on sporulation, atmo- 
spheric humidity has definite morphogenetic effects. At 
near-saturated humidities acervuli were produced on the 
host plant without sets (Fig. 1). At lower humidities of 





















mercury vapour pressure deficit) acervuli with several 
sete were formed (Fig. 2). Seta appeared to develop only 
in response to a certain water vapour pressure deficit of 
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Fig. 1. Acervulus consisting of conidia, conidiophores and aerial hyphe 
(98-100 per cent relative humidity) ( x 600) 


the atmosphere. The exact limits of this deficit are not 
known. 

This morphogenetic effect of atmospheric humidity 
could also be demonstrated by growing the fungus in pure 
culture on agar media. Cultures grown in closed Petri 
dishes under saturated atmospheric conditions produced 
abundant aerial mycelium with acervuli on the surface of 
the agar, but no setze were formed. When the atmospheric 
humidity was lowered by removing the Petri dish lids in a 
laboratory atmosphere of approximately 40 per cent 
relative humidity, aerial mycelium ceased to be formed, 
acervuli were more abundant and produced numerous 
dark, tapering sete. That this was not due to the altera- 
tion of other environmental factors was shown by experi- 
ments performed in humidity chambers where these factors 
were controlled. 

Apart from the single isolate of C. linicola obtained 
from flax seed grown in Northern Ireland with whieh most 
of these investigations were carried out, the effect of 
humidity on seta production has also been demonstrated 
with four isolates from East Germany, two isolates from 
Czechoslovakia and 40 isolates obtained from flax seed 
grown in Poland. Some of these cultures differed con- 
siderably in their cultural morphology and in the degree of 





2. Acervulus consisting of conidia, conidiophores and dark-brown 
bie: solus (04-06 per cent relative humidity) ( x 500) 
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their response; but all showed the same response to” 
humidity as the Irish isolate. 

This effect of humidity on seta production is of some 
significance with regard to the distinction between the 
genera Colletotrichum and Gloeosporium. In the past these 
two genera were distinguished by the presence of set» in 
the acervuli of the genus Colletotrichum and their absence 
in the genus Gloeosporium. This separation has frequently 
been criticized owing to the apparent variability of seta 
production. Arx* regarded the genus Gloeosporium as 
being heterogeneous and transferred its species to 48 other 
genera including Colletotrichum. The genus Colletotrichum 
as defined by Arx? may or may not produce sete. The 
effect of humidity on the production of sete may account 
for much of the apparent variability in seta production. 
The extent to which this effect of humidity occurs in other 
species of Colletotrichum has not yet been fully investi- 
gated. It has been found, however, that three isolates of 
Colletotrichum atramentarium (Berk. and Br.) Taub., which 
differ in their selerotial morphology, all showed the same 
response to humidity as C. linicola. Saceas* observed 
acervuli of the Gloeosporium type on the leaves and 
branches of diseased Hevea sp. in rainy periods, while 
acervuli of the Colletotrichum type were produced in less 
rainy periods, isolates from both types of acervulus being 
identified in culture as Colletotrichum gi ioù 
Penz. This would agree with the present findings. 

These results suggest that this effect of humidity on the 
formation of setæ may be of widespread occurrence in the 
genus Colletotrichum. 

R. R. Frost 


Department of Cryptogamic Botany, 
University of Manchester. 
! Schilling, E., Faaerforschung, ii, 2, 87 (1922). 
* Arx, J. A., Verh. Akad, Wet, Amst., Ser. 2, 51, 3, 153 (1967). 
? Arx, J. A., Phytopath. Z., 29, 4, 413 (1957). 
* Saccas, A. M., Agron, trop. París, 14, 409 (1959) (Abstr., Rev. Appl. Mycol.. 
39, 191 (1960). 


Modification of a Malaria Parasite 
(Plasmodium berghei) following Passage 
through Tissue Culture 


Tue Kasapa strain of Plasmodium berghei, which 
normally kills mice within three weeks of infection, has 
been modified by serial passage through tissue culture so 
that 80 per cent of mice infected with it recover and are 
immune to reinfection with the culture and parent strains. 

Small pieces of parasitized rat bone marrow and liver 
were explanted into Porter flasks and cultured in a medium 
containing eight parts of Earle’s balanced salt solution to 
two parts of lamb serum plus an indicator (phenol red) 
and 50 units/ml. of a penicillin-streptomycin mixture. 
After incubation for 48 h, material from these cultures 
was injected into uninfected young rats. When the 
parasitemia reached the 5-10 per cent level, these were 
used to seed further cultures. The only forms of Plasmodium 
observed in the cultures after 24 h incubation, or longer, 
were mature segmenters and merozoites; apparently 
some of the parasites were able to complete one sehizogonie 
cycle, or some merozoites present in the initial inoculum 
were able to survive the in vitro conditions and develop 
through schizogony. Initially about one-half of the Porter 
flasks contained infective material after 24 h, and very 
few after 48 h. After four transfers, from animal to culture, 
culture to animal, seven out of ten flasks contained viable 
parasites after 48 h incubation. These results would 
indieate that adaptation or selection must have taken 
place in culture. 

Inoculation of culture parasites produced normal infec- 
tion in rats. Parasite morphology and host cell preference 
appeared unchanged. In mice, striking changes were 
observed after a number of transfers. Peak parasitemias 
were reached appreciably later, up to three weeks, and 
peaks obtained became progressively lower, starting at 
































10 per cent and dropping to 45 per cent after six transfers 
.High parasitemia was often maintained for three weeks 





During this interval massive monoocytosis developed; 


many of the ‘monocytes contained masses of malarial 
pigment, and red blood cell lysis, usually observed at this 
stage of Plasmodium berghei infections in mice, which is 
at least partially responsible for the progressive over- 
whelming anemia which is such a striking feature of this 
infection, was absent. In many of these mice a stippling, 
somewhat like that characteristic of P. vivax, could be 
observed in uninfected as well as in parasitized cells. After 
this lengthy period of high parasitemia, and a total 
patent period of 6-7 weeks, the mice either succumbed or 
made a rapid and complete recovery. Recovery seemed to 
depend on the resources of the individual mouse. If the 
hemopoietic tissue were exhausted, the mouse would die 
in spite of a rather rapid drop in parasitemia; if hæmo- 
poietic activity were sufficient to elaborate a now supply of 
red blood cells, the mouse recovered. After the third 
transfer from culture, 25 per cent of the mice survived the 
infeetion, and after the sixth passage through culture, 
80 per eent recovered. 

The surviving mice were immune to reinfection with 
the cultured strain and to two strains related to the parent 
Strain. This appears to be a case of true immunity rather 
than one of premunition (protection dependent on latent 
infection), since mice injected with blood or cell suspensions 
of livér, bone marrow, and spleen of immune mice failod 
to become infected. Protection is absolute up to about 
Six weeks after recovery. After six weeks challenge 
infections exhibit a patent period rarely longer than five 
days and result in low peripheral blood parasitemia, 
rarely exceeding infection of 0-5 of 1 per cent of the red 
blood cells. This degree of immunity persists for at least 
eight months. 

Many of the infected red blood cells and some uninfected 
cells of immune mice show the characteristic stippling 
already  deseribed. Another striking feature of the 
infection in immune mice is that 7-8 merozoites are pro- 
duced in mature peripheral blood segmenters, whereas 
this strain in non-immune mice usually has 14-16 
: merozoites. In immune mice this strain develops only in 
reticulocytes whereas in initial infections of non-immune 
mice, development during the first six days of the patent 
“period occurs in the mature red blood cells and later in 
the reticulocytes. 
..,;Qur observations of the immune reaction in mice agree 
^, Substantially with those described by Corradetti et al. 

rin rats following spontaneous recovery from P. berghei 
infection. 

All the changes observed, monocytosis, active phago- 
cytosis, lack of autolysins, stippling of cells, are changes 





| ^in host reaction. The parasite now evokes a response, of 


which it was previously incapable, in the mouse. A change 
in host response would presuppose a change in some 
antigenic character of the parasite. Recently. Damian? 
proposed a theory that during the course of evolution 
many parasites have come to possess antigenie determ- 
inants which are identical or closely mimic those of the 
host. Such ‘eclipsed’ antigens have been demonstrated in 
some helminths and in some bacteria®-§. The lack of 
demonstrable protective antibody in malaria infections, 
despite a rise in globulin, and the demonstration of specific 
antibody by fluorescent antibody techniques, together 
with the formation of autolysins*-°, may indicate that 
Plasmodium too has antigenie groups closely mimicking 
-host components or selfmarkers. It is conceivable that 
Plasmodium. is antigenically heterogenous, and that 
different determinants may come to expression in different 
hosts or in different media. Action of opsonins naturally 
contained in the lamb serum used in the experiments 
described here may have eliminated the types which bear 
antigenie groups most nearly mimicking mouse self- 
markers, while allowing those most easily recognized by 
the mouse to persist and develop, thus enabling the mouse 
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“to respond with an effective immune response. Such 


heterogenicity of antigenic types has been described for 


-& number of the trypanosomes!*, and may well be a 


much more common phenomenon than has hitherto been 
suspected. Such a mechanism may determine virulence. 
as well as the ability or the failure to adapt to a new host 
and also partially explain the failure of many. protozoan. a 
infections to produce solid immunity. mu 

This work was supported by U.S. National Institutés 
of Health grant E PD-192,060. 
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Tail Rot in Fish 


TAr rot is a common disease of fish now believed to be 
caused by motile Gram-negative bacteria!-*. The identity 
of such bacteria has not so far been precisely determined, 
The purpose of this communication is to describe the 
isolation and identification of the organism responsible. : 
for an outbreak of the disease in Buenos Aires. 

A number of goldfish (Carassius auratus L.) showing 
typical symptoms of the disease were received in the 
laboratory. All these fish showed rotting of the caudal 
fin characteristic of the disease. The individual animals 
were caught in a small net and the tail was carefully 
cleansed with Lugol’s iodine. A small portion of diseased 
fin tissue was afterwards removed by means of sterile 
scissors and emulsified in sterile frog Ringer solution 
containing a number of small glass beads. From this 
emulsion were prepared smears and  hanging-drop 
preparations. The presence of numerous motile Gram- 
negative rods was confirmed by microscopical examination. 

Following this, a loopful of the emulsion was streaked 
on to a number of glucose agar plates, which were 
incubated at 22? C. On examination it was seen that three. 
distinet types of organisms were present and from these 
growths pure cultures were prepared. The first two 
organisms were identified as Rhodotorula glutinis and 
Sarcina sp. respectively. The third organism was present 
in very large numbers, and typical symptoms of tail rot 
were reproduced in healthy fish following the intra- 


CHARACTERISTICS OF THE BACTERIUM ISOLATED FROM AN OUT- 
BREAK OF TAIL ROT IN GOLDFISH. 


Medium Reaction 


Glucose agar plate Round with entire edge, moist, 
os glistening, colourless to white, 


Table 1, 


translucent 
Gelatin stab Rapid liquefaction 
Koser citrate medium Negative 
Indole production Positive 
Glucose peptone water Acid only 
Maltose ,, " Acid only 
Lactose ,, a Negative 
Suerose — ,, A Acid only 
Mannitol ,, is Acid only 
Salicin sy ax Negative 
Rhamnose ,, is Negative 
Dulcitol  ,, p "Negative 
Acetyl methyl carbinol Negative 
2.8-Butanediol Negative 
Starch hydrolysis Positive 
Cytochrome. oxidase Positive 
Gram- : — Negative = : 
Motility Positive by one polar fagellum 
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PRECISION 
POTENTIOMETERS 


The Cambridge Microstep and Vernier Potentiometers have been designed for work of 
very high precision. They differ mainly in their respective powers of discrimination which 
are: one part in 20 million for the Microstep and one part in 190,000 for the Vernier. 
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THE CAMBRIDGE MICROSTEP POTENTIOMETER 

Range: 2 volts (one range covered by 4 dials. Steps=0.1 LV over whole range). 
Discrimination: One part in 2 x 10’. 

Accuracy : Better than + 0.001% on first dial. 

Smallest Direct Reading : 0.1 LV. 

Temperature compensation for standard cell from 10°C to 35°C. 


Instrument is constructed in the form of a double potentiometer, 
but requires only one galvanometer. 





THE CAMBRIDGE VERNIER POTENTIOMETER 

Ranges (3): 1.9V in steps of 10 PV: 0.19V in steps of 1.0 LV: 0.019V in steps of 0.1 BV. 
Discrimination: One part in 19 x 10%. 

Accuracy : +0.001% at maximum reading on 1.9V range. 

Inter-range accuracy : 0.001%. 

Smallest Direct Reading: 0.1 LV (on 0.019V. range). 

Temperature compensation for standard cell from 10°C to 40°C. 

Standardisation at any stage of a test without disturbing the main dials or switches. 


Write for List 295N. For future publications, ask for Mailing Form N/2/64. 


CAMBRIDGE INSTRUMENT COMPANY LIMITED 
13 Grosvenor Place, London, S.W.1 Wo 9604 
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Professor J. N, Davidson discussing the RadiRac 
Robert H. Hudson in the new biochemistry building. Glasgow University. 





LKB in Britain 


Everyone who works in biochemical and biological research has heard of the instruments 
manufactured by LKB Produkter AB. The new British Company — LKB INSTRUMENTS LTD- 
is now responsible for stocking. distributing, installing and servicing LKB Instruments in Britain. 


Tha new Company is staffed by a team of experienced British specialists, all 
trained in LKB instrumentation methods at the LKB International HQ in Stockholm. 


Robert H. Hudson, General Manager, is à University man with a background in medical 
research, who has a sincere interest in promoting the spread of new research techniques. 


Norma Reid is a gifted technologist who has helped-to train scientists visiting 
LKB in Sweden in the delicate arts of ultramicrotomy. 


Robert Taylor, the Swedish-trained laboratory instruments service engineer, 
is available for all LKB Instrument users. 


John Mills, London Manager, is responsible for keeping the administrative 
wheels of the organisation running speedily and smoothly. 


Please write for General Catalogue No. 1031N1. 


LKB INSTRUMENTS LTD 


Qo * "NATURE February 15, 1964 





LKB have now formed a British Company to provide a complete 
scientific and technical service for LKB Instruments in Britain 


A subsidiary of 
LKB HOUSE ` 137 ANERLEY ROAD ' LONDON SE20 TE 


Telephone: SYDenham 5677 * Telegrams: "Ultratel" London SE20 STOCKHOLM 12, SWEDEN 
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peritoneal injection of a dilute suspension. The principal 
- -gharacteristics of the bacterium are illustrated in Table 1. 
s Culturés of the organism were afterwards identified as 

n “Aeromonas (or Pseudomonas) formicans*5 and a type 

_ -culture is maintained in the National Collection of Marine 

Bacteria. (U.K.) as N.C.M.B. No. 882. 
tvodo thank Dr. S. F. Snieszko (Eastern Fish Disease 
. Laboratory, U.S.A.) and Dr. J. M. Shewan (Torry 
"Research Station, U.K.) for having checked the identifica- 
|. tion of the bacterium, and also for their advice. 

; D. A. Conroy 

Instituto de Biologia Marina, 
Universidades Nacionales de Buenos Aires, 
Mar del Plata, 
Argentina. 
* Davis, H. S., Quis and Disease of Game Fishes, third ed, (University 
of California Press, Berkeley and Los Angeles, 1961). 


"Lager, K. F., Freshwater Fis Biology, second ed. (Wm. C. B Co., 
x ubuque, 1901). Mee » f A cu 


*Sniessko, B, F., Trans. Amer. Fish. Soc., 88, 318 (1953). 
, *Snieszko, S. F. (personal communication, 1963). 
*Shewan, J. M. (personal communication, 1962). 





Origin of the Triassic Dicynodonts (Reptilia: 
Synapsida) 

s ‘So far, workers on the Triassic dieynodonts!'-? have not 
been able to indicate how this group originated. However. 
Camp? has enumerated twelve characters which he thought 
V would be present in their ancestor. Eleven of these 
haraeters are found in the Eo-triassie genus Lystrosaurus*. 
e twelfth, concerning the presence of a cleithral groove, 
has. been shown’ to be not significant. The so-called 
 eleithral grooves found on the scapula of Triassic 
qoimodonte can be better interpreted as pre-spinous 
; fossm. 
7o Recently a new Lower Middle Triassic dicynodont fauna 
3 been described from China*^. At least one species of 
this fauna has an interclaviole very similar to that of 
- Lystrosaurus®*. 

‘In Permian dicynodonts, for example Kingoria®, the 
- interclavicle is a flat T-shaped bone. It has a single contact 
with the sternum and seems to have lain almost. hori- 
zontally. 
In. Lystrosaurus! it is a shorter, X-shaped bone with 
two points of contact with the sternum and seems to have 
been orientated at a considerable angle to the horizontal. 
Tt has in addition a strong ventral peg and keel. 
 Interelavieles similar to that of Lystrosaurus are 
known. in Dinedontosaurus  olivierai'"! from South 
America and Dicynodon njalilus!? from the Middle Trias of 
Tanganyika. This latter has been re-described5, and it has 
many characters intermediate between Lystrosaurus and 
-= the other Triassic forms. 

Although Lystrosaurus is itself a Triassic dieynodont 
and shows many of the features associated with the 
later Triassic forms*, it still retains some characters 
associated with its Permian forebears. 

In order to elucidate the true relationships of Lystro- 
saurus work is now being undertaken in the South 
African Museum, Cape Town, and later will be carried on 
in Edinburgh. 
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9-Hydroxydec-trans-2-enoic Acid, a Pheromone. 
Stabilizing Honeybee Swarms 


A coLony of honeybees (Apis mellifera L.) deprived of 
its hive and combs behaves like a reproductive swarm and 
will cluster on any convenient support. When the queen 
is taken away from such an artificial swarm, the workers 
soon become restless and increasing numbers fly off until 
eventually the cluster breaks up altogether, ; 

Simpson! showed that the odour of a queen (virgin or 
mated), or of her erushed head but not of other parts of 
her body, prevents a cluster that is beginning to disperse 
from breaking up and re-establishes a quiet cluster that. is 
stable for several hours at least. He suggested that the 
stabilizing odour comes from the secretion in the queen's 
mandibular glands and showed that it is distinot from the 
odour of 9-oxodee-trans-2.enoio acid, whichis a major 
component of this secretion and plays an important part 
in colony organization®. 

Using Simpson’s technique with 4 colonies of bees in 
nylon-gauze cages (each about 2 m?) in a controlled 
environment chamber (incident illumination 13-5 foot- 
lamberts, temperature 19° C, relative humidity 64 per 
cent), we confirmed that the odour responsible comes | 
from the queen's mandibular glands. The. secretion 
from the mandibular gland contains several acids and i 
methyl esters’. We have tested synthetic samples of 
certain of these on clusters of bees that were beginning to 
disperse. The substances were dissolved in ethanol to give 
solutions containing about twice as much of each substance 
as is present in the total natural secretion from one queen. 
The ethanol solution was dispersed on cotton-wool in a 
cage (2 em x 9 em x 6 em) the walls of which were 
made of two layers of wire-gauze separated by à gap too 
wide for the bees to reach aeross. A clean cage was used 
for each test material and was placed beside a dispersing 
cluster. Each substance was tested at least three times. 

Only one of the synthetic substances tested, 9-hydroxy- 
dec-trans-2-enoie acid, caused the dispersing clusters to 
re-form and settle down again, and did so in 16 out of 18 
tests. Four tests were continued for more than 16 h. 
during which time the clusters remained stable, but they 
soon began to break up after the acid was removed. We 
conclude that the odour of the 9-hydroxydecenoie acid 
produced by the queen is largely, perhaps completely, 
responsible for stabilizing the swarm cluster. 















C. G. BUTLER. 
Rothamsted, Experimental Station, : 
Harpenden. Herts. 
R. K. Carrow 
J. R. CHAPMAN 








National Institute for Medical Research. 
Mill Hill, London, N.W.7. 
18impson, J., Nature, 189, 94 (1963). 
faery ae gy Callow, R. K., and Johnston, N. C., Proc. Roy, Bots, B, 188, 
* Butler, C, G., Callow, R, K., Chapman, J. R., Fairey, E. M., and ‘Paton, 
N. (in preparation). 


Chemosterilization and its Permanency in 
Mosquitoes 


Tue use of sexual sterilization as an instrument for 
insect control has received increasing attention in recent 
years. Perhaps the most significant aspect of the pro- 
gress in this field is the effective evaluation in the labora- 
tory of chemosterilants on a broad spectrum of insects. 
The mosquito can be affected by these compounds either in 
the larval or adult stages!. Although Aedes aegypti (L.) 
can be sterilized in the larval stage by ‘Apholate’, the com 







































bility that the permanency of sterility might also be depen- 


, gated and the results are presented herein along with 
further. findings on effective dosages and methods of 
application. 

“Three hundred A. aegypti larve were exposed in the 
laboratory to 10 p.p.m. of ‘Apholate’ or “Tepa’ in a litre of 
tap-water from the third instar until pupation. Twenty- 
four h after initiation of the treatment small chunks of 
dog biseuits were added to the medium as food for the 
larvæ. The resulting pupe were transferred to fresh water 
and the emerging males isolated from the females before 
reaching sexual maturity to prevent mating. Other young 
virgin males were exposed for 2 h to ‘Tepa’ residues of 
10 mg/sq. ft. on glass. Treated males were caged for 2-4 
days with equal numbers of untreated virgin females. At 
the end of this period the males were transferred to 
another cage of virgin females; the process was repeated 
until four groups of females had an opportunity to mate 
with the original males. In addition, groups of treated 
males were held for 1 week before mating. Control groups 
of untreated males and females similarly handled were 
maintained for each cross. The females were fed on 
guinea pigs and their eggs collected en masse and sampled 
for hatchability. Although hatch in the untreated 
controls was always greater than 82 per cent, the percent- 
ages of hatch from treated male x untreated female 
crosses were as given in Table 1 (two replicates, adjusted 
by Abbott's formula). 


Table 1 
Adult exposure 

Mating series Larval exposure in water on ge 

; ‘Apholate’ ‘Tepa’ ‘Tepa’ 
First o. 49 05 17 
‘Second — 15 0.5 
ffhird. 937-6 B 0-3 
Fourth: 85:0 r6 — 

1-week-old virgin males 11-0 2-6 0 


None of the treatments completely sterilized the males 
. and only in adults exposed to "Tepa' was recovery of male 
fertility completely prevented. After four series of 
matings, males treated with ‘Apholate’ as larva regained 
normal fertility, but those treated with ‘Tepa’ as larvæ 
"exhibited only a minor degree of recovery. It was observed 
in the fourth series of matings that adults treated with 
‘Tepa’ as larve had lost much of their ability to mate and 
the insemination rate was low. For practical purposes it 
appeared that "Tepa' used either in the adult or larval 
stages induced a high degree of permanent sterility, 
whereas ‘Apholate’ failed to do so in the larval stage. 
Although 'Apholate' was not investigated in this respect 
with adult mosquitoes, LaBreeque! showed that ‘Apholate’ 
given in the adult food induced permanent sterility in 
the adult house-fly (Musca domestica L.). 
"Investigations were conducted to determine whether 
emerging adult mosquitoes could be sterilized without 
direct handling of the insects. The inner surface of a 
glass cylinder 3 in. in diameter and 8 in. long was treated 
with 10 mg/sq. ft. of ‘Tepa’ and placed over a cup of 
approximately 200 A. aegypti pups. The emerging adults 
were allowed to rest ad libitum on the treated surface of 
the cylinder before passing through a funnel at the top of 
the cylinder into a collecting cage. Sterility was evaluated 
by eross-mating 25 treated males or females with un- 
treated adults. 'The females were later egged en masse 
and the percentages of egg hatch were as follows (2 
replicates): 
: 3 Sex treated 
Female 


Male Neither 


ü 72 96 


Thus, this type of exposure completely sterilized the 
males and offers a method of sterilization which requires 
a minimum of handling. 

The minimum residue of "Tepa' on glass required to 
sterilize inseminated, gravid females was determined for 
both Aedes aegypti and Anopheles quadrimaculatus Say. 
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untreated males were exposed for 2 h to different deposits 
of "Tepa' on glass. Egg batches were collected by confining 
females individually in 10-dram glass vials containing 0:5— 
lin. of water for A. quadrimaculatus and the same amount 
of water plus a filter paper liner for A. aegypti. The 
percentages of completely sterile egg batches are shown 
in Table 2 (2-5 replications). Te 


Table 2 
‘Tepa’ dosage on glass . 
x (ugisa. ft.) A, aegypti A, quadrimaculatus 

340 89 100 

172 36 59 

88 5 49 

43 2 6 

22 0 7 

il — 4 

0 0 3 


Dosages of 680 ug/sq. ft. or higher gave complete 
sterility for both species. The estimated 50 per cent. 
sterilizing dosage (SD,,) was 210 ug/sq. ft. for A. aegypti 
and 120 ug/sq. ft. for A. quadrimaculatus. These estimates: 
indicated different susceptibilities for each species and 
agreed with previous findings* which demonstrated that. 
A. quadrimaculatus absorbed ‘Metepa’, a sterilant closely 
related to "Tepa', more rapidly than A. aegypti. 

A dosage of 7 mg/sq. ft. of "Tepa' normally causes 
complete sterility in the males and a high degree of 
sterility in the females. Thus, it is interesting to note 
that, although females are generally less susceptible to 
chemosterilization than males, it was possible to sterilize 
inseminated gravid females at less than 1/10 of this 
dosage. Because of the small quantity needed to sterilize 
the inseminated female, it would appear possible that 
under these conditions the sterilant acted primarily on the 
sperm stored in the spermathees of the female. 5 

Davin A. DAME 
Hues R. FORD, 
Entomology Research Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Gainesville, Florida. 
1 Weidhaas, D. E., Nature, 195, 786 (1962), 
* Dame, D. A., Woodward, D. B., and Ford, H. R., Mosg, News (in the press). 
* Weidhaas, D. E., and Schmidt, C. H., Mosg, News, 23 (1), 32 (1963). 
* LaBrecque, G. C., J. Econ. Entomol., 54 (4), 684 (1961). 
* Dame, D. A., and Schmidt, C. H., J. Econ. Entomol. (in the prese). 


Formation and Possible Function of the . 
‘Accessory Yolk Nuclei’ in Anagasta 
(= Ephestia) kuhniella 

So-caLLeD ‘accessory’ or ‘secondary yolk nuclei’ have 
been reported in many insect orders where, originally, . 
they were regarded as true nuclei or, at least, as chromatin: 
fragments. Subsequent work, however, demonstrated that. 
they were Feulgen-negative!?. 

Peacock and Gresson’ concluded that, in tenthredinids 
(Hymenoptera), the ‘yolk nuclei’ may arise from: (a) the’ 
chromatin. of the nurse cells which is pinched off into the: 
ooplasm where it vesiculates and also, to some extent, 
probably coalesces; (b) diserete oocytic nuclear granules; 
or (c) specialized folliele cells which lose their nuclear 
integrity and pass dark staining granules into the ooplasm. 
Afterwards these granules vesiculate. Gresson? later con- 
eluded that possibility (b) was invalid, at least so far as 
the tenthredinids were concerned. 

As has already been established for the tenthredinids*)?,. 
special densely staining follicle cells, which become pro- 
gressively enueleate and discharge granules into the. 
ooplasm, occur in Anagasta also. Further. as demonstrated: 
for the tenthredinids, these granules are Feulgen-negative, 
They also. fail to react with periodic acid-Schiff reagent. 
With pyronin. however, they givo an intensely positive. 


reaction but not after ribonuclease digestion. They also 
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Fig. 1. Heidenhain's iron hiemotoxylin preparation showing ‘accessory 

yolk nuclei’. Here the protein coat has taken up the stain masking 

the usual appearance of "— eise granules, F.c, Follicle cells; 
, ooplasm 





Fig. 2. Pyronin preparation showing intense pyroninophil granules 
(arrows) in almost completely collapsed follicle cell, n, Nucleus of 
normal follicle cell 


stain intensely with mercuric bromphenol blue*. Tt is 
eoncluded, therefore, that they are of a ribonucleoprotein 
nature. 

It is significant perhaps that, as in other insects, the 
‘yolk nuclei’ of Anagasta also disappear before ovulation 
and that, before doing so, they align themselves periph- 
erally close to the follicle cells. The appearance of the 
vitelline membrane at this stage is also suggestive and may 
indicate that the ‘yolk nuclei’ are involved in its 
constitution. 

WiLLIAM J. CRUICKSHANK * 


Department of Zoology, 

Birkbeck College, London, W.C.1. 

* Present address: Department of Natural History, Marischal College, 
University of Aberdeen, 
! Mukerji, R. N., Proc. Roy. Soc., B, 106, 131 (1930). 
* Gresson, R, A. R., Quart. J. Micro, Sci., 78, 617 (1930). 
3 Peacock, A. D., and Gresson, R. A. R., Quart. J. Micro. Sci.,71, 541 (1928). 
à mri 4 Brewer, P. A., and Alfert, M., Biol. Bull. Wood's Hole, 104, 57 

(1953). 
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Preservation of Leishmania donovani by Low- 
temperature Freezing 


A NUMBER of pathogenie protozoa of the blood, for 
example, those which invade erythroeytes and lead 
essentially an intracellular existence such as the malaria 
parasites and others like the trypanosomes which are 
actively motile in the blood stream, have been successfully 
preserved in the frozen state retaining both their viability 
and infectivity. 

Coggeshall’ first successfully preserved Plasmodia in 
the frozen state. Manwell* and Jeffery*:* have maintained 
avian Plasmodia and human infected blood and sporo- 
zoites for prolonged periods at low temperatures. Molinari’ 
and more recently Jeffery’ have also demonstrated the 
beneficial effect of Alsevar's? solution and glycerol for 
the survival of Plasmodium berghei in whole blood at 
—78° C. Polge and Soltys? and Molinari* have described 
methods for the preservation of trypanosomes by low- 
temperature freezing. 

The techniques applied hitherto for the preservation 
of blood parasites have been found equally to apply to 
the pathogenic protozoa of the reticulo-endothelial system. 
We wish to report on the viability and infectivity of a 
strain of Leishmania donovani preserved by low-tempera- 
ture freezing. 

A golden hamster infected with a Khartoum strain of 
Leishmania donovani was received in our laboratory by 
courtesy of Dr. A. D’Alesandro of the Rockefeller Institute, 
New York, on November 1, 1962. The strain, which was 
originally obtained from the Sudan by Prof. L. Stauber 
of Rutgers University, is being maintained by transfers 
in hamsters in which it usually runs a fatal course, killing 
the infected animals within 60-75 days. 

Touch preparations from the infected hamster showed 
a heavy L. donovani infection in the spleen and liver. 
Both organs were removed from the killed animal. The 
spleen, weighing 0-84 g, was ground up in a Thomas glass 
tissue grinder (hand model) with the addition of 10 ml. of 
saline. Stained smears from the spleen homogenate taken 
within 1 h after grinding showed the majority of the 
parasites lying free in the fluid. Most of them were 
spindle-shaped and slightly elongated, resembling early 
leptomonad stages as encountered in the sandfly (Figs. 
5 and 6). Some unbroken cells, cell nuclei, erythrocytes 
and a few clumps of L. donovani unchanged forms were 
seen evenly distributed throughout the fluid. 1 ml. of 
the homogenate was injected intraperitoneally into each 
of two hamsters. The remaining material was mixed 
and diluted with Alsevar's solution in proportion 1 : 3 and 
frozen in 10 ml. vials in a dry ice-aleohol bath and kept 
at —79°C in a deep freezer (model SZS759, Revco 
freezer, Deerfield, Michigan). The same technique was 
used for the freezing of liver tissue of the infected animal. 
The inoculated hamsters which received 1 ml. of infeeted 
spleen homogenate (H 1820, H 1821) succumbed to their 
L. donovani infections 56 days and 61 days, respectively, 
after infection. Touch preparations and histological 
sections showed a severe infection in both animals 
throughout their lympho-macrophage system predom- 
inantly in the spleen and liver. 

On March 1, 1963, four months after the deep freezing, 
one vial containing infected spleen homogenate in Alsevar’s 
solution and one vial containing infected liver homogenate 
were thawed in a water bath at 20°C. Five normal 
adult male hamsters were infected intraperitoneally each 
with 1 ml. of thawed spleen homogenate (hamsters 
H 1802-1806) and four hamsters with 1 ml. of liver homo- 
genate (hamsters H 1907-1910). On April 26, 1963 (56 
days after inoculation) one animal of each group was 
killed. Touch preparations and histological sections 
from organs of the infected animals showed heavy 
Leishmania donovani infections infboth. The spleen and 
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-It was reported that Mycobacterium 
trialky: 








. land 2. Touch ons from spleen of hamster H 1907 
pe Rr jon wf spleen homogenate preserved at ~ 70" Č 


Figs. 3 n 4. Touch preparations from liver of same animal 


Figs. 5 and 6. Smears from homogenate of L. donovani infected spleen 
cS n naeta a ying- free in fluid and spindle pe 


scien were stained in Wrights-Giemsa, photographed under oil 
immersion 


liver of each of these animals exhibited severe over- 
whelming infections (Figs. 1-4). 

The viability and infectivity of Leishmania donovani 
obtained from homo organs were retained after 
storage for four months at —79° C in Alsevar's solution. 
The survival in the frozen state of other intracellular 
parasites, especially those inhabiting the reticulo-endo- 
thelial system and the L. donovani stages of Trypanosoma 
eruzi under similar laboratory conditions, may also be 
possible 


ent of Preventive Medicine, 
New York University School of Medicine, 
New York 16. 
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Antimicrobial An of Organogermanium 
Derivatives 


Iw a recent paper! comparative test results were presen- 
regarding the antifungal and antibacterial activities 

of a series of fourth main group organometallic acetates. 
phlei is highly 


sensitive to several lgermanium acetates of the 


$ "^ NATURE 


Pa 


February 15, 1964  v/..20: 


general structure R,GeOOCCH,, wherein R is butyl, 
ic Lio em or isopentyl. A concentration of 2-5 
lete suppression of visible 

As pois results encouraged a continuation of the 
search for other sensitive organisms, the activity of a 
series of trialkylgermanium acetates towards a number of 
pathogenic and non-pathogenic fungi and bacteria has 
been investigated. Some of the more interesting results 
are given in Table 1. A detailed report of this work will 
be published shortly?. 


Table 1. GROWTH-INHIBITING ACTIVITY OF SOME TRIALKYLOERMANIUM 
ACETATES (GENERAL STRUCTURE T,GEOOCCH,) * TOWARDS VARIOUS D: 
ORGANISMS 


Minimal inhibitory PERE o 
tion ml.) 


Species Medium R= = Re 
I ethyl propyl butyl 
Glomerella ci Peptone 10 5 10 
2 vo seg tone p glucose agar 
E ew Blood agar 10 100 100 
Blood 10 300 >300 
'ormana r 
Gand albicans Blood = 100 300 > 3800 
yn rd 
Peptone glucose agar 2 50 » 500 
Il, Gram-positive ria 
Bacillus mycoides tone glucose agar 500 50 20 
Streptococeus lactis eee resi ro^ 50 5 1 
Staphylococcus aureus* Peptone glucose oxo 
agar 200-1,000 50->100  »500 
prm Egg yolk >100 30-»100 »100 
Mycobacterium PI 
(ref, 1) Peptone glucose agar 500 20 2 


* Several strains of this organism have been tested. 


These results support the conclusions reached pre- 
viously? that in the trialkylgermanium series triethyl- 
germanium acetate is generally the agent most aotive 
towards fungi, including yeasts, whereas Gram-positive 
baeteria are inhibited more strongly by the propyl and 
butyl analogues. 

The fact that in some cases considerable antimicrobial 
activity has been found among the trialkylgermanium 
compounds may encourage the study of these compounds 
as potential chemotherapeutic agents. Preliminary 
results of toxicity studies carried out elsewhere have, 
moreover, given indications that oral toxicity of these 
compounds for mammalians is comparatively low. 

This work was supported by tho Germanium 
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GENETICS 


Balanced Combinations of Polygenes 


ScHARLOO! has discussed certain of our results? in 
relation to what he purports is a summary of Mather's 
ideas concerning polygenic balance. Wo feel it necessary 
to criticize his communication inasmuch as it seems to us 
misleading in at least four ways. 

(1) The first of these involves misrepresentation of 
Mather’s views, for Scharloo’s summary of these views 
includes the dogmatic statement ‘‘Polygenes have no 
pleiotropic action”. Now Mather has been at pains to 
point out that linkage inter-connecting polygenic barra 
can have effects similar to those that pleiotropy could 
rise to, and has provided clear evidence that ploiotropy 
is not a sufficient explanation of his experimental results 
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But to make the assumption that Mather believes there 1s 
never pleiotropy is without justification and can only 
rest on a very mcomplete knowledge of Mather’s writings 
(for example, ref 3, p 55, “Correlated responses may 
happen m two ways Furst of all, each polygene may be 
pleiotropic and simultaneously affect several characters” ) 

(2) Scharloo’s description of our results as demoastrating 
that 'vanabihty in sternopleural cheta number 1s at 
least partially under the control of genes with large 
effects, the presence of which 1s shown by essentially 
classical Mendelian methods” 1mplies that they contradict 
Mather’s view that the detection of polygenes requires 
statistical methods and cannot be done with classical 
Mendelian methods We would point out that we in fact 
detected segregation of the genes we studied through 
their effects on mean and variance, that 1s, using statistical 
methods, 

(3) Scharloo seems to think we? have proved pleiotropy 
We did not clam this We wrote “Whether the two 
loc: concerned are simple, the chæta number and lethahty 
effects bemg pleiotropic, or are themselves complex 
effective factors lmking cheta number and fertility genes 
as in Mather’s models we cannot of course say" How 
Scharloo can claim that our results “demonstrate” that 
“these genes have important pleiotropic actions" 18 
beyond us 

(4) We must also direct attention to Scharloo’s statement 
that “extensive experiments have shown that differences 
of this character (cheta-number) do not have much selec- 
tive value", for this ıs a key point ın his argument 
Tgnormg the distinction between ‘do not have much’ and 
‘have no’ selective value, he concludes: ‘So polygenic 
balances for genes influenemg this character must be 
based on a random distribution of the plus and mmus 
genes along the chromosomes or on action of natural 
selection via the pleiotropic effects of these genes on 
characters which are more closely related to fitness” 

The “extensive experiments” quoted are those of 
Clayton, Morris and Robertson‘, who only say that “at has 
been suggested that there ıs little direct connexion 
between bristle number and fitness", quoting an earher 
theoretical discussion’ They do not seem to have 
thought their evidence firm enough to justify a statement 
as strong as that required to support Scharloo’s thesis 


J M Taopay 

Department of Genetics, J B GIBSON 
University of Cambridge 

1 Scharloo, W , Nature, 200, 293 (1963) 
2 Gibson, J B, and Thoday, J M , Heredity, 17, 1 (1962) 
? Mather, K , Bool Rev., 18, 32 (1943) 
*Olayton, G A , Morris, A., and Robertson, A., J Genet , 51, 276 (1957) 
5 Robertson, A , Cold Spring Harbor Symp , 20, 225 (1955) 


Spontaneous Reciprocal Translocation during 
Megasporogenesis of Maize Haploids 


Iw the course of an investigation of haploidy ın maize, a 
number of haploids were pollnated by normal diploid 
males. The progenies were grown to anthesis and classified 
for pollen abortion, with the thought that some of them 
would be monosomic, that is, would arise from 7-1 eggs 
An P, plant was found to be semi-sterile (male) and was 
self-polhnated and outerossed with a normal female 
Subsequent examination of the selfed and outcrossed 
progenies revealed that the original semi-sterile F, plant 
was heterozygous for a reciprocal translocation The 
finding agrees with earlier observations m which recovery 
of reciprocal translocation from haploids of Triticum 
vulgare! and of Sorghum vulgare? had been made 

Afterwards, cytological examinations of pollen mother 
cells of maize haploids were made Approximately 17 per 
cent of several hundred anaphase I figures possessed at 
least one bndge-hke configuration, and a few possessed 
two (Fig 1) ‘The ‘bridges’ resembled those found in 
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Fig 1 A, Single AI ‘bridge’ 1n haploid pollen mother cell, B, two 

‘bridges’ ın haploid pollen mother cell ‘Bridges’ presumably arise as a 

consequence of crossing-over between homologous segments of non- 
homologous chromosomes 


heterozygous inversion stocks except that acentric frag- 
ments were never found, even after an exhaustive search. 

Since a reciprocal translocation had been isolated from 
haploid female x normal male crosses, 16 was tentatively 
assumed that the ‘bridges’ were physical manifestations of 
crossing-over between homologous segments of non- 
homologous chromosomes, and that the exchange chroma- 
tids were afterwards incorporated into a single restitution 
nucleus Presumably the ‘bridges’ were brought about by 
delayed chiasma terminalization due to non-homology m 
distal regions of the two chromosomes 

The question arises whether exchanges between non- 
homologous chromosomes m haploids occur between 
genetically sumilar regions, or whether they occur in & 
random fashion and have no bearmg on genetic duplica- 
tion A critical answer can be obtained by cataloguing a 
sizable number of independent spontaneous reciprocal 
translocations, arising from haploids, for pomt of translo- 
cation If the break points were found to be randomly dis- 
tributed throughout the genome, then one might assume 
that pairmg durmg megasporogenesis m the haploid was 





—— Á— 


Fig 2 Schematic diagram of synaptic and anaphase I configurations in 
gametogenesis of haploids when (A) serial order of duplicate seg- 
ments 1n non-homologues is identical and (B) one segment 18 inverted 
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unrelated to genetic homology If, on the other hand, the 
translocation points were restricted to certain chromosome 
segments, for example, the long arms of 6 and 7, then 16 
might be assumed that those arms carry duplications 

Although a thorough cytological examination has not 
been undertaken to identify break pomts of 15 haploid- 
derived reciprocal translocations, information on the 
nature of parng can be derived from the observations on 
haploid mierospoiogenoesis 

Since acentric fragments were not associated with the 
budge-hke anaphase I configurations ın haploids, the 
pairing relationship proposed by Sears! must have existed, 
as shown schematically m Fig 2.  Sears's proposal was 
based on the tacit assumption that the duplicate segments 
have the same serial relationship, with reference to 
centromeres However, if the serial relationship 1s not 
maintained in the derived segment, that 1s, 16 1s inverted, 
then crossmg-over within the duplicated segments would 
produce a dicentric and an acentric fragment as shown 
schematically in Fig 2B One must, therefore, conclude 
that if duplications exist m maize, they retam ther 
original gene order with respect to the centromere The 
presence of two ‘bridges’ in a few AI cells also suggests 
that at least two pairs of duplicate segments exist within 
the genome 

D E ALEXANDER 
Department of Agronomy, 
University of Tihmnois, 
Urbana, Illinois 
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SOIL SCIENCE 


Fixation of Radioactive Strontium in Soil 


THE contammation of agricultural areas by fission 
products from nuclear events 1s a possibility, and would ın 
turn lead to contamination of plants Of special import- 
ance 18 the long-lived strontium-90, as ıt has been shown! 
that this 1sotope ıs taken up by plants to a much greater 
extent than any of the other long-lived fission products 
Much work?-5 has, therefore, been concerned with the 
possibility of bringing down the strontium-90 uptake by 
plants through ploughmg or through the addition of lime 
or fertihzer to the soil Another factor, the effect of 
ageing on the availability of strontium, has been con- 
sidered®:? In general, these methods appear to be of little 
practical value, except for deep ploughing and the liming 
of acid soils, both of which will reduce tho strontium 
uptake by a factor of 3-4 

In the present investigation, the influence of heat treat- 
ments on the extractability of strontium-85 from soil 
was examined The effect of adding different morganic 
compounds alone or in combination with a heat treatment 
was also investigated A loamy and a sandy soil were 
used (Table 1) The experimental procedure 1s deseribed 
m the caption of Fig 1 

One series of experiments comprised treatment of con- 
taminated soil samples at temperatures varymg from 20° 
to 1,000° C for 24h (Fig 1) It was found that the extract- 
abihty of strontium-85 decieased by more than two orders 
of magnitude after a soil treatment at 1,0009 C 

A number of different additives were tried, each of them 
in an amount of 5 per cent After a heat treatment of 
400° C for 3 h nearly identical results were obtained for the 
two soil types The most favourable results were obtained 
with dihydrogen phosphates, which gave a reduction m 
extractabihty of strontrum-85 from 67 per cent (tho sandy 


Table 1 ANALYSES OF SOILS 
Exchangeable Cation exchange Organic 
Sol No, Soütype pHi Catt capacity matter 
water (m equiv /100 g) (m equiv /100 g) (%) 
89 loamy 71 78 114 21 
10 sandy 57 41 152 28 
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Fig 1 The influence of a 24-h treatment on the amount of strontium-85 
extractable from artificially contaminated soils In this and the follow- 
mg experiments the procedure was the following | 8011 samples of 20 g 
(particle size « 10 mesh) were (1n the cases where the use of additives 
18 indicated) mixed with the morganic compound Further, the samples 
were moistened with 2 ml of water and 0 b uc. of carrier-free strontium- 
85 dissolved ın 1 m] of 01 N hydrochloric acid was applied evenly 
to the soil surface The samples were kept in closed vessels, the heat- 
treated samples were stored for 24 h prior to the treatment The stron- 
tium extractability was evaluated by adding 80 ml of N ammonium 
acetate, leaving the sampie overnight before filtration on a Buchner 
funnel, and leaching with an additional 120 ml of ammonium acetate 
@, Loamy soil, ©, sandy soil 


soul, heat treatment only) to 6 per cent Superphosphate 
gave 23 per cent and CaHPO, 2H,O gave 35 per cent 
extractability, while, for example, CaCO, mereased the 
yield to 76 per cent extracted strontium-85 

A few of the additives giving a pronounced reduction, of 
the extractabihty were used ın three concentrations 
The series was subjected to heat treatment at 200? or 800° C 
for0 5h Besides, a comparison was made between these 
samples and samples stored at 20? C for 2 days or for 14 
days From Table 2 16 1s seen that samples stored for 14 
days at room temperature and those treated for 0 5 h at 
200° C show similar extractabihty At the lower tem- 
peratures the extractability decreases with increasing 
amounts of the salts added But at 800? C a salt addition 
did not further decrease the extractabihty The amount 
extracted after 0 5 h at 800? C 1s seen to be very close to 
that found after 24 h at the same temperature (Fig 1) 


Table 2 COMPARISON OF PERCENTAGES OF TOTAL STRONTIUM-85 EXTRACTED 
FROM SOIL AFTER PHOSPHATE ADDENON an AFTER HEATING OR STORAGE 
(Sor No 3 


Concen- Percentage of total strontium-85 extracted 
200° C 800° C 


Compound tration After storage at 20° C 
(% 2 days 14 days tih th 
None 93 93 83 31 
Ca(H;PO,), H30 02 85 82 74 20 
— 10 47 29 36 23 
— 50 16 7 8 17 
KH,PO, 02 79 68 25 
E 10 24 30 17 
Superphosphat 02 98 3 ds 
uperphosphate 
— 10 68 64 10 
e 50 23 27 9 
The decrease m extractable strontium-85 during 


storage was further studied over a 28-day period at room 
temperature with both soils contammg 25 per cent 
Ca(H,PO,)2H,0 It was found that most of the change 
m extractabihty took place durmg the first day after 
contammation (after one day 31-36 per cent extractable 
strontium, after 28 days 9-12 per cent) 
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The amount of non-extractable strontium found 
depends on the method of extraction But qualitatively 
the use of a few other common assay methods showed the 
same effect as described here both of heat treatment and 
of salt addition 

Tho results presented mdicate that heat treatment, 
erther alone or combined with the addition of dihydrogen 
phosphate, does reduce the strontium extractability from 
souls by one to two orders of magnitude Of course, the 
amount of strontium extractable with ammonium acetate 
or another suitable electrolyte is only an approximate 
measure of the amount which 1s available to the plants 
Subject to this restriction, the method presented heie 1s a 
marked improvement over previous ones with respect to 
efficiency, and smce neither the cost nor the complexity 
of 1t would seem prohibitive under emergency conditions, 
1b offers some possibility of retrieving contaminated soil 

BIRTE GREGERS-HANSEN 
Agricultural Department, 
Danish Atomic Energy Commission, 
Research Establishment, 
Riso, Denmark 
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Reaction of Several Clay Minerals and Gibbsite 
with Monoammonium and Monopotassium 
Phosphate 


THE acid solution which leaves particles of acidic 
orthophosphate fertilizers, when they are added to soil, 
dissolves large amounts of iron and alummium! The 
dissolved iron and aluminium 1s eventually reprecipitated 
as complex phosphates 

The taranakites (K,NH,),Al,H,(PO,),18H,O0 are an 
important group of aluminium phosphates which Lindsay 
et al? found followmg reaction of monoammonium phos- 
phate (MAP) and monopotassrum phosphate (MKP) with 
the Hartsells soil (pH = 49) Lindsay and Stephenson? 
observed that potassium taranakite was also formed in 
this soil by the action of solutions derived from mono- 
ealerum phosphate (MCP) Wada‘ reported that at pH 
4 0 a solution of MAP reacted, with allophane and halloy- 
site, which are major clay constituents in Japanese vol- 
cane ash soils, to form ammonium taranakite The 
addition of phosphoric acid with ammonium chloride and 
with diammonium phosphate to two hydrol humic 
latosol and one humic latosol soils from Hawan gave 
ammonium taranakite as a reaction product? Formation 
of taranakite in the humic latosol occurred only between 
initial soul pH values of 1 45 and 3 90 (ref 6) 

Potassium taranakite was found to be a relatively good 
source of phosphorus for three successive crops of corn 
grown im the greenhouse on the unlhmed (pH. = 4 8) and 
hmed (pH = 63) Hartsells soil? ‘Incubation of the 
taranakite treatments resulted m a marked increase m 
availability of phosphorus to the first crop on both acid 
and hmed soil Phosphorus uptake from potassium and 
ammonium taranakites mereased from the first to the 
third crop grown on acid, neutral and caleareous soils? 
Potassium taranakite was consistently a better source of 
phosphorus than its ammonium analogue!:9 

The efficiency of potassium taranalite for a single crop 
of corn grown on 8 soil of neutral pH was only about 40 
per cent of that of monocaleium phosphate, but with three 
crops its relative availability was about 80 per cent! 
Uptake of phosphorus by three crops of corn grown on acid. 
and neutral souls was less with potassium and ammonium 


NATURE 


739 


taranakites than with monocalc1um phosphate? In the 
same investigation, 15 was observed that on a calcareous 
soul the taranakites and monocale1um phosphate were 
equally effective sources of phosphorus Ammonium 
taranakite was much less available than either dicalerum 
phosphate dihydrate or monoammonium phosphate 
when minus 80-mesh materials were mtimately mixed 
with a calcareous soi? However, the availability of 
ammonium taranakite and dicalc1um phosphate dihydrate 
was simular when the fertilizer materials were applied as 
pellets or added to a limited volume of the same soil 

The amount of water-soluble phosphorus extracted 
from a calcareous soil was much less with ammonium 
taranakite treatments than with dicalerum phosphate and 
monoammonium phosphate treatments?! Three Brown 
soils, two of which were calcareous, released about 2 p pm 
of water-soluble phosphorus up to 80 days followmg the 
addition of 120 ppm of phosphorus supplied as ammon- 
ium taranakite?® The corresponding values for mono- 
ammonium phosphate and dicalerum phosphate dihydrate 
were nearly 7-10 times greater 

A number of materials m sois may serve as sources of 
alummium for the formation of taranakites — Alumino- 
sihcate clay minerals and hydrated alummium oxides such 
as diaspore (Al,0; H,O) and gibbsite (Al,0; 3H,0) are 
probably important sources of alummium Jeffries and 
Bates" recognized that the chemical and physical proper- 
ties of clay minerals had a strong mfluence on reactions of 
clays with plants and fertilizers The objectives of the 
laboratory imvestigation, bemg reported here, were to 
examine the types and amounts of reaction products 
formed on reaction of monoammonium and monopotas- 
sium phosphates with five major clay components of souls 
and with gibbsite a common hydrated aluminium oxide 

The five clay mmerals used im this mvestigation were 
kaolinite, illite, chlorite, montmorillonite and vermiculite 
Gibbsite was also used — Kaolmite, montmorillonite and 
gibbsite were used as obtamed from the suppliers without 
further commimution, whereas the illite, chlorite and 
vermiculite samples were ground up using an agate mortar 
and pestle All minerals were passed through a 200-mesh 
sieve before weighing The kaolinite was ‘Peerless No 1? 
from Bath, South Carolma, supplied by the R T 
Vanderbilt Co, Inc, New Yoik It contamed approxim- 
ately 91 per cent of particles less than 2u equivalent 
setthng diameter The montmorillonite was a sodium 
bentonite marketed by the American Colloid Co , Skokie, 
Ilhnois, under the trade name *Volelay' About 95 per cent 
of the particles had an equivalent settlng diameter of less 
than 2u Ilhte (No 35), chlorite (Cotapaxi, Colorado) and 
vermiculite (Libby, Montana) were obtained from Ward's 
Natural Science Estabhshment, Inc, Rochester, New 
York These samples, when ground, contamed about 74 
per cent of particles less than 2u equivalent setthng 
diameter Fisher No 4-581 alummium hydroxide or 
gibbsite was used It contamed approximately 21 pei 
cent of particles less than 2u equivalent settling diameter 

Five ml of a saturated solution of either monoammon- 
1um or monopotassium phosphate was added to 01 g of 
each of the clay mmerals which had been weighed out into 
50-ml plastic centrifuge tubes Two amounts, 01 and 
0 01 g, of gibbsite were similarly treated The centrifuge 
tubes were capped and the suspensions were shaken on a 
wrist-action shaker for periods of 3 days, 3 weeks and 
6 weeks at room temperature At the end of each interval, 
the suspensions were centrifuged and the sohd material 
that collected was washed three times with distilled water 
and then dried with acetone All treatments were carried 
out in duplicate 

X-ray powder patterns of the sohd material collected by 
centrifugation were obtamed usmg a Noreleo Debye- 
Scherrer powder camera with a diameter of 114 59 mm 
The samples were exposed for 15 h to monochromatic 
copper Ka-radiation with a wave-length of 15405 A, 
which was generated at 35 kV with a current of 20 m.amp. 
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Table 1. REACTIONS OF GIBBSITE (AL,0, 3H,0) WITH SATURATED SOLUTIONS OF MONOAMMONIUM AND MONOPOTASSIUM PHOSPHATE 





Identification of solids * 





Amount of gibbsite Monoammonium phosphate 


Monopotassium phosphate 








(gm6ml) 
3 days 3 weeks 6 weeks _ 3 days 3 weeks 6 weeks 
01 Gibbate 70% Gibbsite 55% Gibbsite Gubbsite 90% Gibbsite 70% Gibbsite 
— 80% Ammonium 45% Ammonium — 10% Potassium 30% Potassium 
taranakite taranakite taranakite taranakite 
001 Gibbaite 75% Gibbsite 75% Gibbsite Gibbsite 85% Gibbgte 85% Gibbsite 
— 25% Ammonium 2595 Ammonium — 15% Potassium 15% Potassium 
taranakito taranakite taranakite taranakite 





* Percentages are qualitative only 


Powder patterns of the unreacted clay mmerals and 
unreacted gibbsite were obtained m a similar manner. 
Mixtures of gibbsite with ammonium or potassium tarana- 
kite were prepared and powder patterns obtamed These 
latter reference patterns were compared with those of the 
gibbsite-fertihzer solution reaction products to obtam a 
qualitative measure of the amounts of taranakite formed 

The clay mmerals were relatively unaffected by treat- 
ment with MAP or MKP. None of the clay mmerals 
reacted with the phosphate solutions to form taranalate. 

Table 1 shows that taranakites formed during the reac- 
tion of gibbsite with saturated solutions of MAP and MKP 
for periods of 3 and 6 weeks Formation of taranakite was 
mcreased as the reaction period of the 01 g treatments 
was increased from 3 to 6 weeks Length of reaction 
beyond 3 weeks did not significantly mfluence yield of 
taranakite fiom the 001 g treatments Increased 
amounts of gibbsite resulted in the formation of more 
taranakite Ammonium taranakite apparently formed 
more readily than 16s potassium analogue 

The lack of taranakite production in the reaction of clay 
minerals with the phosphate solutions 1s 1n agreement with 
the work of Taylor!? He observed that the rate of forma- 
tion of taranakites du img the reaction of well-crystallized 
Georgia kaolin with stable triple point solution (pH = 
1 01, 4 50 M phosphorus, and 1 34 M calcium) containmg 
potassium chloride was very low m comparison with the 
rate of formation of taranakites from aluminium hydrox- 
ide Stable triple point solution 1s the solution ın equilib- 
rium with monocalec1um phosphate monohydrate and 
anhydrous dicalerum phosphate ‘Taylor concluded that 
the rate of reaction with clay appeared to be a function of 
the degree of crystallization He suggested that m soils the 
sources of aluminium for the formation of taranakite were 
exchangeable aluminium ions, gibbsite, colloidal aluminium 
hydroxide and poorly crystalline or amorphous clay 
munerals 

Our investigations have shown that gibbsite m the 
presence of monoammonium or monopotassium phosphate 
provides sufficient aluminium for the formation of tarana- 
lite It was shown ın a recent investigation conducted by 
Tamumi e£ al 5 that ammonium taranakite formed rapidly 
in Hawaiian soils which contained relatively large amounts 
of highly hydrated aluminium oxides and related amor- 
phous constituents with high specific surfaces 

The formation of taranakites at appreciable rates m the 
gibbsite systems may be due to the relatively high concen- 
tration of alummium in solutions equilibrated with 
gibbsite According to Hemwall! and Coleman e£ al 15, 
the equilibrium concentration of alummium m solution at 
pH 41819 x 10 M This value compares favourably 
with equilibrium concentrations of about 1 x 10-3 found 
by Frmk and Peech!* On the other hand, the concentra- 
tion of aluminium in solutions equilibrated with crystalline 
clay minerals is considerably lower, m the order of a 
100-fold lesst415 

The tendency for taranakites to form slowly suggests 
that the aluminium in solution 1s provided by lattice 
dissociation or decomposition of gibbsite rather than from 
exchange sites Taylor!? observed that taranakite formed 
after Georgia kaolin remained m contact with stable triple 
pomt solution contammg potassium chloride for long 


periods of time Hemwall concluded that kaolmite 
decomposition was the rate detexmmmg reaction for the 
formation of variscite (AIPO,2H,O) m suspensions of 
sodium kaolinite conteimung NaH,PO, However, when 
alummium was available on exchange sites of either 
kaolinite or montmorillonite, the formation of variscite 
proceeded very rapidly Frmk and Peech!5 recently 
reported that the dissolution of gibbsite was a slow 
process 
Greater formation of ammonium taranakite is also 
probably related to supply of alummum Saturated 
solutions of MAP and MKP at 25° C have pH values of 
3 47 and 3 99, respectively? A decrease of one pH. unit 
will result m a thousand-fold increase m the alummium 
concentration of solutions equilibrated with gibbsite}? 
Thus, MAP solutions should contam consideiably more 
alumnum for subsequent reactions than MKP solutions 
Formation of ammonium taranakite may also have been 
enhanced by more 1apid dissolution of gibbsite in the 
MAP solution 
J D BEATON 
J M BRYAN 
J C RUSSELII 
R C SPEER 
Research and Development Division, 
The Consolidated Mining and Smelting Company of 
Canada, Limited, Trail, B C 
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PSYCHOLOGY 


Temporal Lobe Lesions and Memory in the 
Monkey 


In 1954 Mishkin and Pribram!* demonstrated that 
removal of the mferotemporal cortex m the monkey 
produced a severe visual discrrmmation deficit Subse- 
quent studies have mvestigated the parameters of this 
deficit, but its basic nature is still not clear?-? Since 
1954 considerable clmical evidence has accumulated 
showing that bilateral ventral medial temporal lesions are 
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associated with a severe memory loss m man, character- 
ized by a difficulty ın retaming new information for more 
than a brief period®:* It has been suggested that bilateral 
removal or injury to the hippocampus and the nearby 
ventral neocortex 1s responsible for thus deficit In view 
of the fact that durmg the evolution of the primate 
temporal lobe there has been an enlargement of the neo- 
cortex and subsequent lateral-ventral movement of 
tissue”, it is our hypothesis that inferotemporal lesions in 
the monkey may ın some degree be analogous to the more 
medial lesions in man and that inferotemporal monkeys 
fail discrimination learnmg tasks because of mabihty to 
store visual mformation 

In previous studies, which claimed to have found 1eten- 
tion deficits in temporal animals, typically the problem 
was learned pre-operatively and the saving score measured 
post-operatively112, Such experiments may not be a 
suitable way of testing a retention defect because of the 
long interval between learning and retesting Such 
methods also bear little relationship to the precise recall 
or recognition methods used m the human cases To 
overcome these difficulties a method was devised which 
permitted daily measures to be obtamed of both learning 
and retention Six rhesus monkeys (2 frontals, 2 mfero- 
temporals and 2 normals) were used 18 months post- 
operatively After demonstrating a classical visual dis- 
ermmination deficit m these mferotemporal animals the 
memory tests were begun Each test mvolved teaclung 
the animal to discriminate a simple pair of objects to a 
eriterion of 9/10 consecutive correct responses After 
24 h the same paar of objects was presented again and the 
anımal tramed until the same criterion was reached for 
the second time Having accomplished this, the next pair 
of objects was presented for learnmg Forty-eight pairs of 
objects were presented in the followmg manner 


Day 1 A 

Day 2 AB 
Day 3 BC 
Day 4 CD 


In Fig 1 are shown the median learnmg and retention 
scores for 48 problems Each learning score mdicates the 
median number of trials to learn the problems on their first 
presentation (not meludimg criterion trials) The retention 
score indicates the median tials to learn the problems on 
thew second presentation It can be seen that the nfero- 
temporals do not take significantly longer than the 
controls to learn these problems One can assess the 
degree to which the first presentation of the problems 
contributed to the animals’ abılıty in relearnmg the same 


learning — retention 


problems by using the formula learnmg + retention 


can be seen (Fig 2) that the inferotemporals show a 
significantly smaller saving on the second presentation 
compared with the frontal and normal controls (P <0 001 
by analysis of variance) In calculating the saving scores 
all problems were elimmated which were learned m zero 
tuals on the first presentation 

The study was then extended to compare piogressive 
long-term retention with recall within one testing session 
Objects were presented m the following manner 


Day 1 
Day 2 
Day 3 
Day 4 
etc 


Day 1 
Day 2 
Day 3 
Day 4 
etc 


In both cases the mferotemporals showed poor retention 
over 24h However, as shown m Fig 3, when the third 


recall was given shortly afte: the second there was con- 
siderable saving by the temporals 
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MEDIAN L FOR ALL PROBLEMS MEDIAN R FOR ALL PROBLEMS 





nO 







J12 Ja J9 





OTEMPORAL IORMAL FRONTAL ITEMPORALINORMAL IFRONTAL 


Fig 1 Median scores for learning the problems on the fist presentation. 
(Z) and second presentation 24 h later (R) 


EXCLUDING PROBLEMS WHERE L=O 
J8 


J9 






+ 6 
5 
MEDIAN 4 
L-R 
LIR 3 
2 
ol 
o 
zz. b 
Ju 
'?- TEMPORAL NORMAL FRONTAL 
PROPORTION OF 
! 20 8 
NEGATIVE SCORES 35 34 $ 4 36 5 


Fig 2 Median savings scores 


MEDIAN L 


TRIALS 





3rd 


3rd Ist 2nd 


PRESEN TATION 


{st 2nd 
PRESENTATION 


Fig 3 Median scores for learning problems on three successive presenta- 
tions according to schedule shown In the figure and explained in the text 
—, Temporal, , normal, ——-, frontal 


These iesults represent a prelhmmary investigation of 
the hypothesis that inferotemporal monkeys have difficulty 
in the long-term storage of visual information and that this 
deficit 13 related to their well-documented visual diserim- 
ination deficit This work is now bemg repeated with a 
larger group of naive baboons, and the lesion gioups now 
include animals with bilateral inferotemporal plus hippo- 
campal lesions in an effort to define the locus of the 
critical anatomical sites of such severe memory defects 

We thank Prof O L Zangwil for helpful eriticism and 
Miss S Hopkins and Mr R Hutchmson for aid with the 
preparation of diagrams One of us (S D I) thanks the 
Department of Scientific and Industrial Research for 
financial support The work was supported by US Air 
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Force European Office of Aerospace Research, under 
grant 63-34 
Susan D IVERSEN 
LAWRENCE WEISKRANTZ 
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MISCELLANEOUS 


A Device for the Transfer of Suspended 
Tissue Cultures 


In the development of growing plant cell suspensions 
from callus cultures, there 1s considerable cell agglomera- 
tion for the first 15-20 generations, under our growth 
conditions! this represents 4-5 sub-cultures The diameter 
of the cell agglomerates may be as high as 0 5 cm, thus 
transfer by pipette is difficult 

An apparatus (Fig 1) was designed for the rapid, sterile 
transfer of measured amounts of suspension cultures con- 
taming large cell agglomerates 


Fig 1 Culture flask for the transfer of suspended plant cells A, Main 
growth vessel, B, moculum chamber 

The graduated moculum chamber was derived from a 
test-tube, 11 cm x 17 mm A 250-ml wide-necked 
conical flask served as the main growth vessel The two 
vessels were connected, 8 cm from the base of the mam 
vessel and 7 em from the end of the moculum chamber, 
by 13 mm (internal diameter) tubing (4 5 cm long), bent 
to set the moculum chamber at 45° and to enter the 
chamber on its top side ‘Pyrex’ glass was used through- 
out 

Cell suspension ıs poured from the main vessel mto 
the inoculum chamber and the apparatus tipped to deliver 
the inoculum With the long axis of the moculum chamber 
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at approximately 45° to the vertical, the plug of the 
main vessel is not touched by culture during the second 
transfer 
Since 13 mm ıs the smallest internal diameter in the 
system, the largest cell agglomerates may be dispensed 
satisfactorily The smgle transfer action also reduces 
the possibihty of contammation 
THomas A Scorr 
Heren Hussey * 
CLEFORD SKELTON 
Department of Biochemistry, 
University of Leeds 
* In receipt of an Agricultural Research Council studentship 
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Dating of Old Mortars by the Carbon-14 Method 


Tax carbon-14 method may be apphed to the dating of 
old mortars, m the same way as if these mortars were 
remains of organic substances 

Old mortars are ordmarily composed of about 80 per 
cent by weight of coarse sand particles embedded m a 
matrix of calerum carbonate needles Therefore, 1 kg of 
mortar contains about 90 g of carbon dioxide, which has 
been meorporated through diffusion process from the 
ambient atmosphere when the mortar has been prepared 
The carbon dioxide capture process lasts about one week 
after the moment when lime and sand have been mixed 
with water From this moment the proportion of carbon-14 
m the carbon of the calcium carbonate needles must 
decrease in the same way as 1t does after death in plants or 
annals, and therefore buldmgs constructed with these 
mortars can possibly be dated by the usual carbon-14 
method 

In ordei to test this hypothesis we have measured the 
ages of four samples extracted from four buildings of 
which ages are historically known. 

Dating 1s performed by ordmary methods, the carbon 
dioxide bemg extracted by heating, at 900° C, about 100 g 
of mortar after a preliminary coarse crushing The carbon 
dioxide 1s carried away from the heated sample by a steam 
of pure oxygen gas and precipitated in a solution of barum 
oxide Results are given in Table 1 The hypothesis 
appears to be verified 


Table 1 
Composition Historical Age found 
age 


1. Château de la Madeleine, Vallée 
de Chevreuse, Seine-et-Oise, 


France Mortarfrom the north 03 CaCO, 600 + 50 660 + 120 
side of the northern wall, 1m 0 68 sand 
above the present ground-level 
2, Roman aqueduct of Barbegal, 013 CaCO, 1,620 + 60 1,620 + 150 
near Arles, Bouches du-Rh6éne, 087 brick 
France Mortar from pillars wastes and 
sand 
3 Vannes, Morbihan, France 
Mortar from concrete terrace 
with fragments of Tegula, a 1,500-1,860 1,650 + 150 
covered with 20 cm of sand and 
80 cm of black garden soil 
4 Western wall of the CN RS 011 CaCO; 50-150 0-100 
Park, Gif-sur-Yvette, Seine-et- 089 sand 
Oise, France and sand 
stone wastes 


Caleareous sands are sometimes used for preparing 
mortars and must be discarded, because this sand mtro- 
duces in the sample a large and unknown proportion of 
very ancient carbonate Therefore a previous microscopic 
examination of an eventual presence of Foraminifera tests 
1s needed 

Mrs Marie-Thérése Guilher carried out the carbon-14 
dating of the carbon dioxide extracted from the samples 

J LABEYRIE 
G. DzeLrBRIAS 
Centre des Faibles Radioactivités, 
BP No. 1, Gif-sur-Yvette, 
Seine-et-O:se, France 
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FORTHCOMING EVENTS 


(Meetings marked wth an asterisk are open to the public) 


Monday, February 17 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower Street, 
London, W C1), at 5 pm —Dr R Tata “The Action of Thyroid 
Hormones” (Further lecture on February 24 )* 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
Soionoe, London, WC 2), at 5 pm—Prof A J Ayer “Man as a Subject 
or Science” 


BRITISK SOCIETY FOR THE PHILOSOPHY OF SCIENOE (in the Jomt Staff 
Common Room, University College, Gower Street, London, W C 1), at 
530pm--Mr D J Furley “Zeno and the Greek Atomists” 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8 W 1), at 530 pm—Dr Daphne J Osborne "Inter- 
actions of Hormonal Substances in the Growth and Development of Plants” 


ROYAL SOOIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 p m.—Prof the Hon Richard Hare “St Petersburg—Petrograd— 
Le Russian Architecture, Yesterday and Today” (Last of four 
Cantor Lectures on “Soviet Russia To-day” ) 


Tuesday, February 18 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, S W 1) at 10 30 à m —Short Paper Meeting 


UNIVERSITY OF LONDON (at Bedford College, Regent’s Park, London, 
ND, at 515 pm —Prof D Lewis “The Relentless Molecule of 
eredity” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westmunster, 
London, S W 1), at 5 30 r m —Mr H L Malhotra and Mr R F Stevens 
“The Fire Resistance of Encased Steel Stanchions” 


UNIVERSITY OF LONDON (at the Imperial College of Science and Tech- 
nology, London, S W 7), at 5 30 pm —Prof C D Buchanan “Transport 
and the Community” * 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C D, at 5 30 pm— 
Dr I M Rott “Recent Developments in Autoimmunity” (Last of 
twelve lectures on “The Scientific Basis of Medicme” organized by the 
British Postgraduate Medical Federation ) * 


UNIVERSITY OY LONDON (at the Institute of Archeology, 31/34 Gordon 
Square, London, WC 1), at 545 pm—Dr Kurt Bittel “Archeological 
Problems of Hittite Asia Minor” (Last of three Special University Lectures) * 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINE 
GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 0pm— 
Discussion on “Turbochargmg—Where are We Gomg?" 


PLASTICS INSTITUTE, LONDON SECTION—ENGINEERING SUB-GROUP (at 
the Wellcome Buildmg, Euston Road, London, NW1) at 630 pm — 
Discussion on “Injection Moulding Engineering Equipment Developments” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (jot meeting with 
UNIVERSITY COLLEGE CHEMICAL AND PHYSICAL SOCIETY, at University 
College, Gower Street, London, W C 1), at 6 30 p m —Prof R A Raphael, 
FR “Big Rings" 


Wednesday, February 19 


BRITISH INSTITUTE OF RADIOLOGY (Jomt meeting with the HOSPITAL 
PAYSICISTS ASSOCIATION, at University College Hospital Medical School 
London, WC 1), at 945 am —Meeting on “The Calculation of Dose 
Distribution using Digital Computers” 


INSTITUTE OF INFORMATION SCIENTISTS (at the Ministry of Aviation, 
First Avenue House, High Holborn, London, WC 1) at 230 pm—Mr 
H E O Isotta “Tape Typewriters in Information Work” 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1),at4 30pm 
—Dr F Yates, Mr M J R Healy and others “How Should We Reform 
the Teaching of Statistics 7” 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, S W 7), 
at 5p m—Mr W C Swinbank "'Long-Wave Radiation from Clear Skies”, 
Mr J T Houghton ‘Absorption m the Stratosphere by Some Water- 
Vapour Lines in the V, Band", Mr F E Lumb “The Influence of Cloud 
on Hourly Amounts of Total Solar Radiation at the Sea Surface” 


INSTITUTION OF MECHANICAL ENGINEERS, (at 1 Birdcage Walk, West- 
minster, London, S W 1), at 6 pm —Mr A Stratton “Gyroscopes for 
Inertial Navigation" (James Clayton Lecture) 


RoYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6pm—Dr D G Miller “Salt Water into Fresh” 


SoorETY OF CHEMICAL INDUSTRY, FOOD GROUP (jomt meetmg with the 
NEWCASTLE SECTION, at King's College, Newcastle), at 6 30 p m —Dr 
E C Barton-Wright “Nutritional Value of Alcoholic Beverages" 


OIL AND COLOUR CHEMISTS’ ASSOOIATION, LONDON SECTION (at Manson 
House, 26 Portland Place, London, W 1), at 7 pm —Mr R B Wilson 
“The Diffusion of Water and Radioactive Material mto Alkyd Pamts”, 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—LEA VALLEY 
Sub-Section (at Luton College of Technology, Park Street, Luton), at 
745pm —Prof J A V Butler, FR S “Nucleic Acids and Heredity” 


Thursday, February 20 


PLASTICS INSTITUTE, REINFORCED PLASTICS GROUP (at the College of 
Advanced Technology, Gosta Green, Birmingham), at 10 30 a m —Con- 
ference on ''Finishes for Reinforced Plastics” 


UNIVERSITY COLLEGE, LONDON (m the Anatomy Theatre, Gower Street, 
London, W C1), at 1 15 pm —Dr E Wiesenberg “The Dead Sea Scrolls 
and ‘the End of Days’” * 


LONDON MATHEMATICAL SOOIETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W 1), at 830 pm —Prof J 
Eells *'Variational Theory on Manifolds’, 5 pm —Prof M Kervaire 
“Structure of Smooth Manifolds” 
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ROYAL Soorety (at Burhngton House, Piccadilly, London, W 1), at 
430 pm—Prof A L Hodgkin, FRS “Recent Experiments on Giant 
Nerve Fibres”. 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W 1), at b pm —Mr A G: 
“Some Aspects of Belt Conveyor Design’, Mr H M Wright 
Bethlehem Project of Bethlehem Copper Corporation, Limited, Highland 
Valley, British Columbia" 


BRITISH INSTITUTE OF RADIOLOGY (at 32 Welbeck Street, London, W 1), 
at 6 p m —Discussion Group meeting on ‘Hypertension and Renal Disease” 
8 pm —Ordinary meeting on “Lymphangiography” 

SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (joint 
meeting with the ROAD AND BUILDINGS MATERIALS GROUP, at 14 Belgrave 
Square, London, S W 1), at 6 p m —Mr J G Bramley ‘‘The Use of Epoxy 
Resins in Civil Engmeermg” 


WOMEN’S ENGINEERING SOOIETY (at Hope House, 45 Great Peter Street, 
Westminster, London, S W 1), at 7 15 pm —Mr T Tanner “Research 
into Problems of Yacht Design” 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W 1), at 730 pm —Dr J H Middlemes 
“Radiology in the Tropics General Considerations and Special Reference 
to Some Hemoglobinopathies” 


Friday, February 21 


BRITISH INSTITUTE OF RADIOLOGY (at 32 Welbeck Street, London, W 1), 
at 2 p m —Radiobiology Meeting 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 4 pm —Dr R E B Hudson “The 
Conducting System of the Human Heart” * 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, S W 1), at 530 pm —Mr P G E 
King “Lasers” 


OCCAM SOCIETY (at the Northampton College of Advanced Technology, 
St John Street, London, E C 1), at 6 15 p m —Mr A Healey “On Modern 
Fr (a discussion on the book by Heisenberg, Born, Schrodinger and 

uger 

SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 Belgrave 
Square, London, S W 1), at 680 pm —Mr L M Mial “Development of 
Fermentation Processes” 


SOCIETY FOR ANALYTICAL CHEMISTRY, MIOROCHEMISTRY GROUP (at the 
Chemical Society, Burlington House, Piccadilly, London, W 1), at 6 45 pm 
—Annual General Meetmg, followed by Dr N H Hartshorne “Chemical 
Microscopy ’ 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm — 
Prof R Dulbecco (California Institute of Technology) “Infectious Heredity 
and Man’s Future” (Woodhull Lecture) 


Monday, February 24 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 
at 815 in — Prof L Dudley Stamp, CB E 
Village Greens of England and Wales" 


7), 
“The Common Lands id 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appomtments on or before 
the dates mentioned 

HEAD (honours graduate in physles, some teaching experience, and prefer- 
ably Corporate Member of the Institute of Physics, with some research 
and/or industrial experience) OF THE DEPARTMENT OF PHYSICS AND MATHE- 
MATICS, Grade IV—The Principal, Kingston College of Technology, Penrhyn 
Road, Kingston-on-Thames (February 21) 

HEAD (with high academic qualifications and research or industrial 
experience 1n biology or related fields of study) OF THE DEPARTMENT OF 
BIOLOGICAL STUDIES—The Vice-Principal, Lanchester College of Technology, 
Priory Street, Coventry (February 21) 

ASSISTANT LECTURER (preferably with experience or interest in neuro- 
physiology) IN THE DEPARTMENT OP PHyYSIOLOGyY—The Secretary, The 
University, Aberdeen (February 22) 

ASSISTANT LECTURERS (2) (men or women graduates with special interests 
1n either (æ) human and economic geography, or (b) soil science and/or plant 
geography) IN THE DEPARTMENT OF GEOGRAPHY—The Registrar, The 
University, Leicester (February 22) 

LECTURER (Grade II) IN THE DEPARTMENT OF PHYSICAL CHEMISTRY— 
The Registrar, The University, Senate House, Bristol 2 (February 26) 

REGIUS CHAIR OF ANATOMY 1n the University of Aberdeen—The Private 
Secretary, Secretary of State for Scotland, Room 505, St Andrew's House, 
Edinburgh 1 (February 28) 

HEAD (Principal or Senior Principal Scientific Officer grade) OF THE 
DEPARTMENT OF CELL BIOLOGY, to head a group working on cell physiology, 
cell multiplication and molecular genetics— The Secretary, John Innes 
Institute, Bayfordbury, Hertford, Herts (February 29) 

MICROBIOLOGIST/MYCOLOGIST/BACTERIOLOGIST, Scientific Officer or Senior 
Scientific Officer grade (with a good honours degree m an appropriate science, 
exceptionally, a candidate graduating this year would be considered), to 
work on the nutrition of cultivated mushrooms, including the process of 
composting—The Secretary, Glasshouse Crops Research Institute, Worthing 
Road, Rustington, Littlehampton, Sussex (February 29) 

READER IN ENZYMOLOGY IN THE DEPARTMENT OF ORGANIO CHDMISTRY 
—The Registrar, University of Newcastle upon Tyne, 6 Kensington Terrace, 
Newcastle upon Tyne 2 (February 29) 

SENIOR LECTURER or LECTURER IN THEORETICAL PHYSICS—The Secre- 
tary, University of Lancaster, Bailrigg House, Lancaster (February 29) 

CHAIR OF APPLIED MATHDMATICS— The Registrar and Secretary, Univer- 
sity of Durham, Old Shire Hall, Durham (March 1) 

READER IN MATHEMATICAL STATISTICS— The Registrar and Secretary, 
University of Durham Old Shire Hall, Durham (March 1) 

SENIOR LECTURER (with considerable experience of tropical crops and 
familiar with tropical horticultural practices) IN THE DEPARTMENT OF CROP 
HUSBANDRY AND HORTICULTURE—The Registrar, University of Ghana, 
PO Box 25, Legon, Accra, or The Registrar (Overseas), University of 
Ghana, 14 Gordon Square, London, W C 1 (March 2) 
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ASSISTANT LECTURER IN BACTERIOLOGY—The Registrar, Th 

Manchester à (March 7) b phe University, 
SSISTANT LECTURER IN MATHEMATICAL STATISTICS—The Regi 

University, Manchester 13 (March 7) pistan Te 

SECOND CHAIR OF PURE MATHEMATIOS—The Registrar, University of 
bc upon Tvne, 6 Kensington Terrace, Newcastle upon Tyne 2 

LECTURER or ASSISTANT LECTURER IN GEOPHYSICS IN THE DEPARTMENT 
OF GEOLOGY—The Registrar, The University, Leicester (March 14) 

LECTURFRS (with mterests in theoretical or experimental physics) IN 
THE DEPARTMENT OF NATURAL PHILOSOPHY—The Secretary, The Univer- 
sity, Aberdeen (March 14) 

RESEARCH FELLOW (statistician, mterested but not necessarily experienced 
1n medical problems) WITH THE RESEARCH GROUP IN BIOMETRIC MEDICINE, 
to undertake fundamental biometric research and act as statistical consultant 
ın medical research—Prof D J Finney, Department of Statistics, Univer- 
sity of Aberdeen, Meston Walk, Old Aberdeen, Scotland (March 16) 

CHAIR OF PLANT PATHOLOGY at Imperial College of Science and Tech- 
nology—The Academic Registrar, University of London, Senate House, 
London, W C 1 (March 17) 

LECTURER IN ANIMAL ECOLOGY IN THE DEPARTMENT OF FORESTRY AND 
NATURAL RESOUROES—The Secretary, University of Edmburgh, Old 
College, South Bridge, Edinburgh 8 (March 21) 

LECTURER or ASSISTANT LECTURER IN TECHNICAL MATHDMATICS—The 
Secretary, The University, Edinburgh (March 23) 

CHAIR OF CHEMICAL ENGINEERING at the University of Melhourne—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W 1 (Australia and London, 

arc! 

HONOURS GRADUATE (preferably ın zoology), to study nematodes that 
affect sugar beet—The Secretary, Rothamsted Experimental Station, 
Harpenden, Herts (March 31) 

LECTURER (with a degree 1n mechanical engineering, preferably at honours 
level, of a recognized Commonwealth university, together with either ex- 
perience m industry or research and teaching experience at university level) 
IN MLCHANICAL ENGINEERING at the University of Canterbury, Christchurch, 
New Zealand—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S W 1 (New Zealand 
and London, March 31) 

SENIOR LECTURER IN COMPUTING MATHEMATICS at Victoria University 
of Wellington, New Zealand—tThe Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(New Zealand and London, March 31) 

SENIOR LECTURER or LECTURER IN PARASITOLOGY IN THE DEPARTMENT 
OF VLTLRINARY PARACLINICAL SCIENCES, University of Melbourne, Australia 
—The Registrar, University of Melbourne, Parkville, N 2, Victoria, Australia, 
or The Secretary, Association of Commonwealth Universities (Branch Office), 
Oe Vinee House, Pall Mall, London, S W 1 (Australià and London, 

ay 

ROYAL DUTCH SHELL STUDENT (honours graduate m geology (with mathe- 
matices and/or physics at ancillary level), or physics), IN GEOPHYSICS, for a 
two-year course 1n geophysical prospecting applied to the search for oil— 
d PE ETS Imperial College of Science and Technology, London, 

ay 

LECTURER or ASSISTANT LECTURER (with interests in plant physiology) 
IN Botany—The Principal, Royal Holloway College (University of London), 
Englefield Green, Surrey 

SENIOR RESEARCH OFFICER (pieferably nuclear physicist with mathe- 
matical inclinations, a good honours degree in physics and several years 
experience of nuclear structure research), to carry out research 1n collabora- 
tion with nuclear physicists, 1n. the application of on-line digital computers 
to nuclear physics experiments, especially 1n the nuclear structure field— 
Prof K W Allen, Department of Nuclear Physics, The University, 21 
Banbury Road, Oxford 


REPORTS and other PUBLICATIONS 


(not included ın the monthly Books Supplement) 


Great Britain and Ireland 


The Association of the British Pharmaceutical Industry How Equivalent 
18 an ‘Equivalent’? Pp 14 (London The Association of the British 
Pharmaceutical Industry, 1963 ) [1212 
The International Nickel Company (Mond), Ltd Engineering Properties 
and Applications of Ni-Hard Martensitic White CastIron Pp 40 (London 
The International Nickel Company (Mond), Ltd , 1903 ) [1212 
British Leather Manufacturers’ Research Association A Fundamental 
Study of the Mechanism of the Deterioration of Leather Fibres Final 
Technical Report to the US Department of Agriculture Agricultural 
Research Service Pp 118 (Egham, Surrey British Leather Manufacturers’ 
Research Association, 1963 ) [121 
Department of Scientific and Industrial Research Memoirs of the 
(Geological Survey of Great Britam—England and Wales Geology of the 
Country Around Preston By D Price, the late Dr W B Wright, Dr 
R O B Jones, L H Tonka, and T H Whitehead With contributions by 
Dr A E Mourant, M A Calverand Dr W H C Ramsbottom Pp vii4- 
140--5 plates (London HM Stationery Office, 1963 ) 25s net [1212 
Report of the Nature Conservancy for the year ended September 1903 
Pp ap eer: plates (London HM Stationery Office, 1983) 
lls 
Royal Observatory Bulletins No 77 Radial Velocity Measures of 
Standard Stars with the Radcliffe Coudé Spectrograph By David S Evans, 
Pp E381-E388 2s net No 78 The Southern Spectroscopic Binaries 
HD 16589, 24202, 15389, and 197649 ByN W W Bennett, David S Evans 
and J D Laing Pp E389-E400 2s net (London HM Stationery 


Office, 1963 ) [1219 
Planning, Vol 29, No 477, (2 December 1963) The Structure and 
Organisation of British Trade Unions Pp 431-486 (London Political 
and Economic Planning, 1963 ) bs [1212 
Brathay Exploration Group Annual Report and Account of Expeditions 
1n 1902 Pp 89 Uganda Supplement Pp 58 (Grafton House, Oundle, 
Peterborough Brathay Exploration Group, 1963 ) [1212 
Bulletin of the British Museum (Natural History) Geology Vol 8,No 7 
The Caradoctan Brachiopod Faunas of the Bala District, Merionethshire 
By A Wiliams Pp 327-471--plates 1-16 60s Vol 9,No 3 The Stile 
End Beds and Drygill Shales (Ordovician) m the East and North of the 
Englısh Lake District. By Dr William Thornton Pp 47-65+plates 1-5 
16s, Mineralogy Vol 2,No 1 Description of the Igneous Rocks Represen- 
ted Among Pebbles from the Bunter Pebble Beds of the Midlands of England 
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By W Campbell Smth Pp 1-17+platei 6s (London British Museum 
(Natural History), 1963 ) j t 1212 
National Institute of Agricultural Engmeermg Annual Report, 1961-62, 
(1 October 1961-30 September 1962) Pp 86  (Silsoe, Bedfordshire 
National Institute of Agricultura] Engmeering, 1963 ) 1212 
Bulletin of the British. Museum (Natural 'History) Zoology Vol 11, 
No 2 A Revision of the British Mites of the Genus Pergamasus Berlese S 
Lat (Acari Mesostigmata) by S K Bhattacharyya P 181—242 + plates 
1-8 (London British Museum (Natural History), 1963 ) 458 (1212 


Other Countries 


Yale University Observatory, New Haven Supplement to the General 
Catalogue of Trigonometrie Stellar Parallaves By Louise F Jenkms Pp 47 
(New Haven, Conn Yale University Observatory, 1963 ) [512 

The Coconut Industry Board, Jamaica Third Report of the Reseaich 
Department, June 1962-June 1963 Pp 47 (Kingston, Jamaica The 
Coconut Industiy Board, 1963 ) 512 

Report of the Trustees of the Australian Museum for the year ended 30th 
June, 1962 Pp 28 3s 6d Records of The Australian Museum Vol 25, 
No 15, (5th July, 1963) The Australian Agromyzidae (Diptera, Insects) 
By Kenneth A Spencer Pp 305-854 Vol 25, No 16, (1st August, 1963) 
Reteterebella queenslandia, a New Genus and Species of Polvchaetous Annelid 
from Queenslind, Austraha By Olga Hartman Pp 355-358 (Sydney 
Goveinment Printer, 1962 and 1963 ) [512 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Bulletin 95 Carboniferous and Permian Rocks, Southwestern 
District of Mackenzie By P Harker Pp 1\+91 (4 plates) 1 25 dollars 
Paper 63-10  Trutch Map-Area, British Columbia By B R Pelletier and 
D F Stott Pp u+12+map 75cents Paper 63-13 Rossland Map-Area, 
British Columbia By H W Little Pp 1+8+map 75 cents (Ottawa 
Queen's Printer, 1963 ) [512 

World Health Organization Technical Report Series, No 257  Trainng 
of the Physician for Family Practice Eleventh Report of the Expert 
Committee on Professional and Technical Education of Medical and Auxiliary 
Personnel Pp 39 2 Sw francs, 3s Od , 60 cents Terminology of Malaria 
and of Malaria Eradication Report of a Drafting Committee Pp 127 
12 Sw francs, 20s , 4 dollars Bibliography on Yaws 1905-1962. Pp 106 
8 Sw francs, 13s 4d , 2 75 dollars (Geneva World Health Organization , 
London HM Stationery Ofhce, 1963 ) 512 

National Institute of Genetics, Japan Annual Report No 18, 1902 
PP a yee (Misima, Sizuoka-hen National Institute of Genetics, 
19 


Departemen Perhubungan Udara—Djawatan Meteorologi dan Geofisik, 
Djakarta Geophysical Notes No 1 Hubungan Antara Intensity dan 
Djarak Epicenter Oleh — Soeporo Pp 28 No 2 Seismic Zones in 
Indonesia By R Soetadi Pp 10 Earthquakesin Indonesi3,19000 Pp 11 
(Djakarta, Indonesia Departemen Perhubungan Udara—Djawatan Meteor- 
ologi dan Geofisik, 1962 and 1963 512 

Annals of the Natal Museum, Pietermaritzburg Vol 15, Part 24 
Descriptions of Southern African Amphibians By J C Poynton Pp 
319-332--Fplate 4 7s 6d net Vol 15, Part 25 An African Psvchodid 
Larva with Ventral Suckers, (Diptera Psychodidae) By F. Vaillant 
Pp 333-848 7s net (Pietermaritzburg Natal Museum, 1963 ) [512 

Companhia de Diamantes de Angola (DIAMANG) Servicos Culturais 
Dundo—Lunda—Angola Museu do Dundo Subsidios para o Estudo da 
Biologia na Lunda Publicacoes Culturais, No 66 studos Diversos 
rm Pp 162 (Lisboa Companhia de Diamantes de Angola, 
i 


6 512 
The Rockefeller Foundation Annual Report for 1962 Pp xvul--262 
(New York ‘The Rockefeller Foundation, 1963 ) 212 
Tokyo Astronomical Observatory Tokyo Astronomical Bulletin, Second 
Series No 158, (February 25, 1963) ' Photographic Observations of Comets 
By H Hirose,K Tomttaand H Kosai Pp 2065-2068 No 161,(September 
5,1963) Meridian Observations of the Positions of the Moon, Major Planets, 
and some Bright Minor Planets during the year 1962 By H Yasuda, R 
Fukaya, H Hara and T Ina Pp 2001-2009 Annals of the Tokvo Astro- 
nomucal Observatory Second Series, Vol 8, No 2 On Physical Conditions 
in the Corona Above an Active Region Referring to the Radio Observations 
By Masaki Morimoto Proper Motions of the Stars Used in the Polar Tube 
Observations of the Tokyo Astronomical Observatory By N Seliguvhi, 
Jun’itsu Matsumoto and Fumiko Nemichi Pp 125-149 (Tokyo Tokyo 
Astronomical Observatory, 1963 ) 21 
Neurosciences Research Program, Bullet, Vol 1, No 1, (October, 1963) 
Pp 100 (Brooklyn, Mass Neurosciences Research Program, 280 Newton 
Street, 1963 ) 1 
Population Reference Bureau, Inc Population Bulletin, Vol 19, No 7, 
(November, 1963) Population Growth and Immigration Policy 8 The 


Western Hemisphere Pp 169-196 (Washington, DC Population 
Reference Bureau, Inc , 1963 ) [1212 

Ninety-fourth Annual Report of the American Museum of Natural History, 
July, 1962, through June, 1963 Pp 96 (New York ‘The American 
Museum of Natural History, 1903 ) [1212 


Svenska Linné—Siallskapets Arsskrift, Årgång XLV, 1962 Pp v+175 
(Uppsala Almqvist and Wiksells Boktryckeri AB , 1963 ) [1212 

uomen Geodeettisen Laitoksen Julkaisuja Veroffentlichungen des 
Fimnischen Geodatischen Institutes No 58 — Beobachtungsergebnisse der 
Finnischen Triangulationen in den Jahren 1961-1962 Von Erkki Hytonen. 
Pp 31 (Helsinki Suomen Geodeettinen Laitos, 1963 ) [1212 

Chicago Natural History Museum  Fieldiana Geology Vol 12, No 6 

Pennsylvanian Invertebrates of the Mazon Creek Area, Illinois. E terida 
By Enk N Kjellesvig-Waering Pp 85-106 (Chicago Chicago Natural 
History Museum, 1963 ) 1 dollar [1212 
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ERFORMANCE[ e — | 


in routine analysis 
and research 


Easily converted into the CF4DR Double- : ‘ 
Beam Recording Spectrophotometer. = 


This instrument ıs manufactured completely at our 
Works, and is installed and delivered free of charge TH F 0 PTI CA CFA 








Full information together with details of other AN OUTSTANDING SINGLE-BEAM HIGH- at 
OPTICA spectrophotometers will be forwarded PRECISION MANUAL SPECTROPHOTOMETER. $ 
on request Standard Features s 
@ Grating Monochromator M 
CF4 Range 185-750mp Price £870 € High Resolution H 
Range 185-1000mj Price £950 € Linear Dispersion 
€ Transistorised Electronics S 
Complete range of attachments available. @ Mains Operated 


Service Centres at London, LARkswood 2603, Manchester, CENtral 9937 and Neweaatle, Low Fell 75002 


THE BAIRD t TATLOCK GROUP .OF COMPANIES * 
HIGHAM LODGE. BLACKHORSE LANE, WAL 


Agents in Scandinavia. Australia and throughout the world. E A i y * 


You decide: 
is this a good idea? 


200 years ago life assurance as we know it began—with the 
Society that became known as the ‘Old Equitable’, the oldest B A R B I N S U L A T 0 R S 
mutual life office 1n the world 

Unswervingly through the years, the ‘Old Equitable’ has 
stuck to its principles, of no shareholders, of payiig no TYPE O62 
commission for the introduction of business and of sharing 
its profits among members Today, as helpful as ever and of 
great financial strength, the *Old Equitable' provides life 
assurance for its members at cost price 

For instance a quarterly payment of £2676 secures a 
man of 34 an endowment assurance of £2,500, sharing ın 
major profits and payable shortly before he is 60 or at his 
earlier death Those who took out such policies 25 years ago 
are receiving £4,315 this year 

For more about *Old Equitable' assurances, please fill in 
this coupon 


get in touch with the 


OLD EQUITABLE 























WC 


Working voltage 

500 V DC 

Capacity less than 5 pF 
Temperature range 

— 55°C to +200°C 
Resistance to pull tn 
either direction 3 Ibs 
Chassis thickness = 22/24 
SWG = 022°} 028" = 

0 56/0 72 m/m 

Mounting | hole dia 
062" = 44" = | 58 m/m. 


"E 


Hah fees 
ae 


A new subminiature insulator, which is speedy 
to assemble, and with outstanding physical 
characteristics The PTFE bush, which is 
supplied with the heavily silver plated brass 
‘barb’ partly inserted, ts located in an ordinary 


19 COLEMAN STREET, LONDON, ECz 





Write for technical details of these and other 
ADDRESS NA Oxley products 


bi a ech ceo LLL et ee ze] OXLEY DEVELOPMENTS CO. LTD. 


ULVERSTON, LANCASHIRE 


Bone Letters Please) 


| Immediate Annuities [] Personal Pension [3 062” dia hole and the barbed spill is pressed 
| School Fees O Income for Dependants [1 firmly through the assembly, thus expanding 

Life & Endowment O Children's Policy O theP TFE bush on the far side of the chassis 
l ae locking the complete assembly firmly in 
[x the chassis 


| 
DATE OF BIRTH | 
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are charged at 12s for the first Ine and 
6s per line thercafter Lines in capitals or 
contamung words in capitals 12s per line 
Semi-displayed £4 16s per single column 
inch Colour (orange) £15 extra Is is 
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ADVERTISEMENTS SHOULD BE 


ADDRESSED TO T G Scott and Son, 
Limited, 1 Clement's Inn, Strand, London, 
W C2 Telephone HOLborn 4743 Tele- 
grams  Textualist, Estrand, London 





APPOINTMENTS VACANT 


POSTDOCTORATE FELLOWSHIP 
IN MICROBIOLOGICAL 
CHEMISTRY 


The Research Council of Alberta, with labora- 
tories on the campus of the University of Alberta, 
announces a fellowship for fundamental research 
m aspects of intermediary lipid and hydrocarbon 
metabolism ın micro-organisms Applicants 
Should have, or expect to have, a PhD or 
equivalent degree before taking up the award 
Fellowships are awarded on a one-year basis with 
a maximum tenure of two years The appoimt- 
ment may be taken up at any time during the 
year The annual stipend 1s $5,500 and ıs income 
tax free 

Please address inquiries to The Durector of 
Research, Research Council of Alberta, Univer- 
sity Campus, Edmonton, Canada 


UNIVERSITY OF NEWCASTLE 
UPON TYNE 
SECOND CHAIR OF PURE MATHEMATICS 


Applications are invited for the newly created 
Second Chair of Pure Mathematics which has 
been established from August 1, 1964 Salary in 
accordance with professorial scale (£2900 to 
£3,300 a year) with family allowances and mem- 
bership of FSS U 

Further particulars may be obtained, from the 
undersigned, with whom applications (15 copies), 
together with the names of not more than three 
persons to whom reference may be made, must 
be lodged not later than March 10, 1964 (Ap- 
plicants from outside the British Isles may send 


one copy only) 
E M BEITENSON, 
Registrar 
University of Newcastle upon Tyne, 
6 Kensington Terrace, 
Newcastle upon Tyne 2 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF PHYSIOLOGY 
LECTURESHIP 


Applications are invited for the post of Lec- 
turer in the Department of Physiology An 
honours degree in physiology or closely allied 
subject 1s essential, research experience 1s desir- 
able Facihties exist. for research in nervous 
system, in endocrinology and in human metabolic 
problems Salary scale £1,250 by £105 to 
£1,670, bar £1,790 by £120 to £2,150 per 
annum, with placement according to qualifica- 
tions and experience and with superannuation 
benefit and family allowance where applicable 
The successful candidate will be expected to take 
up duty on October 1, 1964 ^ 

Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two referees, should be 
lodged not later than March 16, 1964 


CHARLES H STEWART, 
Secretary to the University 


UNIVERSITY OF NEWCASTLE 
UPON TYNE 
SECOND CHAIR OF GEOGRAPHY 


Applications are invited for the newly created 
Second Chair of Geography which has been 
established from August I, 1964 Salary in ac- 
cordance with professorial scale (£2,900 to £3,300 
a year) with family allowances and membership 
of FSS 

Further particulars may be obtained from the 
undersigned with whom applications (15 copies), 
together with the names of not more than three 
persons to whom reference may be made, must 
be lodged not later than March 14, 1964 (Appli- 
cants from outside the British. Isles may send one 


copy only) 
E M BETTENSON, 
Registrar 
University of Newcastle upon Tyne, 
6 Kensington Terrace, 
Newcastle upon Tyne 2 


























1s particularly valued 


to — 


CANADA— 
GEOLOGIST 


required by 
Saskatchewan 
Department of 
Mineral Resources 





ORGANIC CHEMISTS 








Pharmaceutical Research 


The Pharmaceuticals Division of I C I Limited depends in 
large measure on the success of its research effort To expand this 
effort we are seeking a number of chemists of inventive and 
original talent with a high Honours Degree and a Ph D for 
organic chemical research Post-doctoral research experience 


We would also hke to hear from those taking up overseas 
Fellowships later this year who, before leaving the U K , would 
like to discuss, mformally, future openings 


The modern, wellequipped Alderley Park Laboratories 
are set 1n fine rural surroundings in North Cheshire, 17 miles 
South of Manchester Conditions of employment are designed 
to attract and retain staff of the highest calibre 


For further information, please write, with brief details, 


The Staff Manager, 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
PHARMACEUTICALS DIVISION, 
Fulshaw Hall, WILMSLOW, Cheshire 





Permanent staff member to lead five-man field 
party in one inch to one mile, or detailed 
mapping in Precambrian area, and to carry out 
research and prepare reports and maps of desig- 
nated areas Applicant should have Ph D from 
accredited university and studies should have in- 
cluded specialization in Metamorphic, Structural, 
and Economic Geology At least two years ex- 
perience in Precambrian mapping required, but 
experience obtained while working for PhD 1s 
acceptable Salary range £200 to £240 per 
month 


Applications should be sent to the Saskatch- 
ewan Public Service Commission, c/o 19 Chester 
Mews, London, SW 1 


SMITH & NEPHEW RESEARCH LTD. 


require 


MIGROBIOLOGISTS 


m their new laboratories near Harlow, Essex, for the supervision of anti-microbial 
screening and for work in the fundamental study of bacterial metabolism 


Desired qualifications are an Honours degree ın microbiology, but applications from 
those with a good degree in chemistry or biochemistry, together with postgraduate 
experience imn microbiology will be considered The preferred candidates will probably 


not be over 30 years 
advantage 


Experience in the use of labelled compounds would be an 


Write brief details of age, qualifications and experience to : M/2, Adminstration 
Manager, Smith & Nephew Research Ltd., Gilston Park, Harlow, Essex 
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RESEARCH POSTS 


AT ALDERLEY PARK CHESHIRE 








Pharmacologist /Physiologist 





Experimental Biologist 





1 A physiologist or pharmacologist, medically qualified or 
with qualifications 1n pure science, 1s required for work to 
advance the therapy of cardiovascular dysfunction Much basic 
research 1s involved and candidates should have research 
experience Preferably they should not be over 35 A good 
scientist will find the work challenging and stimulating Labora- 
tory facilities and the environment provided are excellent 


2 An experimental biologist 1s required for work primarily on 
the chemotherapy of helminths Candidates must have research 
experience and preferably should not be over 30. Basic scientific 
qualifications may have been obtained in pharmacology, 
zoology, or agricultural science, and some biochemistry will be 
an advantage The work envisaged 1s more than “screening” 
and will attract an experimental biologist with an interest in 
chemotherapy 


Applications, with brief particulars, should be addressed to — 
The Staff Manager, 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
PHARMACEUTICALS DIVISION, 
Fulshaw Hall, WILMSLOW, Cheshire 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF PHYSICS 


RESEARCH PHYSICIST 


Applications are invited for appointment as Senior Research Officer or Principal Research 
Officer with the Organization's Division of Physics, located in Sydney, N S W 


The Division of Physics has groups engaged on research into the properties of solids, 
particularly at low temperatures Current investigations deal with the heat capacity and 
electrical resistance of binary alloys, thermal expansion of different types of crystal Jattice, 
thermal conductivity of neutron irradiated ceramics, the paramagnetic resonance of non- 
metallic crystals and improvements in low temperature thermometry Applications are 
invited from those interested in working in the above or allied fields The Division forms 
part of the National Standards Laboratory, the extensive facilities and skuls of which are 
available to researchers for the construction of equipment, precision measurements and 
computations Specialist facilities include air and helium. liquefiers, helium-three cryostats, 
Varian and superconducting magnets 


Applicants should possess a Ph D degree or should have had postgraduate experience of 
equivalent standard and duration, supported by satisfactory evidence of research ability 
Applicants should also have had considerable appropriate postgraduate experience in one 
of the above fields of research 


SALARY 
Dependent upon qualifications and experience within the ranges 
£A2,755 to £A3,115 per annum or £A3,301 to £A3,873 per annum 
Salary rates for women will be £A188 per annum less than corresponding rates for men 
Promotion within C SIRO 1s by merit and may go beyond the upper limit of the 
scale within which the original appointment is made 


Fares paid for the appointee and his dependent family Further particulars supplied 
on application to Mr W Hartley, Chef Scientific Liaison Officer, Australian Scientific 
Liaison Office, Africa House, Kingsway, London, W C2, to whom applications (quoting 
Appointment No 770/273) should be addressed by March 14, 1964 





EVANS 


MtEpicAL 


RESEARCH DIVISION 


TOXICOLOGIST 


The Evans Medical Laboratories have a 
vacancy for a Toxicologist The appoint- 
ment offers interesting work, good condi- 
tions of service, and good prospects for a 
person with ability and integrity 


The preferred age limits he between 25 
and 40 years 


A five-day week 1s worked and a pen- 
sion and life assurance scheme is in 
operation 


The salary paid will be commensurate 
with qualifications and experience 


Applications, giving details of qualifica- 
tuons and experience, should be addressed 
m confidence to 


Director of Research, 
Evans Medical Ltd , 
Speke, Liverpool, 24 





BECHUANALAND 
PROTECTORATE 
AGRICULTURAL OFFICER 


Required for pasture research, vegetation sur- 
veys, and soil conservation Candidates (male), 
under 40, must possess a university degree in 
agriculture Appointment on contract/gratuity 
terms for from one to four tours of 24 to 36 
months to suit the selected candidate Salary in 
scale £1,201 to £2,343 (including inducement 
allowance) a year Gratuity 12} per cent of 
gross emoluments Accommodation usually 
available at reasonable rent Children’s educa- 
tion allowances Free medical attention Gener- 
ous home leave 

Apply, giving full name and brief particulars 
of qualifications and experience, to the Director 
of Recruitment, Department of Technical Co- 
operation, Eland House, Stag Place, London 
SW 1, quoting RC213/11/04 


UNIVERSITY OF READING 
DEPARTMENT OF MATHEMATICS 


Applications are invited from persons with 
qualifications in either pure or applied mathe- 
matics for one or more Lectureships or Assistant 
Lectureships ın Mathematics The appointments 
will date from September 30, 1964 

Further particulars may be obtained from the 
Registrar (Room 22, ORB), The University, 
Reading, by whom applications should be re- 
ceived not Jater than February 17, 1964 





TECHNICAL EDITOR 


required in the Technical Information Ser- 
vices Section of the National Coal Board’s 
Central Engineering Establishment, Stan- 
hope, Bretby nr Burton-upon-Trent, Staf- 
fordshire The successful candidate will be 
required to edit technical reports and pre- 
pare them for publication, to edit articles 
for the technical press, papers to profes- 
sional bodies, and publications describing 
developments in coal mining equipment 
An ability to write clear and concise 
English 1s essential A technical or scien- 
tific background would be an advantage 
Appomtment superannuable, and salary 
according to qualifications and experience 
between £1,035 to £1,325 


Please write for application form to the 
Headquarters Staff Manager (X765A), 
NCB, Hobart House, Grosvenor Place, 
London, S W 1 
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CYANAMID OF GREAT BRITAIN LIMITED 


(Agricultural Division) 


SCIENTIFIC INVESTIGATOR 


(Agricultural Chemicals) 


Continued expansion has created this new appointment, concerned with 
the development and evaluation of Agricultural Chemicals, including 
insecticides, fungicides, nematocides and herbicides Duties will involve 


(I) Design, execution and interpretation of field experimentation, 
to determine applications of new products 


(2) Accumulation and correlation of information necessary to 
ensure safe usage of such products 


(3) Close liaison with Research establishments working with the 
Company's products 


Candidates (preferably aged 25-35) must have a good degree in a suitable 
biological science, together with several years’ experience in field work 
with Agricuitural Chemicals The appointment offers scope for a man 
with real initiative and ability, who will join a small team actively engaged 
in development work 


The commencing salary will be appropriate, with provision for progress, 
employee benefits include use of Company car, membership of Pension, 
Life Assurance scheme 


Suitably detailed applications should be addressed, in full confidence, to 


Company Personnel Manager, 
CYANAMID OF GREAT BRITAIN LIMITED 
Bush House, London W.C.2. 


F & M SCIENTIFIC EUROPA N.V. 


the European subsidiary of America's leading suppher of gas chromato- 
graphic equipment, requires for their new laboratory in Amsterdam a 


CHEMIST 


for the position of 
APPLICATIONS MANAGER 


Requirements are 


University degree (Ph D. or BSc Honours) , 

Proven experience 1n GC (Applications, Research or Development) , 
Fluent English and, preferably, German or French 

Age 30 to 50 


Salary offered 1s £2,000 to £2,500 


Full responsibility for applications laboratory and technicians, involving 
development of new analytical procedures and techniques, fundamental 
studies, preparation of technical papeis and talks, preparation of technical 
advertising materials, analysis of customers’ samples 


H.M-F & M SCIENTIFIC EUROPA N.V., 
Leidsestraat 67, 
AMSTERDAM, 

HOLLAND. 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 
LECTURER IN ANIMAL ECOLOGY 


Applications are invited for a Lecturer in 
Animal Ecology in the Department of Forestry 
and Natural Resources The successful applicant 
will be expected to lecture in the general field of 
Anmal Ecology, and to develop courses of m- 
struction on the management of exploited natural 
anımal populations He will also be expected to 
pursue and promote research on relevant prob- 
lems The salary scale 1s £1,250 by £60 to 
£1,490, Bar £1,550 by £60 to £1,670 by £80 to 
£2,150 per annum, with placement according to 
qualifications and expenrence, and with super- 
annuation benefit and family allowance where ap- 
plicable Applicants are also invited to write. to 
the Head of the Department, Professor J N 
Black, at 10 George Square, Edinburgh 8, for 
mformation on the proposed development and 
interests of this Department 

Applications (six copies), giving the names of 
two referees, should be lodged with the under- 
signed not later than March 21, 1964 


CHARLES H STEWART, 
Secretary to the University. 
Old College, 
South Bndge, 
Edinburgh 8 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 
LECTURER IN AERIAL PHOTO- 
INTERPRETATION 


Applications are invited for a Lecturer in 
Aenal Photo-interpretation in the Department of 
Forestry and Natural Resources The successful 
applicant will be expected to lecture on the appli- 
cation of aerial photography ta problems m land 
use 1n its widest connotation, and to give elemen- 
tary instruction in ground survey methods He 
will also be expected to engage in research and 
to develop facilities for this purpose The salary 
scale 1s £1,250 by £60 to £1,490, Bar £1,550 by 
£60 to £1,670 by £80 to £2,150 per annum, with 
placement according to qualifications and expen- 
ence, and with superannuation benefit and family 
allowance where applicable Applicants are also 
invited to write to the Head of the Department 
Professor J N Black, at 10 George Square, 
Edinburgh 8, for information on the proposed de- 
velopment and interests of thus Department 

Applications (six copies), giving the names of 
two referees, should be lodged with the under- 
Signed not later than March 21, 1964 


CHARLES H STEWART, 
Secretary to the University 





Old College, 
South Bridge, 
Edinburgh 8 


UNIVERSITY OF WESTERN 
ONTARIO 


DEPARTMENT OF BOTANY 


Applications are invited for two newly estab- 
hshed posts from candidates with interests in one 
or more of the following fields — Microbial 
Genetics, Biometrics, Plant Physiology (with 
emphasis on Radiobojlogy and/or tissue culture) 
Interest in teaching elementary biology will be 
an additional quahfication The appointments 
will become effective on July 1, 1964, and, de- 
pending on qualifications and experience, will be 
made at the level of Lecturer or Assistant Pro- 
fessor, within initial salary ranges of $6,000 to 
$6,500 and $7,500 to $8,000, respectively 

Applications, including curriculum vitae, state- 
ment of research interests and aims, recent photo- 
graph, names and addresses of two referees, 
should be sent to Professor C J Hickman, Head, 
Department of Botany, University of Western 
Ontario, London, Ontario 








UNIVERSITY COLLEGE OF SOUTH 
WALES AND MONMOUTHSHIRE 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from biochemists or 
chemists for a Post-doctoral Research Assistant- 
ship with effect from October 1, 1964 The post 
will be associated with a newly formed Medical 
Research Group for work on the biochemistry 
of connective tissues and lung —Experrnce in 
the general field of protein chemistry and bio- 
chemistry and in the use of an amino acid auto- 
analyzer would be an advantage The successful 
applicant will be expected to participate in the 
teaching activities of the Department — Starting 
salary £1,050, together with FSS U 

Applications (naming two referees) should be 
addressed to Professor K S Dodgson, from 
whom further particulars may be obtained 
Closing date March 14, 1964 
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1 From the clinical investigation of steroids to continuous monitoring of solvent 
recovery processes, Pye instruments have proved that they satisfy the 
stringent demands of every aspect of analysis by gas chromatography 
The Pye Argon Chromatograph is now a familiar sight in leading laboratories 
throughout the world and with its fine service record this highly sensitive 
instrument remains the most economical choice for quality control 
applications 

The versatile Pye Panchromatograph represents a completely new approach 
to chemical analysis Designed to incorporate every foreseeable development 
in the technique of analysis by gas chromatography, this instrument will 
accommodate any type of detection system It offers dual-columns, multi- 
detector systems, temperature programming, integration, radiochromato- 
graphy and many other advanced features. This instrument is the finest 
choice for any application, its design enabling its analysis function to be 
modified or changed at will 

The Pye Process Analyser is a rugged instrument designed for continuous 

operation in industrial conditions It has been successfully applied to various 

processes and extends an exciting new concept of control to the plant 
designer 
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W. G. Pye & Co. Ltd., 
York Street, P.O Box 60, 
Cambridge, England. 


Telephone Cambridge 58866 
Telegrams Pye Cambridge 
Telex 81105 W G Pye 
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T concern which has been expressed over some of 
the railway closures recommended m the Beeching 
Report last spring (Nature, 198, 1233, 1963), particularly 
in regard to the social and economic effects, has led to & 
much wider public consciousness of the necessity for 
planning development generally, at least at the regional 
level. The way had, m fact, been well prepared for 
informed discussion even before the Government issued 
ın November 1ts proposals for regional developmens and 
growth m the north-east of England and Scotland The 
subsequent Buchanan Report only hfted the discussion 
to a more fundamental plane and mndicated some of the 
questions to which answers should be sought and decisions 
which should be taken 1f frustration and colossal waste of 
effort and resources were to be avoided 

Among contributions to this mformed diseussion there 
have been a series of Broadsheots from Political and 
Economic Planning One of these, No. 475, French 
Planning: Some Lessons for Britain, has already been 
noted (Nature, 201, 667, 1964) This was followed in 
October by No. 476, A Development Plan for Scotland 
(Nature, 201, 458, 1964), m which Mr G McRobie 
insists that for Brain, more than any other mdustrial 
nation, & comprehensive policy for regional development 
has been made a national necessity by recent trends in 
population growth and movement, and by No. 466, 
Location of Industry (Nature, 196, 1154; 1962), in which 
Mr. M Chisholm exammes the developments and com- 
plexities of this problem since the Barlow Commission 
Report, Political and Economie Planning's report of 1939, 
and Mr M O. Fogarty's Prospects of the Industrial Areas 
of Great Brio, which was published ın 1946 (Nature, 
157, 529, 1946). Some reference to aspects of the subject 
was made by Prof H C Darby m his presidential 
address, “British National Parks", to Section E (Geo- 
graphy) at the British Association meeting at Aberdeen 
m 1963, at that same meeting, Prof. D. J Robertson 
discussed some of the fundamental issues m his presidential 
address to Section X. (General) on “The Present Position 
of the City” 

After remarkmg that town planning had been a mar- 
ginal topic at the British Association but was much 
more than marginal in its power to influence economic 
development m our community, Prof. Robertson had 
much to say about the effect on publie services of private 
development He thought that, -smece costs tended to 
discourage development, extra social costs should, if 
possible, be charged to the mdividual developer and that 
the publie interest might dictate a limit to development 
which would not be acted on without authoritative inter- 
vention. Population increases intensified Britam’s need to 
consider how to control urban growth, but a 'green-belt' 
policy was too negative ıt only made sense if accom- 
panied by a positive pohey for the economy of the region 
of which the expanding city 1s the present focus He 
also thought social scientists should be encouraged to 
contribute much more to town and regional planning in 
future While overspill schemes were more positive 
attempts to provide alternative developments outside 
congested cities they were a part of housing policy and 
did not take sufficient account of industrial implications. 
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Economie development requires regional plaùwng which 
is not Àhmuted by local authority boundaries, and it 1s 
at this pomt that Prof. Robertson’s views appear to 
challenge the Government’s programmes, which do not 
appear to provide adequate regional authority. Growth 
points, he adds, require to be selected with reference to 
the mteractions between them and the region m which 
they le they must attam a size sufficient to attract 
service trades and offices as well as mdustry and to 
develop adequate social facilities, and he visualizes & 
population of more than 100,000 as necessary. 

Two further contributions to the discussion may be 
mentioned here First, in March 1961, the Acton Society 
Trust m co-operation with the Royal Society of Arts, 
and with the support of the Nuffield Foundation, initiated 
an enquiry mto the mmpaet of the growth of industry on 
the amenities of the countryside in Great Britain The 
report of this preliminary enquiry, which was directed by 
Dr H. E Bracey, has been published under the tatle 
Industry and the Couniryside*. Also this autumn, a study 
conference under the presidency of the Duke of Edin- 
burgh, “The Countryside m 1970", considered during 
November 4-5 the report of a working party set up to 
examine the role and prmerples of conservation m the 
modern world and how these and the demands which 
society makes on the resources of the countryside can be 
reconciled. 

The issues raised in the Broadsheet, A Development 
Plan for Scotland, and 1n the White Paper, Central Scot- 
land—a Programme for Development and Growth (H. M.8.0 
Cmnd 2188 November 1963), are appropriately con- 
sidered separately. However, the proposals m that 
dealing with the north-east of England may be discussed 
in the hght of Pohtical and Economic Planning’s new 
analysis of the location of industry and of the two 
enquiries into the relations between mdustry and the 
countryside The Broadsheet pomts out that the first 
outstandmg fact about the distribution of population m 
Great Britain 1s that nearly two-fifths of the people lve 
in the seven official conurbations, although, collectively, 
these lost a few thousand inhabitants between 1931 and 
1961 when the population of the country as a whole 
inereased by 4-9 per cent Moreover, the outward move- 
ment of population from the centres of the major urban 
areas 1$ not bemg matched by an equally rapid shift in 
tho location of employment, resulting ın longer Journeys 
from the residential suburbs to the central places of 
employment, with the consequent expense and strain of 
travellmg in ‘rush-hour’ conditions. 

As @ result, whereas m the 1930's the emphasis m con- 
sidermg the location of mdustry was on solving the 
problems of depression, ıb is now on reducing congestion, 
and a solution of one problem provides no necessary 
cure for the other Smce, moreover, Britain’s dependence 
on foreign trado ıs likely to increase, measures taken by the 
Government to control the economy must mereasingly 
take account of the possible foreign repercussions Trading 
patterns too must be re-orientated, locations with good 


* Industry and the Countryside The Impact of Industry on Amenities m 
the Countryside The Report of a Preliminary Inquiry for the Royal Society 
of Arts Director of the Inquiry, Dr H E Bracey Pp 261 (Published 
for the Acton Society Trust by Faber and Faber, Ltd , London, 1963 ) 36s. 
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opportunities for access abrongaé; wing m attractiveness 
relative to those with good vess to the home market 
and sources of materi" Agam, unprocessed basic 
matenals are decl m mmportance among Britain's 
exports, and the Woadsheet 1s particularly useful for its 
indication of Kf wide context in which the proposals for 
a Channel should be considered and the opportunities 
which a thorough renovation of some of the less fortunate 
areas might offer 

The Broadsheet suggests that the number of jobs avarl- 
able in the conurbations 18 likely to merease with a con- 
sequent mereaso m demand for hvmg accommodation on 
the surrounding areas The greatest relative growth 1s 
hnkely to be ın the southern part of Britain, and entry 
mto the European Economie Community would accen- 
tuate the south-eastward drift Coastal locations are 
hkely to become more attractive for many manufacturers 
and there ıs no evident reason why the decline of rural 
population should be halted Strategie and social con- 
siderations are then realistically analysed and 16 1s pointed 
out that the argument for steermg mdustry to many of 
the regions with relatively high unemployment to avoid 
waste of social capital m the form of housing, schools, etc , 
is largely false Much of that ‘capital’ has outlived its 
time and ıs often a hability 

The Broadsheet 1s critical too of the spending of £70 
milhon during the first two years of the Local Employment 
Act, 1960 Commenting on some shortcomings of the 
machinery of planning, it insists that Britam cannot 
afford the luxury of a piecemeal approach whether m 
transport or elsewhere It pomts out that we are often 
largely ignorant of the economic or social costs of mdi- 
vidual proposals, and it cites an example of the way m 
which sectional mterests could have seriously impaired the 
national interest if allowed to succeed It does not, how- 
ever, suggest that proper mterests should be ignored or 
overridden the complexity of the issues involved 1s freely 
admitted, but the Broadsheet insists very firmly, m con- 
clusion, that Britain has too often refused to recognize 
that there 1s a cost volved in putting matters mght Too 
often m the past Britam has wanted the cure but has 
been unwilling to take the medicme 

It 1s not, moreover, at Government level alone that 
re-examunation of many of Britain's basic attitudes 1s 
required along with a wilingness to work with, and not 
against, much more rapid changes 1n economic and social 
matters than have been experienced for many decades 
Often ıt ıs ın the less favoured areas that traditional 
attitudes are most strongly entrenched and the resolution 
m ideas and habits needs to be the most thorough To 
devise methods of facilitatmg this revolution is seen as 
one of the most challenging tasks of our time 

If the Broadsheet starts from the Barlow Report, the 
enquiry made for the Royal Society of Arts, while arismg 
from a conference of the Society m 1959, really goes back 
to the Scott Report of 1942, Land Utilization ın Rural 
Areas, with rts msistence on the need for a central pilan- 
ming authority and claims to be tho first objective study of 
the impact of industry on rural amenities published since 
that Report Much of 15 1s not new and its survey of the 
impact of industry ıs luted to three main sectors the 
generation, transmussion and distribution of electricity, 
the refining and distribution of ol, and nuclear power 
A considerable amount of the detail assembled in the 
Report wil be famihar to readers of the reports of elec- 
tricity boards, tho Atomic Energy Authority, the National 
Parks Commission, the Nature Conservancy, the Council 
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for the Preservation of Rural England, and of numerous 
bodies What is new 1s, first, the impartial and considered 
comment at the end of each chapter, and next the series 
of chapters which survey special features such as employ- 
ment, local services, housing, transport, education, and 
social organizations Together these give a considered 
and composite picture, the value of which is further 
enhanced by a final chapter of reflexions which ends on 
the note that the frightening thing about the present day 
18 the rate of the change proceeding mm the countryside 

Even to those familiar with much of the detail, the 
Royal Society of Arts Report should be welcome for the 
way in which that scattered information 1s brought 
together, but ıt must be admitted that 1t would have been 
even more useful had ıt been provided with a bibhography 
and mdex ‘The Report, however, 1s not simply a record 
of past changes, its outstandmg characteristic 1s 1ts 
vision of the future, and the opening sentence of the final 
chaptor of reflexions sets the report alongside the lecture 
m which Prof Colin Cherry looked at the 1mpheations for 
Britam of what he termed “the meipient revolution” 
(Nature, 200, 308, 1963) "It ıs not generally recognized 
that Great Britain 1s experiencing the first stages of a new 
Industrial Revolution which could have even more 
resounding consequences on the countryside than the 
industrial revolution of a century and a half ago” The 
very pace of that change makes i$ the more imperative 
that attempts should be made, as m this Report, to con- 
sider dispassionately and impartially where we are going, 
and to face the implications alike of change or of attempt- 
mg to channel the forces that cause change 

No reader of the Report 1s left m any doubt that real 
danger to the countryside exists or that industry has 
already harmed visual amenities and will continue to do 
so 1n order to provide us with other amenities of everyday 
hfe The clash of interests 1s real, but, more than ever, 
some industrialists are willmg to co-operate with amenity 
societies 1f they are educated to the need There are, 
however, serious gaps m communication, and not only are 
the amenities hmuited m resources but also the country 
ratepayer rarely has adequate knowledge or financial 
resources and 1s often fighting a losmg battle with Govern- 
ment departments or with pubhe corporations, who still 
are all too often judges 1n them own cause The vital need 
is for more education—of mdustnalists, admmustrators, 
representatives and of members of the public Only the 
creation of informed publie opmuon, firmly based on 
knowledge of the full facts, many of which have still to 
be collected, can prevent at the best disiliusionment and 
at the worst irreparable destruction of much of our 
heritage of visual amenity 

Public understanding 1s the primary need, ım this 
respect much has yet to be done, and that urgently, if 
there ıs to be time for the creative and forward thinkmg 
that is no less essential to be translated, mto effective 
action Of that creative thinking there 1s some evidence 
in the present Report and 1t 19 to be found widely in the 
amenity societies, as well as elsewhere, 1f, as yet, scarcely on 
the scale which Prof Buchanan challenges The develop- 
ment plans themselves will compel such thmking 1f satıs- 
factory answers are to be found m time to some of the 
hard questions which this study of mdustry and the 
countryside brings to light Neither m terms of thought 
nor of finance 1s Britain’s heritage of scenic beauty to be 
preserved on the cheap—that 1s exactly what must be 
admitted, and which, on the whole, both Government and 
people have thus far expected 
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There ıs, however, another aspect of the preservation 
of the countryside with which the enquiry conducted by 
the Acton Society Trust was scarcely concerned, and this 
was duly noted at the study conference on “The Country- 
side m 1970”, which covered a wide range of problems 
Reporting from the Conservation Working Party at that 
conference, Lord Strang remarked, that the Working 
Party was generally agreed as to the urgent need for 
legislation to give effect to the recommendations of the 
Royal Commission on Common Land and to amend the 
National Parks Act There was general agreement on the 
importance of mamtaimung green belts—as was also very 
evident at a debate m the House of Lords on December 3, 
on the need to enhance the status of planning staffs and 
increase their numbers and also the number and use of 
landscape architects Comprehensive study of future 
requirements for the recreational use of lands, as well as 
surveys of land use, were also urged as well as a deliberate 
and concerted effort to halt the spohation of the coast 
Further research on the hnes of the enquiry conducted 
for the Royal Society of Arts was also recommended and 
the importance of the task of education was generally 
agreed 

A research workmg party reached the conclusion that 
research on the mmpact of mdustrialzation and mereasing 
population on the countryside was generally too late and 
too shght However, 15 1s thought that the new Natural 
Resources Research Council recommended ın the Trend 
Report (Nature, 200, 1029, 1963) could do much to meet 
this need provided its terms of reference included also the 
prevention and effects of atmosphere pollution, all 
aspects of the use of land, and demography A workmg 
party on organization, on which Dr Beechmg reported, 
reiterated many of the pomts made by the other two 
working parties, but also endorsed the need for a primary 
approach to youth, for more co-ordmation between the 
organizations concerned with the various aspects of con- 
servation, possibly through some sort of advisory council 
of the countryside at regional or national level, though 
this, 1t was thought, was only hkely to be effective after 
the legislative measures already noted had been taken 
It was particularly ın respect of the multipheity of small 
developments that action was required 

The Conservation Working Party also emphasized the 
need for continued research and adequate control in 
regard to the effects of toxic chemicals on the country- 
side However, this aspect of conservation, characterized 
by the Duke of Edmburgh im his closmg speech to the 
conference as conservation for the other creatures and 
plants that shared the countryside with us, and, as 
already noted, ignored in the Acton Society Trust enquiry, 
1s too diverse from the other aspects of conservation and 
development to be discussed here Its importance calls 
for separate treatment, and ıb does not arise directly ın 
the Government's present proposals for regional develop- 
ment and growth These are claumed as mportant new 
departures mvolving a comprehensive programme of 
modernization and growth deployed and co-ordinated on 
a regional basis 

That for the north-east of England* is based on a 
detailed study of conditions m the region undertaken by 
the Lord President of the Council early m 1963 In 
openmg a debate m the House of Commons on the pro- 
posals of the study on December 3, the Secretary of 
State for Industry, Trade and Regional Development and 


* The North East a Programme for Regional Development and Growth 
Pp 48+3 maps (Cmnd 2206) (London HMSO,1963) 5s net 
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(3) to secure a more even 1mmproveme 
a whole of the general quahty of hfe ın 
By implication at least, the importance of 
preservation is recognized, and Mr Heath spe 
stressed the mportance of continuity of policy Later in 
the debate, on December 4, the Minister of Housmg and 
Local Government, Sir Keith Joseph, admitted that some 
change m the planning organization was involved, partieu- 
larly the need for some organization at 1egional level 
and, urgently, reorganization of local government 
The last-mentioned he expected to be determined and 
operating by April 1965, and he also said that the land 
studies which lay behind the plans prepared for congested 
areas m the south-east, the north-west and the west 
Midlands had been put m hand two or three years ago 
and were already far advanced 

This special effort to modernize the region so as to 
stimulate its diversification and growth will be largely 
concentrated on a zone consisting roughly of Tyneside, 
Tees-side and that part of County Durham which lies 
between the Great North Road and the coast, all of which 
is now covered by developed districts, with emphasis on 
the deployment of investment in publie service District 
incentives have been made more attractive, and besides 
developmg a large new industrial estate near Tyneside 
the Government proposes to encourage more non-industrial 
employment Communications withm the region and with 
the rest of the country are to be improved, meluding a 
massive increase in the road programme Arrangements 
for industrial training both of adults and of school-leavers 
are being expanded, while building programmes in educa- 
tion will be designed to match the foreseen increase in 
population and economie activity, with continuing reviews 
of the development programme for health and welfare 
services Local authorities will be encouraged to reclaim 
more derelict sites, and besides encouraging the promotion 
of more tourist facilities, the programme proposes to 
increase the expenditure of the Arts Council in the north- 
east of England 

The White Paper meludes a paragraph on research and 
the universities, which promises maintenance of close 
co-operation with the two universities of the region m 
further research into the region's needs Stress 1s laid on 
the importance of mereased research by local firms, and 
a branch office of the Depaitment of Scientific and Indus- 
trial Research has been opened at Newcastle upon Tyne . 
to encourage such research and closer contacts between 
industry, the universities and Government establishments 
This 15 m addition to the help already bemg given to 
the North East Development Council towards the pro- 
vision of a regional technical information service 

Finaneial assistance ıs also bemg offered to the Council 
m promoting development, and ıt would appear that the 
Council 1s the main regional mstrument on which the 
Government is ielymg There is no reference to the 
National Economic Development Council, which in its 
report, Conditions Favourable to Faster Growth (Nature, 
198, 1123, 1963), considered regional questions broadly 
at some length, suggesting three kinds of approach which 
could strengthen the positive side of policy (1) improved 
and more predictable mecentives to firms, (2) mereased 
expenditure on the social infrastructure on the slowly 
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probably the weakest feature of the proposals, 
which otherwise seem well m lme with the experience 
uncovered by the surveys of Political and Economic 
Planning and other bodies already noted, though ıt must 
be said that the modernization proposals are humdrum 
rather than maginative They scarcely go as far as Prof. 
S. R. Dennison did twenty years ago m his conception of 
dynamic adaptation and positive policy, his msistence on 
consideration of efficiency m the use of our resources, 
outlined m the minority report of the Scott Committee 
Even Prof T Wilson's much more recent review, em- 
bodied in his presidential address to Section F (Econ- 
omues) at the British Association meetmg at Aberdeen m 
1963 (Nature, 200, 1, 1963), that an official policy for 
economie growth must recognize that some areas will 
decline relatively while others expand, and that some 
resources must be transferred rapidly from less efficient 
to more efficient concerns, 18 not reflected ın either the 
National Economie Council's report, or the White Paper 
on the north-east of England 

The real reason may well be that a sound national 
policy for economic growth 18 unlikely m the short-term, 
to attract votes, and while both major political parties are 
eager to exploit any opportunity for sectional advantage 
the national mterest 1s bound to suffer Only sustamed 
and determined effort to create a really mformed public 
opinion can counter policies of mere tinkering and ensure 
support for the bold and enterprismg policy that the 
long-term interests of the nation and not sectional 
advantage demand. Meanwhile, there should be unhesi- 
tating support from all mmpartial citizens when a Minister, 
such as Sir Keith Joseph on November 18, recognizes that 
new methods are required, even if they come uncomfort- 
ably close to those of his political opponents The Broad- 
sheets and reports which have just been noted deserve 
attention for the valuable contribution which they make 
to public understanding of the issues mvolved, not least 
of the price which has to be paid for any méasures really 
adequate for promoting a policy of growth and of conserva- 
tion. 


HISTORIANS IN DEBATE 


Scientific Change 

Historical Studies in the Intellectual, Social and Technical 
Conditions for Scientific Discovery and Technical Inven- 
tion, from Antiquity to the Present Edited by A C 
Crombie  (Symposrum on the History of Science, Univer- 
sity of Oxford, 9-15 July 1961) Pp xu+896 (London 
Hememann Educational Books, Ltd , 1963) 105s net 


HE Oxford symposium on “The History of Science" 

was planned by Dr A C Crombie, its ‘onle begetter’, 
to brmg together a fairly large band of professional 
historians of science summoned from all quarters of the 
globe and a representative group of Oxford’s philosophers, 
historians and scientists. The contributors of the written 
papers (which were circulated m advance of the meeting) 
‘were mvited to consider a number of general historical 
issues concerning, on one hand, the mteraction of ideas 
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and techniques within the sciences and, on the other, the 
reaction of social or other external factors on science 

Tot homines, quot sententiae As always happens at 
symposia and congresses, the nature of each paper, whether 
opening or commentary or discussant, was determined at 
least as much by the predilections of the author as by the 
themes proposed Thus the present volumes contain 
broad topical reviews (such as those of Edelstem, van der 
Waerden and Sambursky ın Part 1, devoted to “The 
Estabhshment of Scientific Thmkmg m Antiquity"), dıs- 
cussions of non-Western cultural traditions (as m Need- 
ham’s vigorous argument on the “‘Poverties and Triumphs 
of the Chinese Scientific Tradition” and the papers on 
science in. Russia), analyses of scientific method (effected, 
m a variety of contexts, by Buchdahl, Canguilhem and 
Farrell, among others), as well as a number of research 
papers more or less directly related to the broad theme 
of the symposium On the whole, those who attempted a 
direct address to the question “What factors stimulate 
change m scientific thought and technical methods?” 
appear to have succeeded better m fulfillmg Crombie’s 
purpose than those who attempted to treat a smgle 
example in depth In thus respect, the first four sections 
of the proceedings are both more generally interesting 
and more coherent, besides the papers already mentioned, 
outstanding efforts at synthesis and interpretation were 
made by White ("What Accelerated Technological Pro- 
gress m the Western Middle Ages?") and Beaujouan 
(“Motives and Opportunities for Science m the Medieval 
Universities") When the symposium turned to the 
modern period, despite Kuhn’s ingenious (if not totally 
convincing) attempt to plot a strategy of scientific revolu- 
tion, the proceedings tended to revolve around rather 
more narrow and specialist issues 

This in fact illustrates the importance of & question 
that was boldly raised by Guerlae n one of the most 
fascmating portions of the book, devoted to the histori- 
ography of science The rejection by practising scientists 
of any kind of ‘meta-science’ was firmly emphasized by 
Wilkmson when he took comfort m the “general anti- 
correlation between the mterest experimental physicists 
take m the philosophical impheations of their work and 
the advances made in their subject by their endeavours” 
Guerlac lamented a growmg professional isolationism 
which, through the development of the history of science as 
an academic discipime, has similarly begun to mark off its 
exponents also from other historians (However, Crombie’s 
plan for the symposium had, very properly, provided for 
& constant interaction between the history of science and 
the history of technology, and was m itself a step agaimst 
isolationism ) This was surely a very sound point, tho 
history of science 1s most fruitful when 1t values its rola- 
tions to other disciplmes—the sciences themselves, classi- 
cal scholarship, philosophy, and the various other branches 
of history, technological and mdustrial history above all 
A major facet of the historiography of science hitherto 
has stressed just this function as an essential component 
m the broad, overlapping, and diffuse spectrum of human 
knowledge Indeed, ıt has been above all praised for its 
unifymg, cementmg potentiality. 

Nevertheless, as Koyré remarked m his wise com- 
mentary, history of science 1s not only a kind of chameleon, 
or amorphous glue. Like political history, or the history 
of religious thought, ıt has 1ts own internal structure (or 
structures), its own problems, and its own evolutionary 
logic The dream of the polymath 1s not only a false 
dream when ıt ams at a ‘meta-science’, but also, equally 
when it ams at a still unattamable ‘universal history’ 
There can be no universal knowledge, not even a general 
history or a general physics We do not know how to work 
creatively except by specializing, whether 16 be as scientists 
or as scholars the deeper cut demands a narrower edge 

This duality of ambition afflicts all knowledge It 1s 
merely side-stepped and not resolved by any claim that 
some 1s useful and some is not Every speaker at the 
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Oxford symposium had to make the choice of proceeding 
on thelarger front or the narrow and, on the whole, 
each speaker tended to be eritiezzed for not makmg the 
opposite choice Will the history of science—m which the 
lustories of the sciences will fall hke the tributaries of a 
river—ever be written? asked Koyré Oxford could only 
agree with him that time alone can tell 
A R H&L 


JAMES CLERK MAXWELL 


Clerk Maxwell and Modern Science 

Edited by C Domb (Sıx Commemorative Lectures by 
Sir Edward Appleton, Dr E G Bowen, Prof C A 
Coulson, Prof R E Peierls, Sir John Randall and Prof 
R. A Smth) Pp vu+118+5 plates (London The 
Athlone Press, University of London, 1963 Dıstrıbuted 
by Constable and Co, Ltd) 25s net 


ROM 1860 until 1865, James Clerk Maxwell was pro- 
fessor of natural philosophy at King’s College, 
London, and there produced some of his most significant 
work, im» particular the two classic papers ın which he 
first put forward the concept of the electromagnetic 
theory of hght 
Six lectures, which form this book, were given to com- 
memorate his work at King’s College All the lectures 
were given by distinguished physicists, some of whom, 
includmg Sir Edward Appleton, Sw John Randall and 
Prof C A Coulson, have had direct connexions with the 
College and its Wheatstone Laboratory. The lectures 
divide mto two groups In the first, Sir John Randall 
provides a general background description of Maxwell's 
hfe and work, Prof R E Peierls surveys developments ın 
electromagnetic field theory since Maxwell, and Prof C A 
Coulson discusses four basic questions feemg Maxwell 
in the sphere of mtermolecular forces and how they have 
since been answered The three lectures m the second 
group are devoted to fields of research which, though 
intimately connected with electromagnetic radiation and 
thus ultimately deriving from Maxwell’s investigations, 
have only been developed m recent years Sir Edward 
Appleton writes on radio and the ionosphere, Dr E G 
Bowen on radio astronomy and giant telescopes, and Prof. 
R A Smith explains the principles underlymg the mter- 
action of radiation with matter, and describes their brilliant 
application in the past few years to the construction of 
masers and lasers and to the generation of coherent beams 
of hght 
This 1s a book for the student and teacher of physics 
rather than for the layman It need scarcely be said, 
m view of the distinction of each of the contributors, 
that each section 1s a model of clear exposition and a 
scholarly treatment of 1ts subject 
Maxwell, who lived for only forty-eight years, published 
more than a hundred scientific papers which fall into 
three groups colour vision and optics, molecular theory, 
including heat and thermodynamics; and electricity and 
electromagnetic theory It is remarkable that many 
of his papers opened new fields of research Of these, two 
are fairly well known, but his work m optics and colour 
vision has sometimes been forgotten 
He developed the colour box and colour top into instru- 
ments capable of making measurements with mathematical 
precision, and he discovered the numerical laws for the 
evaluation of data from such measurements He demon- 
strated that the sensations of all the colours of the spec- 
trum may be simulated by suitable mixtures of three 
prmanes, meluding subtraction as well as addition; and 
he showed the application of the trichromatic theory to 
the reproduction of a colour photograph, which 1s the 
basic principle of modern colour photography. 
In 1871. the chair of experimental physics at Cambridge 
was founded and offered to Kelvin, who turned ıt down. 
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Maxwell seems to have taken ıt reluctantly. Although 
he had no experience of teachmg experimental physics 
he succeeded brilhantly bothwin hus astuteness m bringing 
the Cambridge of his day to approve of his plans and in 
the high standards he achieved in.the Cavendish Labora- 
tory He was able to steer the niathematical Tripos 
examination towards more physical subjects for some 
years. ‘Appled mathematics’, so oftéx_ perversely 
narrowed to statics and dynamics, owed much to him 
Sır John Randall gives us an excellent pen-picture of 
Maxwell the man, his literary and rehgious interests It 
1s exciting to speculate what else he might have accom- 
plished had he been vouchsafed another decade or two of 
his hfe Already in his famous paper “On the Dynamical 
Theory of the Electromagnetic Field”, he discussed the 
problem of the gravitational field and thus began the long 
and as yet unsuccessful attempt to derive & unified field 
theory of matter 

The official historian of King’s College says that 
Maxwell was dismissed from his chair because he could 
not keep order m his lectures, and this was certainly 
the tradition when I worked m the Wheatstone Labora- 
tory Sır John Randall can find no evidence to support 
this 1n the College archives, although some of these have 
been ransacked and many records are missing Whatever 
1s the truth concerning Maxwell’s departure from King’s 
College, 1t 1s fitting that so many distanguished physicists 
should have contributed under the auspices of King’s 
College 1n so effectave & manner to extol the genius of 
Britain's leading nineteenth-century mathematical physi- 
cist W. L SUMNER 


THE:TOOTH OF TIME 


La Notion de Temps 

Equivalence avec l'espace (Actualités Scientifiques et 
Industrielles 1300) Par O. Costa de Beauregard Pp 
207 (Paris Hermann, 1963) 18 F 


Le Second Principe de la Science du Temps 
Entropie, Information, Irréversibihté Par O Costa de 
Beauregard Pp 158 (Pars Editions du Seuil, 1963) 
np 
N the past few years there has been a great revival of 
interest in fundamental problems concerning time, 
particularly among physicists and natural philosophers 
This revival has not been confined to the English-speaking 
world, and among those in other countries who have con- 
tmbuted to the subject has been the well-known French 
theoretical physicist Count Olivier Costa de Beauregard 
Recently he was awarded a Doctorat és Lettres by the 
Sorbonne, and the two theses which he submitted have 
since been published Both these are highly readable and 
provocative contributions to the literature on the concept 
of time, and ıb ıs to be hoped that attention will be 
directed to them abroad as well as m France 
The longer and more technical thesis, La Notion de 
Temps, 1s devoted to what the author calls the “first 
principle of the science of tıme”, the equivalence between 
space and time first mdicated by the mtroduction into 
physics of the theory of relativity. Costa de Beauregard 
has been impressed by the requirement of this theory that 
relations between events should be subject to covariant 
formulation. The usual distinctions between past, present 
and future presuppose frontiers between events that 
cannot be traced m a covariant way Thus many writers 
on relativity, notably Emstem, Munkowski and Weyl. 
have declared that there 1s no “gomg-on” of time m the 
objective world Events are sunply there and do not 
happen In the relativistic description of Nature, the 
world 1s spread out sub specie aeternitatis as a four-dimen- 
sional manifold, 1ts division into space and time depending 
on the observer This fusion of tme and space has been 
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regarded by wiiters such as Whitehead as nnplying some 
degree of subordination of space to time, but Costa de 
Beawegard prefers to interpret ielativity theory as 
mplyimg the “spatialization of tune" The idea of a 
‘creative advance’ of. Nature, advocated by Whitehead 
and by Mihé Capek, “est à nos yeux mcompréhensible”, 
he writes P 

The generdi plan of La Notion de Temps is historical 
The authór begins with a rapid, and somewhat over- 
simplified, survey of time in classical physics, emphasizing 
the pomt that underlymg the practical determination of 
time by astronomers 1s the convention that physical tume 
1s ultimately determned by the general laws of dynamics 
The core of the book consists of a long chapter on special 
ielativiby and Minkowsla space-time, followed by chapters 
on wave mechanics and on relativistic quantum theory 
The penultimate chapter concerns general relativity and 
the quantification of the gravitational field There is a 
short concludmg chapter on “La Physique ‘Sub Specie 
Aeternitatis’”’ Considerable attention 1s directed to the 
peculiar role of the velocity of hght in correlating space 
and time and to the fact that i relativity theory the 
desire, evident in both Newtonian physics and m the 
quantum theory of Heisenberg and Sehrodmger, to take 
time as the independent variable 18 absent “la physique 
ielativiste peut se defimr en un sens par sa volonté 
détermmée de ne pas prendre le temps comme variable 
mdépendente” 

The author lays emphasis on the fruitfulness of relativis- 
tic 1deas m. quantum theory, particularly m de Broglie's 
pioneer researches on wave mechanics — He also refuses 
to accept any ultimate determmism underlymg quantum 
theory and draws a parallel between the complexity 
of the machinery of crypto-determmust theory and that of 
the mechanical theories of the ether which were swept 
away by the formalism of relativity theory 

In hus first book the author ranges far and wide, so that 
at times one 1s almost inclined to forget that he 1s primarily 
concerned with the problem of time Le Second Principe 
de la Scwnce du Temps 1s of a different kmd Here he 
concentrates on the problem of the direction, or u1evers- 
ibihty, of time Whereas La Notion de Temps is con- 
cerned with fundamental physical laws which effectively 
conceal time’s arrow, this book concentrates on topics 
that appear to be intimately related to the unidirectional 
nature of time An important theme analysed m some 
detail ıs the mtumate relation between the principles of 
Bayes and Carnot and of the retardation of quantized 
waves With regard to the first of these, ıt ıs shown that 
statistical wrreversibility m the classical theory of prob- 
abihty depends on an a przort dissymmetry between pro- 
diction and retrodiction ‘The situation ın phenomeno- 
logical thermodynamics 1s similar “il faut dire aussi 
qu'elle ne déduit aucunement I’1rreversibilité de pı émisses 
qui ne la contiendraient pas, mais au contraire, que 
Virreversibiité se trouve explicitement incluse dans ses 
prémisses” The author discusses the work of Wheeler 
and Feynman (Rev Mod Phys , 17, 157, 1945) on retarded 
and advanced, electromagnetic waves and shows how this 
suggests very forcibly that there must be some intimate 
ielationship between the principle of mcreasmg entiopy 
and the physical significance of retarded, as distmet from 
advanced, waves 

The author goes on to analyse m detail the cybernetic 
equivalence of information and negative entropy ‘In this 
context, he points out that smoce, m his view, the principle 
of Bayes, or of forbidden blind 1etrodiction, 1s the ultimate 
justification for Carnot’s principle, the conversion of 
information into negative entropy depends on “un principe 
anti-Bayes de prédiction aveugle mterdite” 

In summing up his views on the nature of time, Costa 
de Beauregard mamtams the theme of La Noton de 
Temps that there 1s no tiue process of becoming in the 
external world, and that the going-on of time and its 
unidirectional nature are essentially dependent on the 
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mental activity of the observer Although I find this point 
of view difficult to accept, the argument for 15 15 power- 
fully developed G J WnurrROW 


COSMOGENIC AND RADIOGENIC 
ISOTOPES 


Radioactive Dating 

(Proceedings of the Symposium held by the International 
Atome Energy Agency in co-operation with the Jomt 
Commission on Apphed Radioactivity (ICSU) m Athens, 
19-23 November 1962)  (Proceedmgs Series) ‘Pp 
vin + 440 (Vienna International Atomic Energy 
Agency, London H M Stationery Office, 1963) 178 50 
schillings, 51s , 8 50 dollars 


MPROVEMENTS in the scope and sensitivity of low- 

level counting techniques and mass spectrometry have 
led m recent years to the intensive vestigation of a great 
number of rare nuclides originating from nuclear processes 
m terrestrial materials and meteorites Some of these are 
radioactive, with short half-lives, and they provide 
methods of measuring 1ecent geological time Others are 
the stable daughter products of long-lived radionuchdes, 
and the daughter-parent abundance 1atios can be used to 
date events as fai back as the formation of the Solar 
System Almost every aspect of these problems is con- 
sidered in this book, which contams thirty-one papers 
presented at a symposium in Athens m November 1962 
Most of the papers aie from laboratories m the United 
States and Europe, while two are from India and one from 
the USSR The papers tend on the whole to emphasize 
methodology rather than detailed applications, but such 
1s the variety of subjects touched on that there can be 
few Earth scientists and cosmologists which will not find 
something 1n the book of direct mterest to them Some 
papers, such as the review of low-level counting tech- 
niques by H. Oeschger, will interest a wider circle of 
readers 

Papers on short-hved radionuchdes and their applica- 
tions have the lion’s share of the book There are five 
papers on carbon-14, eight on other cosmogenie radio- 
nuehdes, and three on the intermediate decay products of 
uranium and thorium 

The work on carbon-14 meludes applications to the 
dating of deep ocean water (G. S Bien e£ al ), to the late 
Pleistocene geology of the USSR (A P Vinogradov) 
and to finding the date of fall of meteorites (T P Kohman 
and P S Goel) Twelve other radioisotopes produced in 
the upper atmosphere are reviewed by D Lal of the Tata 
Institute m Bombay Their present and future applica- 
tions to meteorology and oceanography are discussed in 
this and another paper from the same Institute. 

Investigations of lead-210 1n 1ce and water are discussed 
by D Goldberg, while D L Thurber describes measure- 
ments on uranium-234, showing that it may provide a 
method of dating lmestones less than & millon years old 
Workers at Saclay (C Coquema et al) describe some 
results from a general investigation of the distribution of 
the intermediate decay products of both uranium and 
thorium 

Eight papers on cosmogenic isotopes in meteorites 
reflect the present-day interest in this subject In these 
papers estimates are made of cosmic-ray exposure ages, 
rates of space erosion, and the past uniformity of the 
cosmic-ray flux Ages of formation of meteorites (D E 
Fisher) and tektites (J Zahringe1) are considered m other 
papers 

The eleven papers on applications of the stable radio- 
genic isotopes include one on the rhenium-osmium method 
of age determmation, by W Hei e£ al, and one on the 
helium method by P E Damon and W D Green The 
more widely used potassium-argon method and its possible 
extension to caleite and fluorite is discussed by H Lippolt 
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and W Gentner 1t appears possible fiom their work that 
some limestones will give useful potassium-argon ages 
Potassium-argon and rubidium-strontium ages on micas 
are compared by J L Kulp and Joan Engels, and the 
complementary topic of whole-rock rubidrum-strontium 
data is reviewed by P M. Hurley e£ al. Investigations of 
wanium-lead ages in zircons are summarized briefly by 
L T Silver 

Two papers on dating by thermolummescence show that 
this method 1s not yet capable of giving exact results The 
natural decay of thermoluminescence is considered by 
B E Sabels m relation to his results obtained from basalts 
unfortunately, the confusmg mathematical interpretation 
of the data reduces the value of this paper 

The standard of both writing and editing is generally 
hugh, and there are few misprints The record of the 
diseussion following the presentation of each paper adds 
considerably to the interest of the book While few of the 
papers are review articles suitable for a less-speciahzed 
reader, the volume contains a great variety of information 
and gives an accurate mmpression of the wide range of 
methods comprehended. by its title It will be of value 
both to those engaged in radioactive dating and to those 
whose sciences benefit from the use of these methods 

M H Dopson 
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REACTOR REFUELLING 


Nuclear Fuel Handling 
By A D Wordsworth Pp vim--370 (London Butter- 
worth and Co (Pubhshers) Ltd , 1963) 75s 


Bre advent of nuclear reactors and ın particular of 
large cıvıl power reactors has presented many chal- 
lenging engineering problems, not the least of these 
being that of inserting fuel mto a reactor and of withdraw- 
mg intensely radioactive fuel, often ın circumstances 
where the reactor is on load and under pressure For 
this purpose much extremely large and complex engineer- 
ing equipment has been developed, and this book 1s, so 
far as 1s known, the first to deal specifically with this 
important category of nuclear equipment In so domg 
the author has aimed at imparting a broad understanding 
of the subject rather than at producmg a work of critical 
analysis or an engineers’ handbook 

To this end, the first third of the book 1s devoted to a 
review in general terms of the principles and problems of 
reactor fuelling and servicing and of the types of equipment 
required for these functions The remainder of the book, 
apart from a small appendix and glossary, 1s devoted to 
descriptions of charge, discharge and servicing machines 
as designed for many diverse reactors both ın Britain and 
elsewhere 

The book 1s well written and eminently readable and 18 
outstanding for the number and quality of illustrations and 
drawings, the latter add considerably to the value of the 
text and will undoubtedly be studied with interest The 
appendix, which consists of one page of data on shielding 
glasses, appears out of keeping with the general character 
of the book and might well have been omitted The 
glossary, however, is useful, but would have repaid rather 
more care in 16s compilation 

The book would certainly be useful background reading 
for engineers newly entering the nuclear power industry, 
and would indeed be of interest to any engineer outside 
the field who wishes to keep abreast of modern engineering 
developments The author may, therefore, fairly be said 
to have met his modest objectives Moreover, although 
of limitéd. value to the specialist, the book does, for the 
first time, bring together a very comprehensive range of 
examples of equipment in use on reactors throughout the 
world 

In contemplating much of this equipment ıt 1s difficult 
to avoid a feeling of uneasiness at the very large and 
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costly equipment necessary for reactor refuelling and 
servicing operations It may well be that the size and 
complexity of the equipment are irreducible, but the art 
1s m its infancy and any book which may serve to stimulate 
comparisons and critical analysis in the field 1s to be 
welcomed For these reasons the present volume is a 
useful addition to the literature of nuclear power 
J E. Bown 


ENZYMATIC ANALYSIS 


Methods of Enzymatic Analysis 

Edited by Hans-Ulrich Bergmeye: ‘Translated from the 
German by Dermot H Wilhamson, with the editorial 
assistance of Walter Bartley Pp xxm+1064 (Wem- 
hemn/Bergstr Verlag Chemie, GmbH , New York and 
London Academic Press, Inc , 1963) 214s 


T is now true to say that most of the quantitatively 
important pathways of metabolism are known, step 
by step, in a superficially complete sense Thus one can 
trace, for example, the conversion of glucose to porphyrin 
pigments, or, in plants, the formation of carbohydrate 
from carbon dioxide and water However, the 'livingness' 
of a catalytic system, its elevation to the status of organ- 
ism, 1s denoted by its capacity for self-regulation and the 
absence of uncoordinated processes within ıb Further 
progress in the understanding of living things, therefore, 
is dependent to a large extent on a knowledge of the 
processes of metabolic control Indeed, one of the two 
most 1ecent and rapidly developing fields of biochemistry 
1s the study of the natural regulation of the activity of 
enzyme molecules (the other being the closely related 
subject of nucleic acid and protem biosynthesis) 

Among others, two interdependent lines of approach are 
followed 1m this field the measurement of enzyme activi- 
ties «n vitro and the investigation by sensitive analytical 
means of conditions within the cell o1 organism As ib 1s 
concerned with both these topics, this book (previously 
published in German) will be of the greatest assistance to 
those engaged 1n néarly all forms of biochemical research, 
in addition, as medicine evolves ever more into bio- 
chemistry (hiberally blended with psychiatry), so clinicians 
will increasingly use the types of method described—n 
fact, one section of more than sixty pages 1s devoted to 
“The Importance of the Measurement of Enzyme Activity 
m Medicine” ‘Pure’ chemists also will benefit from the 
compilation of this work, for as specific reagents enzymes 
have no superiors 

More than a hundred workers (rathe: more than half of 
them German) have contributed to the volume, which has 
been excellently translated The opening sections, by 
H U Bergmeyer, on the principles and techniques of 
enzymatic analysis, are readable and very helpful, among 
the subjects discussed (with examples) are spectrophoto- 
metric methods and the theory of ‘coupled’ assays which 
use more than one enzyme. This 1s followed by a short 
article by B Hess on cell and tissue dismtegration, the 
need for very rapid arrest of metabolism when labile 
intermediates are bemg determined 1s mghtly em- 
phasized 

The greater part of the work, Section B, 1s devoted to 
the assay of substances by enzymatic means, the mdivi- 
dual papers are arranged according to the substance to be 
determined, rather than to the enzymes used A standard 
lay-out has been adopted for each article, greatly 1noreas- 
ing ease ofuse Detailed deserrptions of reagent solutions, 
procedures and calculations are given Clearly, some of 
the methods used will be superseded in the course of 
time, and experience of a particular assay will no doubt 
always suggest modifications of detail, but the procedures 
given will, at the very least, suggest an approach Some- 
times the sample volumes suggested imply the use of 
concentrated solutions, rather than of the dilute extracts 
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normally available for assay, but the remedy 1s obvious 
In general, criticism of this section must be “very 
minor. 

Section C describes the assay of enzyme activities In 
the first article, devoted to medical applications, the 
characteristic enzyme patterns of different tissues are 
discussed, as also is the leakage of enzymes mto body 
fluids The application of enzyme assays to diagnosis 
will increase, and the process will be accelerated by this 
volume and its detailed bibhography Apart from two 
short papers on enzyme measurements 1n food and agri- 
cultural chemistry (from which it would appear that 
progress m this field has lagged), much of the remainder of 
Section C describes assays of mdividual enzymes Here 
perhaps the overlap with existing hand-books 1s most 
marked, but this part will nevertheless be very useful 
It ıs followed by a detailed article, by F Duspiva, on 
histochemical detection of enzymes This paper will no 
doubt assist workers ın this field 

Section D 1s devoted to biochemical reagents, and covers 
the sources, properties and stability of enzymes, co- 
enzymes and substrates. Here, and throughout the book, 
commercial supphers of enzymes are given Since many 
enzymes are not available commercially (despite the 
recent remarkable increase in the number which are), 
summaries of purification procedures are frequently 
given, ıt 1s unfortunate that these are sometimes not 
detailed enough to follow. 

Enough has been said to indicate that this volume, 
despite its considerable (but very understandable) price, 
should be acquired by laboratories engaged m any work 
which might be described as even remotely biochemical 

P K Tosss 


MODERN TECHNIQUES IN 
ELECTROPHYSIOLOGY 


Physical Techniques in Biological Research 

Edited by Wilham L. Nastuk Vol 6  Electrophysio- 
logical Methods, Part B Pp xm+425 (New York 
Academic Press, Inc, London Academic Press, Ine 
(London), Ltd, 1963) 103s 6d 


IEVERAL of the previous volumes ın this series might 
have been criticized as mamly covermg techniques 
which had already been adequately discussed 1n numerous 
other publications This cannot be said of the last three 
chapters of the volume under review, which are concerned 
with technical aspects of modern neurophysiology about 
which very few general accounts have been written m 
recent years Thus Dr R E Taylor discusses cable 
theory, Dr J W Moore and Dr K S Cole discuss 
voltage clamp techniques, and Dr H P. Schwan dis- 
cusses determination of biological umpedances These 
articles are, on the whole, well presented, and should 
certaimly be useful to newcomers entering the fields with 
which they deal, but some reservations must nevertheless 
be made. Two of the authors make the common error 
of attributmg the discovery of anımal electricity to 
Galvani m the 1790’s, ignormg the facts that m 1775 
John Hunter had already, m the pages of the Philo- 
sophical Transactions, hailed John Walsh as the dis- 
coverer, and that, ın all probability, the credit should 
really be given to Michel Adanson who, on first handling 
an electric cat-fish m 1751, drew & correct parallel 
between its disconcerting effects and the discharge of a 
Leyden jar This mistake is, no doubt, unmportant 
except to a reviewer who 1s an avowed partisan of electric 
fishes, but a more serious eriticism 1s that 1b 1s question- 
able whether the authors have fully succeeded in meeting 
the needs of their most important class of reader. If it 
1s correct to assume that the main function of such 
articles ıs to provide a practical guide for recruits rather 
than merely preachmg to the converted, then they 
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should the 
possible 

It therefore seems & pity that the voltage clamp tech- 
nique should be considered almost exclusively m terms 
of the method used by American workers at Wood’s Hole, 
in which internal potential ıs measured with a micro- 
pipette inserted transversely mto the axon, ıb would 
surely have been helpful to have said something about 
the pros and cons of making the potential measurements 
with an internal wire, as in the method adopted by 
Hodgkin, Huxley and Katz at Plymouth  Sumilarly, 
under the headmg of cable theory more prommence might 
have been given to problems mvolvmg the use of mternal 
electrodes, which are likely to become increasmgly mpor- 
tant ın future research; and a compilation might have 
been made of some of the solutions of cable equations 
that have proved most useful ın practice, with a descrip- 
tion of the exact way m which they have been applied 
experimentally Lastly, although Dr Schwan’s chapter 
pays admirable attention to practical details, 16 1s perhaps 
too narrowly restricted to alternating current methods, 
saying httle about the advantages m some circum- 
stances of workmg with step functions of current and 
voltage, and ıb 1s surprising that no mention 18 made of 
the presentation of results in the form of impedance locus 
diagrams 

The first three chapters of the book, by Drs W Sie, 
K. King, J W Moore, H. Dern and J B Walsh, describe 
the fundamentals of digital and analogue computers, 
operational amplifiers and the analysis of complex wave- 
forms Although more detailed treatments of these topics 
are available elsewhere, electrophysiologists will be 
grateful for the inclusion of these concise and readable 
accounts alongside those of the more specialized techniques 
which follow. R. D. Keynes 


cover ground as comprehensively as 


FOSSIL OSTRACODA 


Post-Palaeozoic Ostracoda 

Ther Morphology, Taxonomy, and Economie Use. By 
F P C M van Morkhoven Vol 1 General Pp vn4 
204. 30 Dfl, 60s,7050DM Vol 2 Generic Deserip- 
tions Pp. 478. 130s. (Amsterdam, London and 
New York Elsevier Publshmg Company, 1962-63 ) 


LTHOUGH it ıs probable that Linnaeus meluded 

representatives of the bivalved Crustacea we now 
know as ostracods under the comprehensive name Mono- 
culus, ıt was not until 1776 that they were first described 
as a distinct group by O F. Muller under the name of 
Cypris The first fossil ostracoda were recognized as 
such by Desmarest m 1813. During the next hundred 
years ther study, though active, romaned that of the 
specialist As with so many other neglected fossils, ıt 
was Ulrich and Bassler who, recognizing their strati- 
graphical value, pioneered ther investigation by the 
general geologist Thew work was largely confined 
to the Paleozoic, and 1t was not until 1929. when C. I 
Alexander mıtıated the critical mvestigation of the post- 
Paleozoic ostracods of the Gulf Coast, that their mpor- 
tance to the oil industry became apparent Since that 
time an accelerating spate of research has shown that, 
among mucrofossils, the ostracods are second only m 
importance to the Foramimfera Indeed, there are many 
horizons m which ostracods provide better zonal indices 
than any other micro-fossil. - 

A recent German analysis of zone-fossils m mero- 
palzontology 1s illustrated by 59 plates, ostracods appear 
on 41 of these, Forammuifera on 40 and other microfossils 
on 13 It 18, therefore, not surprising to find that there 
has been an mereasmg demand for a handbook that 
gathers together and summarizes mformation gleaned 
from the present flood of papers on the morphology and 
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taxonomy of ostracods 
part met this need 

The first to appear was a comprehensive text-book on 
muciopaleontology by Pokorny, dealing extensively with 
ostracods, but meludmg also Forammifera and other 
mucrofossis This has been published in German (1958), 
and an English translation is shortly to appear The 
second (m Russian) 1s the ostracod section of the com- 
-prehensive Osnovi (1960) The third is volume Q of the 
Treatise on Invertebrate Paleontology (1960) and the fourth 
the magnificent two-volume handbook by van Morkhoven, 
Post-Palaeozoic Ostracoda 

By restrictnmg lus attention to the post-Paleozorc 
ostracods, van Morkhoven has been able to deal with his 
material much more extensively than have his rivals 
Moreover, the work itself occupies some 680 pages, com- 
pared with 442 m the Treatise, 158 m the Osnovw, and 
257 by Pokorny. As m many parts of the world, post- 
Paleozoic systems are the only part of the geological 
column of interest to those exploring for oil, the omission 
of any consideration of Paleozoic forms 1s not so serious 
as 16 might at first sight seem. It ıs, however, pertinent 
to remember that ostracods are no less common m 
Palzozoic rocks than they are ın the post-Paleozoic, nor 
are they less varied, or less valuable as stratigraphical 
mdices Moreover, many morphological features were 
developed ın Paleozoic forms which are not found in the 
post-Paleozoic 

Be that as ıt may, van Morkhoven’s work provides quite 
the most satisfactory and most comprehensive treatment 
available Moreover, ıt ıs much more than a mere sum- 
mary of other people’s work Chapter after chapter 1s 
packed with original observations which at once establish 
van Morkhoven as a leader among research workers m 
this field Many of his own original illustrations show how 
well he has profited from his contact with the doyen of 
fossil ostracod workers, Dr Erich Triebel He very 
properly draws freely on Triebel’s own published work, 
and even includes (with acknowledgements) some of his 
unpublished observations For English-speaking readers, 
this will provide a ready source for a great volume of out- 
standing research previously only available m the German 

The first volume (the shimmer of the two) deals with 
general questions, includmg the morphology of both hard 
&nd soft parts, the termunology, ecology, life-hustory, 
stratigraphieal occurrence and the techniques of collection, 
preparation and study Technical terms are listed m 
dictionary form m English, German, French, Italian and 
Russian There 1s also a useful chapter on the taxonomy 
of supra-generic groups, though this chapter unfortun- 
ately suffers from a drawback—a drawback that, to a 
lesser extent, also reduces the value of some of the other 
chapters, for although Volume 1 was not published until 
late m 1962, and Volume 2 not until 1963, the manu- 
scripts were completed many years before, and Volume 1 
has not been revised smce 1958, nor Volume 2 smce 1959 
As a consequence, van Morkhoven was unable to consult 
Pokorny’s work, the Russian Osnovu or the Treatise 
This would not have mattered if his own work had been 
published earher, as then at least the Treatise could (to 
its own great advantage) have made reference to 1t. But, 
as ıb 1s, van Morkhoven’s taxonomy, nomenclature and 
terminology are, in some respects, out of date 

Volume 2 is more than twice the size of Volume 1, and 
consists entirely of generic descriptions Like Volume 1, 
1b 13 extensively illustrated, and contams much previously 
unpublished mformation It does not deal at all with the 
recognition of species, but will be quite indispensable to 
all those faced with the task of classifymg post-Palzozoic 
material. This is the sort of practical handbook that will 
be on every micropaleontologist’s shelf, but which will 
need constant supplementation to retam its usefulness, 
and ıb 18 much to be hoped that the author and his pub- 
lishers will devise a method of produemg such supple- 
ments P C Sy LvesTer-BRADLEY 
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GEOMORPHOLOGY OF SOUTH 
AFRICA 


South African Scenery 

A Textbook of Geomorphology By Dr Lester C King 
Third edition—revised Pp xxv+308+168 plates 
(Edmburgh and London Olver and Boyd, Ltd, 1963 ) 
50s 


HE third edition of Prof King’s well-known text- 

book differs from the previous editions mamly in 
having been “considerably curtailed to make ıt handier 
than its predecessor” The shortening has been accom- 
plished by the ehmmation of sixty pages of print, sixteen 
text figures, no less than nimety-eight plates, and the 
folding, colour-printed ‘“‘Erosion-Cycle Map of Central 
and Southern Africa” that constituted a novel and 
stimulating feature of the second edition published in 
1951 These modifications have effected a notable im- 
provement, particularly with regard to the general 
tightening up of the text and the elummation of unneces- 
sary ilustrations At the same time, one regrets to sce 
the erosion-cycle map go, and it 1s questionable whether 
a comparatively small saving ın page space was justified 
at the expense of all lists of reading references at the ends 
of chapters As the book now stands ıb possesses no 
bibhography at all 

The loss of close to a hundred plates might appear to 
have changed its character entirely, but this 1s by no 
means the case, as 168 plates still remam, and the volume 
retains its position as one of the best ilustrated of its 
type 

The mam title ıs, perhaps, shghtly misleading and fails 
to convey to the new reader that the book 18, m fact, a 
comprehensive and very excellent general text-book of 
geomorphology in which, admittedly, the illustrative 
examples are drawn mainly from Africa, and predomm- 
antly from Southern Africa, There ıs, however, consider - 
able justification for this, having regard to the varied 
hthologies, geological stiuctures and geomorphological 
environments displayed, to say nothing of the prolonged 
period of continental history to which the region has 
been subjected, sufficiently long to have outlasted many 
geomorphological cycles 

It ıs very natural that any text-book of this type fiom 
the pen of Prof King, based largely on African examples, 
will emphasize the outlook of Penck rather than that of 
Davis The evolution of hill-slopes 1s consequently seen 
as equally important as, 1f not more than, the evolution of 
nver valleys 1n the development of landscape, and pedi- 
planation replaces peneplanation as the major factor in 
the formation of erosion surfaces The ‘normal cycle of 
erosion’ finds no mention, a fact that 1s scarcely sur- 
prising to anyone familiar with the geomorphological 
conditions in Central and Southern Africa, where there 1s 
little to support the basic idea, but instead one finds a 
lucid discussion of the huill-slope and pediplanation 
cycles 

In addition to a systematic treatment of the various 
standard geomorphological environments, four chapters 
are devoted to the topographical effects of land move- 
ment These sections are particularly valuable and serve 
to emphasize the significance of geomorphological analysis 
as an umportant branch of structural geology The final 
chapters, comprising some eighty-five pages, are devoted 
to a consideration of the geomorphology of the African 
territories, mcluding Central, Southern and East África, 
and apply the basic principles of analysis to the regions 
concerned. 

The book covers the entire field of geomorphology and, 
at the same time, presents a refreshmgly different approach 
to the subject. It would well repay reading by all geo- 
logists and those physical geographers who are concerned. 
particularly with the structural significance of landscape 

W Q KENNEDY 
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Discovering the Universe 
By Sm Bernard and Lady Lovell Pp. 136. 
Ernest Benn, Ltd , 1963) 25s. net. 


aaa has a technical exploit aroused such wide- 
spread interest and excitement as did the launching 
of the first Russian Sputnik ın 1957 It was at this time 
that the radio telescope at Jodrell Bank was first coming 
into operation and some of its mitial observations were, of 
course, devoted to tracking the artificial satellite So ıt 
was natural that the quickened scientific awareness of the 
general public should find a focal pomt m Prof Lovell 
and the radio telescope To quote the authors, “an 
avalanche of people and telephone calls descended upon 
us and there often seemed little distmetion between night 
and day" This book has grown out of ther efforts to 
cope with the flood 

No attempt 1s made to give an overall survey of astron- 
omy and astronomical methods The authors concentrate 
mamly on those aspects which are bemg studied at 
Jodrell Bank and approximately half the book 1s devoted 
to space research After a general mtroduction there are 
chapteis on Earth satellites, lunar and planetary space 
probes, man in space, etc, while later chapters are 
devoted to the solar system, our own Galaxy and the 
remote galaxies beyond. The text ıs profusely and 
attractively illustrated, and about 50 per cent of the 
surface area 1s given to diagrams, photographs and cap- 
tions This ıs not a specialist’s book, but neither is ıt 
completely elementary It contams a fair quantity of 
information in a readily assimlable form and should 
appeal to a wide variety of general readers. 

In view of the jomt authorship one might, perhaps, 
anticipate some comments of a more personal nature What 
does ıt feel like to live under the shadow of the bowl, to 
partner a man whose name has become a household 
word ? Such elements are difficult to detect save in the 
preface, “The life which we knew before October 1957 
has never quite returned”. Ono can well imagine that this 
is something of an understatement A. HEWISH 
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Russian-English Physics Dictionary 

By Irving Emm and the Consultants Bureau Staff of 
Physicist-Translators Pp xxx+554 (New York and 
London John Wiley and Sons, Ine, 1963) 105s. 


Tum volume is an extremely well-thought-out and 
well-planned dictionary It 1s, m fact, something 
more than a dictionary and certainly something more 
than a physics dictionary It 1s intended to provide the 
physicist with all he needs to make himself acquainted 
with the work of Russian physicists and, within the 
limiting factor of a single volume, its compilers have been 
most successful 

In the first place the dictionary covers not only terms 
used in physics, but many drawn from the allied sciences 
of chemistry, geophysics and geology and from mathe- 
matics Included also are names of instruments, parts of 
instruments and materials This one might expect, but 
the compulers have also included common terms—such as 
‘in’, ‘out’, ‘up’, ‘down’—mustianslation of which can com- 
pletely alter the meaning of a passage There are also 
general terms together with prefixes and suffixes, obviously 
mtended to make unnecessary the consultation of other 
dictionaries Another useful feature 1s a lst of Russian 
abbreviations for physical units, various terms, titles 
of publications and research institutes and the trans- 
hiteration mto Russian of the names of many non-Russian 
scientists In the second place there 1s a valuable reference 
section which grves useful rules for transliteration, common 
Russian word endings and the difficult participles and 
gerunds 

The dictionary 1s well produced, the paper and binding 
are of good quality and the printing clear, the Russian 
terms being printed in heavy type There 1s also an ‘edge’ 
index, which facihtates the speedy use of the dictionary 
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It will be seen that this 1s a first-class book, but ıt 
cannot acmeve the impossible It is for scientists who 
have some knowledge of the Russian language—of its 
alphabet and of 1ts structure and an elementary knowledgo 
of Russian grammar Without this, the best possible 
dictionary will misfire S I Tomxrrmrr 


Control of Hazards in Nuclear Reactors 
By T C Simclar (Nuclear Engmeermg Monographs ) 
Pp vu+84 (London Temple Press, 1963) 15s 


T aim of the publishers of these monographs ıs to 
produce at low cost a broad treatment ranging from 
elementery prmeiples to up-to-date summaries of more 
advanced theories In this latest monograph, the author 
has met this requirement fawly well in the field he has 
chosen to cover, but the title ıs misleading in that tho 
subject-matter 1s restricted almost entirely to one reactor 
type, the British nuclear power reactor In a book which 
is "intended for university and technical college users 
who require a broad understanding of those topics of 
nuclear engineering outside thew own field of study", 
some mention of hazards associated with other types 
of reactor should have been mentioned In spite of 
this, 16 18 a book which will be very useful to those 
to whom it ıs directed, but ıt is hoped that one or 
two important errors will be corrected A number of 
important aspects such as shielding and reactor control 
are not covered but the author recognizes this and gives 
reference to other monographs on the subjects he has 
omitted 

A large bibhography of nearly eighty references ıs 
included which should allow the reader to extend his 
studies on any particular aspect and will offset to some 
extent the inherent shortcomings of such a monograph 

D W JErrERSON-LOVEDAY 


A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry 

By Dr J W. Mello Vol 2, Supplement 3 The Alkah 

Metals, Part 2 Prepared unde: the direction of an 

Editonal Board Pp xvu+1459-2599. (London: Long- 

mans, Green and Co, Ltd , 1963) 300s net 


HIS substantial volume completes the account of 
the alkali metals, hthium and sodium were dealt 
with m Part 1 It meludes potassium, rubidium, cesium 
and francum The mam emphasis, as m the earher 
volumes, 1s chemical, but physical properties receive 
adequate treatment, with collections of numerical data 
and useful equations, some empincal On this side 
mention may be made of a good description of F-centres 
and a long section on alkali metal isotopes The accounts 
of analytical chemistry are very good 
A notable feature ıs a long account of the biological 
properties of potassium, meluding the botanical and 
zoological aspects, and shorter accounts of this subject 
are given for the other elements There are many tables 
and graphs, and the bibliographies, mcludmg Russian 
work, are very complete The section on francium must 
be the most comprehensive available 
The recent change of atomic weight standard is not 
taken account of, either in the sections on atomic weights 
or in the presentation of data concerned with atomic or 
molar quantities Such data will require to be recalculated 
as a result of this change, which affects a number of 
other treatises 
The treatment seems to be very complete and only a 
few omissions were noticed; although potassmm per- 
carbonates are included, those of rubidium and cæsium 
are missmg The volume is one which should find a 
place in every chemical library, and if the amount of 
information, and the great expenditure of effort which 
must have gone into its preparation, are considered, the 
price must be regarded as reasonable 
J R PARTINGTON 
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LUNAR OCCULTATION OF THE RADIO SOURCE 3C 273 


HE observation of the lunar occultation of 3C 273 by 
Hazard, Mackey and Shimmuns' has led to a sequence 
of discoveries which are among the most exciting m 
radio astronomy From the precise 1adio position obtained 
from these observations, the source has been identified 
as & distant galaxy the optical radiation of which is as 
interesting as its radio emission? This identification has 
stimulated the re-mterpretation of the nature of 3C 48 (ref 
3) and probably three other sources as well, a successful 
search for similar objects has been made* > 
Apart from the precise location of the source, observa- 
tions of a lunar occultation can, with good signal-to-noise 
ratio, give detailed mformation on the angular structure 
of the source and hence on the spectra and polarization 
of the different parts of 1+ Each occultation observation 
gives a one-dimensional brightness distribution at a 
position angle which varies from one occultation to 
another and depends on the location of the observatory 
It 18 therefore desirable to have as many observations as 
possible of occultations of bright radio sources so that 
detailed pictures of their structures may be built up 
The present communication describes observations of 
the occultation of 3C 273 at Cambridge on November 12, 
1963 The position angle (measured from north positive 
to east) of the source relative to the centre of the moon 
was 67° at ummeision and 346° at emeision The occulta- 
tion was observed at 408 Mc/s using an east-west nter- 
ferometer consisting of two 60-ft paraboloids at a spacing 
of 1,110 4, bemg part of the new Cambridge radio tele- 
scope? Observations were simultaneously made at 
81 5 Mejs using two fixed aerials. each with a 30° beam 
The axis and separation of these aerials were chosen to 
minimize the response due to the nearby powerful source 
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Fig 1. Variation of the observed flux density of the source at immersion 
and emersion at 408 Me/s and 81 5 Me/s 
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Fig 2 Profile of source at emersion at 408 Mc/s, the cffective beam- 
width 18 2" arc 


Vngo A The largest dimension of 3C 273 ıs 20” arc, and 
the separation of the two aerials did not vary the apparent 
intensity of the source by more than 0 5 per cent at any 
stage of the occultation at either frequency 

Fig 1 shows the variation of the observed flux density 
of the source during the occultation at both frequencies, 
a time constant of 2 sec was used 1n each case, but foi 
81 5 Mc/s running means over 20-sec intervals are plotted 
Fig 2 shows the profile of the source obtained from the 
408-Me/s observations at emersion, by applymg the method 
desciibed by Seheuei? Each diagram also shows the 
instants of geometrical occultation of the positions given 
by Hazard et al? fo: components A and B of the somce 
The double nature of the source 1s evidently confirmed, 
and the positions of the components are m reasonable 
agreement with those given by Hazard et al}. The 1atio 
of the flux densities of the components (4/B) was found 
to be 1 67 at 408 Mc/s At 81 5 Mc/s, ratios of 2 6 and 4 0 
were observed at immersion and emersion respectively 

The two components are not distmguishable from pomt 
sources m Fig 2, m a profile computed with 1” are 
resolution component B is almost lost m the noise, but 
component A has been resolved and has a width of about 
17” arc The 81 5-Mc/s observations mdicate that com- 
ponent A is much wider at that frequency, for a source 
less than 10” are wide should exhibit a first Fresnel fringe 
exceeding the final level by at least 25 per cent, and there 
is no sign of such a fringe m Fig 1 

Further information on the two components can be 
obtained from the mterferometric observations by Allen 
et al ® at 158 Mc/s and by Slee and Scheuer’ at 85 Mc/s 
Usmg the positions of A and B determmed by Hazard 
et al 1, the phase angle Ap between components A and B 
m the interference pattern has been computed (Table 1) 

From the data m Table 1 the followmg deductions 
may be made (3) Two sources with Ag= 42 5° cannot 
have a visibihty below 0 93, hence the observed value 0 8 
merely illustrates the order of magnitude of the uncer- 
tamties of the mterferometric observations (u) With 
Ag = 223°, components A and B tend to cancel out, so 
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Table 1 
49 
Spacing Rel phase Visibility A/B Diameter 

158 Mc/s (i) 2,200 2 425° 08 — — 

approx (u) 9,700 223° 06 31 — 

east-west (in) 32,000 4 779? (59°) 03 — A>’ 

(iv) 01,000 A «01 (B > 15”) 

85 Me/s M, 4,800 2 95? 08 3 

north-south (vi) 9,2004 182? 04 (23) A = 57-8" 


that this 18 a favourable observation for determinmg the 
ratio of flux densities With the assumption that each 
component 1s unresolved, the ratio A/B=3 1 1s obtamed. 
(u1 As m (1), two pomt sources with Ap=59° cannot 
have a visibihty «0 87. At this large spacing, Aq 1s very 
sensitive to errors m the relative positions of A and B, 
a displacement of 1” arc can change Ag by 40° However, 
even if A and B were m antiphase, and if A/B> 3, the 
visibility would exceed 05 Thus the only plausible 
explanation of the observed visibility of 0 3 1s that com- 
ponent A 18 itself partially resolved by the interference 
pattern. This interpretation requires that the diameter 
of component A exceeds 4” arc at 158 Me/s (1v) Assuming 
that component B accounts for about 25 per cent of the 
total flux density, the visibility of <0 1 requires either a 
fortuitous cancellation of component A with component B, 
or that component B 1s itself resolved, with visibihty 
, <0-4, which implies that the diameter of component B 
exceeds 15”. (v) The ratio of flux densities, computed 


Flux density (10-29 Wm-*(c/s)-4) 
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Fig 3 Spectra of 3C 273 and the individual components A and B 

Points for the upper curve taken from Conway, Kellermann and Long 

(ref 10), a scaling factor of 0 75 has been applied to the 85-Mo/s point 
- from Mills, Slee and Hull (ref 11) 
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Fig 4, Variation of the angular diameters of components A (4) and 
B (O) with frequency 
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on the assumption that neither component 1s resolved 
at this spaemg, 1s very sensitive to errors in the visibility, 
but 1s consistent with the 81 5-Me/s occultation observa- 
tions (vi) At this spacmg, components A and B are exactly 
m antiphase, so that a good determination of the ratio of 
flux densities should follow. This observation 1s, however, 
incompatible with the remammg evidence, unless com- 
ponent A ıs partially resolved, and has a diameter m the 
range 5”-8” arc. - 

All the foregomg estimates and limits for the flux densı- 
ties and diameters of components A and B are assembled m 
Figs 3 and 4 respectively, together with the mformation 
from the earlier observations’. While each individual 
item of mformation at the lower frequencies 1s of low 
accuracy, the consistency between the data strongly 
suggests that the general picture 1s correct The most 
remarkable feature of these results concerns the com- 
ponent A, the outer parts of component A must have a 
spectral variation which ıs very much steeper than that 
of the component as a whole 

Refraction!? of radio waves may be expected to occur 
at the Moon's limb due to any lunar atmosphere Any 
refraction should be 25 times greater at 81 5 Me/s than at 
408 Mc/s The mean difference between the observed 
times of 1mmersion and emersion of the components at 
the two frequencies 1s less than 6 sec of time This figure 
corresponds to a refraction of less than 1:1” aro at 815 
Mc/s, assuming equal refraction at the two limbs of the 
Moon, and sets a limitmg value for the electron density 
at the Moon’s surface of 100 cm-3, xf a scale height of 
about 80 km is assumed This limit for the electron den- 
sity agrees with that previously set by Hazard et al ! 

We thank Prof M Ryle for assisting ın the observations, 
and Mr W. Nicholson of HM Nautical Almanac Office 
for details of the circumstances of the occultation. 
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AN occultation by the Moon of the radio source 3C 273 
occurred at Jodrell Bank on November 12, 1963, and was 
successfully observed at two frequencies, 240 Mo/s and 
612 Mo/s 

The beam-width of the 250-ft radio telescope 1s 60’ x 83’ 
are at 240 Mc/s and 40'x30' arc at 612 Me/s A single 
beam was used at 240 Mo/s placed centrally with respect 
to the Moon at 612 Mc/s, however, a double beam 
system was used!, with the centre of each beam near the 
limb of the Moon The position angle of the beams could 
be altered by rotating the whole feed assembly, and was 
adjusted to give maximum response from 30 273 at the 
expected times of disappearance and reappearance. 
assuming the position found by Hazard, Mackey and 
Shimmins’, As a result, a significant change was made 
in the polanzation of the recervmg system near dis- 
appearance the H-vector of the 240-Me/s radiation was at 
position angle 41° from north, while near re-appearance 16 
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The High Temperature Aspects of Hypersonic Flow 
(AGARDograph 63) 
Edited by W C. NELSON, Department of Aeronautical and Astronautical Engineering, Ann Arbor, Michigan 


Proceedings of the AGARD-NATO Specialist’s Meeting held at the Training Centre for Experimental Aero- 
dynamics, Rhode-Saint-Genése, Belgium 

Thirty-six papers presented at this meeting are published here, together with a transcription of the Round 
Table Discussion, held at the same meeting, on the design of facilities for studying real gas effects. 


794 pp. £15 net ($42 00) 


Tho Gas Phase Oxidation of Kydrocarbous 

V. Ya. SHTERN, Institute of Petrochemical Synthesis, Academy of Sciences, U.S S R. 

This monograph reviews research on the mechanism of oxidation of paraffins, olefines, naphthenes and aromatic 
hydrocarbons, and describes phenomena and theories ın detail—with relevant kinetic equations and graphs. 
The method of presentation used shows the correlation between the data of various authors and reveals the 
logical development of research 1n this field 


724 pp. £10 net ($28.50) 


The Theory of Space, Time and Gravitation 

2nd Revised Edition 

V FOCK, Leningiad Univeisity, Academy of Sciences, U S.S.R 

Covers both special relativity and what 1s usually called general relativity. The book should have special appeal 


to theoretical physicists who are not primarily relativists, for they will find in it a great number of concrete 
applications of general relativity, presented in a clear and systematic form There is a comprehensive biblio- 


graphy. 
460 pp. 100s net. ($15.00) 


Radiation Medicine 
Edited by A. I BURNAZYAN and A V. LEBEDINSKII 


Translation Edited by DAME JANET VAUGHAN, Honorary Director, Medical Research Council, Bone- 
seeking Isotopes Research Unit, Oxford 

Intended for physicians, and medical students 1n higher educational institutions, who are interested in the 
increasing applications of radioactivity to medicine and biology, this book deals with diagnosis and therapy 
using radioactive substances and protective safeguards. 

International Series of Monographs on Nuclear Energy Biology Division, Volume 1 


368 pp. 84s net. ($12 00) 


Descriptive Physical Oceanography 

G. L PICKARD, Duector, Institute of Oceanography, University of British Columbia. 

Describes the distribution of temperature, salinity and dissolved oxygen ın ocean waters, the character of the 
circulations 1n various regions, and the relation between distribution and circulation. Presents a broad picture 
of these features for the world oceans, together with descriptions of specific regions to demonstrate some of the 
details. The principles of field techniques are described and methods of presenting data are discussed. 


196 pp. 25s net. ($4.50) 
—————————sws————————Y'r——————————— —Óa 
Offered for sale by 


ROBERT MAXWELL & CO LTD 


International, university and industrial booksellers 
subscription agents, specialists m out-of-print and difficult-to-get publications 
Waynflete Building, 1-8 St. Clements, Oxford 


Pergamon Press books are distributed ın the Westein Hemisphere and the Philippines by the Macmillan Company 
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Optical Masers 


By GEORGE BIRNBAUM 
Supplement 2 of Advances in Electronics and Electronic Physics 


Edited by L. Marton 
1964, in preparation 


Optical Masers offers a comprehensive review of optical 
masers and their applications The extensive literature on the 
subject ıs woven into an integrated account that includes the 
various aspects of maser behavior theory The text covers 
optical resonators, methods of excitation, spectral character- 
istics of maser materials, characteristics of various optical 
masers, and applications, especially the multiple quantum 
processes produced by optical maser radiation 


Energy Band Theory 


By JOSEPH CALLAWAY 
Volume 16 of Pure and Applied Physics 


Edited by H. S. W. Massey 
January 1964, 357 pp , 80s 


Energy Band Theory contains the first comprehensive 
survey of the procedures of such calculations, with emphasis on 
the general principles of band theory Band structure calcula- 
tions are compared with experiment An account of the effect 
of perturbations on energy levels 1s given emphasis on point 
defects and external electric and magnetic fields 


Introduction to 
System Programming 


A London School of Economics Symposium 


Edited by PETER WEGNER 
February 1964, 316 pp , 70s 


Lecturers for this symposium were drawn from the principal 
British programming research groups, and represent current 
thought ın this field ın Britain. The volume as a whole is 
experimental, seeking to develop a nucleus of material which 
might in the future become the basis of a science of programming 
It will be useful as a textbook for students of advanced pro- 
gramming who wish to gain an overall picture of the subject 


Digital Computer Design 
Logie, Circuitry and Synthesis 


By EDWARD L. BRAUN 
1963, 606 pp , 118s 


Digital Computer Design provides an introductory treatment 
of the logical structure, electronic realization, and application of 
digital information processors The extent to which each topic 
1s covered also makes the book invaluable as a review and 
reference text for persons experienced in the field 
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Theory oi Superconductivity 


By J M. BLATT 
Volume 17 of Pure and Apphed Physics 


Edited by H. S. W. Massey 
January 1964, 486 pp , 89s 6d 


Emphasis 1s on the fundamental properties of super- 
conductors (the nearly complete expulsion of magnetic fields 
from superconducting materials, and the persistent currents 1n 
superconducting rings) Thermodynamic properties, especially 
the nature of the thermodynamic tiansition between the normal 
and superconducting states and the exponentially decreasing 
specific heat at low temperatures, are given special attention 


Electronic Methods 


Edited by E. BLEULER and R. O. HAXBY 
Volume 2 of Methods of Experimental Physics 


Edited by L Marton 
February 1964, 839 pp , 171s 6d 


Specifically designed for the research worker or graduate 
student who must design his own electronic equipment, this 
volume, written by 28 specialists, gives a concise survey of the 
theoretical aspects, basic principles, methods, and components 
used ın electronic meaàurements It will prove invaluable to the 
experimental physicists 1n the choice of the most appropriate 
system, the construction of apparatus, and the understanding of 
commercial equipment 


Algol 60 Implementation 


The Translation and Use of Algol 60 Programs on a 
Computer 
By B. RANDELL and L. J. RUSSELL 
With a Foreword by E. W Dykstra 
January 1964, 418 pp , 84s 


This work 1s the first extensive treatment of the problems 
of implementing the internationally accepted programming 
language Algol 60 on present-day computers The main part 
of the book 1s a detailed description of an Algol 60 Compiler 
developed originally for the English Electric KDF9 Computer 
Every attempt has been made to give the description in a 
machine-independent form 


Ergodic Theory 


Proceedings of an International Symposium Held at Tulane 
University, New Orleans, Louisiana, 1961 


Edited by FRED B. WRIGHT 
December 1963, 316 pp , 64s 


A broad range of topics is discussed ın this collection of 
research papers entropy, random, abelian and adjoint ergodic 
theorems, Markov processes, random series, munimal sets 
A on list of problems raised during the conference 1s also 
include 
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i Tig. $2. Radio frequency &peetruni of 3C 273 combining the present 
! pneasaromente with those of Hazard, Mackey and Shimmins (ref. 2) 


was at 199°. Ae ach case the polarization at 612 Mc/s 
yas perpendicular to that at 240 Mo/s. 

At each frequency the two components detected by 
Hazard, Mackey -Shimmins are clearly separated. 
No clear diffraction patterns can be made out, though a 
further analysis is being undertaken*.. The theoretical 
diffraction patterns are confused at 240 Me/s by noise 
fluctuations, while at 612 Mc/s additional fluctuations 
are present arising from the presence of the Moon. (To 
a first order. of approximation: the Moon’s radiation at 
612 Me/s is cancelled by the receiving system. A differ- 
ential signal occurs, however, if the steering of the tele- 
‘scope is in error, High winds at'the time of the occultation 
caused continual errors of 1'-2' are root mean square, 
hich. were responsible for the observed fluctuations.) 




















“Table 1, OBSERVED TIMES OF OCCULTATION (U.T.) 
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32-05 The topocentrie position of the 


: nds Digna o of 3C 278, showing the position triangles obtained.by Hazard, Mackey 


. ef. 2). The solid lines show the position of the limb of the Moom at the Office. „The corresponding positio: 
rere of pen nds of Ad 12, 1963, and the dashed parallelograms are the error Moon's limb is shown in F 
; areas corresponding to the limits in Table 1 
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also shows the position of eac 
as found by Hazard, Mackey 
mins. In. view of the experimental une 


.The ratio of the flux density of éomponent | 
of component A' is 0-37.:.1 at 240 Me/s, and 0 
612 Mojs. .. These measurements, together 
Hazard et al., enable the spectrum of each com 
be determined separately, and they are shown | 
The curve of flux density for 30 273 (A + B) 
obtained from Conway, Kellermann and Long 

As Hazard reported, the two compon: 
markedly. The spectral index of A is 0: 
the index B*over the range 240 Mejs- 1,420 
—0-05 + 0-10. If thexatio of B :.4 at 136 Mc/s « 
by Hazard is accepted, then the spectrum 
a low-frequency cut-off. Since 30 48 shows a 
effect, this would enhance the similarity betwe 
sources, each of which is a ‘quasistellar’ ob. 
red-shift’, m 

The measurements at infra-red and optical wave- 
lengths by Oke* enable the spectrum of 30 273 to be 
plotted over a wide range. (Radio measurements me 

























(A + B).) The total luminosity is of the order of. 

ergs/second, of which the optical range. (arb 
assumed to extend into tbe ultra-violet to 
contributes about 90 per cent. "The total lumi 
3C 48 and 3C 273 B is of the same order of ma 
and the division between the optical and. radio t re 
similar. 





Office, for the cadeulatións of the topocentra os ior uenit 
the Moon. Ed 


R. G. Co 
á P. P. Kron! 
C. H. SLATER 
University of Muiithester, 7 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank. 


! Conway, R. G., Daintree, E. J., and Long, R, J. (in preparation). 
? Hazard, C., Mackey, M. B., and Shimmins, A. J., Nature, 197, aT 
? Slater, C. H, de preparation). 
* Conway, B i Kellermann, K. L, and Long, R. J., Mon; Not. 
Soc. , 198, Sá (1963). 
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RADIO INTERFEROMETRY 
TECHNIQUES USED BY THE U.S. NAVAL SPACE SURVEILLANCE SYSTEM 


By MAXIME G. KAUFMAN 
U.S. Naval Research Laboratory, Washington, D.C. 


HE space surveillance system! developed at the 
Naval Research Laboratory for the detection of 
Earth satellites forms a fence across the southern part of 
the United States (Fig. 1), and Fig. 2 shows a typical site. 
Four receiving sites are alternated with three transmitting 
sites which illuminate satellites with radio energy as they 
traverse the fence. The angle of arrival of the reflected 
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1. Location of the space surveillance receiving stations showing 
Phe data-transmission lines to Washington, D.C., and Dahlgren, Va. 


signals is measured at each receiving station by a com- 
pound radio interferometer. These signals yield a multi- 
plicity of channels which are normally recorded on paper 
and analysed manually by visual aids, special slide-rules 
or by an electronic computer. The increase in space 
activity has been accompanied by developments in detec- 
tion technique and instrumentation. Huge antenna 
systems have been built, in conjunction with the develop- 
ment of the radio interferometer, to increase system 
sensitivity and resolution. A review of the literature 
reveals some instrumentation work done on the ambiguity 
problem associated with interferometers. However, this 
work often falls into the area of the data processor, where 
it is either handled manually or by computer. The chal- 
lenge therefore is to instrument the multi-antenna com- 
binations used in radio-interferometer detection systems 
in such a way that this complexity is not passed on to the 
data-processing. 

The purpose of this article is to describe briefly two 
electronie systems which automatically combine several 
radio interferometer phase channels into one unambiguous 
channel. This single channel depicts the angle of arrival 
of the radio energy from a satellite in real time. Tho 
resolution in determining this angle is proportional to 
the longest base-line used in the radio interferometer. 

This paragraph is presented by way of review, to 
refresh the reader on the ambiguity problem. Tho 





Fig. 2. 


A typical site 
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| of the present muti antenna 

ystems remains the same as the early 

ees, A four-antenna interferometer is 

wiin Fig. 3.. Ifa plane wave is incident on-the four 


- antennae. froma. direction normal to the horizontal 


plane of the antenne, the signals received at each antenna 


E 


Receiver 


Fig. 3. Radio interferometer 
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will be in pheàe. 1f, however, aba 
other than. normal there will b 
introduced of: : 


om e sin 0 


where 6 is the angle-of-arrival, d is the separation. between 
the antennz, and A is the wave-length TF 
of many wave-lengths and a change in 


proved A increasing d, the antenna spaei Dg 
this is where the trouble starts. 
base-line.d of only 3/2 in length. Using equat n 
the angle-of-arrival 0 vary from 0 to 180 degrees —ho 
to horizon—the phase shift 9 will be equal at ‘thse 
extremes and therefore ambiguous. . Since à À 
is almost impractical owing to mutual coup 
elements, it is evident that the longer mul 
base-lines necessary for resolution will re: ult. in 
ambiguous readings.’ There is one ambiguity fc 
separation of the antenne, and {m+ 1) for 
ratio. Consequently, with a ten base-line syste 
wave-length in feet, and base-lines up to 
manual data reduction becomes quite for 

Hence, an electronic system using anal 
was doya and built to- simplify the i 1 
problem, The basic technique used in the first version 
of the phase-channel combiner is as follows. m 
complete phase information on the incoming 
known, simulated signal wave-forms, locally 
are correlated channel by channel with each si 
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-ence between each simulated and live signal channel, a 

: marker’ pulse is generated. This process is applied 
simultaneously to all the output channels of the multi- 
channel radio interferometer. At the instant that the 


| individual marker pulses, so generated, are coincident 


with each other, an index coincidence pulse is formed 
. (Fig. 4). This pulse controls phase-measuring equipment 

the output of which is a recorded electrical analogue of 
the space-angle position of the satellite. : 

A second channel combiner technique evolved, after 
some modification of the interferometer system base-lines, 
making them harmonically related. This combiner was 
designed as follows: In the space surveillance station 


-| r electronics, the phase displacement for each channel is 


earried by a separate 1-ke/s signal. For combining purposes, 
_ each of these 1-ke/s signals is translated to a new frequency 
"proportional to the: base-line length, thus giving each of 
the channels normalized phase rates. This is done by 
heterodyning the 1-ke/s signal with a set of reference 
frequencies derived from the precision oscillator in the 
station clock. The space angle solution is obtained by 






- @oincidence determination of the zero crossings of the 
5. foregoing frequencies. Pulses are formed, generated at 
each zero crossing and monitored in an ‘and’ gate circuit. 


This circuit produces an output for the duration that the 
pulses from all the new base-line frequencies are in time 
< coincidence. The time displacement of this ‘coincidence 
;pulse' from a reference pulse is proportional to the sine 


of the space angle. This time displacement is detected 
| and is either transformed into a d.c. voltage by an analogue 


‘phase meter for presentation on a recorder or digitized 
cand fed to a computer. 

A sample recording of signals from a satellite pass is 
shown in Fig. 5. The combiner output is shown on channel 
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5 (the channels are numbered from the bottom w 
is monitored on channel 1, all other channels 
signals. EE s 

Attention is directed to three features of channel 5, 
the combined output. Note the noise-quieting and the 
continuation of angle-readout beyond each side of the 
AGC main-lobe (that is, tantamount to reading th gh 
the antenna sidelobes) and that signal drop-out: 
result in loss of tracking after signal returns. | 
nique for combining phase channels from a compi 
interferometer has advantages over the first « 
that, it is simpler electronically because s 
tooth signals are not required and syne 
inherent between channels. The latter is 
all the generated new  phase-carrying fre 
derived from a common source, the stable 
frequency. oo 

In summary, the tedious problem of manual dai 
duction associated with a multi-base-line radio inte 
meter is reduced by combining, to a simple direct read. 
operation, with little loss of accuracy, resolution, or 
When a radio interferometer is instrumented as ou! 
here, an operator can not only recognize the prese: 
satellite in the beam but he can also announce 
angle immediately. It is concluded that the usual am- 
biguity resolving problem long associated with interfero- . 
meter systems can be eliminated with a judicious choice 
of base-lines and instrumentation techniques. __ : 

I thank Mr. R. L. Easton, head of the Space Surveillance _ 
Branch, for his advice and Mr. C. H. Weaver for the . 
excellont system engineering. SE Qus 
? Easton, R. L., and Fleming, J. J., Proc. Inst, Rad. Eng., 48, 668 (1900). - 
* Kaufman, M. G., N.R.L. Rep, 5728 (April 1962), i Bye ie 
* Kaufman, M. G., and Weaver, C. H., N.R.L. Rep. 6980 (October 1908). 



























LANDSCAPE INVESTIGATIONS USING C/ESIUM-137 


By Dr. S. I. AUERBACH, Dr, J. S. OLSON and H. D. WALLER 


Radiation Ecology Section, Health Physics Division, Oak Ridge National Laboratory*, 
Oak Ridge, Tennessee 


HM tracers offer almost unexplored oppor- 
X tunities for investigating ecological processes in the 
landscape.  Nutrient.and trace-element cycling in eco- 
systems, delineation of food-chains, or any other ecological 


"5^ process which involves the transfer of material between 


two components of an ecosystem, are subject areas where 
radioaetive tracers may be useful. Perhaps even more 
important, tracers provide the ecologist with a tool for 


“tagging the entire biota of a community. By so doing 


the ecologist is in a position to estimate the interactions 
between the components of à community. 
. . Although field investigations using radioactive tracers 
are not unique, in that they have been used for examining 
“insect behaviour and dispersion patterns, uptake of 
fertilizer, limnological and stream phenomena, investiga- 
tions in which tracer quantities of long-lived radioisotopes 
were used on a relatively large scale in field experiments 
hitherto have not been attempted in the U.S.A. The 
purpose of this artiele is to describe such an experiment 
whieh our group designed and initiated in May 1962, in 
which a forest ecosystem was tagged with cesium-137, 
the half-life of which is approximately 30 years. This 
| experiment has these general objectives: to determine the 
cycles and rates of cycling of cæsium and related elements 
mesie forest ecosystem, to measure cesium transfer 
n components of an ecosystem and apply these 
theoretical model of element. circulation 





for predicting the fate of problem radionuclides in those 
ecosystems which potentially may have a large capacity 
for storage in biological materials. 3 

The forest is situated within the U.S. Atomic Energy 
Commission Reservation at Oak Ridge, Tennessee. The 
experimental site is one of several sinkholes in an isolated 
part of the Reservation. Although these sinkholes are 
underlain by dolomitic limestone, they have. no surface 
drainage and contain a deep (> 25 ft.) fill of colluvial 
(Emory) soils which would sorb the cæsium before it 
could reach ground-water. The forest is dominated by 
second-growth yellow (tulip) poplar (Liriodendron tulip- 
fera L.). Second growth stands which are almost pure. 
Liriodendron are not uncommon in the forests of the 
Appalachian region?*. The sinkhole habitat then, in 
addition to having advantages of isolation and proteetion, 
is relatively discrete so there is a high probability of 
tagging the entire biota. Moreover, the sinkhole has a. 
deep rich soil and woody vegetation which will serve as. a 
contrast with a previous investigation? on the behaviour 
of cesium-134 in white oak (Quercus alba L.) growing on 
less productive shale and dolomite sites. 

A 20 m x 25 m portion of the forest was selected for 
tagging. This plot was subdivided into 5m x 5m squares. 
Vegetation was mapped and understory sampled in nested 
plots in each square. The thirty largest Liriodendron in. 
the plot, ranging in size from 1-8 to 14-2 in. diameter 
breast height (4-5 ft.), were tagged. In addition, two r 
bud (Cercis canadensis L.) and one tree each of red 
(Acer rubrum L.), red oak (Quercus rubra 

















Fig. 1. Radioisotope tagging of a forest. Trough of malleable 


dogwood (Cornus florida L.) were tagged to check for 
possible interspecific differences in translocation among 
minor understory species. 

The quantity of radioisotope required was derived 
empirically from inoculation of single trees during the 
previous three years. Various species were inoculated 
— with differing quantities and kinds of radioisotopes to 
determine the levels needed to facilitate subsequent 
sampling and analyses. Ideally, the quantity desired per 
leaf during the growing season should be sufficient to 
minimize counting time (1-2 min). The quantity per 
tree ranged from 0-4 me. to 94-2 me., adding to a total of 
"about 467 me. for the entire stand. Previous weighing of 
cut trees in the same vicinity provided regression estimates 
of tree mass (bole plus branches) as a power function of 
diameter D. Quantity of cæsium assigned per tree was 
made approximately proportional to tree mass by the 
following formula: 


millicuries of ezesium-137 = 0-133 D?-4* 


Utilization of such a large quantity of long-lived radio- 
isotope in the field required careful handling and special 
procedures in order to avoid unnecessary exposure of 
personnel or accidental contamination during the tagging 
operation. First the inoculum for each tree was bottled 

. separately in a hot cell at the laboratory. Each small 
(15 ml.) vial containing a single inoculum was then placed 
in a cylindrical lead shield for transport to the field site. 
Only the quantity needed for one day’s operations was 
transported to the site. The shields were carried in 
compartmented trays which were fastened to the bed of 
the transport truck. At the field site each lot of radioiso- 
tope was diluted to a volume of approximately 100 ml. 
with tap-water. The dilution process required four men. 
One handled the isotope vial with long tongs, the second 
handled the diluent container, while the third monitored 
and timed the operation. A fourth man stood by with 

. absorbent paper to wipe the lips of the vials and also to 
wipe any contamination should there be a spill. 

'The method of inoculation resulted from three years of 
testing of various techniques*-? and ensured uniform trans- 
location and distribution in the canopy. First a 4-12 in. 
wide ring of outer bark, usually at breast height, was 
smoothed by means of a stripping knife. Then a trough 
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sealing compound is formed 

around tree trunk and covered with aluminium foil, Slits are cut into inner bark at 1-in. 

intervals around the trunk. As soon as translocation is evident, radioiostope tag. 

previously diluted with tap-water, is poured into trough as shown. Second man from left 
is adding diluent continuously as man on right adds the radioisotope 
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of malleable sealing compound (‘Permagum’) 
and aluminium foil (Fig. 1) was constructed 
around the trunk. After this was complete 
the trough was filled with water, and slits 
were chiselled through the inner bark (cuts 
0-25-0-5 in. deep) at intervals 1-2 in. apart 
around the trunk, the interval depending on 
trunk diameter. As soon as translocation 
was evident (while the water in the trough 
moved rapidly into the trunk) the isotope 
solution was poured into the trough (Fig. 1). 

Again, because of safety considerations a 
team of four men was used in the pouring 
operation. One poured the isotope, moving 
around the trunk to distribute the solution 
evenly in the trough, a second followed hold- 
ing a plastic bag underneath to catch any 
spill while a third continued to add diluent 
solution at a rate equal to the quantity being 
absorbed by the tree. A fourth man 
monitored the operation with an ionization 
chamber (‘Cutie pie’) and timed it. Diluent 
(tap-water) was added as long as the tree 
absorbed the solution rapidly. When the 
rate of intake slowed, additions ceased. For 
a large tree (10 in. diameter) about 6 1. of 
water was required before this point was 
reached. After the last of the water was 
absorbed the trough was sealed by filling 
with additional sealing compound. By 
using six men and alternating functions the entire 
tagging operation was completed in less than 4 days 
and no individual received more than 5 per cent of his 
permissible weekly radiation exposure. 

A rather elaborate sampling programme is required 
in any large field investigation and this experiment is no 
exception. Fig. 2 illustrates many of the sampling 
techniques which are being used. Prior to tagging, a 
tower of scaffolding was erected which provided several 
levels of working areas up to 35 ft. above the ground. This 
tower enabled the staff to sample readily and easily from 
trees growing adjacent to the tower. For other trees an 
aerial ladder truck was used, which in conjunction with 
pruning equipment enables us to sample up to 60 ft. 
in the forest canopy. For higher samplings (60-90 ft.) 
in the canopy, a truck equipped with a 50-ft. hydraulic 
boom and basket is used. i 

Previous investigations had shown that radiocæsiurn 
is leached readily from leaves by rain-water*. Two kinds 
of rain-water collectors were used in the forest. One type 
consisted of ten stainless-steel funnels placed throughout 
the stand to collect rain which passed through the 
canopy. The second collected stem flow of rain-water 
from ten of the tagged and one control tree (Fig. 2). Fall 
of litter was measured by means of twenty bushel 
baskets randomly dispersed under the canopy on the - 
forest floor. 

After inoculation, leaves and stems from the trees 
adjacent to the tower were sampled weekly in order to 
measure radiocesium build-up in the canopy. After the 
maximum concentration was attained, samples were taken 
monthly. Composite samples from various other trees in 
the stand and from various heights in the canopy were made 
monthly during the summer of 1962. Freshly fallen litter 
was collected twice-monthly from the baskets, and addi- 
tional collections were made each week at the time of 
maximum leaf-fall. 

The rapid attainment of maximum foliage concentra- 
tions, averaging 1-3 uc./g dry weight on June 6 and June 
20, 1962, was followed by a decrease throughout the grow- 
ing season to about 0-6 uc./g dry weight during August 
22-early October (Fig. 3). Concentrations in fallen leaves 
decreased from only 0-25 uc./g:dry weight on September 
10 to 0-13 by October 25. This decrease ts a marked 
withdrawal of cæsium-137 (and presumably total content 
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Fig. 2. Early spring aspect of radioactive cesium-137 tagged Liriodendron forest. 35-ft. seaffold tower is used for sampling leaves and insects 


in canopy. Polyethylene carboys attached to troughs collect rain stem flow. 


of alkali metal elements) before leaf drop and a leaching 
of leaves by rain before and after leaf drop. 
Through-canopy rain-water collected in the funnels 
showed maximum exsium-137 concentrations in June, 
when foliage radioactivity was highest (Fig. 4). The 
details of leaching in relation to time, of course, depended 
on the frequency and amount of rainfall. There is a 
suggestion of increased cæsium-137 per cm of rain late 
in the summer, which might reflect a period of re-mobiliza- 
tion of alkali metal reserves prior to translocation back 
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Fig. 3. Seasonal distribution of cæsium-137 into and out of Liriodendron 
canopy. Concentration of — in living leaves and freshly 
fallen leaves 


Bushel baskets serve as leaf-fall collectors 


into woody portions of the tree. Further investigations 
now under way are needed to confirm and explain this 
re-mobilization effect. 

Transfer of radiocesium to the forest floor via falling 
Liriodendron leaves reached a maximum rate of 3:2 uc.[m*/ 
day in the week of October 4-11, 1962. The cumulative 
leaf contribution was 40-5 pe./m? (out of a total litter 
contribution of 42-8 uc./m?) between September 3 and 
November 7. The total Liriodendron leaf-fall of 193 g/m* 
dry wt. during this period or 196 g/m* by January 9. 
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Fig. 4. Approximate cumulative rainfall striking canopy of Kíríodendron 

forest, and cesium-137 leached from the canopy by this rain (not 

including a &mall additional pe estimated by measurement of 
stem- 
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“ 1963 (out of 304 g/m? total litter fall), provides a tentative- 
basis for estimating maximum eanopy content if this - 
total approxiniates total mass of foliage present in late 

June. If the late June ezxsium-137 concentration per unit. 
mass of 1-27 ue./g°dry wt. is representative of the whole 
canopy, then, foliage activity on a unit-area basis was 
1-27 uc.]g. x 196 g/m? = 249 pe./m? ates seasonal maxi- 

. mum. This quantity represents about 27 percent of the ^ 
“total radiociesium introduced into tree trunks (^1 mo./ 

m?) This fraction is lower than the maximum canopy 

5 tion of 40 per cent reported for white oak saplings’. 
The difference. between the two species may be attribut- 
able size. The oak saplings averaged 2-5 in. dbh 
whereas Liriodendron averaged 6 in. with individual trees 

< up to 12-6 in. and 14-2 in. in diameter. 

: "The prompt movement of cæsium ions into leaves must 
not cease during late June, nor does the'export start 
suddenly. The concentration.in the foliage at any time 
represents.a.balance between’ income and opposing loss 
“ate rate of decrease of foliage activity through late 
' summer appears to be about 1-2 per cent of foliage radio- 
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< CERN Research Directorate: Prof. B. Gregory 
Prog. B. Grecory has been appointed directorate 
nember for research at CERN in succession-to Prof, G. 
| Puppi (Nature, 196, 320; 1962), who has resumed his post 
as professor of advanced physics and director of the 
ute of Physies at the University of Bologna. Prof. 
y was born in Bergerac in 1919 and studied at the 
| Polytechnique in Paris and the Massachusetts 
ute of Technology. On returning from the United.. 
jos, he worked in the Physics Laboratory of the Ecole 
‘olytechnique in Paris. His primary interest has been 
ho study of elementary particles from the point of view 
strong and weak interactions, especially the use of 
ble chambers. . Until recently, he was the chairman of 
the Track Chamber Committee, which controls the experi- 
3 carried out at CERN with such kinds of instrument. 
By virtue of this position he has since 1960 been a member 
of the Scientific Policy Committee, which advises on the 
broad lines of CERN’s scientific planning. Prof. Gregory 
ill assume. his post on a part-time basis until August 
1964 and afterwards full.time until the end of 1965. 


Prof. A. L. Hales 
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ics at Dallas: 


physical Research, University’ of the Witwatersrand, 
962 to bécome first head of the Geosciences Division of 
Center’ for Advanced Studies in Dallas, 
xa Prof. Hales graduated at the University of Cape 
< Town in 1930 and at the University of Cambridge in 1933. 
“In 1936 he gained a Ph.D. degree at the University of 
, Cape Town. After holding lecturing appointments in the 
Mathematics Department of the University of the Wit- 
watersrand, Prof. Hales joined the staff of the Bernard 
rice Institute as a senior research officer in 1946. From 
"until 1954 he held the.chair of applied mathematics 
he University of Cape Town, and returned to the 
mard Price Institute in.1954 to succeed Dr. B. F. J. 
{ Sir Basil) Schonland as director. Prof. Hales has 
pursued wide interests in geophysics and has made impor- 
tant contributions to the theory of convection in the 
mantle, to the use of gravity measurements in the study of - 
erustal structure, to the thermal contraction theory of. 
mountain building, to paleomagnetism and to crustal 

















= Studies, which forms part of the newly formed Graduate 
Research Center of the Southwest, he is initiating both 
continental and oceanographic investigations of th 
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cæsium per day. The preliminary results (Fig. 4) emphas- 
ize the importance of rain as an agent in radiocesium 
transfer. Approximately 20 per cent (~ 10-3 ge./m*) of 
the total litter burden (~ 52 uo./m£) was derived from rain |... 
leaching. Only 7 per cent of the original radiocesium : 
input to Liriodendron was transferred to the forest floor 
during the first growing season in contrast to white oak 
saplings? where 20 per cent of the original input was 
transferred. Further data and computer simulation of | 
simultaneous income and loss. need to be combined for 
evaluating the general model of cæsium flux for this 
interesting case of Liriodendron forest. 
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and upper mantle. Prof, Hales is a Fellow of the Royal 
Society of South Africa, of the Royal Astronomical” 


Society, of the Cambridge Philosophical Society and of 
the American. Geophysical Union. 


Geophysics at Johannesburg: Prof. L. D. Nicolaysen 

Dr. L. D. Niconaysen has been appointed director of 
the Bernard Price Institute.of Geophysical Research and 
professor of geophysics at the University of ‘the Wit- 
"watersrand in succession to Prof. Hales. Dr. Nicolaysen, 
who is thirty-five, is at present senior research officer at^ 
the Institute. After graduating in science (with distinction 
in geology) at the University,of Cape Town in 1948, Dr. 
Nicolaysen was awarded the H. B. Webb scholarship and 
gained an M.Sc. degree in geology, with honours, in 1950. 
During part of this period he was a member of a research 
team which conducted a geological survey of Mauritius. 
Awarded a Carnegie Fellowship in 1951, Dr. Nieolaysen . 
spent eighteen months as a Visiting Fellow at the Geo- 
physical Laboratory in Washington and then studied at 
the Graduate College of Princeton University. In 1954 
he was appointed Charles Allen Munn Fellow of the ^ 
Graduate College, and, at the end of the year, for his 
work on African Precambrian Minerals he was awarded a: 
Ph.D. degree. In 1958 Dr. Nicolaysen was invited to 
participate in a symposium on the measurement of 
geological age; held under the auspices.of the U.S. National. 
Academy of Science in Washington.. Most of Dr. 
Nicolaysen's scientific work has been. concerned with the” 
measurement of the ages of various African rock forma- 
tions by means of the radioactive decay-of rubidium and 
uranium. : 
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Recurrent Grants to British’ Universities 


_In a statement in the House of Commons on February 5, 
the Minister for Science, Mr. Q. Hogg. announced that 
the total recurrent grant to existing universities for the. 
remaining three years of this quinquennium would be 
increased by £3-5 million, £7-2 million and. £9-8 million, 
respectively, making totals of £82-1 million, £91-8 million - 
and £101-5 million for 1964-65, 1965-66 and 1966-67, 








respectively. The new level was fixed with the view of 
; bu > ul obtaining the 197,000 full-time students as recommended. 
seismology.” At the Southwest Center for Advanced " 








‘by the Robbins Report for the first. year of the next quin- 
quennium.and. took account of costs as caleulated to ^ 
July 1963 and the recently agreed increase in the wages _ 
of university technicians. Any adjustment in academic 
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salaries following the report of the National Incomes 
Commission would be the subject of a special earmarked 
grant On the capital side, the Government was author- 
izing an increase in the value of buildmg-starts m 1964 
from £33 5 millon to £48 5 million and this would be 
devoted to an accelerated programme to accommodate 
the large numbers eomung mto the universities up to 
1967-68 The total capital commitment in respect of 
buüudimg.staits in 1964 was about £70 milhon An 
identical statement was made in the House of Lords 
when 1eples to questions elicited that the figure of 
197,000 students meluded the colleges of advanced 
technology but not the teachers’ traming colleges 
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European Molecular Biology Organization 


Many of the original advances in molecula: biology 
were made in Europe, but shortage of funds together 
with the rigid division of science into established dis- 
ciphnes at many European universities have retarded 
further growth There are only few well-equipped 
centres, and most work is done by isolated groups with 
inadequate means In the United States, on the other 
hand, the implications of molecular biology have been 
quickly grasped, and academe institutions are setting up 
numerous excellently staffed and equipped laboratories for 
investigating 1t In consequence, many Europeans who 
have started work here have been led to accept attractive 
offeis to continue their research in American laboratories 
On February 2 a group of scientists working in the field of 
molecular biology held a meeting m Geneva to consider 
the possibilities of setting up an Organization of Molecular 
Biology The group, under the chairmanship of Dr 
M F Perutz (Cambridge), consisted of Prof A. Butenandt 
(Munich), Prof A A Buzzati-Tiaverso (Naples), Prof J. 
Brachet (Brussels), Prof A Engstrom (Stockholm), Prof 
H Friedrich-Freksa (Tubmgen), Dr F Jacob (Paris), 
Prof E Katchalski (Rehovoth), Prof E Kellenberger 
(Geneva), Dr. J C Kendrew (Cambridge), Prof A. M. 
Liquor: (Naples), Prof O Maalee (Copenhagen), Prof 
C Sadron (Strasbourg), Prof A Tiselius (Uppsala) and 
Dr J Wyman (Rome) The main objective of the 
Organization will be to foster the development of mole- 
eulai biology in Europe The group aims at raising 
funds for the support of molecular biology in existing 
institutions and for the advanced tramung of young 
scientists It also mtends to sponsor proposals for co- 
operation between European scientists, such as joint 
research projects which may ultimately lead to the 
foundation of a European Research Institute of Molecular 
Biology Further mformation can be obtamed from 
Dr M F Perutz, Laboratory of Molecular Biology, Hill 
Road, Cambridge 


The Royal Society of London 

Tue report of the Council of the Royal Society for the 
year ended September 30, 1963, refers to the appomtment 
of four of the new Royal Society Research Professors 
(Pp. 60 London: The Royal Society, 1963) The Society 
already supports 27 research appomtments, meluding 
professorships, and brief reports on their work from the 
holders are appended to the Couneil’s report In co- 
operation with the Leverhulme Trust, two Royal Society 
Leverhulme Visiting Professors were appomted, one to 
visit India and the other Poland A further expedition 
to North Borneo durmg January-May 1964, with the 
view of investigating the Pmosuk Plateau, 1s bemg planned, 
and also one to the Solomon Islands, while m August 1963 
a Vulcanological Expeditions Commuttee was set up, with 
Prof W Q Kennedy as chairman “‘to encourage, promote 
and co-ordmate a comprehensive study of voleanicity, 
particularly in its relationship to oceanic regions" The 
Committee on Taxonomy reported m March 1963, and 
thus report has now been published Additional support 
is needed to enable Britam’s national mstitutions and 
university departments concerned with taxonomy to 
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respond: to the mcieasmg demands on them, and means 
are under consideration for implementing the Committee’s 
recommendations Consideration of ways of mproving 
the presentation of science in all broadcastig services 
eontinues, and in May 1963 an ad hoc commuttee, with 
Lord Fleck as chairman, was appointed to consider what 
action the Royal Society might take to heighten the 
esteem of the technologist as a scientific contributor to 
the national welfare Space 1eseaich m the United 
Kingdom continued to expand steadily under the guidance 
of the British National Committee on Space Research, and 
the Space Research Management Unit of the Office of the 
Minister for Science has been enlaiged — Projects being 
undertaken ın schools unde: the egis of the “Scientufic 
Research m Schools Committee showed encouraging 
growth and now number 86, about £4,500 was awarded 
during the year as well as £3,000 to supply 1esearch 
equipment Puimerpal officers of 54 scientific societies 
were invited to a meeting in June 1963 to discuss scientific 
pubheations Paihamentary grants admuustered by 
the Society totalled £220,000 m the fiscal year 1963-64, 
compared with £160,000 ın 1962-63, of the total, £105,500 
was for scientific investigations, £80,000 for international 
research and scientific congresses and £25,000 for research 
professorships T 


The Association of Commonwealth Universities 

Tue final annual report of the Association of Umivei- 
sities of the British Commonwealth—succeeded now by 
the Association of Commonwealth Universities—covers 
the yea. ended July 31, 1963 (Pp 38 London The 
Association of Commonwealth Universities, 1963) Durmg 
the year, there were 127 university membeis, meluding 
9 South Afuean universities, 11 associate mombeis 
(university colleges) and 4 additional members (other 
approved institution» of’ higher education) The Royal 
Charter now limits membership of the Association to 
univeisity institutions within the Commonwealth Dung 
the year, the Appointments Section was asked to help in 
filing 1,146 vacancies and dealt with 5,669 enquiries 
The Association also handled 362 nominations for Com- 
monwealth scholaiships and selected 273 candidates, as 
well as handlmg Marshall scholarships, the competition 
for Frank Knox Memorial fellowships, attestations foi 
French universities, and assisting the Commonwealth 
University Interchange and the Draperi» Company 
Scholarship Schemes Appended to the report i» a brief 
account of the work of the Committee of Vic6-Chancellois 
and Pimer:pals of the Universities of the United Kingdom 


The Alfred P. Sloan Foundation 

Tue report for 1961-62 of the Alfred P Sloan Founda- 
tion—the first biennial report to be issued since Mr E 
Case succeeded Mr A P Sloan, jun, as president on 
July 1, 1962—records authorized giants duiing the period 
totalling 19 3 million dollars, of which 1 03 milhon dollars 
was to the Sloan—Kettermg Institute for Cancer Research 
and almost 280,000 dollars to Stanford University (Pp. 
xi+137 New York Alfred P Sloan Foundation, 1963) 
The total commitments exceeded income for the biennium 
by some 4 millon dollars Other major grants durmg the 
period were for fellowships foi basic research m the 
physical sciences, fellowships m engmeering and mdus- 
trial management at the Massachusetts Institute of Tech- 
nology and a few other leading institutions, and to the 
A. P Sloan national scholarships New ventures receiving 
mayor support moelude 2 75 million dollars for the Courant 
Institute of Mathematics at New York University and 
grants of £1 million each to six institutions with strong 
faculties of arts and sciences fo: the development of their 
engineering 1esources The 1ieport meludes lists of 
recipients of the A P. Sloan Fellowships in Basic Science, 
of the first four awaids for cancer 1esearch, details of 
projects supported m ophthalmology, of the National 
Scholarship Programme, and the staff grants made to 
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various organizations Grants were also made for otological 
research, for economic research at the Brookmgs In- 
statution and the National Bureau of Economic Research, 
and for various educational projects, includmg one to the 
American Association for the Advancement of Science foi 
science programming on television 


Science and Technology for the Benefit of the Less- 
developed Areas 


A NARRATIVE account of the United Nations Conference 
on the “Appheation of Science and Technology for the 
Benefit of the Less Developed Areas” (Natw e, 197, 1135, 
1963), held m Geneva m February 1963, 1s bemg issued 
in English in eight volumes The first of these, World of 
Opportunity, has now been pubhshed, and the 1.emaimuing 
volumes deal successively with natural resouices, agrı- 
culture, mdustry, people and hving—population, health, 
nutrition, rural development urbanization, education 
and traming, science and planning The eighth volume 
includes the plenary proceedings of the Conference, a 
complete hst of Conference papers and of the reports of 
Secretary-General of Conference and the rappoiteurs, 
and subject index to all volumes The first volume also 
includes a lst of contents of the rema nmg volumes It 
1s m thiee parts, the first, “The Changing World", setting 
the general background of the Conference, the second 
deseribing the Conference at work, mcluding a summary 
of the discussions m the twelve sections of the agenda, 
and the third outhnmg what has to be done both by way 
of preparation and in seizing the opportunities This 
first volume gives a very readable concise account of the 
whole Conference which may well meet the needs of those 
who are not concerned with specific activities or fields. 
Tt is essentially self-contamed (United Nations Science 
and Technology for Development Report on the Umted 
Nations Conference on the Application of Science and 
Technology for the Benefit of the Less Developed Areas 
Volume 1 World of Opportunity Pp viu+267 New 
York United Nations, 1963 6 dollars) 


Technical and Vocational Training in France 


UNDER the title Social Promotion The Technical and 
Vocational Trowwng of Adults «n France, the French, 
Embassy has issued a paper describing the opportunities 
and methods of traimg designed to assist the social 
advancement of adult workers by umproving then skills 
or helpmg them to transfer to trades or occupations 
offermg better prospects (Pp 20 London Ambassade 
de France, Service de Presse et d'Information, 1963) 
Some 226,300 workers were tramed under such schemes 
m 1962, and for 1963 the figure ıs estimated at 280,000 
There are three grades of tramung at the first level pre- 
hmunary vocational tramung for a job as a speciBhzed 
worker or further trammg with the view of employment 
as a skilled worker, at the second, trammg of highly 
skilled workers, technicians, foremen and junior manage- 
ment, and at the third, preparatory trammg of senor 
technicians, engmeers and management staff Trauung 
under social promotion 1s co-ordinated under a delegate- 
general and a co-ordinating committee, the secretary of 
which. is attached to tho Prime Mimister There are also 
departmental and regional committees Many trammg 
classes or centres for this purpose operate under tho 
Mumstry of Education However, there are also some 
125 centres of accelerated vocational tramimg unde. the 
Ministry of Labour, and company centres have been set 
up by pubhe services and private companies Fmancial 
aid is given to workers attending full-time social pro- 
motion courses For the next few years, besides developing 
part-time and full-time tramung courses, greater use 1s 
expected to be made of indirect educational techniques, 
such as radio, television and correspondence courses, with 
greater decentralization and co-ordimation, contmued 
basic studies and development of information activities. 
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The organization of technical education and vocational 
trammg of the young m France 1s described im. a further 
paper (The Technical Educatwn and Vocational Trang 
of the Young m France Pp 20 London Ambassade 
de France, Service de Presse et d'Information, 1963) 
In 1961-62, 495,000 pupils recerved technical education, 
or 51 per cent of the young people receiving vocational 
traming, apprenticeship with 479,000 accounting for 
49 per cent At present, pupils who leave school at 
fourteen can either become pupils m a State oi private 
technical institution oi tram jn a company or with an 
artisan under articles of apprenticeship Vocational 
training at present includes short, intermediate oi long- 
trang courses, but when, m 1967, the school-leaving 
age 1s raised to sixteen, the short vocational courses 
will be open to all children between the ages of eleven 
and sixteen There are 31 mstitutions for training engm- 
eeis, 17 of which are State mstitutions, and all sie em- 
powered to award a diploma, 2,983 were awarded in 
1961 Commercial higher education 1s given m 23 
recognized private mstitutions, 15 higher commercial 
schools and othe: mstitutions Apprentices are articled 
foi three years and then sit for an exammation leading 
to the award of a ceitificate of completion. Vocational 
trammg m mdustry and commerce 15 financed m part by 
an apprenticeship tax fixed at 0 4 per cent of the wages 
and salanes paid 


The Leicester Museums and Art Gallery 

Tux fifty-seventh annual report of the Museums and 
Arb Gallery, Leicester, for 1962-63, ın an attractive 
format, 18 a record of progressive work ın all departments 
(Pp 39 Leicester’ City of Leicester Museums, 1963) 
The most unportant event durmg the year was the com- 
pletion of the building on the Jewry Wall site The upper 
floors were finished im tune for the Vaughan College to 
start the winter session, but the Museum gallery below 
was nob handed over until later and much remains to be 
done before the Museum of Archæology can be opened to 
the pubhe At the Nowarke Houses a provisional display 
of items from the Museum of the Royal Leicestershire 
Regiment has been set up in two rooms, pendmg the 
acquisition of the Newarke Gateway A clay muneral, 
allophane, has been collected fiom the Middle Lias Marl- 
stone, near Tilton, where ıt was found coating joint 
surfaces ın the rock 


National Collection of Yeast Cultures 


Iw 1948 the Institute of Brewing assumed responsibility 
foi the yeast cultures which formed part of tho National 
Collection of Type Cultures The third edition of the 
catalogue, National Collectvon of Yeast Cultures, contains 
a total of nearly 900 strains, neaily double the number 
listed in the previous (1956) edition (National Collection 
of Yeast Cultwes Catalogue of Cultures marntarmed at 
the Brewing Indusiry Research Foundaton,  Nutfield, 
Surrey Third edition Pp 51 # Nutfield, Surrey 
Brewmg Industry Research Foundation 1963) One 
of the new groups consists of strams which have been 
deposited as bemg of known genetical constitution with 
respect to certam properties The members of this group 
are mostly haploid strams or hybrids which have beon 
derived from various species of Saccharomyces All the 
yeasts are subcultured regularly and each cultwe 1s 
examined at intervals of not more than one year to ensure 
that 16 continues to correspond with the origmal deserip- 
tron Cultmes can be supplied at charges recommended 
by the U K Committee on Culture Collections Enquiries 
should be addressed to the Director, Brewing Industry 
Research Foundation, Lyttel Hall, Nutfield, Redhill, 
Suirey 


The Zoological Society of London Awards 


Tue Zoological Society of London has made the fol. 
lowmg awards, which wil be presented by H RH The 
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Duke of Edmburgh, president of the Society, at the 
annual general meeting on May 4 Scewntsfic Medal 
(awarded to persons under forty years of age for scientific 
merit and distinguished work m zoology), to Di L Brent, 
the National Institute for Medical Research. Mill Hill, 
NW 7, who has worked with Dr P B Medawar and Dr 
R E Biühngham on transplantation immunology, to 
Di P H Greenwood, principal scientific officer, Depart- 
ment of Zoology, British Museum (Natural History), fo: 
outstanding work on the life-histories of East African 
freshwater fishes and m particula: on the taxonomy and 
relationships of African species of eichhd fishes, and to 
Dr Janet Harker, of the Department of Zoology, Univer- 
sity of Cambridge, for her work on the physiology of the 
sense of time and the basis of periodic activities ın lower 
animals Stamford Raffles Award, to C W Mackworth- 
Piaed, of Castle Top, Burley, Hampshire, in recognition 
of hus distinguished contributions, as an amateur zoo- 
logist, to ornithology Thomas Henry Hurley Award, to 
Dr Charles Hugh O'Neill, of Kmg’s College, for origmal 
work submitted as a doctor's thesis to the University of 
London, on the “isolation and some properties of the cell 
surface membrane of Amoeba proteus? <A. Certificate of 
Commendation has also been awarded to Dı Leonard 
Hill, of the Department of Zoology, University of Sheffield, 
for hus thesis on ‘‘Endoerme Control of Ooeyte Develop- 
ment in the Desert Locust Schistocerca gregaria’? Prince 
Philip Pie (open for competition to pupils of zoology, 
taking the General Certificate of Education Advanced 
Level or equivalent exammation m any school m Great 
Britain. Northern Ireland, the Channel Isles or Isle of 
Man on the basis of a well-illustiated essay on animal 
ecology or behaviour), to Janice Cornell (aged nineteen 
years), of the County Grammar School for Girls, Potters 
Lane, Lewes, Sussex for her entry, ‘““The Relationship 
between Light Intensity and Temperature on the Hor- 
zontal Velocity of Polycelis nigra. (Ehrenberg)” 
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The Institute of Metals Awards 


THE Counei of the Institute of Metals has announced 
the awards of the followmg medals The Institute of 
Metals (Platnum) Medal for 1964, to Sir Geoffrey Taylor 
Fellow of Trinity College Cambridge, in recognition of 
his outstanding contitbutions over a wide field which 
have included considerable contributions to metallurgical 
science, The Rosenhain Medal for 1964, to Di R $ 
Baines. head of the Irradiation Branch. Metallurgy 
Division, Atomic Energy Research Establishment. Har- 
well, in 1ecognition of his outstandmg contributions m 
the field of physical metallurgy, W H A Robertson 
Medal and Premum for 1963, jomtly to R J Elger 
(Loewy Engineermg Co, Ltd ) and A R Martm (Alcan 
Industries Ltd ). foi papers contributed to the Journal 
on engineering aspects of non-ferrous metallurgy 


The Night Sky in March 


New moon occws on Mar 14d 02h 14m v T and full 
moon on Mar 28d 02h 49m The followmg conjunction 
with the Moon occurs Mai 17d 06h, Venus 6° N Mercury 
18 1n conjunction with Jupiter on Mar 31d 23h, Mercury 
being 3° N Mercury is an evening star, but is too close 
to the Sun for easy observation Venus 1s an evening 
star, favourably situated for observation, setting at 21h 
40m, 22h 25m and 23h 05m on March 1, 15 and 31, 
respectively Its stellar magnitude is — 3 8, its distance 
decreases during the month fiom 94 to 73 milhon miles, 
and the visible portion of the apparent disk fiom 0 693 
to 0559 Mais 1s too close to the Sun for observation 
Jupiter sets at 21h 15m 20h 40m and 20h 00m at the 
beginning, middle and end of the month, respectively 
Its stellai magnitude is —1 6 and its distance from the 
Earth on March 15 ıs 540 millon miles It 1s now un- 
favourably situated for observation Saturn 1s too close 
to the Sun for observation Occultations of stars brighter 
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than magnitude 6 aie as follows, observations beng made 
at Greenwich Mar 2d 00h 50 6m, 80 Vir (R), Mar 19d 
23h 14 7m, 106 Tau (D), Mar 21d 21h 15 5m, 44 Gem 
(D), Mar 22d 22h 243m, u Cne (D) R and D refer to 
1leappearance and disappearance, respectively The 
vernal equmox occurs on Maz 20d 14h 10m 


British Aid to Developing Countries i 


IN a note, ‘British Aid to Developmg Counties” 
(Nature, 200, 1053, 1963), summarizmg a 1ecent White 
Paper fiom the Department of Technical Co-operation, it 
was not made clear that the assistance provided m geology 
and related matters comes from the Overseas Geological 
Surveys and not from the Directorate of Overseas (Geo- 
detic and Topographical) Surveys The words “By the 
Overseas Geological Survey" should accordingly be 
mserted in the last sentence of the penultimate paragiaph, 
following “provided” and piecedmg “m geology" The 
oversight 1s regietted, but 1t should be noted that the 
White Paper does not make it expheit that Overseas 
Geological Surveys ıs a separate department and not 
part of the Duectorate of Overseas (Geodetic and Topo- 
graphical) Surveys The reference number of the White 
Paper “Aid to Developing Countries” 1s Cmnd 2147 and 
not 2137 


Announcements 


A SYMPOSIUM on “Biosynthetic Pathways m Higher 
Plants", oiganized by the Plant Phenolics Group will be 
held m the University of Leeds durmg Apil 13-15 
Further information can be obtained from Mr A H 
Williams, Research Station, Long Ashton, Bristol 


AN international conference on ‘‘Minds and Other 
Pests of Cocoa” will be held at the West African Cocoa 
Research Institute, Nigeria during March 24-27 Further 
information can be obtained from Mi P F Entwistle, 
West African Cocoa Research Institute PMB 5244, 
Moo: Plantation, Ibadan 


Tue sixteenth conference of the British Occupational 
Hygiene Society entitled "Metals ın Industiy" will be 
held in the University of Manchester dung April 7-8 
Further information can be obtained from Di J 8 
MoeLintock, National Coal Board Medical Se:vice Hobart 
House, Grosvenor House London, S W 1 


A symposium on “Cold Cathode Tubes and then 
Applications”, arranged by the British Institution of 
Radio Engmeers, will be held in the University of Cam- 
bridge durmg March 16-19 The symposium will include 
sessions on physics of operation and tube development, 
eireuit design and reliability, applications of cold-cathode 
tubes Further information can be obtamed fiom the 
Buitish Institution of Radio Engineers, 8-9 Bedford 
Square, London. WC 1 


THE spring meeting of the Institute of Metals will be 
held in London durmg March 16-20 The programme 
wil melude sessions on automatic contiols and then 
applications, the metallurgy of high-field superconduc- 
tors, high-strain fatigue, jomimg processes in ieactoi 
components, effluent treatment in the non-ferrous metal 
industries, heating of non-ferrous billets A session of 
the Deutsche Gesellschaft fui Metallkunde will also be 
held The May Lecture entitled “The Nuclear Fuel 
Element an Exercise m Metallurgy" will be delivered 
by Dr H M Fmnston Further information can be 
obtained from the Secretary Institute of Metals, 17 Bel- 
giave Square, London, SW 1 


Erratum The American publisher of Erasmus Dar win 
by D G Kmg-Hele, which was reviewed on p 536 of 
the February 8 issue of Nature, ıs Charles Scribner’s 
Sons New Yoik, and not St Martm’s Press Inc, as 
stated 
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NATIONAL PARKS IN BRITAIN 


HE fourteenth 1eport of the National Parks Com- 
mission covermg the year ended September 30, 

1963, emphasizes once more the need for amendment of the 
National Parks Act Thuis ıb does m a manner sumilai to 
that which ıt has urged the Government foi many years 
if the Park Planning Authorities are to possess the status 
and increased, powers and financial resources which are 
required to meet the growmg threats from development 
and from the use and misuse of the countryside by the 
pubhe, amendments must be made to the Act Even to 
conduct the comprehensive analytical surveys of each park 
necessary to determine the best way to provide foi future 
needs calls for more technical staff than the Commission 
possesses, and inadequate resources appear to be frustrating 
the forward plans of the Commission itself and the Park 
Planning Authoiities While the Mimster has authorized 
discussions on the shape of possible legislation little hope 
is held out of Parhamentary time in the early future 
Apart from this, the Commission 1s coming to the opmion 
that the kmd of objectives ıt visualizes for the parks are 
unhkely to be achieved effectively unless there 1s some form 
or measure of pubhe ownership, trusteeship o1 dedication 
over at least parts of these areas The report stresses the 
importance of vigorous new thought about the future of 
the parks 

Appended to the report are some extracts from the 
speech of the chairman, Lord Strang. to the Conference of 
Park Planning Authorities at Scarborough m May 1963, 
m. which he outlined some suggestions for positive policy, 
and with the extracts from Sir Keith Joseph's speech 
to the same conference this appendix of itself 1s a valuable 
contribution to constructive discussion References are 
made to coastal preservation and development, on which 
the Minister has now issued a circular asking authorities 
with coastal boundaries to make a special investigation 
of their coastal areas in consultation with the National 
Parks Commission and the Nature Conservancy Brief 
comments are included on the Conference on Water 
Resources m the North West, on the Water Resources 
Act, and on the Local Authorities Land Act, 1963, which 
will faeihtate treatment of derehet land under an amend- 
ment to Section 89 of the National Parks Act. 1949 
Thus the report 1s ın the main a record of steady pursuit 
of the Commission’s objectives, within the lmit set by 
available 1esources There ıs a note of appreciation of 
work done by senior boys from some Home Office approved 
schools 

The views of the Commission on the effect of the pro- 
posed railway closures are set forth in a letter to the 
Minister of Transport which is appended to the report 
This letter asks the Maunister to consider carefully certam 
matters relating to social benefit which may arise from the 
closure of Imes or stations If the closwie leads to visitors 
foigomg their visits, a blow will be struck at the mam 
purpose of the parks Use of either public or private road 
transport 1s likely to lead to increased 10ad congestion 
and a demand for more pubhe transport, road improve- 
ments and parking places, which often cannot be met with- 


* National Parks and Access to the Countryside Act, 1949 Fourteenth 
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out adverse effect on the character of many of the parks. 
These consequences need to be set against any savings 
m money terms arising from the proposed closures, and m 
view of the declared purpose of the National Parks Act, 
the Commission submits that, withm limits, 1t would be 
equitable that national funds should be available to keep 
open limes or stations serving national parks 

A comprehensive survey was conducted, of the tourist 
industry m the Peak District National Park and the 
warden service was further augmented In the Lake 
District Park the voluntary warden service was also 
expanded, and the Plannmg Board advanced its plans foi 
a caravan site at Neaum Crag, Skelwith Bridge In 
Snowdonia an agreement was reached on the Joint 
Advisory Commuttee’s Forestry Map under the voluntary 
scheme of consultation on private afforestation, and Prof 
J S Allen's two reports on chalet development were 
approved by the Jomt Advisory Committee Orders 
designatmg the Isle of Wight and East Devon as areas 
of outstandmg natural beauty were confirmed by the 
Minister, and Orders designating the Forest of Bowland 
and Chichester Harbour were submitted for confirma- 
tion Improvements were made by local authorities 
m nine of the fifteen areas already designated, and pro- 
posals for the South Downs long-distance route were 
approved by the Minister as well as the Commussion's 
report on the Dorset Coast Path from Studland to Lyme 
Regis, which completes the proposals for a South West 
Penmsula Coast Path 

Development questions continue to figure largely m the 
report, and during the year nearly 450 such proposals 
affecting landscape beauty m national parks were referred 
to the Commission. As regards electricity, 16 18 encourag- 
mg to note that at one of the enquimes the Minister of 
Power expressed concern that ıt should have been urged 
on behalf of the Electricity Board that the duty to have 
regard to the effect of proposals on amenities was sub- ' 
ordmate to the Board's duty to mamta an efficient, 
co-ordinated and economical system of supply The cost 
of undergrounding supply hnes continues to be a difficulty, 
particularly m the North Fuding of Yorkshire, where the 
North Eastern Electricity Board 1s reluctant to follow 
the practice of the North Western Electricity Board and 
spread this cost over all consumers in its area The 
question has now gone to the Minister of Power, who 
elsewhere has refused consent to overhead tiansmussion 
in the Glaslyn Estuary It 1s obvious from the report 
that the routing of overhead transmission lines to avoid 
prejudice to natural beauty 1s of increasing difficulty and 
satisfactory alternative routes are often impossible to 
find Aerial masts constitute a similar problem, and in the 
present report the Commission deplores the Minister's 
decision to allow the General Post Office to proceed with 
the erection of a radio tower at Goose Green, Wotton- 
under-Edge, m view of the great damage to unspoilt 
landscape On the other hand, the Commission 1s en- 
couraged by the care and forethought with which the 
route for the Laneaster-Pennth Motorway has been 
chosen by the Ministry of Transport to avoid the Lake 
District National Park except for a shght encroachment 
on the eastern edge 


VERTEBRATE PAL/EONTOLOGY IN ALBERTA 


CONFERENCE and field-trip on ‘Vertebrate 
Paleontology” was held m Alberta durmg August 
29-September 3 The primary purpose of the conference 
was to review work done in vertebrate paleontology m 


Alberta, and adjacent Provinces, and to examune the 
possibilities for a more active programme of research m 
this field at the University of Alberta It ıs well known 
that many dmosaurs have been collected during the past 
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fifty yeais, especially from sites ın the Red Deei Valley 
These specrmens, mostly late Cretaceous, make up some 
fine exhibits m important museums such as the American 
Museum of Natural History m New York However, 
most of the collectors who have worked m the Province 
have come from museums or universities in the East, 
the University of Alberta has not played a significant 
part m the development of vertebrate paleontology m 
the Province 

The International Congress of Zoology m Washington 
provided an oppoitunity to bring to Albeita a group of 
vertebrate paleontologists from various countries who 
could provide advice about the possibilities for developmg 
vertebrate paleontology ın this Provmce The Depart- 
ments of Geology and Zoology, with the support of funds 
from the National Reseaich Council of Canada and the 
University of Alberta, mvited about fifteen visitors to 
come to Alberta for a progiamme of scientific meetings 
and a field-trip to visit sites of paleontological interest 
The visitors meluded Dr A S Romer (Harvard), Dr 
Bjorn Kuitén (Finland), Dr Rosendo Pascual (A1gentina), 
Dr T S Westoll (Newcastle upon Tyne), Dr W E 
Swinton (Toronto), Dr W A Clemens (Kansas) Dr 
Hemz Tobien (Mamz), Dr Charles Devillers (Paris), Dr 
E H Colbert (New York), Dr Lors Russell (Ottawa), 
Dr Wann Langston (Texas) and D: Charles Sternberg 
(Ottawa), of whom the last three had collected extensively 
in the area A number of other paleontologists attended 
from various parts of Canada and the United States, and, 
together with members of the staff of the University and 
the Reseaich Council of Alberta a full party of forty 
persons travelled on the field-trip 

The progamme consisted of scientific reports on the 
followmg subjects ‘The Cretaceous m Alberta”, by Dr 
Wann Langston, jun , ‘Tho Tertiary m Western Canada ’, 
by Dr Louis S Russell, “The Pleistocene m Alberta", by 
Dis L A Bayrock and W A Fuller (Edmonton) These 
papers were delivered m Edmonton and provided an 
excellent background for discussions and preparation for 
the field tıp All the speakers at this session expressed the 
view that great opportunities for vertebrate paleontology 
exist ın Alberta, and that, although the day of spectacular 
dinosaur collecting was not necessauly at an end, there 
were other aspects awaitmg investigation which might 
be more rewarding scientifically Dr Langston stressed 
that 1esults might be expected fiom an intensive search 
foi fossil fishes and remains of eaily vertebrates m. the 
Paleozoic and T11assie exposures in the Rocky Mountains 
He also 1eviewed the records of Cretaceous dinosaurs and 
stressed, that there were many outstandmg pioblems 
demanding fuithei investigation 


NATURE 


769 


Di Russell described his own experiences in collecting 
remams of Teitiary mammals ın the Cypress Hulls of 
Saskatchewan and underhned the need for the careful and 
painstakmg collection of material found m bone beds that 
are exposed by quarrymg and erosion Dı Bayrock do- 
scribed the new knowledge that ıs emerging about the 
extent of glaciation m Western Canada and showed how 
much we could learn about this from an exact knowledge 
of the mammahan fauna of Pleistocene times, a fauna 
which has left abundant evidence of its existence in a 
number of sites close to Edmonton Dr Fuller described 
the knowledge that exists already about different species 
of bison which lived in Alberta m. glacial and inter-glacial 
times . 

Duung the field-tiip, the party visited sites in the 
Red Deer Valley, including Drumheller, where there is an 
active local museum society, and Steveville, where the 
Provincial Government has established a pak m which 
several dmosaur skeletons have been exposed wn stu and 
protected from the weather Visits were also made to the 
Oypiess Hills ın Saskatchewan, where an Oligoceno bone 
bed was examined, and to the Milk River Canyon in 
South-eastern Alberta, where a magnificent set of dinosaur - 
bearing sandstones of the Upper Cretaceous ıs exposed 

The field-ti1p and the conference ended at the Calgary 
campus of the University of Albe.ta with an mformal 
discussion of the impressions that the group had gained 
from the tirp about the future of vertebrate paleontology 
in Alberta Almost all the views expressed were extremely 
encowaging and, as a result, the Departments of Geology 
and Zoology aie hoping to appoint a vertebrate palon- 
tologist to the staff of the University in the neai future 
It ıs hoped also that field work with a new orientation will 
begn m the summer of 1964, concentrating on the 
Cietaceous mammalian fauna of the Upper Edmonton 
Foimation, and collecting at localities where fossil fishes 
are known to occur 

Public lectures were given in Edmonton by Dis Colbert 
and Russell and m Calgary by Dr Romer The Alberta 
Society of Petroleum Geologists participated in these 
events Members of the conference were entertamed by 
the Government of the Provimoee of Alberta, by the 
Edmonton Zoological Society, by the Calgary Zoological 
Society and by the Principal of the University of Alberta, 
Calgary A full report of the pioceedings of the conference 
will be available shortly and will be sent on 1equest to 
anyone interested Persons desiring information about the 
further development of the piogramme of vertebrate 
palzontology in Alberta should wiite to the Head of the 
Geology oi the Zoology Departments, University of 
Alberta, Edmonton Canada D M Ross 


PLANT POLYSACCHARIDES 


SYMPOSIUM on the chemistry and biochemistry of 
plant polysaccharides was recently organized by the 
Plant Phenohes Group The mecting was held at the 
School of Pharmacy, University of London, on January 7 
The chauman for the morning session was Prof J W 
Fairbairn (School of Pharmacy) and the first speaker was 
Prof E J Bourne (Royal Holloway College), who re- 
viewed the methods available for the determmation of 
polysaccharide structures The development of new 
techniques has been very rapid during the past twenty 
years Paper chromatography was, without doubt, the 
most important contribution to polysaccharide chemistry, 
and ın recent times the use of gas-liquid. chromatography 
for the analysis of methylated sugars and trimethylsilyl 
derivatives has been an mnportant break-through Even 
more exciting possibilities may come from the full apph- 
cation of enzymatic and immunochemical techniques 


Dr W J Whelan (Lister Institute of Pieventive 
Medicme) discussed the stiucture of the two starch com- 
ponents, amylose and amylopectin The mam stiuctures 
are now well known, but some aspects of the fine stiuctures 
of these polysaccharides are m dispute and piesent-day 
interest is centred around these Of particula: mterest 
are the few glucose iesidues m amylose which possess 
linkages m addition to «-1,4 The most recent evidence 
suggests that these ‘anomalous’ linkages are «-1.6 The 
origmal claim that «-1,3-lmkages are present m amylo- 
pectin may be meoiieet One of the latest enzymes to be 
used for the examunation of these fine structures 1s 
pullulanase, which 1s specific for the cleavage of «-1,6- 
linkages 

Prof H K Porte: (Imperial College of Science and 
Technology) followed Dr Whelan and described the 
development of ideas regarding the formation and break- 
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down of staich a vwo with paiticular reference to the 
role of sucrose in these processes and the observations 
that have been made on the plant tissues that aie involved 
It is now generally believed that phosphorylase 1s not the 
major enzyme concerned on vwo with the formation of 
a-1,4-lnkages in starch but that a uridme diphosphate 
glucose «-1,4-glucan «-4-glucosyltransferase 1s required 
Prof Porter pointed out, however, that, so far, only a 
very low meorpoiation of glucose mto starch had been 
achieved n vitro using this enzyme system and that the 
identity of the initial acceptor substrate foi such a 
reaction a vwo was not known 

In the afternoon Prof W B Whalley (School of 
Phaimacy) took the chau, and the first lecture on henu- 
celluloses, gums and pectic substances of higher plants 
was given by Dr G O Aspmall (University of Edin- 
burgh) These heteropolysaccharides, which aie extremely 
complex, have been the subject of chemical mvestigation 
for many years In most cases very little is known of the 
detailed arrangement of the various monosaccharide 
residues, but the polysaccharides can be giouped accoiding 
to certain common structural features New techniques 
such as the stabilization of labile glycosidic bonds by 
oxidation of the glycone moieties and improved enzymatic 
degradation procedures have allowed significant piogross 
to be made in this field during the past few years 

The polysaccharides present ın seaweeds exhibit many 
of the complexities of those present 1n higher plants and, 
in addition, some, such as carrageenin and fucordin, 
possess sulphate ester groups which complicato the 
determination of structures An account of the progiess 
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which has been made with molecules of this type was 
given by Dr E Percival (Royal Holloway College) 
Other polysaccharides which are present m these algae 
melude algmic acid and lammaim The former has for 
some time successfully iesisted detailed analysis The 
position of r-glucurome acid m this polysaccharide has 
recently attracted much attention In the case of lammarm 
there have been differences of opinion over the state of 
the mannitol which 1s present ın this polymer 

The final lecture in the symposium was delivered by 
Dr L Hough (University of Bristol), who described the 
incorporation of carbon-14 into the heteroglycan con- 
stituents of plum and holly leaves and the biosynthetic 
significance of these labelling experiments It 1s apparent 
that even m mature leaves there 1s a turnover of some of 
the structural polysaccharides The rapid turnover of 
D-glucitol which occurs ın plum leaves wus also men- 
tioned and, in addition, the recent and 1ather unexpected 
discovery by the Bristol group that the leaves of Itza spp 
contain D-allulose and allitol 

The attendance ab the symposium was moro than 100, 
and both academic and industrial interests m the chemical 
and biological fields were represented The success of the 
meeting was perhaps due to the fact that eleven years 
had elapsed smee plant polysaccharides were last tho 
subject of a symposium in the United Kingdom The 
Plant Phenolics Group will contmue to foster mterest m 
all aspects of the chemistry and biochemistry of plant 
constituents and to promote discussion and interchange 
between scientists of all daserplines who aie involved with 
these compounds J B PRIDHAM 


RATIOS OF STRONTIUM-90 TO CALCIUM IN MILK AND IN THE 
BONES OF INFANTS 


By Dr. J F. LOUTIT, C.B.E, F.R S. 
Medical Research Council Radiobiological Research Unit, Harwell 
AND 
Dr. R. SCOTT RUSSELL, Dr R. S. BRUCE and B O BARTLETT 


Agricultural Research Council Radiobiological Laboratory, Letcombe Regis, Wantage 


S the radiation dose which man ioecerves from stron- 
tium-90 depends on its concentration ın bone, the 
effects of environmental contamination with this nuclide 
can be assessed most directly by the analysis of bone 
The difficulties of obtamung adequately representative 
samples of bone, particularly from sparsely populated 
areas, make ıt necessary to estimate the exposure of the 
population largely from the results of dietary surveys 
Not only 1s 16 possible to sample foodstuffs ın the United 
Kingdom on a considerably more representative scale, but 
also the levels of contammation observed m commodities, 
such as milk, which are produced throughout the year can 
provide valuable early information on changes m man’s 
exposure The conclusions which such measurements 
Justify depend, however, on the reliability with which they 
ean be used to deduce the concentration of stiontium-90 
m bone 
It ıs well established that there is a close interielation- 
ship between strontium-90 and calcium in their transfer 
from diet to bone For this reason measurements are 
normally expressed as ratios of strontium-90 to calcium 
Because the concentration of ealerum m bone 1s relatively 
constant, the radiation dose received by both bone and 
the adjacent tissues can be directly inferred from the 
ratio in bone ODiscrimmation against strontium-90 
relative to ealerum causes the ratio mn the bone to bo lower 
than in the diet from which ib ıs derived. The 1elation- 
ship between these two ratios 1s fiequently described as 
the ‘observed ratio’ (that 15, Sr/Canone divided by 


*°Sr/Caget) It has been widely accepted that 0 25 is a 
generally applicable value for this ratio*:?, the most exten- 
sive information bemg that assembled by the United 
Nations Scientific Committee on the Effects of Atomic 
Radiation. Estimates of the ‘observed ratio’ from survey 
data are, however, open to considerable uncertamty The 
actual composition of diet 1s seldom known. precisely and 
the extent to which ıb ıs contammated varies markedly 
over short periods Thus, the mean ratio of strontium-90 
to calcıum m the diet from which the bone has been 
formed ıs uncertam even for the younge: age groups 
Further complications arise because the ‘observed, ratio’ 
may be affected by the composition of the diet?, by the 
period which has elapsed smce the two elements were 
deposited im bonet and by the age of the sub]Jeoct5-? 
Increasing evidence that less disermunation against 
Strontrum occurs m infants makes ıt particularly desirable 
to review the manne: m which the ratio of strontrum-90 
to calcium in their bones should be predicted from the 
results of dietary surveys 

In practice, knowledge of the 1elationship between. tho 
ratio of strontium-90 to calerum in milk and that m the 
bones of mfants 1s of particular rmportance Not only 1s 
milk a major food of infants, but, under conditions 
pertamung so far, the bones of mfants show the highest 
ratio of strontium-90 to calcrum!? A further reason for 
directing special attention to milk emerges from a consider- 
ation of the sources from which mfants may receive their 
food If fresh milk ıs the major component of then diet, 
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some infants may depend to a great extent on the produce 
of a very limited area (m an extreme case, perhaps, one 
field on which a single cow 1s grazed) In contiast, the 
mixed diet of older children and adults 1s subject to less 
variation from this cause because 16 is drawn from the 
produce of considerably wider areas Climatic and 
agricultural factors which cause the contamination of 
milk in hmuted areas to excecd considerably the general 
average!! may thus enhance the ratio of strontrum-90 
to calcium ın the diet ofanfants to a greater extent than 1s 
hkely with other age groups 

Since 1958 an extensive survey of strontium-90 m milk 
has been ın progress throughout the United Kingdom, 
and during this period the bones of more than 500 infants 
who died between the ages of one week and one year have 
been analysed!? These results are considered to provide 
an improved basis for establishmg an empmieal relation- 
ship between the ratio of strontium-90 to calcium m 
mlk and that m the bones of infants It must be emphas- 
ized that any relationship derived m this way cannot 
provide exact information on the discrimmation between 
strontium-90 and calcrum in their passage from diet to 
bone As milk 1s seldom the sole diet of infants the ratio 
of strontium-90 to calcium m 1t cannot be regarded as a 
true measure of that m ther total food intake The diet 
of mfants 1s subject to considerable variation and there 
18 at present msufficient mformation on this question to 
derive a reliable value of the ‘observed ratio (bone/total 
diet) This does not, however, lessen the value of an 
empirical relationship between the ratio of strontium-90 
to calcrum m milk and that m bone for assessing 
the significance of findmgs m dietary surveys The 
present calculations were undertaken solely for this 
purpose 

The significance of the exposure of the population to 
radiation as the result of environmental contammation 1s 
assessed on the basis of the dose received over any period 
of 12 months The object of the present calculation has 
therefore been to ascertain the relationship between the 
mean ratio of strontrum-90 to calcıum in the bones of 
infants durmg the first year of their life and the mean 
ratio of strontrum-90 to calerum m milk at that time For 
brevity, this relationship ıs here referred to as the 
‘bone/mulk factor’ 

A preliminary consideration of the data revealed the 
following pomts which were relevant to the planning of the 
analysis (a) Widely differing numbers of bone samples 
were obtained from different parts of the country Thus, 
1t was appropriate to compare bone values with those in 
mulk from the region in which the mfant lived and not 
with the country-wide average (b) There was evidence 
of variation in the *bone/milk factor’ between different 
calendar years, so 1t was desirable to examune each year 
separately (c) Information provided by the Ministry of 
Health showed that National Dried Mülk represents an 
appreciable fraction of the total milk supply for infants 
and that the average delay between the production of 
milk and its consumption m dried form may somewhat 
exceed three months It was desirable to take this delay 
mto account especially for infants who died within a 
few months of birth 

The following procedure was therefore adopted Each 
measurement of the ratio of strontrum-90 to ealerum m 
bone was divided by the ratio of strontrum-90 to calerum 
m milk produced during the appropriate period in the 
region where the infant died Each bone measurement has 
therefore been related to the milk from the appropriate 
zone in the country-wide survey of milk#-15 Since for 
some zones milk results are available only as quarterly 
averages, the periods for which milk was considered were 
defined. as follows 

Infants dying under the age of 3 months The mean 
ratio of strontrum-90 to calcium m milk in the quarter 
when death occurred and m the preceding quarter (that 
is, 6 months) 
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Infants dying between 3 and 6 months The mean ratio 
of strontium-90 to calerum m milk in the quarter of death 
and the preceding two quarters (that 15, 9 months) 

Infants dying between 6 and 12 months The twelve- 
month mean up to and meluding the quarter m which 
death occurred 

This procedure was varied m two respects When 
considermg mfants who died under the age of one month, 
results for those who died before 7 days were excluded, as 
the levels of strontrum-90 in such bones could not be 
determined by current levels m milk (ib may be noted, 
however, that on average still-births and mfants who died 
in ther first month gave similar values) When mfants 
died m London or the County of Middlesex the country- 
wide milk values and not the results for any individual 
zones were used, because London draws its milk supply 
from many different areas 

The mam analysis was carried out on the results for 
1959-62 when, for each year, results for at least 110 
infant bones were available Only a few bone samples 
were obtained in 1958, and information on the contamma- 
tion of milk early m the year ıs muted The results for 
that year, therefore, were used only for an approximate 
calculation The ‘bone/milk factors’ calculated for 1959- 
62 are summarized ın Table 1 and m Fig 1, the merease 
between the ages of 1 and 5 months 1s statistically signifi- 
cant (P < 0001) However, the results are not judged 
sufficient to suggest the mathematical form of this relation- 
ship There 1s no evidence of significant changes between 
the age of six months and one year, for this reason the 
mean value for mfants who died at ages between sıx and 
twelve months 1s shown m Table 1. The changes with age 
m the ‘bone/milk factor’ accord reasonably with findings 
m other mvestigations®:* The low ratios in the early 
months can be explained by relatively low values at birth 
(attributable to placental disermnmation), the feeding 
of some infants with human breast milk (which has a 
lower ratio than cow’s milk) and probably the partial 
re-utihzation of the early bone mmeral in bone formation 

The mean values of the ‘bone/mulk factor’ for the first 
year of hfe were calculated from the results for each 
calendar year by averaging the values for monthly age- 
groups They range from 0 32 + 0 016 m 1961 to 022 t 
0 012 mn 1962, a statistically significant difference between 
these years was established The value for 1958, estimated 
at 0 27, fell within the range for the later years 

Consideration has been given to the extent to which 
variation m the ‘bone/mulk factor’ between years may be 
attributed to dietary factors The total diet of mfants 


Table 1 RELATIONSHIP BETWEEN THE RATIO OF STRONTIUM-90 TO CALCIUM 
IN MILK AND THAT IN THE BONES OF INFANTS AGED 7 DAYS-12 MONTHS 


1959 1960 1961 1962 
Strontaum-90 in fall- 
out (mc |km?)* 
Annual deposit 573 177 247 933 
Cumulative deposit 
at June 30 181 202 214 270 
Bonejmilk factor 
(°°Sr/Ca bone) t 
(3*Sr]Ca milk) 
Age at death (months) 
0-1t 011 0 18 013 010 
(32) (21) (53) (45) 
1-2 016 0 21 016 011 
(18) (21) (26) (20) 
2-3 0 25 0 22 0 23 012 
(18) (18) 7) (15) 
3-4 0 26 0 33 030 0 22 
(12) (15) (10) (22) 
4-5 0 31 0 38 0 29 0 28 
(13) (10) (12) (15) 
5-6 34 0 34 0 33 17 
(5) (7) (4) - (8) 
6-12 0 36 0 36 041 028 
(29) (23) (18) (30) 


Mean factor for first 
year of life + stan- 
dard error§ 030::0013 031-0014 03240016 02240012 


* Deposition of strontium-90 at Milford Haven measured by the United 
Kingdom Atomic Energy Authority 

T ae number of samples on which each estimate 18 based 1s shown in 
brackets 

t Infants dying withun a week of birth are not included 

§ Each monthly age group 1s given equal weight 
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Fig 1 Changes in the ‘bone/milk factor’ during the first year of life 


in ther first year of life does not consist entirely of milk, 
cereal products and prepared vegetables produced mainly 
in the previous year, or earlier, are also consumed, and the 
ielationship between the ratio of strontium-90 to calcium 
m milk and that m the total mfant diet will therefore 
change depending on year-to-year changes in the level of 
contammation A simular situation has been illustrated 
in surveys of strontium-90 m the mixed adult diet of the 
United Kingdom11:15 

The fraction of the total strontrum-90 ın the national 
diet which 1s provided by cereals 1s an approximate mdex 
of the extent to which foods from the previous year 
affect the current intake of strontium-90 Thus, the 
extent to which the range of values for the ‘bone/milk 
factor’, shown m Table 1, 1s due to the varymg 1elationship 
between the contammation of stored food and that of 
fresh milk can be examined by comparing the ‘bone/milk 
factors’ with the fraction of the strontium-90 in the 
national diet provided by cereals m the same yea: The 
latter values can be derived from the country-wide survey 
of strontium-90 m diet!i35, and to facilitate comparison 
the results have been arranged m order of increasmg value 
for the ‘bone/mulk factor’ 


Fiaction of strontium-90 


Year 'Bone/milk factor’ m the national diet con- 
tributed by cereals 
1962 0 22 009 
1958 e 027 012 
1959 030 015 
N 1960 031 017 
1961 0 32 017 


Conclusions The ratio of strontium-90 to calerum ın the 
bone of infants rises, ielative to that m milk, durmg the 
first six months of their life, thereafte. showing no signi- 
ficant change up to the end of the first year The ‘bone/ 
mulk factor’ m infants m the first year of them life (°°S1/Ca 
m bone divided by ”Sr/Ca m milk) m the calendar years 
1958 to 1962 ranged from 0 22 + 0 012 to 032 + 0 016 
A major cause of the variation appears to be the extent 
of contamination of those components of the infant diet 
which were produced m earher years, that 1s, cereals and 
proprietary foods Since the situation varied markedly 
m this respect durmg this period, the assumption that 
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the average ratio of strontium-90 to calcium ın bones of 
infants m the first year of their lıfe ıs about one-quarter 
of that m milk appears to be a reasonable approximate 
description of the general situation In practice, know- 
ledge of this relationship 1s of primary mmportance m times 
of high fall-out as the highest ratios of strontium-90 to 
ealerum in. diet, and hence m bone, will then occur Under 
these conditions the ‘bone/mulk factor’ ıs lowered and the 
use of the value 0 25 for assessing the results of measure- 
ments in milk may be regarded as an acceptable pro- 
cedure, survey results have commonly been evaluated on 
this basis hitherto If, on the other hand, levels of dietary 
contammation have remamed relatively constant or are 
decreasing, 03 would appear to be a more appropriate 
value for the *bone/milk factor’ 

These conclusions apply when the relationship between 
the ratio of strontium-90 to ealerum m milk and that m 
other foodstuffs ıs ın the general range observed hitherto 
throughout the country If local circumstances depress 
the ratio m milk relative to that ın other foods, the 
‘pone/mulk factor’ will merease Conversely. the factor 
will decrease if the contammation of milk exceeds that 
in other foods to an abnormal degree In practice, situa- 
tions of the latter type are of particular importance 
because some local milk supplies are considerably more 
contaminated than the national average because of unusual 
climatic and agricultural factors!! In these circumstances 
the use of a ‘bone/mulk factor’ of 0 25 ıs likely to somewhat 
over-estimate the ratio of strontium-90 to calerum in the 
bones of infants 

For reasons explained earlier, this empirical relationship 
should not be confused with the ‘observed ratio’ which 
relates the ratio of strontrum-90 m bone to that in the 
total food intake and ıs therefore a measure of discrimma- 
tion m physiological processes The present findings are 
not incompatible with appreciably lower discrimination 
against strontium during the first few months of hfe 
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USE OF COPOLYMERIZED CELLULOSES IN CHROMATOGRAPHY 


By J R. A ANDERSON, S DILLI, Dr. J L GARNETT and E C MARTIN 
School of Chemistry, University of New South Wales, Sydney 


pe an investigation, of the effects of high-energy 
y-1adiation on cellulose and related carbohydrates! 2, 
particularly the radiation grafting of vinyl monomers’, 
the hydrophobic nature of the resultmg copolymers 


suggested a new support for reversed-phase chromato- 
graphy  Exammation of the copolymers showed distinct 
advantages over conventional chromatographic materials 
In particular, these modified celluloses exhibited an 
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appreciable inciease in wet-stiength and were unaffected 
by the acids, bases and organic solvents commonly util- 
ized m chromatography In the separation of a series 
of food dyes (Table 1), the styenated paper was unaffected 
by the phenolic developing solution whereas the commer- 
cial acetylated papers completely disintegrated The 
time requned for the development of the chromatograms 
was considerably less than with untreated papers, while 
re-use of the same sheet was possible after suitable wash- 
mg treatment The copolymers may also be of value m 
work associated with isotopes and labelled compounds of 
high specific activity since the aromatic ring of the styrene 
provides ‘:adiation-protection’ to the paper, especially if 
some materials move very slowly A final advantage of 
the present radiation grafting technique is to provide a 
valuable method foi the prepa1ation of copolymers possess- 
ing 10n exchange prope ties 

A systematic evaluation of grafted celluloses has been 
undertaken with a view to examuung those compounds 
amenable to reversed-phase chromatography such as 
steroids, sugar acetates, 2,4-DNP derivatives, ete 
Prehminaiy results with dyes, metal ions and fatty acids 
are reported here 

To*demonstrate these aspects a series of papers free 
from homopolymer were prepared? For convenience only, 
Whatman No 40, 41 and 42 papers and cellulose powder 
(standard grade) were used for this purpose The hydro- 
phobic nature of the grafted papers required the use of 
alcoholic solutions of the substances bemg tested The 
papers were developed in appropriate solvents by the 
ascending technique and the powdei by the normal 
percolation method 

The treated No 42 paper showed but shght variation 
in Rp values for dyestuffs with the Tilden solventi from 
those given by the untreated paper In some cases higher 
Rr values were given with a low-graft paper (9 8 per cent) 
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Table 1 
Distance of 


SEPARATION OF DYESTUFFS§ 


Development liquid front Type of paperf Rp values* 
time (h) from starting Ponceau 
point (em) 184 185 SX 151 
5 124 No 40 — O24 052 0 84 
145 No 7 10% — 027 054 0 85 
gra 
3 91 No 40 — 026 054 0 94 
160 No Sa 16% — O44 0 62 080 
gra 
15 70 No — 022 055 088 
178 No e. 25% — 043 070 092 
gral 
9 128 No 42 014 022 0 42 = 
142 No 42 +10% 018 020 ice: a 
gra ) 
7 110 No 42 018 019 0 46 — 
135 No oe 21% O18 024 0 43 = 
gra 


* Rowe (1924) Colour Index Numbers used where applicable 

T These results show treated No 40 paper to be faster than treated No 42 
and to give higher Rp values 

t Two spots formed 

§ Solvent used was Tilden's reagent, namely, phenol 150 g, water 48 g, 
and glacial acetic acid 2 g 


Table 2 SEPARATION OF CaTIONS* 
Distance of 


Development liquid front Rp values 
time (h) from starting Type of paper Zn*t Net Cd?+ 
point (cm) 
4 132 No 40 0 42 003 034 
150 No A 050 006 037 
gra 
475 145 No 40 0 44 004 0 34 
150 No 40+16% 045 - 006 0 34 
graft 
15 87 No 40 0 40 008 036 
170 No 4042196 083 017 076 
gra; (diffused spots) 
6 132 No 42 030 0 06 022 
145 No 4241096 030 009 026 
graft 
4 123 No 42 0 27 0 06 020 
146 No 424-1396 038 008 031 
graft 
5 84 No 42 031 013 025 
177 No 42+21% 054 019 051 
graft 


* Solvent used was butan-1-ol saturated with normal hydrochloric acid 
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Table 3 SEPARATION OF ADDITIONAL CATIONS * 


Rp values 
No 41+18% graft 


Cation No 41 

As 0 42 0 70 
Sb?* 041 0 72 
Sn?+ 061 0 82 
Fe?* 0 08 0 26 
At 0 08 018 
Zn* 0 42 0 66 
Au 067 086 
Hg** 074 081 
Niet 0 08 019 
Cd?+ 0 32 057 
Bist 0 42 072 
Cut 0 10 0 20 
MoO0,?- 019 0 42 
Be** 0 09 027 
Co?* 0 09 017 
Mn*+ 010 0 20 


* Development time was 3 h for both papers Distance of liquid front 
from starting point was 12 2 cm and 18 0 cm and Rp values were 0 50 and 
0 72 for untreated and treated papers, respectively 


Table 4 SEPARATION OF FATTY ACIDS* 
Distance of 
Development liquid front Rp values 
time (h)  fromstarting Type of paperf Stearic Myristic Lauric 
point (cm) 
05 75 No 40 0 45 0 75 0 80 
150 No 40+24% 0 58 0 69 075 
graft 
i 102 Ni 0 0 60 082 088 
150 No 40+16% 050 059 0 65 
graft 
1 135 No 41 031 078 091 
150 No 4lirradiated 0 63 083 091 
125 145 Sand S No 2043+ 038 0 68 089 
150 Sand S No 2043$ 067 072 0 69 
acetylated 
* Solvent used was methanol 95 ml , water 5 ml 
T Whatman, and Schleicher and Schull papers were used 
than with higher grafts (12 8 and 21 3 per cent) In other 


cases there was a tendency for two spots to be formed 

With metal ions, no distmet change m Rr values was 
noted when treated papers of 9 8 per cent craft were used 
Increased Rr values were given with 13 per cent giaft 
and a 21 per cent graft gave Rr values appioximately 
80 per cent higher than those given by the untreated 
paper 

When treated Whatman No 40 paper was used no 
significant differences in the Rr values for the dyes were 
observed until the level of approximately 20 per cent 
grafting was reached, when the Rr values showed marked 
variation Similarly, with cations no marked variation in 
Rr values was noted until a 20 per cent graft was obteined, 
when the Rr values were approximately doubled The 
spots obtained, however, tended to be more diffuse Acetyl- 
ated papers generally showed a simula: trend, but the 
increases m Rp values varied more irregularly 

In the case of fatty acids, a distmet and similar advan- 
tage over untreated No 40 and 42 papers was obvious in 
both styrenated and acetylated papers Compact spots 
for stearic acid were also obtained whereas the untreated 
papers gave trailing spots 

Tradiation of Whatman No 41 paper in air under 
comparable conditions to give the required copolymer 
showed only shght variation m the Rr values of dyes, 
metals and fatty acids (with the exception of stearic acid) 
This mdacates that 1rradiation alone under these conditions 
has no significant effect on the chiomatographic proper- 
ties of the paper 

The properties conferred on cellulose by the graftmg 
of polymeric substances are regulated and depend on 
the method used for the preparation of the copolymer 
The molecular weights of these grafted chains are as high 
as 1-2 millions?, however, despite substantial grafting the 
polymer chams occur only once im 5,000—10,000 anhydro- 
glucose units, or 10-20 cellulose molecules* The essenti- 
ally unchanged wate: uptake of the copolymers supports 
this result? The marked swelling of the cellulose which 
becomes apparent when appreciable grafting occurs 1s 
clearly reflected 1n the reduced development time 

As an extension of this work to preparative column 
chromatography, a methyl methacrylate copolymer 
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(45 per cent graft) was prepared using cellulose powder 
A column of this material (free from homopolymer) was 
utihzed for the large-scale separation of a mixture 
contamimg 5 mg each of the oul-soluble dyes, Nos 22 or 23, 
24 and 61 (Rowe index) Usmg methanol-water mixture 
(60-40 by volume) as the developing solvent, three distinct 
bands were obtamed gıvmg a clear resolution of the 
mixture In the case of an equal mass of untreated cellu- 
lose powder, no resolution whatsoever was achieved 
We thank Australian Paper Manufacturers, Ltd, for 
the award of a scholarship to one of us (S D ), also the 
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Australian Atomic Energy Commission and the Australian 
Institute of Nuclear Science and Engineermg (Mr E A 
Palmer) for assistance ın the use of ther irradiation 
facilities 
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AN EVALUATION OF THE AVAILABLE TECHNIQUES FOR THE 
AUTORADIOGRAPHY OF TRITIUM ON 
CHROMATOGRAMS 


By Dr. J. CHAMBERLAIN*, ALUN HUGHES, Dr A W. ROGERS} and Dr G. H. THOMAS 


Department of Anatomy, University of Birmingham 


HROMATOGRAMS contammg radioactive com- 
pounds are usually autoradiographed by exposing 

them m close contact with an X-ray film This technique 
gives good results for most radioactive isotopes of bio- 
logical interest The §-particles emitted by tritium, 
however, have such a short range (Emax = 18 keV) that 
several alternative techniques have been proposed, m 
attempts to umprove the sensitivity of autoradiography 
Wilson! ummersed paper chromatograms m semtillatmg 
fluid, m contact with an X-ray film, but this method 1s 
not applicable to compounds soluble m the organic 
solvents, such as toluene, used m these scmntillatmg fluids 
Rogers? described a method for impregnatmg the 
chromatograms directly with hquid emulsion, and this 
technique was further developed by Markman’, who 
sprayed the liquid emulsion at a suitable dilution on to the 
chromatograms This avoided the spreadmg and elution 
of water-soluble compounds, which occurred with Rogers’s 
method Rogers and Markman both used Ilford nuclear 
emulsions, the former K2 and the latter G5 Sheppard 
and Tsien‘, working with thm layer chromatograms, 
obtamed autoradiographs of tritiated compounds by 
coating a separate plate with Kodak NTB emulsion, 
which was then held in contact with the chromatogram 
durmg exposure Richardson, Wehky, Batchelder, 
Griffith and Engel’, also working with thin-layer chromato- 
grams, have returned to the original technique of apposi- 
tion to an X-ray film, and have obtamed satisfactory 
autoradiographs of carbon-14 and trtum 

In this article the relative merits of these techniques 
wil be considered, and compared with results obtained 
by a development of the 1mpregnation methods of Rogers 
and of Markman, usmg & new emulsion, Ilford XK 

SensWwy Table 1 summarizes the sensitivities claimed 
for the various techniques described here Sensitivity 1s 
expressed here in terms of the minmum radioactivity 
which, when spread over 1 em? of chromatogram, causes 
recognizable blackenmg of the emulsion m 1 day's 
exposure It should be borne m mmd that the end-pomt 
used—the blackening of emulsion which 1s just visible— 
1s not only subjective, but can also be mfluenced by the 
conditions of processmg and exposure Photometric 
measurements of the density of silver grains m the emul- 
sion should provide more reliable figures, and might well 
detect blackening famter than the mmrimum recognizable 
by eye 

It will be seen from Table 1 that all the techniques so 
far described have approximately the same sensitivity 


* Prerent address Steroid Laboratory, Lemuel Shattuck Hospital, 
Boston, Mass 

T Present address Department of Biochemical Pharmacology, New York 
State University at Buffalo, New York 


Table 1 THE MINIMUM SENSITIVITY WITH WHICH TRITIUM MAY BE 
DETECTED ON CHROMATOGRAMS BY THE TECHNIQUES AT PRESENT AVAILABLE 


Items 6 and 7 are based on the work reported in this article 


Minimum 
Technique Authors Sensitivity 
(uc [em*/day) 
1 Apposition to X-ray film while 
immersed ın scintillating fluid Wilson (ref 1) 02 
2 Impregnation with K2 Rogers (ref 2) 28 
3 Impregnation with G5 arkman (ref 3) 03 
4 Apposition to Kodak NTB Sheppard and Tsien (ref 4) 03* 
5 Apposition to X-ray film Richardson et al (ref 5) 04* 
6 Apposition to X-ray film 
Q) Paper chromatogram 0 28 
(1) Thin layer 033 
7 Impregnation with XK 0 033 


* These figures are approximate only since the published results do not 
give precise values for dimensions of spot 


Sheppard and Tsien give ther mmimum figure for a 
‘compact spot’ which 18 taken to be about 0 25 cm? for 
the purpose of calculating the sensitivity For Richardson 
et al a similar approximation has had to be made, assum- 
ing a spot size of 0 5 cm? 

The impregnation techniques of Rogers and of Markman 
have about the same sensitivity as the apposition tech- 
nique of Richardson e? al This might appear surprising 
m view of the much more intimate relation between 
source and emulsion that results from impregnation But 
X-ray film has a far larger size of silver gram than the 
nuclear research emulsions It presumably requires fewer 
of these large gramms to produce a visible spot, and this 
fact compensates for the lower efficiency with which the 
B-particles are collected by a separate X-ray film It ıs 
not easy to see any advantage m the method of Sheppard 
and Tsien, which uses apposition to a fine-gramed nuclear 
research emulsion, thus effectively getting the worst of 
both situations 

It seemed hkely from consideration of these factors 
that a significant merease ın sensitivity would result if 
the chromatograms were impregnated with an X-ray 
emulsion The Ilford Research Laboratory kindly agreed 
to make available several deliveries of such an emulsion, 
designated XK emulsion 1n gel form, and this has now been 
tested extensively Both paper and thm-layer chromato- 
grams have been prepared and autoradiographed, first by 
apposition to X-ray film, and afterwards by impregna- 
tion with XK emulsion As can be seen from Table 1, 
the results with X-ray film were essentially simular to 
those of Richardson et al, while the sensitivity on 
impregnation. with XK emulsion was about ten times 
higher 

Reproducibility of results Initial experments with 
XK emulsion were very disappomting, because of the very 
high background obtained This seems to have been due 
to the stressing of the emulsion which occurred durmg 
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drying At the suggestion of the Ilford Research Labora- 
tory, glycerol was mcorporated m the emulsion ın later 
experiments, as a plasticizmg agent, and acceptable 
background-levels were afterwards obtained, though the 
background has always been more variable with mmpregna- 
tion techniques than with X-ray film 

X-ray film is simple to use, and 1s a standardized 
product By contrast ıt 1s difficult to be certam that a 
chromatogram ıs evenly impregnated with emulsion The 
consequent variations m emulsion thickness are reflected 
m a greater variability of emulsion response, even on the 
same chromatogram, than is obtainable with the X-ray 
film technique 

Artefacts may occur, both with X-ray film and with 
impregnation techniques Thus Richardson et al described 
desensitization of X-ray films by certain steroids, while 
Markman found ıb necessary to treat his chromatography 
paper with hydrochloric acid before use, to remove de- 
sensitizing agents These artefacts, due to direct chemical 
action of the chromatogram on the emulsion, are likely 
to be of more frequent occurrence in impregnation tech- 
niques, where the emulsion achieves very mtimate contact 
with the chromatogram In the experiments described 
here, where the same chromatograms were autoradio- 
graphed by apposition and afterwards by umpregnation, 
several areas of fogging or of desensitization were observed 
m the XK emulsion, which were not seen on the com- 
parable X-ray films 

The quantitation of the autoradiographic trace The 
blackening on an X-ray film exposed to labelled compounds 
on a chromatogram 1s directly related to the amount of 
radioactivity present, provided that emulsion saturation 
1s avoided Furthermore, the ongmal chromatogram 
remais intact, and elution of active areas and subsequent 
counting procedures on the eluates are possible In 
several prehmmary experments photometric density 
measurements on X-ray film gave results which were 
comparable with those obtamed by elution of the same 
chromatograms and measurement of the radioactivity in a 
liquid. semtillation counter 

The difficulty of applymg a uniform emulsion layer m 
mmpregnation techniques has already been mentioned 
In our experience the blackenmg obtamed over radioactive 
spots by this method ıs a less reliable indication. of the 
amount of radioactivity present than with X-ray films 
By the very nature of the technique, subsequent elution. 
and counting are impossible after 1mpregnation with emul- 
sion and photographic processing 

Technique of wnpregnation with XK emulsion The 
following method has proved suitable for umpregnating 
chromatograms with XK emulsion 
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30 ml of XK emulsion in gel form were melted in a 
glass measurmg cylinder, standmg m a thermostatically 
controlled waterbath at 43° C for 10 mm When fully 
molten, the emulsion was added to a solution of 25 ml 
glycerol m 210 ml distilled water, also at 43° C After 
gentle sturrmg the diluted emulsion was allowed to cool 
to 20° C, and transferred to an all-glass spray with a 
large jot The chromatograms were then sprayed using 
nitrogen pressure The chromatograms were allowed to 
dry 1n absolute darkness for about 1 h (darkroom tempera- 
ture was about 20° C, and the relative humidity 40-50 per 
cent), before stormg m a hght-proof box for exposure 

Chromatograms were developed m a 1 5 v/v solution 
of ‘Phenisol’ m distilled water at 17? C for 10mm, followed 
by fixation and washing Al procedures up to the end of 
fixation were carried out m indirect hghting from a 15-W 
bulb with a Wratten No 2 filter 

Thin-layer chromatograms of sica gel or alumina 
often disintegrated m the course of photographic process- 
img This could be prevented by hghtly spraymg the 
plates with polyvinyl chlonde (‘Quelspray’) before apply- 
mg the emulsion Chromatograms sprayed m this way 
did not differ appreciably in overall sensitivity from 
untreated ones, but the variabihty of background was 
hugher, and the spots obtamed seemed to have spread 
shghtly 

In summary, it 1s possible to obtam adequate auto- 
radiographs from chromatograms of tritium-labelled 
compounds by the standard technique of apposition to an 
X-ray film This technique ıs simple, reliable, and permits 
quantitative estimates of radioactivity to be made, either 
on eluates from the chromatogram, or by densitometric 
measurements on the X-ray film itself Its application 
to the study of biological extracts, however, may be limited 
by its low sensitivity for tritium 

The technique of impregnatmg the chromatogram 
directly with XK emulsion 1s potentially capable of a 
much higher sensitivity for tritrum, but this must be 
offset, at the present stage of development, agamst the 
many disadvantages mbherent in this technique For 
isotopes of higher energy, such as carbon-14, impregnation 
has no advantage to offer by comparison with X-ray 
films 

The other techniques that have been proposed offer 
no gam m sensitivity over the X-ray film method, and 
none 18 80 simple and reliable 
1 Wilson, A T , Brochim Biophys Acta, 40, 522 (1960) 

2 Rogers, A W , Nature, 184, 721 (1959) 
3 Markman, B , J Chromatog , 11, 118 (1963) 
* Sheppard, H , and Tsien, W H , Anal Chem , 35, 1992 (1963) 


5 Richardson, G S , Weliky, I , Batchelder, W , Griffith, M , and Engel,L L. 
J Chromatog ,12, 115 (1963) 


SYNTHESIS OF METHANE FROM WATER FOR TRITIUM 
MEASUREMENT 


By J. S. ANAND and Pror D LAL 


Tata Institute of Fundamental Research, Colaba, Bombay 5 


OR the measurement of low-energy  f-emutters, 

trium and earbon-l4, techniques for the synthesis 
of hydrocarbons from the hydrogen and carbon atoms of 
the sample have recently been developed As counting 
gases, hydrocarbons offer several advantages such as 
long counter plateaux, greater sensitivity of detection 
because of mcorporation of several atoms per molecule 
For the counting of activity of tritium, two quantitative 
techniques are available at present m which the sample 
water 1s first converted to hydrogen by reaction with 
zme or magnesium, and the resulting hydrogen 1s then 
synthesized to ethane m the presence of a catalyst 


[^NI 


C,H, + Hz = C-H; (1) 

(m. the presence of palladium on charcoal at 180°-200° C) 

C,H, + 2H, = C,H, (2) 

Qn the presence of colloidal xin at room tempera- 
ture 


(Other techniques for the preparation of tritiated C,H, 
or CH, by reacting water with Al,C;, CaC, or CH,MgI 
have been suggested, but these are not satisfactory smce 
ihe conversion 18 not quantitatrvo and fractionation of 
tritium occurs ) 


METAL SYSTEM’ 
HIGH TEMP 
METAL VALVE 


CATALYST ZINC 





CATALYST 





STEEL 
PELLET 





*-WATER 


GLASS SYSTEM 


NATURE 


TO MANOMETER Ee TO PUMP 


February 22, 1964 vor. 201 








TO MANOMETER« 











TO COUNTER 
FILLING LINE 







Fig 1 Schematic diagram of the system used for methane synthesis and purification 


Both methods? lead to a quantitative synthesis 
The second method 1s obviously preferred over the first 
from the point of sensitivity of measurement, since the 
synthesized ethane has 4 hydrogen atoms from the 
sample in each molecule However, from tho pomt of 
view of convenience, we have so far adopted the first 
reaction In addition to mtrusions of radon in the second 
method, we found that commercially available acetylene, 
or acetylene prepared from commercially available 
calerum carbide m India, has a carbon-14 activity corre- 
sponding to 50-60 per cent of ‘modern carbon’ One can 
prepare ‘dead’ acetylene by the method used for carbon- 
14 counting®, but this 18 expensive, and time-consuming 

However, since ıb 1$ desirable to moeorporate as much 
hydrogen in the synthesized hydrocarbon gas as possible, 
we have examined the methane synthesis method devel- 
oped for the counting of radiocarbon activity* with the 
view of using ıt for tritlum-countmg In this method, 
methane 1s synthesized fiom carbon dioxide and hydrogen 
m the presence of a catalyst by the reaction 


CO, + 4H, = CH, + 2H,0 (3) 


(in. the presence of 1uthemum on alummrum oxide catalyst 
at 475° C) 


Since half the orginal amount of hydrogen m this 
reaction 1s returned, the method 1s not usable as such for 
the purposes of tritium-counting sioe isotopic fiactiona- 
tion Occurs owing to an mcomplete utilization of hydrogen 
Neither 1s the reaction convenient ın this form since large 
amounts of hydrogen have to be produced first To 
overcome these difficulties, we sought to make a continu- 
ous reaction 1n a closed system m which the two reactions, 
conversion to hydrogen by oxidation of zinc and the reac- 
tion (3), would proceed simultaneously leading to a quanti- 
tative conversion to methane This approach has been 
successful and we describe here briefly the experimental 
technique : 

Our initial expermments were carried out im a 251 
glass reaction vessel (Fig 1) Water, catalyst and zine 
were introduced m the glass vessel, 16 was then tapered on 
the right-hand side to permit evacuation and filling with 
carbon dioxide The reaction vessel was then sealed and 
heated by cylmdrical furnaces to allow temperatures to 
ieach 490? and 410? C m the zones contaming catalyst 
and zine respectively After an overnight heating, the 
reaction products were removed.by breaking the glass 
seal on the left by a metal pellet Since the use of a glass 


reaction vessel for this purpose was found to be time- 
consuming and impractical, and furthermore some atmo- 
spheric moisture mevitably condensed inside durmg glass- 
blowing operations, we switched over to a metal system 
‘which is shown m the upper section of Fig 1 A 5-1 
stamless-steel cylmdex was used A, stamless-steel rod on 
which 7 dishes were welded (two for catalyst, five for zme 
dust) was then mtroduced m the reaction vessel which was 
held in an upright position This arrangement was used 
so that both catalyst and zme exposed a large surface area 
Furthermore, vertical mounting of the reaction vessel 
ensured a good internal mixing by convection which would 
otherwise be expected to be slow, since the pressure inside 
the vessel reaches about 5 atmospheres on heating 
Water was then mtroduced frozen in a glass ampoule 
The vessel was then evacuated to ~ 100u and the required 
amount of carbon dioxide was mtroduced (an excess of 
30-40 per cent was taken) With 5¢¢ water, about 35 g 
catalyst (Baker’s 05 per cent ruthenium on alumina 
the catalyst had to be dehydrated before use by pumping 
at ~ 200° C as it contained about 4 per cent water of 
c1ystalhzation), 175 g BDH zme dust and 41 of carbon 
dioxide were used 

After an overnight heating, the reaction products were 
taken out while the vessel was still hot to check for any 
water which remamed unconverted in the reaction The 
reaction products were allowed to pass through traps 
T, T, and T, (cooled m hquid air), and the System was 
pumped for about 1$ h About 98 and 2 per cent of the 
carbon dioxide not used remained trapped m T, and T, 
The methane trapped mıtially m these traps distilled 
over to the activated charcoal trap T', smce tho vapout 
pressure of methane at liquid-air temperature 18 ~ 1 om 
Finally, methane was distilled m T, (cooled at liquid-air 
temperature) by warming T, to ~ 100? C Any traces of 
hydrogen left were removed by a quick pumping on T, 
An addtional purification before filimg the counter was 
carried out by distillmg methane over activated charcoal 
at carbon dioxide slush temperature 

The reaction was found to be quantitatively complete 
according to the effective reaction 


4Zn + CO, + 2H,0 = CH, + 4ZnO (4) 


as inferred from the observations that the total volume of 
gas remained unchanged after the reaction (that is, no 
unconverted hydrogen) and that the amount of methane 
recovered corresponded very closely to the amount of 
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water taken as well as to the amount of carbon dioxide 
utilized Furthermore, no visible tiaces of water were 
found 1n traps T', or T, 

Reproducible yields of 98 per cent or better, as calcu- 
lated from the amount of carbon dioxide utilized in the 
ieaction, were obtamed <A loss of ~ 10 per cent occurs 
in the purification of methane The purification yield of 
methane can be brought close to 100 per cent 1f one used 
liquid nitrogen for the charcoal trap T, to absorb 16 with a 
lower residual vapour piessure, and hqud oxygen in 
traps T, and T, so that ıt can be stripped. quickly from 
caibon dioxide 

Since the methane synthesis method has already been 
checked for purity of the reaction products by Faarhall e£ 
al $, we only carried out an experiment on heating pure 
methane with a zinc-zime oxide mixture at 410? C, to 
look for any possible oxidation of methane, or production 
of higher hydrocarbons We 1ecovered the origmal 
amount of methane which shows that no measurable 
oxidation or other chemical changes occurred Further- 
more, we have checked the purity of methane by 
measuimg its vapour pressure at liquid-air temperature 
and by comparing its counting characteristics m & gas 
proportional counter with that of commercially available, 
chemically pure methane 


NATURE a 


The countmg of trtum activity was caimed out by 
fillmg methane ın an Oeschger-Houtermans grid-wall gas 
proportional countei? to a pressure of 65 cm mercury 
We found that methane gives a ~ 35 per cent lower 
background countmg rate compared to ethane for a given 
filing pressure, which 1s probably due to the fact that the 
weight of gas present m the former case 1s appreciably 
less With oui present set-up using methane, we can 
measure 20 TU with an accuracy of + 15 per cent from 
a 24-h count of the sample without any enrichment of 
tritium activity 

We thank Piof H E Suess and Dr Rama for advice and 
Mr R P Sarna for assistance in some of the experiments 

Note added w proof Later experiments have shown 
that the one-step synthesis described here can also be used 
as a smmple and effective method for C-measurements 
Sample carbon dioxide ıs quantitatively converted to 
methane by taking a slight excess, ~ 10 per cent, of water 


1 Oeschger, H (personal communication) 
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3 Suess, H E , Scrence, 120, 5 (1954) 
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323 (1961) 


5 Houtermans, F G, and Oeschger, H , Helv Phys Acta, 91, 117 (1958) 
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MOUSE LEUK/EMIAS 


Typing of Mouse Leukemias by Serological 
Methods 


NALYSIS of the specific antigens which appear in 
experimental leukemias has been greatly facilitated 
by the appheation of the cytotoxic test This technique, 
in which nucleated cells m suspension are killed on meuba- 
tion with antibody and complement, was first devised by 
Gorer and O’Gorman! for the detection of isoantibodies 
m the mouse Antibodies with specrficity for the cells of 
leuksemias induced m inbred mice by Gross’, Friend? and 
Moloney‘ viruses have now been demonstrated by this 
method5-5 Another distinct antigenic system (TL), 
with wide representation among spontaneous and radia- 
tion-induced leukemias has also been detected by the 
cytotoxic test? 

Antisera with single specificity for loukeemias of similar 
antigenic type can be obtamed in adult mice by exposure 
either to the leukemogenic virus or to leukemic tissue 
contaming the relevant antigen5-  — Where isoantibodies 
are also formed, as a consequence of immunization with 
histo-mcompatible leuksemia cells, these are removed by 
the technique of absorption ın vwo! m normal mice of 
the same genotype as the leukemia donor 

The availability of these monospecific sera permits 
examination, ın vitro of the serological relationships among 
leukemias of various origms ‘The cellular antigens of 
leukemias mduced by either Friend or Moloney viruses 
have thus been shown to be distinet from those of Gross 
leukemia, cells*-§ An antigen found m the spleens of 
mice durmg the early splenomegalic phase of Rauscher 
virus infection", however, appears to be identical with the 
antigen characteristic of Friend virus leukemias’ (‘These 
immunological relationships are discussed more fully m a 
1ecent review?) In this article we present evidence 
that leukemias induced by Friend, Moloney and Rauscher 
viruses share related cellular antigens 

With the exception of EL4 (ef 13), the leukemias 
used for immunization and testing were derrved from mice 
of our own inbred colonies These included a number of 
spontaneous leukemias and leukemias induced by 
X-radiation, urethan or polycyche hydrocarbons, as well 
as leukemias induced by the following viruses 


Gross 3 leukemias in C3Hf/Bi, 3 m BALB/c 

Friend ın BALB/c and ın 1andom-bied Swiss Ha/ICR 

Moloney 1m C3H/An, 1 m stian A, 3 m BALB/c, 3n 

C57BL/6 

Rauscher m BALB/c (early splenomegahe phase) 

Rausche: 8 m C5d7BL/6 (lymphatic leukaemias) 

The sources of Gross, Fiiend and Rauscher viruses and 
the procedures used for induction of leuksmuas were 
iecorded previously? Moloney virus was obtamed fiom 
Dr J B Moloney (National Cancer Institute, Bethesda, 
Md ) in the form of a concentrate of infected 1at plasma 
Gross, Rauscher and Moloney leukemias were induced by 
inoculation of virus mto mice within the first 1-5 days 
after birth The Friend leukemia and the early phase of 
Rauscher disease were induced by intraperitoneal injection 
of suspensions of viable cells into adult mice, m these 
instances transmission presumably occurs by virus 
infection rather than by the outgrowth of the transplanted 
cells All othe: leukemias were mamtamed. by intra- 
peritoneal cell passage and were examuned durmg their 
0-35th transplant generations Detailed accounts of the 
pieparation of antisera, techniques of absorption «n vitro, 
and the cytotoxic test as performed in this laboratory, are 
described elsewhere^?:4 For all purposes, the spleen 
was the source of leukzemua cells, with the exception of 
certam passage lines mitiated by cells from the thymus 

Certain leukemias induced in C57BL/6 by Rauscher 
virus appear to be so highly antigenic that no growth 
occurs on transplantation from the primary host Others 
ean be maintained in serial passage m C57BL/6 mice by 
the mtraperitoneal moculation of large numbers of cells, 
although subcutaneous moculation of these leuksmias 
gives rise to tumours which may grow to a large size, 
but ultimately regress Similar regressions have been 
observed with Moloney leukemias transplanted sub- 
cutaneously Such mice resist subsequent moculations of 
viable leukemia cells and have high titres of circulating 
cytotoxic antibodies against C57BL/6 leukemias of the 
correspondmg type These spontaneous regressions of 
established growths of unquestionably isogenic leukemias 
are unique in our experience and have not been seen with 
leukemias of other types in any strain The Klems have 
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observed that leukemias mduced by Moloney virus m 
mice of their strams were highly antigenic. This was 
Illustrated. particularly well by a leukemia that could be 
kept m transplantation only ın irradiated hosts 

Table 1 gives a brief deseription of the typmg antisera 
used in the present investigation The cells of dividual 
leukemias were examuned both for ther sensitivity to 
these cytotoxic sera, and for their capacity to absorb 
specific cytotoxic activity for the positive test cells listed 
in the final column of Table 1 Absorptions were per- 
formed either wn vitro or an vwo All tests included absorp- 
tion with a known positive and a known negative leuke- 
mia We have been unsuccessful so far m obtammg a 
satisfactory antiserum agaist leukemias mduced by 
Gross virus These leukemias were therefore tested only m 
direct cytotoxic tests and for ther capacity to absorb 
activity from the typing sera 


Table 1 DESCRIPTION OF ANTISERA USED FOR TYPING LEUKJEMIA CELLS 


Leukemia cells used for 
testing the unabsorbed 
or absorbed serum 
(50% end-poimnt of un- 
absorbed antiserum) 

BALB|e 9 anti Swiss 2 BALB/e2 FVL(1 8) 


Friend virus leukemia 
FVL 
C57 BL|6 9 Rauscher 


( ) 
C57 BL|6 9 anti Swiss 
9 FVL leukemia No 2(1 10) 
Co7BL[6d antiC57BL/6 C57BL/6 à Moloney 

g Moloney leukemia leukemia No 2(1 16) 


o2 
C57BL[69ant1iC3H|An C57BL/6 $ Moloney 
9 Moloney leukema leukemia No 2(1 16) 


No 
C57BL|69ant1057BL|0 C57BL/6 9 Rauscher 
9 Rauscher leukemia leukemia No 2(1 32) 


o 2 
C57BL/6 9 anài ASL1 ERLD (A C57BL/6 9 
(an A strain TL+ spon- TL+ radiation- 
taneous leukemia) induced leukemia) 
(ref 9) 1 604) 


Antisera 


(1) Friend leukemia 


(2) Moloney leukemia 


(8) Rauscher leukemia 


(4) TL+ leukemia 


The activity of unabsorbed antiserum prepared m 
C57BL/6 with C57BL/6 Moloney or Rauscher leukemias, 
m direct cytotoxic tests, was usually most marked agamst 
cells of the leukemia used for mmunization In the case 
of leukemias induced by Friend and Rauscher viruses, 
however, antisera prepared m BALB/c with Swiss FYL 
were highly cytotoxic for cells of the early Rauscher 
disease m BALB/c | Similarly, C57BL/6 anti Swiss FYL 
sera were cytotoxic for a C57BL/6 Rauscher lymphatic 
leukemia Furthermore, the Rauscher typmg serum, 
Cd7BL/6 anti C57BL/6 Rauscher No 2, was cytotoxic to 
atitreof1 16 for BALB/c FVL cells Since this serum 
was prepared with isogenic leukemua cells and so contained 
no 1soantibodies, 1t could be used without prior absorption 
for testing leukemia cells from mice of other strams 

Withm both groups of lymphatic leuksmias, those 
induced by Moloney virus and those induced by Rauscher 
virus, there were considerable differences ın the sensitivity 
of individual leukemias to the typing sera, m the direct 
cytotoxic test These ranged from leukemas showmg 
complete sensitivity to others that were not affected by 
unabsorbed antiserum The results of several direct tests 
suggested cross-reactivity between the leukemias mduced 
by Friend and Rauscher viruses on one hand, and those 
induced by Moloney virus on the other Thuis relationship 
was confirmed by the more sensitive technique of absorp- 
tion In general, the absorption capacity of a leukemia 
paralleled 1ts sensitivity to the same cytotoxic antiserum 

With those leukemias exhibiting only a low level of 
sensitivity m direct tests with cross-reacting antisera, a 
second absorption n vitro was necessary for complete 
removal of specific cytotoxic activity Table 2 shows an 
example in which specific activity was removed from the 
Rauscher typing serum by absorption with Rauscher, 
Moloney or Friend leukemias, but not by absorption with 
Gross leukemias or 2 C57BL leukemuas of other types 
The absorption of antisera a vwo m leukemic mice has 
been equally effective m revealing the pattern of cross- 
reactivity among these leukemias Tables 3 and 4 show 
the results of two experiments of this kind 
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Table 2 CYTOTOXIC TESTS WITH THE SERUM C57BL/6 9 ANTI C57BL/6 9 
RAUSCHER NO 2 ABSORBED m$ mee WITH LOUKZMIC CELLS OF VARIOUS 
YPES 


First absorption Second absorption 
Leukemia cells used Dilution of absorbed antiserum 
for absorption 1/5 1/10 1/20 1/40 1/5 1/10 1/20 1/40 
Percentage C57BL/6 9 Rauscher No 2 leukemia cells 
stained by trypan blue 


pala 9 Rauscher «10 «10 «10 «10 <10 «10 «10 <10 
rid 9 Rauscher 67 46 27 «10 22 18 «10 «10 
C67BL[6 é Rauscher — 43 35 «10 «10 33 «10 «10 «10 
oar Bz ő Rauscher 63 52 10 «10 31 11 «10 «10 
BALB|c 9 Rauszher 28 24 «10 «10 — — — — 
C57BL/6 $ Moloney 89 61 14 «10 35 10 «10 «10 
cB d Moloney 65 65 19 <10 27 <10 <10 <10 
osida Moloney 80 47 «10 <10 37 «10 «10 «10 
No 1 
BALB/c 9 FYL 66 51 14 «10 «10 «10 «10 «10 
HALO d Gross 91 73 24 10 70 54 13 12 
C3Hf] B: 9 Gross 94 59 27 «10 74 57 15 «10 
No 3 
C51BL ELA 93 70 39 <10 84 69 18 10 
C57BL/6 9 ERLD 93 83 49 18 75 61 27 15 


(radiation-induced) 
(TL+) 


None > 95 92 69 19 >95 76 53 22 


Antiserum was diluted 1 5 and absorbed with an equal volume of packed. 
washed cells for 45 min at room temperature and 45 mm at 4° C After 
centrifugation in the cold, the serum was recovered and divided into two 
parts One part was titrated m the cytotoxic test (first absorption), and 
the second part was reabsorbed in a similar manner with fresh-packed 
washed cells (second absorption) In all tests, controls (not shown) 1n which 
the cells were incubated with either antiserum or complement (guinea pig 
serum) alone showed < 10 per cent dead cells 


Table 3 CYTOTOXIO TESTS WITH THE SERUM C57BL/6 9 ANTI C57BL/6 9 
RAUSOHER NO 2 ABSORBED ın vwo IN LEUKJEMIO MICE 


DIA of absorbed dnd 


2 
Percentage C57BL/6 9 Rauscher No 2 
leukemua cells stained by trypan blue 


Antiserum absorbed in mice 
with leukemia 


Control (normal BALB/e 3) 68 35 «10 
BALB/c $ Moloney No 3 27 «10 «10 
BALB/c 9 Rauscher <10 <10 <10 
C57BL/6 2 Rauscher No 2 <10 <10 <10 
BALBjc 2 FYL 13 <10 <10 
BALBj[cd Gross No 3 67 42 <10 
BALB{c d radiation-induced 63 23 10 


(BALB/c 3 RL1) (TL+) 


Absorption performed by injecting 05 ml undiluted pooled antiserum 
intravenously The serum was recovered 4 h later by cardiac puncture 


Table 4, CyTOTOXIO TESTS WITH THE SERUM C57BL/6 d ANTI C57BL/6 à 
MOLONEY NO 2 ABSORBED $n mvo IN LEUEJEMIO MICE 


Dilution of absorbed antiserum 

Antiserum absorbed 1n mice 1/2 1/4 1/8 1/16 1/82 

with leukemia Percentage C57BL/6 4 Moloney No 2 leuk- 
æmıa cells stained by trypan blue 


Control (normal BALB/e d) 55 58 30 <10 
BALBled Moloney No 3 <10 <10 <10 

C57BL/6 $ Moloney No 2 <10 <10 <10 

BALB|c 9 Rauscher 11 «10 «10 

BALB|c9 FVL «10 «10 «10 

BALBjc 3 Gross No 3 60 56 47 17 <10 
BALBlc 3 radiation-induced 52 51 30 17 <10 


(BALB] cá RL1) (TL+) 


Absorption performed by injecting 0 75 ml undiluted pooled antiserum 
intravenously The serum was recovered 4 h later by cardiac puncture 


It 1s clear that leukemias mduced by Friend, Moloney 
and Rauscher viruses are related by virtue of simular anti- 
genic modifications The specific cytotoxic activity of 
antiserum prepared against one of these leukemias can 
be removed by adequate absorption with any other 
leukemia belongmg to this group Although the data 
do not indicate that these shared antigens are necessarily 
identical, 16 appears they are sufficiently similar to justify 
their inclusion m a smgle cross-reactmg antigenic system, 
for which we propose the designation FMR 

Neither m direct tests, nor by the absorption of antisera 
tn vitro or in vwo, has there been any evidence that Gross 
leukemias possess a similar antigen Moreover, antisera 
prepared agamst Gross leukemias have had no activity for 
leukemias of the FME type Tho FMR antigen is not 
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related to the TL antigen®, although a proportion of 
primary lymphatic leukemias induced by Moloney, 
Rauscher or Gross viruses are TL+. In contrast to 
TL+ leukemias mduced by other means, we have ob- 
served that TL antigen may be lost from virus-induced 
leukemias m the course of serial transplantation 
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Table 5, ANTIGENIC RELATIONSHIPS AMONG MOUSE LEUKEMIAS OF VARIOUS 
TYPES AS INDICATED BY CYTOTOXIC TESTS n tiro 


Antiserum from mice immunized with 
leukemia of the following type 


Leukemia used for absorption 
Friend Moloney Rauscher TL+ 


or for direct cytotoxic test 


AKR spontaneous 
DBA/2 chemically induced * 


* Indeed by percutaneous application of 9,10 dimethyl-1,2-benzanthra- 
cen 

s Sensitive in the direct cytotoxic test or capable of absorbing specific 
cytotoxic activity 

— = No reaction in direct cytotoxic or absorption tests 


Gross - - - — or + 
Friend + + + xu 
Moloney + + + -or + 
Rauscher + + + — or + 
TL+ - - - + 


Table 5 summarizes these results on the serological 
relationships among leukemias of various types, according 
to the cytotoxic method Further antigenic systems will 
undoubtedly be defined m this manner The availability 
of a sufficient range of monospecific cytotoxic sera should 
be of value in establishing the relationship of newly isolated 
leukemogenie viruses to those already recognized, and 
in evaluating the mportance of these agents m the nduc- 
tion of naturally occurrmg leukemias It seems possible 
that these methods may provide a satisfactory mmuno- 
logical classification of mouse leukemuas 
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Genetic Determination of the TL (Thymus- 
leukemia) Antigen in the Mouse 


We have recently described an antigen that 1s found in 
the normal thymus of certain strains of mice: The antigen 
is present in no other normal tissue, but is found m & 
proportion of leukemias of probably all mouse strains 
The designation TL was suggested by the restriction of the 
antigen to cells of normal thymus and leukemias Strams 
which possess TE ın their thymus are incapable of formmg 
TL antibody, no doubt because these mice are tolerant of 
the antigen Specific antisera have been obtained by 
immunizing mice that do not possess thynue T'L, with a 
histo-incompatible TL+ leukemia To produce a reagent 
with smgle specificity for TL, these antisera are absorbed 
4n vwo m mice of the stram providing the leukemia used 
for mmunization TL antibody 1s not absorbed under 
these conditions m mice with TL+ thymus, presumably 
because the antigen m thymus 1s maccessible or represents 
too small an absorbing mass TZ antibody 1s demon- 
strated by the cytotoxic test ın vuro In this test’, 
nucleated cells contammg TL antigen are killed on 
incubation with T'L antibody for 45 min in the presence of 
complement (guinea pig serum) This article concerns 
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the genetic determmation of the TL + thymus character in 
normal mice of the A stram. 

In crosses between C57BL/6(TL—) and A(TL+) mice, 
it was observed that the thymic cells of the P, progeny 
contamed half the quantity of T'L antigen present m the 
thymic cells of the A parent This was determined by 
quantitative absorption of a TL antiserum with counted 
numbers of viable thymic cells from the parental and 
hybnd populations In the back-cross to C57BL/6, 
TL antigen was present m the thymus of approximately 
50 per cent of the mice These mice were previously typed 
by the hemagglutmation technique* for the D and K 
antigens of the H—2a locus with the antisera (C3H x 
C57BL)F, anti H-2a, and (BALB/c x C57BL)F, ant 
H-2k. The results'mdicate close linkage between H-2 
and the genetic determmant of TL (Table 1) One cross- 
over within H—2 was observed ın the 197 mice examined 
The mouse had the H-2 phenotype D-K +, confirmed m 
the progeny of matings with C57BL/6 All progeny of 
this cross were T'L-, mdicatmg that the TL determmant 
of the A strain mice 1s associated with the D end of the 
H-2 region ‘This was confirmed by examınmg the cross- 
over strams H-2H and H-2I established by the late 
P A Gorer® (breeding stocks kindly provided by Dr 
D B Amos and Dr J R Batchelor) The phenotype of 
H-2H is TL-D-K-- and that of H-21 is TL+D+K— 
With regard to the possibility of crossmg-over between 
TL and H-2, two of the mice shown m Table 1 have the 
phenotype TZ—D+K+ The phenotype TL+D-K-— 
has not yet been obtained 


Table 1 TESTS FOR LINKAGE BETWEEN H-2 AND TL IN (C57BL/6 x A)F, 
MICE BACK-OROSSED TO C57BL/6 


= H-2 genotype 
Cross-over 
D+K+ D-K- D+K- D-K+ 
TL genotype TL+ 95 0 0 0 
TL- 2 99 0 1 


l^ 197 mice examined included an approximately equal number from 
he two back-crosses (C57BL/6 x A)F, x C67BL/6 and C57BL/6 x 
(Goo BLIG x A)F, and equal numbers of females and males 


The determinant of the TL+ thymus character m 
normal A mice thus behaves as a smgle dominant gene 
with its locus m hnkage group IX m close proximity to 
the D end of the H-2a group of alleles Perhaps the most 
outstanding feature of the TL antigen 1s 1ts appearance m 
leukemias of strams of mice with a T'L- thymus The 
TL antigen of normal thymus 1s apparently identical 
to that found m leukemias, and its frequent induction n 
the course of leukzemogenesis in TL- strains raises ques- 
tions as to the nature of the factor determining the presence 
of TL antigen m many leukemias Whether or not this 
factor will prove to be of extraneous origin remains to be 
seen 

The work described m both these articles was supported 
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EFFECT OF DEOXYRIBONUCLEIC ACID FROM NORMAL AND 
LEUK/EMIC LYMPHOID TISSUE ON THE INCIDENCE OF LEUK/EMIA IN 
(AKR x C3H) F, HYBRID MICE 


By Dr ESTHER FINCHER HAYS and JEANNE A CARR 


Laboratory of Nuclear Medicine and Radiation Biology of the Department of Biophysics and Nuclear Medicine, 
and the Department of Medicine, School of Medicine, University of California, Los Angeles 


RANSFORMATION with DNA 1s a well-investigated 

biological phenomenon m bacteria, but ıt has not 
been conclusively demonstiated ın higher forms of life 
Benoit et al + showed modifications of physical character- 
istics in ducks after treatment with DNA, but these 
investigations have not been confirmed 

A neoplastic cell 1s presumably the result of a change 
m its normal counterpart which continues to reproduce 
itself ın thus altered form This fact makes this system 
one m which DNA transformation might well play a part 
It was with this possibility m mind that the present 
and previous investigations were undertaken The previ- 
ous experiments? carried out in this laboratory demon- 
strated a significant merease of leukemia in (C3H x 
AKR) F, hybrid mice given a preparation contammg 
nucleic acids extracted from leukemic tissues of spon- 
taneous lymphoid leukemia of the AKR stram (The 
stram listed first designates the dam, the second the 
sire) The present work was designed to determine 
the leukemogenic effect, m the reciprocal hybrid cioss, of 
nucleic acid preparations from several sources The 
nucleic acid, which consisted primarily of DNA, was pre- 
pared from (1) normal lymphoid tissue of mice of the 
low-incidence leukemia parent stram (C3H;/B2), (2) 
normal lymphoid, tissue of young high-meidence-leukemia 
parent stram (AKR), (3) leukemic tissues of AKR mico 
with spontaneous disease 

The mice used ın these experiments were 7", generation 
of a cross between AKR/JAX females and C3Hj[B» 
males 

The DNA was prepared from normal and leukemic 
lymph nodes, thymus, spleen and liver using an adaptation 
of Iürby's method described previously? It was dis- 
solved in saline The DNA concentration was 400-1,000 
ug/c € as measured by the diphenylamine 1eaction 

Mice, 24-72 h old, were injected subcutaneously with 
01cc of the freshly prepared DNA solution ‘The control 
mice were non-injected litter mates All the animals were 
observed, until the time of natural death or killed at 
14 months of age, which ıs past the peak age of spontaneous 
leukemia meidence m the hybrid mice : 

The first group of mice received DNA. prepared from 
pooled normal spleen and thymus of C3H/B1 mice of 4-6 
weeks of age Three different preparations were used all 
contaming 500 yg/ec of DNA This group consisted of 
22 mice, 13 of which developed leukemia, 12 of these 
were females with a 67 per cent leuksemia incidence and 
10 were males with a 50 per cent medence of the disease 
The leukemias developed from 7 to 14 months of age and 
the mean age of onset was 10 months ‘The earhest leuke- 
muas were noted in the females 

The second expermental group was inoculated with 
DNA prepared from pooled spleen, thymus and hvei of 
healthy AKE mice from 4 to 6 weeks of age The concen- 
tration of DNA m the thiee separate preparations used was 
500—1,000 ug/ce Ten of 20 inoculated animals developed 
leukemia There was a 56 per cent meidence m the 13 
females in this group, while 16 was 28 per cent in the 7 


males All leukemias developed at 7—13 months of age 
and their mean age of onset was 10 months 

The third group of mice received DNA prepared from 
the spleen, lymph nodes or thymus of AKR mice with 
spontaneous leukemia The concentration of DNA in 
the seven different preparations used m this group varied 
fiom 400 to 1,000 ug/ee Twenty-one of 34 mice (62 per 
cent) mjected in the new-born period developed leukemia 
The 24 females in this group had a 58 per cent meidence of 
leukemia and that m the 10 males was 70 per cent Tho 
age of onset was fiom 6 5 to 14 months with an average 
of 10 months 

The non-mjected htter-mate contiols of these groups 
consisted of 85 animals with a leukemia incidence of 
53 per cent There were 43 females m this group with a 
leukemia medence of 72 per cent, while that of the 42 
males was 33 per cent The mean age of onset of tho 
leukemias in this group was 10 months These results 
are summaaized in Table 1 
Table 1 INcIDENCE OF LEUKJEMJA IN (AKR x C3H) F, HYBRID MICE 
RECDIVING NIONATAL INJECTIONS OF DNA FROM NORMAL AND LEUKJMIO 


CELLS 
sana er nescence 


Injection material No of anmals ‘per cent) 

‘Normal’ DNA F 25 64 
500-1,000 ug/c c M 17 41 
FandM 42 55 

‘Leukemic’ DNA F 24 58 
400-1,000 gje c M 10 70 
FandM 34 62 

Non-njected litter- F 43 72 
mate controls M 42 33 
FandM 85 53 


All the leukemias developing in this experment were 
lymphocytic neoplasms They grew progressively after 
transfer m F, hybrid recipients but not ın the parent stram 

As can be seen in Table 1, there was no difference in 
the overall occurrence of leukeemia in the mice recerving 
the DNA when compared with that of the non-mjected 
litter-mate controls When the number of anmals 
developing the disease m each sex was considered, the male 
meidence was found to be greater m the animals receiving 
the leukemic cell DNA while the female meidence was 
comparable m all three groups Unfortunately, the sample 
of males receiving the leukaemic cell DNA 1s too small for 
statistically significant conclusions 

If & negative interpretation is given to these results, 
that ıs the leukemic DNA preparations do not affect 
the leukemia meidence in hybrid mice, one must then 
consider why this investigation differs from that reported 
previously’, demonstratmg a statistically significant 
inerease in the incidence of leukæmıa ın both male and 
female hybrid mice of a reciprocal eross-receiving leukeemic 
cell DNA When the mother is of the low leukemia strain, 
as was the case 1n this first experiment, the overall me- 
dence of leukamua ıs lower than when the female is of the 
ingh-neidence stram This finding has been shown by 
Law‘ to be due to a factor of resistance to leukemia 
transmitted by the mother It can be postulated, then, 
that the mjected DNA overcame this factor by producing 
mereased numbers of leukemic precursor cells by genetic 
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transformation and therefore mcreasmg the chance of 
leukemia development The hybrid offspring of the hgh 
leukeemia mothers m the present investigation would have 
no such factor to overcome 

If, for the purpose of discussion, one considers the 
increased meidence of leukemia in the hybrid males 
1eceiving the leukemic cell DNA to be meaningful, the 
statement could be made that the mcreased numbers of 
leukeemie precursor cells resulting from DNA transforma- 
tion prevailed over the factors in the male, making him 
less susceptible to the disease A decreased incidence of 
leukemia m males in AKR mice has been noted in our 
colony as well as reported 1n the literature, and orchidec- 
tomy has been shown to increase the incidence of leukemia 
m this stram? 

The addition of leukaemic DNA in this and the previous 
experiments increased. the incidence of the disease but did 
not alter the latent period prior to the occurrence of 
leukemia, and ıt 1s postulated that transformation by 
DNA was from normal cells to precursor cells, for immedi- 
ately transformed cells would have resulted in leukemia 
within 4-6 weeks as would inoculated viable tumour cells 

If the DNA used in this experiment 1s truly leukemo- 
genic the question of 1ts viral origin must be considered 
The AKR leukemia virus has been shown not only to 
increase the meidence of the disease m C3H (ref 6) and 
O3H x AKR F, hybrid mice’, but also to accelerate its 
onset im these strains and m AKR mice? The leukemic 
cell DNA preparations m our investigations were not shown 
to be leukzemogenie in. C3H mice? nor did they accelerate 
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leukemia development in the hybiid animals Further- 
more, when Gross? extracted DNA and RNA from leuke- 
mic tissues and filtrates with a high concentration of his 
“passage A” virus as shown by bioassay, he could not 
demonstrate leuksemogenie properties of the nucleic acid 
preparations Bielka et al !? and Moloney" have shown 
that the nucleic acid of them potent mouse leukemia 
viruses 1 RNA Our preparations contamed very little 
RNA These facts make ıt likely that viral nucleic acid 
is not involved in the results obser ved in this investigation 
It is not possible, however, to state conclusively that we 
have demonstrated transformation of normal to pre- 
malignant cells by leukemic cell DNA A more direct 
approach brmgmg normal cells m contact in vuro with 
the leukeemice DNA ıs now bemg carried out m our labora- 
tory 

This work was supported by contract AZ'(04-1)GHN-12 
between the US Atomic Enérgy Commission and the 
University of California 
1 Benoit, J , Leroy, P Vender], R , and Venderly C, NY Acad Se, 

Trans ,22, 494 (1960) 

* Hays, E F , Nature, 192, 230 (1961) 
3 Hays, E F , and Carr, J , Cancer Res ,92, 1319 (1962) 
i Law, L W, Ann NY Acad So, 57, 575 (1954) 
5 Murphy, J B , Cancer Res , 4, 622 (1944) 
* Gross, L , Proc Soc Exp Bol Med , 26, 27 (1951) 
^Stewart, S E, J Nat Cancer Inst , 16, 41 (1955) 


* Latarjet, R , Caba Found Symp Carcinogenesis 
274 (Churchill, London, 1959) 


? Gross, L , Oncogenic Viruses, 335 (Pergamon Press, 1961) 
10 Bielka, H , Graffi, A , and Yu Yen, C , Acta Biol Med Germ,,10, 03 (1903) 
u Moloney, J B , Umo Intern Contra Cancrum, Acta, 19, 250 (1963) 


Mechanisms of Acton, 


INTERMEDIATES OF OXIDATIVE 


PHOSPHORYLATION AND THE PROPOSED FUNCTION OF 
IMIDAZOLE PHOSPHATE AS AN INTERMEDIATE IN 
OXIDATIVE PHOSPHORYLATION 


By Pror E C SLATER, A KEMP, jun, and Dr J M. TAGER 


Laboratory of Physiological Chemistry, University of Amsterdam 


T has been suggested! that, dung the operation of the 
respiratory chain,  high-enoigy intermediates are 
formed before the intervention of morganic phosphate In 
a subsequent ieaction the high-energy intermediate 
reacts with morganic phosphate (P.) and adenosme di- 
phosphate (ADP) to form adenosine triphosphate (ATP) 
This theory of oxidative phosphorylation was for mulated 
by the reactions 


AH,+B+02A~C+4 BH, (1) 
AnrxCO+P,+ADP =A +O + ATP (2) 


where AH, and B a10 two members of the respiratory cham 
and C 1s a compound necossary to Imk tho oxido-1eduetion 
reaction with phosphorylation 

lt was further suggested! that the energy requirements 
of some reactions 1n the cell might be satisfied by A ~ C 
duectly, without the necessity of converting this energy 
first into ATP In fact ıb was thought possible that 
A ~ G, formed by reaction 2 proceeding fiom right to 
left, might be the primary high-energy compound required 
for energy-requiring reactions supported by the ATP 
synthesized. by glycolysis or fermentation 

The concept that phosphate 1s not involved m the 
primary oxidation reaction giadually gamed ground and 
was finally established when ıt was conclusively demon- 
strated?, contrary to some other reports, that the 1espira- 
tory chain does not require phosphate m the piesence of 


uncoupling agents, such as dinitrophonol, which promote 
the breakdown of A ~ C (reaction 3) 


A (g (amitrophenoD) A+C (3) 


Tho suggestion that A ~ C might be directly utilized 
by energy-requiring 1eactions could not bo tested until a 
suitable selective mhibitor of reaction 2 became available 

It has been pomted out?’ that ohgomyem, shown by Lardy? 
to mhibit respiration coupled to phosphorylation without 
any effect on respiration uncoupled by dimitiophenol, had 
the required properties Using this reagent, 1t was shown 
independently by Ernster§ and, m this laboratory, by 
Snoswell* that the energy-requirmg 1eduction of NAD+ 
by succiate (the Chance reaction’) was not inhibited by 
ohgomyein 

These first demonstrations that high-energy compounds 
of the type represented by A ~ C ın the foregoing equations 
could be utilized for eneigy-requiring reactions ın the 
mutochondria were soon followed by other examples 
Van Rossum? m this laboratory has shown that ohgomyem 
mhibited only partially the uptake of K+ and extrusion of 
Nat in 1espirmg rat-liver slices and, more significantly, 
that 10n movements supported by glycolysis m rat-hver 
shoes isolated from late-foetal rats were inhibited by about 
50 per cent by ohgomyem These findings are strongly 
suggestive that part of the energy for 1on movements m 
rat-liver slices 1s supplied by A ~ C formed directly by the 
respiratory chain or, m the case of the slices from the late- 
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foetal rats, via ATP formed in glycolysis It 1s most 
significant that the respiration of rat-liver slices 1s inhibited. 
by only about 20 per cent by ohgomycin 

Shortly afterwards, Chappell’, Brierley et al!" and 
Lehninger et al showed that the respiration-dependent 
uptake of divalent cations (Mn*+, Mg?* and Ca*+) and 
phosphate by isolated mitochondria 1s also not mhibited 
by ohgomyem although these processes are all mhibited 
by dimtrophenol (see also DeLuca and Engstrom!?) The 
utihzation of energy for the uptake of calcrum by mito- 
chondria! was foreshadowed by Chance’s observation! 
that low concentrations of calcium caused a temporary 
stimulation of respiration and oxidation of nicotinamide 
nucleotide in mitochondria the respiration of which was 
limited by lack of phosphate acceptor 

The conclusions which have been diawn from the use of 
oligomyem m these mvestigations are of fundamental 
importance To quote the prefaco of a recently published 
symposium on Hnergy-linked Functions of Matochondria!5 
held in April 1963 

“The key point that has emerged with greater force and 
clarity from these discussions 18 a change ın the concept 
of the role of ATP as the sole energetic reaction product 
or the mitochondrial reactions While a good deal of 
evidence for high-energy precursors had been accumulated 

' the closing rng of evidence for the function of these 
high-energy intermediates not only in the energy-linked 
reduction of DPN and TPN, but also in the transport of 
10ns across membranes, now leads to & new and mportant 
concept in mitochondrial energy relations, and focuses 
our attention on a new class of non-phosphorylated high- 
energy compounds ” 

In view of these considerations, the recent suggestion of 
M R Atkmson made at the symposium on Oxıdatwe 
Phosphorylation and Related Processes!", held m the 
University of Adelaide durmg June 14-15, 1963 that “the 
existence of ADP and ATP ın a region of the mitochondrion 
not accessible to oligomycin would invalidate certam con- 
clusions drawn from experiments with this mhibitor” 
requires very careful exammation However, the follow- 
ing considerations appear to make ıt very unhkely that 
sufficient ATP can be made by an oligomycm-insensitive 
reaction to support the reactions discussed here 

Transfer of energy n the absence of morgane phosphate 
The great 1mportance of phosphate m the transfer of the 
energy liberated by catabolism to anabolic processes was 
first clearly expressed ın chemical terms by Warburg’s 
investigations of the oxidative reaction of glycolysis and 
fermentation The concept of the high-energy phosphate 
compounds was developed by Meyerhof and particularly 
by Lipmann The discoveries by Lipmann and by Lynen 
of coenzyme A. and of the utilization of 1ts thiol esters ın 
synthetic reactions were the first demonstrations that 
energy-transfer reactions of this type could occur m the 
absence of phosphate These were followed by the recog- 
nition of ‘onmium’ salts as energy-rich intermediates! 

Ernster’s** finding that the reduction of acetoacetate by 
succinate, Imked with the aerobic oxidation of sucemate as 
catalysed by isolated rat-hver mitochondria, does not 
require phosphate was the first direct demonstration that 
energy-transfer reactions can proceed in mitochondria 
in the absence of phosphate This result and Snoswell’s!® 
similar finding in this laboratory with respect to the reduc- 
tion. of NADF in heart mitochondria linked with the aerobic 
oxidation of succmate provide further evidence, mde- 
pendent of the experiments with ohgomyem, that ATP 
18 not the energy-transferring compound in these reactions 

In view of the importance of these experiments, we 
give m Table 1 the results of a repetition of Ernster’s 
experiments, using the technique introduced earlier m our 
laboratory?" to deplete the mitochondria from endogenous 
phosphate In complete agreement with Ernster!?, the 
reduction of acetoacetate proceeds as fast in the absence 
of phosphate as 1n 16s presence In contrast, the reduction 
of «-oxoglutarate (+ NH,) 1s considerably stimulated by 
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Fig 1 Effect of oligomycin on incorporation of **P, mto organic phos- 


120 


phate 1n rat-lrver mitochondria at 20° Rat-liver mitochondria (8 2 mg 
protein) were incubated for 10 mun in à medium containing 10 mM 
glutamate, 6 mM. KCl, 150 mM sucrose, 1 mM DTA and 2 8 per cent 
ethanol with or without 50 ug oligomycm 1n a total volume of 17 ml 

=P, (87 mumoles, 174 x 105 cp m) were then added 
and the reaction was stopped at the indicated time periods by the 
addition of 0 3 ml 40 per cent trichloroacetic acid ‘he radioactivity 
of the organic phosphate compounds in the protem-free supernatant 
was determined after removal of **P; as phosphomolybdate by extraction 

into benzene-1sobutanol 
O, with ohgomyem, @, without oligomycin 


phosphate This does not, however, reflect a requirement 
of phosphate for the energy-requirmg Chance reaction, 
since phosphate 1s required for glutamate synthesis, 
independently of the nature of the hydrogen donor and 
whether or not energy 1s required for glutamate synthesis?!, 

Inhabitron of mitochondrial ATP synthesis by olugomycw 
At the symposium in Adelaide, Atkinson directed atten- 
tion to the data of Peter and Boyer®?, which appeared to 
indieate that ohgomyem mhibited by only about 50 per 
cent the incorporation of ??P, into mitochondrial ATP 
We have now remvestigated this pomt 

When the experiment was carried out under conditions 
simular to those reported by Peter and Boyer?, a consider- 
able amount of labelled organic phosphorus was found 
after 2 min 1n the presence of oligomyem (Fig 1) How- 
ever, the calculation of the degree of mhibition by oligo- 
mycin of the incorporation 1s complicated by two factors 
(a) In the presenco of oligomyoin, there 1s an mutial fairly 
rapid labelling, followed by a much slower reaction??, 
(b) m the absence of oligomyoin, the labelling 1s so rapid 
within tho first 10 sec that 16 1s not possible to calculate 
the initial rate 

The experiment was then repeated at 0° (cf refs 6 and 
19) m order so to slow the reactions that more accurate 
determinations of the rates could be measured. In the 
experiment illustrated m Fig 2 (lower half) the precision 
was further 1mproved by measuring the amount of label 
in the ATP, separated by 10n-exchange chromatography, 
mstead of measurements of total organic phosphorus 
recorded in Fig 1 Under these conditions, it was found 
that oligomyem inhibited the mcorporation of ??P; mto 
ATP by 96 per cent In a second experiment, the mhibi- 
tion. exceeded 99 per cent 

Postulated participation of wmadazole phosphate as an 
wntermediate wn oadatwe phosphorylation Under the 
conditions of the experment illustrated in Fig 1, Peter 
and Boyer®* demonstrated the rapid labelhng of protem- 
bound phosphorus, identified as imidazole phosphate™ 
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Fig £ Effect of oligomycin on incorporation of ??P; nto ATP and into 
protein-bound phosphate in rat-liver mitochondria at 0? Rat-liver 
mitochondria (18 7 mg protein) were incubated for 10 min at 0° 1n the 
reaction mixture described in the legend to Fig 1 01 ml ?*P, (217 
mumoles, 375 x 105 cpm) were then added and the reaction 
was stopped at the indicated time periods by the addition of 03 ml 
60 per cent HClO, or of 10 ml of 75 M urea m 08 M NH,OH The 
deproteinized HClO, extracts were neutralized with KOH and, after 
removal of the potassium perchlorate, were brought on to a *"Dowex- 
l-formate' column After washing with water and elution with 4 M 
formic acid, the ATP was eluted with 8 M formic acid and the radio- 
activity of the eluate determined The protem-bound ?*P; was measured 
by the radioactivity passing through a 'Dowex-1-hydroxide' column 
(ref 22) Upper curves, protein-bound phosphorus, lowercurves, ATP 
O, with oligomyein, 6, without oligomycin 


The rapid labeling occurs with either **P; or [P]ATP 
Boyer* concludes that these expermments give convinemg 
evidence that imidazole phosphate participates as an 
intermediate ın oxidative phosphorylation In terms of 
the mechanism of oxidative phosphorylation given here, 
unidazole phosphate would represent C ~ P, a possible 
intermediate in reaction 2, which might proceed in two 
Steps 


AnO+PcAt+dnP (2a) 


QC ~ P + ADP C + ATP (25) 

The kinetics of the corporation of ??P, into protem- 
bound phosphorus, measured by the method. of Peter and 
Boyer??, are compared with those of the incorporation into 
ATPinFig 2 It should be noted that there 1s a difference 
of 100-fold ın the scales of the ordinates between the two 
parts of Fig 2 The following conclusions may be drawn 
(1) In contrast with the time course of the mcorporation 
of *?P,1nto ATP, which shows a clear lag phase, mcorpora- 
tion mto protein-bound phosphorus 18 hnear with time 
(2) In the absence of oligomycm, the mcorporation into 
ATP always exeeded that into protem-bound phosphorus, 
even after only 10 sec (1,900 counts/mm in ATP, 80 in 
phosphohistidine) The maximum rate of corporation 
into phosphohistidine was only 1 5 per cent that of incor- 
poration into ATP (3) Although oligomyem mhibited 
the mcorporation of ?*P, into ATP by 96 per cent 16 had 
no effect on the mitial rate of incorporation into protem- 
bound phosphorus, and caused this muitial rate to be 
maintained for a longer time 


The experunent summarized m Table 1 shows that the 
energy requiring reduction of acetoacetate by succinate 
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ean proceed m mitochondria after depletion of all morganic 
phosphate capable of bemg converted to ATP which can 
react with hexolonase Experiments similar to that 
illustrated m the lower half of Fig 2 show that oigomyein 
inhibits at least to the extent of 96-99 per cent the moor- 
poration of 322P; mto ATP The kmetics of the mcorpora- 
tion of 322P; mto ATP m the presence of ohgomyem at 0° 
give no evidence that two species of ATP are present 
Thus, the rate of an ohgomycin-insensitive synthesis of 
ATP cannot exceed 1—4 per cent of that of the ohgomyem- 
sensitive pathway This would be much too slow to 
account for the utilization of A ~ C for the reversal of tho 
respiratory cham or for the uptake of ions by mito- 
chondria, in the presence of ohgomyoemn, smce these pro- 
cesses are accompanied by a substantial strmulation of tho 
respiration It seems, then, that these energy-requiring 
reactions make use of the energy of A ~ O without 
converting this to ATP 


Table 1 EFFECT OF PHOSPHATE ON REDUCTION OF ACETOACETATE AND 
OF a-OXOGLUTARATE (+ NH,) BY SUCCINATE COUPLED WITH THE AEROBIC 
OXIDATION OF SUCCINATE 


Addition at 14 min A Acetoacetate A Glutamate 


Oligomycin (10 ug) + aceto- 
acetate (8 6 umoles) 240 — — 
Oligomyem + acetoacetate + - 
( (20 mM) 261 — — 
Ohgomycin + NH,CI 
0 mM)* — 143 


ma 
Ohgomyein + NH,Cl + P,* — 5706 
* 20 mM a-oxoglutarate present durmg the pre-incubation, 


The r2action mixture contained 15 mM KCl, 5 mM MgCl, 2 mM EDTA 
50 mM tris-H.Cl buffer (pH. 7 4), 0 1 mM ADP, 20 mM glucose, 150-200 units 
hexokinase, 60 mM succinate, 1 mM sodium arsenite and 6 6 mg (protein) 
Yat-liver mitochondria Two flashs contained in addition 20 mM. a-0x0- 
glutarate The reaction volume was 1 ml After 14 mun at 25^, additions 
were made as shown, and the amounts of acetoacetate disappearing and of 
glutamate and aspartate formed over the following 16 min were determined 
The values given are umoles 


4 Aspartate 


The fact that the mcorporation of ??P, mto protein- 
bound phosphorus (presumably phosphohistidine) pro- 
ceeds maximally at only 15 per cent of the rate of tho 
meorporation mto ATP would seem to preclude phos- 
phohistidine as an intermediate on the mam pathway of 
oxidative phosphorylation, that 1s, as O ~ P, as envisaged 
by Boyer*4. 

However, protem-bound phosphohistidine might well 
be an intermediate m a slow oligomycin-insensitive path- 
way for the synthesis of ATP from A ~ C, proceeding at 
about 1 per cent of the rate of the main pathway Sinco 
phosphohistidine may be synthesized from P; m the 
presence of an active respiratory chain, or from ATP 
(ref 22), ıt is to be expected that the histidine would 
mediate the synthesis of ATP from P; and the respiratory 
chain 

These conclusions are summarized in the following 


scheme 
Pj, ADP oligomycin 


respiratory chain ————> A-C ATP 


po" pc 
f P-histidine 


Other ~-requiring reactions 


The proposal that protem-bound phosphohistidine 15 
on a slow side-path and not on the mam pathway of 
oxidative phosphorylation ıs 1dentieal with that made by 
Ahmed and Judah* (cf ref 25) for mitochondrial phos- 
phoprotem, measured as alkah-labile P or as phosphoryl- 
serine It provides an explanation for the fact that 
ohgomyem, while havmg no effect on the mitral rate 
of incorporation of ??P, mto protem-bound phosphorus, 
increases the amount of relatively 1apidly mcorporated 
??p, This might be expected since the steady-stato con- 
centration of A ~ C 1s higher in the presence of oigomycm 

These investigations suggest that the role of phospho- 
histidme should be sought ın the slow oligomycim-insensi- 
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tive phosphorylation 1ather than m the main pathway of 
oxidative phosphorylation - 
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IMMUNOLOGICAL RECONSTITUTION OF THYMECTOMIZED MICE BY 
INJECTIONS OF ISOLATED THYMOCYTES 


By Dk EDMOND J YUNIS*, Dk HENRY HILGARDt, KENNETH SJODIN, 
Dr CARLOS MARTINEZ and Dr ROBERT A GOODS$ 


Department of Physiology, Department of Laboratory Medicine and the Pediatric Research Laboratories, 
Variety Club Heart Hospital, University of Minnesota Medical School, Minneapolis 


rT HE essential role of the thymus ın developmental 
umunobiology has been estabhshed by recent 
investigations!-* Mice thymectomized within 24 h of 
birth show a marked deficiency imn the lymphoid cell 
population of therr blood and tissues, a duminished capacity 
to produce circulating antibodies to some antigens, and a 
pronounced deficit in rejection of allogeneic skin or tumour 
grafts** These animals often develop a wasting disease 
characterized by failure of body growth and early mortal- 
10y*55 The lymphoreticular cells derived, from neonatally 
thymectomized mice are defective with respect to their 
capacity to produce graft versus host reactions?? 

The immunological deficit, lymphoid cell depletion 
and growth failure of mice thymectomized at birth may be 
prevented by graftmg new-born or adult syngeneie or 
allogeneic thymus*" The investigations of Muller® 
using T6 chromosome marker systems and those of 
Dalmasso e£ al’ usmg the discrummating spleen assay of 
graft versus host reactivity described by Simonsen and 
Jensen? demonstrated that the mmunological restoration 
of thymectomized mice by allogeneie thymus is primarily 
of host origm These investigators, however, were unable 
to obtain immunological restoration by the mjection of 
isolated thymus cells Instead, ıt was found by Osoba 
and Miller and by Levey et al ° 1° that neonatally thymec- 
tomized mice were reconstituted immunologieally and 
histologically with thymus tissue housed m ‘Millipore’ 
chambers 

That isolated thymus cells might mdeed be able to 
1estore thymectomized mice was suggested by the observa- 
tions of Dalmasso e£ al *, who found that jection of free 
thymus cells inhibited the development of wasting disease 
m many animals even though immunological capacity was 
not restored Further, Taylor has recently reported 
that the antibody response to bovine serum albumin can 
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be iestoied m neonatally thymectomized mice by the 
injection of adult thymocytes 

The experiments reported here were designed to ascer- 
tam whether or not isolated thymocytes derived from 
either adult or new-boin syngeneic or allogenere donors 
were capable of resto1mg graft-versus-host reactivity to 
neonatally thymectomized, mice 

Mice of the C3H and A strains of both sexes were com- 
pletely thymectomized within 24 h after bu th and received 
intraperitoneal injections of either syngeneic or allogeneic 
isolated thymus cells obtamed from new-born or from 
6-8-week-old donors One to four mtraperitoneal injec- 
tions of approximately 50-300 million viable thymocytes 
were given between the 7th and the 15th days after 
thymectomy Suspensions of cells from thymus were 
prepared in Ringei’s lactate saline solution, using a loose- 
fitting Pottei-DLlvehjem glass homogemzer Further 
dissociation of the cells was completed by passmg the 
suspension gently ın and out of a 24- and a 27-gauge 
needle The immunological restoration of the mjected 
mice was evaluated by the followmg parameters body- 
weight changes, survival to 65 days of age, meidence of 
wasting disease, and the capacity of spleen cells derrved 
from the treated mice to produce splenomegaly after 
mjection into appropriate P, hybiids (Simonsen assay of 
graft-versus-host reactivity) All mice used for the latter 
assay were between 6 and 9 weeks of age Thymectomized 
animals used were autopsied, the 1etrosternal areas 
examined under the dissecting muicioscope, and the soft 
tissues of the mediastinum exammed microscopically for 
the presence of thymus remnant Those mice found to 
be incompletely thymectomized were not included m the 
investigation recorded here 

The graft-versus-host assay of Simonsen et al 1? was used 
to evaluate the immunological capacity of spleen cells 
derived from thymectomuzed C3H mice pre-treated with 
syngeneic C3H thymocyte suspensions This assay 
assesses the spleen enlargement induced in young F, 
hybiid recipients of spleen cells from one of the parent 
stiains Each litter of 6-8, 8-day-old (C3H x DBA/2)F, 
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hybrid mice was divided into 3 groups of 2 or 3 mice each 
At least 2 mice in each hitter received. an mtraperitoneal 
njection of 30 milhon spleen cells from (a) 6-week-old 
non-thymectomuzed C3H mice (positive control), (b) 6- 
week-old (C3H x DBA/2)F, hybrid mice (negative 
control), (c) 6-week-old neonatally thymectomized C3H 
mice which either were untreated or had received syngeneic 
thymocyte suspensions Eight days after cell admmı- 
stration the hybrids were killed, them body and spleen 
weights determmed and the relative spleen weight 
(mg/10 g body-weight) calculated Finally, the ‘spleen 
index’ was determmed by dividing the mean relative 
spleen weight of the mice receiving C3H spleen cells from 
non-thymectomuzed or thymectomized mice by the mean 
relative spleen weight of the mice injected with (C3H x 
DBA]J2)*, hybrid. spleen cells 

The mumunogenetic composition of the spleen of 
thymectomized A strain mice receiving allogeneic C3H 
thymocyte suspensions was examined by the discriminat- 
mg spleen assay of Simonsen and Jensen? In this assay, 
the host component (A) of the presumably cellular chimera 
was assayed in 8-day-old (4 x C5"7BL|l)F, hybrids and 
the donor component (03H) m 8-day-old (C3H x 
OS57BL/1)F, hybnrds This assay differs from the non- 
discriminating assay in that the negative controls are 
prepared by mjecting F, hybrid mice with spleen cells 
from mice syngeneic with the component of the chimera 
expected to be rejected by the hybrid, for example, A 
cells mto (C3H x C57BL/1)F, hybrids or C3H cells mto 
(A x O57BL/1)F, hybrids. Thirty millon spleen cells 
wee injected intraperitoneally m all control and expen 
mental groups The relative spleen weight (mg/10 g 
body-weight) was then calculated for each group (positive 
contiol, experimental and negative control) The ‘expert- 
mental spleen mdex’ was calculated by dividing the mean 
relative spleen weight of the expermental group by the 
mean relative spleen weight of the negative controls 

The results of these experiments show ın the first place 
that mice thymectonuzed at birth failed to gam weight 
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Fig 1 Chart of gam in weight of neonatally thymeetomized C3H mice, 
compared with that of thymectomized animals reeonstituted with syn- 
geneic adult thymocytes and with that of control normal mice The 
mortality 1s shown by the numbers along the curve, representing the 
number of animals of the original group surviving at the age indicated 
along'the abscissa Most of the mice in the thymocyte-injected group 
were saved from the wasting and early death characteristic of the 
neonatally thymectomized C3H animals 
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Fig 2 Chart of gain in weight of neonatally thymectomized A mice, 
compared with that of thymectomized animals reconstituted with 
allogeneic (C3H) adult thymocytes and with that of control mice The 
mortality is shown by the numbers along the curves, representing the 
number of mice surviving at the age indicated Again, most of the 
cell-injected animals, although somewhat smaller than their non- 
thymectomized counterparts, showed weight gam throughout the 
observation period and low mortality 


at the same rate as normal controls Between the 25th 
and the 45th day of hfe, the neonatally thymectomized 
mace developed a wasting disease characterized by weight 
loss, diarrhoea, a hunched appearance and ruffling of the 
fur These mice succumbed between the 30th and the 
65th day of hfe On the other hand, the thymectomized 
mice treated with myection of isolated thymus cells 
derived from either syngeneic (Fig 1) or allogeneic (Fig 2) 
donors showed steady increase of weight, absence of wast- 
ing disease, and prolonged survival (Table 1) The results 
of the assay of graft-versus-host reactivity of spleen cells 
from treated mice are shown ın Table 2 The mjection of 
100 million or 200 millon syngeneic C3H thymocytes 
taken from adult donors reconstituted the mmunological 
capacity of 10 out of 10 C3H neonatally thymectomized 
mice as revealed by the graft-versus-host assay However, 
the degree of reconstitution obtamed with 200 millon 
syngeneic thymus cells was greater than that obtamed 
with 100 million syngeneic thymus cells On the other 
hand, the mjection of 100 million syngeneic C3H thymo- 
cytes derived from new-born donors also reconstituted 
the ummunological capacity of 5 out of 7 neonatally 
thymectomized C3H mice In another experiment 
neonatally thymectomized, A stram mice treated with 300 
milhon allogeneic thymus cells derived from adult C3H 
donors were also reconstituted, but only with respect 
to the donor (C3H) component as revealed by the dis- 
criminating spleen assay (Table 2) 


Table 1 SURVIVAL OF C3H AND A MICE THYMEOTOMIZED IN THE NEONATAL 
PERIOD FOLLOWING TREATMENT WITH SYNGENEIC OR ALLOGENEIC ISOLATED 
ADULT THYMUS CELLS 


No of 
Recipient Previous tieatment Donor isolated Survivors 
stran of recipient stram thymus cells ab 65 days 
injected 
None None None 19/20 (95%) 
Neonatal thymectom; C3H 100 million 5/8 (63%) 
C3H Neonatal thymectomy C3H 200 million 11/13 (84%) 
Neonatal thymectomy None None 0/12 (0%) 
None None None 18/20 (90%) 
A Neonatal thymectomy C3H 300 million 718 (87%) 
Neonatal thymectomy None None 0/12 (0%) 
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Table 2  GRAFT-YERSUS-HOST ASSAY OF SPLEEN CELLS FROM THYMECTOMIZED MICE TREATED WITH ISOLATED SYNGENEIC OR ALLOGENEIC THYMUS CELL 


Age at Cell Mean No of mice with 
Group Treatment treatment component Test litters Spleen indices spleen spleen index of 
(days) tested Index greater than 1 30 
Non-thymectomized None — C3H (C8H x DBAJ2)F, 174 184 220 244 2 60 9/9 (100%) 
C3H 360 267 285 353 
C3H neonatal None — C3H (C3H x DBAJ2)F, 082 098 099 103 106 1/9 (11%) 
thymectomy 1 e 100 115 117 
C3H neonatal 100 x 10° 2-month-old 8-16 C3H (C3H x DBA,2)F, 134 199 222 228 196 4/4 (100%) 
thymectomy C3H thymocytes 
C3H neonatal 200 x 10* 2-month-old 8-16 C3H (08H x DBA/2)F, 143 172 230 232 226 6/6 (100%) 
thymectomy C3H thymocytes 278 300 
C3H neonatal 100 x 10* new-born 8-16 C3H (C3H x DBA/2)F, 113 129 132 136 101 5/7 (71%) 
thymectomy C3H thymocytes 159 223 232 
C3H (C3H x C57BL/1)F, 154 157 173 191 187 6/6 (100%) 
A neonatal thymectomy 300 x 10% 2-month-old 209 240 
C3H thymocytes 8-16 A (4 x 057BLJ1)F, 0 p 0 se 0 s 094 101 0/7 (0%) 
111 1 


These results demonstrate that mice thymectomuzed 
at birth can be mmunologically reconstituted by injections 
of isolated syngeneic or allogeneic thymus cells derived 
fiom either adult or new-born donors, and that the recon- 
stitution 1s due primarily to the myjected thymocytes 
themselves That this reconstitution 1s quantitative rather 
than qualitative ıs suggested by previous mvestigations 
in which the mjection of 10 million thymocytes derived 
from adult donors did not reconstitute the capacity of 
spleen cells of neonatally thymectomized mice to produce 
graft-versus-host reactions, but did prevent the wasting 
disease of these animals?" Our results further suggest 
that the restorative capacity of adult syngeneic or allo- 
generic thymocytes 1s probably not a function of the 
‘humoral factor’ capable of restormg the host cells which 
has been demonstrated in experiments utilizmg sub- 
cutaneous allogeneic grafts or mtraperitoneal thymus 
grafts enclosed in ‘Millipore’ diffusion chambers?;1? 
That isolated thymocytes derived from adult mice possess, 
by themselves, various immunological activities, has been 
shown by Billmgham et al n rats and mice!*:4 and Kaplan 
et al m mice Furthermore, it has recently been sug- 
gested that even thymocytes derived from new-born 
mice may be capable of graft-versus-host reactivity 

It 1s concluded that the immunological capacity of mice 
thymectomized at birth can be reconstituted by the 
administration of either syngeneic or allogeneic thymo- 
cytes regardless of whether these thymocytes are derived 
from adult or new-born donors, and that under the present 
experimental conditions, this restoration seems to bé 
dependent solely on the immunological capacity of the 
myected thymocytes These expermments do not, of 
course, contradict the observations of Osoba and Miller? 


and Levey et al 1° mdicatmg that a humoral factor pro- 
duced by the stroma of the thymus can reconstitute the 
mmunological capacity of thymectomized mice They 
do, however, show clearly that under the expermental 
conditions deseribed isolated thymus cells can also recon- 
stitute the immunologieal capacity of thymectomized 
animals, an effect which does not require the structural 
integuity of the thymic stroma 

This work was supported by the US Puble Health 
Service (HE-02085, A1-00798, CA-03511) the US 
National Foundation, American Cancer Society and the 
American Heart Association 
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ASCITES TUMOURS FROM 8HK.21 CELLS TRANSFORMED IN VITRO BY 
POLYOMA VIRUS 


By Dr. F. K SANDERS and BARBARA O. BURFORD 


Virus Research Unit, Medical Research Council Laboratories, Carshalton, Surrey 


RANSPLANTABLE ascites tumours provide a con- 
venient source of cells with which to mvestigate 
the growth of animal viruses, laboratory animals are used 
to grow crops of cells, which can then be used to support 
infection «n vitro The Krebs-2, Ehrlich, S-37, and other 
murine ascites tumours have been extensively used in this 
way m recent years, mainly m investigations of encephalo- 
myocarditis (EMC) virus growth! However, although 
mouse ascites cells are highly susceptible to this particular 
virus, they have unfortunately proved resistant to many 
others under the conditions used 
Macpherson and Stoker? described a serially cultivable 
cell hne (BHK 21) derived from primary cultures of baby 
hamster kidney, with an extremely rapid growth rate 


(mean generation time = about 12 h), contaming a high 
proportion of cells capable of growth mto clonal colonies 
when plated either on glass or on a feeder layer of irradiated 
cells Such cells, moreover, responded to massive infeo- 
tion by polyoma virus wn vitro by a change m cellular 
morphology and mode of clonal growth, clones of both 
normal and ‘transformed’ cells were easily obtained, and 
both grew mío nodules ın the hamster cheek pouch 
In the case of ‘normal’ clones about 10* cells were needed 
to cause a nodule, with ‘transformed’ clones about 104 
cells sufficed’ Both ‘normal’ and ‘transformed’ cells were 
susceptible to a number of animal viruses‘ The tumour- 
forming capacity and wide viral susceptibility of both 
types of BHK cells suggested to us that, if these cells 
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could be persuaded to grow as ascites tumours, it might be 
possible to create new ascites tumour cell systems in 
which to study the growth of a whole range of animal 
viruses to which the mouse ascites cells already men- 
tioned were not susceptible. 

Production of ascites tumours with BHK cells. Sample 
cultures from two clones of BHK cells’ were received 
from Prof. M. Stoker: (a) a clone (C.13) of the original cell 
line; (b) a polyoma-transformed clone (C.13/TC.6) derived 
from the first. A large stock of each type of cell was 
grown up in Roux bottles and subsequently stored frozen 
at — 70°C. No difficulty was experienced in resuscitating 
either cell line from frozen material. 

A 5x 10° cells, from monolayer cultures of the transformed 
cell line (C.13/TC.6), were inoculated into the cheek 
pouches of each of 6 young adult male hamsters; 16 days 

°. later 4 out of 6 animals had developed small (1 mm) nodules 

^at the site of inoculation. The nodules in two of these 
hamsters afterwards regressed. 72 days after inoculation 
à pea-sized tumour was removed from one of the remaining 
animals, chopped. in phosphate-buffered saline (P.B.S.) 
and pieces inoculated into 3 further hamsters: (a) into 
the cheek pouch; (b) subcutaneously ; (c) intraperitoneally. 
No animal developed tumours in the peritoneal cavity. 

,. However, all three developed subcutaneous tumours, 

two of them also in the cheek pouch. One subcutaneous 

tumour and both cheek pouch tumours later regressed. 

In two months the other subeutaneous tumours had 

grown to a very large size (about 50 g) and were trans- 

planted subeutaneously to further hamsters, all of whieh 
later developed tumours. Two sub-lines of this tumour 
have been carried for 9 further passages at intervals 
of 18 days. They grew as firm, non-infiltrating, sub- 

-cutaneous masses, reaching a weight of more than 50 g 
‘within 3 months of inoculation. 

At passage 2 an attempt was made to transform the 
“subcutaneous into an ascites tumour. <A trypsinized 
i;,eell suspension was prepared from chopped fragments of 
- A O-g subcutaneous tumour which had also infiltrated the 


: peritoneal wall, and approximately 1 x 107 separate cells 


were inoculated intraperitoneally into each of 3 hamsters. 
None developed ascites, though when they were examined 
3 weeks. after inoculation one had many small tumours 
on the surface of the gut and peritoneal wall, together with 
"metastases in the liver. A number of small tumours were 
removed from the gut and finely chopped in P.B.S., the 
resulting suspension being then inoculated intraperiton- 
eally into 2 further hamsters. Both were found at 
autopsy 13 days later to contain a small amount of bloody 
ascites in addition to multiple small solid tumours through- 
out the peritoneal cavity. The ascites contained a small 
number of easily recognizable tumour cells, in addition to 
large numbers of red-blood cells. Tumour cells were 
separated from the blood by sedimentation in P.B.S., and 
inoculated into 3 further hamsters, all of which after- 
wards developed ascites. The tumour has since been 
carried in the ascitic form for a further 20 passages, 
during which time the incubation period shortened to 
6-7 days. A sub-line of ascites was started at passage 2 
and carried for 14 passages; its cells did not differ from 
those of the original line. These BHK ascites cells grew 
rapidly in hamsters, an intraperitoneal inoculum of I x 107 
cells causing the death of the animals in 6-7 days; death 
appeared to be due to hemorrhage into the peritoneal 
cavity and not to widespread tumour metastases. Al- 
though a number of small tumours could invariably be 
found on the mesenteries and the peritoneal wall, meta- 


stages in the liver and kidney were infrequent, and were 
never found in the lung. At autopsy each hamster yielded 


about. 10 ml. of bloody ascites, containing 3-5 x 108 
tumour cells. 

Several attempts were also made to produce ascites 
“tumours directly with cells propagated in vitro, using: 
(a) the clone of untransformed cells (BH K/C.13); (b) the 
original polyoma-transformed clone (BHK/C.13/TC.6). 
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(a) About 1 x 107 BHK/C.13 cells, grown im vitro, were 
inoculated directly into the hamster peritoneal cavity. 
No tumours were found in up to three months of observa- 
tion. This same untransformed cell line was also unable 
to cause tumours by the subeutaneous route when tested 
only a few cell generations away from the original frozen 
stock. On continuous culture in vitro, a variant arose 
capable of causing large subcutaneous tumours in bam- 
sters, but this change in behaviour was not aceompanied 
by any morphological alteration in the mode of cellular’ 
growth in vitro; similar variants of normal BHK cells 
have been found by others**. (b) The polyoma-trans- 
formed cell line BH K/C.13/TC.6 also regularly produced. 
tumours when 1 x 10’ cells were inoculated subcutane- 
ously. No ascites tumours were formed on intraperitoneal 
inoculation. s 

Behaviour of ascites cells in tissue culture. (a) Growth 
as monolayers. At passage 7 and all subsequent passages in 
hamsters, cells from the ascites cell line were put into 
tissue cultures. The medium used was that already 
described?, namely, Eagle-Hank's solution containing 
twice the normal concentration of amino-acids and vita- 
mins, tryptose-phosphate broth and calf serum. Cells 
were seeded at a concentration of 1 x 105 cells per ml. in 
Roux flasks, babies’ bottles, or Petri dishes. After over- 
night incubation most of the cells had attached to the 
glass, and with one change of medium became confluent 
in 3 or 4 days. The form of growth of cells on the glass. 
resembled that of the BHK.21/C.13/TC.6 cell clone from ` 
which the tumour had ultimately been derived (ref. 7, 
Fig. 2b). The cells showed little contact inhibition, 
growing as a randomly arranged feltwork and continually 
shedding cells into the medium. The latter, although 
rounded, were themselves capable of attachment to, and 
growth on, glass and also of rapid growth in suspension in 
stirred pots. The mean generation time was of the order 
of 12 h. At the start of cultivation the cells were very 
uniform in appearance, but in later cultures, as in washed 
cells from older tumours in hamsters, bizarre forms eould 
be seen. Common among these were giant cells with 
single nuclei. The chromosome content of BHK ascites: 
cells proved to be highly variable. Cells containing the. 
modal diploid number (44)* for this cell strain were present, 
though giant polyploid cells with more than 400 chromo- 
somes were common. There were also cells with irregular 
numbers of chromosomes, indieating anomalies of division 
as well as chromosome duplication. Further analysis of 
chromosome numbers and characters is in progress. 

Apparently multi-nuclear cells, each containing up to 
30 nuclei, were also commonly found after a few days in 
tissue culture. They could, however, be identified in thin 
sections under the electron microscope as small clumps of 
mononuclear eells, the eell boundaries being so elosely 
applied to one another as to be invisible in the light micro- 
scope under low-power. phase contrast illumination. 
Individual cells in these clumps were very firmly attached 
to one another by intertwined microvilli and also by the 
desmosomes typical of epithelial cells. Long fingers of 
eytoplasm could be found indenting the nuclei, and eyto- 
plasmie ‘virus-like’ particles were present in normal cells; 
cytoplasmic 'sequestre' (pockets of cytoplasmic material 
walled off by endoplasmie membranes) were also often 
present. A third type of abnormality seen with the light 
microscope were cells with a large vacuole, apparently 
enclosing another cell. 

BHK ascites cells propagated in tissue culture could 
easily be removed from the glass with trypsin, and were 
then able to grow as ascites tumours when reinoculated 
into hamsters; one sub-line of the tumour has been carried 
for 7 passages by alternate transfers in tissue culture and 
in hamsters. i 

(b) Growth in agar. Individual BHK ascites cella also 
grow easily to form small colonies in a semi-solid agar 
medium, based on that used to propagate these cells on 
glass or plastic surfaces in vitro. Plates were. with 
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Fig. 1. Individual colonies of BH K.21/C.13/TC.6 ascites cells from agar 

layers: (a) colonies within the agar; (^) a surface goku: (c) a *mush- 

room" colony, starting within the : m p later spreading out on the 
surface (all x 


an underlay consisting of Eagle-Hank's/calf serum/ 
tryptose-phosphate containing 0-9 per cent of Difco 
washed agar. Cells were poured on to this underlay in & 
similar medium, this time containing agar at a concentra- 
tion of only 0-5 per cent—just sufficient to form a tenuous 
gel at 37° C. Under these conditions cells grow either in the 
agar overlay, forming dense iridescent colonies (Fig. 1a), 
or at its upper or lower surfaces, when the colonies are 
disk-shaped (Fig. 15); various intermediate (mushroom- 
shaped) forms between these two types of colonies exist 
(Fig. 1c). Fig. 2 shows the colonies present after incuba- 
tion for 1 week when a high dilution of washed ascites 
(single cells + small clumps) was plated in this way. The 
plating efficiency under these conditions, even when the 
cells are taken directly from hamsters, is extremely high. 
Fig. 3 shows that about 30 per cent of washed ascites cells 
taken directly from hamsters will form colonies when 
plated in this way. The large colonies in Fig. 2 presumably 
come from clumps of cells, the small ones from single cells. 
Individual colonies can easily be removed from plates, and 
broken up mechanically by pipetting in a nutrient medium, 
When such individual colonies are replated, more than 
90 per cent of the separated cells can form colonies, and 
the colony size becomes much more uniform. A clone of 
these cells has been propagated, so far for 17 passages, 
by picking single colonies and replating. 

Growth in agar with so high a plating efficiency appears 
to be a unique property of the ascites cell line. Attempts 
to repeat these e iments using either: (a) the original 
untransformed clone of BHK cells (BHK/C.13), or (b) its 
polyoma-transformed derivative (BHK/C.13/TC.6), were 
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unsuccessful. When about 10° cells were plated in agar, 
only one or two doubtful colonies were found. 

S ibility to viruses. Monolayers of BHK ascites 
cells, growing in babies’ bottles, were used to test the - 
susceptibility of these cells to a range of viruses. The 
medium was decanted from confluent monolayers, the 
cells washed twice with warm P.B.S., 0-1 ml. of virus 
inoculum added and allowed to adsorb for 2 h at room 

rature. 5 ml. of serum-free maintenance medium 
was then added, and the cultures incubated at 37° C, 
being observed daily for cytopathic effect; a group of 
control cultures, inoculated with P.B.S. only, was included 
in each series. Fluids were gathered ys wr 
suspected of showing a cytopathic effect, and inoc 
undiluted into further MOM Three successive passages 
with cytopathic effect were taken as evidence of cell 
susceptibility to the virus in question. By this criterion 
BHK ascites cells appeared susceptible in vitro to the 
following viruses: EMC, Semliki forest, equine encephalo- 
myelitis (EEE); echo 10, reoviruses II and III; Sendai, 
fowl plague (myxoviruses); adenovirus type 5; rabies, 

, and vaccinia. ‘The cells were insusceptible to 
enteroviruses, including all three types of poliovirus, and 
coxsackie viruses (both A and B types), to polyoma virus, 
Rous sarcoma virus, and adenovirus type 12. They 





Fig, 2. Plate with colonies developed by growth of BH K.21/C.13/TC.6 
ascites cells for one week in an agar layer, 1:5 x 10° cells + e mps 
plated, Crystal violet stain 
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Cells + clumps plated (x 10°) 
Fig. 3. Plating efficiency of BH K.21/C.13/T'C.6 ascites cells in agar 
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of doubtful susceptibility to yellow fever, West Nile, and 
& number of arbor-viruses Influenza virus strams did 
not induce a cytopathic effect m the conditions tested, but 
there was evidence that one stram (neuro W S ) induced 
the production of vuus-specrfic hemagglutmm 

The development of the ascites variant of BHK cells 
has fulfilled the object of these expermments as set out 
in the miroduction to this article, namely, the provision 
of aseites-cell systems for the ın vro mvestigation of a 
range of animal viruses These include viruses with DNA 
(adenoviruses, herpes) and RNA (EMC, Semliki), as well 
as those in which the RNA im the core is suspected of 
bemg double-stranded (reovirus)* ‘The list also meludes 
viruses with a nuclear (herpes) as well as a cytoplasmic 
(vacem1a) multiplieation phase, and which do not accumu- 
late withm their host cells but leak out as soon as they 
are formed (fowl plague, NDV) 

The fact that BHK ascites cells can be propagated easily 
in agar, however, gives them an mportance as potential 
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tools for genetic analysis which perhaps overshadows their 
usefulness for virus work ‘The ease with which clonal 
populations can be obtained by the agar-platg tech- 
nique has enabled us to isolate a number of mutants of 
these cells by the use of selective media Experiments in 
progress enable us to mvestigate these variant cells by 
methods which have become standard im mucrobial 
genetics, and to decide unequivocally whether such 
phenomena as hybiidization or transformation by DNA 
can occur with mammalian cells 
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THYROID STATE AND THE ACTIVITY OF GLYCOGEN PHOSPHORYLASE 
IN ISCH/EMIC MYOCARDIUM 


By Pror. A WOLLENBERGER, E.-G. KRAUSE and L. MACHO 


Arbeitsstelle fur Kreislaufforschung, Deutsche Akademie der Wissenschaften zu Berlin, Berlin-Buch 


IRCULATORY arrest and anoxia have been shown!-5 
to cause, 1n the mammalian myocardium, conversion 
of phosphorylase b, which is mactive in the absence of 
adenosine-5’-monophosphate (AMP), to phosphorylase a, 
active without AMP (refs 6and 7) This activation of the 
enzyme was found to be accompanied by disappearance 
of glycogen and accumulation of glycolytic products m 
the tissue? In view of evidence??? indicating that the 
physiological effects of anoxia and 1scheexma on the heart 
are altered by changes in thyioid activity, and also having 
in mind the use of induced myxcedema 1n the treatment of 
angina pectoris’, ıt seemed desirable to find out whether 
thyroid status may be of mmportance also in determing 
the biochemical response of the heart to interruption of its 
blood and oxygen supply 
The problem was investigated using healthy male and 
non-pregnant female shepherd dogs 1-2 years of age 
Some of these dogs were subjected to surgical thyroidec- 
tomy and killed 4 weeks later Durmg this time the 
glucose assimilation index, which may serve as a measure 
of thyroid function", fell, on the average, from 3 77 to 
103 The average decrease m resting heart rate amounted 
to 20 percent Body-weight iemamed unchanged Other 
dogs were given a daily subcutaneous injection of 0 11 mg/ 
kg of sodium r-thyroxine for 10 days and were killed 
on the eleventh day The thyroxine treatment resulted 
in an average iise of 65 per cent in basal metabolic rate, 
measured before the first and on the eleventh day by 
close-circuit spirometry at a body temperature of 37° + 
1° C 30 min afte: intraperitoneal mjection of 25 mg/kg of 
pentobarbital, ın a 25 per cent rise in heart rate, and in a 
6 per cent decrease m body-weight Dogs with undis- 
turbed thyroid function served as controls 
For technical reasons 16 was decided to stop the flow of 
blood through the myocardium by the same expediency 
as ın previous experiments’, namely, by transection of the 
aorta ascendens, after 1t had been found!? that the change 
in myocardial phosphorylase activity brought about by 
this procedure was identical with that occurring 1n portions 
of the ventricles deprived of their blood supply by 
coronary artery ligation Following admmustration of 
pentobarbital to give a total dosage of 35 mg/kg and 
institution of manually controlled positive pressure 


breathing of oxygen, the heart and the ascending aorta 
were exposed At the time designated as 0 sec the vessel 
was cut, and, simultaneously, a piece of the left ventricle 
wall was instantaneously frozen sn seu to a layer not 
exceeding 2 mm in thickness with an aluminium clamp 
pre-cooled in liquid nitrogen’? Additional pieces of the 
left ventricle were frozen by the same method at pre- 
determined intervals thereafter The clamps used for 
taking the first three specimens were provided with 
teeth of stamless steel ın order to grasp the tissues 
efficiently 

No, or only negligible, phosphorylase e activity could be 
detected in the 0-sec specimens (Fig 1), sigmfymg that 
all or virtually all the phosphorylase was present m the 
b-form This confirms earlier results on presumably 
euthyroid dogs* and indicates, furthermore, that the 
thyroid hormone does not mfluence the state of phos- 
phorylase ın the aerobically beating dog ventricle Since 
thyroxine treatment has been reported to elevate the 
phosphorylase a level m the aerobically beating rat 
heart!5, ıt 1s not inappropriate to pomt out that such 
elevation mught also have been found in the present 
experiments, if anoxia of the myocardial tissue samples 
ineident to their removal and freezing had not been avoided 
or reduced to à munimum by high rates of cooling «n situ 
For, as seen ın Fig 1, the rise in myocardial phosphorylase 
a during the first few seconds following arrest of the blood 
flow was accelerated, or its start advanced, by the thyrox- 
ine treatment On the other hand, the subsequent recon- 
version to phosphorylase b during continued anoxia was 
greatly slowed m the hyperthyroid hearts and almost 
came to a standstill after 120 sec Thyroidectomy caused 
a delay and depression of the ischemia-induced b to a 
conversion of myocardial phosphorylase (ref 16 and Fig 
1) The reaction, once begun, seemed to come to a halt 
when only about half as much phosphorylase a had been 
formed as at the pomt of maximum formation in the control 
hearts Total phosphorylase content did not significantly 
change during the first 2 min of ischemia’ The following 
values weie found (means + standard deviations m 
umoles orthophosphate per g left ventricle x min) con- 
trols, 180 + 13, hyperthyroids, 178 + 11, hypothy- 
roids 155 +13 
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Fig 1 Changes m the phosphorylase a content of the left ventricle of 
the euthyroid, hypothyroid and hyperthyroid dog following arrest 
of the blood circulation Portions of the frozen ventricular muscle 
^ Specimens were prepared for determmation of phosphorylase @ and 
total phosphorylase content (ref 14) as described previously (ref 4), 
except that treatment of the muscle extract with ‘Dowex 1’ was 
omitted (due to exhaustion of the particular batch of resin used 
and because other batches proved to be unsuitable) and that the 
extract was diluted for the enzyme assay to 800 or 1,600 xl /mg muscle 
Orthophosphate released from glucose-1-phosphate in the presence of 
glycogen (the same preparation of glycogen was used throughout the 
work) was measured after 12 and 24, or 24 and 48, mm incubation, 
linearity of release with time being ascertamed in each instance The 
points through which the three curves are drawn are the means for the 
groups mdicated Number of dogs in each group control, 6, hypo- 
thyroid, 5, hyperthyroid, 7 


The integrated activities of phosphorylase a in the 
hyperthy1oid, hypothyroid, and control hearts durmg the 
fist 60 sec of ischemia, as represented by the respective 
areas under the three curves in Fig 1, are compared in 
Table 1 with the amounts of glucose-6-phosphate, fructose 
diphosphate, «-glycerophosphate, and lactate which 
accumulated in the hearts during that time Since the 
glucose concentration in the cardiac tissues was found to be 
unchanged durmg this period, these mtermedianes and 
end products of glycolysis could only have arisen from the 
breakdown of glycogen, initiated by the reaction catalysed 
by glycogen phosphorylase Js 1s worth noting that the 
glycogen content of the left ventricles was scarcely lowered, 
by treatment with thyroxine, the mean aerobic levels 
being 53 4 umoles (as glucose) per g 1n the controls and 
50 7 umoles per g in the thyroxino-treated group. As 
Table 1 shows, there was a fair correlation between. inte- 
grated phosphorylase a activity and accumulation of glyco- 
lytic products m the myocardium during the first mmute 
of circulatory arrest This suggests that in the initial 
stage of myocardial ischemia the rate of glycolysis in the 
myocardium 1s largely determmed by the extent of con- 
version of myocardial phosphorylase 6 to phosphorylase a 
No significant correlation between phosphorylase a activity 
and accumulation of glycolytic metabolites m the heart 
was seen durmg the second and succeeding minutes of 
circulatory arest Factors other than the state of 
phosphorylase a =} equilibrium, m. the first mstance the 
activity of phosphorylase b, presumably became pace 
setting for glycogenolysis and glycolysis Since the 
activity of muscle phosphorylase b depends, within certam. 


Table 1 INTEGRATED ACTIVITY OF PHOSPHORYLASE & AND ACCUMULATION 

OF SOME GLYCOLYTIC PRODUCTS IN THE LEFT VENTRICLE OF EUTHYROID, 

HYPOTHYROID AND HYPERTHYROID DOGS DURING THE FIRST MINUTE OF 
CIRCULATORY ARREST 


Phos- Fructose- 
Treatment Phorylase Glucose-6- 1,6 diphos- a-Glycero- Lactate 
a phosphate phate phosphate 
Control (6.00) : (021) or ) (0.58) as ) 
0 17 05 3 33, 
Thyroidectomy 46 20 56 39 69 
Thyroxine 130 128 152 122 133 


* Orthophosphate released under the conditions of the enzyme assay 

The metabolites listed were determined by enzymatic methods (ref 17) 
The results are given in percentage of the control values The values in 
parenthesis denote net formation in umoles/g heart muscle 
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limits, on the intracellular concentrations of AMP, ortho- 
phosphate, and ATP (ref 3), the changes in the levels of 
these compounds in the ischemic hearts are a matter of 
interest The followmg mean values (umoles/g) were 
found at 0 and at 60 sec, respectively, 1n the left ventricles 
of the control the hypothyroid, and the hyperthyroid 
dogs AMP 024 and 037, 0 22 and 0 33, 0 26 and 0 50, 
ATP 529 and 4 95, 4 93 and 4 72, 5 56 and 4 62, ortho- 
phosphate 2 06 and 7 69, 2 19 and 6 05, 2 88 and 9 81 
In a further set of experiments 4 dogs which had been 
treated with thyroxime as described here were given an 
intravenous injection of nethahde (‘Alderlin’), a @-adrenet - 
gic receptor blocking agent capable of fully mhibrting, in. 
the dose admuustered (7 mg/kg), the phosphorylase- 
activating effect of administered catecholamines and, 
presumably, of sympathetic cardiac nerve stimulation on 
the heart’? The compound was injected 20 mm prior to 
severance of the aorta Its effect was to delay and greatly 
slow and reduce the formation of myocardial phosphoryl- 
ase a induced by arrest of the blood flow The elimmated, 
nethalide-sensitive fraction of the phosphorylase a 
activity (Fig 2, curve B) may reasonably be attributed 
to the action of myocardial eatecholammes that may have 
been discharged from binding sites or otherwise become 
physiologically active as a result of the sudden arrest of 
the blood flow The remaining, nethalide-resistant rise in 
phosphorylase a (Fig 2, curve A) may then be taken to 
represent a direct, that 1s, catecholamine-independent, 
effect of acute myocardial anoxia on the phosphorylase 
a «3 b equilibrium m the myocardium This rise tended to 
come to an end at a steady-state phosphorylase a level of 
30 per cent of the total enzyme, as compared witha steady- 
state value of 20 per cent observed previously in the 
ischemic ventricles of presumably euthyroid dogs}? 
According to the available data approximately 60 per 
cent of the enhancement by thyroxine of the ischemia- 
induced activity of myocardial phosphorylase aq is ac- 
counted for by enhancement of the nethalde-sensitive 
component of this activity This holds true both for the 
first and for the second minute of circulatory arrest 


Phosphorylase a (per cent) 
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Fig 2 Nethalide-resistant (4) and nethalide-sensitive (B) components 
of myocardial phosphorylase a activity elicited by arrest of blood flow 
in the hyperthyroid dog The points through which curve B 18 drawn 
were obtained by subtraction of the corresponding pomíts on curve A 
from those on the phosphorylase a curve of the hyperthyroid dogs not 
given nethalide (see Fig 1) Curve 4 is drawn as the curve of a first- 
order reaction (ref 18) in which the final phosphorylase a content is 
30 per cent and the velocity constant 1s 0 08 sec- 
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While the nethalide-sensitive activity of phosphorylase a 
had ceased in the hearts of the euthyroid dogs by the end 
of the first minute of ischemuia22, it persisted in the hearts 
of the hyperthyroid dogs beyond the second mmute 
(Fig 2B), probably as a result of a delaying action of the 
hormone on the reconversion of phosphorylase a to b 
It 1s of interest to note that ın both instances the rise 
in myocardial phosphorylase a attributed to the effect of 
myocardial catecholammes occurred at a considerably 
faster rate than the rise thought to be due to myocardial 
anoxia per se No explanation 1s offered at present for the 
augmentation by thyroxme treatment of the nethalide- 
resistant, anoxic activation of dog heart phosphorylase 
The prolongation by the hormone of the nethalide-sensi- 
tive phosphorylase @ activity appears to be consistent 
with the findings'.?° that thyroxine treatment impedes 
the binding, and hence the resulting inactivation, of cate- 
cholamines ın the myocardium 

We thank Dr S S Stevens of Smith, Kline and French 
Laboratories for a gift of sodium u-thyroxine, Mr J W 
Black of Imperial Chemical Industries, Ltd , for a gift of 
nethalide (‘Alderlin’), and Dr R. K Richards of Abbott 
Laboratories foi a gift of pentobarbital (‘Nembutal’) 
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MONTHLY VARIATIONS IN THERMAL FRAGILITY OF ERYTHROCYTES 
IN MAN: INFLUENCE OF AGE AND SEX 


By Dk LEONTINE GOLDSCHMIDT 


Creedmoor Institute for Psychobiologic Studies, Queens Village, Jamaica 27, New York 


T was shown m a previous communication! that the 
increase in thermal fragility of erythrocytes with 
chronological agemg in human beings was subjected to 
some seasonal variations in both males and females Linear 
regression with agemg in females was preceded by a 
significant reversal in slope, or decrease in thermal 
fragility, between the second and the third decades of age 
This effect was observed on female ‘summer readings’ 
only, which had been obtained from April to September A 
similar reversal m slope was observed between the seventh 
and eighth decades in male ‘winter readings’, which 
had been taken from October to March It was attempted 
to investigate such seasonal variations m more detail by 
performing serial readings on a monthly basis on & 
number of non-anemic patients at Creedmoor State 
Hospital 
Multiple readings A total of 446 monthly determina- 
tions was obtained on 99 individuals of both sexes These 
1eadings were performed on a four-weekly basis, that 1s, 
the subjects were tested once per calendar month Tho 
number of multiple determmations per individual varied 
fiom 2to14 Furthermore, 359 half-yearly readings were 
obtamed from 126 subjects in mtervals varymg from 5 
to 6 months- These counts were classified by the calendar 
month durmg which they had been taken, and were 
accordingly incorporated with the monthly readings A 
total of 805 serial determinations was thus obtamed on 
225 subjects When divided into five sections by sex and 
age group, as shown m Table I, an average of 13 4 readings 
resulted per month for each group 
Single readings In order to gam m statistical signific- 
ance a total of 964 single readings was drawn from previous 
work, m which the significant merease of thermal fragility 
with agemg in both sexes was demonstrated? These 
data were matched by sex and age group with the serial 
counts, and were classified by the calendar month durmg 
which they had been obtamed A total of 1,769 determina- 
tions on 1,189 subjects was thus achieved, and the average 


number of readings per gioup month was increased to 
295 The distribution of these results by sex and age 
group ıs shown m Table 1 

All determmations were performed by the microscopic 
method described by me earher? The measure of thermal 
fragility by this method ıs Ho, or half-life of erythrocytes 
in seconds at 56? C Variations in thermal fragility per 
calendar month are presented as group averages in the 
two central sections of Fig 1 The upper part of Fig 1 
shows monthly birth-rates per 1,000 population m New 
York City m 1961 (ref 3) The lowest part of Fig 1 
represents the number of deaths among individuals aged 
55-89 years m New York City m 1958 (ref 3) 

The graph for females of generative age (13-39 years) 
presents a consistent and highly significant increase 
between March and August (¢ = 4075, P — «0001, 
df = 53) It appears from the following pattern that 
development of a uniform peak between March and 
December values 1s interrupted by a sigmficant drop from 
September to October (t = 3481, P = <0005, df = 
47) The high trend is then restored by a significant rise 
from October to November (¢ = 2129, P — «006, 
d f = 83). and finally, terminated by a significant decrease 
between the last two months of the year (¢ = 2143, P = 
«005, d f = 88) The parallelism in time between this 
seasonal rise ın H; and the peak formation which 1s 
observed m the birth-rate between April and December 
(Fig 1) 1s sufficiently marked to deserve speculation on 
possible common causative factors As none of our 
subjects was known to be pregnant, the rise m Hs, values 
could be interpreted as a protective increase m biophysical 
resistance ın young women durmg the months of the year 
durmg which deliveries are most frequent Since cestrogen 
output in women has been observed to rise significantly 
during the warmer part of the year‘ ıb seems possible 
that mereased levels of these hormones may contribute 
to decreased fragility, especially m view of their restora- 
tive powers5 








792 
Table 1 
Sex and age group | Total No of | TotalNo of | Average No of counts 

m years subjects counts per month 
Female 13-39 249 441 367 + 312 
Female 40-69 263 337 281 + 325 
Female 70-95 212 332 277 +4 437 
Total 724 1,110 
Male 20-54 230 337 281+ 524 
Male 55-88 235 322 268 + 372 
Total 465 659 
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DISTRIBUTION OF SUBJECTS BY SEX AND AGE GROUP 





Average age per No of single No of serial counts on No 
th 








I 
moni | counts (subjects) of subjects 

256 + 042 204 237 45 
503-12 223 114 40 
759 +074 148 184 64 
575 535 149 

391+ 085 199 138 31 
697 +113 190 132 45 
389 270 76 





It may be harmonious with this view that a reveised 
pattern 1s formed during spring and summer by women of 
post-generative age (40-69 years) A depressionis observed 
between May and September, beginning with a significant 
fall from May to June (t = 2 148, P = <0 05, df = 90) 
Hi, values are significantly lower than those of the younger 
group of women from June until August It would seem 
consistent with previous considerations to assume this 
depression durmg spring and summer to bo caused by 
cestrogen deficiency m older women Since a steady 
dechne in output of steroid cestrogens was observed in 
females from late puberty until tho sixth decade, when a 
constant output near the life-long male level was estab- 
lished®, 16 may be deduced that cestrogen-levels in middle- 
aged women could be expected to be lower than those of 
young females The similarities in the course of the graph 
of middle-aged females with that presented by the younger 
group of males (Fig 1) further suggest oestrogen də- 
ficiency 

The line presented by aged women (70-95 years) shows 
no significant variations m its course A near-significant 
rise (P = <0 10) between November and December may 
indicate a seasonal increaso in biophysical resistance, 
which i5 similar to the observations on agemg males that 
are presented here Most of the values obtamed from aged 
females are lower than those of the two younger gioups of 
women, corresponding to the increase in thermal fragihity 
of erythrocytes with chronological ageing — Differences 
fiom the youngest group are significant from April until 
November, and from the middle-aged group from March 
until May and, agam, from September until November 

The curve for mature males (20-54 


in mature males This is manifested by a maximal 
birth-rate fiom July until September (Fig 1) 

The Hs, values that were obtamed from agemg males 
(55-88 years) are significantly lower than those of the 
younger group of men from March until May, and from 
August until December An mterpretation of the trends 
m this cuve may be attempted from certain pomts of 
similarity with the graph representing the number of 
deaths per annum m the same age group (Fig 1) The 
death-rate m the age-group 55-89 years amounts to 
neaily three-fourths of the total number of deaths in 
New York City’, with an expectation of nearly two males 
for each female dyimg? Both graphs show maxima m 
January and mimima m Soptember A shght depression 
m the death-rate between July and October has its counter- 
part m a simultaneous mdentation in H;, values One 
could infer from comparison of the two curves that Hs. as 
a measure of biophysical resistance, could be expected to 
be higher in the survivmg population durmg the more 
unfavourable, or colder, parts of the year than durmg 
summer The sigmficant merease from Soptember to 
October (t = 2 0024, P = <0 05, d f = 73), which marks 
the reversal from the hmear decrease fiom July to Septem- 
bei, may represent a protective mechanism which i5 
activated in preparation for, or response to, unfavourable 
seasonal conditions 

A similar recovery m Hz, values was observed previously 
in male ‘winter readings’? It appeared from the seventh to 
eighth decades, following a significant decrease from the 
sixth to seventh decades, and preceding a steep descent 
to the terminal age groups Comparable observations of 





years) 1s characterized by indentation 
between April and August and by 
high values from November until 
January Since the major seasonal 
trends m this gioup appear opposed to 
those observed m females of generative 
age 1b would seem admissible to mterpret 
these differences in terms of the actions 
of male and female hormones Smee 
one could expect high androgen- and 
low cestrogen-levels in mature males 
it 1s feasible to attribute the lowered 
Hy, values that were obtained during 
spring and summer to deficiency in the 
latter, as was pointed out here for the 
group of middle-aged females Con- 
versely, one could ascribe the upward 
trends, which reach near-significance 
(P = <010) m March, July and Octo- 
ber, to the possible 1egenerative ım- 
fluence* of male hormones It may be 
noteworthy ın this 1espect that two of 
these near-significant upswings should 
coincide with the two high phases of 
the archaic reproductive cycle, which 
were observed to occur in the male 
laboratory rat duung February-March 
and June-July? A similar cycle may 
apply to human bemgs® An apparent 
optumum in human fertility comeides 
with the high winter values of H,, 
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reversals of deteriorative trends in agemg human bemgs 
were made by Goldbloom et al.1° with reference to 
serum lipids, lipoprotems and atherogenic index These 
factors were found to increase from youth to the 
age of 60—75 years, when the trend was reversed and 
lowered values correspondmg to younger age groups 
were obtained It would appear reasonable to assume 
that such reversals of deteriorative biophysical or bio- 
chemical trends m agemg human bemgs, as were observed 
by Goldbloom and by me, should represent last rallymgs 
of forces of resistance before the onset of the termunal 
stages of senescence which lead to the death of the mdi- 
vidual 
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A COBALT REQUIREMENT FOR NITROGEN FIXATION, HYDROGENASE, 
NITRITE AND HYDROXYLAMINE REDUCTASES 
IN CLOSTRIDIUM PASTEURIANUM 


By Pror D J. D NICHOLAS*, D. J FISHER, W J. REDMOND and MARY OSBORNE 


Chemical Microbiology Department, Long Ashton Research Station, University of Bristol 


[5 18 well established that cobalt o1 vitamm B,, 1s essen- 
tial for nitrogen fixation and for the utihzation of 
nitrate nitrogen by Azotobacter vinelandw} and blue-green 
algae? The requirement, however, 1s less when they are 
grown with either ammonium salts or glutamic acid 
Ahmed and Evans? showed that cobalt ıs required for 
nitrogen fixation in soya bean, and this was confirmed m 
other legumes' and later ın nodulated non-legume 
plants? The growth of Rhizobium species in pure culture 
with nitrate responds to additions of cobalt? and the 
activity of nitrate reductase was markedly depressed m 
Rhizobvum japonicum grown in nitrate medium deficient 
in the micronutrient® 

We now report that cobalt or vitamin B,, 1s essential 
for nitrogen fixation by Clostridium pasteurranum, the 
1equirement 1s much reduced when it 1s grown with 
ammonium salts The hydrogenase enzyme, determined 
either by the uptake of hydrogen with methylene-blue 
(MB) as the acceptor? or by the evolution of hydrogen 
from reduced methyl viologen (MVH) (ref 10), was much 
less m cells deficient m cobalt The activities of nitrite 
and hydroxylamine reductases were also depressed in 
cobalt-deficient cells grown without combined nitrogen, 
when hydrogen and MVH were the electron donors for 
the enzymes The non-hem iron protem, ferredoxin, 
was, however, unaffected by a deficiency of the miero- 
nutrient 

Cobalt was removed from a solution of the macro- 
nutrients by the followmg  nitroso-E-salt, charcoal 
adsorption technique The macronutrients (g/10 1) were 
dissolved ın about 21 glass-distilled water K.,HPO,, 5, 
KH,PO, 5, MgSO, 7H,0O, 2, NaCl, 1, sucrose, 200, 
malic acid, 5 After adding 20 ml 0 01 per cent nitroso- 
R-salt ın 0 05 per cent sodium hydroxide the solution was 
adjusted to pH 5 5 with dilute acetic acid It was mam- 
tamed at 60° for 30 min and, after cooling, 10 g ‘Darco 
G 60 carbon (Darco Corporation, New York) was stirred 
vigorously into the solution When the carbon had settled 
the solution was filtered through a Whatman No 4 filter 
paper mto a clean Erlenmeyer flask The carbon treatment 
was repeated Cultures contammg 01 g ammonium 
chloride were treated m the same way The followmg 
spectrographically pure trace metals supphed by Johnson 
and Matthey, Ltd , London, were then added (mg/101) 


* Present address Biochemistry Department, Waite Institute, University 
of Adelaide, South Austraha 


35 manganese as manganese sulphate, 25 iron as ferric 
chloride, and 5 molybdenum as ammonium molybdate, 
and the solution made to 101 with glass-distilled water 
Exactly 400-ml lots were dispensed into 1-l. Erlenmeyer 
flasks and 5 g ‘AnalaR’ ealerum carbonate added to each 
flask to maintam an alkahne pH In early experments 
purified calcium bicaibonate was used, but later 16 was 
found that ‘AnalaR’ calcium carbonate was virtually 
free from cobalt Nitrogen gas was contmuously 
sparged into the cultures at the rate of 0 3 1 /mm through 
number 2 porosity sinter disks After 2 days growth at 
37° the cells, collected 1n a Serval contmuous flow centri- 
fuge, were washed with 0 85 per cent saline at 4? and 
suspended m 0 1 M phosphate buffer (pH 6 5) — Cell-free 
extracts were prepared by means of the ultrasonic probe" 
at 4° under an atmosphere of nitrogen The homogenate 
was centrifuged at 25,000g at 4° for 1 h and the supernatant 
fraction used as the source of enzyme 

A comparison between three methods for removing 
cobalt in Table 1 shows that the nitroso-R-salt/charcoal 
adsorption procedure was superior to the extraction 
method of Jones and Malhkarjuneswars using «-nitroso-B- 
naphthol!® Method C was, therefore, used m all the 
experiments described herem 


Table 1 COMPARISON OF METHODS FOR REMOVING COBALT TROM TIE 


CULTURE SOLUTION USING COBALT-58 
Purifieatjon method A B C 


ue -Cobalt-58 left after treatment 0 0018 0 0015 0 00045 
Residual activity as a percentage of the 
original activity (3 31 uc. cobalt-58) 0 054 0045 0013 


331 ue Cobalt-58 (carrier-free) equivalent to 0 02 ug cobalt added per litre 
of culture solution Purification methods A, B and C, respectively, used 
to remove cobalt 

Method A The a-nitroso-f-naphthol procedure of Jones and Mallikar- 
Juneswara (ref 13) mvolving chloroform extraction of the cobalt complex 
formed at alkaline pH followed by charcoal treatment and ether extraction 
Method B As for method A, but reaction at acid pH followed by chloroform 
extraction and one charcoal treatment Method C Addition of nitroso- 
R-salt (disodium salt of 1-nitroso-2-hydroxy-3,6-naphthalenedisulphonic 
acid) at acid pH followed by charcoal treatment as described in the text 


The effect of graded amounts of cobalt from 01 to 
2 ug/l on the growth of the bacterium when fixing atmo- 
spheric nitrogen 1s shown m Fig 1 To produce this 
response 1b was necessary to pass the bacteria through 
about eight cultures deficient m cobalt to deplete them 
of micronutrient When ammonium salts were supplied 
the requirement was much less A deficiency of the trace 
metal markedly reduced hydrogenase activity determmed 
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Fig 1 A cobalt requirement for C pasteurianum when fixing atmo- 
spheric nitrogen Cobalt ug/l, 1,0, 2,005, 3,01, 4,10, 5,20 


either by evolution assay or by the uptake of hydrogen 
with methylene blue? as the acceptor, as shown in Figs 

2a and 2b  Hydrogenase activity mereased by 200-400- 
fold 1n cells grown with as little as 0 02 ug cobalt/1 The 
enzyme decreased, however, with > 05 ug/l, but 16 was 
still substantially more than in deficient cells Much 
less cobalt, m the form of vitamin B,,, was needed im the 
culture medium for optimum growth The addition of 
vitamin B,, or cobalt «n ostro to normal or cobalt-deficient 
cells or ther extracts had no effect on hydrogenase 
activity A comparison between hydrogenase activity m 
cells fixing nitrogen and m those grown with ammonium 
salts ıs given ın Table 2 Although with ammonium salts 


Table 2 — EFFEOT OF COBALT DEFICIENCY ON CELL-YIELDS AND HYDRO- 


GENASD ACTIVITY IN Ülostiudium. pasteurranum 


Hydrogenase activity 
Cobalt (b 


Cell-y1eld a 
Nitrogen source (ug/l (mg N/l ul He ul H, evolved 
culture culture (MB)/mg from BVH/mg 
solution) solution) mitrogenjh nitrogen/h 
Nitrogen gas 0 430 63,600 700 
01 771 143,000 2,360 
0 100 « 100 « 100 
01 945 194,000 2,070 
Ammonium chloride 0 23 0 14,150 < 100 
1 345 51,200 880 
0 320 « 100 117 
01 375 5,080 410 


Table 3 A COBALT REQUIREMENT FOR NITRITE AND HYDROXYLAMINE 
REDUOTASES IN CELLS AND EXTRACTS OF C pasteurranum GROWN WITHOUT 
COMBINED NITROGEN 


Nitrite Hydroxylamine 
Cell-yields reductase reductase 
Exp ug Coll mg (u moles (umoles hydroxyl- 
nitrogen/I NO amine/my 
culture) nitrogen/h) nitrogen/h) 

1 Cells 2 86 6,900 25,600 
0 63 2,260 13,600 
Cell-free 2 — 7,520 37,600 
extract 0 — 1,800 8,500 
Cells 2 78 3,970 47,600 
0 50 1,580 18,200 
Cell-free 2 — 1,590 10,550 
extract 0 — « 100 2,600 


Assay for nitrite reductase made ın Thunberg tubes was as follows m 
thetube, 0 1-0 6 ml enzyme (2 mg mtrogen/ml ), 50 umoles phosphate buffer 
(»nH 66)1n 25 ml. Side-arm, 10 umoles methylviologen and 10 zmoles potas- 
sum nitrite in 0 6 ml. The Thunberg tubes were evacuated and flushed with 
high-purity hydrogen passed through a Deoxo-catalytic deoxygenator This 
was repented twice, at which stage the dye was reduced After pre-incubating 
under hydrogen for 5 min at 30° the contents of the side-arm were tipped m 
to start the reaction After 15 mm incubation an aliquot was deprotem)zed 
with zine acetate and alcohol (ref 14) Nitrite was determmed by the 
sulphanilamide method (ref 15) 

Assay mixture for hydroxylamine reductase in Thunberg tubes was as 
follows | «n the tube, 01-02 ml enzyme (2 mg nitrogen/ml), 50 moles 
phosphate buffer (pH 65) in 25 ml ` S:de-arm, 20 4moles hydroxylamine 
hydrochloride and 10 umoles methyl viologen in 05 ml The evacuation 
and incubation procedures as for nizrite reductase An aliquot was used to 
determme residual hydroxylamine by the Csàky method (ref 16) 
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cobalt deficiency barely restricted cell-yields the hydro- 
genase enzyme was depressed as m nitrogen-fixmg cells 

The activities of hydroxylamine and nitrite reductases 
were also reduced in cobalt-deficient cells grown without 
combined nitrogen, as shown in Table 3 These differences 
were maintamed in cell-free extracts — Since 16 1s known 
that in this baeterrum viologen dyes substitute for ferre- 
doxin" ın hydrogenase, nitrite and hydroxylamine 
reductases!7-18, it was of mterest to determine the ferre- 
doxin content of normal and cobalt-deficient cells There 
was no difference m the quantity or quality of ferredoxin 
in these cells Using the method of Mortenson et al 
the followmg amounts (mg unpurified ferredoxm per g 
lyphohzed ceils) were obtamed from normal and cobalt- 
deficient cells respectively, 152 and 130 Ferredoxin 
from both types of cells was equally effective 8s a sub- 
stitute for methyl viologen ın the evolution assay!?:$ 
namely, 675 and 755 ul hydrogen evolved/mg ferre- 
doxm/15 min using extracts of normal cells as a source of 
hydrogenase 

Cells supplied. with 2 ug cobalt/l and those deficient in 
the micronutrient contamed 075 and 001 ug vitamin 
B,./g lyophilized cell material respectively Normal cells 
contained adeninyl-cobamide, 2 methyl adeninyl-cobamide 
and some 5,6-dimethylbenzimidazolyl-cobamide coen- 
zymes whereas those grown without cobalt had small 
amounts of the 2-methyl adenmyl form only Since small 
amounts of vitamin B,, only are required for growth ıt 1s 
likely that ıt functions ın the biosynthesis of hydrogenase 
and nitrogen fixing enzymes rather than directly as a 
co-factor m the activation of hydrogen or nitrogen 
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Fig 2 Effect of the cobalt content of the culture solution on hydro- 
genase activity in whole cells of C pasteurranum 
a, Uptake of hydrogen gas usmg methylene blue as the acceptor, 
b, evolution of hydrogen gas from reduced methyl viologen 
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MITOCHONDRIAL PREPARATIONS FROM FLOWERS 
By Dr A. C HULME, Dr. J D. JONES and L S C WOOLTORTON 


Ditton Laboratory (Agricultural Research Council), Larkfield, Maidstone, Kent 


"ue meorporation of polyvinylpyrrohdone (PVP) in 
the extraction medium has made ıt possible to obtam 
highly actrve mitochondrial preparations from the peel 
and pulp tissues of apples which previously yielded inactive 
preparations (young fruits) or preparations of low activity 
(mature frurts)', It now appears certain that the mode of 
action of PVP m this respect 18 a removal of mhibition due 
to certam phenolic compounds? It 1s, however, not yet 
certam whether the inhibition by phenole compounds 
occurs during the isolation procedures or whether these 
compounds are ‘co-precipitated’ with the mitochondria 
and thus exert them mhibitions directly m the final 
preparations , various phenolic compounds added to active 
mitochondrial preparations reduce or elmmate activity?. 
Furthermore, ıb 1s not clear whether ıt ıs the monomeric 
forms of the phenolic compounds, or the polymers formed 
oxidatively from them, which are mhibitory Is the 
action of PVP due to 1ts combination with the monomers 
to render them harmless, does the PVP act by combma- 
tion with the monomers and prevent their oxidative poly- 
merization; does ıt combme with the polymers (if these 
are the cause of mactivation), or does 16 prevent oxidative 
polymerization through combination with the vhenolase 
present m the apple tissue ? We have found that mito- 
chondrial preparations from apple peel prepared im the 
absence of PVP contem highly active phenolase, while 
in the presence of PVP the phenolase activity 1s consider- 
„ably reduced The phenolic content of the mitochondrial 
"preparations 1s also much higher in the absence of PVP 
but 16 18 not entirely removed by the use of PVP 

Siegelman et al ? were unable to obtain active prepara- 
tions of mitochondria from the petals of the rose, and 
extracts of the rose caused mactivation of mitochondria 
prepared from the avocado and the pea. 

Petals from various flowers contain a variety of phenolic 
compounds and are likely at the same time to contain 
varying amounts, from nil upwards, of phenolase It 
appeared hkely, therefore, that an exammation of muto- 
chondrial preparations from the petals of a selection of 
flowers might help to explam the manner m which PVP 
operates in yielding active mitochondrial preparations 
from the apple fruit and other plant tissue contammg 
‘tannins’ The prehmunary experments reported here 
go some way towards the realization of ths aim 

The methods of preparmg the mitochondria are de- 
scribed, elsewhere’, and the determinations of the phenolic 
fractions were made according to the methods described by 
Swain and Hillis‘ Flowers were selected on the basis of 
thew phenolics content and of the phenolase activity of 
the mitochondrial preparations and supernatant solutions 
prepared from them These are shown in Tables 1 and 2 
In Table 2 results for apple peel are given for comparison 


All results are expressed on the basis of 10 g original tissue 
Polyphenolase was precipitated from the supernatant 
solutions by polyethylene glycol (PEG) and the precıpı- 
tates suspended in 0 25 M sucrose 


Table 1 PHENOLICS CONTENT (MG/10 G TISSUE) OF FLOWER PETALS AND 
MITOOHONDRIAL PREPARATIONS ISOLATED THEREFROM 












































Leuco- 
Flower Material Total antho- | Flavans| Antho- 
phenolics | cyanins cyanins 
Carnation Whole tissue 532 0 096 0 
(var Red &im) | Mitochondria 
af — PVP) 075 0 0154 ied 
itochondria 
(+ PVP) 078 0 0154 — 
Carnation Whole tissue 456 171 120 99 
(var Red Sim) | Mitochondria 
(— PVP) 102 0 021 — 
Mitochondria 
(4 PVP) 110 0 030 = 
Chrysanthemum | Whole tissue 344 0 0 60 49 
(red/yellow) Mitochondria —— 
(var October (—PVP) 053 0 005 
Dazzler) Mitochondria — 
(+PVP) 0 46 0 004 
Rose (red) Whole tissue 380 0 360 87 1009 
(var Champs- | Mitochondna 
Elysées) (- PVP 4 55 0 011 — 
Mitochondria 
(+PVP) 175 003 
Rose (red) Whole tissue 243 0 
(var Baccara) | Mitochondria 
(—PVP) 3 50 
Mitochondria 
+PVP) 7 34 








The results given in Table 1 show that, of the five flowers 
examined, roses contain by far the largest amount of total 
phenolic compounds They also contamed more than ten 
times as much anthocyanins as the carnations and chrysan- 
themums Paper chromatography showed that, as 
reported by Harborne®, cyanin and its glycosides were the 
main anthocyanins present ın roses  Ellagie acid appeared 
to be the mam phenolic constituent, other than the antho- 
eyanidins, of acid-hydrolysed rose extracts and this acid 
was absent from similar extracts of the petals of the other 
flowers This is not surprismg in view of the results 
obtamed by Bate-Smith? m a survey of the distribution of 
ellagic acid in the leaves of 40 families of plants Har- 
borne (personal communication) has found ellagie acid- 
lıke compounds in most rose varieties Probably, then, 
ellagic acid (free or combined) accounts for the high value 
for total phenolics in the rose  Leucoanthocyanims, 
appreciable m the rose but absent or neghgible m the other 
flowers, will also be a contributory factor Paper chroma- 
tograms suggested that the small amount of ‘flavan’ in 
the rose was due to catechms Chromatograms prepared 
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Table 2, PHENOLASE ACTIVITY OF THE PETALS OF VARIOUS FLOWERS FRESH TISSUE 
(Chlorogenic acid and 4-Me-catechol as substrates) 
PYP in | Phenolase activity ( *units/10 g tissue) Colour of digest 
Flower extraction medium Substrate after 30 min with 
(per cent) Mitochondria | Supernatant ‘mitochondria’ 
Carnation 0 | Chlorogenic acid 44 — Green 
(var. Red Sim) 0 4-Me-catechol 33 — — 
1 Chlorogenic acid 50 11 Green 
1 4-Me-catechol 33 — — 
Chrysanthemum 0 Chlorogenic acid 485 . | ~ Dark brown 
(var, October Dazzler) 0 4-Me-catechol 250 — — 
1 Chlorogenic acid 485 1,084 Dark brown 
1 4-Me-catechol 107 — 
Rose 0 Chlorogenic acid | 37 — Light brown 
(var Champs-Elysées) 0 4-Me-catechol ' 68 — — 
1 Chlorogenic acid 20 52 Grey 
1 4-Me-catechol 14 — — 
Rose 0 Chlorogenic acid 7 0 Grey 
(var Baccara) 2 Ohlorogenic acid 22 20 — 
Apple peel 0 Chlorogenio acid 417 280 Dark brown 
(var Cox's Orange Pippin) 1 Chlorogenic acid 60 104 Green 











* One unit equals the quantity of enzyme preparation required to give an uptake of 1 4] of oxygen per 5 min measured over 15 mm (25° C) from 


addition of enzyme to substrate 


Table 3 ACTIVITIES OF MITOCHONDRIA PREPARED FROM THE PETALS OF VARIOUS FLOWERS (ASSAY MIXTURES AND ENZYME UNITS (EU) AS HULME et al 
(REF 9) PER 10 G OF FRESH TISSUE) 



























from the carnations and chrysanthemums showed, apart 
from anthocynamm, only small amounts of phenolic com- 
pounds The yellow colour of the underside of the petals 
of chrysanthemums appeared, from the absorption 
spectrum of a suitable extract m hexane, to be due to 
flavoxanthin 

The activities of the mitochondrial preparations made 
from the flower petals are shown ın Table 3 In the present 
context the point of interest 1s that only with rose petals 
18 there little or no activity without the use of PVP and 
Ingh activity if PVP 1s included in the extraction medium 
Possibly the higher leucoanthocyanm content of the 
Baccara rose petals (Table 1) accounts for the complete 
absence of activity of the mitochondria prepared from it 
without PVP (Table 3) The mitochondrial preparations 
from the other flowers have virtually the same, high 
activity whether PVP 1s mcluded in the extraction medium 
ornot This is so, even with the chrysanthemum prepara- 
tions which have a high phenolase activity, higher even 
than apple peel (Table 2) Furthermore, the presence of 
PVP has no influence on the phenolase activity of these 
preparations An extract of macerated rose petals slowly 
darkened on addition of a homogenate of chrysanthemum 
petals, confirming the presence of a phenolase in the latter 
and a phenolic substrate m the former 

Even where the use of PVP has not resulted in an 
increase in the succinoxidase activity of the mitochondria, 
the carbon dioxide output with succinate and the oxygen 
uptake and carbon dioxide output with malate (Table 3) 
are appreciably higher We have noticed this effect of PVP 
on general mitochondrial activity with apple-peel prepara- 
tions In the cases where carbon dioxide production 
1s reduced in mitochondria prepared m the absence of 
PVP, there is a tendency for the oxygen uptake with 
succinate to decrease slightly over the 2 h durmg which 








uh ul gas in Warburg respirometer (25? C), per h EU 
in 
Flower extraction Substrate-succinate Substrate-malate Suceinic Malic Cyto- 
medium | —RKA dehydro- dehydro- Daaphorase chrome-c 
(per cent) O,-uptake | CO, output | O,-uptake | CO, output genase genase reductase 
Carnation 0 1,060 204 503 344 — — — — 
(White Sim) 1 1,040 330 520 400 — — — — 
Carnation 0 1,700 260 790 522 376 893 2,193 8,771 
(Red Sim) 1 1,890 512 808 610 403 1,000 2,500 11,111 
Chrysanthemum 0 1,430 250 750 500 119 400 704 1,282 
(October Dazzler) 1 1,840 440 841 600 135 511 1,000 1,380 
Rose 0 15 16 2 12 0 0 Trace 100 
(Champs-Elysées) 1 710 140 500 398 75 189 800 1,744 
Rose 0 0 0 0 0 — =z — — 
(Baceara) 2 616 220 400 324 — — — — 





Warburg measurements were made. In addition, mahe 
dehydrogenase, diaphorase and cytochrome-c reductase 
activity (Table 3) ıs appreciably higher when PVP 1s 
used, wrespective of its ‘protection’ of sucemoxidase 
This picture suggests that PVP protects, especially, 
fumarase, oxidative decarboxylation systems and the more 
sensitive dehydrogenases of the Krebs cycle Whether 
this 1s due to its mteraction with phenolic compound 
cannot be decided from the present results 

We have already shown? that additions of ellagie acid, 
leucoanthocyanins and catechins mhibit the succinoxidase 
of apple-peel mitochondria However, ın these prepara.* 
tions sufficient phenolase was present to cause some 
oxidation of leucoanthocyanm and catechm so that 1t was 
not clear whether 1t was the added compounds, or their 
oxidation products, which caused the inhibition. The 
present results with roses suggest that the unoxidized 
compounds are mhibitory since here there ıs virtually no 
phenolase present Agam, phenolase itself cannot be 
interfermg with the Krebs cycle activity of the mito- 
chondria, for there are large amounts of phenolase in the 
chrysanthemums but very little phenolic substrate 
Taken with the fact that PVP 1n the extraction medium 
greatly reduces the phenolase activity of apple-peel 
mitochondria and apple peel contains considerable 
amounts of phenolase substrates, ıt would now appear 
that, where both phenolase and substrate are present, the 
‘protective’ action of PVP 1s due to 1ts combination with a 
phenolase-substrate complex probably through attach- 
ment to the (phenolic) substrate moiety of such a 
complex 

The activities of the enzymes have not been expressed 
here on a nitrogen or protem basis, for, although the picture 
of the nitrogen constituents of the petal mitochondria 1s 
simpler than that of apple mitochondria’, some PVP 
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combined with phenohe compounds (especially ellagic 
acid)® will almost certamly be ‘co-precipitated’ with the 
mitochondria, to give spurious results for mitrogen in 
terms of protem 

It 1s emphasized that throughout this work ‘muto- 
chondria’ means a mitochondrial fraction We have not 
yet exammed our flower preparations m the electron- 
microscope which, on present knowledge, appears to be 
the only way of confirming the integrity of isolated mito- 
chondria 
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T HYDROGENATION OF REACTIVE GROUPS IN YALLOURN 
BROWN COAL 


By T. J. BIRCH and J D. BLACKWOOD 


CSIRO Division of Chemical Engineering, Melbourne, Australia 


MSS brown coal 18 hydrogenated by hydiogen at a 
total pressure of 40 atmospheres and temperatures 
of 850? C, part of the coal 1s almost instantly hydrogenated 
to methane and water and the residual char 1s only very 
slowly hydrogenated to methane? 

The recent work of Birch, Hall and Uze! has thrown 
considerable hght on this rapid hydrogenation process 
wherein approximately 40 per cent by weight of the original 
carbon 1s gasified Exammation of their results as shown 
in Fig 1 indicates that there 1s a constant relationship 
between the amounts of methane and water produced 
For each mole of methane produced. 0 63 mole of water 1s 
produced, and during this process the oxygen content of 
the original coal decreases from 25 per cent to an almost 
constant value of about 1 pei cent The same rapid 
formation of methane and water has been observed for 
low-temperature wood chars? and these observations lead 
to the suggestion that the initial rapid hydrogenation of 
coals and chars 1s concerned with the preferential attack 
of hydrogen on reactive groups contamumg oxygen 
Extrapolation of the line shown m Fig 1 will pass through 
the origin and would further suggest that the formation of 
methane from this 1apid reaction 18 concerned wholly 
with these groups and that a coal which contamed no 
oxygen would hydrogenate only very slowly . 

The results of Birch, Hall and Urie also suggest that 
there is a relationship between the carbon monoxide, 
carbon dioxide and methane produced However, the 


to 


Oxygen m water formed (ft * O, lb -! coal) 
I 





2 4 6 8 
Methane formed (ft ? Ib -1 coal) 


Fig 1 Relationship between methane formed and oxygen in watel 
formed when only reactive groups m the coal are hydrogenated Coal 
feed rate (x) 51b h=, (O) 101b h= 


amounts of these gases are small and do not unduly ım- 
fluence the relationship mentioned here 

During the hydrogenation of the reactive groups the 
hydrogen concentration decreases, and Fig 2 shows the 
relationship between methane produced and hydrogen 
used At low hydrogen partial pressures, hydrogen 13 
formed in excess of that used It 1s seen that for each 
mole of methane produced 2 7 moles of hydrogen are used 
and the relationship 1s constant, m addition, as stated 
here, 0 63 mole of water 1s formed 

It has been suggested? that the oxygen groupings in 
Yallourn brown coal show a similar behaviour to those 1n 
hgnm and that a brown coal 1s in some respects analogous 
to a demethoxylated hgnm A suggested unit structure 
for lignin‘ 1s shown in Fig 3 and it 1s seen that there are 
five- and six-membered rings contammg oxygen and 
attached to benzene rmgs It 1s not suggested that this 
is the structure of brown coal, but since the coal was 
originally produced from wood, some remnants of hgnm 
structure would probably persist Hydrogenation of 
either the five- or six-membeied rings contaming oxygen 
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Methane formed (ft ? 1b ~? coal) 


Fig 2 Relationship between methane formed and hydrogen consumed 
when only reactive groups in the coal are hydrogenated Coal feed 
rate (x) 61b h7, (©) 101b h 
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Fig 3 Suggested structure for the basic lignin unit 


Percentage yield of liquid hydrocarbons 
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Fig 4 Relationship between liquid hydrocarbon yleld and oxygen 

content of coals when hydrogenated at 6,000 psig and 800° C 

€, Texas lignite, A» Wyoming coal, O, Pittsburgh coal, and 
*, anthracite Figures are from U S Bur Mines Rep RI 6125 


and addition of hydrogen to the three broken bonds on 
the adjacent benzene nucle: would use hydrogen and 
produce methane and water m the ratio of 23 1 065 
and would at the same time tend to produce stable carbon 
ring structures which would condense to form the residual 
comparatively non-reactive char 

Although this model will give a qualitative and quantite- 
tive explanation for the process of hydrogenation of 
Yallourn brown coal, 1t 1s not claimed that 1t 18 the only 
explanation nor that 1t necessarily applies to other coals 
However, examination of the results of hydrogenation of 
four widely different coals and a char at pressures of 6,000 
psig and 800° C by the United States Bureau of Mines® 
indicates that under these conditions, where the reactive 
material of the coal tends to produce mostly hquid hydro- 


carbons, the amount of these hquids 1s related to the 
original oxygen content of the coals The results are shown 
in Fig 4 The data are difficult to mterpret since a con- 
siderable portion of the coal ıs gasified and with the, 
higher rank coals most of the gaseous hydrocarbons appear 
to be produced from the residual char and are dependent 
on the residence time However, the amount of hqud 
hydrocarbons formed ıs shown to be mdependent of the 
residence time, and can be assumed to be formed by the 
mitial rapid hydrogenation of reactive groups ‘The 
residual oxygen content of the chars produced 1s small and 
independent of the residence time, agam indicating that 
the oxygen has been consumed durmg this mutual rapid 
reaction The fact that a Wyommg coal, which contamed 
14 5 per cent of oxygen, gave approximately 26 per cent 
by weight of hquid products on hydrogenation, whereas 
the low-temperature char, prepared from this coal at 
600° C and contamung only 3 8 per cent of oxygen, gave 
neghgible amounts of lqud hydrocarbons under the 
same conditions of test, 1s strong evidence that the oil 15 
produeed by the hydrogenation of oxygen-conteiung 
groups 

The evidence exammed leads to the suggestion that 
coals contammg very little oxygen will be hydrogenated 
largely by the slow hydrogenation process of direct reaction 
of hydrogen with carbon‘ and coals which contam high 
oxygen contents will show an mitial rapid hydrogenation 
proportional to their oxygen content and leave a residual 
char which can only be hydrogenated slowly. At least 30 
per cent of the hydrogen used in the initial hydrogenation 
of oxygen groupmgs will appear as water and will virtually 
be a waste product 
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EFFECT OF ROTATION ON INTERNAL GRAVITY WAVES 
By B. HUGHES 


Department of Applied Mathematics and Theoretical Physics, University of Cambridge 


HE characteristics of low-frequency internal ocean 
waves including coriolis effects can be interpreted 
simply m terms of the interplay between the dommant 
restormg processes present (a) gravitational effects 
appearmg through the presence of density gradients, 
(b) coriolis effects arismg from the rotation of the Earth 
In this article attention is restricted to an inviseid, con- 
stant-depth ocean having an exponential vertical density 
gradient and allowmg no vertical motion at the surface 
or bottom Ray theory approximations are used to attain 
a general outline of the mam kinematical and dynamical 
properties of free infinitesimal waves 
Waves motions resultmg from either one of these 
restoring forces are fairly well understood, and ther 
characteristics have been examined at some length, but, 


to facilitate the further understanding of this article, 
a brief descriptive outhne of their major properties will 
now be given 

Inertial waves in a homogeneous 1otatung jlud'? The 
frequency 1s determmed by the angle between the wave- 
number and the rotation vectors and the magnitude of the 
rotation vector 


o = 201 


where Q ıs the mean rotation vector of the fluid, I is the 
unit wave-number vector and w 1s the radian frequency 
They are transverse, circularly polarized waves with 
group velocity normal to the wave-number vector and m 
the plane of the wave-number vector and rotation vector 
On reflexion from a rigid barrier the amplitude and wave- 


Rs 


- 


No, 4921 


February 22, 1964 


number suffer discontmuities in magnitude such that 
(a) the frequency remains constant so that the wave- 
number angle reflects m the rotation vector, (b) the com- 
ponent of the wave-number parallel to the barrier remains 
unchanged, (c) the amplitude changes to conserve energy 
flux Viscous damping occurs on the same scale as for 
ordinary gravitational waves 

Gravitational waves m a stratified non-rotating fluid 
For the case of a weak exponential density gradient the 
fequeney condition as given in Lamb? can be simplified 
o. 

o = N(vl) 

where N is the Brunt-Vaisala frequency, v 1s the umt 
vector lymg im a plane of constant density and in the 
direction of travel of the waves These are transverse 
plane polarized waves with group velocity agam. per- 
pendieular to Z and m the plane defined by v andl The 
reflexion 1n this case occurs in v, and so for a reflecting 
surface that 1s an 1sopyenal there are no discontinuities 
of wave parameters 

In the following 16 1s convenient to use the idea of the 
effective restormg forces present m the perturbed fluid 
Let F be the restoring force per unit mass per unit dis- 
placement of flud from equiibrium Then F = o? m 
complete analogy with a simple one-dimensional mechani- 
cal model If the two restoring processes represented 
here are present together, by simple harmonic addition 
they iesult m the frequency-wave-number condition 
(assuming horizontal mean isopyenals) 

kw? = N'kR + 4(Q k)? (1) 

where k is the total vector wave-number with ky its 
horizontal component and kits magmitude This equation 
1s now adopted mto the varymg coriohs parameter system 
under the usual Ray theory assumptions‘ On the 
Eaath’s surface k has components k,, ko, ko, where 6 1s the 
colatitude, o 1s the longitude and r 1s measured radially 
from the centie of the Earth Q has components © cos 0, 
—Qsm0 ım » and 0 directions respectively with Q = 
729 x 10-5 radians/sec 

Therefore 


sem (44), 


p 
4Q? a 2 
P: (kg sin? 0 + k;cos?@ + 2k,ko sn 0 cos 09 (2 
also, according to usual Ray theory hypotheses 
curl k = 0 (3) 


In equation (3) b is taken mdependent of o, and kr 
independent of 0 except for possible jump discontinuities 
due to reflexion at the surface or bottom Therefore 





Eg, 
ko = ctn (4) 


and rko, rk, are independent ofr However, since the depth 


[7 
of the ocean 1s much less than the Earth's radius Li = 0 


a 
imphes = ~ 0 Similarly fork, Thus, from (3) kọ can 


be determmed between reflexions for any system of waves 
with unvarying frequency. 


Define: 8 = xq! y= dg and & = y ~ 8 +l; 
ty? = gs 
sm 0 cos 0 kb — cos? 0) 
ke = — ky E — cost aay oe L anaaga € 
g? — cos? 0 (a? — cos? 0) 


ko (v? — 8°) : 
an? O(a — cos? 5) (5) 


a 
The group velocity 1s determined from c; =F 8° that 
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sk? 0 k,y*(i$ — cos? 0) 
o 977g —co0 = 


sin 0 cos 0 ( ,, keg, (a? — cos? 0)(y? — s?) | i 
ie ee (rite 00st 0) Ey) 





s*h? 





ce = + [ese — eos*0) — 


kè (œ? — cos*0)(y? — s*)|* 

S sin? 0 | (7) 
sk? (y? — 8*)ko, 

7e 7 Fem 8. (8) 


From'(5) or (7) 1$ 1s thus seen that there 1s a hmut to energy 
propagation poleward at Om satisfying 


kê (a? — cos?04)(y? — s?) 


2,2(¢2 2 = $9 9 
key2(t2 — cost*04) MUTET (9) 
For typical oceanic values and tidal periods 
3S8; Y»1,0cas 
Therefore: 
key? D 
A) alga — Gol 0. 0 
Om c cos fs PU s) (10) 


For ko, = 0 the dependence of 8m on N 18 only shght for 
large N, O(s?/y?), and as N decreases Om decreases (latitude 
increases) until if N = 0 all sense of hmt disappears 
The physical interpretation of this limit can be ob- 
tamed by considermg the restormg forces imphert in 
equation (2) Consider k,,— 0 From Figs 1 and 2 it 
1s evident that with respect to O, the angle between land 
v a mimimum restoring force per unit mass per unit 
displacement, Fm, exists the value of which increases as I, 
the latitude, creases In a group of waves the central 
frequency has associated with it a required value of F 
Its dommant wave-number kb will have ono of the four 
Q's which possess this F according to the ‘total F’ curve 


Surface 


Bottom 
Equator -— 





Fig 1 Pictorial representation of @ and T for north-south waves in 
northern hemisphere 


F due to 
stratification, 


F due to 
conolis 





120° 


Fig 2 Restormg force per unit mass per unit displacement as function 
of © at latitude of 30° using 20 = àN 
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as m Fig 2 As the group travels poleward T increases, 
the ‘total F’ curve changes accordingly, the values of ® 
thus change and Fm rises The group has reached the 
luniting latitude when Fm has risen to just the value of 
restoring force required to produce the central frequency, 
that 1s, F (in a spectrally narrow group) At this latitude 
the group velocity 1s zero and only two @’s can exist 
(180° apart) Beyond this latitude the restoring force for 
all ® 1s too large to allow this frequency to exist Note 
that for claiity the coriolis effects as depicted in Fig 2 
have been exaggerated compared with typical oceanic 
cases Note also that for s < 1 the values of F that can 
be considered are less than the maximum F of the coriolis 
curve, thus the values of ® are always nearly 90° 

If bo, + 0 the prinerple is precisely the same but the 
1esult 1s modified because of the phase relationships 
existing between the polewaid propagational restoring 
forces and the latitudmal ones 

Fiom equation (7) ıt ıs expected that the amplitude 
of the waves m a group will vary strongly as the group 
approaches the limiting latitude The group will always 
find itself m a poleward group velocity gradient—for a 
group advancmg towards the critical region, the equatorial 
side will advance faster than the poleward side and tho 
separation between the two will tend to zero asymptotic- 
ally proportional to the poleward group velocity Indeed, 
if #18 the energy density of the waves (considered constant 
over the group) the ray theory analysis mdicates that 15 18 
Ecos 0 that piopagates unchanged along a group 
trajectory defined by 


1A af dð + constant,  —« {sn 0-£ dq + constant 
€ 
(11) 


To this must be added the effect of surface and bottom 
reflexions — Dynamcally, if there ıs no loss on reflexion 
the rate of flow of energy towards the reflecting surface 
must equal that flowmg away from 1t 


(er) tor + Cae =. (12) 


usmg correct signs for cç Kinematically, there 18 a change 
of radial wave number, magnitude and sign, obtained fiom 
equation (5) by considering ky, constant at the point of 
reflexion The incident k, uses one sign and the reflected 
kr, uses the othor 
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Fig 3 Latitude dependence of the horizontal velocity amplitude of 4 
gloup of waves relative to that at the equator 
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Fig 4 Horizontal group trajectories 
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Fig 5 Lmntüng latitudes as function of initial horizontal direction 


m sın 0 cos 0 ke " ae — cos? 0) 


8? — cos? 6 ~ (8? — cos? 6)? 
eme, p 
sin? (s? — cos? 0) (13) 


Substitution for ke from equation (5) gıves the value of 
k, after 1eflexion in terms of 0, ky, and the incident value 
of kr The various sign possibilities that arise must bo 
chosen on the basis of which surface 1eflexion 1s occurring 
on and which direction of wave travel is necessary for the 
desired energy-travel 

The trajectory could now be determined numerically 
by iteratively solving equations (11), (6), (7), (8) and (13) 
together with the proper mitial data In tho case ke, + 0 
this procedure must be used m order to determine tho 
limiting latitude m any given ease since k, at that latitude 
must be known before (9) can be used 

Finally, if A ıs the velocity amplitude of the 0.com- 
ponent of the wave-motion and p, the average density of 
the fluid 





1 A 
ki 
E=}p 4? EE, (14) 
Pep sque 
: L 
8 k? 


between reflexions 

The curves shown in Figs 3, 4 and 5 were obtamed from 
thé previous equations using S = $, (period of 24h), N = 
146 x 10- sec-1 (density giadient of about 25 x 10-7 
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k 
**" as indicated. The 


To 
angle e, ıs defined as the angle with respect to a 
meridian made by the horizontal direction of the group at 
the equator Fig 3 shows the variation in A versus 
latitude of the group for 4 different y,’s_ The discontinui- 
ties occur at reflexion from surface and bottom Fig 4 
shows the horizontal trajectory of the group and Fig 5 
indicates limiting latitude as a function of mutial hori- 
zontal direction 
This article has demonstrated a general mternal wave 
phenomenon occurrmg at tidal frequencies m oceanic 
conditions—one which accounts for the process by which 
tho amplitude of such waves becomes greatly increased 
near narrow belts of latitude’ The general existence of 
tidal oscillations im the deep oceans can sometimes bo 
interpreted by this mechanism in conjunction with a 
suitable production of wave motion® 





g/eo jm) and the values of m = 
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The analysis as presented breaks down at the critical 
latitudes because on this theory the spatial variations 
in the wave number (in particular kg) become unbounded 
at this pomt It ıs expected that a uniformly vald 
analysis will dicate that all the properties of the wave 
motion will remam bounded and will mstead exhibit 
maxima m accordance with the physical principles 
outhned 

I thank O M Philips and F P Bretherton for ther 
advice, and m particular the latter, who first concisely 
stated the physical explanation of the latatude Inmitation 
effect 
1 Philips, O M, Phys Fluds, 6, 518 (1963) 

2 Tolsoy,I , Rev Mod Phys ,35, 207 (1963) (Inertial waves referred to mostly 
as “gyroscopic waves") 

3 Lamb, H , Hydrodynamws (Dover Pub , New York, 1932) 

‘Whitham, G B,J Flud Mech , 9, 347 (1960) 

5 Knauss, J A,J Mas Res ,20, 111 (1962) 

* Rattray, M , Tellus 12, 54 (1960) 


A NEW TELEVISION CAMERA, INTENDED FOR SCIENTIFIC 
APPLICATIONS, HAVING A VERY HIGH SENSITIVITY 
AND GOOD STORAGE PROPERTIES 


By R S. FILBY, S. B. MENDE, M E. ROSENBLOOM and Da N D. TWIDDY 
Department of Physics, Imperial College of Science and Technology, London S W 7 


f peus are considerable advantages to be obtained by 
using a specially designed television camera for the 
detection of famt optical mages These advantages arise 
from the greater quantum sensitivity and the absence of 
reciprocity failure m the photoelectric effect compared 
with photography, and because the output 1s m the form 
of an electric signal, ideally suited for transmission or 
computer applications 

The obvious fields of application are astronomy, space 
research and medical physics and, m the astronomical 
field, the use of the technique to extend the range of existing 
astronomical telescopes was first proposed by McGee? 
Several attempts have been made to use television cameras 
m astronomy’, but these have not been sufficiently suc- 
cessful so far to merit wide use of the technique 

In space research a suitable electronic camera would 
permit long exposures to visible or other 1adistion to be 
made, the picture bemg stored until it 1s convenient to 
transmit 16 to base by slow read out 

Existing television camera tubes are unsuitable because 
of their inability to store for periods longer than a few 
seconds What ıs required 1s a television camera of high 
sensitivity capable of integrating a weak hght mput over 
a long period, of stormg thus mtegrated picture for an 
appreciable time without deterioration and finally the pie- 
ture should be read out m a single television frame period 

A tube which seems to offei all the required features 
has been developed, ıt has sensitivity which compares 
very favourably with the best television 
camera tubes at present available, it 1s 
capable of stormg a charge image for several 
hours without deterioration, 1ts charge stor- 


ated and focused by means of a uniform electaic field 
provided by the metallic rings (2), and a uniform magnetic 
field produced by the long solenoid (3) These photo- 
elections are accelerated to energies of the order of 5-7 
keV and strike a special target (4) 

The novel feature of the tube 1s the use of a target 
consisting of a thm conducting signal plate on which 1s 
deposited, on the side away from the photocathode, s 
spongy layer of lughly insulatmg material —A cross-section 
through this target is shown m Fig 2 It consists of a 
layer of aluminium oxide about 500 A thick which serves 
as a support membrane for a signal plate of alumunium 
of sumilar thickness On this signal plate ıs deposited a 
spongy layer of potassium chloride The spongy layer ıs 
produced by evaporating the insulator m the presence ol 
an mert gas so that atoms aggregate before reaching the 
target and form a spongy layer of much lower density 
and lower dielecti1e constant than the solid material In: 
typical tube the spongy layer density may be of the ordei 
of 3 per cent of the solid and the layer thickness 5-10p. 
The technique 1s similar to that developed by Goetze’ 
for the preparation of films for transmission secondary 
emission image mtensifiers 

Since the density of this layer 1s very low, electron: 
with energies of the order of 5 kV are able to penetrate ul 
and build up a positive charge by transmission secondary 
emission The secondary electrons are collected by thx 


positive mesh (5). 


























age capacity can be adjusted m manufacture 
to suit the proposed appleation, and it 
does not exhibit appreciable persistence of 
image or ‘lag’ which is an undesirable feature 
of television camera tubes havmg too large 
a target capacity or using photoconductive 
layers 

The construction of the tube is shown m 
Fig 1 The hght input ıs focused on to 






































a transparent photocathode (1) The photo- Fig 1 New television signal generating tube The optical input 1s imaged at the photo- 


electron 1mage so produced is then acceler- 


cathode (1) The photoelectrons are imaged at the target (4) which 1s scanned on its 
reverse side by a low-velocity electron beam from the electron gun (6) 


802 
4 Aluminum oxide 
support membrane 
(0 054m. thick) 
Incident 
—— —— primary 
photoelectrons 
Spongy 
potassium 
chloride 


(5-10um thick) 


Aluminium signal plate 
(0 05m thick) 


~ Fig. 2. Section through target (4) 


In view of the relatively large thickness of the spongy 
layer, the capacitance between the surface of the layer 
and the conducting signal plate will be low compared 
with a tube usmg a sold layer Therefore the undesirable 
capacitative ‘lag’ oceurrmg m. such tubes ıs avoided 

The capacity could be controlled durmg the formation 
of the layer by varying either, or both, the density and the 
thickness to achieve the ideal charge storage capacity for 
a given tube application 

The positive charge mage can be 1etamed on such 
layers for hours without deterioration and can be read 
out by scannmg the layer surface orthogonally with a low- 
velocity electron beam from the gun (6) In the present 
tube the signal ıs obtamed from the conducting signal 
plate It could, however, also be obteined by collecting 
the return beam after ıt has scanned the msulatig side 
of the target, m which case ıt would be advantageous to 
multiply the return beam by means of an electron multi- 
pler as in the image orthicon. This amplification would 
result in a signal-to-noise ratio which would be determmed 
mainly by the shot noise of the scannmg beam and be 
independent of amplifier noise. The signal-to-noise ratio 
would, however, be better than that of an mage orthicon 
because, unlike the mage orthican, there is no mesh m 
front of tho target to intercept the primary electrons 
Also the charge gam m the spongy layer 1s 7 compared 
with the mage orthicon’s gain of 5 However, the major 
unprovement arises from the much larger charge storage 
capacity of the new tube It 1s convement to make this 
about 1,000-2,000 pF, that 1s, at least ten tunes the 
capacity of the mage orthicon tazget‘. 

However, even without this refinement, the performance 
of the tube 1s umpressive The experimental tube has a 
target capacity and signal extraction arrangement similar 
toa CP S Emuitron camera tube so that 1t was convenient 
to compare these cameras using identical head amplifiers 
It was found that the new tube produced an output peak 
white signal seven times larger than the CPS Emitron 
for the same light input and photocathode sensitivity 
The experimental tube was operated to give a secondary 
emission gain of about 7 mn this test and thus this result 
was to be expected since the C P S Emutron has no second- 
ary emission multiplication 

The tube has a lumiting resolution of 13 line pairs/mm. 
The resolution is at present limited paitly because the 
present reading section 1s identical to that of the CP S 
Enutron and was designed to scan a larger target than that 
in the present tube, and partly due to the mteraction 
between the primary electrons m the image section and 
the scanning fields, due to inadequate sereenmg In later 
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versions 1t 1s proposed to use a scanning system designed 
for a vidieon camera which should improve the resolu- 
tion 

In the mage orthicon, the unavoidable penetration of 
the scanning field 1nto the mage section results m. a loss 
of resolution, but this effect should be much smaller m 
our tube since the mmage-electron energies in the mage 
section will be at least an order of magnitude larger 

If a potential difference 1s mamtamed, across the spongy 
dielectric layer, then use may be made of electron bom- 
bardment mduced conductivity to supplement the multi- 
plcation m the layer The msulating surface of the layer 
is cathode potential stabihzed and thus the potential 
difference across the layer may be convemently varied by 
changing the signal plate potential The variation of 
multapheation with signal plate potential 1s shown m 
Fig 3 Satisfactory performance 1s obtamed with rela- 
tively low voltages giving a multiplication of about seven, 
but, with the present layers, moreasmg the voltage across 
the layer to obtain gams of 20 or more results m the 
appearance of white spots due to pmholes m the layer 
Under these conditions the tube 1s not smtable for tele- 
vision pictures or star fields, but would still be usable for 
scientific applications mvolvmg the detection of objects 
much larger than picture point size 


Charge gain m layei 





-10 0 10 20 
Signal plate potential (Y) 


~20 


Fig 3 The variation of the charge gain m the spongy target layer, 
with signal plate potential The gain is 7 for zero volts across the layer 
(signal plate potential = cathode potential) 


The output signal current 1s proportional to the mput 
illummation, that is, the gamma (y) 1s unity When 
operated as a television camera, the tube 1s capable of 
withstanding hgbt mput overloads of 8 times the mput 
corresponding to peak white signal before the target tends 
to anode potential stabilize This may not be adequate for 
some television work In a scientific application nvolvmg 
a long exposure to detect famt objects m the presence of 
bright ones, the rise of potential on the layer due to the 
bright sources can be limited by keeping the mesh at a 
potential below the first secondary emission crossover 
potential 

The device may, of course, be used for the detection of 
infra-red, ultra-violet, and X-radiation by replacmg the 
existing photocathode by a photocathode or phosphor/ 
photocathode sandwich sensitive to these radiations 
together with a suitable end-window 


1McGee, J D, J Roy Soc Arte, C, 329 (1952), Astronomical Opties, edit. 
by Kopal, Z , 205 (1956) 

2 Randall, R P , Adv Electronics and Electron Phys ,12, 219 (1960) Gebel. 
R K H and Devol, Lee, zd ,12, 195 (1960) Hynek, J A , Barton, 
G., Alkens, R , and Powers, W , abad ,18, 409 (1962) De Witt, jun, 
J H, wd , 16, 419 (1902) Livingston, W C, «bid , 16, 431 (1962). 
ie E W , wed ,16, 447 (1962) Gebel, R K.H , wd ,16, 451 


? Goetze, G W , Adv Hlectronws and Electron Phys , 16, 145 (1062) 
‘McGee, J D,I EE Intern Televsion Conf , 36 (1962) 


February 22, 1964 


No. 4921 


LETTERS TO 


ASTRONOMY 


A Source of Energy for Radio Galaxies 

Recent discussions about the source of energy in 
stiong extra-galactic radio sources have mdicated the 
possible importance of the nucle: of galaxies In the 
nuclei the densities are large, and thus the energies 
available in prmeiple are large, too The matter in these 
nucle: 1s probably largely stellar and the problem that 
arises 18 how the stars can yield the energy that 1s needed 
(up to 10° orgs) m a sufficiently short time Burbidge 
proposed that ın dense nuclei the heat wave emanating 
from a supernova might trigger the supernova process m 
surrounding stars It 1s not obvious that a brief heating 
of the surface of a star ıs really sufficient to imitiate an 
explosion Hoyle and Fowler? and Burbidge, Burbidge, 
Fowler and Hoyle? considered that very massive stars of 
up to 108 solar masses could yield the required energies 
However, neither the formation nor the stability of such 
large objects has been made plausible, unless the opposite 
1s demonstrated one should expect that rotation and frag- 
mentation prevent the formation of these bodies 
Burbidge et al consider that during the final stages of such 
massive objects large amounts of energy may be supphed 
durmg a prolonged time They suggest that after the 
implosion—which effectively places them beyond our 
event horizon—these objects may reappear and oscillate 
so to say mto and out of our universe, all the time releasing 
energy It should be stressed that this possibility exists 
only m a relativity theory that has been adopted to the 
requrements of contmuous creation In orthodox rela- 
tivity no such possibility arises In a sense ıb 1s not sur- 
prismg that with continuous creation a large amount of 
energy can be produced ! 

It would appear that m many sources the production of 
particles should continue for an appreciable time In 
Cent A and Vir A, for example, the existence of a very 
concentrated distribution surrounded by a halo distribu- 
tion appears difficult to understand if all particles had 
been produced at one mstant Also the optical emission 
hnes in Cyg A and other radio galaxies apparently 
required a long-lasting supply of energy Here maybe the 
colhsion between moving gas and stationary gas could be 
sufficient Further, the case of the Seyfert galaxies may 
be noted Statistical arguments indicato that m these 
galaxies the strong nuclear emission, which mdicates gas 
velocities of several thousands of km/sec, should persist 
durmg at least l0? years‘, perhaps with mterruptions If 
some of these objects loose an appreciable amount of 
matter in a time scale of the order of the nuclear radius 
divided by the velocity of the gas, a continuous supply of 
gas and energy or repeated injections (104-105 times) are 
mdicated Jt appears unlikely that the multiple explosions 
of supernovz or the massive objects could yield such a 
supply 

The case of the Seyfert galaxy NGC 4151 suggests a 
simpler alternative The nucleus of this galaxy has a 
luminosity of 10° times that of the Sun and a radius for 
which the upper limit is 50 pe Even a moderate 
mass to hight ratio would yield a mass of 101? suns Jt 
would not appear an implausible extrapolation that 
galaxies could exist in which the diameter of such & 
nucleus 18 a factor of ten or a hundred smaller In fact, 
the most concentrated part of the nucleus of M 32 has a 
radius of only 12 pe accordmg to the data of S 
Smuth*, but here the nuclear mass probably 1s not more 
than 10' suns The formation of such massive dense 
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nuclei, however difficult, would appear more easily under- 
stood than that of the massive superstars which have a 
radius of only 10-5 pe 

In such a condensed nucleus direct collisions between 
stars will be frequent What happens m such a collision ? 
It has sometimes been thought that collidmg stars would 
explode, but for unevolved stars this 1s not hkely at low 
velocities However, if the velocities are of the order of 
several thousands of km/sec a very strong shock wave 
would be produced in the stars even in the absence of 
nuclear reactions The fate of this shock when 1t emerges 
from the collidmg stars could be expected to be sumilar to 
that ın supernova explosions For that case Colgate and 
Johnson’ have indicated that if the shock moves into the 
tenuous outer parts 16 will speed up and become fully 
relativistic Thus behmd the shock front the gas is 
composed of cosmic rays that will be ejected In the relati- 
vistie gas the mean energy per particle probably 1s inde- 
pendent of the particle species and thus about half the 
cosmic ray energy could appear in the form of clectrons 
Then an appreciable part of the collision energy could be 
converted rather directly into ielativistie electrons If a 
magnetic field were to be present synchrotron radiation 
would result The magnetic field m most radio galaxies 
extends over a large region Because a field produced in 
the nucleus and expanded mto a large volume would be 
quite weak, while also the relativistic particles would loose 
thew energy during an expansion process, we have to 
suppose that the magnetic field exists already before the 
particles are produced, unless plasma instabilities would 
enable the electron stream to make its own very small. 
scale magnetic field 

Of course, many collisions would not be head on and 
small parts of the stars would m that case be ejected in 
the encounter Because of this and because of the 
possible disruption of the stars that make more head-on 
collisions a good deal of highly excited gas with large 
velocities could be produced Ifa magnetic field 1s present 
we thus have a radio source with an emission me spectrum, 
unless the gas escapes too fast, 1f no field is present or if 1b 
has been destroyed a Seyfert type of galaxy nught perhaps 
result, but for these alternative mterpretations are also 
possible* 

Many features of the radio stais also would fit into this 
picture If many encounters occur in a short time, strong 
optical radiation could ariso The optical light might well 
fluctuate m time, and the fact that the process 1s not a 
sudden one enables us to understand why the size of the 
radio source 1s so much larger than that of the optical 
object 

Let us now make some numerical estimates. Consider 
a nucleus with radius R, mass Nm, number of stars N, and 
radius of each stai r From the virial theorem the velocity 
dispersion 1s 


" 3 GNm, 
sV' = ep 








The mean free path à of a star is 
and thus the number of collisions ne per umt tıme in the 
nucleus - 
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9/2 
RD 


dE 3 
di nem V? = xS Gm, 
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Thus if r = ro N = 10 and E = 1 pe. we find dE/dt = 
10:6 ergs/sec, a factor of ven larger than the radiative 
losses from the strongest radio galaxies Tho total available 
Innetie energy 18 





E -iNmQ?- ergs 


10 E 
or with the parameters chosen 3 x 109? ergs The time 
scale of the source then becomes 107 years Small changes 
m the adopted parameters would enable one to cover the 
full range of radio galaxy lummosities If during the 
collisions the stars would also release 1 per cent of their 
nuclear energy content the available energy would be 
doubled 

The angular momentum difficulties 1n. the formation of 
these nuclei are much less severe than 1n the Hoyle-Fowler 
objects If we measure the angular momentum per unit 
mass in (km/sec)pe then a nucleus of this kind could 
accommodate about 10? units without difficulty This 1s 
to be compared with the angular momentum per unit mass 
near the Sun (3 x 108), in the gas at 100 pe from the 
galactic centre (3 x 10‘) and m the nucleus of M 31 (100) 
In the Fowler-Hoyle objects the maximum value would 
be near unity Also the formavon can extend over a 
rather long time ond fragmentation need not be avoided 
Still. the formation of such nuclei would present a formid- 
able problem if the matter has to be condensed into stars 
inside the nucleus Collisions almost certamly would 
disrupt the forming stars But maybe the matter need not 
be condensed into very neat stars, so long as large density 
fluctuations and large velocities occur, shocks that become 
relativistic can be expected Or ıt might be possible to 
build a nucleus from passing stars by stellar dynamical 
processes In a recent paper Sweet? has explored some of 
the ‘plasma type’ processes in stellar systems. Many 
novel features appear and ıb ıs not mmpossible that by 
making use of such interactions the formation of a nucleus 
could be better understood In any event, NGC 4151 
shows that very condensed nucle: do exist, whether we 
understand their origin or not 
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Tae idea that a very close-packed set of stars might 
evolve through collisions has also been proposed mdepen- 
dently by S Ulam and by T Gold A paper, followmg 
much the lines discussed by Prof Woltjer, was presented 
by Gold at a recent mternational symposium m Dallas 
(December 16-18, 1963) 

My first comment 1s that, n any event in principle, 
Prof Woltjer appears to be following the same path that 
Fowler and I took: of concentrating a very large mass into 
a comparatively small volume, and of then drawing on 
gravitational energy (through the viral theorem in this 
case) I accept, of course, that there are mteresting and 
important differences in the detailed aspects of the 
process 

To step up the mass to 10° Mo 1s still more radical 
than our proposal, but no worse for that However, I do 
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not understand the argument by which this mass 1s intro- 
duced The reference to the lummmosity of the nucleus of 
NGC 4151 implies a mass to hight ratio typical for ordinary 
autonomous stars, whereas the later discussion 1s directed 
towards deriving energy from collisions between stars 
The usual ratio of mass to hght appears irrelevant for 
such a process 

I would have been interested if Prof Woltjer had gone 
on to discuss the ultimate evolution of his set of closo- 
packed stars He avoids the two critical questions, the 
begmning and the end As regards the end, I would 
suppose that not all the mass could evaporate, smce 
mutially the total energy ıs negative, and ıs made effec- 
tively more negative as radiation and cosmic rays are 
emitted The steady destruction of individual stars 
should lead to the formation of one or more compact 
objects of large mass If the mitral mass were really as 
large as 107? Mo, I find ıt hard to see how the formation 
of the sort of object which Fowler and I considered, 10° 
to 108 Mo, could be avoided 

The sources 3C 48 and 3C 273 show light variations with 
& characteristic time scale of a year or more Prof 
Woltjer's calculations lead to about 10° star collisions a 
year Itis rather surprising, m view of this largo rato, that 
the light emission should not be steady over a time scale 
as long as a year Inspection of the formule shows that, 
if d#/dt 1s to be maintamed at ~ 1018 ergs sec-!, the neces- 
sary value for sources such as 30 48, 3C 273, there 1s no 
simple adjustment of the parameters that reduces the 
collision rate to ~1 a year 

Finally, with cosmic rays produced by a very large 
number of events, occurring at random positions withm 
the system, I find 1t difficult to understand why observa- 
tion shows emission m well-directed jets, often two jets in 
opposite directions This seems easier to understand in 
terms of the evolution of a single compact body 

FreD Hoxie 
Department of Applied Mathematics and Theoretical 
Physics, 
University of Cambridge 


RADIOPHYSICS 


An Analytical Formula for Radio-path 
Determination 


Tux shape of electron density, shown in Fig 1, makes ıt 
possible to express & radio path by an analytical formula 

In spherical ionized layers, similar to our ionosphere, 
three kinds of radio propagation are to be taken into 
account the penetration through the whole layer, the 
propagation along its inner boundary and reflexion}. 

For waves passing the whole layer, the followmg useful 
theorem has been derved? before and after passing 
through the layer the lmear parts of a ray path aro merely 





Fig 1  N(r) according to equ (2) 
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turned about the centre of curvature of the layer by an 
angle R (Fig 3) 

F sm tz f Ndr 
2 cos*tz Nam 





R= (1) 





F = f*[f*, f 1s the wave frequency, fe ~ V/ Na the critical 
frequency of the layer, N the electron density, Nm as 
maximum, f Ndr the whole quantity of electrons m a 
vertical column of unit area, 7 the radius of curvature 
defining levels of the same N, Tm the radius of curvature 
of the level Nm and tz defines the direction of propagation 
iz 18 the angle of meidence of the ray outside the 1ono- 
sphere, related to the level rm Smee m the next formule 
sin tz 18 often greater than unit let us replace 1b by sin 
us = Tira, where rs 1s the sphere to which the ray 1s tan- 
gentil whenever it ıs outside the ionosphere (Fig 3) 
Unfortunately (1) 1s vald at least for F/eos ts < 0,3 
Outside this limit the ray starts to propagate around the 
Earth or ıb 1s reflected and the propagation formula is 
now much more complicated 

The around-the-Earth propagation has been found to 
exist along two critical levels 10, defined by dnjdr + nj 
2 = 0 (rof. 3) '(n =} — F pa 1s the index of refraction ) 

m 

The upper circular path, appearmg closely below rm, 18 of 
no practical use as the beam 1s there much, dissipated 
The lower one, appearmg at the mner boundary of the 
ionosphere, 1s very stable In a perfectly spherical 10no- 
sphere the propagation along ıb 18 so stable that a wave 
must circulate along ıb around the Earth perpetually, 
though N is there nearly zero (It 1s because the curvature 
of the ray ıs there so small that ıt comeides with the 
curvature of the Earth) A small deviation from the 
horizontal direction brmgs the iay alvays back to ro, 
foremg 1t to oscillate perpetually along it (Denser upper 
parts reflect the wave down, while below ro the nearly 
rectilmear ray must return to ? « too?) 

In order to get an analytical formula for any ray path 
in spherical ionized layers a convenient shape of N(r) 1s 
proposed (Fig 1) 


v- Shb- Ceta] e 


The upper sıgn has to be used for tho outer, concave zones 
I and I’, and the lower sign for the inner convex zones IT 
and II’ (Each zone 1s bounded by fs and rs — Tz 18 7m OF 
tmine Ts = (Tm + Tmm)/2 with Ns = Nm/2 The upper 
part of the layer may be thicker than the lower one ) 
Each ray path 1s sufficiently defined by rz. "t [rm and W 


e pore Go) (3) 


The upper sign relates again to the zones I, T’, the lower to 
Ll I’ 
Ray-path formula for the outer concave zones I and I’ 














(W < 0) In these two zones the ray path ıs given by 
RE CORE 
"= IZ ecosko (41) 
where 
M Wr? — a? _ v(W + l)re — Wre 
5n Wu 57 Wr. i 
N Wrz? | 
k= me (5) 





For k = litis an elipse Smce k® 1 it 18 a quasi- 
ellipse with a k-times shortened o (41) 1s schematically 
reproduced in Fig 2 

The zone I can contam both levels of reflexion so that 
(4I) expresses the upper-mentioned oscillations along the 
lower circular path ro (Fig 2) In the zone I’, however, 
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Fig 3 Ray path (4IIp) 


there exists at best one level of reflexion, ıb ıs that one 
deviating the ray path outwards Also e = 0, giving 
forthright the circular path ro, 1s realized only m I In 
the zone I’ no circular path can appear 

Ray-path formule for the inner, convex zones II and 
II’ (W > 0) [Dwo cases have to be distinguished now 


(Put 12, = 1/4/(1 — F) now) 


W 
(a) If 2< 0 (for example, when sin?w < Wii) theray 


path is given by 
1 — y |e? [smh ke 





1 = 


(4IIp) 


a this case the wave passes the layer without reflexion, 
ig 3 


Ww 
(b) Ife? > 0 (sm te > wot we have 


p 


"= 1 — (X e) cosh ko 


(4II:) 


For s = 0 the ray path ıs circular The wave propagates 
along the mentioned upper level ro < 7m If waves are 
reflected above ro + has to be taken while for waves 
reflected below ro — must be used (Fig 4) Waves above 
f, are deviated upwards while waves below 7 are curved 
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Fig 4 Ray paths (4IIr) 


downwards That confirms the previous theory’, men- 
tioned here, about the dissipation of the beam 

Outside the layer the ray path 1s rectilmear. It must be 
tangential always to the same sphere r = rm sin tgz 


(Fig 3) (At a sphere of N + 0 16 goes tangentially to a 
1 
7 times larger sphere ) 


Since the vanation of election density with height, 
described by equation (2), 1s contmuous (though com- 
posed of sıx parts), the ray paths also are smooth ın spite 
of the fact that some of them are composed of four curves 
(4I) and (4II) and of two straight lines. 

More complicated shapes of the ionosphere must be 
separated in more than four zones For concave parts 
(4I) must be used while for convex zone (4II) must be 
taken mto account 

If a shght magnetic field 1s present the Appleton- 
Hartree formula has to be mtioduced into F instead of f 
But the analysis must be made more carefully 


E Wovx (E CxuvosxovA) 


Astronomical Institute, 
Praha 2, 
Czechoslovakia 
1 Woyk (Chvojková), E , Publ Astron Inst COzechos! , No 49 (1963) 
2 Woyk (Chvojková), E , Nature, 181, 105, 1195 (1958), J Atmos Terr 
Phys , 16, 124 (1959) 


3 Woyk (Chvojková), E , Bull Astron Czechosl , 5, 104, 110 (1954), 12, 1 
(1961), Proc Inst Rad Eng , 47, 1144 (1959) 


Fluctuations in Radio Astronomy and 
Nuclear Reactions 


FLUCTUATIONS of intensity, as a function of time, from 
an extended radio (or optical) source arise from the 
random phase relation between the many oscillators 
generating the signal In a similar way fluctuations of a 
nuclear reaction cross-section}, as a function of energy, 
arise from the random (energy) phase of the amphtudes of 
the many compound nucleus resonances which participate 
in the reaction The connexion between these two 
phenomena can be seen most clearly by considermg the 
cross-correlation of intensity fluctuations observed by 
two receivers (or two counters in the nuclear case) 

Hanbury-Brown and Twiss? have described an intensity 
mterferometer for the measurement of the angular size q of 
astronomical radio sources The essence of the matter 1s the 
measurement of mtensity I(t) by two receivers separated 
by a distance x. The cross-correlation function 


«IQ» — <I,(t)> <I,()> 


Cr = <I,(t)> L0 > 
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depends on a and i and can be evaluated, assuming a disk 
source of radius R, each point of which radiates ıso- 
tropically The expression for C,, is 


s. = [Srt - [gen] 


where % 1s the wave number of the radiation, J, 18 a Bessel 
function and 6 ıs the angle subtended by x at the source 
Thus the fluctuations are correlated for values of 0 less 
than the characteristic angle (cR) 

For the corresponding nuclear case, the same function 
Cı: can be used with the mtensity (count rate) a function 
of the energy E of the bombarding particles that mitiates 
the reaction The averages <> are now over energy 
rather than time Considermg the simple case of spmless 
nuclear particles, and assummg an isotropic average 
angular distribution, that ıs, < I(E) » independent of the 
angle of the counter with respect to the beam, then? 


kR 
Z2 (21 + 1) Pi(eos 0) i 
C.u [MEME 
12 (KR + 1) 


where Pi;(cos 6) 1s a Legendre polynomial, 0 the angle 
between the two counters, k the wave number, and R the 
nuclear radius Using the asymptotic relation for large 1 
and small 0 

Pi(eos 0) e Jo(l0) 


and replacing the sum over J by an integral gives 


kR 2 
Oiz ~% [s] l 1,09) | 


- [agen 


Thus in the classical limit the nuclear iesult becomes 
identical with the radio result 

In practice nuclear reactions are much more complicated. 
than was so far supposed here The details are discussed 
elsewhere?; but the main features may be noted as 
follows 

(1) Average angular distributions are anisotropic, 
although symmetric about the plane normal to the bom- 
barding particles and C,, becomes a function of 6, and 
0, and not merely 6 = |0, — 6,| 

(2) Non-zero spins for the reacting paiticles has the 
effect of damping the fluctuations and 1eduemg the value 
of C, as the observations then embrace several mutually 
uncorrelated fluctuatmg cross-sections 

(3) If the phases of the compound nucleus resonances 
are partially correlated the result can be interpreted as a 
duect interaction which again has the effect of reducing 
Cis 
(4) The discussion of both the radio and nuclear prob- 
lems assumes that the averages <I> taken over a series of 
small ranges 3 (mcludmg many fluctuations) will be 
sensibly constant over a large range A If this ıs not so, 
that is, 1f the fluctuations are modulated, then 


Of +1 = (05, + 1) (Ku + 3) 


where on is the correlation function evaluated over the 


entire range A, Cs is evaluated over the range 9 and is 
assumed to be independent of the particular iange 8 
within A, and K, 1s the correlation function of the short- 
range averages, that 1s, replacmg J ın the expression for 
Cie by «I»s 

It is noted that 2, 3 and 4 here apply to the auto- 
correlation C,, as well as the cross-correlation O, In 
particular, if the fluctuations are modulated C,, may 
exceed unity and in a simple case could be as large as 
three 
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We thank Dr John Bolton of the CSIRO Rado- 
physics Laboratory, Sydney, fo. directing our attention to 
the work of Hanbury-Brown and Twiss? 


N W TANNER 
Department of Nuclear Physics, 
Oxford 
D. M. BENK 
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GEOPHYSICS 


Rigidity and Density in the Earth’s Core 


In two previous papersb?, I have shown that, taking a 
fairly direct mterpretation of Bolt’s revised P seismic 
velocities? for the Earth’s core, 1b 1s possible to arrive at an 
estimate of order 15 g/cm? for the Earth's central density 
(po) In the second of the two papers, I pointed out that 
the estimate could be lowered if one made the ad hoc 
assumption that there 1s rigidity (p) decreasing with depth. 
in the lower core I have since carried out some calcula- 
tions related to this assumption, and the present report 1s 
to give an account of some of the more mteresting tenta- 
tive results Details of the calculations are to be published 
elsewhere 

Let r denote the distance from the Earth's centre Asin 
the earher papers, the symbols E", F, and G will refer to 
the regions for which 1,660<? «1,810 km 1,210<r< 
1,660 km, r< 1,210 km, respectively Reference will also 
be made to the coefficient 4 which serves‘ as an index of 
the departure (if any) from chemical homogeneity As 
usual, k will denote the incompressibility 

Following are some of the conclusions 

(1) By selecting, compatibly with the seismic data, but 
otherwise ad hoc, the most favourable distributions of 
both k and y, 1t 1s possible to have the index y equal to 
unity throughout the regions F and G@ that 1s, 16 1s possible 
to have F and G (but not E") chemically homogeneous In 
that case, the estimated mmimum, value of p, 18 about 
126 g/cm? In order to arrive at this mmimum, ib 1s 
necessary to postulate a sudden small drop 1n k and jump 
in p at the H’—F boundary, to have u falling to zero at the 
bottom of F, then jumping to about 1 8 x 10% dynes/em? 
at the top of G, and falling to 11 x 10% dynes/em?, or 
less, at the centre of G (If the sudden drop m k 1s dis- 
pensed with, the estimate of p, needs to be raised by 0 15 
g/cm" ) 

(2) If the regions F and G aie not both solid, the mm- 
mum central density 1s 13 5 g/em® For p, to be less than 
this figure, 16 1s formally necessary for u both to exist 
significantly and to dimunish with depth m both F 
and G 

(3) If neither. F and G ıs solid, the indicated mmimum 
central density 1s 14 7 g/cm}. 

These results are of some special interest im view of 
evidence put forward by Birch’ and others that the Earth's 
central density probably does not exceed 13 g/om? If 
this view be accepted, then the calculations presented 
here provide new evidence that the region G ıs solid and, 
further, require the rigidity ın G to dummush with depth. 

The calculations give rise to the view that the region F 
1s also solid, with p. again. dimmıshmg with depth This 
conclusion 1s, of course, not as strongly established as m 
the case of G since the value 13 5 g/cm? m (2) above 1s not 
so very much in excess of 13 g/cm’, and also some allow- 
ance must be made for uncertamties in the source data, 
the latter melude Bolt’s velocities, and taking dk/dp 
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(p = pressure) to be of the order of 4 units or so in the 
lower core 

The suggestion that F, as well as G, may be solid 1s, 
however, a matter of some mterest Fo. example, 
Verhoogen informs me that, with the four-layer core 
indicated by Bolt’s velocity distribution, the sequence 
liquid, hquid, sold, solid would be among the moie 
geochemueally plausible. The suggestion of dimimishing 
rigidity mside F and G 1s also of geochemical interest 

K E BurrEN* 
Universiby of Sydney, 
Australia 


* Present address Carnegie Institution of Washington Department of 
Terrestrial Magnetism, Washington, D N 
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Serpentinization as a Possible Cause of High 
Heat-flow Values in and near the Oceanic 
Ridges 

Pror v BEMMELEN recently asked me to calculate the 
thermal effect of serpentinization of an upper layer of the 
mantle, if fresh peridotite 1s supplied through a process of 
convexion currents or mass circwts This question 1s 
related to the hypothesis of Hessb?, according to which 
the seismologically determined ‘basaltic’ layer under the 
oceans would be a serpentinite 

In the following computation I use the model for con- 
vexion currents as advocated by Hess!? and Wilson’-4 
According to this model the ocean floor as a whole, 
together with 1ts topographical features as oceanic islands 
and guyots, and 1ts sedimentary cover, moves away from 
the ridges, representing the loci of rising convexion 
currents The ocean floor 15 renewed during this process 
In order to simphfy calculations, which anyhow can lead 
only to an order of magnitude of the thermal effect of 
serpentinization, I used the followmg model the upper 
4 km of peridotite of density 3 2, which 1s brought to the 
surface by convexion currents, rising under the oceanic 
ridges, undergoes a serpentimzation during its horizontal 
movement along the ocean floor, according to the following 
1dealized. equation 


Mg;&0, + Mg&10, + 2H,O — Mg, S1,0,(OH), 
(olivine) (enstatite) (serpentine) 


The serpentinite of density 2 6 has a thickness of 5 km 
In order to calculate the heat of reaction of this hydra- 
tion-reaction, we make use of the following formula 


AG = AH-TAS 


where AG = Gibbs free energy of reactions = Giserp) — 
Gol + en + 280), AH = heat of reaction of the above 
equation, T = temperature of reaction in °K, AS = 
entropy(sep) — entropy(ol + en + 2H,0) 

Now in equilibrium AG = The temperature of 
equilibrium. of the foregoing reaction ıs about 700° K at a 
water pressure of 500 bars? If we neglect the effect of 
pressure on the entropy of the solid phases, we may calcu- 
late the following entropies at 700° K, usmg data of 
Olsen’, Fyfe, Turner and Verhoogen’ and Kelley? 


Sohvme (700° K) = 51 85 
Senstatite (700° K) = 36 35 
Sserpentine (700° K) = 119 6 


Two moles of water at 700° K and at a pressure of 500 
bais have an entropy of about 67 5, according to the tables 
of Pistorrus and Sharp? 

The entropy-difference AS for the seipentinization 
reaction at 700? K and 500 bars water-pressure thus 
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becomes — 361 
— 25 3 kcal 

As 1 mole of olivme + 1 mole of enstatite have a 
volume of 75 cm?, the heat, released by serpentmization 
of a column of 4 km height and a cross-section of 1 om?, 
becomes 


4 x 105 
75 


This 1s the amount of heat which 1s seb free by serpen- 
timzation under 1 cm? of the ocean floor 

When we consider the yet rather meagre data on 
heat-flow near the oceanic ridges (for example, the Hast 
Pacific rise, Fig 7m ref 10), we see that the extension of 
the belt of anomalously high heat-flow stretches about 
300 km on both sides of the ridges 

If we assume an annual velocity of 5 cm for the con- 
vexion currents, we see that the distance of 300 km men- 
tioned above takes 6 x 10° yr If the process of serpen- 
tmization of 4 km of peridotite into 5 km of serpentinite 
takes place m the same time, this means that, on account 
of this process alone, the mean heat-flow in this belt 
would be raised by 0 71 x 10-* eal/em? seo It 18 clear 
that if later figures of v Herzen, quoted in Bullard”, 
estimating the width of the belt of anomalously high heat- 
flows to be only 20-40 km are adopted, this figure will be 
raised to 71 x 10-9 cal/em? sec As the heat-flow under 
the oceans to be expected from the radioactivities of the 
subjacent mantle and core would amount to 065 x 10-5 
cal/em? sec (see ref 11, Table 3, corrected for absence of 
basalt), ıt ıs seen that serpentimuzation of peridotite, 
freshly supphed by convexion currents, would consider- 
ably affect the heat-flow values of the oceans near the 
oceanic ridges It should be noted here, however, that 1f 
one believes that serpentimization is primarily brought 
about by reaction of anhydrous pendotite with ocean 
water, a large part (at 500 bais water-pressure about 17 2 
keal) of the 25 3 keal set free by serpentimzation must be 
used to heat the ocean water up to 700° K Even m the 
case that the peridotite contams no trace of water, a 
rather important heat-effect remams 

As, presumably, serpentimzation will set ın strongest 
near the ridges, bemg limited only by the fact that the 
rocks cannot heat themselves up above the equhbrium 
temperature, and will taper off away from the mdges, 16 
may be that we have here an explanation of the unexpec- 
tedly high heat-flow values ın the oceans near the 1idges 

The total amount of ‘extra’ heat, released near tho 
oceanic ridges, seems compatible with the serpentinization 
hypothesis, certainly if part of the water 1s of juvenile or 
pseudo-juvenile origm, that is, brought down in the 
mantle durmg an earlier convective overturn Whatever 
the origin of the water, the reverse reaction to peridotite 
+ water, taking place m the down-current (oceanic 
tienches), must certamly have a laige cooling effect 

If future oceanographical research does reveal the 
presence of a serpentinite layer under the oceans instead of 
basalt, the serpentinization process will be a major factor 
m the interpretation of the heat-flow data 
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The heab of reaction then becomes 


x 253 x 103? = 135 x 108 cal 
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GEOCHEMISTRY 


Meteoritic Tritium and Diffusion in 
a- and »-Iron 


SEVERAL pomts urgently require clarification following 
my recent exchange of communications with Mr Tamers}.? 
First and most mmportant, the limited, available evidence 
does indeed suggest that a difference of several orders of 
magnitude exists between y- and «-phase of 1ron for diffu- 
sion constants of hydrogen at room temperature Tt 1s, 
of course, the room-temperature behaviour which 18 
relevant for the problem of loss on Earth Mr Tamers 
quotes the paper of Sykes, Burton and Gegg? as showmg 
that these two diffusion constants differ by only a factor 
of 10 at 650° C The identical equations and numbers 
from this paper demonstrate a difference of a factor of 
one million at room temperature (20° C) 

In fact, the values given by Sykes et al are not directly 
measured, but only calculated, values, obtamed by usmg 
the solubility data of Sieverts*, the permeation constants 
of Smuthells and Ransley*, and the permeability data of 
Bennek and Klotzbach* A recent discussion of the 
difficulties of computing D from independent solubility 
and permeation data 1s given by Johnson and Hill’, who 
also give measured values for D down to room tem- 
peratures m «-iron, but not in y-1ron Measurements of 
hydrogen diffusion im an iron alloy contammg 4 36 per 
cent nickel have been made by Chang and Bennett? with 
a transient permeation method that does not require 
knowledge of solubility Their measured values, 1f extra- 
polated linearly to room temperature, give a ratio of 1,000 
for the « diffusion constant compared with they Although 
this nickel concentration 1s somewhat similar to that of 
kamacite of meteorites, 16 1s much lower than that of 
tenite As the data of Johnson and Hull demonstrate, 
such linear extrapolation may not be correct at low tem- 
peratures, however, in the absence of measurements at 
room temperature, ib may be a suitable first approxima- 
tion for the y-phase diffusion constants (Note that the 
numerical values that Chang and Bennett give for activa- 
tion energies ın ther Fig 14 do not follow from their 
curves ) Tho foregomg room-temperature diffusion con- 
stants are summarized in Table 1 This shows that the 
lowest values for the hydrogen diffusion constants m «- 
iron are still apparently a thousand times larger than the 
estimated values in y-1ron As I have previously pomted 
out, 1t 18 such differences that can account for an apparent 
mutial rapid loss of t11t1um from meteorites followed by an 
approximately constant concentration (with tritrum 
decaying with normal half-life) over decades. 


Table 1  RooM TEMPERATURE (20°C) DIFFUSION CONSTANTS 
Material a-Phase y-Phase Ref 

Pure iron 15 x 105 2 x 1071 3 

Pure iron 2 x 107 7 

4 36 per cent nickel 1n iron 2 x 10° 1071 8 


It ıs interesting also to note that the ratio of extra- 
polated diffusion coefficients for self-diffusion in a- and 
yaron ıs about a million at room temperature’, and the 
ratio of extrapolated carbon diffusion coefficients m «- 
and y-ron at room temperature!11 is more than 108 
Although the extreme smallness of the absolute values of 
room-temperature diffusion coefficients for carbon and self- 
diffusion makes the ratios of little direct interest, they do 
help to emphasize the quite general nature of the difference 
im diffusion rates m g- and y-phase at these temperatures 

That Bambridge, Suess and Wanke!? obtamed lower 
values than we did for the Aroos tritrum activity may also 
be consistent with diffusion losses, as their sample prepa- 
ration meluded making fine iron turnings on a lathe, 
providing very thin pieces while simultaneously heating 
and distortmg the sample from the machming process 
itself Thus ther extiaction procedures, speerfically 
designed to try to ensure complete removal of tritium 
from the sample, may instead have aided its escape 
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The Bogou meteorite with its very low t1it1um concen- 
tration 15 now known to be a coarse octahedrite (E P 
Henderson, private communication) and thus may provide 
further evidence for tritrum loss fiom kamacite. Coarse 
octahedrites are low in tenite, and the bands are spaced 
far apart In addition, however, we do know that our 
small sample was heated on entry, as we ourselves 
separated 16 by slow gradual sawmg from its immediately 
overlymg layer of external fresh meteorite fusion crust 

The tritrum concentration of the metal phase of stony 
meteorites 1s relevant to the discussion of the 1rons, since 
1t 18 well known that the metal phase of most chondrites 
consists of a mixture of kamacite and temite!*-* 

Tamers, in his last communication, has restated the 
problem of explammg the observed *He/*He ratio m iron 
meteorites There are several possible ways in which 
this problem can be resolved (1) In view of recent 
evidence for some diffusive loss of tritium from accelera- 
tor targets!*17, ıb ıs possible that tritium cross-sections 
aie indeed higher than reported ın tho literature, and that 
meteorite *He/*He ratios are mdeed somewhat lower than 
those expected, if no tritrum loss 1s assumed (2) If gram 
boundary diffusion rates are sufficiently close to bulk 
diffusion rates, the much larger size of most iron meteorites 
1n space compared with typical sawed laboratory samples 
of a few mm thickness may simply reduce total diffusion 
losses below significance Although the appropriate 
diffusion lengths foi the problem are unknown, they are 
critically important, smce they enter in the square of the 
exponent m the diffusion-loss equations (3) Fme 
and medium octahedrites and the larger coarse 
octahedrites may m space have fairly tight and unmter- 
rupted three-dimensional grids of mtersectmg tenite 
bands, which serve as & barrier to the higher loss rates 
otherwise expected from the kamacite When the meteor- 
ites are sawed into small specimens, this three- 
dimensional network of ‘cages’ ıs ‘opened’ along the 
surfaces In a small sample of a coarsest octahedrite, all 
kamacite regions would then be effectively unsheathed by 
tenite boundaries in at least some directions, whereas m 
sufficiently fine-gramed octahedrites, regions of kamacite 
would remam 1n the interior that were still enclosed by the 
normal undisturbed grid of tænıte Such a model could 
also explain what 1s otherwise the most serious argument 
against the differential diffusion explanation of meteozitic 
tritium data—that the ratio of observed to expected 
tritium activity m the measured octahedrites 1s typically 
higher than the ratio of temtetokamacite (4) If the irons 
had asteroidal-type orbits durmg much of their lifetime 
and were relatively recently perturbed by collision or other 
effects mto orbits crossing that of the Earth, their tem- 
peratures throughout most of ther hfetimes m. space 
would have been significantly lower than their recent 
temperatures The steep exponential dependence of 
diffusion rates on temperature would then explain httle or 
no tritium loss through most of the exposure history, 
giving ‘correct’ *He/4He ratios, yet might allow recent loss 
m space near perthelion In fact, we have hoped to use 
Just this effect as & probe for past moteorite temperatures 
and orbital histo11es, but when viewed ın the context of all 
the foregomg uncertainties, such studies do not appear 
very promising at the present time It 1s clear, however, 
that there are several plausible ways of explaming the 
°He/*He ratios consistently with the meagre known facts 
about hydrogen diffusion ın iron 

Dubost and Lefort! have recently reported on room- 
tomperature diffusion of hydrogen from proton-bombarded 
1ron sheets, and have verified that tritium 1s indeed leaking 
out of the sample over an extended period of time Their 
results are not consistent with sumple isotropic diffusion 
from a homogeneous phase according to Fick’s Law, and 
probably neither their results nor earher results" on 
heavily irradiated targets are directly applicable to 
meteorites Detailed study of grain size, impurity concen- 
tration. state of cold work and annealing, structure and 
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sumilar difficult-to-control variables will probably be 
necessary to clarify observed differences in retentivity 
between heavily irradiated and umrradiated samples, 
between different irradiated samples, and between meteor- 
ites and accelerator targets 
Davip TILLES 
Smithsonian Astrophysical Observatory 
and Harvard College Observatory, 
Cambridge, Mass 
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Determination of Manganese-54 in Iron 
Meteorite 


MEASUREMENT of radioactivity ın meteorites induced by 
cosmic rays reveals the flux of cosmic rays which have 
irradiated these bodies The measurement of short-hfe 
or medium-hfe activity ıs therefore interesting since ıb 
makes 16 possible to compare the flux at the final tame of 
irradiation with that of average long time 

Direct y-ray spectrometry without chemical separation, 
which was developed by Anders', Van Dilla et al? and 
others’, has several advantages, the method 1s, among 
other things, non-destructive, rapid and free from con- 
tamination The applheation of this method to fresh 
meteorites which have fallen recently seems full of 
promise, because these meteorites contam several y- 
emitters of sufficient activity 

We tried y-ray spectrometry of the new iron meteorite 
which fell at 1000 am on August 14, 1962, at Bogou, 
situated about 100 miles north-east of Fada-N’Gourma in 
Upper-Volta, Africa The specimen which we received 
was a flat cut piece, 5 mm thick, which measured about 
7cm x 7 em and weighed 185g The original weight of 
the meteorite was 8 kg when ıt was found. 

The y-ray spectrometer was composed of 4m x 3 in 
semti-block-type sodium iodide (Tl) crystal and a 100 
channels pulse-height analyser The detector was 
surrounded by a shield of iron 5 cm thick 10 cm of lead 
and 10 em of paraffin mixed with boron oxide The 
spectrometer was placed m an underground room, itself 
situated beneath a water pool about 1 5 m deep 

Fig 1 shows the spectrum obtamed for the Bogou 
meteorite from the mean of two runs of 1,000 min each In 
this figure, the background 1s subtracted The promment 
peak at 0 84 MeV 1s ascribable to manganese-54 (half-hfe 
291 days) and the small peak at 0 51 MeV 1s probably due 
to positron emitters, whereas the uncertam peak at 0 2 
MeV 1s not identified 

Calibration was carried out with a standard manganese- 
54 source of known activity mserted mto an assimilated 
model of the meteorrtte The manganese-54 content 1s 
estimated as 750 + 75d p m /kg at the date of fall This 
value is rather higher than that of Aroos iron meteorite 
(470 d p m /kg), measured by Honda et al^ The produc- 
tion of manganese-54 in meteorites 1s particularly depen- 
dent on the flux of low-energy cosmic raysë The difference 
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Fig 1 Gamma-ray spectrum of the Bogou meteorite, measured during 
June 15-17, 1903 





observed m manganese-54 content between two meteorites 
may, therefore, be the result of two different causes The 
flux of low-energy cosmic rays may have been different 
m the two meteorites by different absorption of primary 
cosmic rays and production of secondary particles This 
effect strongly depends on the size of meteorites, before 
the fall, which 1s unknown The difference may also 
represent a real short-term variation m the flux of low- 
energy cosmic rays, between the fall of Aroos (1959) and 
that of Bogou (1962) 

To check this position, we plan to measure by chemical 
extraction the manganese-53 activity (half-life 2 x 109 yr ) 
and compare ıt with the manganese-54 activity The 
measurement of cobalt-60 and the ratio of **Mn/**Co will 
provide us with further mformation on this pomt and on 
the interaction of thermal neutrons 

We thank Mı Tovy Grjebme for advice and for the use 
of the y-ray spectrometer, we are also grateful foi the 
sample of the Bogou meteorite, which was made available 
to us by the lind permission of President Maurice 
Yameogo, of the Government of Upper-Volta 


Yusr YOKOYAMA 
JACQUES LABEYRIE 


Centre National de la Recherche Scientifique, 
Centre des Faibles Radioactivités, 
Gif-sur-Yvette, 

Seme-et-Orse, 

France 


! Anders, E , Geochim Cosmochim Acta, 19, 58 (1959) 


* Van Dilla, M A , Arnold, J. R , and Anderson, E, C , Geochun. Cosmochim 
Acta, 20, 115 (1960) 


> Gfeller, C , Houtermans, F G , Oeschger, H , and Sehwaerz, U , Helv 
Phys Acta, 34, 466 (1961) Rowe M W , and Van Dilla, M A iv 
Geophys Res , 66, 3553 (1961) Brwas, M M, and Gentner, W, Z 
Naturforsch , 17, a, 921 (1962) 


* Honda, M , and Arnold, J. R , Geochun Cosmochim Acta, 23, 219 (1961) 
* Arnold, J R , Honda, M , and Lal, D , J Geophys Res , 66, 3519 (1961) 


PHYSICS 


Recognition of Simple Forms: 
a Thermodynamic Approach 


WITE respect to the problem of recognition of complex 
forms 1t ıs probable that a detailed treatment cannot be 
proposed at present The method of mformation storage 
and retrieval m the bram 1s only beginning to be under- 
stood In particular, the order m which specific elements 
of tlie form bemg exammed are retrieved 1s not known 
and, mdeed, may vary significantly from one observer 
to another depending on the circumstances m which 
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the information was first assimilated and on the manner 
ım which the patterns of recall have been modified with 
use 

However, recent developments in the physical sciences, 
particularly with respect to the mathematical treatment 
of symmetry and 1ts recognition as the inverse function of 
entropy, a well-defined thermodynamic quantity, suggest 
an approach to the psychology of recognition of sumple 
forms? 

It has been demonstrated that simple forms may be 
classified with respect to symmetry in the followmg way 
consider the problem of supermposmg two identical 
forms (or objects) fiom random positionmg in space 
There exist ın sequence a maximum angle through which 
one object must be rotated, relative to the other, m order 
to effect ahgnment in two dimensions and a maximum 
angle for final rotation to effect supermmposition (or juxta- 
position) m three dimensions It has been proposed that 
forms decrease m symmetry, first, as the number of 
required rotational operations mereases and, second, as the 
maximum angle of each rotation mereases Table 1 
shows how various forms may be classified by this treat- 
ment. 

Table 1 


Rotation 
1 Rs 
1 Sphere — — 
2 Circle x 90° — 
3 Cylinder < 90° = 
4 Helix or ‘unidirectional’ cylinder < 180° EA 
5 Cube < 45° z 45 3 
6 Regular tetrahedron* « 60° <= 62 [A 
7 Octagon z 90° zZ 22 5 
8 Hexagon x 90° z 30° 
9 Square « 90° < 45° 
10 Triangle (equilateral) « 90° z 60° 
11 ‘Triangle (isosceles) < 180° zx 90° 
12 Right triangle = 180° z 180° 
13 Irregular triangle < 180° < 180° 
14 Irregular tetrahedron * « 180° € 180 


* Triangular superimposition 


On this basis the sphere is the most symmetrical form 
of all. No rotation 1s required for ‘superimposition’ on its 
twm. Next ın order of symmetry are the cırcle and 
cyhnder which require a single rotation of «90? Inspec- 
tion of the table will show that the classification agrees 
with experience 

It appears that the sequence of steps mvolved in the 
recognition of simple shapes 1s as follows 

The eye conveys a mental picture to the bram This 
picture 1s probably first inspected two-dimensionally and 
compared with a ‘file’ of two-dimensional shapes until one 
18 found which corresponds to the parent shape (or three- 
dimensional object) under consideration Of course, for 
every parent shape (except the sphere) there are many 
two-dimensional representations 

Thus, a com may be represented m two dimensions by 
a series of images varying from a circle to a thin oval 
To the brem, however, all these mages rmmediately 
suggest a com (or thin disk) Whether the brain stores a 
complete spectrum of such sub-shapes or a few selected 
ones that cannot be differentiated from the one observed 
1s not clear Inspection of a coim from various angles 
shows that the eye cannot immediately differentiate 
among more than about eight mages. Accordingly, i6 
would be sufficient for the brain to store these eight sub- 
shapes It seems doubtful that the angle of inclination of 
the ovals from the vertical is important for simple shape 
recognition As shown ın Table 1 the variety of sub-shapes 
available to a disk may be represented by R, « 90° 

If a regular twelve-sided polygon (represented by an 
Enghsh threepence) ıs inspected in à similar manner, tho 
problem 1s more complex It 1s apparent that the same 
variety of sub-shapes available to a circular com 18 avail- 
able to a threepence In addition, there are the sub- 
shapes available from its twelve regular sides The 
maximum angle through which two superimposed coins 
must be rotated for comeidence 1s 15° (1/2 the angle 
subtended by a side) Accordingly, R, = 90° and R, z 
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15°, so the threepence 1s less symmetrical than a circular 
com 

A special problem 1s posed by forms which possess a 
single plane of symmetry 

In the problem of juxtapositioning of twins from random 
positionmg m space values of R, = 180? and E, < 180° are 
obtamed These are values shared by forms of the most 
irregular dimensions so no advantage ın thermodynamic 
symmetry can be shown However, ‘psychological’ 
symmetry certamly exists Possibly, the braim stores 
two half images, limited by the plane of symmetry These 
might be stored m opposite sides of the bram Sub-images 
of each half mage might be stored as well However, 
scanning of only one of the two sets may be necessary 
because of their similanty Recognition would be only 
half as difficult as for irregular shapes Accordingly, the 
situation 1s equivalent to E, = 180°, R, e 90? 

It appears to follow, therefore, that the less difficulty 
the bram encounters m locating a suitable sub-image for 
comparison with the object bemg viewed, the more 
pleasmg the object 1s to the eye and the more ‘symmetrical’ 
the object appears This behaviour of the brain, exhibited 
1n a preference for recognizing symmetrical objects, sug- 
gests that a significant amount of energy, relative to the 
stress capacities of the bram region involved, 1s used in 
the recognition of sumple shapes 

In thermodynamics entropy has the dimensions of 
calories per gram-degree Symmetry with reciprocal 
dimensions may be expressed m gram-degrees per calorie 
Thus, scanning of the bram for an appropriate sub-image 
amounts to an ordering process with a greater expenditure 
of energy for less symmetrical shapes More ordermg in 
gram-degrees per calorie 1s effected with less energy 
expenditure for symmetrical shapes 

The problem of symmetry as treated herem bears an 
important relationship to the general problem of efficiency 
of space-filung of various shapes The sphere represents 
the most economical form for containment of space, that 
18, 1ts surface-to-volume ratio 1s the smallest attamable 
for any three-dimensional object The sphere may be 
regarded as the limutmg shape for all regular polyhedra 
as the number of mdividual surfaces approaches infinity. 
Surface-to-volume ratios for regular polyhedra decrease 
to the limiting value for a sphere as the number of surfaces 
of the polyhedra mcreases The suiface-to-volume ratios 
of regular polyhedra are in the same order as the angles of 
rotation for superimposition of twms Thus, efficiency 
of space-filling 18 directly related to symmetry 

In a similar way the perimmeter-area ratio of regular 
polygons 1s inversely related to symmetry as defined here 
Thus, a form of any given area can be ‘taken in' more 
readily by the eye and processed by the brain more easily 
if 16 has a low perimeter—area ratio The process 1s still 
one of ordering, however 3 

In conclusion, the problem of symmetry and beauty of 
simple shapes 1s fundamentally one of recognition The 
more easily recognized, the more pleasing 1s the object to 
the eye. Recognition 1s essentially an ordermg process, 
and 1s accordingly related to the number (and variety) of 
sub-shapes (or configurations) available to the parent 
shape A convenient, quantitative measure of the 
relative availability of configurations 1s provided by the 
number of rotations and maximum angles of rotation 
required, for superimposition of twms Any angle repre- 
sents an infinite contmuum of possible sub-shapes or 
configurations However, the availability of configura- 
tions in any two angles will be m the same ratio as the 
angles themselves 
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Visible Spectra of Thin Sections and 
Polynuclear Condensed Aromaticity of 
Pittsburgh Coal Vitrain 


Lrwrrs on polynuclear condensed aromatic contents 
have been determined by ultra-violet-visible spectra of 
ground thin sections!:? and muerotomed ultra-thin sec- 
tions? The visible spectrum of ground sections has been 
iechecked on thick sections for which accurate measure- 
ments of thickness were possible The spectrum obtained 
for a 10 3u, hole-free section ıs curve D of Fig 1, the 
spectral region below 5000 A 1s not accessible with sec- 
tions of this thickness The previously published com- 
posite spectrum? for six sections varying 1n thickness from 
2 to 10u1s curve © Curve A, a portion of the published 
spectrum of a microtomed section 550 A thick?4, shows K 
values greater than those of curve D by factors from 7 8 
at 6400 A to 43 at 5000 A The content of condensed 
polynuclear aromatics allowed by curve D 1n this spectral 
region would be smaller by simular factors 

The differences may be due to holes m the ground 
sections, or to light losses from scattering or mterference 
effects which would produce high apparent K values for 
woakly absorbing samples such as ultra-thin sections The 
use of the thicker ground sections with higher absorbance 
values can avoid appreciable errors from scattermg or 
interference effects, at very high absorbance values, 
however, minute holes can produce errors Interference 
effects are rmportant for sections thinner than ly Scatter- 
ing errors can result from disruption of the coal structure 
which may occur as an artefact of the microtome knife 
action’, scattermg would be greater in the ultra-violet 
region than m the visible 

The possible errors from holes ın ground sections have 
been investigated by obtammg spectra on a portion of a 
thin-section which contained holes to the extent of 0 07 
per cent of the sample area (curve H,) The spectrum 
shows that the presence of holes 1s not a negligible factor 
Holes are easily detected spectrally by observing a shoulder 
or levelling off of the spectrum K values for the 10 3u 
section, observed to be free of holes, are up to 57 per cent 
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Fig 1 Visible spectra of thin sections A, Microtome sections (refs 
3 and 4), B, ground section, 5460 A (ref 6), C, ground sections (refs 
1 and 2), D, ground section without holes, E;, ground section with 
0 07 per cent holes, Eg, section E; with holes covered 
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larger at 5000 A Curve E, begins to level off into a 
shoulder at absorbance 3 5 at 5200 A, the erroris large at 
that pomt, but the data are usable from 7750 to 5900 A, 
where the spectral cur ve begins to deviate In the origmal 
woik!? sections with holes, observable visually or spect- 
rally, were discarded 

That the shoulder is produced by holes ıs shown by 
covering the holes with indian ink (curve E.) The 
shoulder disappears and the spectrum returns essentially 
to that of the hole-free section (curve D) 

The translucence and transparence of ground sections to 
sodium light 1s more in accord with the spectral data fiom 
curve D, the measuied transmittance at 5890 A for the 
10 3u ground section 1s 0 43 per cent (transmittance = 4 3 
x 10-9) This value differs considerably from the intense 
absorption indicated by specwal data from ultia-thin 
sections’, at 5890 A the data from curve A 1equire 
that the hght transmitted by a 103y ground section 
would be effectively zero transmittance = 2 5 x 10-15 

K values at 5460 A for ground section data are 37 
(curve C) and 2 9 (curve D) These values compare with 
the value of Huntjens and van Krevelen for a ground 
seetion?, the absorption index, 0 04, gives a K value of 
56 (point B, Fig 1) 
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Pulse Radiolysis using a Constricted Air 
Spark Light Source 


TRANSIENT absorption spectra of various dilute aqueous 
solutions irradiated with à pulsed beam of electrons have 
been investigated in this Department The spectroscopic 
light source used 1s shown in Fig 1 and 1s a modification 
of a constricted air spark source developed at the Fighting 
Vehicles Research and Development Establishment! It 
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Fig 2 a, Details of light spark gap, b, detail of trigger electrode 


consists of a rng of five 0 05 uF low mductance capacitors 
connected in parallel by two brass bridgmg plates which 
serve to clamp the whole assembly The spark gap is 
demountable and ıs shown m Fig 2 The hght flash 
occurs between an electrode ın electrical contact with the 
high-voltage bridgmg plate and an intermediate tungsten 
electrode separated from ıt by a 4-mm thick ceramic 
disk (“Hylumina’) The hght spark is constricted by a 
l-mm diameter hole m this disk The firing gap 1s formed 
by the intermediate electrode and a muild-steel electrode 
connected to the earthed bridgmg plate by a copper 
cylinder inside the condenser assembly A trigger elec- 
trode (Fig 25) has been ineorporated in the muld-steel 
electrode to enable the hght source to be fired electrically 
with a variable short delay after the irradiation pulse 
The trigger electrode ıs mounted ın a ‘Perspex’ plug and 1ts 
tapered end ıs insulated to within 1 mm of its tip by a 
numbe1 of coatings of ‘Araldite 970BN’ 

When charged to a potential of 4 kV, the energy stored 
m the capacitors 1s 2 joules Measurements of the per- 
formance of the source? show that 1t gives a good con- 
tinuous spectrum in the visible and ultra-violet regions 
Analysis of the spectral distribution between 2700 A and 
5000 A indicates a brightness temperature of the order of 
20,000° K The overall hght duration ıs 8 5 usec with a 
time to half peak of 4 usec 

Preliminary results have been obtamed with 10-? M 
solutions of amino-acids m pure distilled water, partially 
de-xrated by bubblmg with nitrogen Solutions were 
irradiated with single pulses of 14-MeV electrons, 1 3 psec 
long, delivering a dose of 9 kilorads Short-lived absorp- 
tion bands with life-times less than 1 msec have been 
observed with glycine and alanine solutions With glyemo, 
two bands with peaks around 3100 A and 3550 A have 
been detected Alanme shows only a single broad band 
with a maximum around 3000 À 7 

The species causing these absorption bands have not 
yet been identified, but thorr presence appears to support 
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the explanation put forward by Rotblat and Summmons? of 
the non-hnear dose response curve observed for the long- 
lived free radicals m irradiated solid ammo-acids by the 
electron spm resonance technique 

We thank Piof J Rotblat for suggesting this problem 
and for his advice One of us (C L G) thanks the 
Department of Scientific and Industrial Research for a 
maintenance grant 
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RADIATION CHEMISTRY 


Radium-226 Content of Natural Waters and 
Coal in New South Wales 


No mvestigations of the natural a-activity existing m 
Australia have been published and this communication 
reports some exploratory results Investigations on 
natural waters have a two-fold purpose first to study the 
principal natural contributoi to radiation health problems, 
and, secondly, to obtain geochemical information We are 
not aware of any other similar studies of coal Simcoe 
1adium ıs normally associated with siliceous rocks, the 
amount carried in dusts may add 1ts effect to the total ar- 
pollution, and also the radium content might serve as a 
means of identifying coal seams or of grading coal 

Bulk samples were first treated ın the following manner 
(a) Surface water samples wero recerved in 4-gal drums 
from various places and a total of 36 were concentrated by 
evaporative heating in glass vessels Towards the end of 
the evaporation, concentrated hydrochloric acid and a 
few drops of nitric acid were added A little silica was 
1emoved and the resulting filtrato of 250-ml volume was 
stored for analysis (Although ıt ıs usual to take a bulk 
sample of 11, an aliquot of the final 250 ml was analysed, 
which represented 5 1 of the original wazer sample) 
(b) Coal samples were taken after separation by flotation 
into vitrain, duran and muneral matter, which were 
classified according to thew ash content and specific 
gravity Each sample was ashed and the residuo was 
fused with sodium carbonate ‘The melt was extracted 
with wate. silica) was removed and the filtrate was 
retained 

The solution obtained fiom the preliminary treatment 
of the coal and an aliquot of the evaporated wato1 sample 
were then analysed by the method of Goldin? All barrum 
sulphate samples for «-counting were set aside for twelve 
weeks to allow equilibrium to be reached and to allow 
1adium-224 (3 64 days) and radium-223 (112 days) to 
decay The retention of 1adon by barium sulphate 1s well 
known to be complete and so the a-count at equilibrium 
for radrum-226 will be four times the count at zero time 
The experimental variation with time of the g-actıvıty of 
freshly precipitated barrum-radium sulphate was not the 
same as the thooretical variation for radrum-226 and 
daughters alone  Radium-223 and radium-224 (but not 
thorium-228) are believed to have been present ın small 
amounts The precise amount has not yet been determ- 
med, for example by «-pulse speetrometry 

It might be noted that the total radium content of 
water samples, which contam much silica can only be 
found by carbonate fusion of the silica followed by the 
analysis outlined heret? 

An argon gas flow-propoitional counter of the Sharpe, 
Atomic Energy Research Establishment, Harwell, design 
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was used thioughout with 1 05-kV high tension and back- 
ground 046 cpm Its efficiency was determined with 
natural uramum A solution of uranyl nitrate was made up 
and analysed by the 8-hydroxyquinoline method? so that 
l ml of uranyl mirate deposited on a planchette, after 
ignition, represented 1 mg of natural uranium in the form 
of U,0, (ref 4) Self-absorption corrections were made 
empirically by adding known amounts of barium to the 
uianyl nitrate solution before ignition’? 

The radium contents of thirty-six samples of untreated 
surface water m New South Wales and Queensland ae 
given in Table 1 Tho radium-226 content may be taken 
to be one-quarter of the equilibrium values listed On this 
basis, the highest activity found, at Murwillumbah, is 
about one-sixteenth of the maxumum peimussible concen- 
tration given by tbe International Commission on Radio- 
logical Protections, 33 puc Jl The levels 1eported here 
are of the same order as those found for surface wateis 
from lakes and reservoirs in Great Britain, although some 
of those samples were derived from Precambrian or 
granitic rock formations® 


Table 1 RADIUM CONTENTS OF NATURAL SURFACD-WATER 
Total Total 
activity at activity at 
Locahty equilibrium Locahty equilibrium 
: (une [1 ) ~ (uuo [1) 
Kiama A 016 Broken Hill 1 008 
Kiama B 016 Broken Hill2 0 16 
Kiama C 0 28 Tumbarumba 0 08 
Murwillumbah No 1 0 80 Murrumburrah 0 20 
Murwillumbah No 2 0 40 Lismore No 1 021 
Murwillumbah No 3 056 Lismore No 2 024 
Murwillumbah No 4 052 Iismore No 8 0 28 
Brisbane 012 Campbelltown 012 
Griffiths 044 Stroud 0 20 
Cessnock 1 032 Little Nerang Watei 
Cessnock 2 0 04 Supply (Queensland) 0 80 
Crookwell oog Goulburn 012 
Walgett 020  Cobargo «004 
Hunter River District Albion Park 0 04 
Water Board Young No 1 028 
(Tomago Sand Beds) 0 08 Young No 2 0 28 
Boorowa No 1 004 Young No 3 <0 04 
Boorowa No 2 <0 04 Mildura 0 20 
Bega No 1 016 
Bega No 2 012 
Hunter River District 
Water Board 
Chichester Dam 004 


Rosults of analyses of coal fractions a1e given m Table 2 
At present the only conclusion to be drawn from those 
iesults 1s that theie is a tendency for radium-226 to be 
associated with the minerals m coal seams Further experi- 
ments along these lines will be reported elsewhere It 13 
possible that furthei work will provide some information 
on the source of the radium and the time and manner in 
which ıt found its way into coal TIt ıs also possible that 
the coal acts as an 10n-exchange medium, during or aftei 
1t» formation, and radium ıs taken up unto :6 as a result 
In this connexion, it is interesting to compare tho 
radium-226 content of the mineral fraction (Table 2) 
390 uuc /100 g with the maximum found m siliceous rocks 
(young granites), 650 pyc /100 g (1ef 8) 


Table 2 NEW SOUTH WALIS COAL SAMPLES 
Total activity/ Radium-226 
Type Sn, gr Ash Activity/g 100 g material content/100 g 
(percent) ash (gue) (uue ) material (uuc ) 
Vitrain 130 42 16 66 17 
Durain 1 se 193 210 400 100 
Mineral 
matter 180 713 220 1,600 390 


We thank the Sydney City Council for providmg 
establishment and mamtenance grants for the Traco 
Radioactivity Laboratory, in which this research was done, 
shire and municipal authorities (especially health mspec- 
tors) for the water samples and the Austrahan Coal 
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Research Association, who, with the help of Mr D. 
Barrett, provided the coal fractions and ash analyses 
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A Linear Energy Transfer Effect in the 
Radiolysis of Cyclohexane 


PREVIOUS experiments? with aliphatic hydrocarbons 
have shown little dependence of product yields on the type 
or incident radiation over the range of lmear energy 
transfer (LET) used, although substantial variations 
have been reported for aromatic? and unsaturated 
substances We have irradiated carefully dred and 
degassed cyclohexane (Philips Research Grade) with 1 5- 
MeV «-particles from a Van de Graaff generator at currents 
of 0 01-0 1 pamp to doses of 2-6 x 10 eV g-}, using a 
method already desenibed?* Although G(H,) varied 
only shghtly from the value accepted for lightly 1onizng 
radiation, G(cyclohexene) and G(bwyclohexyl) were con- 
siderably lower, as the following figures show 


G(H3) G(C,H.;) G(C34H 33) 
y-Rays and fast electrons 5606 + 623 301 + 016 183 +013 
a-Particles 533 + 015 192 + 005 094 + 007 


Irradiations to the same total dose with y-radiation (dose 
iate 2-7 x 10" eV g-! mm-!) and with fast electrons from 
the Wantage Research Laboratory lnear accelerator 
(dose-rate ~ 10?! eV g-! min-}, comparable with those m 
the irradiated zone m the «-particle radiations) gave 
essentially the same G values for these products 

In an independent study of this system Falconer and 
Burton have recently adduced evidence® for an LET 
effect, using cobalt y-radiation, 1 8-MeV electrons and 
polonium «-radiation Since, however, the energy mput 
was not measured in the last case, it was not possible to 
determine absolute yields of the products, and the con- 
clusion was therefore drawn from a study of the variation 
ım the ratio G(cyclohexene)/G (bscyclohexyl) 

Tt has been pointed out”! that the expected competition 
between inter-radical reactions and the abstraction reac- 
tions of the hydrogen atom would be expected to give rise 
to a decrease m G(H,) with mereasing LET for the values 
of LET used in previous work unless the migration of 
energy or of excited molecules was occurrmg over dis- 
tances larger than a normal spur size At the high values 
of LET used here (mean LET with respect to energy, 


1 (Fo dE 
= 7, k E3 dE=22 eV/A at 20° C) an appreciable 


fall m G(H,) for a spur size as large as 50 Å would be 
expected, and the substantial reductions ın both G(C,H,,) 
and G(C,,H,;,) may result, wholly or m part, from a 
decrease in net G(C,H,,) occasioned by the afore-men- 
tioned competition The lack of dependence of G(H,) on 
LET would seem to mdicate the growing importance at 
higher LET of processes leading to other hydrogen-deficient 
products This work, including a search for these products, 
is continuing and will be reported fully later 
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X-Ray Diffraction of Actinomycin C, 


In a recent article Bachmann and Mullor! discuss the 
crystal symunetry of actinomycin C;, and suggest that this 
molecule has trigonal or pseudotrigonal symmetry This 
leads them to the conclusion that the peptide part of the 
molecule consists of two pentapeptides rather than of one 
decapeptide However, there are certain difficulties im 
their argument, which arise partly from a misunderstand- 
ing of space group theory They give R3m, R32, and 
R3m as the possible space gioups for the rhombohedral 
form, and P2, or P2,/m for the monoclmic form The 
presence of ono of the two enantiomorphs of an optically 
active compound, such as occurs m the peptide part of 
actinomycin, excludes space groups with reflexion planes 
or mversion centres, since they require each L-amino-acid 
to be matched by a corresponding p-amimo-acid There- 
fore the only permussible space groups of those listed are 
R32 and P2, 

The authors’ X-ray data and density mdicate that the 
rhombohedral unit cell (hexagonal setting) contains six 
molecules, if this were true, the molecules would have to 
he on triad axes and possess threefold symmetry Tho 
authors point out that this may be only a pseudosymmetry, 
especially in view of the limited range of 1eflexions 
observed 

A molecule which consists of three approximately equal 
scattermg masses might give rise to threefold pseudo- 
symmetry at low resolution, even 1f the chemical structure 
of the three parts differed ın dota However, in actino- 
mycin C, the scattering mass of the phenoxazi ring, 
meluding all its rmmediate substituents, 1s 150 electrons, 
and the scattormg mass of each of the two pentapeptides 
is 268 electrons Such disparity among the three scatter- 
ing masses excludes pseudo-threefold symmetry, even at 
low resolution In fact, the X-ray pattern 1s reported to 
extend to spacings of about 3 A, so that the argument 
about low resolution scarcely apphes 

Actinomycin C does appear to possess a pseudo-twofold 
axis of symmetry m the plane of the phenoxazin ring This 
is true of both the two alternative chemical structures, 
that ıs, the penta- and the deca-peptide, and would 
require either a pseudo-space group with symmetry 
lower than E32 or more than 6 molecules 1n the unit cell 
Conceivably the erystals are disordered and ther true 
symmetry 1s lower than the X-ray pattern suggests 

Whatever the answer turns out to be, 15 should be made 
clear that actinomycin C, xs basically an asymmetric 
molecule This means that a choice between the two 
alternative chemical structures cannot be made from con- 
siderations of space group symmetry alone, but requires a 
detailed X-ray analysis 
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Rotational Analysis of Bands of the 3/1—X 'X* 
System of Stannous Oxide 


Tus longest wave-length allowed absorption bands of 
the molecules m the group CO to PbTe arise from the 
transitions — — — ror, H< X !Xi* and — — — nox, ! 233*— 
X 1X* In the ease of stannous oxide (SnO), rotational 
ansaiysis of bands of the D — X system! (To. = 29,505 
em-!) has shown that the transition 1s indeed I — !'X*, 
and although no analysis of the rotational structure of the 
E — X system? (T,, = 36,138 em-!) has yet been reported, 
the corresponding system in SnS is known? to be !Zi* — 
15+ However, for CO, where long absorption paths may 
be obtamed without difficulty, forbidden transitions from 
the ground-state to many of the states arismg from 
— —— ron and — — — r°s?x are known, and absorption bands 
mvolving the case-c analogues of these states are quite 
strong ın molecules hike PbO! and PbS® These systems 
are weaker m SnO and SnS, but at least three low-lymg 
excited states have been recognized? m SnS 

We have now carried out the rotational analysis of 
several bands of two of the longer wave-length systems of 
SnO, usmg plates of the absorption spectrum obtamed 
with a King furnace at about 1,400° C, taken on second and 
third orders of & 6 65-m concave grating spectrograph 
The following bands have been analysed system A—X, 
0-3 and 0-4; system B—X, 2-0, 2-3, 2-4, 1-0, 1-1 and 1-2 
The 4—-X bands have R, P branches only, while the B-X 
bands possess R, P and Q branches Combmation 
differences for the ground-state are 1n good agreement with 
published values! The level v = 0 1n state A appears to 
be unperturbed, but both v = 1 and 2 m state B are 
extensively perturbed. Values of derrved constants in 
cm-t are as follows 
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State Tro AGils B, 
B (1) 24,760 660 03010 (v = 3 
A (0*) 24,200 555 02964 (v = 0) 


The most natural interpretation of these observations 1s 
that the systems arise from the transitions B(*IT,), A (3I o+) 
-—X 15+, analogous to the strongest of the forbidden sys- 
tems m CO, the Cameron bands, a'I — X 12+ The pertur- 
bations show that other states, probably belonging to the 
configuration — — — 7o1, he close in energy to the ?II 
state 

In the case of S10, the 1 Zi*, III — X 14+ systems appear 
strongly m absorption, but attempts to observe the 
SII — 14+ system have so far proved unsuccessful, no 
doubt through the difficulty of settmg up an adequate 
absorption path 
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Action of Ultra-violet Light on Aqueous 
Oxygenated Solutions of myo-Inositol 


WHILE extensive investigations have been reported on 
the action of ultra-violet hght on various carbohydrates 
and related compounds’, no comparable examination 
thas been made on the related group of compounds, the 
mositols Reported here 1s a preliminary study carried 
out on the effect of ultra-violet ght on aqueous solutions 
of myo-mositol m oxygen. 

Trradiations were carried out in a 500-ml three-necked 
flask fitted with a quartz wmdow Solutions of myo- 
mositol (1 per cent m de-ionized water) were used and 
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Irradiation time (h) 


Fig 1 Rate of formation of products O, Hydrogen peroxide (x 3), 


@, monobasic acid (x 3), , carbon dioxide (x 3), +, reducing 
molecules (monofunctional) 
14 | 
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E 
E: 
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Wave-number (ke cm-!) 
Fig 2 Ultra-violet absorption spectra of irradiated solutions 


1, Umirradiated myo-inositol, 2 solution after irradiation for 11 h, 
3, 28.2, but with added alkah (KHCO;), 4, as 2, but after 10 days’ 
post-irradiation 


oxygen bubbled at a rate of about 1 l/mun Ultra- 
violet hght was provided by a Hanovia 220-W medium- 
pressure mereury lamp 

In this system, hnear production of hydrogén peroxide 
(measured spectrophotometrically*) was observed, equilib- 
rrum being reached after about 11 h After a period of 
about 1-2 h, hnear formation of acid (assumed mono- 
basic) and merease in reduemg power (quoted as mono- 
functional reduemg molecules) were noted Carbon 
dioxide was evolved at a steadily moreasimng rate, probably 
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from secondary decaiboxylation piocesses 
The foregomg data are represented m Fig 1 

Examination of the ultra-violet absorp- 
tion spectra of the irradiated solution 
in the range 50-30 ke cm-t! showed that, 
while no absorption maximum was formed, 
the optical density of the solutions m- 
creased steadily throughout the range 
Addition of alkah (potassium hydrogen 
carbonate) to the inadiated solutions, how- 
ever, produced a pronounced absorption 
maximum at 37 ke cm (Fig 2) The 
presence of an endiol system‘ 1s thus likely 

Chromatographic examunation of the 
irradiated solution (using acetone silver 
nitrate/aleohohe sodium hydioxide spray 
reagents) after 5 h irradiation revealed two 
components other than the starting mater- 
18], having Ry 17 and Er 21, where Ry = 
distance moved by  unknown/distance 
moved by inositol — Similar treatment 
after an 11 h irradiation period revealed 
two further components, Ry 2 7 and Ry 3 4 
Treatment of this latter solution with 
‘De-Acidite FF’ (C037 form) left com- 
ponent with Rr; 21 only, indicating the 
acidic character of the removed compon- 
ents Spraymg sumilar chromatograms with p-anisidine 
in n-butanol revealed only one component with Ry 17 
(pink), this possibly being-due to a keto- or uronie-aeid 
No evidence for the formation of a hexose or lower carbo- 
hydiates was obtained 

Examination of the vacuum distillates from the irradia- 
ted material revealed the presence of formic acid. (1dentà- 
fied chromatographically as the ammonium, salt), this 
acid contributmg about 50 per cent of the total acid 
formed This suggests that the degradation proceeds, in 
part, similaily to the periodate oxidation of mositols? 

Pronounced post-iriadiation effects were observed 
Linear disappearance of the hydrogen peroxide formed 
was noted at a rate of 4 x 10!* molecules ml -+ min-’, this 
value compaimg closely with that reported previously"? 
No corresponding increase in acidity was obtained 

Tho ultra-violet absorption spectrum of the irradiated 
solution was modified by the formation of a shoulder in 
the region 41-36 ke cm-t, although the effect produced by 
addition of alkali was unchanged (Fig 2) 
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An Electron Spin Resonance Examination of 
Molecules related to the Isoalloxazine 
Ring System 

Ir is known that a fiee radical appears when old yellow 
enzyme 1s reduced with triphosphopyridme nucleotide! 
Flavin mono nucleotide (FMN) has been shown to give a 
free radical when 1educed by dithionate or by a solution 
of zme m hydrochloric acid?:2, and ıt 1s believed that this 
1adical, which ıs of the semiquinone type, 1s related to the 
radical produced in the enzymatic reduction 

The free radical produced when FMN 1s-reduced. shows 
a broad absorption covermg about 50 gauss with a super- 
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Fig 1 First derivative curves of the election spin resonance absorption spectra produced. 
when (a) alloxan 1s reduced with dithionate, (b) alloxan/dithionate solution is treated 
with 8 N potassium hydroxide, (c) dialuric acid 18 treated with 8 N potassium hydroxide 


unposed, hyperfine stiucture which varies somewhat with 
the pH of the solution Since a semiqwnone formed from 
FMN must origmate in the isoalloxazine grouping, an 
investigation was begun of alloxan and related molecules 
in an attempt to prepaie semiquinones the examination 
of which by electron spin 1esonance techniques might 
throw some light on the origin of the hyperfine structure 
of the FMN radical 

It was found that a fiee radical could be produced 
by treating alloxan with dithionate ın a water/methanol 
solution The solution was colomless The free radical 
was examined at room temperature m a Hilger and Watt 
mierospm X-band spectrometer The electron spin reson- 
ance spectrum showed seven equally spaced lines, Fig la 
The overall splitting was 2 72 gauss and the peak to peak 
separation between adjacent lines was 048 gauss The 
line intensities were ın the 1ıato 1 4 8 9 8 4 1 

If this solution ıs then treated with 8 N potassium 
hydroxide a violet colour forms and a new spectrum 1s 
produced, Fig 1b It exhibits five lines of total splitting 
0 96 gauss with peak to peak separation between adjacent 
lines of 0 24 gauss, just half the hyperfine coupling con- 
stant of the pievious radical The line intensities of 
this radical have not yet been accurately determuned 
However, they appear to be approximately in the ratios 
123 2 1 

The suggested structures of the two radicals are written 


as follows 
[e] OH 
H 
0 
© N o OH Sy 


(i) (11) 

In the case of 1adical I, two equivalent nitrogen and 
two equivalent hydrogen atoms will couple with the 
unpaired electron If 16 were assumed that the hyperfine 
splittmg of the hydrogen atom ıs the same as that of the. 
nitrogen 8 seven line spectrum would result in. which the 
lines were equally spaced and had intensities in the ratios 
148 10 8 4 1 This fits the spectrum observed 
In the case of radical IT only the two equrvalent nitrogens 
would contribute, yielding a five-line spectrum 

The hyperfine coupling constant for this radical was 
half that observed with radical I, implymg that the 
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unpaued electron is less strongly coupled to the nitrogen 
atoms than in the latter case 

Alloxan will be reduced by dithionate, and since dialuric 
acid 1s a reduced form of alloxan ıt was thought that 
treatment of dialuzic acid with 8 N potassium hydroxide 
might yield a radical similai to radical II When this was 
done the solution turned violet and a strong electron spm 
resonance signal appeared (Fig 1c) The spectrum con- 
sisted of five Imes with overall splttimg and hyperfine 
coupling the same as that attributed to radical lI The 
intensities were on the ratios 1 2 3 2 1 Iv seems 
clear that tho samo 1adical species 1s responsible both fo: 
tho spectrum produced when alloxan/dithionate 1s treated. 
with 8 N potassium hydroxide and when dialuric acid 1s 
treated with 8 N potassium hydroxide 

This preluminary report had been completed when my 
attention was first drawn to a recent paper by Lagercrantz 
and Yhland' These workers, mvestigating the reaction 
between alloxan and glutathione from the pomt of view 
of the inhibiting effect of glutathione on the diabetogenic 
action of alloxan, found that a seven-lne electron spin 
resonance spectrum was produced Their splitting con- 
stants and mtensity ratios correspond with those described 
here for radical I They did not observe radical IT 
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Gas- Liquid Chromatographic Separation of 
Sulphur Compounds 


RESEARCH 1n the general area of sulphur chemistry has 
been inereasmg in the past few years at a fairly rapid 
rate Hence, any new analytical methods or techniques 
which can simplify the isolation and/or identification of 
sulphur derivatives are of value Techniques which are 
both qualitative and quantitative are even more desirable 
Speetrophotometrie and potentiometric titration tech- 
niques or a combination of these two methods of analysis 
have been widely used for the identification and estima- 
tion of thiols, disulphides, sulphides, sulphoxides and 
sulphones Recently, Cates and Meloan’? have desc1ibed 
a gas-liquid chromatographic technique for the separa- 
tion and identification of a mixture of sulphoxides 
and a mixture of sulphones These authors have also 
briefly mdicated* that separation of a sulphide-sulph- 
oxide-sulphone mixture is feasible by their technique 
This last finding has prompted us to communicate some 
of our results on the same problem 

We have found that gas-hquid chromatography is 
applicable to the separation of sulphide-sulphoxide-- 
sulphone mixtures Further, by usmg an internal hydro- 
carbon standard almost positive identification of the 
sulphur detivative can be obtamed If weight response 
factors between each sulphur derivative and the mternal 
standard aie computed, 1t 1s also possible to obtam 
quantitative data on each sulphur derivative in. the mix- 
ture Our best results weie obtamed with a 3-ft and a 
5-ft 20 per cent ‘Carbowax (20 M My on 'Chromosorb-W"* 
column (1/411 stamless steel tubing) Cates and Meloan 
have used 'Chromosorb-Z' as a piefeired support All 
sulphur compounds were distilled before use In the case 
of the sulphoxides and sulphones, distillation. over pre- 
conditioned, “Lmde-13X’ molecular sieves under reduced 
pressure was necessaiy to remove adsorbed water? The 
gas-liquid chromatography unit was an F and Jf model 
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No 609 flame ionization gas chiomatograph equipped 
with a Mimneapolis Honeywell recorder and a disk mte- 
grator (model No 201) The injection port of the unit 
was maintained at 305° and the mlet pressure of helium 
was 36 psig The block of the detector was mamtamed 
at a constant temperature of 245° The hehum flow 
through the column was found to be 100 ml /min when 
measured at room temperatures with a flow meter 

Foi purposes of brevity, only three typical chromato- 
graphs will be presented and these were all obtained on 
the 3-ft column already described In Fig 1, a gas—hquid 
chromatogram of a mixture of dunethylsulphude, dimethyl 
sulphoxide, dimethyl sulphone, and diphenylmethane 1s 
shown A 5-y] sample was injected at a column tempera- 
ture of 25? When dimethyl sulphide (bp 34°) had been 
eluted the sample was immediately temperatuie-pro- 
grammed at 9°/mm up to 205° Complete elution was 
obtained in about 26 min with good resolution for each 
constituent The attenuation for each sulphur com- 
pound was 64 and that for diphenylmethane was 128 A 
second example ıs presented in Fig 2 A 4-ul sample of 
a mixture of tetramethylene sulphide, tetramethylene 
sulphoxide, tetramethylene sulphone, and diphenyl- 
methane was injected at an initial column temperature of 
70? The sulphide was eluted m about 15 min and the 
sample was then temperature-programmed at 9°/mm up 
to 168? Complete elution under these conditions required 
about 23 mm and the order was sulphoxide-diphenyl- 
methane-sulphone The attenuation for each peak was 
64 Thus, 15 can be concluded that the method 1s applic- 
able to the separation and identification of sulphide- 
sulphoxide-sulphone mixtures 

As already indicated, the method ıs also quantitative if 
response factors between the mternal standard and each 
sulphur derivative are known The response factors‘ 
between diphenylmethane and the foregomg sulphur com- 
pounds are shown in Table 1 They were computed from 
the data shown m Figs land 2 These correction factors 
allow quantitative measurements to be made on each com- 
ponent when a known quantity of the standard (DPM) 
1s injected into the mixture It ıs obvious that such a 





Response of recorder 








0 4 8 19 16 20 24 28 
Time (min) 
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Fig 2  Temperature-programmed gas chromatogram of a mixture of 

tetramethylene sulphide, tetramethylene sulphoxide and tetra- 

methylene sulphone TMS (0 5488 g), TMSO (0 6552 g), TMSO, (0 7613 
g), and DPM (0 9779 g) 
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technique 1s more accurate and much smmpler to perform 
than potentiometric and spectrophotometrie methods 
Further, the method also allows one to work with much 
smaller quantities of each component 

We have also found that this technique can be used for 
the separation and identification. of thiols and disulphides 
Some of our results on a mixture of thiols are shown in 


Table 1 RESPONSE FACTORS BETWEEN DIPHENYLMETHANE AND SOME 


SULPHUR DERIVATIVES 


o 
ll 
Compound CH,SCH, CH,—S—CH, CH,SO,CH; [ E ( J N E 
S 8 S 
0 Os 


K* 2 65 213 150 161 159 105 
* Where K = W compound x area standard/W standard x A compound 
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Fig 3 A 6-4]. sample of a mixture of «-toluenethiol, 
1-dodecanethiol, 1-hexadecanethiol and diphenylmethane 
was injected mto the unit at 135°. A constant attenuation 
of 128 was utilzed After «-toluenethiol had been 
eluted, the remammg portion of the mixture was tempera- 
ture-programmed at 13°/mm up to 175? Complete 
separation of the mixture required about 15 mm For 
disulphides in the C, to Cy, region good separation 
usually requires temperatures of 175°-225° From this 
brief description, 16 can be seen that this method of analysis 
has a fair degree of versatility 
T J. WALLACE 
J. J Manow 
Esso Research and Engmeermg Co , 
Process Research Division, 
Linden, New Jersey 
* Cates, V E, and Meloan, © E, Anal Chem , 85, 658 (1963) 
*Cates, V E, and Meloan, C E, J Chromatog , 11, 472 (1963) 


* Cowie, J M G , and Toporowski,R M , Canad J Chem , 98, 2240 (1961) 


* For a discussion, see Messner, A E , Rosie, D M , and Argabright, P A 
Anal Chem , 81, 230 (1959) 


Fluorine-I9 Nuclear Magnetic Resonance of 
Pentafluorophenyl Derivatives of Thallium 
and Mercury 


Ws have prepared the recently reported compounds, 
bis(pentafluorophenyl)mercury and bis(pentaftuorophenyl)- 
thalhum bromide, in order to compare them fluormo-19 
resonance spectra with the spectra previously reported for 
other pentafluorophenyl compounds?, and with the proton 
resonance investigations on phenyl derivatives of 
thallium? 

Bvs(pentafluorophenyl)mercury was prepared by the 
reaction of pentafluorophenylmagnesium bromide with 
mercuric chloride and identified by 1ts meltmg point and 
infra-red spectrum | Bss(pentafluorophenyl)thalhum brom- 
ide was prepared m a, similar fashion from thalle chloride 
(calculated from (C,F;),TIBr, C = 23 3 per cent, H = 00 
per cent, molecular weight, M, = 618 found, C = 233 
per cent, H = 00 per cent, M (osometry in benzene) = 
1,098) (ref 3) Interestingly, this air-stable white solid 
(melting pomt 217°-219°, with decomposition) exists 
mainly as the dimer m benzene, presumably via thallium— 
bromme bridgmg 

The fluorme-19 shift parameters (+ 05 ppm) relative 
to CCIF as mternal standard are 


(C.F ;)sT1Br 119 8 (ortho) 158 2 (para) 1670 (meta) 
(CFs) Hg 119 7 (ortho) 150 6 (para) 1590 (meta) 


The shifts for the orthofluorme atoms are consistent with 
the suggestion of a dominant paramagnetic term which 1s 
larger for these heavy atoms than 1t 1s for lighter atoms in 
the Main Groups of the Periodic Table In this respect 
mercury and thallium resemble lead! : 

The spm-spin coupling constants, Jqpip, between the 
thallium-205 nucleus and the fluorine-19 nuclei have also 
been measured for bw(pentafluorophenyl)thalhum brom- 
ide They are, m c/s (+ 5 c/s) 799 (ortho), 343 (meta) and 
99 (para) In phenyl thalhum compounds the ortho, 
meta, and para couphngs, Jri-n, are n constant proportion, 
respectively, to the ortho, meta and para couplings 


Jg-H (ref 2) No such simple relation between Jy and 
Jr-r couplings exists m the pentafluorophenyl compounds 
D E Fenton 
D G Gurs 
A G Massry 


E W RANDALL 
Department of Chemistry, 
Queen Mery College (Universiby of London), 
Mile End Road, London, E 1 


1 Bourn, A J R,Giles, D G , and Randall, E W,Proc Chem Soc , 200 
ID dassey, A G, Randall, E W ,and Shaw, D , Chem and Indust é 


2 Maher, J P, and Evans, D F, Proc Chem Soc , 176 (1963) 
* Deacon, G B , and Nyholm, R S , Chem and Indust , 1803 (1903) 
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Infra-red Spectrum and Germanium Co-ordina- 
tion in some High-pressure Meta-Germanates 


THE occurrence of high-pressure transformations m meta- 
germanates, and their structural mvestigation by X-ray 
methods, have been reported recently by one of us 
(A E R) An infra-red investigation of some of these 
new phases has now been carried out as a further check of 
the structural changes mduced by pressure 

A schematic diagram of the infra-red spectra 1s given in 
Fig 1, which allows an easy comparison of the patterns 
given by the ‘common’ and high-pressure (HP) forms of 
MgGeO,, CaGeO, and CdGeO; 


MgGe03 | | | | 
MgGe03 | | | | 


HP 


MgT!03 | | | 
+ 

CaGe03 | | || | | 
CaGe03 

B [lf it. 
Cd6e054 | | | | | 
CdGe03 

HE RSEN i NE MU CS 


1000 800 600 400 Cm-! 
Fig 1 


For each of these substances, the most striking difference 
between the mfra-red spectra of the common and high- 
pressure forms 1s the shift towards the low frequencies 
experienced, by the bands related to the Ge-O stretching 
vibrations This shift may be explamed by 2 types of 
structural changes either a change of co-ordination of 
germanium, or a change in the 'hnkmg mode’ of the 
GeO, tetrahedra N 

(a) Change of co-ordination of germanvum The influence 
of the cation co-ordination number on the eation-oxygen 
vibrational frequencies has now been observed for a 
number of cations? The characteristic frequency range, 
which 1s 900-700 cm- for GeO, tetrahedra, falls down to 
650 cm~ and below for GeO, octahedra This drop in 
frequency is well illustrated by the common and high- 
pressure form of MgGeO; (pyroxene and ilmenite structure 
respectively) The spectrum of MgTi0, (which also has 
the ilmenite structure) 1s given for the purpose of com- 
parison ıt should be pointed out that the GeO, and T10, 
stretching frequencies are very similar (near 600-550 em-1) 
m these isomorphous compounds ‘This similarity ın the 
stretching frequencies of Ge-O and Ti-O bonds has already 
been noticed for both tetrahedral (Ba,GeO, and Ba,T10,)* 
and octahedral (LiCrGeO, and LiCrT10,)* co-ordmations 
of germanium and titanium 

(b) Change 1n the *lnkwg mode’ of the GeO, tetrahedra 
The high-pressure forms of CaGeO, and CdGeO, exhibit 
strong bands ın the 800—700 cm- region, this clearly 
proves that GeO, tetrahedra are still present m these 
structures In such a case, the frequency shift 1s related to 
a transformation from a polygermanate (condensed GeO, 
tetrahedra) to an orthogermanate structure (‘isolated’ 
GeO, tetrahedra) This 1s m agreement with the X-ray 
powder diagrams of these high-pressure phases, which 
may be mterpreted on the basis of a garnet structure®, the 
cation distribution on the different sites being Ca, VIII 
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[CaGe]VI Ge,IV O,, No mformataon 1s available about the 
infra-red frequencies of isolated GeO, octahedra, but, 
after a rough estimation, they should absorb near or 
below 500 cm-! (ref 2) The high-pressure phases of 
CaGeO, and CdGeO, exhibit a series of bands ın this 
region, but there is actually no definito assignment of 
these bands, becauso 2 types of vibrational modes (namely, 
the bending frequency of GeO, tetrahedia, and the 
stretching frequency of GeO, octahedra) are represented m 
this spectral range Further work ıs needed to settle this 
point 
P TARTE 


Department of General Chemistry, 
University of Liége 
A. E. RrNawoopD 
Department of Geophysics, 
Austrahan National University, 
Canberra, 

1 Ringwood, A E, Nature, 196, 883 (1962) 
3 Tarte, P, Sicates Industr:els, 28, 352 (1963) 
3 Tarte, P , Nature, 191, 1002 (1961) 
1 Tarte, P , Acta Cryst , 16, 228 (1963) 
ë Ringwood, A. E, J Geophys Res , 68, 4601 (1963) 


BIOPHYSICS 


Some Physical Properties of Chick Interferon 


Desrrre much intensive investigation on the properties 
of interferon produced ın chick tissue, both the molecular 
weight and the 1so-electric point of the active molecule 
continue to be a source of controversy Thus Burke: 
reported a value of 63,000 for the molecular weight of 
interferon produced in the chorioallantoic membrane of 
fertile hens’ eggs and suggested that the isoelectric pomt 
was between pH 45 and 50 Other mvestigators?, 
however, have described interferon purified from chick 
material as having a molecular weight ranging from 
80,000 to 20-34,000 Recently, Rotem and Charlwoods 
on the basis of the sedimentation rates of unrefined mter- 
ferons in density gradients suggested that the molecular 
weight of chick interferon might be as low as 13,000— 
25,000 In further contrast to Burke's findings, mterferon 
has been described by two groups of workers as bemg a 
basic protem?;$ 

In this communication, an account 1s given of the 
behaviour of chick interferon on columns of ‘Sephadex 
G-100’ and of the electrophoretic behaviour of interferon 
in starch gels 

The starting material for these mvestigations was 
obtamed by moculating 11-day-old fertile hens’ eggs with 
influenza virus (B/England) and withdrawing the allantoic 
fluid after 48 h at 383° After centrifugation (25 min at 
53,620g) residual virus ın the supernatant was inactivated 
by treatment at pH 2 overnight After reddjustment to 
pH. 7 0, the starting fluid at a concentration of 1/50 gave 
50 per cent reduction m plaque count’ compared with 
unprotected controls in a system in which monolayers of 
primary chick embryo cells were infected with Semliki 
Forest virus Preliminary concentration of mterferon was 
achieved by precipitation by means of ammonium sulphate 
at 073 saturation After dissolving the precipitate m 
water and dialysıng to remove ammonium sulphate, the 
volume of the interferon solution was made to one-fifth 
of that of the original allantoic fiuid 

A column (90 x 5 4 em) of ‘Sephadex G-100' packed in 
phosphate buffer? at pH 7 7, y. = 0 1, was calibrated using 
a number of protem ‘markers’ of known molecular weight 
(bovine serum albumin, chymotrypsin and ribonuclease), 
thus establishing a relationship between retention volume 
and molecular weight 

The mterferon solution concentrated as already de- 
seribed when fractionated on the column gave rise to seven 
distinct groups of compounds (Fig 1) On assaying the 
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Fig 1 —Gelfiültration of crude chick interferon on ‘Sephadex G-100' 
Solid line, optical density at 280 mz, broken lme, inteiferon. activity 


separated fractions, the mterferon activity was found in 
peak IIT The 1etention volume of this peak corresponded 
to a molecular weight of 40,000—45,000 By concentiatmg 
the active fractions and refractionating on ‘Sephadex’ the 
interferon activity was obtained, associated with a single 
symmetrical peak of protem This material gave mse to a 
single sharp boundary (3 06 S) when examuned m the 
analytical ultracentiifuge The molecular weight of the 
fraction as determined by the method of appioach to 
equilibrium’ was 38,000, ın fan agreement with the value 
determined by gel filtration 

To investigate the possibility that the value found for 
the molecular weight of interferon might be artificially 
high due to association, the gel-filtration experiments 
described here were repeated using as developing solvent 
buffer solution which contained 0 5 M urea The elution 
pattern was identical with that obtained previously with 
the interferon as before located m peak III — Similar 
1esults were obtained when buffer solutions at various pH 
values (pH 3 and-pH 9) were used It therefore appears 
probable that the molecular weight determined as de- 
seribed here is that of inteiferon rather than that of 
a hydrogen bonded aggregate of mterferon with other 
proteins 

In order to investigate the nature of the chaige on the 
interferon molecule, a study was made of tho electio- 
phoretie behaviour of chick mterferon in starch gels 'The 
gel (28 em x 10 5 em x 0 7 em) was made from partially 
- degraded starch (Connaught Medical Research Laborator- 
1es, Toronto) and 0 006 M phosphate buffer at pH 76 A 
sample (about 1 ml) of chick interferon concentrated by 
precipitation with ammonium sulphate was mtroduced 
nto a transverse slit (10 2 em x 0 6 em x 0 15 em) at the 
centre of the gel and a potential difference of 180 V was 
apphed to the ends of the gel using paper wicks Two 
further slits (10 2 em x 0 6cm x 0 47 em) which had been 
cast m the gel, one on each side of the sample sht and 
parallel to 16 at a distance of 1 3 em, contained the buffer 
solution already mentioned Thus, piotems after migrat- 
ing electrophoretically from the sample slit through the 
starch gel passed 1nto the buffer in one or other of the two 
collecting shts The buffer in the collecting shts was 
frequently withdrawn and replaced with fresh buffer 
From the results of tests on the withdiawn buffer, mter- 
feron was detected 1n the collectang slit on the anodic side 
of the sample sht after electrophoresing for shghtly more 
than Lh By contmumg the electrophoresis for a total of 
3 h, about 50 per cent of the mterferon mutually present 
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was recovered from the anodic collecting slit No activity 
was detected in the collecting slit on the cathode side of 
the origin even after prolonged runnmg Identical results 
were obtamed when interferon partially purified on a 
column of Sephadex was subjected to electrophoresis 
These observations, which show that at pH 7 6 chick inter- 
feron has a high negative charge, substantially confirm the 
suggestion made by Burke regardmg :ts isoelectric pomt 
This work was undertaken as part of the collaborative 

studies on interferon m which the National Research 
Development Corporation, the Medical Research Council, 
Glaxo Laboratories, Ltd , Imperial Chemical Industries, 
Ltd, and the Wellcome Foundation, Ltd , are equal 
partners 
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BIOCHEMISTRY 


Amino-acid Composition of Human Growth 
Hormone 


THE ammo-acid composition of a human growth hor- 
mone pieparation was given by Dixon and Li! m 1962, 
and the same year Li, Liu and Dixon also reported? that 
human growth hormone purified by a procedure involving 
chromatography on ‘Amberlite LRO-50' and ‘Sephadex 
G-50' showed the same ammo-acid composition This 
communication records our findings on the ammo-acid 
analysis of human growth hormone samples prepared by 
purification on ‘Sephadex G-200’8, a procedure which yields 
a product with approximately twice the biological activity 
of the pieparations studied by La et al 

Available for the present work wore limited quantities of 
two samples of human growth hormono prepared m these 
laboratories Preparation A 18 ow fraction III, the isola- 
tion of which by gel filtration on ‘Sephadex G-200' was 
described previously? It sedimented as a single boundary 
m the ultracentrifuge, and showed an activity of 2 0-2 5 
USP units/mg m the hypophysectomized rat tibial Ime 
assay, however, disk electrophoresis 1evealed the presence 
of a major and two minor components? Preparation B 
was made by applying approximately 15 mg of prepaiation 
A to a polyacrylamide gel* column (lem x 5 em) arranged 
for disk electrophoresis On completion of the run, the 
major band was cut out, using a stained sample as a 
guide, and the protem was eluted elect: ophoretically from 
the cut gel section An aliquot of preparation B appeared 
quite homogeneous when analysed by disk electrophoresis 
The patterns of preparations A and B are shown in Fig 1 
Scanning the analytical gel columns with a densitometer 
(Canaleo model E muerodensitometei, Canal Industrial 
Corp, 4935 Cordel Avenue, Bethesda 14, Maryland) 
indicated that preparation A contained about 70 pei cent 
of the major, slow-moving band, whereas preparation B 
contained 90-95 per cent of this component 

Preparation A contamed 6 3 per cent water and, on a 
dry weight basis, 0 58 per cent ash and 15 90 per cent 
nitrogen (Kjeldahl) Samples (about 6 mg each) were 
acid-hydrolysed for 20 and 70 h at 110? C, prepared for 
chromatography and run on a Spinco model 120 automatic 
ammo-aecid analyser according to the procedure of Moore, 
Spackman and Stem** The usual corrections for those” 
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Fig. 1. Disk electrophoresis patterns of preparations A and B 


amino-acids the values of which change with time of 
hydrolysis have been made. Two complete sets of hydro- 
lyses and column analyses were done with this prepara- 
tion. Ammonia values were obtained by extrapolating the 
20- and 70-h data to zero time and subtracting a blank 
from a run on the reagents used. Tryptophan was 
determined on the analyser after a separate alkaline 
hydrolysis, and half-cystine as cysteic acid after performic 


Table 1.  AMINO-ACID ANALYSES OF HUMAN GROWTH HORMONE 
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* Data derived from one 20-h hydrolysis, 
Average of two determinations, 
Not included in total. 
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acid oxidation of the hormone’. The amino-acid and 
ammonia values account for about 96 per cent of the 
weight and 100 per cent of the nitrogen content of the 
sample studied. The amount of preparation B was so 
small that only a 20-h hydrolysis could be carried out; 
hence, values for ammonia, serine, threonine, half-cystine 
and tryptophan are not available. Table 1 summarizes 
our results on the amino-acid analyses of human growth 
hormone preparations A and B, and gives for comparison 
the numbers of residues caleulated for a molecular weight 
of 29,000 (ref. 8) for our two samples and for the material 
reported by Dixon and Li’. 

Despite the very limited quantities of the hormone 
available, our data seem to be fairly satisfactory. Values 
from the two separate analyses of preparation A are 
generally in excellent agreement, and we note with interest 
that the composition of the more highly purified prepara- 
tion B is remarkably similar in almost all respects to that 
of the less homogeneous material from which it was 
derived. This constancy of composition in the final 
stages of purification of the human growth hormone 
suggests that the minor component(s) of the less purified 
preparation may possibly differ from the major com- 
ponent (perhaps the native form of the hormone) only in 
loss of one or more side-chain amide groups. Verification 
of this speculation must, of course, await the results of 
more elaborate studies. 

It is also of interest that our amino-acid values are not 
widely divergent from those given by Dixon and Li for 
their less potent preparation. However, it is our firm con- 
vietion that it will not be possible to state the actual 
amino-acid content of human growth hormone with any 
degree of certainty until much more extensive investiga- 
tions on purification, homogeneity and composition have 
been eompleted, and indeed perhaps not until sequence 
studies have been done. 


M. A. P. MEISINGER 
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R. A. REISFELD 


Merck Sharp and Dohme Research Laboratories, 
Division of Merck and Co., Inc., 
Rahway, New Jersey. 


! Dixon, J. S., and Li, C. H., J. Gen. Physiol., 45, 176 (1962). 


* Li, C. H., Liu, W.-K., and Dixon, J. S., Arch. Biochem. Biophys., Supp. 1, 
327 (1962). 


? Reisfeld, R. A., Hallows, B. G., Williams, D. E., Brink, N. G., and Steel- 
man, S. L., Nature, 197, 1206 (1963). 


* Ornstein, L., and Davis, B. J., Dise Electrophoresis, distributed by Distilla- 
tion Products Industries (1961). 


Mon Spackman, D. H., and Stein, W. H., Anal. Chem., 30, 1185 
* Spackman, D. H., Stein, W. H., and Moore, S., Anal. Chem., 80, 1190 


(1958), 
* Moore, §., J. Biol. Chem., 238, 235 (1963). 
*Squire, P. G., and Pedersen, K. O., J. Amer. Chem. Soc., 88, 476 (1961). 


Preparation of Rat Growth Hormone 


Wk have devised a simple method for the preparation of 
rat growth hormone from fresh frozen anterior pituitary 
glands. 'The hormone preparation was obtained in high 
yield and showed good biglogical activity while being 
essentially free of contamination by other pituitary 
hormones. Disk electrophoresis on polyacrylamide 
gels indicated the hormone to be relatively homogeneous. 
In a typieal experiment 300 rat pituitary glands were 
homogenized for 1 min in 4 ml. of ice cold 0:3 M 
potassium chloride using a glass homogenizer with a 
‘Teflon’ pestle. The homogenate was adjusted to pH 5-5 
and stirred for 20 min at 5° C and afterwards centri- 
fuged for 10 min at 14,000 r.p.m. The resultant super- 
natant was brought to an ethanol concentration of 30 per 
cent at —20° C and immediately centrifuged at 14,000 
r.p.m. for 5 min. Additional growth hormone (10-12 mg) 
was recovered by extracting the residue in 0:3 M potassium 
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Fig. 1. Zone electrophoresis of rat growth hormone on ‘Pevikon C-870* 


chloride at pH 10. However, inconsistent biological 
activity has been obtained with the material so extracted. 
The ethanol supernatant was then dialysed, lyophilized 
and when assayed was found to contain the gonadotropic 
hormones. The ethanol precipitate was taken up in 1 ml. 
of tris-hydrochlorie acid buffer, pH 8-6 (0-2 M tris, 0-05 M 
hydroehlorie acid). and dialysed against four 500 ml. 
changes of this same buffer for a period of 4 h at 5? C. 
The dialysed solution was applied to a block of ‘Pevikon 
C-870' (92 cm x 5 em x 0-5 em) equilibrated with tris- 
hydrochloric acid buffer, pH 8-6. A current of 400 V and 
80 m.amp was applied for 18h. After the completion of 
‘electrophoresis, the ‘Pevikon’ block was divided into 2-cm 
segments and each individual fraction was eluted with 
three 5-ml. portions of buffer using small sintered glass 
funnels and suction. ‘Pevikon’ particles, which passed 
through the filter, were removed by centrifugation. The 
equipment as well as the procedure used for zone electro- 
phoresis was similar to that described by Müller- 
Eberhard!. The effluent diagram of a typical zone electro- 
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Fig. 2. Disk electrophoretic analysis of Fractions A and C 
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phoresis is shown in Fig. 1. Protein concentration was 
estimated by measuring absorption at 280 mu. The 
effluent portions were concentrated by partial lyophiliza- 
tion and combined into Fractions A, B and C after 
analysing individual eluates by disk electrophoresis. Each 
of the combined fractions was lyophilized and then 
desalted by gel-filtration on ‘Sephadex G-25'. Fraction A 
was found to contain from 20-25 mg of rat growth 
hormone. Fraction B (10-12 mg protein) contained some 
growth hormone, but was also found to be contaminated 
with Fraction C. This latter fraction, yielding 8-10 mg 
of protein, demonstrated no growth hormone activity. 
Zone electrophoresis of Fraction B resulted in the recovery 
of an additional quantity (5-7 mg) of rat growth hormone. 
Zone electrophoresis studies have also been carried out at 
pH 10 (carbonate T/2 = 0-1) with no improvement in 
resolution. It was noticed that additional electrophoretic 
components were formed on exposure to pH 10 as com- 
pared with the electrophoretic pattern which resulted 
from isolation at pH 8-6. The yield and biological profile 
of rat growth hormone (Fraction A) is summarized in 
Table 1. Of particular interest is the absence of significant 
prolactin activity. 


Table 1. YIELD AND BIOLOGICAL PROFILE OF FRACTION A 
Yield (mg RGH act- . 
Oe ae 
rat glands) proteiny standard * standard f 

20-25 1-r5 « 01 « 02 

* Armour LH standard 227-80. 

f Armour FSH standard, 

TSH assays were provided by Dr. A. Schally and Dr. C. Y. Bowers. 

Prolactin assays were provided by Dr. J. Meites, 

All hormone assays were performed by standard pro- 
cedures previously described*. Protein concentration 
was measured by a modification of the phenol-biuret 
method as described by Sutherland et al.’ Fig. 2 shows 
the patterns of Fractions A and C as analysed by disk 
electrophoresis. Both fractions seem to be relatively 
homogeneous. In fact, the purity of Fraction A appears to 
be greater than that reported for beef and human prepa- 
rations. Ultracentrifugal analysis of rat growth hormone 
(Fraction A) at one protein concentration (1 per cent) 
showed an average sedimentation coefficient (Seo) of 
2-2 + 0-1 for the major component, indicating a molecular 
weight in a range of 24,000. 

Amino-acid analyses of rat growth hormone were per- 
formed according to the procedure of Spackman, Stein 
and Moore‘ in the Beckman model 120 amino-acid 
analyser. Samples were hydrolysed only for 24 h (110° + 
1° C) and thus no correction could be made for serine and 
threonine decomposition, nor for valine, leucine and iso- 
leucine, which usually show increasing yields with increas- 
ing hydrolysis time. Cystine was independently determ- 
ined as cysteic acid on a performie acid-oxidized sample’ 
while analyses for tryptophan were made by a spectro- 

Table 2. AMINO-ACID COMPOSITION OF RAT GROWTH HORMONE* 
Amino-acid Calculated No.of No. of residues 
to nearest 


residues residues/molecule 
(g/100 g of protein) mol. wt. = 24,000 integer 
077 


2-16 


TSHj Prolaeting 
(U.S.P. units/ ESL. 
mg protein) protein 


0:04 « 0:04 


no m 


Aspartic aeld 
spartic ac 
Threonine 


- 
OA wore 
DODDA om 


TTT 


fass f visse 


ma 


Serine 
Glutamic acid 
Proline 


23 


“ae 
meme ES 
0D d de TO E. detoco 


QUE Qro neoc 
— 


nylalanine 
m Taal 


2 
g 


* Amino-acid analyses 
t Not included in total. 


: 


performed by Mr, Robert M. Redfield, 
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photometric method’ and by alkaline hydrolysis Table 2 
summarizes the amuno-aeid composition of rat growth 
hormone 
It is of interest that the main component of this rat 
growth hormone preparation has a molecular weight in 
the range of that of monkey and human growth hormone 
and that it lacks the ammmo-acid tryptophan The second- 
ary structure of rat growth hormone may well be less 
complex than that of the growth hormones from other 
non-primates since 16 contams only one cystine and three 
methioniné residues per molecule 
R A REISFELD 
A S Moccrm1 
D E WirtiAMS 
S L STEELMAN 
Merch Sharp and Dohme Research Laboratories, 
Division of Merck and Co , Inc, 
Rahway, New Jersey 
1 Miiller-Eberhard, H J, Scand J Chn Lab Invest , 12, 33 (1960) 


2 Reisfeld, R A , Lewis, U J ,Brink,N G ,andSteelman, S L , Endocrinol , 
71, 559 (1962) 


3 Sutherland, E W ,Cor1,C F , Haynes, R ,and Olsen, N J ,J Bil Chem, 
180, 825 (1949) 


‘ ee D H, Stem, W H, and Moore, S, Anal Chem, 80, 1190 


5Moore,S, J Biol Chem , 238, 235 (1963) 
* Goodwin, A , and Morton, E , Biochem J-, 40, 628 (1946) 


Failure to find Increased Sodium, Potassium- 
ATPase in Red Cell Ghosts of Schizophrenics 


Seeman and O’Brien! have reported that the mean 
sodium, potassium-ATPase activity ın the red cell ghost 
membranes of 6 schizophrenic patients (79 1 mymoles 
ATP spht/h/mg dry weight) was significantly greater than 
im four normal subjects (35 2) Total ATPase was also 
greater among patients than -controls, although the 
difference in the residual or magnesrtum-dependent 
fraction was said to be statistically msignificant When 
enzyme activity 1s expressed in this way, small differences 
m ghost weight could result m large differences in activity. 
For this reason ıt would appear more valid to express 
sodium, potassrum-ATPase as that percentage of the 
total ATPase activity which is activated by sodium + 
potassium When the data for schizophrenic and normal 
subjects are calculated ın this way (sodium, potassium- 
ATPase x 100/total ATPase), the result for the normals 15 
16 per cent and for the sehizophremes 24 per cent, a much 
smaller difference 

It 1s known that at concentrations above 1 x 10-* M, 
strophanthidin completely inhibits the sodium, potassrum- 
ATPase im red cell ghosts and that this degree of inhibition 
1s equivalent to the activation provided by sodium + 
potasstum We measured the total and strophanthidin- 
sensitive ATPase activity m red cell ghosts prepared from 
one sub-acute catatonic and 2 sub-acute paranoid schizo- 
phrenics and six healthy controls None of the patients 
was receiving drugs The following method? was used to 
prepare ghosts fresh cells were hemolysed in 10 volumes 
of cold 1 x 10-* EDTA (ethylenediamine tetraacetic acid) 
at pH 7-4 The resulting ghosts were washed until 
hzmoglobin-free with a solution contaimng 0 0153 M 
sodium chloride, 0 0017 M tres and 1 x 10-4 M EDTA 
(pH 74) Ghost ATPase activity was determined. at 
37° C m an meubation solution contemung 001 M irs, 
0002 M sodium ATP, 000125 M magnesium chloride, 
0 040 M sodium chloride, 0 020 M potassium chloride, and 
0 00025 M EDTA (pH 7 4) m the presence and absence of 
24 x 10-4 M strophanthidin 1 ml of ghosts was added 
to4ml ofmedium At 0, 60, and 120 min a portion of the 
incubation mixture was removed and placed in an equal 
volume of 6 per cent perchloric acid Inorganic phosphate 
was then determined by the method of Berenblum and 
Chain? Results aro given in Table 1 for fresh ghosts and 
for ghosts frozen at — 20° C for 48 h and thawed prior 
to the assay In nerher group of ghosts was there a 
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significant difference in total or strophanthidin-sensitive 
ATPase between normal and schizophrenic subjects 

Examination of the original data of Seeman and O’Brien 
would be necessary m order to establish whether the 
difference between normals and schizophrenics in sodium, 
potassium-ATPase expressed as per cent of total ATPase 
is statistically significant If it 1s, then their finding has 
not been confirmed by our investigation The reason that 
our values, as well as those of others‘, for per cent 
glycoside mhibition are greater than the percentage 
sodium, potassium-A'TPase reported by Seeman and 
O’Brien 1s not clear It may be due to contamination of 
the preparation with divalent cations or to agemg of the 
ghosts This dimmushed activity has been prevented or 
counteracted in our studies by the addition of 0 00025 M. 
EDTA to the meubation medium? 


Table 1. TOTAL AND STROPHANTHIDIN-SENSITIVE ATPASE IN RED CDLL 
GHosTS OF NORMAL AND SCHIZOPHRENIO SUBJECTS 


Phosphate liberation 1n Strophanthidin 
muM P,/mg dried ghosts x h inhibition. 
No strophanthidin Strophanthidin (per cent) 
Fresh ghosts 
Normal* 237 + S D 22 126 + 42 46 + 22 
Schizophrenic t 243 + 74 110 + 58 51 + 31 
Frczen-thawed ghosts 
Normal* 208 + 20 87 + 14 59 + 21 
Schizophrenic f 216 + 25 58 + 30 74 X 11 


* One determmation on each of five subjects 
ALME determmations on each of two subjects, one determination on a 


If the sodium-potassrum pump of red cells from sehizo- 
phrenies were different from normals as presumably 
reflected by differences in sodium, potassium-A'TPase 
activity, 16 ıs possible to predict? that the sodium and 
potassrum content of the cells would change, pare passu, 
provided that the leak permeabihties did not change in 
compensation for any changes in pump rate Thus, for a 
given leak permeability, the cellular potassium content 
would merease, and the sodium content would decrease 
with mereasing activity of the pump Analysis of intact 
cells showed for normals a sodium content of 109 + SD 
20 mM/ cell water, a potassium content of 146-3 + 24 
mM/l , and a water content of 64 7 + 0 7 per cent, for the 
schizophrenics, sodium was 123 + 13 mequv/l, 
potassium was 152 5 + 7 2 m equiv /1, and water content 
653 + 15 per cent 
The results presented here mdicate that if schizo- 
phrenics have greater than normal sodium, potassium- 
ATPase activity ın their ghosts, the difference must be a 
small one, and a large population would have to be 
studied to establish it 
Jonn C PARKER 
Josera F HOFFMAN 

Laboratory of Kidney and Electrolyte Metabolism, 

National Heart Institute, 
Bethesda, Maryland 

1Seeman, P M, and O'Brien, E , Nature, 200, 263 (1963) 

2 Hoffman, J F,and Ryan, H E (unpublished results) 

? Berenblum, I, and Chain, E , Biochem J , 82, 286 (1938) 


4Post, R L , Merritt,C R , Kinsolving, C R , and Albright,C D,J Biol 
Chem , 285, 1796 (1960) 


£ Dunham, E T,and Glynn, I M,J Physwl , 156, 274 (1961) 
*' Tosteson, D C, and Hoffman, J F, J Gen Physiol , 44, 169 (1960) 


Tar findings of Drs Parker and Hoffman are mteresting. 
Perhaps the: smaller differences and our larger differences 
may be partly explamed by a previous admumustration of 
tranquilizers Among our six schizophrenic patients who 
had elevated sodium-potassium-ATPase values (expressed 
ın absolute units), we found that the highest values were 
in those who had iecerved phenothiazimes during their 
acute reaction (1-3 weeks) and had then stopped taking 
drugs about one month prior to the assay of sodium- 
potassium-ATPase Since phenothiazines are known to 
inhibit sodrum-potass1um-ATPase?, some of the enzyme 
merease may have resulted as an ‘mduction’ following 
the period of drug treatment 


4 
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Expiessed in absolute units (35 2 fo. normals, 791 for 
schizophrenics) or in units relative to the total ATPase 
(16 per cent for normals, 26 per cent for schizophronics) 
there 15 significance (P = 0001 and P = 0 06, 1espec- 
tively) We used EDTA 0 1 mM ın the incubation medium 
and we found that our inhibition (16 and 26 per cent) with 
glycoside was of the same order as that of Post et al ? 

It 1s possible that these small but definite differences in 
sodium-potassrum-A.TPase might be ‘magnified’ 1f cerebro- 
cortical biopsy or autopsy material were examuned, since 
it 1s known! that grey matter contains 10ughly about 700 
times more sodium-potassrum-ATPase than red cells 


Pane M SEEMAN 
Rockefeller Institute, 
New Yoik, 21 
!Jarnefelt, J , Biochim Biophys Acta, 59, 643 (1962) 
2 Skou, J C, Farst Intern Pharm Meeting, 4, edit by Uvnas, B (Mac- 
millan, New York, 1963) 
3 Post, R L, Merntt,C R ,Kinsolvmz, C R , and Albnght, C D,J Bol 
Chem , 285, 1796 (1960) 


‘Bonting, S L, Simon, K A, and Hawkins, Noom M Arch Biochem 
Buophys , 95, 416 (1961) 


Penicillin Amidase from Coliforms: its 
Extraction and some Characteristics 


Ir is known that many fungi and some bacteria produce 
penicilln-sphttimg amudases or acylasest? With the 
exception of the amidase from Streptomyces lavendulae 
deseiibed by Batchelor, Chain, Richards and  Rohnson?, 
few details have been published about these enzymes 

A survey of 310 clinical isolates of Æ col types I and IT 
showed that 40 per cent possessed to varying degree a 
specific amidase acting at the CO NH linkage and 
thereby removing the side chain of benzyl- and phenoxy- 
methyl-pemcillint The root molecule of 6-ammopenieil- 
lame acid (6-APA) was left intact, showmg that these 
amidase-producing coliforms possessed no f-lactamase, 
the presence of residual 6-APA was readily demonstrated 
by reconverting ıt to benzylpemicillm with phenyl-acetyl 
chloride Some of the cohform strains appeared to 
préduce penicilln-amidase ın considerable quantity, and 
one such strain (C 15) was used m an attempt to extract 
and purify the enzyme (The stram of E coh used m 
preparmg this enzyme (penamidase) has been accepted by 
the Department of Scientific and Industrial Research, 
Torry, Aberdeenshire, with the number NCIB 9465 ) 

Stram C15 was grown in nutrient broth at 37° C for 
48 h under inducement from 100 ug/ml benzylpenieillin 
Initial efforts at enzyme precipitation by chemical means 
had yielded inactive products, so 100-ml lots of C15 
broth cultures were filtered through cellulose-acetate 
membranes, and the filtrate vacuum freeze-dried Approx- 
imately 0 5 g of pale brown flakes, readily soluble m water, 
was recovered from each 100 ml of culture 02 g of 
flake, dissolved in 5 ml water, was dialysed overnight 
through narrow ‘Viskene’ sleeves against 1,000 ml water 
at 4? C- The iesultant pale yellow flud, about 5 ml 
volume, was again 1apidly vacuum freeze-dried, to yield 
49 mg of dry yellow powder At each stage throughout 
the experiment, small ahquots were checked for full 
amidase activity 

The dialysed powder was found by protem—nitrogen 
determination to contain 53 per cent w/w protem, extract- 
able lipids represented 3 7 per cent by weight Ashing to 
constant weight left moiganic iesidues of 94 per cent 
w/w, this morgame residue contained 51 per cent 
potassium, 11 per cent sodium, 6 per cent calerum and no 
detectable magnesium 

The amidase activity of both the crude and dialysed 
powders was estimated by the addition of unit volumes of 
enzyme solutions to various substrate concentrations 
(benzylpemeillin solutions rangmg from 1 to 100 ug/ml ) 
The system was buffered at pH 5 5 determined, by prior 
experiment to be optimum, and optimum temperature at 
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40° C At close intervals, so that the mutial velocity of 
reaction might be precisely established, aliquots were 
removed and the enzyme immediately mactivated by 
raising mixture temperature to 75° C for 10 mm 

Residual benzylpenicillin was now assayed by conven- 
tional microbiological techniques, using Sarcena lutea as 
assay organism It was found that whereas 500 ug of tho 
crude product was required to destroy 1 ug of benzyl- 
penicillin pei h, this amount was spht by 6 ug of the 
dialysed enzyme Graphical determmation of the 
Michaelis constant was then made (Fig 1) giving Ks = 40 
x 10-4 mole/] at pH 5 5 and 40°C 
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Fig 1 Hydrolysis of benzylpenicilhnn by amidase from E colt 


The effect of enzyme inhibitors was tested on the 
dialysed extract, copper, iron, stearic acid and p-chloro- 
mercuriphenyl sulphonic acid had no inhibitory effect 
up to 10- M concentration ‘Versene’ showed somo 
inhibition at that concentration 

A proportion of coliforms produce f-lactamase as well as 
amidase, ın our series of 310 strains of E col types I and 
IL we identified 12 per cent in this category The optimal 
conditions for this enzyme are different from those for 
amidase, though. benzylpenicillm ıs an ideal substrate for 
both The semu-purified amidase described here had no 
action on 6-APA in a pH range 5-8, and contamed. there- 
fore no @-lactamase Under the conditions described, 
amidases from Æ cols showed maximal activity against 
benzylpenicilin and phenoxymethyl-penicillin, but pos- 
sessed also activity of a lower order against other 
derivatives of 6-APA such as a-ammopenicillame acid 
(ampicillin) and, ın some instances, against derivatives of 
7-amimocephalosporamie acid 

R J Horr 
G T STEWART 
Queen Mary's Hospital fo: Children and the 
Medical Research Council Laboratories, 
Carshalton. 
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Collagen Resorption in Contracting Guinea 
Pig Wounds 


THE use of the tattoo technique of Abercrombie, Flmt 
and James! has made it possible to follow more precisely 
the contraction that occurs 1n the healmg of full thickness 
small animal wounds Abercrombie eż al, using rats, 
and Watts, Grillo and Gross?, usmg gumea pigs, all 
reported a change m the shape of the individual tattoo 
marks as contraction occurred Both groups reported 
that the marks became elongated and pomted to the centre 
of the wound Subsequent removal of granulation tissue 
for assay was made by usmg the surface tattoo points as 
gude lmes and cuttmg vertically mto the granulation 
tissue 

In my mvestigations of granulation tissue, 1t was con- 
sidered desu able to adopt a method of removal shat would 
include all granulation tissue When the tissue was 
dissected from seven-eleven-day-old, full-thickness, cir- 
cular, abdommal, gumea pig wounds, a three-dimen- 
sional explanation for the elongated tattoo marks became 
apparent Begimnmg about the eighth day, there was a 
rapid overrunnmg of the granulation bed by the contract- 
ing surface layers Thus, while the base of the tattoo 
marks remained essentially ın place, the surface layers 
rapidly moved contripetally, resulting m what appeared 
fiom the surface as long marks pointed toward the centre 

For the present mvestigations the granulation tissue 
was loosened by blunt dissection along a line between the 
granulation tissue and the wound edges as defined by the 
tattoo marks The tissue was excised from the attached 
muscle bed by cuttmg along a plane defined by the 
eventual natural line of cleavage 

The granulation tissue, when completely exposed, had 
a shape like that of a much flattened, truncated cone Itis 
clear that if vertical cuts from the points definmg the 
surface area were made, a substantial portion of the 
granulation tissue, that of the ‘skirt’ portion, would be 
missed This would become exaggerated as the surface 
edges came closer and closer to approximation. 
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Fig 1 Collagen concentration as a function of time after wounding 


Dotted lme 1s re-plotted data from Grillo et al (ref 4) Solid Lne 
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The dissected granulation tissue was assayed for 
collagen by the hydroxyproline assay of Stegemann? 
The values are plotted in Fig 1 Results aie expressed as 
meg collagen/mg dry tissue and represent daily averages 
from a total of 40 wounds 

Although the rate of contraction, dry weight, total 
collagen and moisture content curves m this senes 
followed very closely the shape of the curves reported by 
Grillo, Watts and Gross‘, the collagon concentration was 
markedly different fiom the hterature reports of these 
and other workers'45 They have all 1epoited that 
collagen concentration, expressed as collagen per unit 
weight, contmues to inereaso during contiaction 

It is suggested that the apparent discrepancy between 
my results and those of other investigators stems from the 
difference m methods of removing the granulation tissue 
I have assayed the whole granulation tissue while others, 
because of the method of removal, have assayed only the 
central core of the tissue By this 1easorung, collagen 1s 
not concentrated in the granulation tissue as a whole, but 
is concentiated m the core area and resorbed m the 
peripheral region Such a suggestion would seem to 
satisfy the various observations and also help to explam 
the apparently anomalous results of James and Newcombe® 
in which they found no merease in the collagen concen- 
tration in splmted rabbit wounds It is likely that when 
the wounds were splinted open and the edges not allowed 
to contract, less of the total tissue would be missed by 
removing the core 


M 


J W BorHwELL 


Johnson and Johnson Research Foundation, 
New Brunswick, New Jersey 
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Localization of an Infectious Lesion and Glucose 
Metabolism via the Pentose Phosphate 
Pathway 


RECENTLY, the results of two separate groups of investi- 
gations have emphasized the importance of glucose 
metabolism via the pentose phosphate pathway 

It has been shown that all processes of inflammation and 
1epain aie accompanied by an merease—often considerable 
—m the utihzation of the pentose phosphate pathway by 
glucose m the imjured area! In regenerating tissue, the 
pentose shunt and the increased biosynthesis of nucleic 
acids seem to be in parallel, and after adrenalectomy both 
have been found to decrease? 

In plants, successful localization of the infectious 
process caused by mtioduction of viral or fungal suspen- 
sions has been found comeident with meieased enzymes 
and coenzymes of the pentose phosphate pathway?-5 
Interference with glucose metabolism via this 1oute 
umpedes the local defence mechanism and entiains 4 
consequent generalization of the infection 

Following the foregomg observations, this communica- 
tion presents the results of an investigation in rats to 
determine (a) the relative local utilization of the pentose 
phosphate pathway after mtroduction of mfectious 
material, (6) what mfluence the adrenal gland may exer- 
cise vis-d vis the utihzation of this metabolic route m the 
mfected area 

The method of Bloom and Stetten’ was used to determ- 
me the relative utilization of the glycolytac and direct 
oxidative routes m glucose metabolism as indicated by 
the ratio of radioactive carbon dioxide fractional re- 
coveries from glucose-i-“C and glucose-6-4C —Incuba- 


826 


tion conditions have been described in a previous eom- 
munication? 

Two groups of male albmo rats, each weighmg 200 + 
20 g and kept on a normal rat diet, were used m the exper!- 
ments 

In the first group of 4 rats, the animals were injected 
with a suspension of rat fecal maternal m the gluteus 
muscle They were killed by decapitation 24-48 h later, 
at which time the affected areas were excised, cut mto 
shvers weighing about 100 mg and meubated m Warburg 
flasks The muscles of the contralateral normal limbs 
were used as controls, as were also two normal uninjured 
animals - 

In a second group of 23 rats similar injury was inflicted, 
except that these animals underwent bilateral adrenalec- 
tomy by the posterior route one week earher The rat 
supports bilateral adrenalectomy so long as it 1s given 
normal salme to drink after operation, no cortisone or 
any other medication was, therefore, admmustered before 
or after surgery The animals all survived removal of the 
glands and the cisions were healing well at the time of 
infection of the gluteus muscle 

In several instances histological exammation was made 
of the myured area as well as determination of dehydro- 
genase activity usmg the triphenyl tetrazohum chloride 
(TTC) coloration test 

As can be seen from Table 1, the gluteus muscle of the 
uninjured control animals revealed no utilization of the 
pentose phosphate pathway ın glucose breakdown, which 
confirms previous observations that, under normal 
physiological conditions, glucose metabohsm im striated 
muscle occurs exclusively through the glycolytic route? 


Table 1 PRODUCTION OF “CO, FROM GLUCOSE-1-"C AND GLUCOSRE-6-MC 


IN GLUTEUS MUSCLE* 


HCO, production in cpm less 


Rat background per 100 mg of tissue 


No (wet weight) 
Glucose-6-“C 


Ratio 
Glucose-1-4C 


Normal rats 
1 None 


976 
735 
4,436 
782 
5,611 
878 
3,374 
593 
2,770 
483 


1,003 
None 
Infection 


None—contralateral 
control limb 








Infection 
None—contralateral 
control limb 





Infection 
None—contralateral 
control limb 








Infection 
None—contralateral 
control lim 








Adrenalectomized rats 
1 Infection 
None—contralateral 
control limb 


Infection 
None—contralateral 
control limb 


Infection 
None—contralateral 
control limb 

















Infection 
None—contralateral 
control limb 














* Incubated in 11 ml of Krebs—Rmger bicarbonate buffered medium at 
pH 74, glucose concentration was 0 1 per cent and the radioactive material 
was diluted with mert substrate to give @ specific activity of about 15 uc f 
mg, incubation period was 120 min at 37°C m 95 per cent oxygen and 
5 per cent carbon dioxide 

T Each value 1s the mean of two separate determinations 


In the normal rats mjected with fecal material, glucose 
metabolism ın the myjured gluteus muscles revealed a 
marked pentose shunt which was not found to be present 
in the normal contralateral lambs 
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In the adrenalectomuzed animals, the breakdown of 
glucose in the infected gluteus muscles demonstrated 
only httle or no utilization of the pentose phosphate 
pathway durmg the 48 h followmg injury The muscles 
of the normal contralateral lambs showed a similar utiliza- 
tion of this route to that m the mfected limbs 

In the expeiinents on non-adrenalectomuzed rats the 
amount of glucose-1-4C imn the medium was estimated 
before and after mcubation Its consumption was found 
to be comparable with the pentose shunt occurring m. these 
tissues 

Tt will be noted that a much larger number of animals 
was used in the adrenalectomy group of experiments, 
although the results given m Table 1 show approximately 
the same number of rats ın both groups This 1s due to the 
fact that, while all the normal animals survived the 
mjury to the gluteus muscle, the adrenalectomized rats 
(although all supporting the gland extirpation) could not 
easily overcome the trauma of a second injury In fact, 
the mjection of fecal material mto the gluteus muscle of 
these animals produced a mortality of 85 per cent within 
the first 24-48 h However, those surviving 72 h after the 
mjection appeared to surmount the stress and showed 
signs of recovery 

Tüstologieal examination of the injured area revealed the 
inflammatory process in the adrenalectomized animals to 
be considerably subdued There was a decrease in the 
local active hyperemic and cellular reaction In the 
gluteal rogion, mjection of the fecal material—which 
contams a combination of infectious and toxic substances 
—produced infiltration of only a few leucocytes in com- 
parison to that m normal rats The so-called leucocyte 
barrier was absent The TTC test ın normal rats showed a 
marked increase in dehydrogenase activity around the 
infected area as compared with that found m the adrenalec- 
tomuzed animals 

Histological findings suggest that the mereased pentose 
shunt present ın the imfected gluteus muscles represents 
the sum of the shunt occurring in the numerous cells 
mfiltratmg the affected area and that of the repair and 
healing processes taking place m these tissues 

The metabolic sequence of the pentose phosphate path- 
way furmshes the pentose sugars necessary for the 
biosynthesis of DNA and RNA essential m the processes of 
tissue repair and cell proliferation 

In plants?!" 16 has been postulated that increased 
production of reduced tmphosphopyridme nucleotide 
1s possibly mvolved in the biochemical process which 
hinders the growth of an infection lesion 

The mode whereby the adrenal gland influences the 
selection by glucose of the pentose phosphate pathway m 
the mjured area is not clear It 1s known that the adrenal 
gland, and particularly the cortex, contams gh levels 
of enzymes associated with the direct oxidative route”, 
although 1ts utihzation of this pathway under normal 
physiological conditions 1s small? However, in view of the 
complexity of the structure and functions of this gland, 
the biochemical activities of which are often at variance 
with each other, its relationship to an mereased shunt 
elsewhere ın the body followmg mnjury—physieal, chemical 
or bacteriological—is difficult to ascertam This relation- 
ship may mvolve either direct supply of the stored enzymes 
and coenzymes of the pentose phosphate pathway to the 
affected area, or formation and utilization of these 
catalysts to merease and replace the adrenal’s own secre- 
tory activity the products of which, m turn, create the 
physiolustological conditions favourmg an imereased 
shunt 1n the affected area 

To the research climeian, the primordial role of the 
pentose shunt ın the production of nuclei; acids and the 
apparent reduction m glucose metabolism via this route, 
at least durmg the early post-adrenalectomy period, 
provides further clarification of the factors involved ın the 
deceleration of metastatic growth after removal of the 
glands 
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Isolation and Identification of the Toxic 
Principle of Gastrolobium grandiflorum 


Serious losses m livestock ın Queensland have been 
attributed!? to Gastrolobeum gi andifloi um F Muell, known 
locally as ‘heart leaf poison bush’ Other common names 
are ‘wall-flower poison bush’ and ‘desert poison bush’ 

The plant 1s reported to occur mamly in mlaad districts 
of northern Queensland, the Northern Territory and the 
northern parts of Western Australa* It 1s the only toxic 
species of Gastrolobiwm withm Austraha which extends 
beyond the boundaries of Western Australia and 1s the 
only species found within the tropics 

Bailey‘ refers to G. grandyflorum as “The most poisonous 
to stock of any in the Queensland flora" Many mstances 
of sheep being killed with as little as 200 g or less of the 
leaf have been recorded’? Annual losses on some Central 
Queensland properties have been estimated at 150-300 
bullocks on one property and at 500 bullocks on another, 
the loss of 2,000 sheep at one time on another property 
in the affected area has also been reported" 

The isolation and identification of the toxic principle of 
G giandiflo:um as monofluoroacetic acid 1s now reported 

The isolation of the toxic prmorle involved con- 
tinuous extraction, for 96 h, of milled air-dried leaf with 
95 per cent ethanol contaming excess sodium bicarbonate 
using an all-glass Soxhlet apparatus of approximately 
800 g capacity The combined extracts from 4 kg of leaf 
wore used  Followmg transfer to an aqueous medium, and 
acidification, this extract was submitted to continuous 
extraction with sulphuric ether for 24 h After drymg 
and concentratmg, the mrxed acids were separated by 
mucrofractional distillation followed by gas chromato- 
graphic separation on a column of "Tween 80 (25 g) 
dispersed on acid washed ‘Embacel’ laeselguhr (7 5 g) at 
130° C using dry nitrogen as a carrier gas, in a Perkm— 
Elmer model 154D vapour fractometer 

Identification as monofluoroacetic acid was by infra-red 
spectroscopy, gas chromatography and mucro-analysis, 
comparison bemg made with an authentic sample of 
monofluoroacetic acid and its butyl- and 2-chloroethanol- 
esters Quantitative analysis? showed a level of 120 mg 
monofluoroacetie acid/kg ın a sample of air-dried leaf 
collected from the Clermont district ın central Queensland 

Toxicity testing with plant extracts and with equivalent 
amounts of monofluoroacetic acid produced characteristic 
symptoms in rats and sheep and resulted m comparable 
mereases in the levels of citric acid in blood and organs 

The first identification of monofluoroacetie acid as the 
toxic prmeiple in a plant responsible for serious stock 
losses was m Dichapetalum cymosum m South Africa? 
Late: in Australia ıt was identified as the toxin im the 
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leaves and pods of Acacza georginae m Queensland”, and 
afterwards m the Northern Territory? The levels present 
in G grandiflorum are mtermediate between the very high 
levels present m D cymosum and tho 1elatively low con- 
centrations found 1n A georginae 
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Photochemical Reactions of 
Tetrachlorosalicylanilide 


PHOTODERMATITIS caused by the use of soap containing 
the fluorescent geimicide 8,5,3/,4/-tetrachloi osalieylanilide 
(T,CS) has been described by Calnan!, Wilkmson? and 
von Frenk? 

Burekhardt** pioposed that the action of light on a 
drug which causes photoallergy converts ıt into a new 
compound with allergenic properties and that this com- 
pound ean produce rts subsequent biological effect ın tho 
absence of light 

Pathak e£ al * have suggested that photosensitization by 
psoralens involves their excitation to triplet states tho 
energy of which 1s sufficient to produce free radicals m 
neighboung molecules The free radicals cause the 
biological changes m the nradiated system 

We have found that hght interacts with T,CS m the 
followmg ways 

(1) When T,CS (07 per cent in 0056 N aqueous alco- 
hohe sodium hydroxide, pH 13 1) 1s irradiated by ultra- 
violet oi sunlight ıt decomposes to 5,3’,4’-trichlorosah- 
cylamlide (T;CS), which ean be identified by its mixed 
melting point and infra-red spectium A quantitative 
yield of T,CS was obtained from T,CS irradiated in aqueous 
alcoholic phosphate buffer solution (pH 73) No apparent 
decomposition occurred when T,CS was uradiated in 
aqueous alcohol alone (pH 3 3) or m aqueous alcoholic 
hydrogen chloride (pH 22) As the pKa value of T,CS 
is near 5 6, these results show that it 18 the ionized form 
which loses a chloime atom to give T,CS on irradiation 

(2) Irradiated T,CS reacts with protom 

A mixture of T,CS (1 ml saturated solution in 0 9 per 
cent sodium chloride) and y-globulin (10 mg) (pH 6 6) was 
exposed to daylight for 5h ‘When eluted with 09 per 
cent aqueous sodium chloride from a ‘Sephadex G—25’ 
column, the y-globulm fluoresced strongly ^ When 
exposure to daylight was omitted the eluted y-globulin 
did not fluoresce strongly T,CS itself cannot be eluted 
fiom the column with 09 per cont aqueous sodium 
chloride or by y-globulm in 0 9 per cent aqueous sodium 
chloride 

A mixture of T,CS (0 2 ml saturated aqueous solution) 
and rat serum (0 2 ml ) of pH 7 1, pieviously irradiated by 
ultra-violet light for 30 mim, was examined electro- 
phoretically The stiong fluorescence associated with 
TCS travelled with the serum protems which were located 
by staming with biomophenol blue Taken separately 
rat serum did not fluoresce strongly and T,CS did not 
move from the base lme under identical conditions 
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At the pH values of these mmtwes, the anionic form of 
T,CS ıs predominant and it 1s probable that this form 
reacts with protem when 1t 1s irradiated 

(3) Electron spm resonance spectia of T,CS powder, 
nradiated with sunhght or ultra-violet light, clearly 
indicated the presence of free radicals Free radicals were 
also shown to be present ın the spectrum of iriadiated 
alkaline T,CS deposited on filter paper from an alkaline 
methanol solution The spectra of irradiated acid o1 
alkaline solutions of T,CS in carbitol mdicated no fieo 
radicals erther when liquid or frozen This may be because 
the free radicals have very short lifo-times under theso 
conditions or that they are formed only on surfaces or m 
the presence of oxygen 

The spectra of powdered 5,4’-dibiomosalicylanilide also 
clearly mdicated that free radicals were produced on 
irradiation This substance, which occurs as an impurity 
in commercial tribromosalicylanihide (T,;BS), has been 
shown by Wilkinson to give positive responses on patch 
testing patients sensitized to T,CS (ref 7) The spectra of 
pure 3,5,4’-T,;BS gave no sign of fiee radical formation 
There 1s no evidence of photosensitization by this pwe 
compound and Wilkinson obtained only weak responses to 
patch tests ın patients sensitized to T,CS, commercial 
T,BS, on the other hand, gave cleat evidence of cross- 
sensitization in some T,CS patients The spectra of 
5,3’,4’- and 3,5,4’-trichlorosalicylanilides gave only slight 
1ndieations of the presence of free radicals 

Burekhardt/s hypothesis would not hold m the case of 
T,CS if T,CS ıs the only irradiation product, because 
Wilkinson, has shown that in his T,CS sensitive patients 
negative responses were obtamed on patch testing with 
T,CS (ref 7) In addition this substance gives negative 
when tested in guinea pigs photosensitized to T,CS (ref 8) 

We therefore consider that we aie dealing with a free 
1adical mechanism and that a hght-mduced free radical 
combines with pioteim as part of the changes leading to the 
photodermatitis seen clinically 
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Primordial Homeostasis in a Mammal as 
shown by the Control of Manganese 


THe hepatopancreas is the primordial homeostatic 
organ in a large number of species m which the kidney 
has not as yet developed In the mammalian embryo, 
the hepatopancreatic pimmordrum evolves earlier than the 
metanephric ones! The hver and the pancreas of adult 
mammals and man are the successors of the ancient 
hepatopancreas The question arose whether these 
successors maintain then primordial homeostatic adequacy 
even in a species which has fully developed kidneys 

To answer this question, ıt was mandatory to rely on a 
piunordial metabolite Such a metabolite must have 
been present at the inceptior of life and must havo re- 
mained essential to all livmg things hitherto studied In 
order to meet these stipulations, ono had to choose an 
clement, not a molecule 

Among several elements, manganese appeared strategic 
16 18 a ubiquitously essential constituent?, and nutrient? of 
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cardinal unpoitanee to mutochondiial?é5 and other 
cellular functions? The body loses thus element via the 
bile’, the pancreatic juice’, or, as we are advocating 
here, via both We intend to show furthermore that 
simple loss can be differentiated from regulation both of 
transport and of body constitution This demonstration 
m. a mammal like the rat might indicate the homeostatic 
adequacy of primordial organs for piimordial substances 
even though most constituents hitherto studied arc 
processed by a phylogenetic newcomer, the mammalian 
kidney The isotopic criteria on which we have relied arc 
documented ın earlier papers$-1 

There 1s published evidence which indicates that both 
transport and tissue concentration of manganese are 
homeostatically controlled Normal plasma‘, normal 
tissues?, and possibly normal cerebrospmal fluid}? contam 
steady concentrations of this metal The rate of excretion 
of one of its artificial radioisotopes from the bodies of 
animals? or man!? reflects directly the concentration of 
manganese 1n the diet o1 the size of a metabolic load with 
non-radioactive manganese given paienterally® 13 Further- 
more, the element’s passage through the body 1s sensitive 
to hormonal action", and as the present results show, to 
suigical stress The latter ıs a particulaily mmportant 
consideration in studies of the main gastrointestinal 
tributaries, the approach to which must be su1gieal at the 
present 

The rats were studied either live, or afte: dissection of 
then organs In the first instance we followed only the 
intravenously injected earrier-free radioisotope 5*MnCl, 
In the study of mdividual organs, however, two species of 
this element were investigated the injected, artificial 
radioisotope manganese-54 and the natural, non-radio- 
active manganese-55 which 1s indigenous to all cells 
The latter was studied by means of neutron activation 
analysis!5 

Gioups of rats with and without lapaiotomyv, as well as 
animals with and without bihary obstruction were com- 
pared with each othei, first on the basis of the behaviour 
of the artificial species of manganese The effect of surgical 
stiess on the metabolism of this metal rovealed itself as 
follows ıt mduced a marked acceleration of the total 
body turn-over rate of manganese-54 as well as a marked 
acceleration of the isotope’s transport from one organ to 
the next Operated animals showed these accelerations 
regardless as to whether the bile duct was ligated or not 
This communication refers only to freshly oporated 
anmals, because a method which peimits temporal 
sepaiation of surgery from biliary obstruction was devel- 
oped only recently Even so, prelummary experimentation 
with this method supports the followmg statement our 
present test animals suffered both stress and biliaiy obstruc- 
tion Ifstress were absent, biliary obstruction would havo 
revealed even more pronounced effects Hence the 
physiological 1ole of the liver is bemg underrated here, 
while the other organ, which must be the pancreas, 1s 
being overrated 

The bile duct was studied first simply as a route for the 
elimmation of manganese Obstruction of this tube 
always 1esulted ın diminution of the rate at which mtra- 
venously injected manganese-54 was excreted but never 
in its complete abolition The degree of diminution was 
dete1mmed by whether the tracer had been injected into a 
peripheral vem as opposed to the portal vem the rate of 
loss of intravenously admunistered tracer was definitely 
diminished by bihary obstruction, but when the tracer was 
delivered exclusively mto the liver, via the portal vem, 
bihary obstruction resulted ın a most dramatic curtail- 
ment of the element’s excretory rate While only curtail- 
ment of various degiees was 1mposed. by obstructing the 
bile duct, one could abolish the metals climination 
totally by ligating the anus A hgatme at that level 
readily stopped the total body loss whethor the animals 
were normal, stiessed or even jaundiced Hence the 
findings thus far mdicato the followmg (1) Although 
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several routes are available for the excretion of man- 
ganese, all of them are Imked to the gastromtestinal canal 
(2) A significant portion of bihary manganese origmates 
duectly from one or more of the metal’s hepatic pools* 

The fact that biliary manganese must represent chiefly 
the metal’s hepatic pools was also reflected m studies of 
the turnover of mdividual organs  Bihary hgation caused 
a marked accumulation of the tracer, but only m the liver 
The accumulation was impressive whether the controls 
were normal or operated animals However, smce chronic 
expermmentation had been precluded as grossly unphysio- 
logical, the eventual equilibration of the hepatic pools to 
the rest of the tissues was not studied 

The conclusions thus far rest on observations of the 
artificially administered artificial radioisotope manganese- 
54 They were supported by determmations of the 
natural species, manganese-55 the concentration of this 
isotope also became markedly mereased following biliary 
hgation and tended to decrease following surgery Here 
agam, however, the changes were reflected primarily 1f not 
exclusively in the liver 

A change in concentration of any substance, proximal 
to an obstruction of one among several pathways, does 
not necessarily mdieate whether that pathway simply 
permits the flow or whether 1t also controls the flux of the 
substance m question This can be tested, however, by 
varymg the flux while the pathway 1s either shut or open 
The flux of manganese through the bodies of animals can 
be varied by several means, the simplest of which ıs the 
variance of the supply of the element either by mouth or 
parenterally® 

In feeding experiments the rats were maintamed on a 
classically manganesoe-deficient diet, namely milk Deple- 
tion was expected to cause a decrease m the element’s 
flux through their bodies?  Bihary obstruction resulted 
m a further diminution of the element’s rate of excretion 
After this findmg became indisputable. manganese 
sulphate was added to the milk; although the animals of 
both groups were consuming roughly the same amount of 
milk per day, the obstructed ones were offered 2 2 ug of 
manganese-55 per ml milk, while the sham-operated ones 
were given only one half that amount Despite this 
difference ın mput, the obstructed animals showed no 
discernible increase in the rate of output of manganese-54 
whereas a marked enhancement was shown by the sham- 
operated ones This indicated that the liver controls the 
flux of this element 

Still the question 1emained open of whether the extra- 
biliary 10ute(s) might not also be endowed with regulatory 
function To test such an eventuality, large amounts of 
stable manganese (manganese-55) had to be delivered 
We resorted, furthermore, to parenteral admunistration 
into animals fed normal instead of deficient diets When 
the bile duct was obstructed, doses of 50 ug of the metal 
were totally meffectual m affecting the rate of excretion of 
the element, but higher doses did bring on commen- 
surate accelerations of the radioisotope's excrevion Stull, 
none of the responses exhibited by the obstructed animals 
approached the magnitude or the rapidity of those shown 
by comparable controls These latte: experiments indi- 
cate that while the liver controls the flux of manganese 
followmg ordinary metabolic demand, the other route, 
which must be the pancreas, does so only under extra- 
ordinary loads This matter ıs pertinent to the problem 
of human manganese poisonmg? and will be investigated 
on miners suffering from this disease 

The apparent division of homeostatic function between 
liver and pancreas 1s understandable on the basis of the 
structural differentiation of these organs from a common 
duodenal primordium Regardless of one's favoured 
explanation of this point, the sum of the results presented 
here does demonstrate the adequacy of one or both of 
these successor organs as homeostatic end-organs m & 
mammal As to the mechanism of this regulation 
evidence will be published elsewhere, illustrating mtimate 
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connexions between the control of oxidative phosphoryl- 
ation and that of manganese transport 

With regard to further work, one could consider an 
alkaline earth, that 1s, magnesium, which 1s excreted both 
nto the urme and the mtestmal canal The multiphoity 
of routes which have to be studied concomitantly make 
such a venture premature On the other hand, a homeo- 
static study of iron seems timely a labile pool can be 
defined by disregarding the tightly sequestered iron of 
myoglobin, hemoglobm and bone This pool ıs located 
within the hver and 1n compartments which reach rapid 
equilibrium with that organ Since this pool, regardless 
of its size, might be the controlling one m the homeostasis 
of iron, it 1s at present under scrutiny in this laboratory. 

This work was supported by the US Atomic Energv 
Commission 

GEoRGE C Corziss 
PAuL 8 PAPAVASILIOU * 
Medical Research Center, 
Brookhaven National Laboratory, 
Upton, Long Island, New York 


*ICA participant from the University of Athens 


1 Arey, L B , Developmental Anatomy A Textbook and Laboratory Manual 
of Embryology, fifth ed (W B Saunders Co , 1948) 

2 Qotzias, Œ C , m Mineral Metabolhsm An Advanced Treatse, 2 Part B, 
408 (Academic Press, New York, 1962) 


* Underwood, E J, Trace Elements n. Human Nutrition, second ed , 187 
(Academic Press, New York, 1963) 

‘Maynard, L S , and Cotzias, jun, G ©, Brol Chem , 214, 489 (1955) 

5 Chappell, J B , and Greville, G D , Fred Proc , 22, 526 (1963) 

* Greenberg, D M , Copp, D H, and Cuthbertson, E M,J Bol Chem, 
147, 749 (1953) 

"Burnett, jun, W T, Bigelow, R R , Kimball, A W, and Shepard, 
C W, Amer J Physol , 168, 620 (1952) 

? Cotzias, G C , and Greenough, J J, J Chn Invest , 87, 1298 (1958) 

? Cotzias, G C, Borg, D. C , and Selleck, B H , Amer J Physol , 202, 
359 (1962) 

1?Cotzias, G C, Borg, D C, and Selleck, B H , Amer J Physwl , 201 
927 (1961) 

11 Papavasiliou, P S , and Cotzias, G C , Fed Proc, 20, 295 (1901) 

11 Cotzias, G C, and Papavaslou, P S, Nature, 195, 823 (1962) 

19 Qotzias, G C, Borg, D C, and Bertinchamps, A J, in Metal Binding 
wm Medicine, 50 (Lippincott, Phil , 1960) 

14 Hughes, E R , and Cotzias, G C, Amer J  Physwl , 201, 1001 (1961) 

1$ Papavasiliou, P S , and Cotzias, G C, J Bl Chem , 236, 2365 (1961) 


Sex Differences in Metabolic Effects of Oxytocin 


PRELIMINARY investigations m this laboratory showed 
that when synthetic oxytocm was administered mtra- 
venously to puerperal women at dosages between 10 mu 
and 400 mu/kg body-weight there occurred consistent 
mereases m plasma non-esterified fatty acids (NEFA) m 
association with delayed hypoglycemia! (The synthetic 
oxytocin ('Syntoemnon was kindly supphed by Dr R 
Bircher, medical director, Sandoz Pharmaceuticals, 
Hanover. New Jersey) It was also shown that similar 
responses of NEFA and blood sugar follow oxytocin treat- 
ment in normal non-pregnant women without relation to 
pregnancy? In the latter subjects the hypoglycemia was 
attended by consistent and significant falls m plasma 
morganic phosphorus in contrast to small wrogular 
mereases occurring in puerperal women These differences 
m phosphorus responses suggested the possibihty of 
different mechanisms for the hypoglyewmia, but in‘ both 
categories of subjects the blood sugar decreases were 
characteristic 

In contrast to the foregomg results, Musky has reported 
that hyperglycemia and decreases mm the concentration of 
plasma non-esterified fatty acids occur after oxytocin 
administration m normal and alloxan-diabetic dogs** In 
female rabbits hyperglycema has also been reported to 
result from oxytocin treatment, but the moereasse m blood 
sugar was largely suppressed by adrenalectomy oi ergot- 
amine pretreatment? These data were mterpreted as 
evidence of mediation of the hyperglycemia by the 
adrenal gland We initially suggested that the differmg 
responses to oxytocin observed imn women and experi- 
mental animals might be accountable on metabohe differ- 
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ences based on species? Although the following expeii- 
ment does not necessarily exclude a species fluence on 
certain metabolic effects of oxytoem, the direction of 
NEFA change in the dog 1s clearly shown to be determ- 
med by sex 

Ten male and ten female mongiel dogs were examined 
with respect to NEFA and blood sugar changes after the 
administration of 10 mu oxytoon (‘Syntocmon’)/kg 
body-weight After fasting overnight a pretest venous 
blood specimen was obtaimed from the foreleg and the 
oxytocin was injected rapidly by vem Blood specimens 
were then drawn at 30-mm intervals for 15h The blood 
samples were transferred to iced, heparmized tubes and 
blood sugar estimated by the Somogyi-Nelson method®:? 
Plasma non-esterified fatty acids were determmed by 
Dole’s technique? The results are expressed as changes in 
concentration from fasting levels for glucose (AG) and 
non-esterified fatty acids (ANEFA) The results obtamed 
are shown m Table 1 from which 15 can be seen that in the 
case of the male animals prompt and significant decre- 
ments m NEFA occur while m females the plasma fatty 
acids mecrease On statistical analysis of these data by 
Fisher’s ¢ test differences between the mean values of 
ANEFA at 15 h are highly significant (P <0 001) 
Regardless of sex, however, a tendency to transient hyper- 
glycemia ıs seen at 0 5 h followed by decreases to less than 
pretest levels In the male group the moerease in blood 
sugar at 0 5 h 18 not significan (P > 0 05) although sigmfi- 
cant increments were observed for the females (P « 0 05) 
The degree of hypoglycemia observed at 15 h between 
the two groups of animals is comparable m that no 
statistically significant differences were found between the 
mean values for AG (P>0 05) 
Table 1 MEAN VALUFS AND STANDARD DEVIATIONS FOR CHANGES IN 


GLUCOSE (4G) AND PLASMA NON-ESTERIFIED FATTY ACIDS (ANEFA) AT 
05, 1 AND 15 R AFTER 10 wr/EG OF OXYTOCIN*BY VEIN 


30 min 60 mn 90 mm 
Males AG +445 — 2 +16 — 20+ 14 
(10) ANEFA — 76 + 20 — 104 + 58 — 177 + 56 
Females AG +944 —4:t317 -—- 23417 
(10) ANEFA + 91 +59 + 208 + 72 + 284 + 85 


The greater degree of hyperglycamia observed by 
obthers*5 1s not necessarily mconsistent with our data 
although the transient blood sugar inerements we have 
observed are slight or not statistically significant It 
should be pointed out that the oxytocin dosages used 
by Musky (1,000 mu/kg) and by Chaudhury and Nayyar 
(1,000 mu/rabbit) are considerably greater than that we 
have used These dosage differences may account for the 
greater increments in blood sugar reported by these 
authors Moreover, m puerperal women we have noted 
occasional shght hyperglycemia 30 min after administra- 
tion of 100-400 mv/kg although the mean values at this 
time are of questionable significance! At the lower 
dosage of 10 mu/kg this effect tends to disappear’, but the 
merease m NEFA concentration 1s stil consistently 
observed in women as m female dogs 

These data clarify to some extent the reported effects of 
oxytoem on plasma NEFA and blood sugar and confirm 
Mirsky’s observation on male animals showing plasma 
NEFA. decreases followmg oxytocin treatment’ How- 
ever, in female dogs the opposite effect 1s seen and an 
increase m plasma non-esterrfied fatty acids results an 
effect comparable with that previously reported m women 
It thus appears that the direction of NEFA change 
following oxytocm administration is sex determmed m 
dogs Whether such & sex difference exists m human 
beings 1s not known, but our data on women are consistent 
with this possibility : 

The mechanism for the differing metabolic responses to 
oxytocin 1s highly speculative With respect to NEFA. 
the effect m the female ıs simular to that following epmeph- 
rine admunistration®:*, which is attributed to inoreased 
fatty acid release by adipose tissue In male dogs, tho 
response 1s comparable with that of msuhn treatment, 
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which suppresses fatty acid release and causes lowe1mmg of 
the plasma NEFA concentration! Whether or not these 
apparent physiological similarities between oxytoom, 
insulin and epmephrine in intact animals are associated 
with corresponding metabolic differences of adipose tissue 
tn vitro that are based on sex remains to be investigated 

This investigation was supported by reseaich grant 
A 4180 from the US National Institute of Arthritis and 
Metabolic Diseases and by grants-in-aid from the Paike- 
Davis Co , Detroit, Michigan, and Sandoz Ino , Hanover, 
New Jersey RICHARD L Burr 
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Electroencephalogram Rhythms correlated with 
Milk Reinforcement in Cats 


Iw the course of earher investigations!»?, rhythmical, 
high-amplitude 6-10-c/s waves were observed in the 
visual and auditory cortices of cats when they madc 
responses remforeed by milk — Brief reference to similar 
cortical activity was previously made by Hess et al? A 
more systematic exammation of the conditions under 
which these rhythmic waves appear has been mado and 1s 
presented in this report 

The appearance of 6-10-c/s waves has been noted imm 
several behavioural situations drinking milk ad lebetum 
(10 cats), bar pressmg for milk (20 cats), discrimmating 
different frequencies of flickermg light for milk remfo1ce- 
ment (8 cats) The upper part of Fig 1 illustiates theso 
6-10-c/s waves recorded m a cat drmking milk ad bitum 
The activity recorded during the other behavioural situa- 
tions 1s similar As is seen in Fig 1, these waves aie 
prominent in visual and association cortices (M Ecto, 
A Occ, P Occ) These 6-10-c/s waves never appeared 
m “sensort-motor’ cortex leads (4 Seg m Fig 1) during 
milk drmkmg This last observation suggests that they 
are not directly related to the muscular activity merdent 
to the act of drmking Although no systematic attempt 
has been made to mvostigate subcortical sites, leads in 
midbrain reticular formation, geniculate bodies and 
caudate nucleus have not shown the 6—10-c/s activity 

Despite a high correlation with the mgestion of milk, 
these waves were not contmuously present when the cats 
were drinking milk freely Even when the cats had had 
considerable experience in a single experimental box, tho 
waves did not appear until 10-30 sec after the onset of 
drmking and would wax and wane while the cats drank 
steadily (Fig 1) If the cats were placed into a different 
experimental box, the 6-10-e/s waves failed to appear 
for a minute or more after the onset of drinking 

Since the waves appeared ın the visual and auditory 
cortices the effects of visual and auditory strmul were 
studied im 6 cats in a free milk drmking situation or while 
bar pressing for milk Alertmg tones biefly desynchron- 
ized the cortex, but the 6—10-e/s waves quickly returned 
at eontiollevels Darkening the expe1imental box had a 
more dramatic and persistent effecf as seen m Fig 1 
(lower traces) The high-amphtude, 6-10-c/s waves 
disappeared even though the cat contmued drmkmg The 
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Hig 1 Upper Occipital and association cortical rhythmic activity during milk drinking 

Downward defiexions on bottom trace mark each lick Lower Rhythms disappear at ‘lights 

off’, Lower amplitude, faster rhythms appear later (A Sig , anterior sigmoid gyrus, M Fco, 

middle ectosylvian gyrus, A Occ, posterior suprasylvian gvrus, P Oce posterior 
lateral gyrus, A Lat, anterior lateral gyrus) 
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Tig 2 Upper Lower amplitude, faster rhythms in eat bar pressing for mulk after 

several dailv sessions ın dark Lower Increased amplitude, slower rhythms later 

in same session when milk is re-3instated after an extinction period Leads m lower 
5 and upper traces are from same sites 


ihythmie activity which reappeared after several seconds 
of drmkıng ın the dark was faster (12-16 c/s) and of lower 
amplitude than the 6-10-c/s waves typically seen with 
the hghts on This low-amplitude, 12-16-c/s activity 
mereased gradually and became the characteristic ‘m- 
dak’ EEG rhythms of these cats (upper trace of Fig 2) 
The 6-10-c/s rhythms were seldom observed m the dark 
and then only for shorter durations and at lower ampli- 
tudes than the 6—10-c/s waves typically seen in the light 
Perhaps the high level of excitation elicited by this novel 
situation, that 1s, a completely darkened environment, 
was responsible for a desynchromzation or shift in 
frequency of the typical slow-wave activity 
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It 1s of particular -iterest that ın 
cats drmking in the dark, one experim- 
ental procedure did restore tho 6-10- 
c/s low-frequency rhythmic activity to 
the high amplitudes recorded in the 
hght This procedure consisted first 
of an extinction period (withholding o1 
withdrawing the milk) and then the 
1e-instatement of mlk When the mik 
was reimstated after an extmetion 
pernod, 6-10-c/s waves appeared at the 
high amphtudes typically seen in the 
hght Ths high-amplitude activity 
persisted for several minutes before ıt 
was agam replaced by that animals 
characteristic ‘dark’ drinking waves 
The upper part of Fig 2 illustrates the 
faster -fiequency, lower - amplitude 
‘dark’ waves recorded puor to an 
extinction period ‘The lower part of 
Fig 2 shows the immediate post- 
extinction activity domunated by 6- 
10-e/s, high-amplitude waves which 
persisted for 1 mun before cortical 
activity returned to the levels illus- 
trated ın the upper part of the figure 
In 4 cats, this phenomenon was ob- 
served foi as many as 7-10 post- 
extinction periods in the dark After- 
wards, even this experimental proce- 
dure failed to change the animals’ 
‘dark’ drinkmg waves 

The 6~10-c/s activity did not appear 
in cats making leking movements jf 
no milk were present It did not 
appear in cats when they were drinking 
water Of more interest is the fact 
that these ihythms were generally 
absent ın animals which were consum- 
ing their usual diet of canned cat food 
It 1s possible that neural activation 
fiom masticatory muscles might be of 
unportance m explaming this absence 
since the 6-10-c/s rhythms 1eappeared 
if the solid cat food were made into a 
watery paste However, the palat- 
ability of the food might also be an 
important facto. sunce higher amph- 
tude, more persistent ihythms were 
evident if the paste were made with 
milk iather than with water In 
addition, the eating of a highly pre- 
ferred solid food (hvei) elicited simular 
levels of these 6-10-c/s waves 

This work was suppoited by US 
Pubhe Health Service grant M-—3491 
One of us (N A B)is& US Public 
Health Service career development 
awardee GMK 3-3409 
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HAEMATOLOGY 


A Human Blood Group Antigen, Ny? 
(Nyberg), segregating with the Ns Gene 
Complex of the MNSs System 


A SAMPLE of human serum was found to contam an 
antibody to a hitherto unrecognized red, blood cell antigen 
the corresponding antigen was first found m the cells of 
Mr Nyberg and for that reason the antigen is bemg 
called Ny, the corresponding gene Ny2, and the antibody 
anti-Ny@ Anti-Ny* distinguishes two phenotypes, Ny(a +) 
and Ny(a—) 
One further example of Ny(a+) cells was found and 
after that a survey of Oslo blood donors was begun in 
which nme Ny(a+) persons were found m testing about 
4,000, a frequency of about 0 2 per cent 
The inheritance of the antigen Nya has so far been 
examined in eight families and the results strongly indicate 
that the antigen is, as expected, a Mendelian dommant 
character Of the sibs of the propositi 8 were Ny(a + ) and 
9 Ny(a—), which ıs close to the expected 50 50, the 
propositi themselves are excluded from this count The 
famuhes melude 10 matings of the type Ny(a+) x Ny(a—) 
and 7 which for probability reasons may be assumed to be 
of this type (for one parent ıs Ny(a+) and the other was 
not available for testing) 14 of the issue of these matings 
were Ny(a+) and 19 were Ny(a—), which does not differ 
significantly from the expected 50 50 (when the 
propositus appeared as a child he was not meluded in this 
count) 
All 11 Ny(a+) propositi have the antigens N and s, and 
the probability in Caucasians! of this being due to chance 
is 001 Moreover, in the families 31 Ny(a+) members 
were found and all had the gene complex Ns Further- 
more, m these families the gene Ny? can be seen to 
be closely or absolutely hnked to Ns ın eouphng From 12 
matings of the informative double back-cross type there 
were 28 non-1ecombinant children to | recombinant The 
apparent recombmant is probably to be explamed by 
illegitimacy, an opmion supported by the fact that his 
elder sister was excluded from the count because the Rh 
groups had shown her to be illegitimate 
As the new antigen clearly belongs to the MNSs system 
only the groups within thus system will be mentioned m 
this prelummary communicazion Mr Nyberg is NS Ne 
and he lacks all the following rare antigens known to 
belong to the MNSs complex Hu, He, MZ, Mia, Vw, Vr, 
Sta, Ris, Mu, Mt? and Cia 
Three further examples of anti-Ny* were found mn testing 
the serum of about 2,500 Oslo blood donors As ın the 
original case there was no evidence that the antibody was 
immune in origm The anubody agglutmated Ny(a+) 
cells suspended in saline rather more strongly at 4° C 
and at room temperature than at 37? C, 15 does not react 
by the antiglobulin method nor with cells treated with 
papain 
We thank Di T E Cleghorn of the South London 
Transfusion Centre, Sutton, Surrey, for samples of 
St(a+) and Mu-+ cells and for his extensive blood group- 
ing of one of the Ny(a + ) familes, Dr G. Albin Matson of 
the Wa: Memorial Blood Bank, Minneapolis, Minnesota, 
.for samples of Mt(a+-) cells; and Dr R R Race and 
Dr Ruth Sanger of the Blood Group Research Unit, the 
Lister Institute, London, for their advice 
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Effects of «-Methyl-norvaline on Synthesis of 
Hemoglobin in the Area Vasculosa of the 
Chick Embryo 


Iw the course of investigations on the effects of ammo- 
acid analogues on explanted two-day chick embryos, 
a-methyl-norvaline, which has a structure closely sumilai 
to both valine and leucine (Fig 1), has been found to cause 
a reduction of the quantity of hemoglobin formed in the 
area vasculosa At the concentrations used in these 
expermnents, there was no effect on othe: embryonic 
tissues, but in higher concentrations the analogue caused 
arrest of the heart-beat and subsequent death and disinte- 
gration of the embryonic axis 


VALINE LEUCINE o¢- METHYL-NORVALINE 
CH3 CH; CH, CH, CH3 
M, CH b. 
"EN laz 
POR ae CH3- TA H2 
ls. COOH 
Fig 1 Structure of valine, leucme and a-methyl-norvaline 


The experimental procedure was as follows chick 
embryos of 48-h incubation were explanted, endoderm 
surface downwards, m watch-glasses each contaimimg l ml 
of Spratt’s agar/salme/glucose medium! to which 25 
mg/ml of a-methyl-norvaline had been added The 
embryos had been trimmed close to the sinus terminalis, 
and the vitellme membrane and any adherent yolk 
removed Their precise developmental stage had been 
checked by somite counts, and embryos of exactly equiva- 
lent stages were explanted as controls on medium lacking 
the analogue In late: experiments, when 1+ had beéome 
clear that the only offect of the analogue was on the area 
vasculosa, this area alone was explanted after excision of 
the embryo and central part of the area pellucida (Fig 2) 
Such explants remained healthy and formed networks of 
capillary vessels, besides tendmg to spread centripetally 
so that the hole left by excision of the embryo was healed 
(Fig 2) They were cultured for 20 h at 38° C, by which 
time haemoglobin was abundantly present m all regions of 
the area vasculosa in controls The analogue-treated 
embryos contained noticeably less - 


OPERATION 


EXPLANT 
Discarded 





Capillary 
vessels 


Fig 2 Method of explantation 


The red blood cells were isolated from groups of 20-25 
explants, followmg D’Ameho and Salvo’s method?, 
except that the cells were not clumped by incubation, but 
were finally collected by centrifugation in a melting-pornt 
tube from which the bottom layer, containing pure red 
cells uncontammated by yolk, could be broken off The 
1ed cells were transferred to a second meltmg-pomt tube 
and hxmolysed m this overnight, with an equal volume of 
distilled water (total volume about 10 yl) After the cell 
debris had been removed by centrifugation the hemo- 


M 


February 22, 1964 


- 7 z + 


No 4921 








Bie M ne 


uw x 
ERES s 
FR e " < 4 5 
SPERA x x x B 
e a P te = 
b PE s x BE : goce 
EXC. ^r NN , i 
kl POT. a trs Ae, a ^62 X ed 
mY gat id Tos ? , = 7 
Me a : dm yu 
TON CS o 
A E 4 » i 
E Sura, Mr . . 
DV ES o nue h 
hia mom ————— n S S Sheree ere ete 





Fig 3 Results of electrophoresis on c2llulose acetate a, Hemoglobm 

from control explants, b, hemoglobin from explants with a-methyl- 

norvaline, c, hemoglobin from adult un lune marksorigm anode(-4) 
on right, cathode (—) on left 


globin was applied directly to a cellulose acetate-strip foi 
electrophoresis by Kohn's method? - The run was for 3 h 
m 0 04 M phosphate buffer, pH 6 5, at 0 4 m amp/cm (200— 
240 V) After drying, the strips were stamed with naph- 
thalene *black or ortho-dianisidinet Two bands were 
normally visible (Fig 3), but both of them were very much 
paler in the extracts from analogue-treated embiyos than 
m the controls. The faster-moving component 1s probably 
comparable to D’Amelio and Salvo's ‘C, and the other 
component either to them ‘Oy o1 ther ‘embryonic 
hemoglobin’ Ow two bands correspond even more 
closely, however, to those obtamed recently by Manwell 
et al 5 m starch-gel electrophoretograms of hemoglobin. 
for 3-day chick embryos 

In order to find out if.the reduction ın hemoglobin 


„was due to a réduction in the number of erythroblasts m 


the treated embryos, 34 treated and 22 control explants 
were examined histologically ın 10u sections stamed with, 
hematoxylin and eosm Numbers of erythroblasts per 
unit area were counted in blood islands at the level A-B 
indicated in Fig 2 As Table 1 shows, there was no 
significant difference between the experimental and con- 
trol series On comparing the types of cells present, 
however, 1t was noted that a higher percentage of the 
controls than of the analogue-treated explants had 
exclusively proerythrocytes in their blood islands (Table 2, 
‘proerythrocytes only’ category) The less mature ‘ery- 
throblast IT’ cell type of Dawson’s classification® pre- 
dominated, on the other hand, in a higher percentage of 
the treated embryos than of the controls These lens- 
shaped erythroblasts normally make up 95 per cent of the 


Table 1 BLOOD CELL COUNTS IN HISTOLOGICAL SECTIONS 


(Mean Nos of cells per 00011 mm? + SE M , from 34 treated and 22 
control embryos) 


Treated Control 
23 64 + 020 22 86 + 3 84 


Table 2, TREATED AND CONTROL EMBRYOS GROUPED ACCORDING TO RED 
CELL MATURITY 


Percentages of total embryos 1n each category 


Red cell type Treated embryos (96) Controls(%) 
Erythroblast II only 206 182 
Erythrocytes II + Proerythrocytes 412 182 
Proerythrocytes only 38 2 63 6 
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total blood cell count, up to 64-h incubation, but are then 
rapidly replaced by proerythrocytes, which are rounded 
cells, richer in hemoglobin, and constitute 85 per cent of 
the total blood cells at 72 h ineubation? It appears, then; 
that the effect of the «-methyl-norvaline has been to- 
reduce the number of erythroblasts that turn mto proery- 
throcytes, durmg the 20 h of explantation at 37? C 

Work now in progress 1s aimed at obtammg peptide 
‘fingerprints’ and ammo-acid analyses of hydrolysates of ` 
hemoglobin from both control and treated embryos, to 
look for qualitative differences and to see if the analogue 
1s taken up into hemoglobin m place of valine or leucine 
«-methyl-noivahne ıs distinguishable on paper chromato- 
grams using butanol/acetic acid/water? or butanol/ 
methylethylketone/water? as solvents, m which 1t has an 
Rr value between, those of valine and 1soleucine 

We thank Mr. G C de Gast for assistance m this work 
and the Lalor Foundation for a grant towards apparatus 
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Detection of Small, Fast-moving Hemoglobin 
Fractions with a Modified Starch-gel 
Electrophoresis Technique 


In the course of ow mvestigations-on small fast-moving 
hemoglobin fractions we introduced some modifications 
im the technique of horizontal starch-gel electrophoresis 
devised by Smithies! 

As we found that small fiactions m a hemoglobin 
sample could sometimes more easily be detected by electro- 
phoresis on acrylamide gol, where a thin layer of gel ıs 
used, we reduced the thickness of the staich-gel layer 
to 2mm 

The gel ıs prepared as a 10 g per cent concentration of 
staich hydrolysed ın phosphate buffer with pH 73. The 
buffer 1s made from a stock solution (14 230 g Na,HPO, - 
2H,0 m 1,000 ml aq dest, brought to pH 7 3 with con- 
centrated phosphoric acid) by diluting 20 ml in 280 ml 
aq dest and adjustig the pH to 73 by adding a 2 per 
cent phosphoric acid solution 

Tho warm gel ıs poured in a tray of ‘Perspex’ (13°5- 
22 5cm) The bottom of this tray has a diameter of 1 mm 
and the height of the walls is 2 5 mm (Fig 1) After 
setting, the gel shows a smooth surface 

With a iazor blade 8 shts m the gel of 15-1 mm each 
are made In these slits the hæmoglobin samples (as a 
10 g per cent COHb solution) are placed with a fine glass- 
pipette Care 1s taken to avoid air bubbles 

The starch gel is covered with ‘Parafilm’ as shown in 
Fig 1, the slits are covered with solid paraffin 40° C 
Contact between the starch gel and the buffer in the 
vessel on each side 1s made by 3 slips of Whatman IIT 
filter paper 

Electrophoresis 1s carried out at 4? C A current of 35 
m amp at 200 V 1s applied for 2h 

After fixation of the upper side of the starch-gel laye: 
with ethanol the gel is turned and the other side stained 
with o-dianisidine solution or benzidine solution for 20 min 
The gel is then washed in tap-water 

As we were interested primarily m the detection of 
Hb H and Hb Bart’s a pH of 73 was chosen It was 
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Fig 1 Modified horizontal starch-gel electrophoresis 


found that unde: the conditions described here these 
fractions move to the anode, together with another frac- 
tion, possibly diaphorase I, while Hb A,, Hb A, and Hb 
A; move to the cathode Small quantities of Hb H and 
Hb Bart’s which had escaped detection with the usual 
horizontal technique could be demonstrated in this way 
as narrow bands? 

We feel that this technique might be of value in the 
mvestigations on «-thalasseemia, where often no abnormal 
hemoglobin 1s found with conventional methods 

P W HELLEMAN 
H. GARTNER 
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PATHOLOGY 


Serum Gamma-globulins in Acute and 
Chronic Liver Diseases 


Tue characteristic abnormality in serum protems m 
both acute and chronic liver disease 1s an elevation in 
y-globulin In acute hepatitis the y-globulin-levels are 
usually moderately elevated and the serum albumin is 
normal or only slightly depressed As the hepatitis 
subsides the elevated y-globulms gradually return to 
normal Occasionally, hypergammaglobulinemua persists 
or increases and may indicate a transition from acute to 
chiome hepatitis! In chronic liver disease, particularly 
chronic hepatitis and advanced cirrhosis, the elevations in 
the y-globuhn concentrations are similar to or somewhat 
greater than those seen in acute hepatitis but the per- 
centage of the y-globulin 1s considerably ngher This 18 
due to hypoalbummemua resulting in total protem con- 
centrations which are normal or low Occasionally, 
particularly in chronic hepatitis, however, there is marked 
hypergammaglobulmemuia associated with elevations in 
the total serum protem 

A characteristic difference between the y-globulin 
patterns in acute and chronic liver disease 18 illustrated 
schematically in Fig 1 In acute hepatitis there is a 
diffuse elevation of the y-globulin, but this does not extend 
into the B-region so that the normal demarcation between 
the y- and f-globulhns 1s maintamed In advanced portal 
eirrhosis, m addition to the elevation of the slower moving 
fractions, there 1s considerable increase ın the fast y’s (or 
slow B's) resulting m elimmation of the demarcation 
between the B- and y-globulins This g—y "Imkmg' has been 
previously emphasized by Demeulenaeie and Wieme? as a 
characteristic of chronic hepatitis and cirrhosis 

In this study, sera were collected from patients with 
the classical chmical and pathological findings of acute 
infectious hepatitis and advanced cirrhosis The types of 

"Y-globuhns (y2, y1A and y1M) were quantified by means 
of a two-dimensional gel-diffusion technique the details 
of which have been previously published’ Briefly, the 
method consists of application of the freshly drawn serum 
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mto the well of an Ouchterlony plate, the 
agar of which contams an anti-serum 
specific for the component to be measured 
The concentration of y-globulin 1s propor- 
tional to the diameter of the rmg of the 
immune precipitate formed and 1s estimated 
by reference to a standard curve relating 
rng diameters to known concentrations 
of the purified globulm. The antisera used 
were prepared by immunization with 
antigens isolated from normal human 
serum and were made specific by absorp- 
tion with slow fragment of a papam digest 
of fiaction TI y-globuhn* The technique 
has been found reproducible to withm the hmuits of 
approximately + 10 per cent 

The results of the quantitative analysis of the y-globu- 
lms ın the serum of patients with acute and chrome liver 
diseases are shown in Table 1 The patients with chronic 
liver disease all had portal cirrhosis except for R M , whose 
history and hver biopsy were most consistent with post- 
necrotic cirrhosis Considerable elevation m the concen- 
tration of y2-globulm 1s found ın both acute and chronic 
liver diseases; ‘the y1M concentration is only shghtly 
elevated and the ratio y2/y1M 1s higher than normal. The 
most scriking difference between acute and chronic liver 
disease ıs the marked increase ın yl4 seen in advanced 
cirrhosis Although the concentrations of y2 and y1A are 
both increased ın cirrhosis, a relatrvely greater morease m 
the y14 occurs, resulting m abnormally low y2/y1A ratios 
Analysis of the sera of several patients with cirrhosis 
using density gradient ultracentrifugation has shown that 
the y14-globulms are of 7S size In acute infectious 
hepatitis the elevation ın the y-globulm is primarily y2 
and the ratio y2/y1A 1s high 

The observation that the yl4 fraction 18 markedly 
elevated in cirrhosis adequately explains the ß-y ‘linkmmg’, 
which is a characteristic of the paper electrophoretic 
studies of the sera of patients with advanced cirrhosis 
The meaning of the elevations ın serum x14. and the low 
y2/y14 ratios seen 1n cirrhosis 1s unknown It 18 perhaps 
significant that recent studies have shown that 414 is 
the predominant type of y-globulin present m several 
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19:8 8-92 1-88 22 105 
19-0 6-20 1-38 31 13-8 
176 501 1-57 35 113 
146 5-00 0-89 29 165 
151 6-20 3-00 24. 47 
18-8 6-63 167 28` 121 
10-0 1:56 1-08 6-4 93 


'retions including saliva, certain G1 fluids and bile*. 
"The livers of patients with certain chronic liver diseases 
have been shown to. produce y-globulin* although the 
type(s) of y-globulin produced has not been determined. 
This work was supported in part by U.S. Public Health 
orviee grants AM-03986-04, A 5720 and 4M—05720-02. 
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IMMUNOLOGY 


Immunological Investigations of Cytochrome c 
oo Rarser conflicting results have been given by several 

authors*-* concerning the antigenic power of cytochrome c. 
""Phis divergency may apparently be attributed to some 
difference between the degree of purity of the preparations 
"used. This was, however, still to be confirmed. 
Having at our disposal two commercial and specially 


27 The rabbits were subjected for 3 weeks to a treatment 
involving the injection (4 times a week) of increasing 
doses of either a cytochrome c solution in saline or a 50 
percent w/v eytoehrome c emulsion in Freund's adjuvant, 
the former being administered intravenously, the latter 
by the intraperitoneal roüte. According to the groups, 
the doses were: 5, 10, 20, 40, 80 and 100 mg/kg per injec- 
tion. Several of these animals further received secondary 
injections for one-or two weeks. 

<` Guinea pig sensitization was effected by 1-3 succes- 
ive injections (intraperitoneal. or subcutaneous) of cytc- 
hrome c (A and B) emulsified in Freund's adjuvant. at 
he following doses: 20, 40, 80 and 100 mg/kg per injec- 
tions- These animals were then left to rest for about 




















i j 15 da rafter the last cytochrome € injection. 
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test and the immuno diffusion method on ag 


„joint surface, and the silver reduced and developed 
no detectable precipitin: the ring method of Bodian*. — cux 













to Ouchterlony® were negative. Sera obtained at v 
times after secondary injections also gave negative resul 

Three to four weeks after the sensitizing injection 
guinea pigs either were subjected to the Sehultz—Dale tos! 
or received an intravenous injection with the view of 
producing an anaphylactic shock. ; 





Table 1 spectral data 


Cytochrome c Fore! Iron content E 





proteins E% 
A 0 0-44 
B 0 0-44 


The Sehultz-Dale test on guinea pig ilea gave ab: 
lutely negative results in such experimental condi 
as these ilea underwent a maximal contraction ! 
histamine concentration.of 10-9 in the medium. - 

The intravenous injection of a 1 per cent w/v solution in. ` 
saline of the cytochrome c preparations (4 and B) in 
sensitized.guinea pigs provoked neither shock respon: 
nor death. à 

These findings seem to-show the lack of any anti 
reaction in rabbits and guinea pigs after parenteral 
tions of the cytochrome c preparations A and B whic 
have been examined. Sic US 

This rather surprising phenomenon for. a pr 
heterologous species tends to demonstrate t 
allergic accidents hitherto reported by several w 
who used cytochrome c for therapeutic purposes 
were probably due to the presence of protei 
the preparations utilized by the parenteral a, Tat 
than to a true anaphylactogenic potency of the chro: 
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ANATOMY 


Changes in Permeability of Articular 
Cartilage with Age 
Tur nutrition of the chondrocytes of articular car 
tilage is derived in part at least from the synovial flui 
diffusion through the matrix; Many workers have sti 
the permeability of cartilage by observing the diffusi 
dyes and other substances into the tissue, but few ha 
noted the effect of ageing?-5. To this end, the penetrati 
into cartilage of ‘Protargol’, a silver proteinate, 
compared in rabbits of two age-groups: (1) 3-4 n 
(2) 21 months and older. j ze 
Immediately after death, one or both femo: 
rapidly dissected out and the femoral heads w 
rolled gently to and fro in a Petri dish containing 0 
cent saline. After 2 min, the same treatment was 
tinued in 5 per cent ‘Protargol’ for a further 5 min. 
foregoing procedure was invariably completed witht 
min of death. preliminary experiments having con ae 
that the permeability of articular cartilage in the rabbit 
decreases markedly after this time‘. -A small chip of ` 
tissue was then taken from the treated area, fixed : 
formialin.and embedded in paraffin. Sections 7 and 15g 1 
thickness were cut approximately perpendicular to | 























con- 












. material (P< 0-05). 


Younger age group : 
Maximum | | Depth | | 


thickness of | 'Protargol' | Permeabi 
cartilage (u) | penetrates (u) index 
200 50 0:25 
50 
300 20 
330 1 
03 
40 0-125 
220 
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The appearances of representative sections from the 
two age-groups are shown in Fig. 1 and the results 
are summarized in Table 1. The mean penetration is 
shown by the t test to be significantly lower in the older 
The maximum thickness of the 
cartilage shows considerable variation, though there is no 
statistically significant difference between the two age 
groups. To some extent the variability may depend on 





Fig. 1. Sections through articular cartilage from two-month rabbit 
ibo and two-year rabbit i showing different degrees of 
odi "o Fonntration a s CE MN 


- “ache T ' T 
/ February 22, 1964. vonzo 


Older age group 


Maximum 
it Age Weight | thickness of 
(months) cartilage (u) 


21 
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oblique sectioning of the material; to eliminate this error a 
‘permeability index’ was calculated, namely, the depth 
penetrated by ‘Protargol’ divided by themaximum cartilage 
thickness. This index is significantly lower in the older 
rabbits (P < 0-01). 

The conclusion that articular cartilage becomes less 
permeable with age is in accord with Makowsky’s’ findings 
on human post-mortem material, although other workers 
have not found evidence of such a change in the rabbit*. 

As early as the third decade of life, changes occur in the 
physical properties of human articular cartilage, such as 
increasing opacity and loss of elasticity*, and these physical 
alterations are accompanied by modifications of the 
chemical constituents of the matrix’. The present findings 
indicate that the nutrition of the chondrocytes may 
become more precarious with age, because of diminished 
permeability of the matrix. Impaired cell function may 
lead in turn to further alterations in the chemical com- 
position of the matrix, and therefore to a change in its 
physical properties. In addition, should the hypothesis of 
‘weeping lubrication’ of joints’ prove correct, the present 
findings suggest that the efficiency of lubrication may be 
impaired before microscopic surface irregularities oceur in 
articular cartilage. 

We thank Dr. A. J. Palfrey for help with the statistics. 
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RADIOBIOLOGY 


Effect of an Erythropoietin Preparation on 
Uptake of ear RE e of New-born. 


Bors the site and mechanism of action of erythropoietin 
(ESF) remain to be elucidated. Some investigators have 
stated that ESF acts exclusively on the blast or 
stem cell, with the resulting production of increased 
numbers of erythrocytic cells; others have ted 
evidence that ESF also may act on red blood cells that 
have advanced beyond the stem cell stage*-*. We have 
performed experiments to assess the ability of whole bones 
to incorporate radio-iron in vitro. Various ESF prepara- 
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tions extracted from rabbit plasma caused significant 
inereases in iron-59 uptake in such bones; but similar 
effects were not observed with a more purified extract 
obtained from sheep plasma. 

l-, 2-, and 15-day-old Sprague-Dawley rats of both 
sexes were decapitated and their tibia were removed. 
Two tibim were placed into each incubation flask. ESF 
preparations added to the flasks were obtained by the 
DEAE-cellulose method of Hodgson et al.” from the urine 
or plasma of acetyl-phenylhydrazinized (APH) rabbits. 
Activity of each ESF preparation was first assayed in 
starved rats by measuring iron-59 uptake and iron-59 
clearance’, and potency of ESF was expressed in cobalt 
units. Control flasks received identical amounts of heat- 
inactivated (90° C for 15 min) ESF. Each flask contained 
homologous plasma (1-2 ml.), iron-59 (0-15 ue.) and an 
amino-acid mixture*. Flasks open to the surrounding air 
were incubated, with agitation, in a Dubnoff metabolic 
shaker maintained at 37° C. 

At intervals, tibe were removed from the incubation 
vessels and were washed with sterile saline containing 0-1 
per cent iron-56 until the radioactivity of the super- 
natant fluid was approximately equal to the background. 
Tibiæ were then fixed in formol-saline and their radio- 
activity was determined in a well-type scintillation 
counter. Tibia were embedded in paraffin and sectioned at 
l0. No decalcification procedure was adopted. Sections 
were prepared for autoradiographic studies using ‘NTB 3° 
emulsion and the dipping procedure, and were developed 
after 28, 35 or 56 days. 

Although no differences were seen between experimental 
and control samples in the early hours of incubation (Fig. 
1), the bones incubated with ESF displayed heightened 
uptake of iron-59 after 24 h of incubation. After 48 h the 
increased iron-59 uptake of the experimental samples as 
compared with the controls was striking. 


40,000 


30,000 


C.p.m, 


20,000 


10,000 





Hours 


Fig. 1. Uptake of radio-iron by tibie of new-born rats in vitro. 


Erythropoietin (6); heat-inactivated erythropoietin (©), Each flask 

contained a total volume of 5 ml, consisting of: 1-2 ml. fresh, homo- 

logous rat plasma containing 0-15 we. iron-59, a buffered mixture of 
amino-acids (ref. 8), and 10 cobalt units of ESF 


An autoradiograph of a bone section is seen in Fig. 2. 
The bone from which it was taken had been incubated for 
48 h in a flask containing erythropoietin. The areas of 
greatest radioactivity were centred in the bone, and some 
radioactivity was also present in the cartilage. No con- 
centration of activity was apparent in the bone marrow. 
Double-blind examinations revealed good correlation 
between the radioactivity per bone as measured with the 
scintillation counter and a qualitative estimation of radio- 
activity as seen in the autoradiographs. 

Experiments also were performed with tibiæ from 1-day- 
old and 15-day-old rats (Table 1). One face was removed 
from the tibie of the 15-day-old rats to allow bathing of 
the bone marrow by the incubation mixture. Two ESF 
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Fig. 2. Autoradiograph of bone. The intact tibia was incubated in 

medium containing ESF and iron-59 for 48 h. The section was photo- 

graphed in dark field. Areas of high radioactivity are seen in the 
osseous regions ( x c. 36) 


preparations were used, one extracted from the plasma 
and the other from the urine of rabbits made ansmie by 
acetyl-phenylhydrazine. Signifieant increments in uptake 
of iron-59 were obtained in the ESF-treated bones as 
compared with those incubated with heat-inactivated ESF. 
In a single experiment in which iron-59 was added 4 h 
before the end of each incubation time, no significant 
difference between the groups was observed. 


Table 1, UPTAKE OF InON-59 ny TrBLE€ OF YOUNG Rats in vitro* 
Active ESF 
Inactivated ESF 
Age of rats Incubation times (h) 
8-16 18-22 24- 
1 day 31 3-0 45 
15 days 2-0t — 2:21 


* Incubation conditions similar to those in Fig. 1. Each value represents 
the data computed from 4-8 flasks. 
t One bone per flask. 


The ability of living bone to incorporate iron in vivo has 
been reported’°. However, the mechanisms by which 
ESF increased the radio-iron uptake into bone in the 
present experiments are not understood and it may 
represent a non-physiologieal effect. Brush-prepared 
smears made as early as 5 h after incubation and stained 
with Wright-Giemsa revealed much loss of cellular 
integrity of the bone marrow cells. Moreover, significant 
evaporation of the fluid medium occurred with time so 
that at 48 h conditions were no longer optimal. Similar 
experiments were performed with a more purified ESF 
preparation obtained from sheep plasma (Armour, Lot 
No. K003124). With this preparation no differences in 
iron-59 uptake were seen between experimental and con- 
trol groups. Paradoxical effects of ESF have been 
reported by others!^!*, Tt is possible that the enhanced 
effects observed with ESF-extracts from rabbits are due to 
a contaminant present in the ESF preparation. 
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A Fast Proton Source for Radiobiology 
‘Tue majority of radiobiological reactions are markedly 
influenced by the linear energy transfer (LET) as well as 

he dose of ionizing radiation, and eomparative investi- 
gations at different LET values are important in the 
methodology of radiobiological research. Irradiation at 

igh values of LET has been achieved most commonly by 
means of fast ‘neutrons produced in accelerators or 
ctors. The choice of nuclear reactions for production 
of mono-energetic neutrons is rather restricted, and even 
then the LET spectrum in an irradiated material is quite 
broad ‘because: (a) the initial energies of the ionizing 
secondary particles range from a maximum value down 
to zero; (b) a given cell may be irradiated by a secondary 
particle with any energy from the initial value down to 
nearly zero. For irradiation of most cells and miero- 
organisms it is far preferable to use mono-energetic 
harged partieles directly, provided the dimensions of the 
lls, etc., are small compared with the range of the 

ticles. In this ‘track segment’! method the dose can be 
Concentrated in a narrow range of LET, apart from the 
i inevitable contribution from $-rays, and different values of 
_ LET can be selected by slowing the particles in foils. 
^v ePartieles from radioisotopes have been used, but the 

_ low penetrating power, the restricted range of LET 

available and the hazard from contamination limit the 

. usefulness of this method. Direct acceleration of charged 
particles, for example heavy ions in the Hilac?, to the 
energies. required is à major undertaking of nuclear 
engineering and correspondingly expensive. 

: On the other hand, useful intensities of energetic 

_ charged particles can be obtained by means of exo-ergie 
“nuclear reactions induced by accelerated particles of com- 
:: paratively low energy. One of the most suitable reactions 
4s that between helium-3 and deuterium leading to a 

‘proton and an a-particle?, a reaction similar in many 

ways to the tritium-deuterium reaction for production of 
< 14-MeV neutrons. The Q value is 18-35 MeV and tho 
proton energy 14-7 MeV at zero bombarding energy. The 
'àntageous features which make this reaction superior 
0 most others for the present purpose are: (1) the cross- 
section is high at moderate bombarding energies, reaching 
a broad maximum of about 0-7 barns at a deuteron 
energy of 430 keV or a helium-3 ion energy of 640 keV; 

(2) for a given energy of the bombarding particle the 



































protons emitted at a given angle are mono-energetic ; 








mass System; (4) tho- 


centred at 10 em from a target of 1 in. diameter could be 







high Q value makes the angular _ 
variation of intensity in the laboratory system small; _ 
(5) the high proton energy has many advantages: (@) a . 
considerable range of LET from about 3 keV/p upwards. 
can be obtained by slowing the protons in foils; (b) 
vacuum window for emergence of the protons can be thick 
enough to permit an unobstrueted beam of large area 
without much energy loss (for example, 1-7 MeV in : 
10-thou. aluminium foil, sufficient for a 3-in. diamete 
window); (c) the energy spread caused by loss in emerging - 
from a thick target is negligible (40-01 MeV); (d) the 
range of a 14-7-MeV proton in tissue is about 2-5 mm só 
that irradiation of cells in tissues and not merely in single. 
layers would in some cases be practicable (for example, 
gonial cells in Drosophila). . us 
The nuclear reaction between helium-3 and deuterium 
can be brought about either by accelerating deuterons. 
into a helium-3 gas target or by accelerating helium-3 ions | 
into a solid target containing deuterium. The latter 
method presents far fewer technical problems and permit 
much higher beam currents. 100 pa of helium-3 ions. 
falling on a thick heavy ice target should give 3 x 10* 
protons/sec with an accelerating voltage of 600 kV and 
6 x 10° protons/see at 800 kV. The dose rate at-10 em 
from the target for a source of 6 x 10° protons/sec would be 
3-6 rads/sec if the protons were used at an energy of 10 
MeV and 9-3 rads/sec if slowed to 3 MeV. A heavy ice 
target requires liquid nitrogen for cooling but other solid _ 
targets requiring only water cooling may be used; for 
example, a thick target of deuterium absorbed in titanium 
would give about one-third the output of a heavy 
target. , 
In an experimental check, with 300 pamp of unresolve 
beam from a radiofrequency ion source (the envelope 
and contaminated with other gases) and an aeceleratii 
voltage of 650 kV, the dose rate at 10 cm from the target. 
of the protons slowed to 3 MeV was 3 rads/sec foran old. 
and carbon-contaminated deuterium-titanium target; a. 
fresh deuterium-zirconium target gave 5 rads/sec. These 
figures could be improved on with a clean ion source 
envelope giving a better percentage of helium ions. When 
the same accelerator is used to produce fast neutrons, the. 
dose rate at 10 om from the target is only a few rads per.» 
min. m 
The energy spread of the protons caused by straggling 
when absorbing foils are used to vary the energy and . 
thereby the LET is quite small. For example, the stan- - 
dard deviation of energy at 3 MeV starting from 14-7 Me’ 
is 0-15 MeV. Of greater potential importance is a spread 
of initial energy of the protons, because this spread is _ 
effectively multiplied by passage through an absorber, . 
for example, by a factor of about 3-5 times in going from . 
14-7 to 3 MeV. The energy of the proton depends on the 
energy of the helium-3 particle at the instant of the 
reaction, and with a thick target will depend on the dept! 
of origin in the target. Fortunately. at an angle of about | 
97° (laboratory) to the incident beam the proton energy © 
is almost independent of the energy of the helium-3 — 
particle and is 14-5 MeV. As this angle is departed from .- 
there is an increasing energy spread depending on the _ 
acceleration voltage for the helium-3 ions, and in addition — 
the mean proton energy depends on the angle of emission. °° 
If the requirements of uniformity of dose and LET were 
stringent the range of angular variation might have to be 
restricted. If the areas of the irradiated specimen and the ` 
reaction target were considerable, it might be necessary to: 
arrange that they were inclined so as to restrict the 
angular widths presented on to the other. There might 
then be an inverse square variation of dose over the area of 
the specimen which could be averaged out sufficiently 
rotating the specimen in its own plane. By attention 
such details a layer of cells on a 3-in. diameter surfi 
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3-MeV protons with a dose variation 
; l per cent and a LET variation of + 10 per cent... 
mary, the use of the exo-ergic deuterium-helium- 
reaction for production of 14-7-MeV protons in an 
celerator of modest energy permits the investigation of 
tion effects on cells and micro-organisms under 
auch more controllable and precisely defined conditions of 
ST than" is possible with fast neutrons and with an 
"advantage of two orders of magnitude in available dose 
rate. Moreover, the dosimetry of the proton radiation is 
ar simpler than for fast neutrons since only simple 
urements of ionization in air are needed. The radia- 
tion dose to a specimen is far less influenced by the com- 
ion of the specimen and its surroundings than is the 
i irons. The capital cost of producing 14-7. 
fons in the manner indicated is at least an order of 
e smaller than if direct acceleration were 
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lar Agenesis and Variation in Size 
of the Remaining Teeth 

molar ance is clearly associated with an 
incidence o 

in size of the remaining teeth’, one might also 
creased variation in size, even to the point of 
eg teeth, when third molars are missing‘. 
our mesio-distal tooth size data from 
. Ohio confirms this expectation. Peg- 
ic upper lateral incisors, smaller than 
iameter, are predominantly found in 
agenesis of the third molar in girls 


th sexes, superimposition of the genetic complex 
for the suppression of the third molar has a 
on the size distribution of the upper lateral 


. Indeed, increased size variability (a°) proves to be true 
' all classes of teeth when the third molar is missing. 
paring 78 affected children with 140 normal controls, 

_size variance was greater in the affected boys in 11 out of 

14 teeth, and to the same extent in affected girls. Against 

‘the chance hypothesis, the actual distribution (22 : 6) was 

highly significant by y? test. Seven of 28 individual F 

values were significant at P = 0-05 or better. Both 

maxillary and mandibular teeth participated in this trend, 
as did the more mesial or more ‘stable’ teeth in each 

“morphological class. 

"n these circumstances, it appears safe to include 

increased tooth size variance in the remaining teeth among 

the other.concomitants of third molar agenesis in man^*. 

..In the upper lateral incisor, the entire size curve is not only 
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M9 other missing teeth? and with . 


Table 1. SIZE OF THE UPPER LATERAL INCISORS IN CHILDREN WITH THIRD MOLAR AGENESIS AND UNAFFECTED CONTROLS, 


shifted toward the origin, but peg teeth and missi 
are prevalent as well. - 2 
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Delay of Implantation in Super-ovulated 
Mice subjected to Crowded Conditions 


IT has long been established that delay of implantation | 
may occur in lactating mice.  Reéently, it has been 
noticed that delayed implantation may also occur in 
super-ovulated females kept in conditions of mild e 
ing. Twenty-two female mice (T'T strain) were 
when aged about. 30 days, in a cage measuring 24. 
14 in. X 7 in. which had one drinking and. one ea 
station. They remained in this cage for the duratio 
the experiment. When the mice were 59 days 
weighed 30-35 g, the super-ovulation : procedure 
commenced. This consisted of injecting, intr 
eally, 3 Lv. pregnant mare serum (‘Gestyl’, O 
and 3 rv. human chorionic gonadotrophin (‘Pre 
Organon), the former 43:h, and the latter immedia: 
before mating at noon on day 0, when 7 males: 
into the cage containing the 22 females, The males 
removed at 9 a.m. on the first:day and the num 
females having mated, as evidenced by the presen 
vaginal plugs or spermatozoa in the vaginal smear, 
noted. o 0. ANE Sere: 

“The 7 females that had mated were killed he seven: 
to.tenth days. Two had the uterine swellings character: 
tie of implantations, while from 4 which had no ul 
swellings blastocysts were recovered. (ei 
female had neither uterine swellings nor 
blastocysts, | 

Although, at. 59 days of age, immaturity of the females 
seemed unlikely to be ati operative factor, the experiment. 
was repeated with w group of 22 females 90:days : d 
























the uterine horns had swellings 
those of the other 3, indicating that in 
implantation may be merely delayed 
blocked. 
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* interest; the nucleolus is a bright rose pink, 


.pink. 


840 
though they-be. Experiments designed to elucidate the 
matter are in progress. ~ A. D, :DICKSON * 

Department of Anatomy: y? 


University of Aberdeen. 


* Present address: Department of Anatomy, Dalhousie University, Nova 
Scotia, Canada. 


Nucleolar Aberrations in Frog Kidney Tumour 


Cells 


AcconpiNG to Gates, the nucleolus was apparently the 
first intranuclear organelle described; yet its function in 
the normal cell has never been fully clarified*, nor has its 

ible malfunction in malignant cells*:*, But Caspersson® 
has held that chromatin associated with the nucleolus and 
the genes which govern its function must play a part in 
carcinogenesis. 

The commonly occurring kidney adenocarcinoma of the 
leopard frog, Rana pipiens, first thoroughly described by 
Lucké*, produces multinucleated cells when grown in 
tissue culture. Hence this tumour was used. in the 


` "investigation recorded here to examine the relationship 


of ‘the nucleolus to malignant change, pursuant to the 
following hypothesis. Nuclei occurring in the same cell 


-usually are isogenic. Hence, if the nucleoli of multi- 


nucleated-cancer cells are found to differ substantially 
from nucleus to nucleus, it follows that such nucleoli 
probably have gained autonomy, by escaping from 
genetic control. 

In this preliminary work, five simple morphological 
nucleolar characteristics were used to estimate whether 
nucléoli in multinucleated cells of the Lucké frog kidney 
tumour are similar or dissimilar. 

‘Explants from. freshly excised tumours were grown in 
vitro by the cover-slip tissue culture technique of 
Maximow^. Most tumour explants grew abundantly 
within 7-23 days. At such times the preparations were 
fixed in ice cold methanol, and were stained by the methyl 
green pyronin Y method*. This stain gives 
clear differentiation of the struetures of 


the nucleus blue-green, the cytoplasm pale 


Attempts to grow frog normal kidney 
tissue in- vitro, for comparison with the 
tumour. preparations, were unsuccessful. 
BEN" in tumour preparations, viewed 

er a 100 times oil immersion objective 
And a 10 times ocular, were measured with ` 
an ocular micrometer. Diameters of round 
nucleoli were recorded. Both long and.short. 
axes “of elliptical nucleoli were measured, 
and the mean of these two dimensions com- 
puted. Since preliminary tests with the 
micrometer showed that repeated measure- 
ments of a given nucleolus in different field 
positions "were reproducible within 0-5y, 
nucleoli differing by more than 0:54 were 
recorded as different in size, If nucleoli were 
near the centre of a nucleus, their position 
was recorded as central; otherwise position 
was recorded as peripheral. Sharply defined 
light-staining areas in nucleoli were recorded 
as vacuoles, The profile of nucleoli seen was 
recorded as ‘shape’. 

Systematic scanning of 13 cultures re- 
vealed a total of 145 clearly binucleated 


"x" 


or trinucleated cells. Since cell boundar- Fig. ! 


ies were usually vague, a cell was not 
considered to be multinucleated unless 
the nuclei it contained were in actual contact 
(Figs. 2, 3 and 4). The five nucleolar charac- 
teristics recorded were: number, shape, size, " 
position, and presence of vacuoles (Fig. 1).- a 


NATURE 


Fig. 3. Binucleated cell with different nucleolar 
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Je 1. LUCKÉ Frog KIDNEY TUMOUR IN TISSUE CULTURE: NUMBERS OF 
TAIKU CLEATED, CELLS HAVESG DISSIMILAR NUCLBOLAR CHARACTERISTICS 


No, of nucleolar characteristics different 4 


1 2 8 * 
Culture- No. (A) 124 binucleated cells * Total 
: 6 6 9 2 1 24 . 
pem 8 4 2 1 0 10 
58-8 1 2 0 0 0 X 
58-67 3 1 1 0 0 * f 
58-74 10 1 2 2 1 26 
58-81 5 0 3 2 0 10 
58-82 4 1 3 2 0 on 
58-93 4 2 2 4 1 3 
58-102 4 2 4° 1 0 n 
58-103 1 1 0 1 0 3 
58-106 2 0 1 1 -1 5 
58-107 2 2 0 0 0 4 
45 32 27 16 4 124 
(36%) (20%) (22%) (13%) (8%) (100%) 
(B) 21 trinucleated cells 
58-6 0 i 4 1 0 6 
58-8 0 0 1 0 0 1 
58-07 0 0 1 0 0 1 
58-74 1 0 2 0 0 $ 
58-93 0 1 0 2 0 3 
58-102 0 2 2 0 0 4 
58-103 0 2 0 0 0 2 
58-110 0 0 0 1 0 1 
iX 3» a 4 M 
Grand total 4 
(3295) (26%) — (2595) (1490) (89) - (100%) 


Table 2. Lucxé Frog KIDNEY TUMOUR: NUCLEOLAR DISSIMILARITY IN 
145 MULTINUCLEATED CELLS GROWN IN TISSUE CULTURE 


Percentage of cells having nucleoli dissimilar in 

No. facuoles Shape Size Position 
124 binucleated cells 18 14 18 40 38 
21 trinucleated cells 10 10 33 67 62 
145 Total 12 13 20 43 41 


Nine per cent of nuclei contained two nucleoli (Fig. 3): 
the remainder one (Fig. 2). Diameters of nucleoli ranged 
from about lg to about 4p, with a median of approxim- 
ately 2-5y. In vacuolated nucleoli, from one to 8 vacuoles, 
per nucleolus were seen; but this characteristic is reported 
simply as presence or absence of vacuoles. r 

As shown in Table 1, only 32 per cent of the binucleated 
or trinucleated cells had identical nucleolar characteristics. 
About one-quarter of the cells differed in 1 or 2 characteris- 





. 1. Frog kidney adenocarcinoma of Lucké in cover-slip tissue culture, showing 
nucleus, nucleolus, and nucleolar vacuole. Methyl green E rud Y 
graphs on 'Panchromatic' film using green Wratten M filter 
Fig. 2. Binucleated cell having one 
size, posi! 


stain. All photo- 


nucleolus per nucleus, Nucleoli similar in shape, 
ition and absence of vacuoles 


tterns; 1 nucleolus in upper nucleus; 
2 nucleoli In lower 


Tfinucleated cell; nucleoli different in shape and size, but not in number, 


position or absence of vacuoles 
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These compounds are 
being made available world- 
wide for the first time, 
- following the discovery by 
~$ Imperial Smelting Corporation 
Limited. and at the 
University of Birmingham, 
of a new and attractive 
synthetic route. They open 
up exciting possibilities in 
such fields as polymers, 
pharmaceuticals, dyestuffs 
and agricultural chemicals, 
where the presence of a 
fluorinated aromatic ring 
_may lead'to novel properties. 
Many companies and uni- 
versity research departments 
are taking experimental 
quantities of these fluoro- 
carbon compounds and 
carrying out their own 
programmes of investigation. 


HENAFLUOROBENZE 


and its derivatives - now available for evaluation 


Pentafluorophenyihydrazice Octafluorotoluene Pentaflorobenzonitrile 4, 4'-Diaminooctafluorobiphenyl 
Pentafiurobenrene Decafluorobipheny! Pentaliuorobenzene sulphonic acid Methylpentafiuorobentene 
Methoxypentafluorabenzene 2. 3, 5, 6 Tetrafivorophenc! 1, 2, 3, 4- Tetrafluorobenzene Pentafluoropheno! 
Bromopentafluorobenzene Pentafiuorothiopheno! 3-(Pentafluoropheny!) propene-1 2, 3, 5, 6- Tetraliuoroaniline 
Pentafiuorobenzoic acid lodopentalluorobenzene 1. 2-Dibromotetrafiuorobenrene Pentafiuoroaniline 
Decatluorocyclohexene Dodecatiuorocyciohexane Perfiuorodecalin Perfiuoro (methylcyclohexane) 


s, IMPERIAL SMELTING CORPORATION (SALES) LIMITED gary 
[renar \merTINe 6 ST JAMES'S SQUARE, LONDON S.W.1. RITZ 


A MEMBER OF THE RIO TINTO«ZINC CORPORATION GROUP Ee 
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STUDY: Salmonella typhimurium: 
gregarious colonisers: hostile to Homo sapiens: skilled infiltrators, 
difficult to detect on approach: but drawn into premature 
disclosure when baited correctly. 
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tics, 14 per cont in 3, and 3 per centin4 None differed in 
all 5 characteristics 

As Table 2 reveals, number of nucleoli and presence of 
nucleolar vacuoles were the least variable characteristics 
(12 or 13 per cent of multimucleated cells), shape median in 
variability (20 per cent), size and position most variable 
(43 or 41 per cent) 

Duryee? has concluded that the Lucké tumour “ 18 
a virus disease of the cell nucleolus’, and also* that 
nucleolar hyperfunction 1s a primary malignant change 
Kopac and Mateyko® have suggested that nucleoli in 
cancer cells may have gamed autonomy by disruption of 
association with nucleolar-orgamzmg chromosomes 

The Lucké tumour is widely regarded as virus-induced?” 
One of the present authors"! has asked whether the virus 
in virus-induced cancers may not act by uncoupling the 
nucleolar-chromosomal complex The substantial mor- 
phological differences among nucleoli of multinucleated 
malignant cells seen ın the prelimmary mvestigation 
reported here tend to support this concept of the 
autonomous nucleolus in cancer 


FREDERIC W Nompsrex* 
z M J Korac 
All-University Depaıtment of Biology, 
Graduate School of Arts and Science, 
New York University, New York 


* Present address Memorial Sloan-Kettering Cancer Center, New York 21 
1 Gates, R R, Bot Rev, 8, 337 (1942) 
Vincent, W S , Intern Rev Cytol , 4, 269 (1955) 
3 Duryee, W R, Ann NY Acad Scr, 68, 1280 (1956) 
4Duryee, W R,J Frankhn Inst , 261, 377 (1956). 
^ Mri am T O, Cell Growth and Cell Function (Norton, New York, 


*Lucké, B , Amer J Cancer, 20, 352 (1984) 
3 aerma, A , Carnegie Inst of Wash Contrib Embryol , 16, No 80, 47 


‘Long, M E, and Taylor, H C, Ann NY Aced Ser, 63, 1095 (1956). 
? Kopac, M J , and Mateyko, G M, Ann NY Acad So ,79, 237 (1958) 
" Rafferty, jun, K A, J Natonal Cancer Inst , 29, 258 (1962) 

1 Kopac, M J, Ann NY Acad, Ser, 68, 380 (1957) 


Trichostrongylus askivali n. sp. (Nematoda: 
Trichostrongylidae) from the Red Deer 


A MEMBER of the genus Trichostrongylus has been 
observed in the red deer which cannot be assigned to any 
known species and 1s therefore introduced as new, namely, 
Trichostrongylus askwalt n sp ‘The followmg brief 
description 18 based on 102 males and 25 females 

Males are about 304 mm long; the arrangement of 
bursal rays 1s typical of the genus, the dorsal ray bifurcate 
at begining of distal 1/3, each branch dividing at its tip 
into two minute stumps of which the lateral 1s the larger 
Spicules are unequal m length and dissrmiular im form 
The right spicule ıs 0 084 mm ın length, straight and 
bioad, at the end of the proximal 1/3 a slender branch 
arises from the lateral margin and crosses the body of the 
spicule to continue beyond the medial margin, at the 
beginning of the distal 1/4, a low tuberosity 1s present on 
the lateral margm, and from the medial margm arises a 
small branch or spur, beyond this the body of the spicule 
tapers to a blunt point The left spicule 1s 0 076 mm m 
length and shghtly curved, the greater curvature bemg 
medial, the spieule appears broad and flat, and a slender 
branch arises midway along the greater curvature The 
gubernaculum 1s lozenge-shaped, 0 048 mm im length and 
0026 mm in width Females are about 3:63 mm long, 
with the vulva obliquely situated about 0 56 mm from the 
posterior extremity 

The host ın this case was Cervus elaphus, the habitat 
was the abomasum and the locahty the Hebrides, 
Scotland 

Ancus M. Dunn 

University Vetermary School, 

85 Buccleuch Street, 
Glasgow, C 3. 
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Rearing Response of a Marine Flatworm 
to the Lowering of Light Intensity 


UNLIKE certam photophobic flatworms used in 
behaviour studies!-§, the marme polyelad Gneszocerus 
sargasswcola exhibits a dramatic ‘rearing’ response when 
the light intensity is lowered Withm a second after a 
sudden decrease in light intensity all the animals syn- 
chronously raise and wave around the anterior part of 
their bodies while ‘standmg’ on their posteriors. Even 
more striking, a few members of the variety lata actually 
leap from the substratum and swim As observed by 
Hyman‘, @ sargasswcolo lata is “very quick and active” 
and swims “prettily by a rapid butterfly-hke fluttering of 
the anterior expansions’. This communication deseribes 
some of the characteristics of the rearing response 

G sargassicola (Mertens) 1833 ıs a translucent polyclad 
frequently found on the Sargassum weed washed up on 
Florida shores The animals do not have well-definod 
pigment-cup eyes, but rather 3-6 ‘purple’ pigmented eyes 
in each of their two nuchal tentacles Also, there are eye 
clusters at the base of each tentacle and around the 
bram An excellent account of G. sargassicola 1s given by 
Hyman: 

Thirty specimens were collected durmg January 1963, 
and mamtamed ın 35-m diameter Petri dishes in the 
laboratory. The animals were kept in sea water taken 
from Biscayne Bay, Fla, and fed nauplu of the brine 
shrimp, Artemra salına. Some of the flatworms originally 
collected lrved as long as five months Durmg this time 
the animals deposited many cocoons from which hve 
larve hatched frequently 

The first indication that G sargassicola responds to the 
sudden lowermg of light intensity was observed when, m à 
normally lit laboratory, the hand was placed between a 
dish econtammg the polyelads and the hght source, each 
animal immediately reared When the hand was removed. 
allowmg the light to fall back on them, they did not 
rear 

Further mvestigation of these phenomena was con- 
ducted in a photographie dark room For ambient light, 
an F 40 Cool White Sylvania fluorescent bulb was placed 
on a shelf situated 18:n away from the animals and 22 ın 
above them Another such bulb, attached to a powerstat 
regulator, was placed 6 ın from the dish contamung the 
flatworms The powerstat was seb at 120, when 16 was 
turned off (to 50) quickly (within 1 sec), all the animals 
gave a rearmg response which lasted 1 5-3 sec Smee 
the hght was turned off automatically without actively 
plaemg a dark object m front of the light, there was no 
moving shadow ‘Therefore, although a moving shadow 
also elicits a response, the response 1s not to movement 
per se No rearmg occurred when the light was turned 
back on 

G sargasswola responds only to a sudden decrease in 
hght mtensity, not to a slow one Experiments showed 
that a response was not evoked when (a) an opaque 
cardboard was placed slowly (4-5 sec) between tho 
worms and the light, or (b) the hght was turned off by 
gradually adjusting the powerstat from 120 to 50 in 
30 sec 

Preliimmary experiments using a Zeiss monochromo- 
meter indicate that these flatworms respond to removal of 
green hght and not to the removal of red 

The rearmg behaviour of these polyclads was also 
observed when they were presented with swimming 
Artema nauplu In fact, the worms, ın one quick motion, 
reaied and then pounced on the nauplu, one animal often 
capturing as many as ten swimming Artemia at a time 
It ıs possible that this rearmg behaviour 1s a response to 
the shadow caused by swimming organisms that might 
serve as prey for G sargassicola Furthermore, the 
animals seemed to have the ability to regulate the rearing 
response depending on the time elapsed since their last 
feeding, the response did not occur when they were 
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eating, nor during the time immediately followmg feeding 
(sometimes as long as 30 min) 

This curious 1earing response of G sagassicola to a 
sudden decrease in light mtensity appears to be a unique 
case of a shadow response among members of the phylum 
Platyhelminthes (For a discussion of recent work on 
shadow 1esponses see ref 7 ) 


Howarp M Lenuorr* 


Laboratory for Quantitative Biology 
and Department of Zoology, 
University of Miami, 

Coral Gables, Florida 


* Investigator, Howard Hughes Medical Institute 


? Taliaferro, W H , J Exp Zool , 81, 59 (1920) 

*Ullyott, P, J Exp Bol , 18, 265 (1936) 

2 McConnell, J V , Jacobson, A L , and Kimble, D P, J Comp Physiol 
Psych , 52, 1 (1959) 

‘Corning, W C, and John, E R , Science, 184, 1368 (1961) 

* Best, J B , and Rubenstem, I , Science, 185, 916 (1962) 

‘Hyman, L H, Bull Bingham Oceanographic Coll , 7, 1 (1939) 

^ Kennedy, D , Sev Amer , 209, 122 (1963) 


The Marine Cladoceran Penilia avirostris 
Dana in the American Waters of the Pacific 
Ocean 


Tas marme cladoce1an Penia avirosti s Dana has been 
recognized as the only species of the genus!-, and to this 
species belong the many specimens collected on April 11, 
1953, at Bingham Station No 70, at 04° 42’S , 81° 22’ W, 
near the Peruvian coast 

P amirostris reproduces paithenogenetically by eggs 
lad imo the brood pouch and developed there into 
free-swimmmg young Then males and fertile females 
appear m the population and the latter bear one or two 
resting eggs, which have been generally assumed to 
develop as & result of the sexual. reproduction Ow 
specimens were parthenogenetic individuals bearing in the 
brood pouches 2-8 young, no males and no females with 
resting eggs were seen 

P avrrosiris shows a sporadic and discontmuous distri- 
bution and has been found mainly in the coastal waters 
of tropical oceans, ın the northern and southern areas of 
the warm temperate region, as well as in the Meditciranean 
and Black Seas?-5 In a previous paper*, I have pointed 
out the lack of records along all the American coasts of 
the Paerie Ocean ‘The recent occurrence m Peruvian 
waters breaks down such a discontinuity, and it 1s rather 
surprising since the nearest recorded positions are all 
located in the western Pacific 

In some localities, where P avwostris produces resting 
eggs, a regular and seasonal occuirenco has been observed 
however, its presence all the year round ın the plankton 
of the inshore waters off Freetown (Sierra Leone)? and at 
Algiers’ could confirm the hypothesis* by which in some 
areas, 16 could reproduce by parthenogenesis only 

The appearance in new and unusual localities may be 
due to the production of resting eggs which, not yet sunk 
have been caught up m wind-driven spray‘, but its distri- 
bution could also be connected with the circulation of the 
water masses? The appearance m the North Sea? was 
1ather surprising as the nearest iecord seemed to be 
located in the Mediterranean, but P avwosirzs has since 
been found in Portuguese waters!® The new record 
although the cladoceran might be endemic m the tropical 
waters of the eastern Pacific or arrived there by the 
Panama Canal, is particularly mteresting as the recordec 
position 1s located ın the northern area of the Peru 
Coastal Current where upwelling 1s a conspicuous feature 
moreover, seasonal changes turn south, along the coast 
part of the Equatorial countercurrent 

P awwostris lives in swarms along the coasts, 1n sounds 
and bays, nevertheless the fow records offshore? and the 
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present one suggest that ıt can. be considered an indicator 
in biological oceanography, as distribution and estabhsh- 
ment of the cladoceran ın a certam area require different 
conditions from ecological and biological points of view 

Ithank Dr G B Deevey ofthe Bmgham Oceanographic 
Laboratory, New Haven, Connecticut, fiom whom I 
received the specimens durmg my visit to the Sandy 
Hook Marme Laboratory, Highlands, New Jersey 


NORBERTO DELLA CROCE 
Instıtute of Zoology, i 
University of Genoa 
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A Case of Negative Allometry in Austro- 
potamobius Gill Growth 


THE relative filamental surface area of the common 
British crayfish shows a tendency to decrease with 
increase in body size! This seems to contradict the prm- 
ciple of similitude which states that the surface area of an 
anımal ıs proportional to the square of its hnear dimen- 
sions, whereas the volume (and the weight, for approxim- 
ation) 1$ proportional to the cube Growth rates are 
known to differ in different organs of the same animal 
and Huxley? found quite empirically that organ to body 
1elationship 1s better expressed by the equation 


G = b Wa 


where G 1s the size of organ examined (m dimension oi 
weight units), W 1s the size of whole body (in dimension 
or weight units) and b and « are constants 

The total wet gill weight, G, of Austropotamobius pallipes 
(Lereboullet) was plotted logarithmically agamst the 
logarithm of the wet body-weight, W, for a 1ange of 2- 
917g The results are presented m Fig 1 The straight 
Ine follows the equation, G = (0 1769) Wo %1 

The findings suggest that the branchial tissue grows at a 
shghtly slower rate than the entne body, the difference 
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Fig 1 Relative growth curve of wet gill weight in Austropotamobius 
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bemg significant enough to provoke a tendency for a 
decrease of gill surface area with age 
R A CunnA 
Biophysics Department, 
University of Edmburgh. 


*Curra, R A, PhD thesis, Unv Edinburgh (1963) 
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A New Polymorphic Rhizopod related to 
Pseudospora found associated with a Colonial 
Hydroid 

WE have recently had the opportunity of examining an 
organism found living in close association with specimens 
of the colonial hydroid Cordylophora lacustris (Allman) m 
laboratory cultures which may throw hght on a neglected 
gloup of rhizopods sometimes classed with, o1 as an 
appendage to, the Heliozoa The organism is highly 
polymorphic and occurs in two amceboid phases, plus a 
‘heliozoan’ phase, a flagellated phase, and an encysted 
phase 

The most common ameeboid phase ıs a lobose amoeba 
some 30-40% m diameter when fully grown, with a 
generous ectoplasmie periphery and numerous hyaline 
lobose pseudopodia which, may be long and slender, or 
short and blunt, or intermediate, such pseudopodi& 
frequently branch The endoplasm commonly contains 
many granular inclusions as well as food vacuoles; there 
1s at least one contractile vacuole The nucleus has a 
single conspicuous karyosome and resembles the vesicular 
nucleus seen in many soil ameebe, such as Naeglera and 
Hartmannella 

A second type of amceba has long, irregularly disposed, 
tapering and pomted pseudopodia radiating from a small 
central body as in a 'radiosa? amceba This phase 1s not 
necessarily an 1ntermediate stage between the lobose and 
‘heliozoan’ phases since transformations between these 
two phases have been observed without the intervention 
of the ‘radiosa’ phase The process of transformation 1s 
brief and may be completed m 3-5 mm, 1t appeais to be 
completely reversible 

The ‘heliozoan’ phase 1s spherical to shghtly ovoid, with 
a nucleus similar to the lobose phase, and numerous 
stiaight or slightly curved, very fine filose pseudopodia 
radiating from the periphery Observations with bright 
field, phase contrast, and dark field microscopy have 
provided no evidence that these pseudopodia are con- 
tinued into the body or that they have any differentiated 
axis They occasionally branch They are filopodia, not 
&xopodia 

The flagellates are formed from smaller amcebx (about 
10g 1n diameter) of the ‘radiosa’ 01 lobose types and when 
first formed they may display pseudopodia as well as a 
single flagellum The fully developed flagellated stages 
are typically spherical, ovoid, or pyriform, with a smooth 
outhne and bear two flagella of unequal length The 
longer flagellum (10—20u) ıs undulating and locomotory 
and the shorter flagellum (3-5u) 1s usually curved against 
the body and rarely beats When ıt does so 1t beats slowly 
and out of phase with the longer flagellum 

The organism was first observed in laboratory cultures 
of Cordylophora mm New Orleans, Louisiana, in the summer 
of 1961 The hydroids were bemg cultured in dilute 
saline (1-5 parts per thousand) and the rhizopod was 
discovered almost simultaneously m hydroid cultures 
developed from material collected ın brackish water sites 
near Antioch, California, Slidell, Louisiana, Falmouth, 
Massachusetts, and Vmeyard Haven Massachusetts The 
rhizopod has not yet been found m Nature, but 1s believed 
to have been introduced mto the laboratory with hyd- 
roids from one of these four sites 

Various stages of the rhizopod have been observed on 
the external surface of the hydroid and within the gastro- 
vascular cavity Large numbers have been found in 
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association with occasional enlarged, hypertrophie growths 
on the stolon and uprights Infested sporosacs of the 
hydroid also have sometimes displayed cedematous and 
degenerating embryos ‘These and other observations 
suggest that the rhizopod may be a facultative parasite 
on the hydioid Hydra littoral Hyman has also been 
experimentally infected We have found it possible to 
culture the rhizopod m a free-hving state on simple rice- 
agar plates overlaid with dilute saline Pure cultures have 
not yet been established 

It would be premature without further investigation 
(now m progress) to offer a name and diagnosis for this 
new organism, but on the basis of our present observations 
we feel able to assert the followmg (1) the organism ıs 
very close to the genus Pseudospora Cienkowski!, and 
may be a new species of that neglected genus, and (2) 16 1s 
no more cleaily 1elated to the Heliozoa than aie any other 
thizopods The 1esemblance to the Heliozoa is superficial 
So fai as we are aware, Pseudospora and its 1elatives have 
previously been found only ın association with alge, the 
association with a colonial ecelenterate (01, indeed, with a 
metazoan animal) recorded here appears to be new 

This work was supported in part by a U S Pubhe Health 
Service research grant RG 8140 and RG 8140(Cl) from 
the Division of General Medical Sciences (to C F L ) and 
while one of us was visiting professor of zoology in the 
Univeisity of Illinois [The late] R S J Hawks 
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Effect of Gibberellic Acid on the Initiation of 
Buds in Lilac 


Tue rhythmic alteination of leaves and bud scales m 
the growth of woody plants! appears to be due to the 
correlative influences of both leaves and scales? exerted by 
auxins and mhibitois? This may be supported by the 
possible reduction of the correlative inhibition of leaves 
by GA, (gibberellic acid), as alieady shown im other 
cases? 

On April 29, 1961, 0 5 per cent GA, lanoline paste was 
apphed to the lughest pair of leaves of llac (Syringa 
vulgaizs), on their basal surface, while they were still 
growmg At this time their axillary buds were very small 
and the terminal bud had already stopped growing The 
leaves treated with GA, paste developed normally, their 
axillaries, however, formed throughout their whole period 
of growth, besides scales which decreased in length suc- 
cessively, only a few intermediate leaf structures No 
real leaf and flower primordia, respectively, were initiated 
even at the vigorous highest shoots of the experimental, 
shrubs, 1n contrast to the corresponding buds of the control 
shoots which became generative The axis of the shoots 
treated with GA, grew in diameter, especially at the apical 
end 

A similar distal thuekenimg occurred, however, without 
GA, treatment when the apical axillares were excised 
very early’ In spring 1962 these buds so incompletely 
initiated after GA, treatment of their subtending leaves 
only grew following the removal of the lower expanding 
buds on the same shoot, of course with a great delay, as the 
missing primordia had first to be re-formed Nevertheless, 
they developed thereafter into vigorous vegetative shoots 
with normal, but scattered, leaves grouped at the upper 
partinthrees As a rule, only one of the two opposite GA, 
buds grew out in this season The other remained inactive 
until the former was cut off on March 17, 1963 Its 
development was quite similar, showing a considerable 
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delay and the same abnormal phyllotaxy However, its 
embryonic structures made no progress m the two years in 
spite of the apical position on the shoot system As ib 
was necessary to remove all the large expanding buds this 
GA, formation might be compared with the small basal 
‘sleeping’ buds on every shoot The latter were, however, 
much better prepared, as they produced regularly decus- 
sate leaves if the shoot portion about them was cut off 
early m spring These effects were even more accentuated 
when 1 per cent GA, lanoline paste was applied below the 
shoot tips on May 7, 1963 The leaves remained healthy 
until the end of October, and the length of the shoots was 
almost the same as usual; their axis was, however, 10-15 
mm in diameter (for example, the lowest mternode 9 mm, 
tho highest one 15 mm in diameter) and all the buds were 
only 15-3 mm long The xylem width below the apical 
node was from two to three times larger than in the 
corresponding control shoots with axis diameter of 5 5 mm 
at the top and with floral buds 10-15 mm long 

It seems probable that GA, lowers the correlative 
inhibition of the leaves, yet this particular activity of this 
growth-substance appears to be noxious at the tume when 
this mhibition 1s necessary for the formation of the bud 
scales There 1s only a certain number of well-developed 
bud scales which enable tne initiation of leaves and 
flowers, respectively, inside she winter buds, as has been 
expermentally established? Further, the lack of leaf or 
flower primordia m the buds results m a conspicuous 
thickening of the shoot axis, especially at 1ts upper region, 
which 1s also promoted by the activity of the root system 
Of course, the effect of the same GA; lanoline paste was 
the opposite 1f apphed to the hlac buds when they were 
begmnmg to expand, and afterwards they showed the 
usual effect of this so-called ‘shootmg hormone’? 

R Dosrán 
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Brno, CSSR 
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MICROBIOLOGY 


A Natural Reservoir of Penicillin-resistant 
Strains of Staphylococcus aureus 


Tue story of the mereasing meidence of antibiotic- 
resistant Staphylococce ın such man-made selective environ- 
ments as the hospital ward has been well documented 
Similar processes are frequently encountered m the soil 
or m other natural situations, and 1t 1s rare that antibiotic 
production can be shown to have ecological significance 
in a natural environment! In the course of mvestigations 
mto the microbial flora of the hedgehog, a naturally 
occurrmg biocenose which appears to be selective for 
penicillin-resistant Staphylococci, has been uncovered 

Hedgehogs m New Zealand are heavily infected with the 
dermatophyte Trachophyion mentagrophytes var ermacei, 
strams of which have been recovered from 447 per cent 
of 114 animals? The mzection ıs found m animals of all 
ages and involves large areas of skin 

Nasal and skm swabs from 35 animals of the same 
series have been moculated on to media selective for 
Staphylococer Coagulase positive Staphylococcs were 
1solated from the nostrils of 40 per cent, and the ventral 
skin surface and paws of 63 per cent and 71 per cent, 
respectively It was noticeable that areas of skm carrymg 
the dermatophyte yielded large numbers of coagulase- 
positive Staphylococci m almost pure culture This coloniza- 
tion of mycotic lesions by pathogenic Staphylococcz 1s well 
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known and 1s frequently observed to occur in tinea pedis 
The isolates were phage-typed and ther antibiotic 
sensitivities were investigated 

Approximately 90 per cent of the isolates could be 
typed usmg human staphylophages although not more 
than 50 per cent could be classified mto the human 
groups Although a wide variety of phage-patterns was 
recorded, 15 was found that 79 per cent of nasal strams and 
92 per cent of skin isolates were resistant to penicillin, but 
were sensitive to stieptomyem and to the tetracyclines 
Penicillin resistance was not associated with any par- 
ticular phage pattern but was found equally distributed 
through the staphylococcal types 

Dermatophytes are known to produce antibiotics and 
penicillin has been isolated from T. mentagrophytes? The 
hedgehog variant of this species wm vitro can be shown 
to produce considerable quantities of a penicilhn-hke 
substance, inhibitory to sensitive Staphylococes and 
neutrahzed by penicillmase The type stram of the 
vanant IMI 101 051 and 3 other isolates were grown in 
Sabouraud broth shake cultures for 5 days The filtrates 
of all produced zones of mhuibition equivalent to 15 
units/ml of penicillm in plates seeded with the Oxford 
stram of Staphylococcus aureus. Addition of penicillmase 
to the filtrates destroyed ther mhibitory powers 

It appears probable that the chronic mycotic mfection. 
of hedgehog skm provides an environment in which peni- 
cillin-resistant Staphylococc: have a selective advantage 
over sensitive strains and that the hedgehog surface 18 
one in which the natural production of an antibiotic 1s 
affecting the structure of the biocenose. The ecological 
relationships of the microbial community hving on 
hedgehog skin are bemg further investigated 

We thank Mrs Jean Markham for phage-typing the 
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VETERINARY SCIENCE 


Use of Lactic Dehydrogenase for Detection 
of Avian Leukosis 


In the United States, the loss of birds from the 
avian leukosis complex is of the order of 1,000,000 
dollars per week! The loss to tho poultry industry in the 
United Kingdom ıs estimated to be about £7,500,000 
annually? Investigation and control of the disease are 
impeded by lack of a 1apid, dependable diagnostic test 
The resistance-mduemg factor (RIF) technique? offers a 
valuable research tool but 1s too time-consuming and 
complicated for practical flock testing. 

A simple, accurate test for the presence of leukosis and, 
m particular, for virus-sheddmg chickens, would be of 
mestimable value Leukosis-free birds could be identified 
for use as foundation stock and elimination of the leukosis 
virus from egg embryo and chick embryo cell vaccines 
would be greatly simplified 

Previous mvestigators have reported increased plasma 
lactic dehydrogenase (PLDH)-levels m animals with 
tumour growth! Variation in PLDH-levels due to breed 
and age of chickens has been reported®, but the presence 
or absence of chnical leukosis was not noted This com- 
munication reports our observations on moereased PLDH- 
levels from chickens with clinical leukosis 

PLDH determmations were made according to the 
method of Berger and Broida, using reagents obtained 
from Sigma Chemical Co? Plasma samples were obtained 
usmg 01 ml of a 50 mg/ml solution of sterile heparin 
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without a bacteriostat (Nutritional Biochemicals Co , 
Cleveland, Ohio) per 20 ml of blood. Plasmas were 
stored at — 65° C, hæmolysed samples were discarded. 
The Coleman junior spectrophotometer, model 6 D set at 
450 my, was used for reading all samples Chickens were 
obtained from three sources White Leghorns brought to 
the Poultry Diagnostic Laboratory at New Bolton Center 
(NBC); Stram 1 White Leghorns acquired from Penn- 
sylvania Farm Bureau (PEB), Grantville, Pennsylvania, 
and a sex-hnked cross (SLC) of New Hampshire Red 
Pullets x Barred Rock Cockerels AH chickens were 
approximately six months of age at the time of sampling 
Test results are summarized in Figs 1, 2,and3 Fig 1 
is a histogram of the PLDH values for the two types of 
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PLDH — BERGER AND BROIDA UNITS 


Fig 1, Upper half, number of sex-linked cross (‘normal’) chicks with 

various PLDH-levels Percentage of chicks below 500 PLDH units and 

those with 500 PLDH units or greater, lower half, same, only Penn- 
sylvama Farm Bureau (‘normal’) 
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Fig 2 Upper half, number of chicks brought to the Poultry Diagnostic 

Laboratory with clinical leukosis and concurrent conditions Various 

PLDH-levels Percentage of chicks below 500 PLDH units and those 

with 500 PLDH units or greater, lower half, same, but only clinical 
leukosis 
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POULTRY DIAGNOSTIC LABORATORY 


CLINICAL LEUKOSIS NEGATIVE, 
BUT LEUKOSIS IN FLOCK 
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PLDH - BERGER AND 


BROIDA UNITS 


Fig 8 Upper half, number of chicks brought to the Poultry Diagnostic 

Laboratory with clinical leukosis negative but leukosis in the flock 

Various PLDH-levels and percentage of chicks below 500 PLDH units 

and those with 500 PLDH units or greater, lower half, same, but clinical 
leukosis negative, and no leukosis in flock 


‘normal’ chickens Figs 2 and 3 indicate the PLDH-levels 
for chickens brought to the Poultry Diagnostic Laboratory 
for examination The results presented in tho histograms 
clearly demonstrate that chickens with clinical leukosis 
have elevated PLDH values when compared with ‘normal’ -~ 
chickens The diagnosis of clinical leukosis was based 
on gross examination, in questionable cases appropriate 
sections were taken for histological confirmation. 

Chickens with PLDH-levels of 500 or more units were 
arbitrarily designated as suspicious for leukosis Of the 
‘normal’ chickens, 3 4 per cent of the PFB strain and 16 7 
per cent of the SLC stram had values of 500 or greater Of 
the birds with leukosis 82:6 per cent had PLDH values of 
500 or greater A number of birds without clinical leukosis 
(by our definition) had elevated PLDH. These birds had 
the following diagnoses coccidiosis, adenocaremoma, 
lice; roundworms: chrome respiratory disease, peri- 
tonrtis, hemorrhagic disease; mternal layer, cannıbal- 
ism; pick out, and negative findings It 1s probable that 
many of these conditions could produce an elevated PLDH 

As yet, we have no data on which tissues are involved m 
the release of lactic dehydrogenase (LDH) from chickens 
with leukosis It 1s possible that elevated PLDH tests ın 
‘normal’ birds may mdicate virus shedding ın saliva and 
feces? There ıs evidence which indicates that one out of 
six hens in a flock selected for a high meidence of neo- 
plasms had a persistent RIF viremia? The finding of 
76 9 per cent elevated PLDH values in climeally ‘normal’ 
chickens from leukosis flocks also supports the possibility 
that many of our elevated PLDH values came from 
viremic chickens 

At present ıt seems reasonable to suggest that the PLDH 
test may be useful in designating leukosis ‘suspicious’ 
chickens One other reports mdicated that PLDH-levels 
may be useful as a diagnostic test for leukemia m cattle 
However, data on the PLDH values in cattle with other 
diseases were not included 

There are other problems connected with using the LDH 
test It was recently reported that the LDH elevations m 
some neoplastic conditions were actually attributable 
to the contammating LDH agent’? 

Further evaluation of PLDH-levels as a diagnostic 
test for leukosis 18 necessary, possibly utihzmg the RIF 
technique, ıf RIF unquestionably proves to be equated 
to leukosis This would aid m clarifymg the significance 
of high PLDH values m birds which do not have clinical 
leukosis Information about the specific isozymes elevated 
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in leukosis may mdicate that one isozyme 18 predommant 
or that the 1s0zyme distribution patterns change 
We thank Dr Johannes Ipsen for advice about the 
graphical presentation of the results This work was 
supported by grant CA-04610 from the National Cancer 
Institute, National Institutes of Health, Bethesda, 
Maryland 
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Protection against Iron Toxicity in Vitamin E- 
deficient Piglets and Mice by Vitamin E 
and Synthetic Antioxidants 

APPARENTLY healthy piglets in sporadic htteis may fall 
ull and die suddenly after havmg been treated with con- 
ventional doses of an iron preparation for prevention of 
anemia Until recently the cause of this hypersensitivity 
was unknown 

It has been demonstrated! that experimentally produced 
vitamin E deficiency m piglets and mice 1s associated with 
lowered resistance to iron, which 1s admunustered paren- 
terally! or orally? The post-mortem picture of the 
piglets 1n spontaneous as well as m experimental cases 1s 
characterized by an extensive waxy degeneration of the 
skeletal musculature Significant elevation of plasma 
glutamic-oxaloacetic transammase (GOT) 1s a consistent 
and early symptom Treatment with vitamin E (dl-«- 
toeopheryl acetate) one day or more before the administra- 
tion of iron will mcrease the resistance to normal or even 
‘hyper-normal’ levels Vitamin E does not, however, give 
any significant protection, when admmustered at the 
same time as the iron Such a protecting effect is 
obtained with the synthetic antioxidants N,N "-diphenyl- 
f-phenylenediamine (DPPD) and 1,2-dihydro-6-ethoxy- 
2,2,4-trimethylqumoline (EQ) 
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The composition of the food, which was given to the 
sows in order to produce vitamm E-defierent piglets, and 
to the mice, has been described! Earlier the sows were 
given vitamms A and D by intramuscular injections every 
2 weeks In the experiments described here the following 
amounts of vitamins were added to each kg of prepared 
food shortly before feedmg <A 2,700 IE, D, 270 IE, B, 
l mg, B, 1 mg, meotmamide 11 mg, B, 1 mg, oaleium 
pantothenate 4 mg, and ascorbic acid 40 mg 

Gülts, which farrow for the first time, have a greater 
tendency to produce iron hypersensitive piglets than 
older sows This 1s probably because the gilts are still 
growing and thus need more vitamin E The expermen- 
tal diet was, therefore, started 1-2 weeks earlier in older 
sows than m gilts, or 4-5 weeks and 3 weeks, respectively, 
before farrowmg It was given continuously until the 
experiment with the piglets had been finished Treatment 
with iron was made when the piglets were 3-8 days old 
‘Split litters’ were used throughout, that ıs, each litte: 
contained a control group, given only the ron preparation, 
and a group also receiving the substance to be tested 

The mice were started on the experimental diet at a 
body-weight of 8-10 g After 6 weeks their mean body- 
weight was about 19 g The sensitivity to mon was 
markedly moreased by giving the experimental diet foi 
6 weeks instead of 3. Thus after 3 weeks the LD;,18 n 
the order of 1,000 mg of iron per kg of body-weight, but 
after 6 weeks ıb 1s m the order of 100 mg 

GOT was determined in blood plasma as described? 

The iron preparation was an organic 1ron complex con- 
taming 75 mg of Fe*** per ml It was given mtramuscu- 
larly to piglets and mterperitoneally to mice 

Tables 1 and 2 show results obtamed with vitamm E, 
EQ and DPPD It is obvious that vitamin E proteots 
piglets and mice from death, and prevents plasma GOT 
rise m piglets, when given 24 h before treatment with iron, 
but not when given simultaneously DPPD and EQ, on 
the other hand, are fully effective in preventing mortality 
m mce when given at the same time as the iron, provided 
that sufficient doses are used Selenium, as sodium 
selenite, did not exert any significant protecting action 
when tested ın a corresponding way (data not published) 

EQ is similarly effectrve in piglets (DPPD was not 
tested) It 1s, however, associated with a shght 11se of 
plasma GOT This was shown to be caused partly by EQ 
and partly by the ‘Tween 80°, which was used for emulsi- 
fication The GOT 1s elevated to the same degree m 
control piglets, which have not been given iron At doses 
corresponding to 200-400 mg of EQ there also develops a 
local, pamful swellmg at the injection site Thus the 
elevation of plasma GOT m piglets given EQ 1s probably 
caused by a local tissue damage at the site of jection 

The results support the hypothesis that at relative 
over-dosing of iron vitamin E is active by means of its 
anti-oxidant properties Various aspects of this function 


Table 1 RESULTS OF THREE EXPERIMENTS USING ALTOGETHER 90 PIGLETS IN 11 LITTERS 






































Treatment, mtramuseularly Plasma GOT (umts) | 
| 

Test substance -No of | Mortahty- At —1h At 24h | 
Iron (mg/kg) | ——— — ~] liters Tate* — | 
at time (0) Prepara- | mg/kg | At time No of M+tisD Range No of | 
tion (h) piglets pigletst | 

40-375 -= | 4 7/12 12 2,777 6 + 2,994 2 a 64-6,563 6 
40-375 TOt 20-60 | -245 6/11! il 348 + 76tT 26-48 11 i 
l 

140-375 — 4 6/11 14 1,028 8 + 1,5332 548-4,450 8 
140-375 TO 30-300 0 | 3/19** | 19 2,067 0 + 2,212 2**| 35-7,950 16 ' 
375 — 3 8/12 | 38 3,756 6 + 1142 275-8,650 8 | 
375 EQ$ 50-200 0 O/22tt | 22 1216 + 655tt 57-260 22 | 








* No of dead animals as summarized on day 6/total number 











TIhe difference in numbers between —1 and 24 h corresponds to piglets whizh died before the second blood specimen was taken 


DL-a-toeopheryl acetate 
1,2-dihydro-6-ethoxy-2,2,4-trimethylqumolme 


T In one litter the piglets (n = 4) were treated once daily at —96, —72, —48 and —924 h with altogether 24 mg/kg of body-wetght. 


{001 > P > 0001, **P 


> 005, and qt P < 0001 for differences versus control groups (The x? test and the Wilcoxon's test were used for 


mortality-rate and GOT, respectively Missing GOT values of deal pigs were taken as top serial numbers, or in the second experiment, as the mean of 8 + 3 


such numbers ) 
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Table 2 RESULTS OF TWO EXPERIMENTS WITH MICE 
It has been shown m similar experiments (not presented here) that 75 mg 
and less of EQ only gives partial protection 



































| 
Treatment j 
Test substance Mortality-rate | 
Iron (mg/kg) * i TUER I 
on day 0 Preparation | mg/kg At time (h) 
100-800 = 19/22 
!  200-1,000 TO 20 —94 0/20 
400—500 TO 20-60 0 45/45 
200-400 — 28/30 
1,000 DPPD 50 0 10/17 
1,000 DPPD 100 0 3/18 
1,000 DPPD 200 0 1/18 
1,000 EQ 100 0 0/16 
1,000 EQ 200 0 0/16 
1,000 EQ 400 0 0/17 





* Intraperitoneally T Subcutaneously 


have been reviewed recently! Tho slow action of 
vitamun E relative to EQ ıs in accordance with results of 
distribution studies usmg «-tocopherol labelled with 
carbon-14 and EQ’ It was shown there that pex orally 
admunistered tocopherol reached peak concentrations in 
skeletal muscles and other tissues of rats after 24h EQ 
showed maximum levels already after 3 h Piglets and 
muce which have received lethal 1ron doses rn the order of 
those used m our experiments starb dying after 4-6 h, and 
peak-mortality occurs ab about 12 h It ıs conceivable 
that EQ, but not tocopherol, given at the same time as the 
iron reaches the sensitive targets ın time to protect from 
the deleterious effects of the lattor 

An important consequence of the related observations 
18 the possibility of simultaneous admunistration of EQ 
and iron preparations m. order to prevent mtoxication m 
animals with a latent vitamin E-doficiency 

This work was supported by Medicinska Forsknmgsrádet 
and Jordbiukets Forskningsråd 
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GENETICS 


A Preliminary Estimate of the Number of 
Human Genes 


Recent results of moleeulai genetics enable us to 
estimate the number of human genes, 1f certain. assump- 
tions are made The following data are available 

(1) The «-chain of human hemoglobm contains 141, 
the g-chain contains 146 amino-acids, corresponding to a 
molecula weight of about 17,000 each! Assuming a 
triplet code?? this means that the «- and §-chains are 
determined by 423 and 438 nucleotide pairs, respectively 
According to ‘Svedberg’s law’4, many protems consist of 
sub-units of the same order of magnitude (molecular 
weight of about 17,500) Hence, the assumption seems 
to be warranted that one average structural gene might 
have a length of about 450 nucleotide paus 

(2) The weight of one haploid human chromosome set 1n 
human spermatozoa ıs about 2 72 x 10-2g Granulocytes 
contain about 6 23 x 10-1? g, lymphocytes contam about 
584 x 10- g (ref 5) Extensive examinations have 
shown that the DNA content is constant in all resting 
cells of one species, which have the same number of 
chromosome sets, and depends on the degree of poly- 
ploidy?* The assumption seems to be justified that most 
of the DNA works as genetic material, even if ın some 
cells minor fractions with other functions might possibly 
be present’. In the following calculations the total amount 
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of DNA m a haploid human chromosome set 1s estimated 
to be about 3 x 10-3 g 

(3) Usually the genetic variants of human hemoglobins 
differ m one ammo-acid substitution only? One struc- 
tural gene can only produce one single type of genetically 
determined polypeptide cham As much as we know, this 
applies for other genetically determuned protems as well 
This means that the genetic information for these struc- 
tural genes can only be present once Any degree of 
polyteny for these loc m the germ cells 1s highly unlikely, 
As has been mentioned, however, the DNA content of 
diploid cells is about twice the content of (haploid) 
spermatozoa We assume that the total genetic nforma- 
tion 1s only piesent once 

As can easily be calculated, a nucleotide pair with one 
adenme, one thymine, two deoxyribose, and two phos- 
phate residues has a weight of 1025 x 10-1 g, whereas a 
nucleotide pair with guanine and cytosine residues weighs 
1027 x 10-5 g The difference can be neglected, and 
l x 10-1 g can be accepted as a good approximation 
Hence, the total haploid chromosome set (3 x 10-12 g) 
contains a 3 x 10? nucleotide pairs Assuming 450 
nucleotide pairs for one average structural gene, we arrive 
at an estimate of = 67 x 10° structural genes per haploid 
chromosome set 

This estimate 1s disturbingly high mdeed, and hence a 
different way of reasonmg might be appropriate In the 
giant chromosomes of certain Drptera which show 2 high 
degree of polyteny, evidence has been brought forward 
that the bands are functional umts of piotein synthesis 
Within these bands one single chromatid thread has an 
average length of ~ 50,000 nucleotide pairs? This estimate 
of a ‘gene-length’ is about a hundred times higher than 
the estimate based on the protein data, and would lead to 
œ 6 x 104 units of this type fo: the haploid human 
genome It ıs in much better accordance with the very 
crude assumptions made so far!! The question as to the 
difference with a factor of about 100 between the two 
estimates remains to bo answered 

In my opon, the answer might be that the systems of 
hugher order which are connected with structural genes in 
operons and regulate thei activity! might occupy a much 
larger part of the genetic maternal than the structural 
genes which pioduce the polypeptide chains required for 
synthesis of enzymes and other functional proteins The 
argument will be presented in greater detail later??, 
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VIROLOGY 


Inter-graft Transmission of Cytoplasmic Male 
Sterility 
GRAFT transmission of cytoplasmic male sterility m 
Petuma'* has many sumularities to graft transmission of 
plant viruses*. As yet, however, the entity responsible 
for the stemlty has not been isolated or identified 
In this communication, we 1eport results of investigations 
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m which the male sterility factor was transmitted by 
graftng from Petunia through stems of a tobacco plant to 
Petunia and the failure of the factor to induce male 
sterihty ın tobacco itself 

The asexual transmission of the factor responsible for 
cytoplasmic male sterility m Petuma to other species 
would be useful in the fields of genetics and plant breedmg 
where male sterility is widely used m the convenient 
production of hybrid seed. Transmussion of this factor 
from Petunia through the stem of tobacco 1s a step m this 
direction Sand‘ failed to demonstrate asexual trans- 
maussion of a type of cytoplasmic male sterility derived 
from an interspecific cross between N«cotiana debneys and 
N tabacum He concluded that graft transmission of 
cytoplasmic male sterility does not occur readily in 
plants and that m tobacco cytoplasmic male sterility or 
fertility is under autonomous control Negative results 
were also obtamed by Ohta’ for graft transmission of 
cytoplasmic male sterility m red pepper (Capsicum 
annuum) 

Six cytoplasmic male sterile Petunia plants (P-300-58) 
were grown and decapitated before flowermg Six young 
tobacco (Nicotiana tabacum var. Turkish) plants were 
cleft-grafted on to the cytoplasmic male sterile Petuma 
stocks Both Petuma stocks and tobacco scions grew 
well and both flowered All the Petunia flowers were cyto- 
plasmic sterile and all the tobacco flowers were fertile 
The tobacco flowers set seed, which were saved to plant 
subsequent generations. After the tobacco seed was 
collected, three of the grafted tobacco plants were decapi- 
tated and a normal fertile Petuma (P-5-58, maintamer) 
was cleft-grafted on to each tobacco scion Thus, the 
plant now consisted of a cytoplasmic male sterile root 
stock, an mter-graft N tabacum stem (12 m long) and a 
normal Petuma top One of the normal Petumas flowered 
without evidence of altered fertility, similar to that 
reported for the graft generation of Petuna on Petuma? 
Three of the Petuma flowers were selfed and seed from 
two of these flowers were planted At the same time, seed 
from the tobacco plants were planted Controls con- 
sisted of normal (P-5-58) Petunza grafted on normal 
(P-5-58) No evidence of altered male fertility was 
detected m the graft or subsequent generations Two 
thousand flowers on the tobacco plants grown from this 
seed were examined, all were fertile Thus, there was no 
evidence for movement of the cytoplasmic sterility factor 
from Petunia to tobacco in this generation However, 
subsequent generations of this tobacco may express some 
degree of altered male fertihty Nme Petuma plants, 
grown from seed produced by the two flowers mentioned 
here, comprismg the first generation after grafting, 
produced some sterile flowers A total of 104 flowers on 
the nine plants were classified, 90 were fertile, 7 were 
sterile and 7 were partially sterile. 


Table 1 CLASSIFICATION OF FLOWERS OBTAINED FROM Petuma PLANTS 
Two GENERATIONS AFTER INTER-GRAFTING WITH Nicohana tabacum 


Classification 


First generation No of plants Partially 
parents Fertile Sterile Sterile 
Fert selfed* 11 124 0 0 
Fert selfed 7 47 5 0 
Fert selfed 60 566 2 0 
Fert selfed 22 220 0 0 
Fert selfed . 412 146 6 1 
Fert selfed 12 119 18 1 
Fert selfed 51 510 0 0 
Fert selfed 17 170 0 0 
Pt st t selfed 20 200 0 0 
Pt st selfed 1 13 0 0 
Pt st selfed 23 320 28 14 
Pt st selfed 3 = 30 0 0 
Pt st x pt st 89 977 0 4 
Pt st x fert 8 80 0 0 
St $ x fert 82 820 0 0 
St x fert 81 300 11 62 
St x fert 2 20 0 0 
Total 451 4,662 170 82 


* Fert , normal pollen fertility 
T Pt st., partially cvytopinsmic male sterile, 
$ St , cytoplasmic male sterile 
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To obtain seed for the second generation after grafting 
in Petunia, fertile flowers were selfed, sterile flowers were 
crossed with P-5—58 normal pollen, and partially sterile 
flowers were either selfed or crossed From these selfs 
and crosses, 17 populations were obtamed in which 451 
plants grew to maturity In these populations, a total of 
4,914 flowers were exammed, of which 4,662 (949 per 
cent) were classed fertile, 82 (1 7 per cent) partially sterile, 
and 170 (34 per cent) sterile (Table 1). Not all selfed 
fertile flowers produced exclusively fertile offsprmg, nor 
did all sterile flowers when crossed produce only sterile 
individuals, thus mdicatmg that some of the oyules con- 
tamed the cytoplasmic sterility factor, and some did 
not 

This transfer of cytoplasmic male sterility factors from 
Petunia through the stem of an apparently ‘immune’ 
species is simular to the transmission of potato virus X 
through the stem of the immune potato seedling U.S. 
Dept Agric 41,956 (ref 6), or the transmission of tobacco 
mosaic virus through the tissues of dodder (Cuscuta 
campestris) ın which ıt does not multiply’, or the trans- 
mission of the curling vme virus through resistant varieties 
of grapes? 

Interspecific grafts were also made between cytoplasmic 
male sterile plants of Petunia (P-266-58) and plants of 
tomato (Lycopersicon esculentum) and of Nicotiana 
undulata without any evidence of transmission to the 
tomato or tobacco 

Although interspeeifie graft transmission of the factor 
responsible for cytoplasmic male sterihty did not occur, 
the factor was transferred through an apparently immune 
plant to the susceptible Petuma where 1t was expressed m 
subsequent generations It may be that only Petunia, of 
the plants tested, 1s susceptible and that a different type of 
cytoplasmic sterility 1s involved m other genera, or that 
the genotype of the scion does not allow the expression of 
sterility although cytoplasmic sterihty factors are present 

This work was supported m part by grant NSF G-20701 
from the National Science Foundation 
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Role of Interferon in Viral Interference 


Acruyomyern D inhibits the production of interferon! 
Since the exact role of interferon in the phenomenon of 
viral interference has not been fully established, the effect 
of actinomyem D on viral interference was tested The 
present results show that when actmomyem D mhibited 
mterferon production by a heat-inactivated arbovirus, 15 
also reversed viral mterference by the virus 

Mouse bram pools of Semliki forest virus (SFV) and 
Chikungunya virus and a chick allantoic fluid pool of 
Newcastle disease virus (NDV) were used Interferon was 
prepared by mfectmg tissue culture plates made from 
10-day-old chick eggs with Chikungunya virus Fluids 
were collected after 24 h, heated to 65? C for 05 h m 
order to inactivate virus, and stored at —10? C The 
interfering virus was made from a mouse brain pool of 
Chikungunya virus which had been diluted 1/100 and then 
heated at 37? C for 23h? Interferon was titrated m chick 
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cells utihzmg -a standard vacemia virus assay’. The 
number of units of interferon in a preparation was the 
reciprocal of the highest dilution showmg approxumately 
50 per cent plaque reduction as compared with controls 

Chick embryo fibroblast cultures, which had been 
prepared from 10-day-old eggs, were cubated at 37° C 
for 4 h with 0 06 pg/ml or 0 12 pg/ml of actinomycin D, 
washed with Gey’s buffer, and 0 5 ml of heat mactivated. 
Chikungunya virus or buffer was then added At the 
dilution of the Chikungunya virus pool used, the virus 
plaque forming unit to cell multiplierty was approximately 
1-1 After mcubation at 37? C for 1 or 3h the cells were 
agam washed and either 2 ml of buffer was added and 
the plates incubated at 37? C for 14 h (for interferon yields), 
or the cells were challenged with 0 5 ml of an appropriate 
dilution of NDV, SFV, or Chikungunya virus, and the 
virus allowed to adsorb at 37? C for Lh The cell sheets 
were then overlayed with 09 per cent agar and plaque 
medium and meubated at 39° C for NDV, at 35° C for 
Chikungunya, or at 37° C for SFV In all cases plaques 
could easily be counted after 24 h of meubation Final 
counts were made after 40 h 

Several experiments were performed. The results of a 
typical smgle experiment are shown in Table 1 In plates 
challenged with Chikungunya virus, plaques were com- 
pletely mhibited by treatment with the heated virus 
Pretreatment with 012 pg/ml of actinomyom D neither 
creased the yield of plaques 1n controls, nor reversed the 
mbhubition of plaques ın plates treated with heated virus 


Table 1 REVERSAL OF VIRAL INTERFERENCE BY ACTINOMYCIN D 
Units of 
Challenge Actino- Jnter- mter- Plaque 
virus mycm D ferng feron, count at Effect found 
(ug/ml )  virus* formed 40h 

Chikungunya 0 - — 22, 24 — 
Chikungunya 0 t 20 0, 0 100% mhıbition 
Chikungunya 012 - - 20, 22 None 
Chikungunya 012 + <4 0, 0 100% inhibition 
SEV 0 -— - 215, 225 — 
SEY 0 * 20 12, 13 92% inhibition 
SEV 012 - - 322, 332 50% enhancement 
SFV 012 + <4 284, 304 35% enhancement 
NDV 0 - — 39, 51 — 
NDV 0 + 20 10, 15 67% inhibition 
NDV 0 06 - - 55, 66 35% enhancement 
NDV 0 08 + 4 50, 58 20% enhancement 


SFV = Semliki forest virus NDV = Newcastle disease virus. 


* —, Heat inactivated virus not added, +, 05 ml of heat activated 
Onikangunya virus added for 1 h for SFV and Chikungunya, and for 3 h 
or 


In the case of plates challenged with SFV, heated 
Chikungunya virus reduced the plaque count by 92 per 
cent as compared to untreated controls Pre-mcubation 
with 012 ug/ml of actinomyem D raised the plaque 
count by 50 per cent, and by 35 per cent m cells also 
treated with heated Chikungunya virus, thus completely 
reversing the imterfering action of the latter In the 
plates treated with heated Chikungunya virus, the y1eld of 
interferon was reduced from 20 units m controls to less 
than 4 units m plates treated with 0 12 pg/ml of actino- 
myem D = 

Tn the case of NDV, preliminary experiments had shown 
that pretreatment with 012 pg/ml of actmomyom D 
decreased the yield of plaques Also, no viral interference 
was detected unless the mterval between the addition of 
the heated virus and the NDV challenge was increased to 
at least 3h When a 3-h interval was used, plaque counts 
were reduced by 67 per cent When cells were pretreated 
with actmomyem D (006 pg/ml), plaque counts were 
raised by 35 per cent and by 20 per cent m plates also 
treated with heated Chikungunya virus In the case of the 
latter, however, interferon production was not completely 
inhibited by 006 pg/ml actmomyein D, and 4 unis of 
interferon were found compared with 20 units in the 
controls 

Since the ease with which the reversal of viral inter- 
ference by a standard dose of heated. virus varied with the 
different viruses tested, 1t was of interest to determme the 
sensitivity of each of the 3 viruses used to a standard 
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preparation of interferon The inhibitory effect of a 1/20 
and a 1/100 dilution of interferon was determined (Table 
2) For SFV, a 1/20 dilution inhibited 50 per cent of the 
plaques, while for Chikungunya virus a 1/100 dilution 
sufficed, however, for NDV, no significant inhibition was 
found at a 1/20 dilution 


Table 2 DILUTION OF STANDARD INTERFERON PREPARATION INHIBITING 
60 PER CENT OF VIRUS PLAQUES 


Dilution of interferon 


Test virus reducing plaque yields 
to 50 per cent of controls 
Chikungunya 1/100 
Semliki forest virus 1/20 
Neweastle disease virus <1/20 


Listed in order of either increasing sensitivity to mter- 
feron (Table 2), or to mterference by a standard dose of 
heated Chikungunya virus (Table 1), the viruses were 
NDV, SFV, and Chikungunya virus This 1s also the 
order when the ease with which viral interference could be 
reversed by actmomycm D 1s considered With NDV, 
interference was reversed by a concentration of actino- 
myem D which did not completely suppress interferon 
production In the case of SFV, a concentration of 
actmomyem D which mhibited the production of mter- 
feron reversed the viral mterference For Chikungunya 
virus, however, interference could not be reversed by a 
concentration of actinomyein D which inhibited interferon 
produetion, however, the titres of mterferon shown in 
Table 1 were determined by a vacemuaa virus assay system, 
and Chikungunya virus is 2-3 times more sensitive to 
the antiviral action of interferon than 1s vacemia, virust 
Thus, a level of mterferon which might be undetectable 
with the assay system used might completely mhibit 
Chikungunya virus plaque production 

The results are also of interesb m that they confirm 
previously published observations that actinomycin D 
enhances plaque yields of some RNA viruses and depresses 
production of interferon!, however, we were unable to 
confirm the finding that the yield of Chikungunya virus 
plaques was increased by actinomyer D (ref 1) 

The findings reported here suggest that the effect of 
aectinomyom D m reversing viral interference 18 related to 
its effect on interferon production Steroids, which 
inhibit interferon production’, have also been shown to 
reverse viral interference? Both these observations 
indicate that many examples of viral interference may be 
very closely related to interferon production. 
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Isolation of a Virus resembling 
Encephalomyocarditis from a Red Squirrel 


nee re 


British red squirrels have suffered from epidemic 
outbreaks of unidentified disease at various times in the 
past, sometimes with mortality rates exceeding 90 per 
cent! At Thetford Chase (Norfolk) sick and dying squir- 
rels were seen recently with symptoms including paralysis 
of the hind legs No grey squirrels are known in this 
area, so ıt was decided to attempt isolation of virus 
material from the red squirrel population to mitiate a 
study of virus diseases affecting squirrels in Britam. 

An apparently healthy adult female red squirrel was 
shot m a locality where several affected animals had been 
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reported The whole intestine and its contents were 
homogenized m phosphate buffered salme to make a 
Suspension approximately 20 per cent w/v Aliquots of 
this suspension were further treated on an MSE ultra- 
sonic disintegrator for 3 periods of 10 sec and centrifuged 
at 3,000rpm for 10mm, the supernatant passed through 
an HA grade ‘Millipore’ filter and the filtrate tested and 
found negative for bacterial contammation m blood agar 
plates after meubation overnight at 37° C Tho resulting 
solution was used for moculations 

Adult mice, 3-4 weeks old, were moculated intracero- 
brally, under hght ether anesthesia, with 003 ml of 
filtrate They were observed for 14 days and all survived 
without any apparent signs of mfection 

Suckling mice, 24-48 h old, were moculated intracere- 
brally with 001 ml moculum, or m the intrascapular 
region (fat pad) with 003 ml Of the mice moculated 
intracerebrally, 2 of 9 died on the fourth and fifth day 
and were eaten by the mother, which died on the tenth 
day At this time the resz of the litter still appeared 
healthy 

Of 3 htters of suckling mice moculated via the fat pad, 
4/8, 2/14 and 3/9 died (29 per cent of tho total) In all but 
2 cases death occurred on the second day 

A suspension made from 3 moribund sucklmg mice was 
used to make a further passage All subsequent suckhng 
mice inoculated intracerebrally or m the fat pad with 
this first carcass suspension died within 18h The first 
suckling mouse virus stock was made from the skinned and 
eviscerated carcasses of these mfected mice 

£-cell monolayer cultures, ın 10 screw-capped msulin 
bottles at an approximate concentration of 2 x 105 cells 
per ml and 2 ml per bottle. were inoculated with a 1/10 
dilution of the gut filtrate Another 10 bottles were 
used as controls At the fifth day all infected cultures 
showed cytopathic changes and many dead cells could 
be seen m the fluid 

All 19 suckhng and 5 adult mice moculated mtra- 
cerebrally with the supernazant of the mfected cultures 
died within 18h Controls inoculated with normal L-coll 
extract survived 

The remaining supernatant was frozen and thawed, 
sonicated, centrifuged as before and inoculated into 12 
more bottles Withm 18 h cytopathic changes were 
observed and by the third day all cells wero destroyed 
In subsequent L-cell passages all cells were destroyed 
withm 18 h 

A further isolation of this agent was obtamed after 
2 plaques appeared when a 10-? dilution of the original gut 
filtrate was plated ın Krebs cells as described by Sanders 
et al? Virus stocks were obtained readily from these 
plaques in agitated suspensions of Krebs cells 

Isolations were attempted usmg 9-day-old chick 
embryos, but results proved mdecisive 

Virus-like particles of various sizes, the majority bemg 
spherical and about 30 my in size, were seen m crude 
preparations with the electron microscope. 

The virus was tested for ether sensitivity after shaking 
for 1 h with an equal volume of ether Results of intra. 
cerebral moculation mto adult mice were 


Non-treated 
Treated 


10-55 or 11 x 107 LD,o/ml 
10-5? or 13 x 107 LD,./ml 


The test was repeated twice with simular results, indicating 
ether msensitivity Nucleic acid obtamed from crude 
virus preparations by the conventional phenol method 
was infective when inoculated mtracerebrally mto 24-h-old 
suckling mice Infectivity was destroyed by RNase but 
not by DNase, suggesting that this was an RNA virus 

Brain suspensions and carcass suspensions made from 
infected sucklmg mice failed to agglutmate red cells of 
sheep, rabbit, guinea, pig, rat, mouse, goose, hamster, or 
human O group Tests were made with both ethor- 
treated and untreated virus samples 
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Simnee the virus was of the RNA. type, was not ether- 
sensitive, had spherical particles of the order of 30 my in 
size, and grew readily in mice of all ages, 1b was assumed 
to belong to the picornavirus group but not to be polio- 
virus, coxsackie, or ECHO 28-rhmovirus-coryzavirus 
(ERC) (rof 3) In spite of failure to agglutinate red cells 
and to grow ın eggs, the roadmess with which the virus 
grew in Krebs cells suggested that ıt might be a member 
ofthe EMC group Somé symptoms observed in infected 
adult mice had been typical of those produced by EMC 

Neutrahzation tests wore made, using suckling mice 
moculated in the fat pad EMC rat antiserum diluted 1 in 
5 reduced by > 4 logs the titre of suspensions of brain 
and spinal cord, with a control titre of 10-55 (11 x 107 
LD,,ml) This neutrahzation was of the same order as 
that against the homologous virus 

Although the virus isolated does not agglutinate red 
cells 1$ was decided to test for antibodies against standard 
EMC virus m the serum of wild grey squirrels by HAI 
tests Takmg as a significant level of antibody the 
ability to inhibit 64 units of HA, 6 out of 9 squirrols tested 
had antibody agamst EMC The validity of the HAT 
test as a means for testing for antibody m populations of 
grey squirrels was checked in several of the samples by 
plaque inhibition tests, usmg Krebs cells Serum dilutions 
tested agamst approximately 100 plaque-formmg units 
confirmed the results of the HAT tests r 

Groups of 5 adult mice were moculated intranasally 
with 0 03 ml of undiluted first passage carcass suspensions 
of the virus and a sixth passage brain suspension (3 x 10? 
plaque-formmg units) under hght ether anesthesia All 
mice died Adult mice inoculated orally with the same 
suspensions all survived the 15-day period of observation, 
and the pooled blood of these mice showed no antibody to 
be present However, a large proportion of mothers 
which ate infected sucklmg mice died with symptoms of 
EMC infection - 

One rat, moculated intramuscularly with 11 x 108 
suckling mouse LD,, first passage carcass suspension for 
the production of antiserum developed paralysis of the 
hind legs Three rats moculated intranasally with the 
same inoculum failed to show any outward symptoms of 
infection, although previous tests for antibody had given 
negative results 

Three grey squirrels with serum shown to contam no 
antibody by the HAI test were moculated intranasally 
with the same inoculum and all developed symptoms 
Two showed a steady rise in breathing rate to 166—206 per 
minute by the sixth day when paralysis of both fiont and 
hind legs became apparent By the eighth day one of 
these animals also developed a purulent discharge from 
the eyes The third squirrel showed no riso in respiratory 
rate but paralysis of the hmd legs was apparent on the 
sixth day, and death occurred withm hours Post-mortem 
examination revealed hemorrhagic patches on the lungs 
and whitish areas, suggesting necrosis, in the cardiac 
muscle 

This prolimmary work demonstrates the ability of 
apparently healthy red squirrels to carry a virus capable 
of infecting grey squirrels The reverse hypothesis has 
been offered as an explanation of the dechne of red 
squirrels in the face of an increasing population of grey 
squirrels 
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Monday, February 24 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Hall 
of the Science Museum, Exhibition Road, South Kensington, London, 
SW 7), at 530 pm—Mr F Greenaway "The Museum Aspect of Some 
Historical Problems ın Chemistry" 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 815 pm—Prof L Dudley Stamp, CBE “The Common Lands and 
Village Greens of England and Wales" 


Tuesday, February 25 


UNIVERSITY OF LONDON (at the London School of Economics and 
Political Science, Houghton Street, London, W C 2), at 5 p m —Dr Michael P 
Banton ‘Anthropological Perspectives 1n Sociology” (Mahnowski Memorial 
Lecture) * 

UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 Gordon 
Square, London, W C 1), at 5 45 p m —Mr James Mellaart ‘Excavations 
at Catal Huyyuk in 1963 (u) Burial Customs and Small Finds", * 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECH- 
ANICAL HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westminster, 
London S W 1) at 6 pm —Duiscussion Meeting on “Use of Computers 
m the Control of Handling” 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (Joint meeting with 
the Borough Polytechnic Chemical Society, at the Borough Polytechnic, 
Borough Road, London, S E 1), at 7 p m —Prof C Eaborn ‘Reactions 
of Carbon-Silicon Bonds” 

SOCIETY OF INSTRUMENT TECHNOLOGY, MEASUREMENT TECHNOLOGY 
SECTION (at Manson House, 26 Portland Place, London, W 1), at 7 p m — 
u Fea B Bartley "Non-dispersive Infra-Red Instruments for Process 

ontrol" 

ROYAL SOCIETY OF MEDICINE, MEDICINE SECTION (at 1 Wimpole 
Street, London, W 1), at 8 p m —Meeting on “Enzymes and Drug Sensit- 
ivity" Speakers Prof Harry Harris, Dr T A J Prankerd, Dr D Price 
Evans and Prof C Rimington 


Wednesday, February 26 


SOCIETY OF CHEMICAL INDUSTRY (joint meeting of the FO0D and MICRO- 
BIOLOGY GROUPS, at the School of Pharmacy, University of London, Bruns- 
wick Square, London, WC 1), at 2 p m —Meeting on “Toxin Production 
by Moulds” 

UNIVERSITY OF LONDON (at the Institute of Dental Surgery, Eastman 
Dental Hospital, Grays Inn Road, London, W C 1), at 5 30 p m—Dr 8 € 
Gold “Age Changes in the Skin” (Second of three lectures on “The Scien- 
tifie Basis of Dentistry” organized by the British Postgraduate Medical 
Federation )* 1 

BRITISE INSTITUTION OF RADIO ENGINEERS, RADAR GROUP (at the 
London School of Hygiene and Tropical Medieme, Keppel Street, Gower 
Street, London, WC 1), at 6 p m —Mr J M G Seppen “High Definition 
Radar" 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SEOTION (jomt meetmg with 
the HEAVY ORGANIC CHEMICALS GROUP and the INSTITUTE OF PETROLEUM 
at 14 Belgrave Square, London, S W 1), at 6 pm—Mr E J G Toxopeus 
(Shell Nederland) “The Development of Natural Gas Sources in Holland, 
with particular reference to the Chemical Industry” 


Thursday, February 27 
ROYAL SOCIETY (at Burlington House, Piccadilly, London, W 1), at 
1030 am—Discussion Meeting on “Leptonic Interactions” organized by 
Prof C F Powell FRS, and Prof A Salam, FR 8 
CHEMICAL SOCIETY (in the Lecture Theatre, School of Pharmacy, Bruns- 
wick Square, London, W C 1), at 6 pm —Dr V M Clark “A Giow in 
the Dark—The Rationale of Phosphorylation” (Tilden Lecture) 


INSTITUTION OF MECHANICAL ENGINEERS, GRADUATES’ AND STUDENTS’ 
SECTION (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 30 pm 
—Mr D W Smith “Tractor Testing" 


= Friday, February 28 

UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 10 a m —Mr W F Walker “Meta- 
bolis Changes following Cardiopulmonary Bypass" * 

ROYAL METEOROLOGICAL SOCIETY (Joint meeting with the ROYAL 
ASTRONOMICAL SOCILTY, at the Royal Meteorological Society, 49 Cromwell 
Road, London, S W 7), at 5 p m —Meeting on “Extra-terrestrial Influences 
on the Weather" Mr J M Craddock ‘‘Lunar Influences", Dr 
Tucker ‘Solar Influences” 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm 
—Sir Lawrence Bragg, OB E, FRS  "Mmerals" 


Saturday, February 29 
LONDON COUNTY COUNCIL (at the Horniman Museum, London Road, 
Forest Hill, London, S E 28), a£ 330 pm —Mr A D Lacaille ‘Middle 
Stone Age m the London Area” * 


Monday, March 2 

ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 5 pm —Colonel] W A Seymour and Colonel B St G Inn “The 
Continuous Revision of Ordnance Survey Maps and Plans" 

SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piccidilly, London, W 1), at 5 30 p m —Mr J Crampton “Vertical Take- 
Off Fighter” 

SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 6 30 p m —Dr S H Jenkins “Water Pollution 
Prevention” (Jubilee Memorial Lecture) 

INSTITUT FRANCAIS DU ROYAUME-UNI (at Queensberry Place, Londou, 
S W 7), at 815 pm—French Scientific Films 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

LECTURER (with a special interest in the physical chemistry of high 
polymers) IN CHEMISTEY—The Registrar, The University, Manchester 13 
(February 29) 

LECTURER (with experience in teaching the regional geography of Scot- 
land and a research interest in the geography of vegetation and pollen 
analysis with special reference to Scotland) IN THF DEPARTMENT OF GEO- 
GRAPHY—The Secretary, The University, Edinburgh (February 29) 

LECTURER IN SCIENCE AND EDUCATION ın the Institute of Education— 
The Registrar, The University, Sheffield 10 (March 2) 

ASSISTANT LECTURER (preferably with a knowledge of Greek) IN 
PuILosopHy—The Registrar, University College of North Wales, Bangor, 
North Wales (March 3) 

CHAIR OF SOCIOLOGY—Ths Secretary, The University, Aberdeen (March 7) 

LECTURER (preferably chemist or glass technologist with some industrial 
experience) IN THE DEPARTMENT OF GLASS TECHNOLOGY—The Registrar, 
The University, Sheffield (March 7) 

LECTURER (with an honours degree, preferably in mathematics, and 
experience in the analysis of biological experiments) IN BIOMETRY at the 
School of Agriculture—The Registrar, The University, Nottingham (March 7) 

SENIOR LECTURER (preferably with a Ph D degree and suitable experience 
1n electronics) IN ELECTRONIC PHYSICS IN THE DEPARTMENT OF ELECTRICAL 
ENGINEERING, Queen's College—The Secretary, University,of St Andrews, 
Queen's College, Dundee (March 7) 

TEMPORARY LECTURER or ASSISTANT LECTURER IN PHILOSOPHY—The 
Secretary and Registrar, The University, Southampton (March 7) 

ASSISTANT LECTURER IN THE DEPARTMENT OF PHILOSOPHY— The Secre- 
tary, University College, Gower Street, London, W C 1 (March 9) 

ASSISTANT LECTURER (preferably with an interest in comparative 
physiology or parasitology or embryology) IN ZooLoGy—The Registrar 
(Room 22, ORB), The University, Reading (March 14) 

SECOND CHAIR OF GEOGRAPHY—The Registrar, University of Newcastle 
upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne (March 14) 

LECTURER (with an honours degree m physiology or closely allied subject, 
and preferably research experience) IN THE DEPARTMENT OF PHYSIOLOGY— 
The Secretary, Thé University, Edinburgh (March 16) 

LECTURER IN ASTRONOMY, to assist with the mtroduction of a new 
honours school in astrophysics and to teach for the ordinary degree—The 
Secretary, The University, Edinburgh (March 18) 

LECTURERS IN THE DEPARTMENT OF NATURAL PHILOSOPHY (Physies)— 
The Secretary, The Unrversity, Edinburgh (March 18) 

CHAIR OF ZOOLOGY at the University College of Rhodesia and Nyasaland 
—tThe Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W C 1 (March 20) 

PROFESSOR OF APPLIED MATHEMATICS at the University of Queensland, 
Australia—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S W 1 (Brisbane 
and London, March 20) 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF PHYSICS, 
University of Ife, Nigeria—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W C 1 (March 20) 
Š OHAR E brum ANATOMY at ey College Hospital Medical 

chool—The Academic Registrar, University of London, Senate Hous 
London, W C1 (March 23) a 

LECTURER (with a good honours degree in geography, postgraduate 
research experience and specialization in meteorology and statistical geo- 
graphy, and preferably the ability to teach some aspects of oceanography) 
IN GEOGRAPHY at the University of Hong Kong—the Secretary, y bein 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (Hong Kong and London, March 25) 

LECTURERS IN CHEMICAL ENGINEERING—The Secretary, The University, 
Edinburgh (March 25) 

RESEARCH ASSISTANT (with a good degree im engineering, metallurgy or 
phvsics and preferably some research experience), for work in the field of 
dynamic stressing of materials—The Administrator, Engineering Laboratory, 
University of Oxford, Parks Road, Oxford (March 29) 

LECTURER IN THE DEPARTMENT OF PHYSICS, University of Tasmania— 
The Secretary, Association of Commonwealth Universities (Branch Office), 
aone” House, Pall Mall, London, S W 1 (Australia and London, 

arc] 

LECTURER (with an honours degree ın pharmacy or the equivalent, and 
preferably subsequent specialization in physical chemistry) IN PHARMA- 
CEUTICS at the University of Adelaide—The Registrar, Universitv of Adelatde, 
Adelaide, South Australia (March 31) 

READER IN MICROBIOLOGY— The Secretary, Battersea College of Tech- 
nology, London, $ W 11 (April 1) 

READER IN EXPERIMENTAL PHYSICS at Queen Mary College—The Academic 
Registrar, University of London, Senate House, London, W C1 (April 9) 

AGRICULTURAL OFFICER (male, under 40, with a university degree m 
agriculture) with the Bechuanaland Protectorate, for pasture research, 
vegetation surveys, and soil conservation—The Director of Recruitment, 
Department of Technical Co-operation, Eland House, Stag Place, London, 
S W1, quoting Ref RC 213/11/04 

ASSOCIATE PROFESSOR IN PHARMACOLOGY—Prof M I Murnaghan, 
Faculty of Medicine, University of Ottawa Ottawa, Ontario, Canada 

CHEMIST, BIOCHEMIST or ZOOLOGIST (with an honours degree), to under- 
take research on the metabolism and mode of action of steroid hormones, 
or on the structure-activity relationship: mm the gas chromatography of 
steroids—Dr W P Dallas Ross, The Medical School, The University, 
Birmingham 15 

ENTOMOLOGIST or ZOOLOGIST (with a good honours degree and a com- 
pleted period of relevant postgraduate tramuing), to enable extension of 
studies on the soil fauna u relation to the roots of fruit crops—The 
Secretary, East Malling Research Station, Maidstone, Kent 

FIELD PHARMACOGNOCIST (with a good degree in botany, an interest 
ın taxonomy, and considerable field experience preferably in the tropics) 
in Malava to collect plant samples of possible chemical and pharma- 
cological interest—The Director of Recruitment, Department of Technical 
Co-operation, Eland House, Stag Place, London, S W 1, quoting Ref 
RC 213/87/04 

LFCTURER and an ASSOCIATE PROFESSOR IN THE DTPARTMDNT OF 
ANTHROPOLOGY AND SOCIOLOGY (both appomtments m sociology)—Prof 
W J Maver-Oakes, Department of Anthropology and Sociology, Univer- 
sity of Manitoba, Winnipeg, Manitoba, Canada 

MASTER TO TEACH MATHEMATICS (good share of sixth form work)— The 
Headmaster, King's School, Worcester 

PLANT BREEDER (with a degree in natural science and two years post- 
graduate trmining, with plant breeding as the major discipline) with the 
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Government of Kenya, to work as a member of the Plant Breeding Team, 
1n particular on wheat breeding—The Director of Recruitment, Department 
of Technical Co-operation, Eland House, Stag Place, London, S W 1, quoting 
Ref RC 213/80/04 

RESEARCH ASSISTANT (preferably with a good honours degree in psycho- 
logy or zoology, together with an interest in anımal behaviour and experi- 
mentation) IN THE PHARMACOLOGY DEPARTMENT, for work in connexion 
with an investigation of the effects of nicotine on animal behaviour—Dr 
A K Armitage, Tobacco Research Council Laboratories, Otley Road, 
Harrogate, Yorkshire 

RESEARCH FELLOW (with a good degree m metallurgy, physics or mech- 
anical engineering, and research experience) IN THE DEPARTMENT OF 
MATERIALS, for research on the deformation or fracture of metals—The 
Registrar, The College of Aeronautics, Cranfield, Bletchley, Bucks 

RESEARCH STUDENT, for an investigation concerning the mechanical 
properties of metals at high temperatures (the post would suit n recently 
graduated engineer (honours degree or Dip Tech ) wishmg to work on the 
subject of strength of materials for an M Sc. or Ph D degree)—Head of 
the Civil and Mechanical Engmeermg Department, Northampton College 
of Advanced Technology, St John Street, London, E C1 

SENIOR LECTURER (honours graduate, preferably with a research degree 
or experience) IN PHARMACOLOGY, to teach B Pharm Honours standard 
and participate mn research— The Registrar, College of Technology, Leicester. 


REPORTS and other PUBLICATIONS 


(not included «n the monthly Books Supplement) 


Great Britain and Ireland 


Government of Northern Ireland Ministry of. Agriculture Leaflet No 24 
Inver Fluke Disease Pp 4 (Belfast Ministry of Agriculture, 1963 ) [1212 
Philosophical Transactions of the Royal Society of London Series B 
Biological Sciences No 736, Vol 246, (5 December 1963) The Shadow 
Reaction of Diadema antllarum Phihppi IV Spine Movements and Their 
Implications Bv N Millott and K Takahashi Pp 437-470 T- plates 52 and 
53. (London The Royal Scciety, 1963 ) 15s , 2 25 dollars [1212 

Ambassade de France, Service de Presse et d'Information The Technical 
Education and Vocational Traming o” the Young in France Pp 20 “Social 
Promotion” The Technical and Vocational Training of Adults m France 
Ie (London Ambassade de France, Service de Presse et d'Information, 


1 
The Two Biologies By Prof J W S Pringle (An Inaugural Lecture 
delivered before the Yhrversity of Oxford on 24 October 1963) Pp 28 
are Clarendon Press, London Oxford University Press, 1083) 
8 ne 
The University of Sheffield—Descriptive Brochure Pp 24. (Sheffield 
The Universitv, 1963 ) 1212 
Commonwealth Mycological Institute Fhytopathola ical Papers, No 5 
Foot Rot of Peper nigrum L (Phytophthora Palmu ora Y Bv Paul Holliday 
and W P Mowat Pp 1v+62+7 plates (Kew Commonwealth Mycological 
Institute, 1983) 15s net [1212 
British Engine Boiler and Electrical Insurance Co , Ltd. Technical Report, 
Vol 5 P (Manchester British Engme Boiler and Electrical Insurance 
Co , Ltd , 1963 ) [1212 
Republic of Ireland Department of Lands—Fishenes Division Sea and 
Inland Fisheries Report for 1962 Pp 85 (Pr 7096 ) (Dubhn Stationery 
Office, 1963 ) 5s [1219 
Tobacco Research Council Research Papers, No 6 Tobacco Consumption 
in Various Countries Edited by G F Todd Pp 68 (London Tobacco 
Research Council, 1963 ) [1212 
General Register Office Census 1961 England and Wales County 
Pepon -Dürham Pp xxm-169 (London HM Stationery Office, ies) 
8 ne 
Institute of Personnel Management Apprentice Traimng By E G 
Sterland and S Crawford Pp 60 (London Institute of Personnel Manage- 
ment, 1963 ) 12s 6d [2012 
The British Council Annual Report, 1962-1963 Pp vii+118+12 plates 
(London The British Council, 1963 ) 2s 6d 2012 
General Register Ofhce The Registrar General's Quarterly Return for 
England and Wales—hirths, Deaths and Marriages, Infectious Diseases, 
Weather, Population Estimates, quarter ended 30th September 1963 Pp 
20 (No 459, 3rd Quarter 1962 ) (London H M Stationery Office, 1963 ) 
2s 6d net [2012 
Eton College Natural History Society Enghteenth Report, 1962-1963 
Pp 32+2 plates (Eton Eton College Natural History Societv 1963 ) [2012 
Iron and Steel Board Research in the Iron and Steel Industry Special 
Report 1963 Pp ıv+63 (London HM Stationery Office, 1963 ) [^r 
ne 2 


Other Countries 


Canada Department of Mines and Technical Surveys Mineral Resources 
Division and Geological Survey of Canada Map 900A “Principal Mineral 
Areas of Canada Thirteenth edition (Ottawa Department of Mines and 
Technical Survevs, 1963 ) [1212 

Indian Science Congress Association Fifty Years of Science in Tadia— 
Progress of Fotany By P Maheshwari and R N Kapil Pp vn-r178 
(Caleutta Indian Science Congress Association, 1903 ) [1212 

United States Department of the Interior Geological Survev Bulletin 
1147-C | Clay Minerals in Triassic Rocks of the Colorado Plateau By 
Leonard G Schultz Pp v+71+plates 1-4 Bulletin 1158-B Bedrock 
Geology of the Crompton Quadrangle, Rhode Island Dv Alonzo W Quinn 
Pp 114+17+plate 1 Bulletin 1162-D Geology of the Northern Part of the 
Tenmile Range, Summit County, Colorado By Max H Bergendahl Pp 
diis) Piate l (Washmgton DC Government Printing reri 
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Chicago Natural History Museum Homage to Standley Papers imn 
honourofPaulC Standley Edited by Louis O. Williams Pp 115 (Chicago 
Chicago Natural History Museum, 1963 ) 1 dollar [1212 

Annals ofthe South African Museum. Vol 46, Part20 Tooth Replacement 


[1212 
United States National Museum Museum of 
Natural Historv Bulletin 227, Part 1 Marie Polychaete Worms of the 
New England Region 1 Families Aphroditidae Through Trochochaetidae 


NATURE 


February 22, 1964  vo..2oi 


By Marian H. Pettibone. Pp v+356 (Washmgton, DC 
Printing Office, 1963 ) 1 50 dollars 

Occasional Papers of the California Academy of Sciences No 44, (November 
8, 1963) Galapagos Islands a Unique Area for Scientific Investigations 
(A Symposium presented at the Tenth Pacific Science Congress of the Pacific 
Science Association, held at the University of Hawan, Honolulu, Hawai, 
US 4,21 August to 6 September 1961 ) Sponsored by the National Academy 
of Sciences, Bernice P Bishop Museum, and the University of Hawaii 
Pp 154 (San Francisco California Academy of Sciences, 1963 ) (1212 

Radiation Injury and Somatic Mutation! Report of Symposium held 
August 11 to 12, 1962 (Gamma Field Symposia, No 1) Pp 73 (Ohmiya- 
machi, [baraki-ken, Japan The Institute of Radiation Breeding, Ministry 
of Agriculture and Forestry, 1963 ) 1212 

Institut Royal Météorologique de Belgique Publications, Série A, No 42 
Observations Aurorales à la Base Ro1Baudoum Par P Doyenet A Eyskens 
Ta? (Uccle-Bruxelles Institut Royal Météorologique de Bap 


Transactions of the American Philosophical Society New Series, Vol 53, 
Part7 El Bajo de Santa Fé By Ursula M Cowgilland G E Hutchmson 


Government 
1212 


With Appendices by John E Sanders and Oiva Joensuu Pp 61 
(Philadelphia American Philosophical Society, 1963 ) 1 50 dollars [1212 
Institutt for Atomenergi Kjeller Research Establishment Kjeller 


Reports No 52 The Cationic Species of Ruthenium-Nitrosvl-Nitrato 
Complexes By J G van Raaphorst and P A Deurloo Pp 6-10 figures 
No 56 Investigation of the Extraction-Chromatography of Am(V1) and 
BK(IV) By E K Hult Pp 9+1 figure No 58 Quarterly Progress 
Report, April~May-June 1963 Pp 33--20 figures (Kyeller, Norway 
Instituzt for Atomenergi, Kjeller Research Establishment, 1963 ) [1212 
Canada Department ot Mines and Technical Surveys Geological Survey 
of Canada Bulletin No 104 Geochemical Study of Some Chert and Related 
Deposits By John A Maxwell Pp 1x+31 75 cents Paper 63-11 Marine 
Geology, Peary Channel, District of Frankhn—Polar Contmental Shelf 
Project By D R Horn Pp 11+33 75 cents Paper 63-28 Notes on 
Glacia! Geology, Northeastern District of Mackenzie by Weston Flake, Jr 
Pp 11—12 35 cents Paper 63-45 Glacial Fans tn Till from the Kirkland 
Lake Fault—a Method of Gold Exploration By Hulbert A Lee Pp iv 4-36, 
75 cents (Ottawa Queen's Printer, 1963 ) [1212 
United States Department of the Interior Geological Survey Profes- 
sional Paper 359 Economic Geology of the Central City District, Gilpin 
County, Colorado By Paul K Sims, A A Drake, Jr, and E Tooker 
Pp x+281+plates 1-12 Professional Paper 380 Geology and Coal 
Resources of Belmont County, Ohio By enry L Berryhill, Jı Pp 
a abode 1-29 (Washington, DC Government Printing ofice, 


Nautical Almanac Office, US Naval Observatory Astronomical Papers 
prepared for the Use of the American Ephemeris and Nautical Almanac 
Vol 17 The Marginal Zone of the Moon Pp 951 (Washington, D € 
Government Printing Office, 1963 ) 6 25 dollars 1212 

United States Department of the Interior Geological Survey ater- 
Supply Paper 1536-J Ground-Water Movements and Bank Storage Due to 
Flood Stages in Surface Streams By H H Cooper, Jr ,and M I Rorabaugh 
Pp 1v+343-366  Water-Supplv Paper 1615-E Geochemical Aspects of 
Artificial Recharge in the Grand Prae Region, Arhansag by R T 
Smegocki Pp iv+41+plate 1 Water-Supply Paper 1619-E Ground- 
Water Resources of the Alma Area, Michigan By Kenneth E Vanler 
Pp v—66+plates 1 and 2 — Water-Supply Paper 1619-FF Geology and 
Ground-Water Resources of Bartow County, Georgia By M G Croft 


Pp iv+32+plate1 Water-Supply Paper 1619-K Hydrogeology of Middle 
Canyon, Oquirrh Mountains, Tooele County, Utah By Joseph S Gates 
Pp iv+40+plate 1  Water-Supplv Paper 1691  Ground-Water Con- 


tammation and Legal Controls m Miclogan 
(Washington, DC Government Printing Ofrece 1 
Nederlandse Veremging voor weer- en Sterrenkunde Observations of 
Variable Stars, January-June 1963—R« port No 4 Pp 6 (Groningen, 
Netherlands Kapten Astronomical Laboratory, 1963 ) (2012 
Chicago Natural History Museum  Fieldiana Rotany Vol 24, Part 7, 
No 3 Flora of Guatemala By Rogers McVaugh Pp vu+288-405 
(Chicago Chicago Natural History Museum, 1963 ) 3 dollars [2012 
Nationa! Museum of Canada Bulletin No 196, (Anthropological Series, 
No 64) Igluligmmt Kinshrp and Local Groupmgs—a Structural Approach, 
By David Damas Pp viu+216 2dollars Natural History Papers, No 22, 
(11 October, 1963) A Microsaur from the Pennsylvania of Joggins, Nova 
Scotia By Robert L Carroll Pp 13 (Ottawa Queen's Printer, 1963 )[2012 
Institutt for Atomenergi Kjeller Research Establishment Kjeller Report 
No 55 On the Numerical Calculation of Bickley Functions By T M 
Danielsen, T Havieand R T J Stamm'ler Pp vn+88 (Kjeller, Norway 
Institutt for Atomenerg:, Kjeller Research Establishment, 1963 ) [2012 
Tanganvika Ministry of Commerce and Industry Geological Survey 
Division Records of the Geological Survey of Tanganyikn, Vol, 10 Pp 
98 +18 plates Shs 17/50 Geologica! Maps—Quarter Degree Sheets Sheet 34 
and part of Sheet 22 — Ngusu (Bukwimba) Sheet 39 Angata Sale1 Sheet 
73 North Pare (Lake Jipe) Sheet 929 Shoga Sheet 235 Ifakara 
Sheet 251 Mahenge (Dodoma Geological Survey, 1962 and 1963 ) [2012 
British Honduras Annual Report of the Forest Department, 1962 
Pp 16 (Belize Conservator of Forests, 1963 ) [201 
Commonwealth of Australa Department of National Development 
Bureau of Mineral Resources, Geology and Geophvsies Bulletin No 63 
Permian Pelecvpods and Gastropods from Western Australia By J M 
Dickms Pp 203 (26 plates) Bulletn No 65 Chemical Analvses of 
Australian Rocks Parti Igneousand Metamorphic Compiled by Germaine 
A Joplin Pp 446 Bulletin No 66 Lower Cretaceous Arenaceous Fora- 
munifera of Australia By Irene Crespin Pp 110(18 plates) (Canberra City, 
ACT Department of National Development, Bureau of Mineral Resources, 
Geology and Geophysies, 1963 ) [2012 
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LABORATORY H.F. INDUCTION FURNACES 


SAVE COSTS 


Leco High Frequency Induction Furnaces use 
full power (1 5 kw) only during actual sample 
combustion or heating 'Stand by' power is 
about 300 watts, depending on the model 





PERMIT FASTER ANALYSES 


Higher operating temperatures mean 
faster analyses of carbon, sulphur, oxygen, 
hydrogen and nitrogen Automatic 
positioning of sample in combustion 
tube by vertical loading saves time 






No 522 Series 
Twin Unit 
Furnace 


bo 
GIVE HIGHER TEMPERATURES 


Routine operating temperatures above |,700? C allow 





complete combustion of high temperature alloys, i j No 523 Serles 
stainless steel, zirconium and titanium Hy gh ni Tube 
s ; nit 


POWERFUL AND VERSATILE ANALYSIS TOOLS 


Leco High Frequency Induction Furnaces may be switched easily from analysis of carbon and 
sulphur in ferrous materials to sulphur in hydro-carbons The units are designed for con- 
tinuous operation without breakdown, even under adverse working conditions, and can 
be used with any analyzer normally employed with resistance furnaces. 

Write or phone today for full details of the range of Leco Induction furnaces 


SHANDON SCIENTIFIC COMPANY LIMITED 


65 POUND LANE WILLESDEN LONDON NW10 Tel: WiLlesden 8671 





No 52! Series 
Single Tube 
Unit 





S H-A'N:D-O.N 


GD 668 





if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world 
Three types available 


Mk I Low power for magnifications 


. AG. 2 
CRYOSTAT 


The only Cryostat to give 
accurate results every time. 
COMPLETE WITH 
ACCESSORIES 


, 


x1 to x200 Demonstrations can be arranged 
Mk i For magnifications x1 to at certain hospitals or on your 


Mk III High power for magnifications premises. 
x 100 to x 1,000 plus 

The most advanced instruments for 
micromanipulatión ^ As described by 
Barer and Saunders-Singer with further 
improvements 

Full details and demonstrations upon - 
request to 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83.London St, 
Reading, Berkshire, England 

Telephone Reading 53613 


Please apply to — 


HAB TECHNIGAL PRODUCTS 


11 OLD HALL STREET, 
LIVERPOOL, 3. 


Telephone: MARitime 1034-5-6 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line and 
6s per hine thereafter Lines in capitals or 
containing words in capitals 12s per line 
Sem:-displayed £4 16s per single column 


mch Colour (orange) £15 extra Is is 


charged for the redirection of replies to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scor and Son, 
Limited, 1 Clement's Inn Strand, London, 
W C2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 





APPOINTMENTS VACANT 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 
LECTURER IN ANIMAL ECOLOGY 


Applications are invited. for a Lecturer in 
Animal Ecology ın the Department of Forestry 
and Natural Resources The successful applicant 
will be expected to lecture in the general field of 
Animal Ecology, and to develop courses of 1n- 
struction on the management of eaploited natural 
animal populations He will also be expected to 
pursue and promote research on relevant prob- 
lems The salary scale is £1250 by £60 to 
£1,490, Bar £1,550 by £60 to £1,670 by £80 to 
£2 150 per annum, with placement according to 
qualifications and expenrence, and with super- 
annuation benefit and family allowance where ap- 
plicable Applicants are also invited. to write to 
the Head of the Department, Professor J N 
Black, at 10 George Square, Edinburgh 8, for 
information on the proposed development and 
mterests of this Department 

Applications (six copies), giving the names of 
two referees, should be lodged with the under- 
signed not later than March 21, 1964 

CHARLES H STEWART, 
Secretary to the University 
Old College, 
South Bridge, 
Edinburgh 8 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 
LECTURER IN AERIAL PHOTO- 
INTERPRETATION 


Applications are invited for a Lecturer im 
Aerial Photo-interpretation in the Department of 
Forestry and Natural Resources The successful 
applicant will be expected to lecture on the appli- 
cation of aenal photography to problems in land 
use in its widest connotation, and to give elemen- 
tary instruction in ground survey methods He 
will also be expected to engage n research and 
to develop facilities for this purpose — The salary 
scale ıs £1,250 by £60 to £1,490, Bar £1,550 by 
£60 to £1,670 by £80 to £2150 per annum, with 
placement according to qualifications and experi- 
ence and with superannuation benefit and family 
allowance where applicable Applicants are also 
invited to wnte to the Head of the Department, 
Professor J N Black, at 10 George Square, 
Edinburgh 8, for information on the proposed de- 
velopment and interests of this Department 

Applications (sıx copies), giving the names of 
two referces, should be lodged with the under- 
signed not later than March 21, 1964 


CHARLES H STEWART, 
Secretary to the University 
Old College, ` 
South Bridge, 
Edinburgh 8 


UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF CHEMICAL 
ENGINEERING 
TWO POSTS OF SENIOR RESEARCH 
ASSOCIATE 


Applications are invited for two posts of Senior 
Research Associate (Post-Doctoral) to work on 
combustion problems associated with magneto- 
hydrodynamic (MH D) power generation The 
work 1s financed by DSIR and is under the 
direction of Dr I Fells, from whom further 
particulars may be obtained The salary will be 
at an appropriate point on the scale £1,400 to 
£1600 per annum with FSSU and family 
allowance 

Applications (three copies), together with the 
names and addresses of three persons to whom 
reference may be made, should reach the Regis- 
war, The University, Newcastle upon Tyne 2, 
not later than March 31, 1964 








SWISS ELECTRIC & TRACTION COMPANY 


a well established engineering organization 
in Switzerland 


requires 


ENGINEERS and PHYSICISTS 


foi study and design of thermal power plants and nuclear 
reactors The successful applicants should have at least a BSc, 
preferably an M Sc degree in electrical or mechanical engineering 
or physics, and a good theoretical as well as practical knowledge 
in the design of complete thermal stations and in thermo- 
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dynamics 


Some experience ın the elaboration of feasibility 


studies and plant operations would be useful 


Salaries will be commensurate with qualifications and experi- 
ence, and will be reviewed annually by merit There 1s an excellent 


Pension Scheme available 


Applications, stating age, experience and qualifications, should 
be sent to the Swiss Electric and Traction Company, Malzgasse 


32, Basle, Switzerland 





NUCLEAR PHYSICISTS 


The United Kingdom Atomic Energy Authority invite graduates with good 
honours degrees to apply for a permanent appointment in the Tandem 
Accelerator Group of the Nuclear Research Division at Aldermaston 


The successful apphcant will work primarily on the Neutron ttme-of-füght 
Spectrometer but could also be involved in other experiments on, for example, 


reaction mechanisms and fission 
research 1n. Nuclear Physics 
but ıs not essential 


There are good opportumtes for basic 
Previous experience would be an advantage 


Salary will be within the range £850 to £1,900, depending on age and 


experience 


A house, or assistance with house purchase, will be available 


to a married officer hving beyond daily travelling distance 


Please write, for application form, to 


THE SENIOR RECRUITMENT OFFICER (Ref 


3258/34), AWRE, 


ALDERMASTON, NEAR READING, BERKS 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF ASTRONOMY 
LECTURESHIP 


Applications are invited for the post of Lec- 
turer ın Astronomy The Lecturer will be ex- 
pected to assist with the introduction of a new 
honours school in Astrophysics and to teach for 
the ordinary degree Good research facilities are 
available to the Department at the Royal Obser- 
vatory, Edinburgh Salary scale, £1,250 by £60 to 
£1,490, Bar £1,550 by £60 to £1,670 by £80 to 
£2,150 per annum, with placement according to 
qualifications and experience and with super- 
annuation benefit and family allowance where ap- 
plicable The successful candidate will be 
expected to take up duty on October !, 1964 

Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two reierees, should be 
lodged not later than March 18, 1964 


CHARLES H STEWART, 
Secretary to the University 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited for a new post -of 
Assistant Lecturer Preference will be given to 
those with experience or interest m neuro- 


physiology Salary on scale £1,000 to £1,150, 
with placing according to qualifications and 
experience Superannuation (FS.SU), child 


allowance and removal allowance 

Further particulars should be obtamed from 
the Secretary, The University, Aberdeen, with 
whom applications (two copies) should be lodged 
not later than February 29, 1964 
— eee 


PHD IN BIOLOGY AND BIOCHEMIS- 
try—position open in Radtobiology Research 
Group in active Radiotherapy Department Bio- 
Jogist should have experience in mammalian 
radiobiology Opportunity to develop own re- 
search programme —Comact F G  Bloedorn 
MD, University of Maryland Hospital, Bahr- 
more 1, Maryland 


February 22, 1964 
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RESEARCH FELLOWSHIPS 
PRINCIPAL RESEARCH FELLOWSHIP 
between £1,890 to £2,640 annually  Ten- 
able for one year to three years (with 
possibility of extension to five years) 
SENIOR RESEARCH FELLOWSHIP 
between £1,420 to £1,755 annually 
JUNIOR RESEARCH FELLOWSHIP 
between £975 to £1,310 annually 

Tenable for three years 


EXAMPLES OF CURRENT 
VACANCIES 

NATIONAL PHYSICAL LABORATORY, 
Teddington, Middx 
This leading research establishment offers 
PRINCIPAL FELLOWSHIPS ın the fol- 
lowing fields 
() Production and applications of POLAR- 
IZED LIGHT (below 2,000 A) 
(u) Work to relate LASER frequencies to 
atomic frequency standards 
Qu) Fundamental study of equality of 
CHARGE ON PROTON AND ELEC- 
TRON 
Qv) HIGH PRESSURE PHYSICS 
(v) Application of HIGH SPEED COM- 
PUTERS to many problems, from CURVE 
and SURFACE FITTING to POLYMER 
PHYSICS 
PO RESEARCH STATION, 
Dollis Hill, London, N W 2 
Fellow to make experimental or theoretical 
studies of low noise cooled parametric 
amplifiers or MASERS (Junior only ) 
MICROBIOLOGICAL RESEARCH 
ESTABLISHMENT, Porton, Wilts 
SENIOR FELLOW to work imn the 
CHEMICAL PATHOLOGY section 
Candidates should have a degree in 
Chemistry or Biochemistry and research 
experence in the field of metabolism 
Research into the role of erythritol in the 
metabolism of Brucellae 
ROYAL OBSERVATORY, Edinburgh 
Mathematician to work in fields relevant 
to ASTRONOMY AND GEOPHYSICS 
Technical facilities include advanced equip- 
ment for data acquisition in stellar photo- 
metry, spectrophotometry rocket research 
and seismology, and digital input systems 
for electronic. computers Keen mathe- 
matical insight and interest in the applica- 
tion of mathematics to physical problems 
essentia] — (Senior/Junior ) 


Fellowships in these and other establish- 
ments are available in most scientific disci- 
plines For a Principal Fellowship a 
candidate must produce evidence (including 
published work) of a considerable period 
of fruitful research and be accepted as a 
leading worker in his/her field For a 
Semor or Junior Fellowship a first- or 
second-class honours degree is normally 
required, plus two years’ postgraduate 
research (three years for Semor Fellow- 
ships), during which a high standard of 
research ability must have been demon- 
strated FSS U_ terms 

INQUIRIES to Civil Service Commission, 23 
Savile Row, London, W 1, stating age and 
qualifications and quoting $/570 


OVERSEAS GEOLOGICAL 
SURVEYS 

MINERAL RESOURCES DIVISION, 
Grays Inn Road, London WC1 
MINERAL ECONOMIST (graded SENIOR 
SCIENTIFIC OFFICER or SCIENTIFIC 
OFFICER) to study distribution, produc- 
uon and trade requirements of useful 
minerals to compile reports and mono- 
graphs on particular minerals , to deal with 
inquiries on all kinds of minerals — Quali- 
fication in geology, mining geology, or 
economic muneralogy and practical experi- 
ence of the muneral industry required 
(Candidate for semor post with about five 
years’ experience preferred ) 

APPLICATION FORM from address above 
Closmg date March 3, 1964 
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WAR OFFICE 

ROYAL MILITARY COLLEGE OF 
SCIENCE, Shrivenham, Wilts 
LECTURING APPOINTMENT in Mathe- 
matics for teaching at university level and 
lecturing to degree and specialized courses 
Research is encouraged, and work would 
be suitable for publication. and. submission 
for higher degree Extensive well-equipped 
laboratories 


QUALIFICATIONS first- or second- 
class honours degree ın mathematics 
or equivalent qualification Experi- 


ence in teaching industry, or Scientific 
Civil Service preferred, but not essential 
SALARY Semor Lecturer, £1,438 to 
£1,772 , Lecturer, £791 to £1309 Starting 
pay may be above mimmum , credit for 
postgraduate experience and National Ser- 
vice Superannuation under FSSU 
Prospects of permanency and promotion 
Residential accommodation for single man, 
prospects of a house for married man 

Further particulars and forms from the 
Registrar at above address 


MINISTRY OF AVIATION 

ROYAL AIRCRAFT ESTABLISHMENT, 

Farnborough, Hants 

MATHEMATICIANS, PHYSICISTS or 

ENGINEERS (graded SCIENTIFIC OFFI- 

CER/SENIOR SCIENTIFIC OFFICER) 

for the following posts ın the Mathematics 

Department 

(a) (Two posts) To join research group 
working on analytical problems of air 
traffic flow and control including study 
of basic properties of air traffic sys- 
tems, examining the implications of 
new types of aircraft, and modelling 
air traffic systems on digital computers 
Opportunities for specialization 
Experience of system analysis or design, 
preferably including computer program- 
ming, rs desirable, and knowledge of 
one or more of the following topics 
would be an advantage stochastic 
processes, applied statistics, operational 
research methods, automatic data pro- 
cessing 

(b) To work on advanced digital computer 
programming The range of work in- 
cludes the development of operating 
and supervisory systems for a time- 
sharing computer the modification of 
compilers , and the development and 
use of programme languages for special 
purposes 

(c) To work on the application of digital 
computers to a wide range of applied 
mathematical problems, including the 
numerical solution of partial differen- 
tial equations, the use of mathemati- 
cal programming techniques, and the 
digital simulation. of stochastic systems 

APPLICATION FORM and booklet from 

Ministry of Aviation, Est 2/3 A 3, Room 

516, Adelphi, John Adam Street, London, 

W C2, quoting HC/2D/961 








MINISTRY OF PUBLIC 


BUILDING AND WORKS 
PRINCIPAL SCIENTIFIC OFFICER 
and SENIOR SCIENTIFIC OFFICER 
Posts in OPERATIONAL RESFARCH 
team in London to guide Directorate- 
General, Research and Development, policy 
in field of research, technical information 
and education in BUILDING Candidates 
with experi.nce in operational research 
preferred For Principal Scientific Officer 
qualifications as for Senior Scientific Offi- 
cer supplemented by considerable post- 
graduate experience 
SALARY £1,959 to £2,711 (FSSU) 
APPLY, stating age, qualifications and 
experience, to Director-General (R & D), 
316 Lambeth Bridge House, London, SE 1 
(Quote OR/B) 
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D.S.LR. 


NATIONAL PHYSICAL LABORATORY, 
Teddington, Middlesex 


RESEARCH FELLOWSHIP (Junior or 
Senior) tenable for three years for research 
in the ACOUSTICS SECTION of Applied 
Physics Division Typical problems are de- 
tivation of scales of annoyance of norse 
(eg, from aircraft and motor vehicles) and 
fundamental laboratory on hearing (eg, 
masking directional effects of the loudness 
of transient sounds) 


QUALIFICATIONS Degree or Dip 
Tech with first- or second-class 
honours and postgraduate research ex- 
perience (at least two years for Junior 
Fellowship, at least three years for Semor 
Fellowship) A physicist with interest in 
measurement of human reactions, or an 
expermental psychologist with a knowledge 
of acoustics as a physical science and an 
interest 1n subjective scaling would be surt- 
able 


SALARY between £1,420 to £1,755 
per annum, or £975 to £1,310 per annum 
(Reference E/AA/096) 


WATER POLLUTION RESEARCH 
LABORATORY, Stevenage, Herts 


(D MATHEMATICIAN (graded Scientific 
Officer/Semor Scientific Officer) with an m- 
terest in electronic computer techniques, 
statistics, theory of mixing of fluids and in 
diffusion phenomena, to advise and assist 
the laboratory’s scientific staff in the 
mathematical aspects of their work This 
includes use of electronic computer tech- 
niques , other projects are concerned with 
kinetics of biological systems and dispersal 
of effluents (Ref E AM/019) 


(2) MICROBIOLOGIST (graded Scientific 
Officer/Senior Scientific Officer) with an in- 
terest in the kinetics of growth of micro- 
organisms, for work on the influence of 
environmental conditions on the activity of 
bacteria in mixed cultures in biological 
treatment plants and, eventually, for work 
in other aspects—eg, studies on self- 
purification in rivers and survival of 
organisms in effluents (Ref E AM/020) 
Housing may be available 


APPLICATION Forms from Directors at above 
addresses, quoting appropriate reference 
Closing date March 9, 1964, 1n each case 





SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


SALARIES SO £791-£1309 
(Increments and special £95 award for 
approved. post-grad experience) 
SSO £1438-£1772 
(Starting salary may be above minimum) 
Salartes are supplemented tn the London Area 


QUALIFICATIONS 

so Ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 

sso As above plus at least 3 years post- 
graduate research Age 26 to 3l 





ASST. EXPERIMENTAL 


OFFICER/EXPERIMENTAL 
OFFICER 
SALARIES AEO £490 (age 18) - £691 


(age 22) - £858 (age 26) - £1053 
EO £1164-£1431 
Salaries are supplemented in the London Area 
QUALIFICATIONS 
Degree Dip Tech HNC or equivalent 
in appropriate subject Under age 22, 
minimum qualification is 2 GCE ‘A’ levels 
in Screntific subjects AEO age 18-27 
EO 26-30 





Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W | 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF ANIMAL HEALTH 


FELLOWSHIP FOR RESEARCH 
ON OVINE FOOTROT 


The Australian Wool Board, through its Wool Research Committee, has established a 
Research Fellowship of three years duration for further research on the bacteriology and 
epidemiology of Fustformis nodosus infections m sheep and other animals 


The Fellow will be appomted to CSIRO 's Division of Anrnal Health but will be 


seconded to the Veterinary Laboratory of the Tasmaman Department oi Agriculture at 
Launceston, Tasmania 


Salary will be within the range paid by CSIRO to Research Officers or Senior 
Research Officers, according to qualifications and experience These ranges at present 
are for Research Officer, £A1,794 to £A2,631 , and for Senior Research Officer, £A2,755 
to £A3,115 (but these scales are under review) 


Applications are invited from graduates in Veterinary Science, Agricultural Science, or 
Science who have had postgraduate research training and experience m laboratory and 
field investigations of infectious diseases of animals Previous experience of such work 
in relation to diseases of the feet of sheep will be an advantage but 1s not essential 


Consideration may be given to the continuation of FSS U arrangements 


Fares paid for the appoimtee and his dependent family and return fares to point of 
origin will be paid upon termination of the Fellowship 


Background information concerning the problems involved and the conditions under 
which the appointee will work may be obtained on application to z 


Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W C2, 

to whom applications (quoting Appointment No 201/224) should be addressed by April 
18, 






SENIOR SCIENTIFIC OFFICER/ 
SCIENTIFIC OFFICER 


1s required by the 


ATOMIC ENERGY ESTABLISHMENT, 
WINFRITH, DORSET 


Applications are invited from Physicists and Engineers for development work on 
physical aspects of reactor control and instrumentation, which presents an unrivalled 
opportunity to play an mmportant part in the development of new reactor systems as 
well as in the improvément of more conventional designs 


The successful applicant will be required to take a broad interest 1n reactor control 
and instrumentation For example, he will be concerned with the development of 
new, improved radiation detectors and miniature devices for operation at tempera- 
tures up to and beyond 600° C Other prosects may vary from calculations on a 
“ faled fuel element ” detection scheme for a new “reactor system, to the supervision 
of a contract aimed at improving the insulation resistance of magnesia insulated cables 


Applicants must possess a first- or good second-class Honours degree in physics or 
engineermg A good knowledge of basic classical physics is essential, and an interest? 
in electronics and in what can and cannot be achieved by a skilled workshop 1s also 
required Previous experience with nuclear radiation detectors would be an advantage, 
but is not essential 


Salary in ranges between £1,540 to £1,900 per annum for Senior Scientific Officers 
and £850 to £1,405 per annum for Scientific Officers 


Superannuation, housing and house purcnase assistance schemes 


Send postcard for application form to Personnel Manager (WA32/34), U.K.A E.A , 
AEE, Winfrith, Dorchester, Dorset Closing date March 14, 1964 





UNIVERSITY OF TORONTO NORWICH CITY MUSEUMS 








Research Assistantships and Demonstratorships 
are available for graduate students studying for 
the MA or PhD degree in Chemistry Ad- 
vances to cover travel expenses may be arranged 
Research is being conducted im all branches of 
chemistry at the new Lash Miller Laboratories 

For further information write Professor D J 
Le Roy, Head, Department of Chemistry, Um- 
versity of Toronto, Toronto 5, Ontario, Canada 
Ref GSC 


APPOINTMENT OF KEEPER OF NATURAL 
HISTORY 

Applications are invited. for the above appoint- 
ment on Grade APTIII (£1,025 to £1,340) 
Candidates should possess an appropriate degree 
and preferably the Diploma of the Museums 
Association 

Applications, giving full particulars, and naming 
two referees, to be sent to tne Director, Castle 
Museum, Norwich, by March 18, 1964 


February 22, 1964 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF NATURAL PHILOSOPHY 
(PHYSICS) 


LECTURESHIPS 


Applications are invited for one or more Lec- 
tureships im the Department of Natural 
Philosophy Salary scale, £1,250 by £60 to 
£1,490, Bar £1,550 by £60 to £1,670 by £80 
to £2,150 per annum, with placement according 
to qualifications and experience, and with super- 
annuation benefit and family allowance where ap- 
plicable The successful applicant(s) will be ex- 
pected to take up duty on October 1, 1964 

Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two referees, should be 
lodged not later than March 18, 1964 


CHARLES H STEWART, 
Secretary to the Uriversity 


ROWETT RESEARCH INSTITUTE 
BUCKSBURN, ABERDEEN 


(ANIMAL NUTRITION AND ALLIED 
SCIENCES) 


DIRECTOR OF RESEARCH 


Applications are invited for the appointment 
of Director of the Institute which ,will become 
effective on October 1, 1965, when the present 
Director retires The present Director ss also 
Consultant Director of the Commonwealth 
Bureau of Animal Nutrition located within the 
Institute The salary attached to the appomt- 
ment will be *hat of Chief Scientific. Officer and 
the superannuation arrangements will be those 
provided by the FSSU_ During the tenure of 
his appointment the Director is given occupancy 
of an attractive detached house within the pre- 
cincts at an annual rental 

Applications, which should be accompanied by 
the names and addresses of at Icast three referees, 
should be submitted on or before April 30, 1964, 
to the Secretary of the Instuute, Bucksburn, 
Aberdeen, from whom further details can be 
obtained 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY 
ASSISTANT LECTURESHIP 


Applications are invited for the post of Assist- 
ant Lecturer in the above department Salary 
scale £1,000 by £50 to £1150 per annum, with 
placement according to qualifications and experi- 
ence, and with superannuation benefit and family 
allowance where applicable The successful ap- 
plicant will be expected to take up duty on 
October 1, 1964 
Further particulars may be obtained from the 
undersigned with whom applications (six copies), 
giving the uames of two referces, should be 
lodged not later than March 16 1964 
CHARLES H STEWART, 
Secretary to the University 


COMMONWEALTH AGRI- 
CULTURAL BUREAUX 
Applications are invited for the post of 
DIRECTOR, COMMONWEALTH BUREAU 
OF PLANT BREEDING AND GENETICS, 
CAMBRIDGE, ENGLAND 


Applicants should possess an honours degree in 
botany or related subjects, experience of research 
im genetics or plant breeding, admunitrative ex- 
perience and a sound knowledge of three or 
more modern languages, preferably including 
Chinese or Japanese Ability to write good 
English ıs essential and editorial experience desir- 
able Training in mathematics and mechanical 
information retrieval is also desirable Salary 
scale £2,800 to £3,475, with provision for super- 
annuation 

Applications should be submitted by July 31, 
1964, to the Director, Commonwealth Bureau of 
Plant Breeding and Genetics, School of Agricul- 
ture, Downing Street, Cambridge, England, irom 
whom full particulars, including regulations re- 
garding provision of passages to overseas candi- 
dates on first appointment, can be obtained 


hc ee 
TECHNICIAN OR SENIOR TECHNICIAN 
(Zoology Department), Queen Mary College (Uni- 
versity of London)-Mile End Road, E1 To 
take charge of physiological laboratory, including 
preparation of undergraduate practical classes and 
assisting with postgraduate research Some know- 
ledge of electronics an advantage Appointment 
within the grade Technician or Senior Technician 
according to age qualifications, experience 
Salary scales Technician, £540 to £745 per 
annum Senior Technician £760 to £900 per 
annum Plus in both grades London weighting 
up to £45 per annum, according to age In addi- 
tion a qualficauon award of £30 or £50 for 
certam specific qualifications Five day week 
Five weeks annual leave —Letters only to Regis- 
trar (ZTST) stating full details of experience, any 
qualifications, present work and age 
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MICROCELL ACCESSORY AND TEST TUBE HOLDER 
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SP.680 MICROCELL ACCESSORY 


The Unicam SP.600 Visible Spectrophotometer is now 
available with the SP.625 Autocell Accessory; a unit 
which greatly reduces sample handling time. Also avail- 
able is the SP.649 Power Supply Unit. This replaces the 
dry batteries normally supplied and provides an all- 
mains operation. 


These latest developments, together with the SP.680 
Microcell Accessory and the SP.630 Test Tube Holder, 
make the SP.600 Spectrophotometer the most versatile 
instrument for all absorption measurements in the 
region 360-1000 mu. 


The Autocell, Microcell and Test Tube Accessories 
are easily interchangeable and each is designed to fit 
into the cell well of the main instrument—no special 
fitting arrangements are necessary. 


SP.625 Autocell 


~The new Unicam Autocell provides a completely auto- 


matic means of filling and emptying the special sample 
cell. One control is provided (see illustration above) and 


UNICAM INSTRUMENTS LIMITED 








SP.630 TEST TUBE ACCESSORY 


the operator can fill and empty the sample cell without 
any risk of cell breakage, sample spillage or contamina- 
tion. This speeds analysis and greatly improves accuracy 
and reliability. The minimum sample volume required is 
5 ml. Tests have shown that less than 1 per cent of 
sample volume remains after emptying. The sample 
comes into contact only with fine bore polythene or 
stainless steel tubing. 


SP.649 Power Suppiy Unit 


The Power Supply Unit has been designed to replace 
both H.T. dry batteries and can be easily fitted to every 
SP.600. It will appeal to those who require the extra 
convenience and reliability of àn all-mains operated 
instrument. The unit consumes less than 5 watts and 
its output is unaffected by mains voltage fluctuations of 
+124 per cent. 


Full information on the SP.600 and its accessories will 
gladly be sent on request. 


* YORK STREET - CAMBRIDGE 
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animal species to determme whether such antibody could” 
be detected in these as well ‘The results of such tests 
are presented ın Table 1 


Table 1. RESULTS OF TESTS FOR ADENOVIRUS PEEOIPITATING ANTIBODY 
IN SERA FROM SIX DIFFERENT SPECIES OF ANIMALS 


Species No tested Positive Doubtful 
Horse 178 43 16 
Ox 957 223 D4 
Sheep 103 1 3 
Goat 50 33 4 
Pig z 115 30 5 
Deer (Cervus elaphus 55 22 i 


Samples of the reacting sera representative of each 
Species were then tested m parallel with an adenovirus 
type 5 system The antigen was an aqueous suspension 
of adenovirus type 5 which had been grown m HeLa cell 
cultures and partially purfied with fluorocarbon com- 
pound 'Areton 63’ (Imperial Chemical Industries, Ltd, 
London) The antiserum had been prepared ın rabbits 
agaist an unfractionated type 5 virus suspension The 
results of some suitably arranged tests are shown 1n Fig 2 
The Ime of precipitation associated with the A antigenic 
component of adenovirus type 5 was m identity with 
those reactions obtamed when positive sera from each 
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Fig 1, Diagram of precipitation reactions between bovme sera and an 
ICH system 
Basins 1, 4, ICH antigen, 2, 3, bovine sera giving positive reactions, 
5, bovine serum giving a doubtful reaction, 6, bovine serum giving à 
negative reaction, 7, dog anti-ICH serum 
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Fig. 2 Diagram of precipitation reaction between sera of five species 
and adenovirus type 5 antigen 
Basin 1, rabbit anti-5 serum, 2, bovine serum, 3, dog anti-ICH serum, 
4, ICH antigen, 5, goat serum, 6,‘porcme serum; 7, adenovirus 
type 5 antigen 
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Fig 3 Diagram of precipitation reactions between sera of five7species 
with adenovirus type 5 and ICH antigens t 
Basins 1, 6, 12, adenovirus 5 antigen, 11, 13, ICH antigen, 4, 10, dog 
antiserum, 2, horse serum, 3, 8, rabbit anti-type 5 serum, 5, goat 
serum, 7, pig serum, 9, bovine serum 


species were tested agamst the type 5 and ICH antigens 
A two-way relationship was apparent between the adeno- 
virus type 5 and ICH systems (Fig 3) 

In an attempt to associate adenoviruses with bovme 
respiratory disease, paired serum samples were collected at 
intervals of two to three weeks, representing acute and 
convalescent samples, from cattle mvolved m outbreaks of 
respiratory disease Tests were carried out on the paired 
sera of 137 cattle, in conjunction with the ICH antigen 
as before Evidence of mereased precipitating potency was 
demonstrated in the second (convalescent) samples of 
35 serum pairs; and in a further 47 pairs, both samples 
gave positive reactions 

Adenoviruses possess a group-reactive antigen detect- 
able by complement-fixation!? and by gel-diffusion pie- 
eipitation!3? This antigen has been designated antigen A 
(ref. 4) and shown to contain a group-reactive component 
x together with deoxyribonucleic acid’ The present tests 
have demonstrated that antibody which reacts with this 
antigen can occur in the sera of six different animal 
species This findmg suggests that either adenovirus 
type 5 or ICH virus infects each species, or, alternatively, 
that other adenoviruses are mvolved which possess a 
common antigenic component Human adenovirus types 
l, 2, 4, 5 and 6 are capable of mfecting ‘pathogen-free’ 
colostrum-deprived piglets'45, but the two bovine 
adenoviruses which have been 1s0lated!9?" have not been 
shown to be pathogenie for cattle Apart from the latter, 
no other isolations of adenoviruses have been reported 
from any of the species of animals mvestigated here 

The significance of the reactions obtained with the 
bovme sera cannot be fully assessed m the absence of 
parallel isolations of virus associated with respiratory 
disease The mereases in precipitatmg potency of the 
sera from cattle concerned in outbreaks of respiratory 
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controls m A x ASW F, which only contamed the 
H-2 antigens of the stram where they were selected 
(cytotoxic index for LNSFAD with A anti ASW 
serum and for LNSFSF with A SW anti-A serum was 0) 

The results presented ın Table 1 are m agreement with 
those of Fig 1, showing the selective advantage of LNSF 
cells as compared to variant cells in A x ASW F, 
Cytotoxic tests, for example, demonstrated the presence of 
LNSF cells omgmally admixed to proportions of 10°-10* 
to 10° variant cells after 1-2 passages ın the A x ASW F, 
hybrids, ın one experiment (No 3) LNSF originally 
added ın a proportion of 10 10° was detected by the 
cytotoxic technique already after two passages m A x 
ASW F, 

The present results demonstrate the successful enrich- 
ment of LNSF lymphoma cells of A x ASW F, origin 
from artificial mixtures with its variants, selected m one 
of the parental strams (A or A SW) and u reversibly lack- 
ing the H-2 antigens of the othe: parent Previous 
findings mdieate that this 1s due to the fact that the F, 
cells contain H-2 antigens which are absent from the 
vauants, but present m the A x A SW F, mice used for 
the experiments? It cannot be explained by & differential 
giowth rate, because the vaiants grow equally well m 
their stram of selection as the unselected tumour in the 
F, hybrids? Even if it cannot be entirely excluded that 
the ‘F, effect’ 1s caused by a host-versus-graft reaction 
against antigens present m the variants and absent from 
the F, cells, this alternative ıs made unlikely by the fact 
that the variants as derived from the F, tumou: can only 
contam such new antigens that may have appeared as a 
result of variant formation, namely, possible recessive 
antigens, determined by the 9th chromosome and bemg 
different for the two isogenie resistant strams, A and 
A SW (ref 2) Such a host-versus-giaft reaction 1s also 
made unhkely by the finding that the same ‘F, effect’ 
1s also found when the hosts are pre-irradiated with 450 - 
500 r before the test? and is not mereased by pre- 
immunization, either in our investigations (unpublished) 
or m the investigations by Snell and Stevens on homo- 
zygous lymphomas? 
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A system of thus kind might be useful for the selective 
enrichment of cells that have acquired new antigens as a 
result of genetic changes from populations where the 
majority of the cells lack the antigens Whether a sumilar 
system can be used with other than lymphoma cells is 
not settled, but prehmunary experiments’ indicate the 
occurence of an F,-hybrd effect’ m certam sarcomas 
and caremomas The existence of a simular effect with 
normal hematopoietic cells ıs mdicated by certam 
findings on homozygous cells transplanted to lethally 
radiated mice of various F, hybmd genotypes and to 
nradiated homozygous mice of the isologous stram? 
this effect is probably due to a differential between graft 
and host at the H-2 locus or at a locus coupled to H-2 
(ref 10) 

The results described also have a bearmg on the mechan- 
ism of the ‘F, effect’ by showing that the F, lymphoma 
cells were not elmmated by any reaction with the parental 
variant cells when intermixed The mechanism for the 
ehmunation of the variants 1s still obscure exposition to 
the new antigens of the A x A SW F, hosts may either 
lead to inhibition of cell growth (or killing the cells) in 
a way previously diseussed?, o the variants may receive 
less growth stimulation than the unselected cells, wheie 
the H-2 antigens (and the H-2 genes) of host and donor 
are the same, even other explanations may be possible 

This work was supported by grants from the Swedish 
Cancer Society and the Swedish Medical Research Council 
and by grant C-3700 to Prof G Klem from the National 
Cancer Institute, US Pubhe Health Service I thank 
Prof G Klein for his support and Miss Barbro Jansson 
for assistance 
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AN ADENOVIRUS PRECIPITATING ANTIBODY PRESENT IN SOME SERA 
OF DIFFERENT ANIMAL SPECIES AND ITS ASSOCIATION WITH 
BOVINE RESPIRATORY DISEASE 


By J H DARBYSHIRE 
Central Veterinary Laboratory, Weybridge, Surrey 
AND 


Dr H G. PEREIRA 
National Institute for Medical Research, Mill Hill, London, N W | 


RECIPITATION reactions have been shown to occur 
with adenovirus systems by means of gel-diffusion 
tests!-? When HeLa cells are mfected with adenovirus 
type 5, they produce, ın addition to virus particles. three 
non-infectious antigenic components designated A, B 
and C (ref 4), each of these components will form a 
separate precipitation line under suitable conditions of 
gel-diffusion® Another member of the adenovirus group, 
mfectious canine hepatitis (ICH) virus, has been shown to 
give rise to precipitating antigen in the livers of infected 
dogs® 
Investigations are bemg conducted mto the possible 
part played by adenoviruses in the etiology of respiratory 
disease ın cattle By means of tests using the Ouchterlony 
technique", a precipitating antibody associated with 
adenoviruses was demonstrable m a number of bovine 
serum samples In addition. sumlar antibody was found 
to be present mn sera obtained from other species 


In these tests, liver tissue from a dog which had suc- 
cumbed to infection with ICH virus was used as antigen 
in the form of a crude suspension m aqueous 015 M 
sodium chloride solution® The ICH antiserum was a 
pooled sample from a number of dogs, ıt had a neutral- 
ization titre of log, 33-38 agamst 100 TCID,, ICH 
virus? The composition of the agar medium and the 
conditions of the tests were essentially the same as for 
those which have been described previously? After 18 h 
at room temperature (= 20? C), the ICH system had 
produced a zone of precipitation which resolved into two 
hnes within a further 24h Single serum samples from a 
number of cattle were re-tested ın conjunction with this 
system and a number reacted with the ICH antigen to 
form a lme of identity with one of the ICH lmes Some 
sera, reacted more strongly than others and some gave 
only a doubtful reaction (Fig 1) The tests were extended 
to include serum samples which were available from other 
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Experiment Presence of variant cells 
according to transplanta- 


tion tests 
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Pg l Enrichment of LNSF celis from mixtures with variants 
LNSFAD (selected during five transfers in A/Sn) and LNSFAD (selected 
during five transfers in A SW prior to the present tests), followed durmg 
eleven and eight transfers, respectively, in A x A SW F, hybrids On 
each passage 10° cells were inoculated to 2 A x ASW F, and to two 
muce of the parental strain with which the variant cells were compatible 
(4 and A SW, respectively) Variant cells were regarded as being present 
1n a population (indicated 1n the figure as W) 1f the mice of the Selective 
strain died from progressively growing tumours, otherwise as absent 
(ndicated as O) 


Samples of the LNSF lymphoma, derived from the 
23rd-29th em vwo passages, were used together with five 
variant sub-lmes, derived from the 24th-27th LNSF 
passages and selectively compatible with A SW (four 
variants, designated DNSFSF, LNSFSK, LNSFSM 
and LNSFSI) or <A/Sn (one vanant, designated 
INSFAD) The A SW variants had lost the H-2 determ- 
ined 1soantigens derived from the A strain and vice versa, 
according to transplantation and serological tests, which 
were performed as previously described’ Prior to the 
present expermnents, the unselected LNSF Ime was 
carried in A x ASW F, hosts, while the variants were 
either propagated ın their stram of selection or m A x 
ASW F, hybrids (compare footnotes to Fig 1 and 
Table 1) 

Mechanically prepared cell suspensions were counted in 
a Burker chamber after supravital stamimg with eosin 
accordmg to Sehrek* Mixtures of unselected F, cells 
and variants were prepared by adding a dilution series of 
INSF cells (10-108 unstamed cells) to 10° unstamed 
variant cells In a few experiments, a minority of 10-105 
variant cells was admixed to 10° ZNSF cells The mıx- 
tures were inoculated into A x A SW F, hybrids and into 
mice of the stram selectively compatible with the admixed 
variants, that is, A or A SW. All inoculations were made 
subcutaneously on the back ın 0 1 ml volumes, contaming 
a total of 1-2 x 109 unstamed cells 

About twelve days after inoculation, 4 x ASW F, 
hosts had regularly tumours of about 10 mm diameter at 
the site of grafting Each tumour was removed «n toto, 
suspended mechanically and the cells mtermrxed One 
part of the suspension was used for inoculation and another 
part (in the majority of cases) for cytotoxic tests One 
malhon cells were grafted subcutaneously to 2 4 x ASW 
F, mice and the resulting cell populations were carried by 
serial passage m 4 x A SW F, hybrids On each passage 
2 mice of the stram selectively compatible with the 
origmally admixed variants, that ıs, Æ or A SW, respec- 
tively, were also moculated to test for the presence of 
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variant cells Model experiments have shown that 10-10? 
variant cells can be detected in the presence of 109 LNS F 
cells mixed mnmediately prior to moculation (unpub- 
lished findmgs and Fig 1, and Table 1), vanant cells 
were therefore regarded as bemg present m 8 population, 
if moculated mice of their strain of selection (A or A SW) 
died from progressively growmg tumours The cytotoxic 
tests were performed according to Gorer and O'Gorman* 
by meubating cells, 1soantiserum and gumea pig comple- 
ment at 37° C during 90 mm, whereafter the frequency of 
eosin unstamed cells was determmed and cytotoxic 
indices calculated’, ag deseribed i footnote to Table 1 
Three different pools of antiserum were used A anti- 
ASW, ASW anti-A and A x A SW anti-A CA (for the 
controls), all having a cytotoxic titre of 1 . 40-1 160 for 
normal lymphoid cells of ASW, A and ACA orngm, 
respectively, and a cytotoxic index > 06 at antiserum 
dilution 1:5 They were used at a dilution of 1 5 1n 
basal salt solution for the present experiments The 
same pool of complement was used for all tests 

Five series of experrments were performed Two were 
followed by transplantation tests durmg 8 and 11 passages 
mA x ASW F, mice, respectively (Fig 1), and three by 
cytotoxic and transplantation tests as well durmg 3-4 
transfers m A x ASW F,(Table1l) The transplantation 
experiments m Fig 1 demonstrate the selective advantage 
of 10 and 10° LNSF celis admixed to 10! cells of the varı- 
ants LNSFAD (A-compatible) and LNSFSF (A SW- 
compatible), respectively The number of A x A SW FP, 
passages needed to ehmmate the variant cells was related 
to the proportion of LNSF cells originally introduced into 
the mixture, for example, 10° LNSFAD cells were ehmm- 
ated after the third A x ASW F, passage when mixed 
with 109 DNSF cells, after the 5th passage when mixed 
with 10? LNSF cells and after the 8th passage when mixed 
with 10 LNSF cells Cytotoxic tests on samples from the 
7th-1lth passages were confirmatory. the mixtures con- 
sisted of cells contammg both 4 and A SW antigens as 
well smce cytotoxic indices of 063-097 were found 
against both A anti-A SW and A SW anti-A sera (un- 
selected LNSF cells had cytotoxic mdex 0 63-0 88). The 
mixtures thus differed from the variant cells carried as 


Table 1 ENRICHMENT OF LNSF CELLS FROM MIXTURES WITH VARIANTS 
LNSFSK, LNSFSM AND LNSFSI, ALG A SW COMPATIBLE, FOLLOWED 
DURING 3-4 PASSAGES IN A x A SW F, HYBRIDS 


Proportion 
variant Variant 
Exp unselected. cells Cytotoxic indices A SW 
No Denoted ENSF cells elimm- anti-A serum dil 1 5} 
m origmal ated m Passage$ 
muxture[ passaget 2 
No 
3 LNSFSK-LNSF only LNSF variants 077 091 
muture * only LNSFSK — 0 0 
1 10* 2 — — 
l1 1 2-3 0 98 094 
10 1 3-4 10 081 
109 1 3 089 092 
105 1 4 0 41 074 
105 1 >4 0 038 
4 LNSFSM-LNSF only LNSFSM — 0 0 0 
mixture* Tek 2-8 10 093 090 
10 1 3-4 088 095 089 
10? 1 4 0 55 091 084 
10 1 >4 0 038 0 60 
10° 1 >4 0 020 053 
5 LNSFSI-LNSF only LNSFSI — Q Q 9 
mixture * 11 3-4 0 94 083 0 82 
10 1 3-4 0 53 088 079 
10? 1 4 0 050 0 85 
10 1 -4 0 o 044 
10: 1 >4 0 0 0 
105 1 >4 0 0 0 


* LNSFSK, LNSFSM and LNSFSI were selected during 8,1 and 2 
passages in A SH’, respectively, prior to the present tests, for LNSFSI 
the selection in A SW was followed by propagation during 2 passages in 

x 


tOn each passage 10° cells were moculated to 2 A x A SW F, and 
2.4 SW mice Variant cells were regarded as being present ın the population 
tested, 1f the A SIF mice died from progressively growing tumours 

1 Cytotoxic index = n 

No eosin unstained cells in'controI—No  unstamed cells m test sample 
No unstained cells in control 

§ Samples were taken for cj totoxic tests after 1-3 passages of the matures 

mA x ASW F, hybnds 
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depolarization of the membrane Precisely how this 
gives rise to spontaneous firmg, which implhes rapidly 
alternatmg depolarization and repolarization, cannot be 
explamed at this time 

An inherent feature of this concept 1s the assumption 
of a common binding site for drugs and divalent cations 
Expermental evidence for this has indeed. been obtamed 
m a variety of systems, both on virot? and 4n vwo? It 
18 of some interest m this connexion that the depolariza- 
tion caused by decreased calerum concentration could be 
overcome by local anzsthetics and physostigmune", a 
finding which 1s m complete accord with this proposal 

Tt is felt that the mechamsm which I have proposed 
provides an alternative to the concept of the essentiality 
of acetylcholine in nerve function and may help under- 
stand the very weak action on nerve activity of such 
compounds as acetylcholme, DMAEA, other depolarizing 
compounds, the cholmesterase mhibitors and atropme 
The lack of specificity of lpid-soluble quaternary ammon- 
1um compounds and the action of a great many compounds 
which are chemically unrelated to acetylcholine may also 
be better understood 

This work was supported in part by grants from the 
US Public Health Service (B-3695) and the U S National 
Science Foundation (G.B-148) 
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POSSIBLE USE OF H2 ANTIGENS AS POSITIVE SELECTIVE MARKERS IN 
HETEROGENEOUS CELL POPULATIONS 


By Dk K E HELLSTROM 


institute for Tumour Biology, Karolinska Institutet Medical School, Stockholm, Sweden 


[ees of the histocompatibility-2 (H-2) system 
im mice have been considered as possible markers for 
experiments searching for genetic changes m somatic 
cells, involving additions of genetic information by such 
processes as cell fusion or transformation! The antigens 
are autonomously expressed and can be demonstrated 
ab the cellular level Such an approach depends entirely 
on the feasibility of selective enrichment of small coll 
fractions contamimg certam H-2 antigens from popula- 
tions where the majority lacks them Recently published 
findings? dicate that this may become possible Iso- 
antigenic variant sub-lnes were investigated, isolated from 
the mouse lymphoma LNSF of A/Sn x A SW F, hybnd 
origin by selective passage 1n one of the parental strams, 
A/Sn or A SW Subsequent to such passage, they became 
specifically compatible with the parental stram of selection 
and have lost, apparently irreversibly, the H-2 isoantigens 
specifically derived from the opposite parental stram 
When compared with the ougmal LNSF lme m the F, 
hybrid type of ongm (A x A SW) 16 was found that the 
variants grew more slowly In the parental stram where 


they have been selected they grew faster than in the 
hybrid and behaved in the same way as the unselected 
lme m the F, hybnds Although the mechanism of this 
phenomenon is unclear at present, ıt can be attributed 
to the antigenic loss characterizing the variant cells and 
the resulting difference between graft and host when thoy 
are moculated into F, hybrids? It 18 probably analogous 
to the findings of Snell and Stevens, obtamed with homo- 
zygous lymphomas? 

This article describes model experiments, when artificial 
mixtures are moculated mto F, hybrids, designed to test 
the feasibility of utihzing the difference m growth poten- 
tial between cells lackmg and contammg H-2 antigens 
derived from one parental stram, respectively, for the 
selective enrichment of the latter category Minority 
fractions of the unselected LNSF lymphoma were added 
to variants, selected for growth m A and A SW, respec- 
tively, ın known proportions, and the populations were 
tested for the possible selective concentration of the 
LNSF cells after serial passage m A x ASW F, 
hybrids 
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well as an extremely potent anti-acetylcholme agent 
on postganghonic, parasympathetic effector sites Yet, 
when tested on intact squid axon, conducting membrane 
of electroplax*, lobster nerve” or C fibres of vagus", the 
concentrations required to produce an effect were extreme- 
ly high, 5 x 10-4 M or greater Penetrability because of 
lipid insolubility cannot be invoked here because even the 
breakdown of barriers with venoms scarcely enhanced the 
potency of atropmne!^ Moreover, chlorpromazine and 
dibucaine sct on squid axon at lower concentrations 
than atropine®, and these are certamly far less potent 
antagonists of acetylehohne than ıs atropime on para- 
sympathetic neuroeffectors Perhaps even more surprising 
18 the finding by Dettbarn and Davis that atropme m high 
concentrations causes & depolarization of lobster nerve 
wlveh would imply that in this system the drug has 
acetylchohne-like actions, this has never been observed 
at other atropme sensitive sites where acetylcholine acts 
Finally, we have already mdicated that the receptors of 
conductmg membranes are definitely sensitive to d-tubo- 
curarme , ib has been well estabhshed that the acetyl- 
choline receptors blocked by curare, for example, gang- 
honie or neuromuscular, are of a different sort than the 
postganglionic parasympathetic receptors which are 
highly atropme sensitive but msensitive to curare Thus, 
once again it 1s apparent that the ‘receptor’ of axons 
is far less specific than that of yunctions 

An interpretation of the well-known offects which 
external calcium and magnesium produce on axonal con- 
duction has only recently been attempted within the 
acetylcholine hypothesis The idea that depolarization 
of nerves in low calerum is due to acetylcholine release*? 
does not have its counterpart m events which occur at 
Junctions In fact, there ıs some direct evidence that 
decreasing calcium decreases the release of acetylcholine 
at various sites? Thus this mechanism as proposed for 
the axon 1s withm the realm of pure speculation and must 
remain so until a direct determination of neural content 
of acetylcholme ıs made in low calexum solutions 

Re-wnterpretation of Drug Effects It 1s apparent from 
the foregomg that the acetylcholine hypothesis has stimu- 
lated a great amount of valuable research on the funda- 
mental nature of neuronal processes although ıb 19 felt 
that the studies performed provide msufficient proof for 
its validity In fact, much of the accumulated data on 
the effects of various compounds on nerve activity would 
serve to refute the concept of the essentiality of the 
acetylcholine system im axonal conduction I would 
briefly hke to present an alternative proposal which might 
help explam our own results in this field as well as many 
of those obtained m Nachmansohn’s laboratory 1n perhaps 
& more satisfactory manner This proposal, presented 
in part elsewhere*?, is based on our studies on squid axon, 
aorta, and electric eel as well as on extracts of nerve 
(rabbit sciatic) 

The primary assumption which I will make 1s that the 
effects on nerve of the many compounds previously dis- 
cussed are produced by a reaction with a component 
within the conducting membrane and that vus com- 
ponent is not similar to the acetylcholine receptor sub- 
stance of junctions The effectrveness or potency with 
which such agents act 1s considered to be a direct measure 
of their affinity for this membrane component As yet, 
we can offer no suggestion on the molecular level as to 
whether & given compound will depolarize a nerve or 
block without depolarization. Regardless of mechanism, 
1t 1s felt that the basic aspect of potency is the affinity 
of the compound for the membrane acceptors A com- 
ponent which has served as a useful model for explammg 
drug effects has been isolated m this laboratory from 
electric organ of electric eel?.3639 This phospholipoprotem 
has been shown to combine m a specific way with a large 
number of neurotropic agents??%44 and has also been 
shown to be closely associated with membranes of single 
electroplax** Among the compounds which react strongly 
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are chlorpromazine, dibucame, tetracaine, benadryl, PAD, 
noracetylcholme 12, and norcholine 12, the latter three 
with about equal affimty These compounds all block 
conduction of mtact nerve d-Tubocurarme, ehlorisond- 
amine, and protamme, which act on venom-treated 
nerves, also combine strongly with the protem Acetyl- 
cholme, earbamylehohne, decamethonium, prostigmme, 
physostigmme, DMAEA and atropme all react weakly 
or very weakly with this protem and are very weak or 
relatively mert on nerve We have recently extracted a 
component of sciatic nerveí$ which shows very similar 
affinities for these various compounds, this component 
also combines strongly with calcium and magnesium 
Both electroplax and nerve drug-binding components 
contain phosphate groups and these may well be the 
common site at which calum, magnesium and drugs in 
general are bound ‘Thus ıt 1s possible to extract from a 
nerve a component which fails to react strongly with 
acetylcholine but does combine with a large number of 
neurotropic agents This component, which evidently does 
not have properties of an ACh receptor, may be the one 
with which drugs combine when they produce their effects 
on nerve 

If, then, I am denymg an mnportant role for acetyl- 
choline or cholmesterase in nerve function, can an alter- 
native proposal be made which integrates on the molecular 
level the three basic facets of nerve activity which are 
claimed to be explamed by the acetylcholine hypothesis, 
namely the mutiation and propagation of the mpulse as 
well as the effect of drugs on electrical activity ? I will 
attempt to do this with the following model system based 
on combmation of drugs with electric eel and nerve 
components (This proposal does not purport to consider 
such important problems as the selective permeability 
of the membrane to sodium and potassium, or the well- 
known different tume course for influx of sodium and efflux 
of potassium durmg activity Far more sophisticated 
physicochemical work is required before these facts can 
be explained on the molecular level) It 1s proposed that 
the pore sites through which 10on interchange occurs in 
the membrane are flanked by phosphate groups of the 
phospholipids which are known to be present m the mem- 
brane In the restmg state, calcium is normally bound 
to & greater or lesser degree to these phosphate groups 
and as such acts as a regulator of 100 movements In 
addition, the positive charge on the phospholipids serves 
to repel cations A cathodal stumulation of the nerve 
causes the dissociation of calcium from a few critical pore 
sites This is considered to hbeiate negatively charged 
phosphate groups which are now free to form internal 
zwitterions with adjacent positively charged nitrogen of 
cephalin or lecithm This alteration m charge distribution 
within the pore site 1s considered to be the event which 
allows the mflux of sodium ions, thereby triggering the 
nerve mto activity <A local current set up within the 
axon and emerging at a pomt distal to the initial site 
of stimulation results m the dissociation of other calorum 
ions permitting the influx of additional sodium This 
constitutes the mechanism for propagatmg the nnupulse 
in a non-decremental fashion Restoration of the mem- 
brane to its restmg state occurs by the reassociation of 
caleium once the wave of excitation has passed The 
refractory period might be a reflexion of the time for 
calerum to recombme with critical sites in the membrane 

Drugs or other compounds which we have shown react 
strongly with phosphate groups on macromolecules, for 
example, d-tuboeurarme, duibucame,  chlorpromazine, 
magnesium, can either displace calcium from its binding 
site or combine with free phosphate groups at other pore 
sites Blockade will occur if the strength of the initial 
stunulating current 1s insufficient to dissociate the drug 
and/or 1f the flow of 10ns witlun the axon 1s insufficient 
to do hkewise Reducmg the caleium concentration 
decreases the number of pore sites occupied by calcium, 
permitting a greater degree of mflux of sodium ions and 
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thereby blocking its effects Evidence has been cited**** 
that procaine and other local anzsthetics block neuro- 
muscular and gangliome transmission as well as synaptic 
transmission in electroplax presumably by reacting with 
acetylcholine receptors of junctions 

These arguments would appear to fail for the foliowing 
reasons Although it 1s evident that procaine does resemble 
acetylcholine structurally (Fig 2), 16 18 equally true that 
1t is among the weakest o? the local anesthetics Thus on 
squid axon, for example, dibucame and chlorpromazine 
ale perhaps fifty times as potent as procaine’, yet neither 
compound has a structure remotely resembling that of 
acetylcholine (Fig 2) In addition, the actions of procame 
at junctions are evidently quite complex and may involve 
inhibition of the release of acetylcholine® as well as re- 
action with acetylcholme receptors 
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Dronethylaminoethyl] acetate (DMAEA), the lpid- 
soluble compound which 1s closest in structure to acetyl- 
cbolne, 1s vutually without activity on squid axon?’ 
and conducting membrane of electroplax?' and extremely 
weak on node of Ranvier? Thus, a key compound which 
closely resembles acetylcholine fails to alter bioelectric 
phenomena, whereas totally unrelated compounds may be 
extremely potent im» this regard There can be no argu- 
ment that DMAEA fails to penetrate to the active area 
of the membrane since this compound was the substrate 
used to monitor cholinesterase activity followmg DFP 
appheation to crab nerve The rationale for its use in 
this way was its ability to penetrate and react with the 
essential cholmesterase of the intact nerve? Moreover, 
DMAEA even failed to alter significantly the electrical 
properties of cobra venom-treated nerve? despite the 
evident breakdown of barriers which should have per- 
mitted ready access of this compound to the receptor 
Lastly, DMAEA, even m 01 M concentration, failed to 
alter excitability of aortic strip?! despite, once again, its 
evident ability to penetrate—as shown by the fact that 15 1s 
rapidly hydrolysed m intacs strips by the cholmesterase 
present*® 

Inpid-soluble quaternary ammonium compounds have 
recently been used im an attempt to demonstrate the 
postulated essentiality of acetylchohne m various systems 
in which externally applied acetylcholme produces no 
effects In such cases the meffectiveness of acetylcholine 
has been explamed on the basis of 1¢s failure to penetrate 
to the active membrane Among the tissues exammed 
were squid axon, sciatic nerve, electroplax, strated muscle 
and aorta With the exception of aorta, the lrpid-soluble 
quaternary ammonium compounds produce a depolariza- 
tion of the conducting membrane , m aorta, they cause 
no overt effect, that 1s, contraction. These compounds 
were initially reported to cause a reversal of the sign of 
the resting potential", that 1s, the interior of the cell as 
measured with intracellular electrodes actually became 
positive with respect to the external flud This finding, 
which afterwards could not be confirmed", was con- 
sidered by the Nachmansohn group to be so significant 
as to lead them to write "noracetylehohne dodeciodide, 
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and other hpid-soluble quaternary ammonium ions, block 
conduction at low concentrations and produce an over- 
shoot, which is a striking feature of conduction this 
first demonstration of a direct action appears at this 
writing to be a striking confirmation of the theory that 
acetylcholine ıs mtrinsically connected with conduction”? 
Actually, these experiments, as well as many others per- 
formed with these compounds by the Nachmansohn group 
themselves, only serve to emphasize the madequacies 
of the hypothesis Furst, ıt should have been obvious 
from the numerous experiments demonstrating the great 
specificity of the acetylehohne receptor of synaptic 
regions (on which the acetylcholme recepto: of nerve 
1s modelled) that compounds of such divergent chemical 
structure as noracetylcholme 12, norchohne 12, dodecyl- 
pymdmium (PDI) and PAD (Fig 1) could mdeed not 
mumue the action of acetylchohne itself so as to cause an 
overshoot in the resting potential or even a depolarization 
of the type which occurs durmg nerve activity Thus when 
tested for their ability to mumic acetylcholme action on 
smooth muscle (aorta) no stimulating action could be 
detected whereas acetylcholine readily causes contraction 
of the strip Indeed, Nachmansohn e£ al consider that 
“the specificity of the receptor (of synapses) for acetyl- 
choline appears to be quite remarkable when one compares 
the potency of propionyl choline with that of acetyl- 
choline , one additional methyl group on the acyl decreases 
the potency hundredfold’*t Even if the ‘overshoot’ could 
not be confirmed, it should have been realized that few 
if any compounds would be expected to closely mimic the 
action of acetylcholine withm the framework of Nachman- 
sohn’s hypothesis It has already been indicated that 
DMAEA, the compound which ıs closest in structure to 
acetylcholine, and perhaps the only analogue which could 
function as a substitute for acetylcholine, 1s among the 
few tertiary nitrogen compounds which fail to have an 
ımportant effect on nerve activity even in enormously 
high concentrations 

Another mmportant aspect of the action of the lpid- 
soluble quaternary ammonium compounds 1s ther lack 
of specificity Thus, wherever tested, there 1s no distinction 
between the potency of noracetyleholme 12, norcholine 12 
and PDI (refs 9, 17, 35), m these mstances, PAD has proved 
to be even more effective than noracetylcholine 12, the 
only true aeetylchohne analogue of the group In terms 
of their actions on aorta, these compounds are about 
equally effective in blocking contractility by potassium 
chloride, norepmephrine and histamine?! showing that they 
have a non-specific depressant action PAD has even been 
shown to be a rather potent inhibitor of glycolosis®*? We 
have shown that these compounds react strongly with a 
large number of macromolecules including nucleic acids, 
acidic polysaccharides, and various purified proteins*?-*. 
This 15 m contrast with the parent compounds, that 18, 
PAM, acetyleholine and choline, which are very poorly 
bound to macromolecules and hence are highly speorfic 
in their biological activity The fact that the lipid-soluble 
quaternary ammonium compounds are approximately 
equally active on eonducting systems would imply that 
the macromolecule on which they act 1s mdeed not 
nearly as specific as the acetylcbolme receptor 

Actions of Other Compounds Recent work has shown 
that atropme produces a blockade of axonal conduc- 
tion®1%1213 and this has been interpreted as mdieating a 
competition with acetylcholine for acetylcholine receptors 
in squid axon’? and lobster nerve The lobster nerve 
receptors are considered to resemble those of the post- 
ganglionic parasympathetic effector sites Once again, 
certam inconsistencies are apparent in this interpretation. 
In the postganghnonie receptor system referred to by 
Dettbarn and Davis", acetylcholine action is greatly 
potentiated by cholinesterase inhibitors , on. lobster nerve 
the very weak action which acetylcholine exhibits 1s, as 
indicated here, actually mbibited by physostigmine 
Next, atropme is a highly hpoid-soluble compound as 
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On washing the nerves, 1epolánzation oecurs, but the 
electrical activity of the nerves does not return According 
to the acetylcholine hypothesis, repolarization could not 
occur 1f cholmesterase is irreversibly inhibited, since acetyl- 
cholme would accumulate within the nerve and cause per- 
sistent depolarization In any event, this observation 
reveals that the action of these organophosphorus com- 
pounds i8 very complex and their irreversible effects 
cannot be explained merely ın terms of chohnesterase 
inhibition ` 

It has repeatedly been demonstrated that the irreversible 
phase of nerve block 1s only achieved at enormously high 
concentrations of DFP (0 01-002 M) Despite the fact 
that ın the test tube the enzyme ıs mhibited at 10-9 M, 
1b is still contended that this action of the drug ıs due to 
cholinesterase inhibition alone and that the high concen- 
tration is required because of lack of penetration to the 
enzyme” Several Imes of evidence appear to refute this 
contention (a) Although cobra venom treatment 1s quite 
effective ın breaking down penetration barriers in squid 
axon, DFP potency was still not significantly enhanced? 
(b) De-sheathed vagus CO fibres which evidently have 
minimal barriers nevertheless scarcely respond even to 
0001 M DEP? (c) DFP has been reported to be mactive 
on node of Ranvier?, where, m view of the ab:ibty of 
d-tubocurarme to block, the barriers must be mumnumal 
(d) It 1s well known that the barriers to penetration of 
many drugs m normal striated muscle are very much 
dimimushed upon denervation Yet the concentration of 
‘Paraoxon’ required to produce a blockade was Just as 
high as in normal musele?? 

We have previously indicated that the injection of very 
high concentrations of DFP into squid axoplasm stall fails 
to produce a mpnificant effect on electrical activity® 
Presumably this route of appheation should circumvent 
those barriers which exist on the external surface of the 
axon 

The actions of physostigmine on electrical activity 
should be considered m conjunction with those of DFP 
Once agam a cholinesterase mhibitor has mdeed been 
found to block conduction, although, unhke DFP, this 
blockade is at all times reversible Once again the con- 
centrations required to produce an effect are extremely 
Ingh as compared with the known 2 vitro potency of this 
drug as a cholmnesterase inhibitor, and this ineffectiveness 
agam has been attributed by Nachmansohn to difficulty 
in penetration Physostigmine, just as DFP, 1s con- 
sidered by Nachmansohn to have a dual action, but 
interestingly enough this is said to be the reverse of that 
produced by DFP Thus, physostigmme 1s postulated to 
act as a cholinesterase mhibitor at low concentrations** 
but as a receptor inhibitor at high concentrations!® This 
difference m interpretation has, m my opinion, created a 
great deal of confusion as to what one may expect on the 
basis of the acetylebohne hypothesis with regard to a 
definite and consistent action for cholinesterase mhibitors 
This will become apparent from a discussion of the results 
obtained m numerous experments with this drug which 
have been designed to test the questions of penetrability 
as well as evidence for actions due to anti-cholmesterase 
effects 

Very litle, 1f any, evidence has been obtamed to mdicate 
that any of the major effects of physostigmme on nerve 
are indeed attributable to its actions as an inhibitor of 
cholmesterase I have already mdicated that m a variety 
of nerves on which acetylcholime does act, for example, 
venom-treated squid axon, C fibres of vagus or leg 
nerves of lobster, the effect of physostigmine 1s not one 
of potentiation but rather of antagonism Studies by 
Toman and associates on sciatic nerve*4 and Armett and 
Ritchie on C fibres"? have failed to reveal any evidence 
for depolarization at any concentration from sub-mmimal 
to maximum effects In fact, although blockade of con- 
duction did occur this was achieved without depolariza- 
tion. Physostigmme can in fact overcome the depolarizmg 
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action of hpid-soluble quaternary ammonium compounds? 
In the preceding experumnents it would be clauned that 
physostigmine 1s acting as a receptor mhibitor, combining 
preferentially with acetylcholme receptors rather than with 
cholinesterase However, there 1s little rf any evidence 
that this mode of action occurs at junctions where the 
acetylcholine system evidently operates In other expen 
ments, the findmgs would appear to be m accord with 
the acetylcholme hypothesis although really conclusive 
evidence to this effect has not been obtained ‘Thus, 
very low concentrations of physostigmme block node of 
Ranvier and the mechanism invoked is that of cholm- 
esterase inhibition, yet depolarization of the node was not 
reported" Dettbarn and Davis reported that at con- 
centrations of 0 0004-001 M. physostigmme apparently 
ean depolarize lobster nerves and this too 1s considered 
to result from mhibition of cholmesterase. However, at 
a concentration of 5 x 10-5 M, the drug antagonized the 
depolarizmg action of externally applied acetylcholine 

That the very weak action of physostigmme on con- 
duction may be attributed to difficulty m penetration? 
would appear to be mvahd for the same reasons cited for 
DFP. physostigmme 1s still extremely weak on nerves or 
other tissues having reduced or non-existent barriers ım- 
cluding venom-treated squid axons*!*, C fibres of vagus!t1? 
and denervated striated musele?’ 

An important aspect of the acetylcholine hypothesis is 
the ubiquitous presence of fairly high cholmesterase 
activity m all tissues The presence of an enzyme, 
especially one with an extremely rapid turnover of its 
substrate, 1s considered to be an mdication of an mvolve- 
ment with function Thus Nachmansohn has proposed 
the concept of the mseparabilty of enzymatic activity 
and bioelectric phenomena? However, there are tissues 
which contam cholmesterase, yet this enzyme would 
appear not to be essential for physiological responsiveness 
Among them 1s the aorta, a smooth muscle which 1s con- 
tracted by a variety of agents including acetylcholine 
The tissue appears to possess a true acetylcholme system 
the cholnesterase content 1s comparable to that of other 
tissues?! and the response to acetylcholine ıs extremely 
atropine sensitive??? suggesting the presence of an acetyl- 
choline receptor However, ib 1s quite evident that the 
cholinesterase which 1s present 1s not situated within tho 
locus of acetylcholme activity. Thus cholinesterase m- 
hibitors (DFP, physostigmme, prostigmine) are completely 
ineffectual in potentiating the action of exogenously 
applied acetylehohnne?ó53? Moreover, when the tissue is 
contracted by acetylehohne, at mmumal concentration, a 
contracture 18 obtained which can last mdefinıtely?! This 
would not be observed if the cholinesterase were present 
at the site of action of acetylcholme and rapidly hydro- 
lyang the compound As yet, there is no mformation 
concerning the localization of cholnesterase m the aorta, 
but its apparent unessentiahty for a system mvolving 
direct actions of acetylcholne has been demonstrated 

Inpid-soluble Compounds (non-cholonesiei ase inhibitors) 
The types of compounds which act on nerve by a 
mechanism clearly not attributable to inhibition of 
cholinesterase fall mto the following categories. Local 
anzstheties and other tertiary mitrogen derivatives (for 
example, antihistammues), lipid-soluble quaternary am- 
monium compounds, a group of Irpoid-1nsoluble compounds 
which act only on nerves pre-treated in certam ways 
(enzymes or detergents), and divalent cations, that 1s, 
ealerum and magnesium According to the acetylcholine 
hypothesis the compounds m the first three categories 
combine with the acetylcholme receptor, but being re- 
ceptor inhibitors they block the action of acetylcholine 
liberated within the nerve durmg activity The arguments 
for and agamst this proposal follow 

Procaine, the prototype of all local anzsthetics, has a 
chemical structure resembling that of acetylcholme Thus 
there 1s some basis for expecting that this compound could 
react with a component on which acetylcholine acts, 
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seen when a non-depolarizer (d-tubocurarme) caused about 
the same decrease zn the action potential Thus there 
1s some doubt about the fundamental proposal that 
acetylcholine acts as a depolarizing agent in all types of 
neurones 

Cholinesterase Inhibitors Intimately associated with 
the essential role of acetylcholine in bioelectrie phenomena 
are the requirements for a mechanism to destroy the com- 
pound once ıt has produced its effects This 1s accom- 
plished by cholinesterase at neuromuscular junctions and 
other synapses where acetylcholine action has been estab- 
lished  Cholmesterase mhibitors not only prolong the 
effects of endogenously released acetylcholine at these 
sites, but that of the exogenously applied compound 
This too should occur in nerves if acetylcholme does 
indeed play an essential part 

Although numerous experiments have been performed 
with these compounds, the overall results do not appear 
to be m accord with expectations based on the acetyl- 
choline hypothesis I have already mentioned the lack 
of potentiation and actual antagonism of externally 
applied acetylcholme by physostigmine and DFP More- 
over, although these agents do block nerve activity, the 
work of Armett and Ritchie"? showed that neither 
physostigmme nor DEP causes any depolarization of the 
axon as expected from a build-up of endogenous acetyl- 
choline Lastly, although ıt 1s contended that compounds 
such as DFP and physostigmine act as specific mhibitors 
of cholinesterase, there 1s evidence that the action on 
nerves of these types of agents may not actually depend 
on this mechanism Friess and co-workers, for example, 
could find little correlation between cholinesterase mhibit- 
mg activity of a group of closely related compounds 
and their ability to affect nerve conduction!” 

Let us examine m greater detail the mformation thus 
far obtained with regard to the action of these compounds 
on bioelectrio phenomena Furst, consider DFP and 
other organophosphorus compounds Although these 
block a variety of active tissues (nerve, electroplax, 
striated muscle—both normal and denervated, aorta”), 
there are two features of this blockmg action which bear 
scrutiny First, ın each msvance examined, the blockade 
18 initially reversible This phase of the action has been 
attributed to a reversible combination of the compounds 
with acetylcholme receptors of the conducting membrane”, 
since ıt 18 well known that DFP mhibition of cholinesterase 
18 essentially irreversible and thus the ımtıal action could 
not be explamed by mhibition of the enzyme However, 
this proposal would appear to be untenable for several 
reasons The DFP molecule bears no charged group or 
any other substituent which would enable ıt to form a 
strong reversible bond with macromolecules This 1s par- 
ticularly relevant 1n the case of the acetylcholine system, 
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since those compounds which block or mumie the action 
of acetylcholine by reactmg with the receptor almost 
invariably bear a positive charge Moreover, DFP ıs well 
known to have an extraordinarily high affinity for chohn- 
esterase, an affinity which most likely would be several 
orders of magnitude greater than for the postulated 
receptor or any other component of nerve Finally, true 
combination of DFP with macromolecules has always been 
shown to be irreversible and occurs through an enzymatic 
reaction For these reasons, 15 seems rather unlikely that 
any phase of the reaction of DFP could be attributed to 
the reversible combination with receptors exclusively, 
particularly since receptor and cholmesterase are con- 
sidered to be m close proximity to each other in the 
membrane If mdeed DFP could combme with the 
acetylcholine receptor such an action should be observable 
at neuromuscular or other junctions where presumably 
the acetylcholine receptor and enzyme also coexist close 
together. Although there are reports that DFP and other 
cholinesterase inhibitors can depress transmission at 
these regions, this only occurs at extremely high concen- 
trations? and ıs preceded by a stimulatory action con- 
sistent with the mhibition of cholinesterase by these drugs 
(It 1s to be noted that physostigmine, another potent 
cholinesterase mhibitor, 1s considered by Nachmansohn 
to act on nerves as ıt does at junctions (see following) ) 

The second and irreversible phase of organophosphorus 
action 1s considered to be due exclusively to 1ts mhibition 
of cholinesterase” This, too, would appear to be unten- 
able for several reasons First, inhibition of the enzyme 
should give rise to depolarization of the axon. This has 
not been reported for any of the systems examined, 
including de-sheathed C fibres of the vagus", node of 
Ranvier? or frog sciatic nerve** Even on the electroplax, 
DFP 1s classified as a non-depolarizer Nachmansohn 
has contended that lack of depolarization 18 explained by 
a time factor—that the inhibition of cholinesterase by 
DFP 1s slow, possibly because of a slow rate of penetration, 
and that experiments were not conducted over a long 
enough period to allow sufficient mhibition of the enzyme? 
However, this has not been observed to occur at junctions, 
that 1s, DFP evidently can inhibit cholinesterase rapidly 
enough to potentiate the effect of acetylcholine, either 
released during nerve stimulation or added externally 
Moreover, the careful studies of Armett and Ritchie on 
de-sheathed C fibres failed to reveal any depolarization, 
even though penetration should not have been a factor 
since acetylcholine itself can penetrate and act extremely 
rapidly It ıs conceivable that the depolarization which 
has been observed on very lengthy immersion of the 
electroplax 1n DEP5 actually 1s due to non-specific tissue 
destruction 

That organophosphorus compounds can cause tissue 
damage 1s mdicated by at least two types of experiment 
Hünterbuchner and Nachmansohn observed that 'Para- 
oxon' eould evidently produce irreversible damage to 
striated muscle, an effect evidently not related to its 
cholmnesterase-mhibritzng action In fact, they stated that 
ib was “only a very short step from an wreversibly m- 
hibited preparation to one irreparably damaged"? This 
factor had never been considered in those experiments m 
which nerves were bathed in extremely high concentra- 
tions of DFP (0 01-0 02 M) for more than 1 hour? Our 
expermments with aorta suggest a sunilar action Complete 
inhibition of the cholinesterase of an intact aortic strip can. 
be achieved at 0 02 mg/ml ?* This occurs with no detect- 
able effect on contractility of the strip by acetylcholine, 
norepmephrme, histamme or KCl However, when the 
concentration of DFP is raised to 2 mg/ml the tissue no 
longer responds to any of these stimulatmg agents and 
in this sense its biological activity has been destroyed? 

A curious finding with ‘Paraoxon’ and another irrevers- 
ible cholmesterase inhibitor was reported by Dettbarn and 
Davis? These two compounds at very high concentrations 
(0-005 M) do indeed cause depolarization of lobster nerves 
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block nerve activity by preventmg the cycle of events 
leading to a restoration of the membrane to its initial 
state Theoretically, mhibition of chohnesterase should 
result m membrane depolarization (The combination of 
acetylcholme with an ACh receptor, the reversal of this 
action by cholinesterase, and the effects of many drugs 
m. altering these reactions, have their counterpart m events 
which are generally agreed to occur at neuromuscular and 
other junctions on which acetylcholine acts Nachman- 
sohn has thus extended the functional significance of the 
acetylcholine system to melude all conducting membranes 
In discussing axonal mechanisms, Nachmansohn and I 
frequently refer to the acetylcholme system of Junctions 
for purposes of analogy, particularly because the system 
has been so well characterized here. However, 1t must 
be emphasized that Nachmansohn denies that acetyl- 
chohne stimulates ACh receptors by passmg from one 
cell to another across junctions , for a full account of his 
view concerning synaptic transmussion, the reader 1s 
referred to his monograph ) 

Let us examine in detail the action on nerve activity 
of a variety of important chemicals which have been used 
to test the acetylcholme hypothesis, and determine whether 
or not the results obtained are 1n accord with predictions 
made by the theory. 

Acetylcholine and Other Lepoid-ensoluble Compounds Tt 
1s well known that most nerves bathed even in very high 
concentrations of acetylcholme or other quaternary 
ammonium compounds show httle or no overt response 
to these compounds This has been attributed by Nach- 
mansohn to the presence of lipid barriers which effectively 
prevent these lipid-insoluble compounds from approach- 
ing the active membrane and reacting either with the 
ACh receptors or with cholnesterase. Evidence for the 
existence of barriers 18 based on experuments with acetyl- 
choline labelled with nitrogen-15, smce prolonged soakmg 
failed to reveal that any significant amount of the label 
had penetrated into the axoplasm of squid nerve. How- 
ever, this result could not be confirmed by Truant et al.5, 
who, usmg a sensitive and specific colour reaction, found 
that acetylcholine rapidly enters the axoplasm m high 
concentrations. Tasaki ef al. attempted to crrcumvent 
the external barriers by mjectmg high concentrations of 
acetylcholine, as well as a host of other compounds known 
to react with the ACh system of junctions, directly into 
the axoplasm of squid nerves’ These compounds still 
failed to alter electrical activity 

That external barriers do exist is probably true, as 
shown by recent work usmg detergent'", cobra venom®?, 
and other venoms!’ to treat nerves Followmg cobra 
venom treatment, squid axons are now readily and re- 
versibly blocked by some compounds which are completely 
inactive on intact nerves meludmg d-tubocurarine??, 
chlorisondamune and protamme? Despite this evidence 
for a reduction m barriers, acetylcholme, decamethonium, 
prostigmme and carbamylcholine in 0 1 M concentrations 
were virtually without effect m altering electrical 
properties of these treated nerves? In the experiments 
of Webb and Walsh’, 01 M concentrations of these 
depolarizing compounds did produce a blockade of activity. 
of sciatic nerves treated with detergent, but this was 
obviously a non-specific, non-receptor mediated effect 
since cholme was about equally effective 

More recently, Rosenberg and Podelski have succeeded 
m producing an effect of acetylcholine on squid axons 
treated with a variety of snake venoms!? However, once 
again, the concentration required was extremely high 
(about 10-3 M) while deeamethonium and carbamylcholine 
required even higher concentrations to produce munimal 
effects (0 002 M and 0 028 M respectively) Perhaps even 
more importantly, the action of acetylcholine was not 
potentiated by inhibitors of cholinesterase, rather, 
physostigmme at a concentration whch did not affect 
conduction actually antagonized the effects of acetyl- 
choline ‘This finding 1s recognized by Rosenberg and 
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Podelski as bemg contrary to the acetylcholine theory as 
expounded by Naehmansohn, as they correctly stated, 
physostigmine “would be expected to act synergistically 
with acetylcholme”. These workers go to some length to 
attempt to explain this apparent paradox as follows 
""Physostigmme ıs, at the pH used, to a large part cationic 
The pathways for cationic molecules, even after venom 
treatment, are limited . . . The cationic molecules, if 
present in sufficiently ugh concentrations, may compete 
with acetylcholine for these pathways and prevent acetyl- 
choline from reaching the active sites, but having a low 
affimty to the receptor may not be able m the concentra- 
tion in which they penetrate to affect electrical activity” 
It 1s felt that this argument 18 madequate in attempting 
to explam why physostigmime antagonizes exogenously 
apphed acetylcholine on a venom-treated axon while 
having little if any effect on electrical activity which 
presumably 1s generated by endogenously released acetyl- 
cholme This ıs particularly true smee this same phenom- 
enon has now been shown to occur m nerves which did 
not require treatment Armett and Ritchie, using de- 
sheathed rabbit vagus C fibres, a preparation which 
responds to externally applied acetylcholine, similarly 
observed an antagonism between physostigmine! and 
DFP? on the depolarizing actions of acetylcholine and 
earbamylehohne  Dettbarn and Davis reported depolar- 
ization of lobster nerve by externally applied acetyl- 
cholme, an action which was considered to be specific for 
this compound despite the extremely high concentration 
required for distinct effects (5 x 10° or about 1 mg/ml )* 
Chohne was somewhat weaker, although about equally 
effective as acetyl-6-methyl choline, but even more potent 
than carbamylcholine, which was mactive even at 0 05 M 
concentration Once again, physostigmme blocked the 
action of acetylcholme ‘Thus ıt would appear that in 
those few instances where acetylcholine has been found 
to act directly on nerves this action 1s at best extremely 
weak, evidently not potentiated by cholmesterase in- 
hibitors, and most likely non-specific Moreover, at the 
node of Ranvier, a portion of the nerve covered only by 
a thin and porous structure, acetylcholine apparently has 
no effect whatsoever®*4 However, ıb 1s of some interest 
that the node 1s blocked reversibly by d-tubocurarine!5 
There are no reports that the action of acetylcholme 
or other depolarizmg compounds can give-rise to the 
actual firmg of an axon The contrast between this 
finding and that seen at junctions has been attributed 
to penetration problems™* which prevent externally 
applied compounds from mimickmg mternally actmg 
acetyleholme In other words, the effects which compounds 
bathmg a nerve could produce are considered to be too 
gross to permit an action resembling acetylehohne when 
it is released durmg activity However, Nachmansohn 
and co-workers did report that externally apphed com- 
pounds with chemical structures entirely dissimuler from 
acetylcholine, for example, the lipid-soluble quaternary 
ammonium compounds (Fig 1), could apparently mimic 
the internal action expected of acetylcholine Thus these 
compounds not only depolarized single electroplax but also 
actually caused the mtracellularly recorded resting poten- 
tial to become positive, an action analogous with the well- 
known overshoot which 1s associated with the passage of an 
action potential" Moreover, 1b 1s well known that extern- 
ally applied veratrum alkaloids can readily cause spon- 
taneous firing of axons!?, these compounds also are un- 
related structurally to acetylcholne It is thus strange 
that despite the now demonstrated direct action of 
acetylcholine on conductmg membranes, the compound 
fails to stimulate a nerve mto activity In fact, there 
may even be some question as to whether the action of 
acetylcholine on axons treated with venom. results from 
depolarization Thus Rosenberg and Podelski!® roported 
that when acetylcholme reduced the height of the action 
potential aboub 60 per cent the degree of depolarization 
was very slight (6 per cent} and about the same as that 
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a natural exchange of stem cells between different sites 
of lymphoid tissue, or direct colonization from bone 
marrow, or even all three processes combined It may be 
that appropriate simple injection experiments (into 
unirradiated hosts) will permit an analysis of this situation 
Whatever the mechanism, we may expect that as the 
duration of the parabiotic union increases there would be a 
gradual approach towards an equilibrium mixture of cells 
of the two kinds m corresponding organs of both members 
of the pair This pomt 1s bemg investigated. 

Meanwhile the results suggest a considerably greater 
exchange of lymphoid cell precursors (whatever their 
origm) than of myeloid stem cells This possibility, how- 
ever, needs to be considered, with caution, since in other 
experiments where cellular immigration into bone marrow, 
spleen and lymph nodes has been compared using the 
chromosome marker technique, the spleen closely re- 
sembled, borie marrow in the gross composition of 1ts mto- 
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tic cell population, and differed shaiply from the lymph 
7 
ats J E Harris* D W H BARNES 
C E Forp E P Evans 


Medical Research. Council, 
Radiobiological Research Unit, 
Harwell, Didcot, Berkshire 


* Present address 

Toronto 

1 Brecher, G , and Cronkite, E P , Proc Soc Exp Bool Med ,77, 292 (1951) 

2Ford,O E,Hamerton,J L , Barnes, D W H , and Loutit, J F , Nature, 
177, 452 (1956) 

5Ford, C E, Hamerton, J L, Barnes, D W H,and Loutit, J F,m 
Advances ^n. Radiobiology, edit by de Hevesy, G C , Forssberg, A G, 
and Abbatt, J D , 197 (Ohver and Boyd, Edinburgh, 1957) 

‘Ford, © E,and Mieklem, H S , Lancet, 1, 359 (1963) 

5 Bares, D W H,Ford,C E,Gray, S M , and Loutit,J F , m Progress 
ın Nuclear Energy, Senes 6, Biol Sci ,2,edit by Bugher,J G ,Coursaget, 
J, and Loutit, J F (Pergamon Press, London, 1959) 


€ Barnes, D W H, Ford, C E, and Loutit, J F, Sang, 80, 762 (1959) 
7Micklem, H S , and Ford, © E , Transplant Bull , 26, 436 (1960) 


Ontario Cancer Institule, 500 Sherbourne Street, 


ACETYLCHOLINE AND NERVE ACTIVITY 
By Pror. SEYMOUR EHRENPREIS 


Georgetown University School of Medicine, Washington, D C 


Qu of the most perplexmg problems m neurophysiology 
concerns the precise chemical events underlying nerve 
activity Although much 1s known about the 10n move- 
ments which occur during the passage of an action potential, 
there 1s httle mformation concerning the mechanism pro- 
ducing the changes in membrane permeability which 
trigger the action potential or which cause its propagation 
along the axon 

Another important question facing the neurophysiologist 
as well as the neuropharmacologist concerns themechanism 
by which a large variety of chemical agents—the so-called 
neurotropic drugs—produce their blocking or stimulating 
effects on nerves ‘There ıs only one major hypothesis 
which attempts to integrate events occurring during nerve 
activity with drug effects and metabolic activity as well 
This hypothesis, which will be termed the ‘acetylcholine 
hypothesis’, finds its major support in the work of Nach- 
mansohn and his associates In this article this hypothesis 
will be presented m a form as precisely as possible to what 
its proponents intend, expermnents mn support of and 
opposition to this hypothesis will be evaluated and an 
attempt will be made to arrive at some definitive judgment 
of the validity of the hypothesis 

Acetylcholine Hypothesis of Nerve Function The hypo- 
thesis has been described ın great detail by Nachmansohn 
in his recent monograph? as well as m numerous review 
articles (for example, 1ef 2) The essential features are 
as follows 

(1) The enzymes, cholinesterase and chohnacetylase, 
both of which are present in nerve, are essential for nerve 
activity 

(2) Acetylcholine (ACh) 1s also present m nerve, but m 
a form bound to a ‘storage protem’? This compound 
is considered to be the key to understanding activity 
of all types of nerves as well as all aspects of bio- 
electricity 

(3) There 1s an essential element present in the conduct- 
mg membrane with which acetylcholine may combine ; 
this is termed the ACh receptor protem 

(4) When a stimulus 1s applied to a nerve, acetylcholine 
is released, locally from its bound form and impinges 
on the acetylcholine receptors located in the active 
membrane 

(5) The combination of acetylcholine with the receptor 
results m & change in configuration of the receptor, this 
change causes & local alteration m the membrane struc- 


ture which 1s considered to permit the passage of sodium 
ions mto the nerve In other words, the action of acetyl- 
cholme 1s the trigger for events which subsequently occur 
during nerve activity 

(6) Since the combination of acetylcholine with its 
receptor 1s an equilibrium reaction, a fraction of the 
acetylcholine which is discharged from the bound form 
exists ın a free form This form of acetylcholine 18 con- 
sidered to be rapidly hydrolysed by acetylcholinesterase 
which 1s present ın very close proxumity to the receptor 
This results m a shift of the ACh-receptor equilibrium, 
the complex dissociates and eventually all the substrate 
released 1s hydrolysed to the much less active choline and 
acetate The receptor 1s thereby returned to its resting 
configuration restormg the localized region of the mem- 
brane to its initial degree of mmpermeabihty to sodium 
10ns 

(7) Propagation of the ımpulse from the imitial site of 
excitation 1s also considered to be effected by acetylcholine. 
This 18 believed to occur in the following manner: The 
mitial point of depolarization results mn a charge difference 
with an adjacent pomt within the nerve. This causes the 
settmg up of a small, local internal current which 18 
carried by 10ns This current ıs considered to cause the 
release of additional acetylcholine at a pomt distal from 
the mitial disturbance Thus, this hypothesis attributes 
both the mutial triggering event as well as the subsequent 
propagation of the impulse entirely to the action of 
acetylcholime 

(8) The stores of acetylcholine are constantly replemshed 
by metabolic activity 1nvolvmg acetyl coenzyme A (CoA), 
choline, and cholineacetylase 

(9) The effects of drugs on nerve activity are explamed 
either by ther reaction with the ACh receptor and/or 
cholinesterase A compound would be expected to mimic 
the action of acetylcholine if ıt has a chemical structure 
resembling acetylcholine and 1s able to approach the ACh 
receptors within the membrane Such compounds would 
be expected to cause a depolarization of the membrane 
and are termed ‘receptor activators’ Other compounds, 
particularly tertiary nitrogen derivatives, would be ex- 
pected to block nerve activity by reacting with the ACh 
ieceptor m a way which somehow prevents the action 
of acetylcholme hberated durmg activity These com- 
pounds are termed ‘receptor mhibitors’ and block without 
depolarizing the nerve Fmally, cholmesterase mhibitors 
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Evidence from Parabiosis for an Afferent 
Stream of Cells 


` 


In the preceding communication further evidence from 
neonatal thymectomy-thymic grafting experiments with 
mice was given in favour of the belief that there is a 
natural efferent flow of cells from the thymus to sites of 
lymphoid tissue elsewhere ın the body, at least m the 
early weeks of hfe The repopulation of the thymic grafts 
by host cells and the demonstration that these cells (or 
ther descendants) behave like the cells m the original 
grafts and appear selectively in the lymph nodes suggest 
the possibility of an inward, afferent stream of cells mto 
the natural mtact thymus An approach to this problem 
is offered by the identification of mitotic cells m the 
thymuses of parabiotie pairs of animals which are karyo- 
typically distinct 

Two pairs of mice were jomed ın parabiosis when they 
were one month old by a method simular to that used by 
Brecher and Cronkite m rats! After shaving, the skm 
was incised on adjacent sides of each pair from behind the 
ear laterally to just in front of the teil A braided nylon 
suture (4/0) was passed round the neck of the adjacent 
scapule and secured tightly The suture was continued 
caudally opposing the muscle of thorax, abdommal wall 
(without entering the peritoneal cavity) and pelvis Skin 
edges were held together by metal skm clips 

One member of each parabiotic pair was from the 
CBA/H stram and the other from the CBA/H-T676 
strun The two strams are syngeneic, but mitotic cells 
are distinguishable by the presence m the T'6T'6 mice of 
two small marker chromosomes The mice were killed 
four and five weeks respectively after the operation and 
air-dried preparations were made from bone marrow, 
spleen and pooled lymph nodes as well as thymus The 
preparations were scanned systematically and all mitotic 
cells of satisfactory technical quahty were identified 
The spleen of one anımal did not give satisfactory prep- 
arations 
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attached there and of undergoing mutosis We do 
not know what these cells are, or where they come 
from 

In view of the capacity of cells from bone marrow? and 
Spleen? to repopulate the thymus m radiation chimeras 
and of the failure of lymphoid cells to do so*, 1t seems 
reasonable to look for the cells concerned m myeloid 
tissue To refer to them as stem cells 1s convenient but 
adds nothing to what we know The possibility cannot 
yet be dismissed that there are separate stem cell types 
for myeloid, thymic and extra-thymic lymphoid tissue 
But the evidence of a karyotypically highly distinctive 
clone of cells, proliferatmg almost to the exclusion of all 
others, m bone marrow, thymus and lymph nodes of a 
mouse radiation chimera which was regenerating its 
own hemopoietic tissues, weighs strongly m favour of 
the unitarian explanation’ 

If ib 1s true that there is a natural afferent flow of 
stem-cells to the thymus ıt would mply that, notwith- 
standmg its very high rate of cell division, the thymus 
1s unable to provide fully for 1ts own stem-cell requirement 
and has to receive replenishment from without In 
experiments where bone marrow ıs serially transplanted 
into a succession of lethally irradiated hosts and the 
persistence of the origmal donor cell-type is followed by 
the chromosome marker method, the descendants of the 
origmal bone marrow moculum are eventually replaced 
by regenerating cells of the irradiated hosts? This 
imphes that when excessive proliferation 1s forced on 
normal myeloid cells they are eventually unable to 
multiply so rapidly as, and are then overgrown by, the 
descendants of cells that have been handicapped by 
exposure to irradiation It is legitimate therefore to con- 
sider the possibility that a cell that 1s prohferating exces- 
sively ın a physiological situation (the natural thymus, 
in the present case) may thereby precipitate its own 
replacement, either through death, or through a sudden, 
or even a gradual, dimmution in its capacity to divide 
The release of differentiated cells (small thymocytes) 


Table 1 NUMBERS OF MITOTIC CELLS IDENTIFIED AND PERCENTAGE OF EXCHANGE BETWEEN PARTNERS IN FOUR TISSUES OF TWO PARABIOTIC PAIRS 


„OF Mick (CBA/H AND CBA/H-T6T6) 















The results are given in Table 1 They demonstrate 
unequivocally that there has been an extensive exchange 
of cells between the two members of each par If we 
suppose that the proportions of mitotic cells are fairly 
representative of the movements that have occurred, the 
exchange was greatest m spleen and lymph nodes, less 
in the thymus and least m bone marrow 

Can these findings be appled to the normal animal ? 
The operation itself and the subsequent unnatural associa- 
tion of the partners may have caused stress, with con- 
sequent depletion of lymphoid tissue, mcludmg thymus 
There may have been mterference with normal feeding 
However, when the animals were killed, both pairs were 
in very good condition without an obviously dommant 
partner or evident difference in size The two pairs 
weighed 36 and 40 g respectively, which 1s approximately 
as expected from the average weight-for-age of the stock 
Furthermore, ther thymuses appeared to be of normal 
sıze to gross inspection In short, the deviation from the 
normal physiological state of the mtact smgle animal 
must have been mmimel We therefore believe that our 
demonstration of ummigrant cells m the thymus does 
reveal a natural process, and that there 1s an afferent 
flow into the thymus of cells that are capable of becommg 


THE MICE WERE JOINED WHEN 4 WEEKS OLD AND KILLED 4 AND 5 WEEKS LATER 





Weeks after Mouse Marrow Spleen Thymus Lymph node 
joing Ref No CBA TeT6 (%) CBA T6T6 (%) CBA T6T6 (%) CBA T6T6 (%) 
4 3090 308 16 5 36 14 28 201 6 3 133 68 34 
3091 10 343 3 — — — 22 168 12 20 53 27 
5 3098 303 13 4 101 45 31 215 31 13 104 55 35 
3090 10 300 3 44 100 31 35 252 12 104 183 36 





might then render vacant positions that could be occupied 
by stem cells arriving m the blood-stream and deriving 
from elsewhere in the body However, that stem cells 
in the thymus should become reduced either in number 
or capacity to divide in this way so early as the second 
month of life does not seem plausible 

An alternative, and perhaps more hkely, possibility is 
that there may be.a relatively small stem-cell compartment 
m the thymus respondimg to a homeostatic mechanism 
which regulates the production and release of thymocytes 
When there 1s a strong call for thymocytes, irreversible 
differentiation of the products of stem-cell divisions may 
greatly exceed the production of daughter stem cells, 
thereby depleting the stem-cell compartment In this 
situation also the sites vacated might be available for 
occupation by uncommitted stem cells circulating m the 
blood 

Although the thymus was the focus of our mterest in 
this expermnent, the findings ın the other tissues are 
worthy of comment The high proportion of mmugrant 
cells in the spleen and lymph nodes after only four and 
five weeks of partnership is particularly strikmg It is, 
of course, impossible to say whether this reflects the 
operation. of an efferent stream of cells from the thymus, 
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Table 1. DETAILS OF NINE NEONATAL THYMIC GRAFTS RL-TRANSPLANTED 
FROM PRIMARY INTO SECONDARY HOSTS, BOTH NEONATALLY THYMECTOMIZED 


All secondary hosts were (CBA/H x CBA/H-T616) F, mice 


All ages 
are given in days 











Re-transplanted 
ft 


grai Primary host Secondary host 




















Age Age when} Age Age 
No Donor Strain when trans- when when 
strain grafted ferred grafted : killed 
1 CBA T6T6 7 70 12. 4^ 26 
2 T6716 CBA 26 35 12 | 29 
3 CBA T6T6 7 104 8 . 98 
4 T6T6 CBA 7 127 14 | 28 
5 CBA T6T6 7 23 7 27 
6 CBA TOT6 7 23 7 27 
7 T6T6 CBA 7 21 T 39 
8 CBA T6T6 7 23 7 39 
9 | CBA T6T6 7 23 7 | 62 








CBA and T6T6 are abbreviated designations of the syngeneic strans 
AJH and CBA/H-T6T6 
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ously received a course of mtraperitoneal mjeetions of 
tritiated thymidme or tritiated adenosme Labelled cells 
injected mtravenously into normal unirradiated hosts 
reach the lymph nodes and proliferate there, but only the 
occasional cell appears m the thymus 

The results of an ancillary experiment also pomt to 
the existence of a thymic barrier to the entry of lymphoid 
cells Neonatally thymectomuzed mice were grafted when 
seven days old and then mjected mtravenously with bone 
marrow cells or lymph node cells two days later—about 
the tame the graft becomes vascularized ‘The cells from 
host and both donors were cytologically distinguishable 
and the object was to determine whether either class of 
myected cell can get to the thymic graft and proliferate 
By hypothesis the marrow cells should be capable of 
domg so, the cells from the lymph nodes should not The 
experiment provided relatively httle information which 
was however, concordant with expectation 


Table 2 MITOTIC CELLS IDENTIFIED IN RE-CRANSPLANTED GRAFTS AND IN THREE TISSUES OF SECONDARY HosTS 


PH, SH and D indicate derivation from primary host, secondary host and donor, respectively 

















Graft— - 
Re-tiansplanted days in Graft Lymph nodes Bone marrow Spleen 
graft No secondary host PH SH PH SH D H SH PH SH D 
1 14 60 63 4 220 3 0 429 0 
2 17 1 40 0 6 71 9 0 108 0 0 122 0 
8 20 3 98 1 8 218 1 1 117 0 
4 14 25 34 2 3 110 1 
5 20 2 114 2 9 89 6 0 102 0 2 103 0 
6 20 15 85 0 7 7 2 0 110 0 1 103 1 
7 32 1 81 2 0 101 0 0 112 0 
8 82 0 101 0 5 61 1 0 102 0 0 106 0 
9 55 0 21 0 2 100 0 0 101 0 5 65 0 





Nine regrafted mice have been examined cytologically 
Operational details relating to these animals are given ın 
Table 1 Mitotic cells were identified m orcem-stamed 
air-dried prepa1ations made from cell suspensions of bone 
marrow, spleen, thymue graft and pooled peripheral and 
mesenteric lymph. nodes 

The results aregivenin Table 2 They show conclusively 
that cells derived from the primary host that have 
sojourned in the thymue graft have indeed acquired the 
capacity to migrate to, and multiply ın, the lymph nodes 
of the new host A very few cells from the primary host 
and primary donor were identified m the spleen and only 
four (out of 848) m bone marrow 

If these results are taken at face value they suggest 
that the descendants of the host cells which enter the graft 
are altered in a way that confers on them the capacity 
to seek out and proliferate selectively m the lymph nodes 
However, 15 could be objected that these host cells of 
unknown provenance might be members of the lympho- 
cytic series, or otherwise committed to a lymphoid path- 
way of development, and so be capable of proliferating m 
thymus and lymph nodes indifferently The [subsequent 
movement of their descendants out of the thymus and 
into lymph nodes when the graft 1s re-transplanted would 
then be unremarkable This possibility, however, is 
rendered unlikely by other evidence 

First, when cells obtamed by homogemzmg lymph 
nodes are mjected into lethally wradiated mice, they (or 
their descendants) are soon found m the lymph nodes of 
their hosts, but are only rarely identified ın the thymus 
and then only in very small numbers! The same holds 
good if suspensions of thymic cells, or of lymphocytes 
derived from thoracic duct lymph, are jected On the 
other hand, bone marrow cells mjected concurrently 
with the lymphoid cells soon reach the thymus, as well as 
bone marrow, spleen and lymph nodes, and proliferate m 
these sites without evident restramt 

Evidence of a thymic barrier to the entry of lymphoid 
cells 1s also provided by recent experiments by Gowans 
and Knight/? usmg radioactively labelled lymphocytes 
obtamed from the thoracic ducts of rats that had previ- 





Ou: results demonstrate a flow of cells capable of under- 
going mitosis both into and out of neonatal thymo grafts 
They further mdieate that durmg their residence in the 
graft the descendants of the immigrant cells are ‘m- 
structed’ m such a way that they migrate selectively to 
the lymph. nodes, there, we suggest, to become the pro- 
gemtors of immunologically competent cells These 
conclusions, however, apply to a highly artificial experi- 
mental situation They say nothing of a corresponding 
flow of cells mto and out of the thymus of the normal 
animal, or whether a similar process of struction may 
occur there 

The first of these questions can be approached by 
experiments involving parabiosis ‘The results of a 
preimmary experment of this kind are given ın the 
followmg communication 

One of us (J E H) was Ernest Freyman Research 
Fellow during 1962-63 J E HARRIS 
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do not differ from enucleated ones Thor catepsin activity 
118e8 approxrmmately twice as slowly as that of the control 
Therefore, the system responsible for the rise m catepsin 
activity possesses a high sensitivity to radiation and does 
not depend on the nucle: It should bo noted that the 
main part of catepsm activity of the fish embryo 1s not 
localized m. the embryo itself but in the yolk Ths 
enzyme ıs bound not with mitochondria but with the 
fiaction left m. the supernatant after centrifugation for 
15 mun at 12,0009 It ıs difficult to conceive m what 
manne: the nucle: can control the rise of enzyme activity 
at such a distance separatmg the nuclei of the embryo 
fom the yolk 

Thus we examined three metabolic systems—respira- 
tion, cytochrome oxidase and catepsm—and we found 
three types of nucleo-cytoplasmic relationships from 
complete and almost immediate dependence to practically 
complete (at least at early stages) mdependence from 
nucle: Shall we be able to find new types of relationships 
when investigatimg new metabolic components, oi will 
all of them fit into one of these three types ? Our immedi- 
ate task 1s to clarify this 
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The radiation mactrvation of nuclei ıs a suitable method 
for the solution of problems on nucleo-cytoplasmic inter- 
relations which cannot be solved by other approaches. 
But now much can be expected from another method, 
namely, the chemscal mactivation of nuclear function 
using antibiotics or analogues specifically mhibiting nucleic 
acid metabohsm Recently the periods of nuclear function 
1n sea-urchin development were mvestigated using, instead 
of radiation, high doses of such substances as actmomycin 
D, mytomyem OC, fluorodeoxyuridine, fluorouracil and 
others Prelimmary results show that there ıs good 
agreement between our results on radiation mactivation 
and those on the actions of these inlubitois 
1 Neyfakh, A A,J Enbryol Exp Morph , 7, 173 (1069) 

2 Astaurov, B L , Bull Soc Nat Moscow, 68, 35 (1958) 

* Borstel, R. C , and Rogers, R W , Rad Res , 8, 248 (1958) 

“Neyfakh, A A , Doklady Akad Nauk SSSR,111, 585 (1956) 
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" CELLULAR TRAFFIC OF THE THYMUS: EXPERIMENTS WITH 
CHROMOSOME MARKERS 


Evidence that the Thymus plays an 
Instructional Part 


| By tal involving neonatal thymectomy m a 
number of species have firmly established the para- 
mount role of the thymus in ensurmg both the normal 
development of the lymphoid system and the capacity to 
respond immunologieally1-? Other experunents m which 
thymectomy of adult animals was followed by irradiation 
have mdieated that the thymus may eontinue to play a 
part m the maintenance of lymphoid function and ım- 
rounological capacity m later hfe'-* Two hypotheses 
have been proposed to explain this influence of the thymus 
on lymphoid tissue a cellular hypothesis according to 
which the thymus provides an essential source of cells 
which migrate to the lymph nodes and other organs 
contamung lymphoid tissue and there become the pro- 
genitors of the lymphocytic seres of cells, and a 
humoral hypothesis according to which the lymphocyte 
precursors may originate elsewhere but require humoral 
stimulation from the thymus for proliferation or matura- 
tion or both" The two hypotheses are not alternatives 
m any strict sense and proof of one would not exclude the 
other 

Direct evidence of cellular migiation 1s given by experi- 
ments of Miller’s usmg the T6 chromosomal marker!?:1? 
Miller thymeetomuzed (AK x T676)F, and (C57BL x 
T6T6)F, mice on the day of birth and withm a week 
grafted them subcutaneously with thymuses taken from 
new-born AK, C3H, or C57BL donors He examined 
cytologically 31 grafted animais killed when between 10 
and 18 weeks old and reported that in 30 of the animals 
between 0 and 20 percent of the mitotic cells m the spleen 
were of donor origm ~In one exceptional animal the 
figure was 40 per cent He also demonstrated a contrary 
movement of host cells into the graft, identifying 80-100 
per cent of the mitotic cells m the graft as host-type 

Similar experiments of ours usmg the syngeneic inbred, 
strans CBA/H and CBA/H-T6T6 have demonstrated a 
pronounced migration of cells from the graft to lymph 
nodes * (The CBA/H-T6T6 stram was produced by 
Dr Mary Lyon by back-crossmg animals heterozygous 
for the translocation 13 times to CBA/H, followed by sib- 
matmg and selection of homozygotes The two strams 


are syngeneic as judged by the indefinite retention of 
reciprocal skin grafts!5 and by the failure to find evidence 
of differential proliferation when equal numbers of bone- 
marrow cells of both kmds were myected mto lethally 
irradiated. F, hybrid hosts!) 

In our experrmments mice of one stram were thymec- 
tomuzed on the day of birth and grafted subcutaneously 
when seven or eight days old with the thymus of a new- 
born mouse of the other stram Mitotic cells derived 
from the graft were regularly identified in the lymph 
nodes of mice killed in the fourth to sixth. weeks of hfe, 
the maximum proportion of donor-type mitoses recorded 
bemg 65 per cent in the lymph nodes of an animal killed 
when 27 days old After the sixth week, however, the pro- 
portion of migrant cells identified ın the lymph nodes 
decreased substantially In spleen, contrary to Miller's 
findings, only very few donor mitotic cells were identified 
at any time and none at all was seen 1n the bone marrow 
On the other hand, the experiments confirmed that grafts 
that take successfully are rapidly colonized by cells of the 
host As the animals grew older, mitotic cells of donor 
type progressively disappeared from the grafts None 
was found m animals more than 80 days old 

These results demonstrate that i» a particular experi- 
mental situation, thymic cells either migrate selectively 
to, or proliferate selectively in, the lymph nodes [If this 
reflects a natural process and ib is part of the normal 
function of the thymus to seed the lymphoid system 
continuously durmg the esily weeks of hfe, ıt 1s reason- 
able to consider the possibihty that the grafted thymus 
may eventually release descendants of the immigrant 
host cells and that these ‘second wave’ thymic cells may 
also reach the lymph nodes and proliferate there 

The capacity of host-type cells from thymic grafts to 
behave m this way has now been tested by 1emoving the 
grafts from their primary hosts at various times afte: 
graftmg and re-transplanting them mto neonatally 
thymectomized secondary hosts Our syngeneic mbred 
strams CBA/H and CBA/H-T67'6 were used as primary 
hosts and primary donors and F, hybnds as secondary 
hosts The cells of primary host and primary donor 
therefore had either two small marker chromosomes, oi 
none, and the cells of the secondary hosts one small marke: 
chromosome only 
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11 mm after fertilization 


rise of the respiration rate begms The periods of nuclear 
control of respiration very closely coincide with those of 
morphogenetic nuclear activity It 1s rmportant to note, 
however, that while 1n the case of morphological develop- 
ment not less than 3 h elapse between nuclear function 
itself and 1ts morphological manifestation, nuclear control 
of respiration 1s realized. almost immediately 

(4) Role of wuclew m changes of cytochrome c oxidase 
actwiy Cytochrome oxidase activity begms to increase 
just after fertilization and keeps on rising during the whole 
of embryonic development It seems that the cytochrome 
oxidase 1s not the limiting factor that determines uptake 
of oxygen pattern m tıme The early morease of activity 
suggests that nucle: do not control this earlier increase of 
activity Actually, the radiation inactivation of nuolei 
m early development has almost no effect on the increase 
of activity of this enzyme The matter, however, turns 
out to be much more complicated? Having mradiated 
the gametes before fertilization and. having obtamed four 
variants, previously deseribed, we could observe the 
followmg phenomena (Fig 6) In haploid embryos, both 
with irradiated and non-irradiated cytoplasm, the enzyme 
activity mcreased to the same extent but at approxunately 
half the rate found in the control The cytochrome 
oxidase activity of the enucleated embryo obtained from 
both irradiated gametes remamed all the time at the 
initial constant level 
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This experrment shows that the madiation of the cyto- 
plasm does not affect the result of the experiments 
Piobably both nuclei of the gametes are necessary for the 
normal increase of the enzyme activity, and they play an 
equal part because each of them provides only half the 
increase These results aie interesting as such But 
even more interesting 1s the fact that they do not agree 
with the results of the previous experiments, in which 
nuclei were inactivated m early embryos and the morease 
of activity was almost normal j 

A special experiment, with exposure to X-rays at 
intervals of a minute, shows that if irradiation took place 
m tho sixth minute after fertilization or earlier cytochrome 
oxidase activity did not merease at all during subsequent 
development (Fig 7) But if the irradiation occurred 
at the seventh-nmth mmute or later, activity mereased 
almost normally Thus the nuclear control of the increase 
m cytochrome oxidase activity 18 accomplished during 
a very short time, that 15, m 1-3 min The fact that this 
function of gametes 1s mhibited by irradiation favours 
the idea that this function ıs related to thew nucleus, 
namely, to the chromosomes. But there are many facts 
which do not support the idea that 16 1s a usual genetic 
function Among them are: this function proceeds too 
fast to be nuclear, and the male chromosomes in this 
period are tightly packed ın the entering sperm, while 
the female chromosomes are spiralized at this stage of the 
second maturation division 

Perhaps this difficulty can be resolved by assuming 
that a sperm introduces into the egg not only the nucleus 
(DNA), but also mitochondria which play a major part 
in providing an increase m cytochrome oxidase activity. 
Meves as long ago as 1910 observed that mitochondria 
enter the egg and then reproduce in the cytoplasm by 
division It can be conceived that both the female and 
male nuclei mtroduce “‘the primer” of mitochondria into 
the egg cytoplasm and ther duplication after ıt provides 
the cytochrome oxidase activity 

(B) Role of nucle n the increase of catepsin achuity The 
third type of mterrelation of nuclei with the components 
of metabole differentiation was found m experiments with 
catepsin!? The actrvity of this enzyme, hike that of the 
cytochrome oxidase, begins to rise at the onset of the 
development However, no participation of the nuclei 
in this process was found (Fig 8) The rise of catepsin 
activity of the haploids with untreated cytoplasm (zrrada- 
ated sperm) does not differ from the diploid control, but 
the similar haploids obtamed by using irradiation of eggs 
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the skeleton of the arms and the formation of the bilater- 
ally symmetrical pluteus 

It is rather difficult to show such a relationship in 
embryos of the mosaic type In these species, however, 
the nuclear function 18 manifested Just when the distribu- 
tion of egg cytoplasmic anlagen (organo-forming substance) 
among the separate blastomeres 1s bemg termmated 
After that the proliferation of the individual cell groups 
and their specific replacement begins, and this indicates 
the first manifestation. of differentiation 

The comeidence m time of the manifestations of nuclear 
activity and differentiation 1s very important; fiom it 
one can draw some general though rather speculative 
conclusions 

Early developmental stages are determined noi by the 
genotype of the embryo itself but by that of the maternal 
oiganism Durmg oogenesis a certam number of the cyto- 
plasmic zones are formed, and these are able to create the 
imtial spatial pattern of the embryo Thuis ıs not yet 
differentiation but 1ts forerunner—the ooplasmic segrega- 
tion — Differentiation itself consists not only of these 
primary differences but also of certain metabolic differ- 
ences between the anlagen ‘The appearance of these 
metabolic characters requires not only primary peculhiari- 
ties of the cytoplasmic zones of the egg, but also the 
participation of different parts of the genotype, the genes 
Therefore, the manifestation of differentiation requires 
the participation of nucle: which are different in different 
parts of the embryo On the other hand, nuclear function 
cannot begin before the nuclei have multiplied enough 
to provide the cytoplasm with genetic information They 
should also be localized m different ooplasmic zones, 
which would mduce m them differential activity of their 
chromosomal loc: Thus the time-pattern of nuclear 
activity ıs determmed on one hand by the necessity 
of nuclear participation m differentiation and, on the 
other hand, by the necessity to get mformation from the 
cytoplasm about the kmd of nuclear function which 1s 
required for the differentiation of cells It would probably 
be true to say that the maternal genotype determines 
mamly the mutial spatial pattern of the embryo, while 
the genotype of the embryo itself determines the specific 
metabohe pattern of differentiated cells 
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(3) Role of nucler «n the metabolic dofferentiateon The 
next step was an attempt to investigate the role of nuclei 
m metabolic differentiation. Changes m the mtensity of 
uptake of oxygen in early development of fish (loach) 
embryos were chosen as a first model of biochennoeal 
differentiation”: 8 

Respiration in normal teleost embryos 1s mamtained at 
a constant level up to the mid-blastula, and then ıt steadily 
mereases Each developmental stage 1s charactenzed by a 
certain level of respiration, and the intensity of respiration 
can therefore serve as an indicator of the development of 
the intracellular respiration apparatus, that 1s, the muto- 
chondria, My experiments have shown that the develop- 
ment of this apparatus depends on nuclear function 

The respiration rate of the following four variants was 
compared control diploid embryos, androgenetic and 
gynogenetic haploid embryos obtained by irradiation of 
eggs oi sperm respectively, and functional enucleated 
embryos obtained by mactivation of both gametes (Fig 
4) As indicated here, the early stages of haploid em- 
bryos differ httle morphologically from controls and 
radiation enucleated embryos undergo cleavage and 
develop almost normally until the late blastula stage 
The respiration rate of the first three variants did not 
show any differences from each other, while respiration of 
enucleated embryos remained at the constant mutial level 
until the embryos died This means that irradiation of 
the cytoplasm does not inhibit respiration and does not 
affect the development of the respiratory apparatus, that 
is, the mitochondria, Respiration itself 1s not determmed 
by the nuclei, but the rise of the respiration rate 18 cer- 
tamly controlled by nuclear function The function of 
haploid nuclei 1s enough for ıt We therefore had the 
possibihty of investigating nuclear activity periods, 
which control the respiration rise, by the same method 
used m the study of nuclear control of morphological 
development 

The embryos were inadiated with the same dose (40 
kr) at different stages, and their iespiration was 
later measured After irradiation the respuation rate 
mcreases for as long as ıt can proceed without nuclear 
control The final level of respiration, therefore, provides 
a measure of the capacity of cytoplasm for mdependent 
development of cell respnation apparatus (mitochondria) 
The level of respiration obtained can again be expressed 
in stages of development From Fig 5 ıb 1s possible to 
determine the periods when nucle: control the mcrease of 
respiratory rate and the parts of the respiratory curve 
controlled durmg these periods 

Respiration does not require nuclear control until 16 2s 
maintamed at a constant level The function of the 
nuclei becomes necessary and manifested only when the 
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Organogenesis 


at the stage of the mid-gastrula and provides for organo- 
genesis after gastrulation Further mvestigation of the 
periods of nuclear activity becomes very difficult smce 
the embryo differentiates into a certam number of 
autonomous anlagen with ther own pecular nucleo- 
cytoplasmic relations 

Fig 2 shows a scheme of nucleo-cytoplasmic relations 
which follows from the foregomg data on fishes The 
nuclear activity 13 illustrated by the upper figure It 1s 
expressed in hours of development which were determined 
within 1 h of nuclear function The lower graph illustrates 
the relations between the nucleus and the cytoplasm Until 
the stage of late blastula the development of embryos 
1s not controlled by their own nuclei, but after this stage 
all differentiation 1s under constant genetic control 
Nuclear morphogenetic function itself begins earher than 
it manifests, resultmg in the process of gastrulation 
Durmg the first period of their function the nuclei control 
the development of the embryo from late blastula to late 
gastrula The next period of nuclear activity determines 
the further postgastrulation organogenesis It 1s neces- 
sary to emphasize that the teims ‘period of nuclear 
activity’ or ‘break of nuclear activity’ designate only 
nuclear control of visible morphogenesis , All other 
nuclear functions (division, synthesis of DNA, RNA or 
protems, control of the processes different from morpho- 
genesis, etc ) cannot be meluded here and may have & 
different time pattern 
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Fig 2. Upper periods of morphogenetic activity of nucle: Tıme of 

development (h) whieh 18 predetermined during 1h of nuclear aetivity 

plotted on the ordinate Lower scheme of nucleo-cytoplasmic mter- 

relations, Stages of development (upper line) are joined with the stages 
of nuclear function which determine these forms 
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(2) Nuclear function wn different species This method 
was used for an mvestigation of teleost and sturgeon 
fishes, amphibians, echinoderms, molluscs and nematodes‘, 
the data for which are presented in Fig 3 Hore the 
abscissa shows the stages of development expressed in 
dimensionless units, equal to the duration of one cleavage 
cycle, the so-called ‘dettlaffs’> The ordmate shows the 
activity of nuclear function expressed as m Fig 2. One 
can seo that the pattern of nuclear activity in sturgeon 
fishes 1s similar to that of teleosts, but that 16 1s still somo- 
what shifted towards the amphibia. In amphibia no break 
m nuclear activity was found In the sea-urchm the 
pattern of nuclear activity is very similar to that of 
fishes, but 1t 1s shifted somewhat to earlier stages 
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Fig 3 Nuclear activity m different species (see text and Tig 2, upper) 
Arrows show the time from the beginning of nuclear function to the 
first manifestation of this function 


In the representatives of mosaic type of development— 
molluscs and nematodes—nuclear activity begms con- 
siderably earher ın snails, Limneae, 16 commences at the 
12-16 blastomere stage, and still earher in ascarida at 
the 4, or even 2, blastomere stage 

There are many data m the literature on lethal hybrids 
and enucleated embryos in amphibians and sea-urchin, as 
well as cardiological data for amphubia, fishes and molluscs, ~ 
respiration data on sea-urchm hybrids, and some bio- 
chemical observations, all of which confirm our results 

Probably the most ımportant deduction from a com- 
parison of the nuclear activity pattern in. different species 
is that there are some common features of nucleo-cyto- 
plasmic interrelations Such a feature 1s the comeidence 
m time of the morphological manifestation of the nuclear 
function and the morphological manifestation of differenti- 
ation Several examples to support this idea are pre- 
sented here 

The first manifestation of the nuclear function m the 
loach embryo coincides with the beginnmg of gastrulation, 
that is, with differentiation mto ecdoderm, endoderm and 
mesoderm 

The next period of nuclear activity coincides in its 
manifestation with the next step of differentiation—the 
formation of axial organs and segmentation 

A similar dependence can be observed m sea-urchin em- 
bryos The first manifestation of the developmental nuclear 
function comeides with the first manifestation of differ - 
entiation along the animal-vegetative axis the appearance 
of the tuft, the rmmugration of the mesenchyme cells, and 
invagination Manzfestation of the next nuclear activity 
period occurs at the next step of differentiation, now along 
the dorso-ventral axis the appearance of ccelom cavities, 
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antiserum m the region of antibody excess The antiserum 
titre is close to 1 100 with all three antigens These 
results provide a rigorous confirmation of the serological 
and chemical investigations of naturally occurrmg lipid 
haptens that we have pubhshed 

Small differences exist between the serological reactions 
observed with naturally occurrmg cytohpin H and the 
synthetic compounds Ther significance cannot yet be 
judged because the naturally occurrmg materialis not a 
pure compound hke the synthetic substances but 1s 
homogeneous only with respect to the carbohydrate 
residues*. The lipid residues show a small variation m the 
hpid base and a large vanation m the fatty acid chains’, 
although 80 per cent of the latter are composed of palmitic, 
behenie and hgnocerie acids Investigations of the effect 
of alterations m the lipid residues so far indicate that 
differences in distribution of fatty acid residues, the 
absence of the sphmgosine double bond’, and, now, the 
configuration of carbon 2 of the hpid base do not affect 
the serological activity of cytohpm H to a significant 
degree The availability of synthetic analogues will 
permit a more penetrating exammation of the relation of 
chemical structure to serological activity, and such 
knowledge ıs required particularly with regard to the 
effect of decreasmg the length of the hydrocarbon 
chains. 

It 1s not possible to ascertam the manner in which the 
structure of the compounds prepared by Schram et al 
deviates from that of a ceramide lactoside 
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Inasmuch as thew primary criterion for identification 
was a comparison of the infra-red absorption spectra of 
Synthetic compounds and a sample of our naturally 
occurring cytolipm H, the usefulness of such measurements 
for characterizmg molecules of this type must be viewed 
with considerable reservation 
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RADIATION INVESTIGATION OF NUCLEO-CYTOPLASMIC INTERRELATIONS 
IN MORPHOGENESIS AND BIOCHEMICAL DIFFERENTIATION 


By Dr A. A. NEYFAKH  - 


Institute of Animal Morphology, Academy of Science of the USSR, Moscow 


IE 1959 a method was suggested for the mvestigation of 
dependence on time in nucleo-cytoplasmic interrela- 
tions durmg development!, and this article summarizes 
the results obtained since then 

(1) Radiation wnactwatwn of nucler as a method to determ- 
we nuclear actunty perwds in early amwmal development 
The method 1s based on the radiation mactivation of 
nuclei at different stages of development Jé 18 well known 
that ın order to obtain the same effect ıt 1s necessary to 
expose the cytoplasm to doses of radiation that are ten- or 
a hundred-fold greater than doses required for the macti- 
vation of nuclei?-* A dose range therefore exists within 
which radiation can almost completely mactivate the 
genetic or developmental function of nuclei without 
damagmg cytoplasmic structure to a significant extent 
The determmation of such doses 1s based on the compari- 
son of nuclear and cytoplasmic effects of irradiation! 
It is enough to say here that for the majority of early 
embryos the suitable dose range falls between 10-20 x 10° 
and 40-80 x 10 roentgens After such treatment develop- 
ment proceeds only to the stage up to which 1ts cytoplasm 
1s capable of developing without recerving genetic informa- 
tion. from the nucleus 

The absence of extensive damage to the cytoplasm can 
be illustrated by comparmg androgenetic and gmogenetic 
haploids obtamed by irradiation prior to the fertilization 
of eggs or sperm respectively Although m the first the 
cytoplasm 1s radiated, and in the second ib is not, the 
haploids develop m similar fashion early stages do not 
differ from diploid controls, while late stages show all the 
symptoms of the haploid syndrome, and they die before 
hatching or soon after* 

It is necessary to consider how it is possible, usmg 
radiation mactivation to determme (a) the stages at 


which the nuclei perform their developmental function; 
(b) the stages at which this function 1s manifested 

Our work was done with embryos of the loach, Mas- 
gurnus fossils, a teleost fish 

InFig 1 the time of wrradiation (h) 1s plotted agamst the 
stages at which the development of irradiated embryos 
stopped (abscissa) Each arrow shows the period passed 
by the embryo from the moment of irradiation to the 
moment of arrest of development The later the irradia- 
tion exposure the greater 1s the shift of the arrows to the 
left and up, the higher the capacity of the cytoplasm 
to develop without nucle the longer 1s the arrow itself 

When nuclei are mactivated during the first period, 
that is, between fertilization and the end of the early 
blastula, the arrested stage does not depend on the 
moment of wradiation Arrest of development always 
takes place at the late blastula, before gastrulation 
Whether the nuclei are inactivated at the very onset of 
this period or at 1ts end, the effect does not change and 
development proceeds to the same stage. This implies 
that durmg the first period the nuclei do not perform any 
developmental function, that is, they do not affect the 
cytoplasm m. any manner favourmg development 

The picture 1s quite different durmg the next period, 
from the begmning of the mid-blastula, to the late blastula 
The later the irradiation of the embryo the longer ıt 
develops If nuclei of one embryo are inactivated 1 h 
later than those of another embryo the development of 
the former was arrested 3-4 h later This means that 
during this period nuclei perform an active morphogenetic 
function Actually, durmg 25 h they determine the 
whole of the process of gastrulation. occurrmg between the 
ninth and eighteenth hours of normal development One 
can seo that the new period of nuclear function begins 
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gave good analytical values and melted at about 230°- 
240° with smtermg at 180°-190° The specific rotation 
of the D isomer was — 6 4° (n py11dine), while that of the 
racemic compound was — 4° 

The physical and chemical properties of the synthetic 
lactosides, as well as their serological activity (see follow- 
ing coramunication), were m good agreement with those 
of natural cytohpm H The synthesis thus confirms the 
stiucture proposed by Rapport and his associates 

The homogeneity of both synthetic compounds was 
shown by thm-layer chromatograms prepared on shea 
gel and developed with chloroform-methanol-water 
(15.25 4) With phrenosme as reference substance, the 
values for migration rates were natural eytohpm H, 
R phren — 0 72, synthetie D, E phren = 0 72, synthetic, 
pL, R phren = 073 

Davin SHAPIRO 
ELIEZER S RACHAMAN 
Weizmann Institute of Science, 
Rehovoth, 
Israel. 


1 Rapport, M M , Graf, L , Skipski, V P , and Alonzo, N F , Cancer, 12, 
438 (1959) 

A Rapports M M, Skipski, V P , and Sweeley, C C,J Iapid Res ,2, 148 

* Rapport) M M, Graf, L , and Yariv, J , Arch Biochem Biophys , 92, 438 

4 Rapport, M M , J Lid Res ,2, 25 (1961) 

6 Shapiro, D , Flowers, H M , and Spector-Shefer, S , J Amer Chem Soc, 
81, 3743 (1959) 


* Shapiro, D , and Flowers, H M , J Amer Chem Soc , 88, 3327 (1961) 
7 Schram, A C , Byers, E H , and Wilson, R H , Nature, 197, 1074 (1963) 


Serological Activity of Cytolipin H 
(Lactocytoside) 


IsorATION of the hpid hapten cytohpin H from human 
tumour tissue! and its subsequent identification as a 
ceramide of lactose? established that hpid molecules of 
relatively simple molecular design could function as cell 
haptens These investigations indicated that ummuno- 
logical specificity was determined primarily by carbo- 
hydrate residues, a result that was later confirmed. 
and extended by observations on the reactivity of anti- 
bram sera with galactocerebrosides and their non- 
reactivity with glucocerebrosides* The recent clam of 
Schram, Byers and Wilson‘ to have synthesized a number 
of lactosides contaimmg long hydrocarbon chains, including 
a ceramide laetoside similar in composition to naturally 
occuring cytohpm H, appeared to offer a means to sub- 
stantiate this thesis However, we found that the synthe- 
tie compounds of Schram eż al were devoid of serological 
activity, which raised a question concernmg the validity 
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of the chemical characterization of 
naturally occurring cytolpin H (as 
one of the two alternative explana- 
tions for this unexpected result) 
Prior to publication, Schram et al 
did not subject their materials to 
serological analysis, and offered. 
as a reason that “complement- 
fixation tests cannot prove the 
identity of cytolipin H and ceramide 
lactoside since any lacto- 
hpid ‘would elert a positive re- 
sponse’*. This statement 1s very 
likely incorrect, since quantitative 


H OH evaluation of the dependence of 
serological activity on the auxihary 

OH H\OH — hpids that are required for the 
T reaction should provide a good 

H H measure of distimetion among com- 
o pounds of markedly different hydro-_ 

H carbon content! In any event, 


the argument does not apply 

when no activity 1s found 
The synthesis of ceramide lacto- 
side described by Schram e£ al. 1s not unambiguous 
since 1t involves a Koenigs-Knorr reaction with a 
molecule contamung two free hydroxyl groups (cer- 
amide) In contrast, the synthesis of Shapiro and 
Rachaman 1s free of such defects We wish to report 
that two compounds synthesized by Shapiro and 
Rachaman have been examuned serologically by com- 
plement-fixation with an antiserum prepared, against 
human choriocarcinoma (Fig 1) The serological reac- 
tions of synthetie D- and pr-hgnoceryl sphmgosyl-B- 
lactosides are almost mdistmguishable from that of a 
preparation of naturally occurring cytohpm H when 
these are tested with an adequate quantity of auxihary 
hpid Tho isofixation curve (Fig 1) shows that 0 005 ug 
of these glycosphmgolipids may be measured with this 
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Fig 1. Isofixation eurve showing the reactivity of synthetic lignoceryl 
D-sphingosyl-f-lactoside, lignoceryl DL-sphingosy!-f-lactoside and 
naturally occurring cytohpm H with rabbit antiserum to human chorio- 
carcmoma Sensitivity level 6 units of complement (0 0075 ml of 
guinea pig serum) The curve 1s drawn through the average of the three 
values (one for each compound) obtamed at each point, the range of 
these values being shown by the short horizontal or vertical lines The 
auxibary lipid was lecithin-ceholesterol (1 1 w/w) in the proportion of 
100 parts by weight 
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Fig 5 Curve of specific activity through the sedimentation diagram 
The curve shown 13 for nuclear ribosomes incubated for 8 min with 
medium contaming tritiated uridine 
— — —, Optical density, , counts per min, ——-, specific activity 
(cpm perunt of OD) 


10n concentration to 10-5 M nor washing the 11bosomes 
with 01 per cent deoxycholate changed the patterns 
appreciably The labelled RNA in these bands also 
appears to be metabolically stable, because when proto- 
plasts are labelled m the usual way for 10 mm, the pattern 
of radioactivity 1s very little changed by a further incuba- 
tion of 10 min ın the presence of actmomycin D 

If the radioactivity observed in these peaks belongs 
to newly synthesized sub-units of the types which con- 
stitute the 50 S and 30 S bands the specific activity of the 
RNA should be constant throughout these bands When 
the specific activities of the RNA 1n all the tubes obtained 
m the sedimentation are plotted serially (Fig 5), i16 can 
be seen that the peaks of specific activity do not comeide 
with the peaks of optical density There are three regions 
of high specific activity (a) at high values of S > 100, 
(b) on the left (ascending) part of the 30 S peak, extending 
into the trough between the 30 S and 50 S bands, (c) at 
lower values of S j 
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The material responsible for (a) 1s small in amount and 
may be due to 1esidual aggregated ribosomes The peak 
(b) of specific activity at about 40 S 1s 1n the position noted 
by McCarthy et al * and termed by them neosomes, which 
may be a precursor of the 50 S particle (e) 15 due to 
messenger RNA iemoved from the 80 S particle and 
possibly also to a precursor of 30 S particles 

When these peaks of high specific activity are allowed 
for, rt 1s difficult to say how much residual activity remains 
in the 30 S and 50 S particles themselves In &ny event, 
with short times of meubation the amount of label m them 
must be comparatively small 

We conclude that the heavier labelling of the nuclear 
ribosomes as compared with those from the cytoplasm 18 
due partly to the presence of greater amounts of messenger 
RNA which 1s removed at low magnesium concentration 
and partly to a ribosomal precursor (about 40 S) originat- 
ing in the nuclear material It 1s possible that the attach- 
ment of a paiticle of messenger RNA to a ribosome 18 a 
necessary part of the mechanism for removing ıt fiom the 
DNA, but the very high activity of the membranes shows 
that they may also play some part m this process It 
was shown by Godson, Hunter and Butler? that the crude 
membrane fraction from osmotically lysed cells contemmg 
some ribosomes was very active n protein synthesis, and 
Sehlessinger? has recently made a sumilar observation with 
the additional finding that the attached ribosomes are 
partially present as polyribosomes 

This work was supported by grants to the Chester 
Beatty Research Institute (Institute of Cancer Research. 
Royal Cancer Hospital) from the Medical Research Council, 
the British Empire Cancer Campaign, and the National 
Cancer Institute of the National Institutes of Health, 
US Pubhe Health Service 
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CYTOLIPIN H 


Total Synthesis of Cytolipin H 


'Y'TOLIPIN H, a pure lipid hapten, was isolated from 
extracts of human epidermoid carcmoma by Rapport 

et al? On the basis of a thorough mvestigation of its 
degradation products by means of chromatographieal and 


unmunological methods Rapport and lus associates?‘ ` 


were able to show that eytohpm H has structure III, 
namely, N-lgnoceroyl-l-sphingosyl lactoside It thus 
differs from the normal cerebrosides by having an addı- 
tional monosaccharide unit 

In earlier communications’: we pomted out that m 
order to assure an unequivocal synthesis of a sphmgolipid 
mvolvmg substitution at carbon 1 of the sphmgosine 
molecule, 16 1s necessary to block both the amino- and the 
secondary hydroxyl groups Glycosidation of an unpro- 
tected ceramide (N-acyl sphingosine) may give rise to side 
reactions which most probably will involve the sensitive 
allylic system. 

Recently, Schram et al? have published a synthesis of 
eytolipm H which consists m the condensation of ceramide 
with acetobromolactose m the presence of silver oxide 
However, neither the melting-pomt of 86° (as compared 


with the cerebrosides melting in the range of 180°) nor 
the specific rotation shows agreement with the natural 
products of this series’ In our hands, the reaction with an 
aglucon of this type under simular conditions proceeded, 
if at all, m negligible yields, the major product bemg a 
mixture of the two components 

We wish to report the synthesis of N-hgnoceroyl-1-p- 
sphungosyl-B-lactoside (III) by an unambiguous procedure 
similar to that used for the synthesis of the cerebrosides?. 

We used 3-0-benzoyl-N-lgnoceroyl-p-sphingosine® as 
aglucon which was obtamed by acylation of the corre- 
sponding ester I The latter arose from an acid-catalysed 
rmg session of 2-phenyl-4-hydroxymethyl-5-(1-penta- 
decenyl)-2-oxazolne Condensation of II with hepta- 
acetyl-a-D-lactosyl bromide ın nitromethane and benzene 
as solvents and in the presence of mercuric cyanide led to 
a semi-solid mixture contamimg the 3-O-benzoyl-ceramide- 
heptaacetyl-lactoside The crude product was deacylated 
by a catalytic amount of sodium methoxide and gave, after 
purification through a silicic acid column and recrystalliza- 
tion from pyridine-acetone*, the pure lactoside III m 
45-50 per cent yield The same procedure was utilized 
for the synthesis of the raceme compound Both hpids 
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Table 1 RNA SYNTHESIS IN PROTOPLASTS INCUBATED FOR VARIOUS TIMES 
WITH AND WITHOUT ACTINOMYCIN-D (C P M./MG RNA) 


Actinomycin — Actinomycin + 
1 3 8 1 3 8 


Time (min) 
Nuclear material 550 1,800 5,500 — 176 760 
Nuclear ribosomes 268 1,020 2,700 16. 57 95 
Cytoplasmic ribosomes 32 132 485 5 14 24 


Cytoplasmic membranes 640 1,930 6,500 300 523 408 
Soluble RNA 170 = 835 


the nuclear ribosomes were more highly labelled than those 
fiom the cytoplasm The origin of this difference has been. 
further mvestigated 

Table 1 gives some new measurements of the diustribu- 
tion of radioactivity between these fractions, from proto- 
plasts incubated in a buffer with tritiated uridime for 
various times 1n the presence and absence of actinomycin 
D (5 pg/ml) It can be seen that 1n the absence of actino- 
myer the specifie radioactivities of the ‘nuclear’ ribosomes 
are much higher than those of the cytoplasmic ribosomes 
fo. a given time The difference diminishes with time of 
meubation Inthe presence of aetinomyoin D the specific 
activity of RNA 1s greatly reduced in all fractions except 
soluble RNA Since ıt has been shown? that actinomycin 
D imbibits nuclear RNA synthesis 16 can be inferred from 
this that the greater part of the newly synthesized RNA 
of all fractions (excopt soluble RNA) origmates in the 
DNA-containing material In these experiments the mem- 
bianes isolated contain a small amount of RNA (about 
1 per cent of the whole) and ıb ıs to be noted that its 
specific activity 18 always hugher than that of any other 
fraction In some experiments ıt has been many times 
higher , " 

These experiments suggest that the membranes and the 
‘nuclear’ ribosomes are the initial receptors of the newly 
synthesized RNA formed ın the nuclear material and that 
the cytoplasmic ribosomes are a later product 

It must be supposed that the ‘nuclear’ ribosomes 1ecerve 
their label while associated with the DNA-contaming 
material and remain attached to 1t or to the membranes 
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Fig 1 Sucrose gradient sedimentation patterns of nuclear ribosomes 
from protoplasts labelled for 8 mm in medium containing tritiated 
uridme —,OD, „cpm Left, re-suspended m buffer contammg 
10-2 M magnesium, right, m 10+ M magnesium (scale of o p m. x 10-*) 
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Fig 2 Sucrose gradient sedimentation pattern of cytoplasmic ribo- 
somes under same conditions as Fig. 1 
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Fig 8 Average specific activities of RNA in 80 S bands meubated for 
various times with medium contaimng tritiated uridine 
x, Cytoplasmic, O, nuclear 


Speonfic activity 





5 10 16 
Time (mun) 
Fig. 4 Average specific activities of RNA in 30 S bands, same con- 
ditions as Fig. 3 


x, Nuclear, O, cytoplasmic 


to a sufficient extent to be sedimented with them Mechani- 
cal entanglement of some ribosomes with the nuclear 
material, which might occur, 1s not sufficient to explain 
these facts, as ribosomes carried down ın that way would 
be similaily labelled as cytoplasmic ribosomes 

To see whether there 1s any difference in the nature of the 
labelling of the ‘nuclear’ and cytoplasmic ribosomes, other 
than the different levels of activity, experiments have been 
carried out on the sedimentation behaviour of both types 
im sucrose gradients from solutions contammg 10- M 
and 10-4 M magnesium ions (Figs 1 and 2) Both types 
give sedimentation curves simular to those observed with 
E col&ribosomes* In 10-? M magnesium there 1s a band 
of optical density at about 80 S, with a broad band of 
radioactivity, extending from S > 100 to lower values of 
S, the higher values of which have been attributed to 
aggregated ribosomes or polyribosomes* The specific 
activity m the 80 S band of the nuclear ribosomes, 
averaged over the whole optical band, has been 2-5 times 
that of the cytoplasmic ribosomes, under similar con- 
ditions (Fig 3) 

In 10-* magnesium much of the label ıs displaced to 
lower values of S, but the usual optical peaks of ribosomal 
sub-units at 50 S and 30 S are observed ın both cases, the 
30 S peak always having a higher activity than-the 50 S 
peak, as previously noted® The difference between the 
specific activity of the RNA of the 30 S band in the two 
cases (Fig 4) 1s less than that observed for the 80 S band 
(Fig 3) The differences in the 50 S bands are com- 
paratively small 

The labelling of the 30 S and 50 S bands observed cannot 
be attributed to attached messenger RNA. which has not 
been removed at the lower magnesium concentration, 
since ıt was found that neither decrease of the magnesium 
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those of the specialist journals coveimg the appropriate 
fields It will therefore be necessary in future for those 
wishing to cover Antarctic aspects of subjects to ensure 
that they are aware of any papers in this Bulletin The 
paper on “The Snow Accumulation Budget at Halley 
Bay and Associated Meteorological Factors”, byDWS 
Lambert, will be of interest to many glaciologists and 
meteorologists, while that on “The Sheathbil, Chioms 
alba (Gmehn), at Signy Island", by N V Jones, 1s the 
best general account of this species which 1s available 
"Vector Mean Winds at the Argentine Islands”, by B D 
Gules, although limited to visual theodolite observations 
during the period 1954-58, provides a useful summary of 
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upper winds  "Geophysieal Investigations in the Scotia 
Are and Graham Land", by D H Griffiths, 1s a pe- 
lmmary paper outlining observations made so far which 
indicate that a most thorough and useful monograph 
should appear in the future 

Although the new series will mean yet another jounal 
to be kept under review by interested scientists, the 
effort should be well worth while and 1t should sei ve to 
duect attention to the accomplishments of the British 
Antarctic Survey The Editors are to be congratulated 
on the quality of presentation and at having kept the 
price down to the very reasonable level of 10s per issue 

G DE Q Rosin 


PETROLEUM CHEMICALS: BULK DETERGENTS 


HE familar idea of detergent production m the 
gs Kingdom is the washmg powder or dish- 
washing fluid sold over the shop-counter and glarmgly 
advertised m every available medium This, however, 1s 
by no means the whole story There aie made available 
in the petroleum imdustry many chemical compounds 
whieh quahfy as detergents and specialized products are 
designed for particular applications In this field a con- 
siderable annual tonnage of detergents ıs sold in bulk, 
either direct by manufacturers connected with the 
petroleum industry or through local distributors, for 
industrial or non-retail consumption Much of this 
material 1s m hquid form and ıs marketed m anythmg 
from a l-gal tin to a 15-ton road-tanker load Such has 
been the extiaordinarily rapid advances made ın formu- 
lation, perfection and manufacture of these surface-active 
agents (known m the United States as ‘surfactants’) since 
the end of the Second World War that it 1s now claimed, 
not without good reason, that, as cleansers, detergents are 
more versatile than soap Certamly this fact 1s clearly 
demonstrated m an article appearmg ın a recent issue of 
the British Petroleum Company's B P Magazine (Winter 
issue, No 10, 1963), wherem several kmds of detergents 
and them diverse industrial and social applications are 
discussed 

One of the largest users of detergents 1s the textile 
industry For example, raw wool, either used alone or 
blended with synthetic fibres, must be scoured to remove 
dut and wool fat before, by a complicated process it can 
be converted into yarn, formerly this was done with soap 
and alkah, detergents are now used for the purpose 
Wool for carpets 1s often twice scoured with detergent 
before ıt reaches the loom The finished article used to 
be cleaned by the laborious use of carpet soap, but the 
job 1s now done more effectively and thoroughly by appro- 
priate ‘shampoomg’ or cleansing detergents 

Laundries still rely to a large extent on soap in ther 
operations, but detergents are widely used m certain cases, 
especially where softened water 1s not available or where 
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a particular form of soilng of the fabric is not susceptible 
to the use of soap Examples of this occur from ordnance 
factories where woollen protective clothing gets liberally 
splashed with trmitrotoluene, and butchers’ over alls 
covered with fat and other persistent stams Again, the 
detergent can be used as an emulsifying agent and 
advantage ıs taken of this property in the production of 
‘waterless’ types of handcleaner commonly used fo: 
cleansmg the hands from grease, oil and other substances 
implicit m certain factory processes, the principle here 1s 
that the detergent mixes with greasy soiling, emulsifies 
m water, thus removing the contammant fiom the skin 
In the same category comes the mvention and use of a 
special type of detergent concerned with removal of 
fuel-oil spillage at one of the British Petroleum Company s 
refineries, subsequent rmsmg with fresh or sea-water 
completing the cleansing operation This has had 1epel - 
cussions m the solution of problems raised by majo 
spilages of oil in coastal waters and particularly on 
beaches “The largest operation of this sort was probably 
the cleanmg of oil from nine to ten miles of foreshore on 
the Isle of Wight resultmg from a collision between two 
vessels in the Solent" This involved complete removal 
of oil from shmgle beaches, rocks, concrete, wooden 
jetties and even beach huts where the gales had splashed 
them with the oily scum It is stated that after this 
treatment, which took three months, people commented 
that they had never known the beaches so clean 
Finally, the use of special detergents for cleanmg an- 
craft, both internally and externally, 1s now established 
practice in the maintenance programmes of many anu-hne 
corporations ‘Taking the overall picture of the detergent 
industry as i6 1s now, in the United Kingdom the 1atio of 
soap production to detergents is about 55 45, m the 
United States ıt ıs 30 70 There is still great research 
activity m Britain concerned with new products and new 
applications in the field of petroleum chemicals in which 
the properties of surface-active agents derived from 
petroleum figure prommently H B MuNER 


RIBOSOMES IN B. MEGATERIUM 


By Pror J. A V BUTLER, FR.S, and DR G N GODSON 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, 
Fulham Road, London, S W 3 


T has been shown m 1ecent papeis'? that on lysis with 
I a neutial detergent, lubral W, protoplasts of B mega- 
tervum yield (a) nuclear fraction contaiming all the DNA 
with some ‘nuclear’ 11bosomes as well as the cytoplasmic 
membranes of the cell, (b) a cytoplasmic fraction contam- 


ing most of the cell ribosomes and soluble RNA The 
nuclear fraction can be divided by methods described? 
mto the nuclear (DNA-contammg) material, ‘nuclear’ 
ribosomes and membranes It was shown? that with short 
times of incubation with a radioactive RNA precursor, 
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University Grants Committee to advise further on the 
choice of a location He mdicated that decision regarding 
the structure of Government would be taken within a 
week or two, and ın reply to questions on the following 
day regarding the recommendation for establishmg six 
new universities, Mr Hogg said the whole matter had 
been referred to the University Grants Committee He 
also gave the figures fo. medical students registered at 
untversities as follows 1959, 12,314, 1960, 12,276, 1961, 
12,254, 1962, 12,550, 1963, 12,890 

In openmg the debate ın the House of Lords, Lord 
Silk referred to the recognition in the White Paper on 
Industrial Tiamang that the number of new entrants to 
skilled occupations was insufficient for Britain’s future 
needs, and also to the importanco of securing the right 
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quality of teachers and teachers of the right status The 
Earl of Dundee, who followed, for the Government, apart 
from a closer review of the Newsom Report, added little 
to what Sir Edward Boyle had aheady said mm the House 
of Commons He pomted out that Britaim’s expenditure 
of £414 millon on education in 1952 was just more than 
3 per cent of her gross national product, £804 millon in 
1958-59 was 4 per cent, and the £1,300 million in the 
present year was 5 per cent of her gross national product 
Later, the Earl of Bessborough referred, to educational 
television expressing the hope that this medium would 
be used to the maximum extent possible for educational 
purposes He thought that ultimately 16 might be neces- 
sary for one or more channels to be devoted exclusively 
to education. 


SCIENTIFIC RESEARCH IN SCHOOLS 


"D question of teachers in schools undeitalung 
research m science brings together a number of con- 
siderations which are nicely poised One primary fact 1s 
that any research with a successful outcome 18 a con- 
tribution to the total stock of human knowledge But 
many teachers can be good instructors even if they have 
nothing to do with research, provided that they take the 
trouble to keep themselves informed of new developments 
They are not all capable of worth-while independent 
enquiry, and the courses they pursued before graduation 
may have fallen short of making them familar with the 
spirit and techniques of experimental investigation From 
this point of view the teachers most likely to succeed in 
research are those who after graduation stayed on foi 
some time at the university, and then, perhaps finding 
prospects not up to expectations, took up appointments 
in schools In the opposite direction, there 1s always a 
small movement of teachers who after a period of school 
experience return to university work 

Then there are different kinds of research which 
teachers can take up Some are worth pursumg, although 
they do not carry enquiry very far, they can be ‘pottered’ 
with as occasions permit, they need not make any heavy 
demands on attention and may be looked on almost as a 
recreation At the other extreme are research problems 
which take a big slice of a teacher’s free time and mental 
energy Indeed, 1t does not necessarily follow that a 
man. who 1s competent at research 1s a good instructor, 
well versed 1n all sections of the sixth-form syllabus which 
he 1s required to teach The project which he 1s pursuing 
may have scarcely any relation to his school work Again, 
1n so far as research, constitutes an important element in 
his hfe, 1t may draw him away from the corporate hfe of 
the school, lower his social standing among members of 
the local communtty and debar hım from higher educa- 
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tional posts Typically, what he can hope for 1s to become 
head of his own department 

Among considerations of this nature the point of equi- 
poise 1s slowly shifting, and mainly through help from the 
Royal Society an mecreasing number of science teachers 
aie carrymg out research In 1957, taking the view that 
“the teaching of science in schools might be improved, if 
those engaged m ıt were enabled to carry out some research 
work of their own choice, preferably mvolving participa- 
tion by pupils", the Society set up a Scientific Research 
m Schools Committee This Committee invites proposals 
fiom any teacher about a research project which 
he o: she would like to carry out If this meets with 
approval, the Commuttee appoints a suitable adviser— 
usually a Fellow of the Society or a senior member of a 
university department—with whom the teacher can keep 
in contact The Committee is also prepared to consider 
appheations for grants for the purchase of such materials 
and apparatus as may be required 

The sixth annual report of the Committee, which was 
issued ın November 1963, shows that 84 science teachers 
were carrying out research with the help of the Royal 
Society, and that srx original papers had, during 1963, been 
published However, figures recerved more recently from 
the Royal Society mdicate that by mid-January 1964, 94 
science teachers are now participating in the scheme The 
teachers concerned hold appointments in a wide rango of 
schools Secondary Modern, 4, Secondary Grammar, 42, 
Public and Private, 34, and others, 5 The spread of the 
subjects covered was biology, 43, chemistry, 24, 
crystallography, 2, engmeermg, 1, geology, 6, physics, 
14, radio-astronomy, 3, and time and motion study, l 
The grants supphed by the Royal Society for these 
projects totalled £619 m 1957-58, while the figure for 
the year 1962-63 was £4,450 


THE BRITISH ANTARCTIC SURVEY 


ub British Antarctic Survey Bulletin * 1s intended to 
supplement the existing series of monographs, the 
British Antarctic Survey Scientyfic Reports, by providing a 
channel of publications for preliminary reports, short 
notes and papers mcluding some which are not specifically 
scientific The Bullet, which is bemg edited by Dr 
R J Adie and Miss E Todd, will be published as neces- 
sary to cope with tho flow of papers, probably two or 
three times each year 

The first two issues, June 1968 (pp 54) and December 
1963 (pp 96), show that these objectives are bemg met 


*British Antarctic Survey Bulletin, No 1, June 1963. Pp 
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(London British Antarctic Survey, 1903 ) 10s net 


These issues contam four papers on biological subjects, 
three on glaciology, two on meteorology, two on geo- 
physical surveys and one on geomorphology '"Ihe Human 
Element in Polar Exploration", by Sir Vivian Fuchs, and 
the longest paper of 25 pages on “Pola: Ships and Navi- 
gation in the Antarctic”, by J P Morley, are more general 
papers of considerable mterest Summaries of four recent 
“British Antarctic Survey Scientific Reports” are given in 
the first issue, and the foreword indicates that correspond- 
ence concerning papers may appear in the future 

The Bullet is printed on art paper and 1s copiously 
illustrated by photographs, maps, hne drawings, ete The 
quahty and interest of the scientific papers are similar to 
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- TOWARDS A POLICY FOR EDUCATION 


HE debate on education ın the House of Commons 
on January 27 and that on the Newsom Repoit on 
education in the House of Lords on January 29 had much 
m common, ranging freely over issues raised by the 
Crowther Report and the Robbins Report as well as by 
the Newsom Report That in the House of Commons 
was opened by Mr F Willey, who commented on the 
existence of 107 vacancies this year at the colleges of 
advanced technology, 427 vacancies ın courses for the 
Diploma in Technology and 212 vacancies ın courses of 
degree standard He urged the need to devote far more 
resources to research into teachmg techniques and 
teaching methods and finally stressed the importance to 
industry of the craftsman and technician The Minister 
of Education, Sir Edward Boyle, who followed, pomted 
out that m maintamed secondary schools as a whole the 
number of pupils of fifteen and over had rsen from 
250,000 ın 1956 to more than 500,000 in 1963, of whom 
130,000 were imm secondary modern schools Britain’s 
expenditure per capta on secondary education had risen 
by 30 per cent m ten years and since the Second World 
War about £1,000 million of major school building pro- 
jects and mmoi works had started, while some £200 
milhon worth of new major school-building projects 
would be announced in the coming months As regards 
teacher training colleges, m which 80,000 places would be 
available m six years from now, only 290 acceptable 
candidates failed to secure one of the 21,000 vacancies 
this year, compared with 815 ın the previous year, and 
the evidence of the Kelsall Report suggested that about 
half the tramed women graduates and three-fifths of the 
non-greduates with general teaching trammg would 
eventually return to teaching after an average absence of 
nine years 
Sir Edward then announced the Government’s mten- 
tion to raise the school-leaving age to sixteen m the 
educational year 1970-71 He said that the Government 
was satisfied that the supply of teachers was likely to be 
significantly better by 1970, that the necessary buildmgs 
could be provided in time without affecting building 
programmes already announced, and that there would be 
adequate time for the necessary arrangements By 1970, 
if the present national trend contmued, 40 per cent of 
secondary school pupils would be staying on voluntarily 
to the age of sixteen, but this would be very unevenly 
spread as between different areas If all five-year courses 
m secondary schools 16mained optional, whether a boy or 
girl took advantage of the option was likely to depend on. 
his family and neighbourhood tiadition Sw Edward 
beheved that there was still a danger of underrating the 
` particular abilities of many children and that accordingly 
the case for compulsion and setting a target date was 
mescapable He explamed that the Government had 
decided on a date two years later than that recommended 
by the Newsom Report partly because Britam’s present 
efforts to mecrease the supply of teachers would still leave 
her 35,000 short by 1970 of what would be needed to 
achieve a desirable staffing standard, while to raise the 
school-leaving age m 1970-71 would require about 20,000 
extra teachers Any earlier raismg of the school-leaving 
age must increase the severity and the duration of the 
initial setback in staffing standards He hoped that the 
announcement would both merease the flow of graduates 
to the schools and also the 1eturn of women teachers On 
present estimates the effect of raising the school-leaving 
age to sixteen would be to merease the school population 
by about 350,000 from September 1971 A substantial 
school building programme would be necessary and this 


should be possible without disturbing the programmes 
for 1965-68 ‘The plans aiready announced for improving 
primary education would not be affected 

On the impheations for the curiiculum, Sir Edward said 
that the additional pupils would fall broadly mto two 
categories those comparable in ability with many who 
are already stayimg on voluntarily, and those m a low 
category of ability for whom five-year courses were still 
almost unknown Much constructive thought was already 
being given to the best kind of five-year course for the 
non-academic child, and Sir Edward, like many othe. 
speakers m both Houses, pomted out that the Newsom 
Report had emphasized that the standard mdieated by 
average was rising all the time The working party 
appointed m July under Sir John Lockwood to deal with 
school curricula and exanamations was expected to report 
in March, and the volume of educational research sup- 
ported by the Ministry was increasing steadily Projects 
to the value of more than £250,000 already supported 
cover the nature of the learnmg process, experiments with 
the initial teaching alphabet, the educational treatment 
of handicapped children, problems of grammar schools 
associated with different social backgrounds, and projects 
1n further education and teacher traimng Turning from 
secondary education, on which over the next five years 
Britam would be spending an extra £250 mulhon, Sir 
Edwaid said that expenditme on education in this 
Parliament had already risen from £120 million a year to 
£275 million, before the Government's decision had been 
to spend £3,500 millon on higher education over ten 
years Contact had already been established between the 
colleges of advanced technology and the University 
Grants Committee, and it was agreed that the first 
essential was the appointment by the governing bodies, 
1n consultation with that Committee, of academic advisory 
committees for each of the ten colleges For the moment, 
the Ministry of Education was still responsible for the 
affairs of the colleges, but 16 was acting 1n close co-opera- 
tion with the University Grants Committee Sir Edward 
said he had already invited the colleges of advanced 
technology to diseuss how best they could contribute to 
the target of 19,000 students set by the Robbms Report 
for 1967-68, and he hoped shortly to announce revised 
targets and figures for building starts for 1964-66 He 
also referred to the contribution of the technical colleges 
and said that he expected shortly to receive the Henmker— 
Heaton Report on day release 

The Government had not yet reached a conclusion on 
the recommendations of the Robbins Committee concern- 
mg teacher training, but Sir Edward assuied the House 
that all the necessary work was in hand to meet the 
short-term target for expansion The total building pro- 
gramme for 1964-67 of more than £20 millon for the 
traimng colleges was not bemg held up, and tho fact that 
no final decision had yet been reached about the future 
structure of Government did not mean that there would 
be any delay ın rmplementing the Robbins recommenda- 
tion for expanding higher education 

In replying on this debate the Minister for Science, Mr 
Q Hogg, announced that the 1964-65 Estimates would 
melude provision for 2500 postgraduate awards of the 
Department of Scientific and Industiial Research, an 
merease of 25 per cent on the current year, and 1,000 
awards in the humanities, as against less than 500 In 
accepting the advice of the University Grants Committee 
on the recommendation of the Robbins Commuttee for a 
further university m Scotland, m addition to the Unive - 
sity "of Strathclyde, the Government had asked tho 
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Dorothy Hill, research professor m geology m the Univer- 
sity of Queensland, m recognition of her paleontological 
and stratigraphical work, Murchison Medal, to Dr. G H 
Mitchell, assistant director of the Geological Survey, for 
lus researches on Carboniferous and Lower Palzozoie 
geology of the British Isles, Wollaston Fund, to Dr 
M R House, lecturer at the University of Oxford, for 
contributions to Devonian palzontology and stratigraphy , 
Murchison Fund, to Dr R W R Rutland, lecturer at 
University College, London, for contributions to the 
structural and metamorphic geology of northern Norway, 
Lyell Fund, a moiety to Dr D H Griffiths, lecturer at 
the University of Birmmgham, for his researches m 
apphed geophysics ın Europe, India and Antarctica, 
and another moiety to Dr R J Firman, lecturer at the 
University of Nottmgham, for research work on the 
Borrowdale Volcanic Rocks of the Lake District and the 
structural patterns of the Eskdale granite and adjacent 
areas 


Lady Tata International Grants, Scholarships and Fellow- 
ships for Research on Leukaemia and Allied Conditions 


Tae Trustees of the Lady Tata Memorial Trust invite 
appheations for fellowships, scholarships and grants for 
research on leukemia, m the academic year begining 
October 1 In view of the affinity between leukemia and 
other forms of neoplastic disease, candidates with pro- 
grammes of 1esearch on any aspect of malignant disease 
which may throw light on problems of leuksemia will be 
eligiblo for consideration, and especially those studying 
leukamogenic viruses in mammals, the epidemiology and 
natural history of leuksmua, and the genetical and cyto- 
logical aspects The awards offered by the Trust are open 
to suitably quahfied investigators of any nationality, 
working either in their own institutions or in other centres 
abroad, m any country in which 1t will be possible to 
make payments m the coming academic year Applica- 
tions should be submitted before March 31 Further 
information and forms óf appheation can be obtamed 
from the Secretary of the (European) Scientific Advisory 
Committee, Lady Tata Memorial Trust, Chester Beatty 
Research Institute, Fulham Road, London, S W 3 


University News : Aberdeen 


Dr R H Txomson has been appointed to the newly 
created second chair of chemustiy as from April 1. M S 
Phihp has been appointed to a lectureship in forestry as 
from August 1 


Belfast 


Dr G Owen has been appointed to the char of | 
ecology Other appomtments recently announced include 
Drs J W McConkey and G A Woolsey to supernumerary 
lectureships in physics, Dr N Jackson to a lectureship in 
agricultural chemistry, and Drs T N L Patterson and 
A E. Kingston to lectureships m applied mathematics 


East Anglia 


Tur Nuffield Foundation has made a grant of £42,150 
for the support of work on salt and water relations of 
plants, under the direction of Prof J Dainty This work 
will be regarded as complementary to related studies 
m plant physiology which will be carried out at Cam- 
bridge and at Queen Mary College, London, also with 
the Foundation’s support 

Dr L W Morland, at present tutor to the Faculty of 
Science, University of Manchester, and Dr N Riley, at 
present lecturer at the University of Durham, have been 
appointed to senior lectureships mm mathematics m the 
School of Mathematics and Physical Sciences 


London 


Dr R Penrose, visiting associate professor in the 
University of Texas, has been appointed to the readership 
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in mathematics tenable at Birkbeck College The title of 
piofessor of entomology as apphed to hygiene has been 
conferred on Dr J H Busvme in respect of his post at 
the London School of Hygiene and Tropical Medicme 
The followmg titles of reader have been announced Mr. 
G Davidson (entomology as apphed to malaria), in respect 
of his post at the London School of Hygiene and Tropical 
Medicme, Mr W H N Hotopf (psychology), 1n respect of 
hus post at the London School of Economies and Political 
Science, Dr J R Mallard (medical physics), in respect 
of his post at the Postgraduate Medical School of London, 
Dr W E Ormerod (medical protozoology), m respect of 
his post at the London School of Hygiene and Tropical 
Medicme, Dr G P L Walker (geology), 1n respect of his 
post at the Imperial College of Science and Technology 


Announcements 


Mr W F Lester, chief mspector, Pollution Prevention 
and Fisheries Department of the Kent River Board, has 
been appomted chief pollution and fisheries officer of the 
Trent River Board and will take up his new appomtment 
on April 1 Mr Lester succeeds Major J I Spicer, who 
1s retirmg on March 31 after twenty-nine years service with 
the Trent River Board and its predecessor, the Trent 
Fishery Board 


A CONFERENCE on “Hugh Energy Physies", airanged 
by the Institute of Physics and the Physical Society, 
will be held at the National Institute for Research in 
Nuclear Science, Dideot, durmg April 15-17 Fwther 
information ean be obtained from the Admmustrative 
Assistant, Institute of Physics and the Physical Society, 
47 Belgrave Square, London, S W 1 


A COURSE on Recent Advances in Maternal, Foetal and 
Newborn Physiology and thei Practical Importance m 
Medicme” will be held m Cambridge during April 13-15 
The programme will melude sessions on functions of the 
placenta, the foetus and membranes, the newly born, 
pituxtary-ovarian relationships, the metabolism of preg- 
nancy Further mformation can be obtamed from the 
Secretary, University of Cambridge Medical School, Tennis 
Court Road, Cambridge 


TEE second international Fermentation Symposium, 
under the auspices of the Society of Chemical Industiy, 
wil be held in London durmg April 13-17 Subjects 
under discussion wil melude instrumentation, anti- 
biotics and other products of fermentation, biochemical 
engmeermg, culture maintenance and genetics, con- 
tinuous culture, tissue culture and vaccmes Further 
information can be obtained from the Honorary Secretary 
of the Symposium, Society of Chemical Industry, 14 Bel- 
grave Square, London, W 1 


A symposium on '"Phenetie and Phylogenetics Classi- 
fication”, organized by the Systematics Association, will 
be held in the University of Liverpool during April 8-9 
Topics under discussion will include recent advances m 
numerical taxonomy ineluding character weighting and 
evolutionary interpretations, developments m phenetie 
classification of hommuds and other groups, nature of 
characters and biological significance of correlation 
‘pleiades’, fact and fiction m phylogeny Further 
mformation can be obtained from Dr J McNeill, Hartley 
Botanical Laboratories, the University, Liverpool, 3 


Erratum In the article entitled *'Some Cerebio- 
spinal Aspects of Consciousness”, by Dr J P Ciawford, 
which was published in the January 18 issue of Nature, 
lanes 46-49 ın column 2, p 275, should read as follows 
“focusing activities, whether their subjects be ‘memorized’ 
by the anterior hmbie cortex by umprinting on the 'fluid*!* 
emulsion present events, or mtroversion by the motor 
convexity to view the ‘crystallized’ screen of memoiy 
takes place” 
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and within each subject alphabetically by authors 
(Catalogue Collectif des Lares Francgars de Scrences et 
Techniques, 1960-1962 Pp xiv+146 Paris Groupe 
des Editeurs de Livres Frangais de Sciences et de Tech- 
niques, c/o Syndicat National des Editeurs, 117 Boulevard 
Saint-Germaine, 1963) There 1s an author index and an 
alphabetical subject-word index Prices quoted are 
those current in France on September 1, 1963 


Building with Concrete Blocks 


Tus 1s the title of No 7 of the Advisory Note series 
recently published by the Cement and Concrete Associa- 
tion, which sets out to show that concrete blocklaying 1s a 
quicker way of building a wall than bricklaymg (Pp 23 
London Cement and Concrete Association, 1963) It 
achieves 168 object m a most practical manner, and if the 
advice given is followed, both as regards materials and 
manipulation, even an amateur cannot go far wrong 
For many purposes hght-weight concrete blocks possess 
many advantages compared with buldmg bricks The 
former are usually manufactured to standard dimensions 
with an 181m x 9m face, thus one 4-m thick block is 
equivalent to 6 bricks and a 9-m thick block to 12 bricks. 
This means that there is considerable economy in time m 
building a wall with concrete blocks compared with the 
same construction in brickwork. Further, there 1s a 
saving of more than 60 per cent on the amount of mortar 
requued for a wall of the same thickness Other claims 
for this type of block are that ıt possesses high thermal 
insulation value, hugh fire resistance, nails and screws 
can be directly driven mto it, and as a building unit it 1s 
easy to cut if necessary, likewise easy to handle before 
and durmg laymg There are various types of concrete 
blocks available dependmg on the purpose m view, 
hght-weight blocks lend themselves to mternal walling 
not subject to heavy loads, denser blocks are recom- 
mended for higher strength and heavy loads, and also for 
external walls A further choice hes in selection of one 
or other of three types solid blocks, embodying dense or 
light-weight aggregate, which may also be aerated, hollow 
blocks which have the cavities gomg right through, and 
cellular blocks, where the cavities do not go right through 
but are laid with the openmgs downwards giving a full 
bed-face on top for mortarmg This handbook gives 
details on storage and handhng of conerete blocks, specifi- 
cations for suitable mortar, advice on laymg of blocks, 
facing work, protection, etc It ıs well illustrated and 
produced and has the further meri of avoiding unneces- 
sary technicalities Copies are available free of charge 
from the Cement and Concrete Association, 52 Grosvenor 
Gardens, London, S W 1 . 


Flint Tools from Southern Arabia 


Even as long ago as Lower Paleolithic times, differing 
cultures flourishing m different parts of the world can be 
distinguished For example, the makers of coups-de-powng, 
or handaxes, hved throughout the area from Western 
Europe to South Africa and also m Southern India, but 
their tools do not occur m any numbers east of the 
Bhine or m South East Asa In these regions other 
cultures held sway and fashioned their own characteristic 
1mplements The lines of demarcation, however, are 
never ugid, overlapping occurs, and the finding of the 
type tool of one culture in what, theoretically, should be 
the home of another 1s always of great mterest Thus, 
coups-de-powng occur-n Palestine but are very rare further 
north, and, just as one swallow does not make a summer, 
the occurrence of a few such tools in Asia Minor does not 
mean that Acheulean man seriously occupied that region 
A surface collection of flmts from Habarat im South 
Arabia is described in the December 1963 issue of Man 
by Joan Crowfoot Payne, of the Ashmolean Museum at 
Oxford, and Stewart Hawkins, the finder, and 1s of con- 
siderable mterest, including, as ıb does, a couple of 
Acheulean ovates Habarat is an oasis 70 miles north- 
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north-west of Ras Dharbat Ah, a headland m the centre 
of the South Arabian coast Flmt tools were collected 
from a site not far from a sprmg The two handaxes were 
found together on a flat hilltop overlookmg the wad1, the 
other group of flmts would appear to belong to later 
industries and include knives, tanged arrow-heads, leaf- 
shaped points, scrapers and flakes Handaxes have been 
found, though rarely, elsewhere m South Arabig, for 
example, by Dr Henry Field, but the two 1n question can 
also be compared with a fine seres fiom the oasis of 
Kharga to the west of the Nile, discovered and published 
by Dr Caton-Thompson 


Action of Trypsin 

C Roby, M Charsaigne and J P Leroux have recently 
investigated the mode of action of trypsm on the three 
stages of coagulation (Hemostase, 3, No 3, 1963) The 
coagulant action of trypsin 1s neither thrombin-like nor 
thromboplastin-hke ıt 1s probably explained by a wide- 
spread activation of coagulation factors This activation 
only occurs m the presence of calcium and is sensitized 
by the addition of cophaln A quantitative rolationship 
exists between the percentage of adsorbable factors and 
the coagulation time of a system consisting of trypsm, 
calerum, cephalin, adsorbed bovine plasma and dilutions 
of the plasma under test for variable content of adsorbable 
factors This quantitative relation has been verified by 
using artificial mixtures and Christmas disease plasma 
The authors show that the ‘trypsm time’ thus defined 
makes ıt possible to estimate the percentage of adsorb- 
able factors (K-test) which simultaneously takes into 
account the factors of the prothrombin complex and 
factor IX Attention is directed to the suitability of this 
‘K-test’ for the control of anticoagulant treatment by 
an&-vitamm K drugs and for rapid distinction between 
deficiencies of factors XIII and IX 


Malaria Terminology 


Tn 1953 the World Health Organization pubhshed & 
terminology of malaria m English, followed one year later 
by the French text It was widely welcomed as a valuable 
guide through the intricacies of malaria terminology and 
a help towards rendermg 15 uniform throughout the world 
In the ten years that have elapsed since :ts publication 
the malaria situation has greatly changed Chemotherapy 
has made considerable advances Knowledge of the 
mosquito vectors has creased greatly, m part stimulated 
by the appearance of resistance to various msecticides, 
with the threat that this entails Active research on new 
msecticides 1s im progress and holds some promise These 
developments are closely lnked with the principal 
change the almost world-wide conversion of malaria 
control mto malaria eradication The latter concept has 
led to the mtroduction of new epidemiological and opera- 
tional concepts and, consequently, terms The need for 
a new approach to malaria termmology, has been m- 
creasingly felt in the past few years, both to mcorporate 
the new concepts and to brmg the previous termmology 
up to date where 15 has been superseded by newer know- 
ledge This work has been undertaken by a World Health 
Orgamzation Draftng Committee composed of Dr A 
Gabaldon, Ministry of Health and Social Welfare, Vene- 
zuela, Profs P C C Garnham and G Macdonald, London 
School of Hygiene and Tropical Medicine, and Dr E J 
Pampana, University of Rome (Terminology of Malaria 
and of Malaria Eradwation Report of a Drafting Com- 
mittee Pp 127 Geneva World Health Organization, 
London HM S'O, 1963 12Sw francs, 20s , 4 dollars) 


The Geological Society of London: Awards 

Tue following awards for 1964 have been made by the 
Geological Society of London Wollaston Medal, to Su 
Harold Jeffreys, formerly Plumian professor of astronomy 
m the University of Cambridge, for his outstanding con- 
tributions to the science of geophysies, Lyell Medal, to Dr 
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to mmuimuize delays The Department of Scientific and 
Industrial Research was prepared to consider applications 
for post-doctoral fellowships from scientists who propose 
to leave for research experience overseas and who wish 
to take up fellowships on their return, and improvement 
in the scale of technical assistance for university research, 
recommended by the Robbins Committee, was being con- 
sidered m this context Increase m the number of senior 
posts m universities was closely related to questions of 
university salaries and must await the report of the 
National Incomes Commission Steps to facihtate the 
return of scientists and technologists to Brrtam after 
research experience overseas, particularly by the work of 
the Jomt Interviewmg Board of Civil Service Commis- 
sion, the Atomic Energy Authority and the Central 
Electricity Generating Board were being progressively 
improved, and the Department of Scientific and Indus- 
trial Research was giving the Board authority to appoint 
some suitable candidates mterviewed in America direct 
to fellowships without reference back The maim answer 
to the emigration problem, Mr Hogg thought, was the 
articulation and implementation of a scientific policy 
suited to Britam’s national requirements. 


Government Development Contracts and Grants 


IN a written answer to a question in the House of 
Commons on February 5 regarding development contracts 
and grants, the Mumuster for Science stated that eight 
development contracts had been placed by the Depart- 
ment of Scientific and Industrial Research One was with 
the Staveley Industries, Ltd , for a numerically controlled 
machine tool at a total cost, to both parties, of £336,000, 
another with Dobbie McInnes (Electronics), Ltd , for an 
automatic cartographic equipment at a total cost of 
£57,000, five for research and development into advanced 
computer techniques with Mullards, Ltd , the Plessey 
Co (UK), Ltd, Standard Telephones and Cables, Ltd , 
and Elhott Bros (London), Ltd, at a total cost of 
£300,000, and with Craven Bros (Manchester), Ltd , for 
a gear grinding machine at a total cost of £200,000—this 
contract was termmated in October 1963 because the 
design study plan revealed major obstacles in developing 
the basic design concept An earmarked grant of up to 
£107,200 over six years had been placed with the British 
Welding Research Association for research into fatigue of 
welded structure, and five more earmarked grants had 
been offered but had not yet been accepted 


' The Channel Tunnel 


IN a statement made simultaneously m both Houses 
of Parliament on February 6, the Government announced 
that as a result of investigations undertaken jomtly both 
the British and the French Governments considered that 
the construction of a rail Channel tunnel was technically 
possible, and that m economic terms it would represent & 
sound investment of their resources The two Govern- 
ments had therefore decided to go ahead with this pro- 
ject, and the next step would be to discuss further in 
particular the legal and financial problems involved 
Bearmg in mmd the very heavy burden of existing com- 
mitménts and the many other competing claims on the 
national resources of the two countries, 16 remained to be 
decided when and how the expense involved could best 
be sustamed At the present stage of the discussions the 
two Governments had not decided whether there was a 
role, and, if so, m what form, for the participation of 
private equity capital, but ıt was clearly understood 
that, whatever happened, the Governments must have 
full control of any future operating company This, 
together with the fact that private finance would require 
Government guarantees, must mevitably affect the final 
decision Answermg questions, the Earl of Dundee said 
that ıt was essentially a question of priorities in the use 
of materials and skilled labour, and’ that the estimates 
were based on an underground rail tunnel 
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British Technical Co-operation Overseas 


Iw a statement about the expansion of overseas service 
by young volunteers made m the House of Commons on 
February 12, the Secretary for Technical Co-operation, 
Mr R Carr, said that of 19,000 British men and women 
workmg m the developing countries, mamly m the 
Commonwealth, with Government assistance, about 550 
were young volunteers, and under plans already announced 
this number would merease to 800 in September 1964 
For the 1965 programme, the Government would con- 
tribute 75 per cent mstead of 50 per cent of the British 
costs, and the number of volunteers would increase to 
1,300, of whom 1,000 would be graduates The Govern- 
ment’s contribution would merease, accordingly, from 
£270,000 to about £650,000 The outstandmg success of 
the services rendered by volunteers fiom Britam was 
attributed to thar hgh quality and to the soundness of 
the projects to which they were assigned, and the Govern- 
ment had no doubt that the volunteers should continue 
to serve under the auspices of the mdependent voluntary 
societies, which would continue to work m close co-opera- 
tion with the Department of Technical Co-operation, and 
their activities would be co-ordinated through the Jomt 
Committee with Sir John Lockwood as chairman The 
societies had now agreed to the estabhshment for three 
years in the first mstance of a-new Council for Volunteers 
Overseas to arouse public interest and support Of this 
Council, Sir John Lockwood would be a member and the 
Duke of Edmburgh the fist president A similar stato- 
ment was made simultaneously m the House of Lords 
The statement was generally welcomed in Parliament 
though some speakers criticized the scale of tho effort, 
It was emphasized that the voluntary effort would be 
closely associated with the main professional effort and 
-that the mam demand from the developing countries was 
for graduates rather than school-leavers 


The Low Temperature Research Station, Cambridge 

Tug annual report for 1962 of the Low Temperature 
Research Station of the Agricultural Research Council, 
Cambridge, has recently been published (Pp 43 London 
HMSO, 1963 3s) Asim previous reports, a few items 
have been selected from the present work of the Station 
for & report m sufficient detail for them connexion with 
apphed problems to be adequately described In this 
way 16 1s hoped to cover the programme of work every 
three years This report includes the following ‘““Ihe 
Contribution of Connective Tissue to the Toughness of 
Meat"; "Some Recent Histological Aspects of Texture in 
Meat”; ‘Physiological Considerations m the Production 
of Eggs and Table Poultry", ‘“Blackenmg of Plant 
Tissues”, “Ethylene Oxide and the Ripenmg of Fruit’, 
“Problems of Resistant Organisms m the Preservation of 
Foods with Antibiotics”, and "Radiation Chemistry m 
Food Research" Some sixty-nine origmal papors were 
published durmg the year The report records that the 
year was a particularly eventful one for all food scientists 
The Station took a leadmg part in the organization of the 
first International Congress of Food Science and Tech- 
nology held m London durmg September 1962, and con- 
tributed some 27 papers to the scientific programme, a 
visit was paid to the Station by eighty overseas members 
of the Congress  Followimg the Congress, an advanced 
study course, sponsored by NATO, on “Biochemistry and 
Biophysics m_ Food Research” was held at the Low 
Temperature Research Station Further manifestations 
of the vigour of this relatively new (though “rather ill. 
defined”) branch of apphed science were the setting up of 
new university teaching departments and the mauguration 
of an Institute of Food Science and Technology 


Catalogue of French Scientific and Technical Books 

A SELECTED catalogue of scientific and technical books 
at present on sale and published by French publishers 
during 1960-62 ıs arranged systematically by subject 
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of teaching & basic mmimum of chemustry, physies and 
mathematics smgle-handed to Prospective physiologists 
For a few years he made the effort to accomphsh the 
mnpossible task, lack of equipment, of adequate teachmg 
space, of co-ordination with other Departments and, of 
course, lack of staff, brought his hopes to an end He 
eventually gave up the effort to teach a special physiology 
course beyond what was required for Part I of the Fmal 
Exammation. This meant that his only research students 
came fiom outside the department Although he is 
gratefully remembered by these, and his intercollegiate 
courses were much appreciated, he really was disappomted 
in his efforts to promote physiology m the College He 
was probably mistaken m keepmg the mtake of students 
down to the space available, yet his extraordinarily good 
Judgment of potential ability was shown by the high 
proportion of first-class students, meludmg two who m 
successive years headed the University hst, among the 
small numbers he admitted 

Haines’s personal gifts were remarkable He was a 
notable landscape pamter and cunning caricaturist and 
author of a book Tone and Colour in Landscape Panting 
His portrait of Fritsch hangs in the departmental hbrary 
together with one of himself by his friend Chamberlain 
He had a gift for acting and was prominent 1n his local 
dramatic society He was a good performer on several 
imstruments meludmg the violm and violmeello, and 
had a large collection of records mainly of Mozart and pre- 
Mozartian composers He was an excellent engineer and 
m his workshops at home had made his radiograms and 
the tape recorders on which he recorded himself playmg 
all the parts of a quartet, and was probably the only 
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botanist to address the College Electronics Society on the 
subject of the construction of recording mstruments 
During the Second World War, when the College had been 
evacuated to Cambridge, he gave much of his time to the 
servicing and driving of tractors and other machmery on 
2 large farm in the neighbourhood He was keenly 
interested m reptiles and amphibia of which he at one 
time had a considerable collection, ultimately given to 
the Zoo He was an expert photographer and possessed 
cameras and lenses for every kind of situation He had a 
good knowledge of European languages 

Personally, Haines was the lundest and gentlest of men, 
although the tolerant manner could conceal a deep-seated 
contempt for pretentiousness and pomposity, such 
qualities, however, aroused in hım only the quiet laugh, 
never antagonism, for he always looked for the best in 
people and fiequently did not see the reahty Students 
liked and trusted him and always went to him with their 
troubles, to medical students especially he gave up much 
time in help and guidance He was loyal to his steff, 
to the College and to the University 

His originally athletic physique had been undermmed 
by successive attacks of rheumatic fever which severely 
damaged the heart, repeated operations for mastoid 
resulted m partial deafness These disabilities were cheer- 
fully borne until them increasing severity led to his 
premature retirement m 1958 

He contmued his many activities at Fordingbridge 
until the winter of 1963 His frends will remember 
him affectionately as he described himself in retire- 
ment Merlin, “the wizard that was” 

M B E Gopwarp 


NEWS and VIEWS 


Chemistry in the University of Kent at Canterbury - 

Prof. G R Martin 
. Mr G R Martin, reader ın radiochemustry ın the 
University of Durham, has been appointed to the chair 
of chemistry m the Umversity of Kent at Canterbury 
Mr Martin graduated fiom the Imperial College of Science 
and Technology in 1939 and, after workmg there under 
the direction of the late Prof H V A Briscoe and Prof 
H J Emeléus, came to Durham m 1941 as research 
assistant to the late Prof F A Paneth From 1942 until 
1946 he was engaged on work for the British atomic 
snergy project, first at the Cavendish Laboratory with 
Dr E Bretscher and later m Montreal In 1946 he 
returned to Durham as an Impenal Chemical Industries 
Research Fellow, and was closely concerned with the 
establishment of the Londonderry Laboratory for Radio- 
chemistry in. 1947 and, since the late Prof Paneth’s retire- 
ment in 1953, with its direction During his time m 
Durham, Mr Martın has had two mam research interests 
on one hand, he has been concerned with the application 
of radiochemical techniques to problems m gas-phase 
chemical kmetics and to analytical chemistry, and on the 
other, problems of a more characteristically nuclear 
interest have been approached by essentially chemical 
methods He has been particularly mterested m fast 
neutron mduced reactions (especially the fission of heavy 
elements) and in the application of techniques for the 
measurement of milhmieromole quantities of helium to 
neutron stendardization problems and to the Study of 
the diffusion of gases in metals. He has served as con- 
sultant to the Atomic Energy Authority and other 
governmental establishments 


Psychology in the University of Aberdeen 


Prof Elizabeth D Fraser 


Dr ELIZABETH Fraser has been appointed Anderson 
professor of psychology in the University of Aberdeen, 


and thus hers 1s the distinction of being the first woman 
professor in the history of this ancient University Dr 
Fraser was educated at Fortrose Academy and the 
University of Aberdeen, where, before she left m 1943 to 
become a scientific officer at the Air Ministry, she obtained 
both the MA and Ed B degiees At the Aur Ministry, 
besides consistently categorizing V1 flymg bombs as 
motor-cycles, thereby risking her own neck and those of 
other now-emment psychologists, she was concerned with 
air-ciew selection After the Second World War, she 
spent a year helping to pioneer a psychological service for 
the Cornwall Education Authority before returning to 
the Psychology Department in Aberdeen Her early 
research was into the effect of home environment on 
educational progress This work, now published under 
the title Home Envwonment and the School, makes & real 
contribution and, anticipated the present lively mterest in 
this question At this time she was a member of an mter- 
diseiphnary group mvestigaimg the effect of lysergre acid 
and mescahne on human behaviour, and 16 was this work 
which led to her present research interest imn mdividual 
differences in normal percervmg Dr Fraser ıs not only 
& most effective teacher, she 1s also very much concerned 
with this aspect of her job, and thus she is a worthy 
successor to the late Prof Rex Knight (obituary, Nature, 
198. 1142, 1963), who built the Aberdeen Psychology 
Department on foundations securely laid by men hke 
Thomas Reid, Alexander Bam and G F Stout 


Employment of Scientists in Britain 


In a written answer m the House of Commons on 
January 31, the Minister for Science, Mr Q. Hogg, stated 
that he had authorized tho Research Councils to pay 
university departments an additional £200 per annum in 
respect of each holder of a postgraduate research student- 
ship or fellowship, and the procedure for awarding research 
grants was bemg re-exammed, while steps had been takon 
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Table 2 ENHANCEMENT OF THE ANTIBACTERIAL ACTIVITIES OF AMPICILLIN OR BENZYLPENIOILLIN AGAINST GRAM-NEGATIVE BACTERIA IN THB PRESENOR 
OF METHICILLIN OR CLOXACILLIN 























Minimal mhibitory concentration (ug/ml ) 
(Serial-dilution m broth, inoculum, one drop of an overnight broth culture) 
| Ampieillin Ampieillin » Benzylpenieillm Benzylpenieillm 
Amptieillin with methicillm * with eloxaeillm * Benzylpenicillim with methieillin * with eloxacillin * 
Escherwla cols R136 25 | 25 25 > 250 125 25 
Escherichia colt 1340 25 25 25 l 50 60 B0 
Escherichia colt R9 50 | 50 50 | 50 50 50 
Aerobacter aerogenes A >100 50 50 | 50 50 50 
Aerobacter aerogenes R92 10 | 10 <50 | — — mE 
Proteus vulgaris A 50 10 | 25 25 25 10 
Proteus mirabilis R26 50 50 50 | 25 50 50 
Proteus marabiis R34 125 125 126 50 | 50 50 
Paracolon A 10 25 25 | 50 | 50 25 








* Methicillin or cloxacillm were present at a concentration of 10 g/ml 

up to 50 ug[mi 
activity against any of the bacteria at concentrations of 
up to 50 pg/ml, and the concentration of 10 ug/ml used 
m the tests was chosen as bemg one which can be readily 
obtamed m the serum m human beings with normal dosage 

It will be seen from Table 2 that a striking degree of 
synergism could be demonstrated with certain strams of 
bacteria For example, against Escherichia cole R136 
ampicillm was mhibitory only at a concentration of 
25 pg/ml, and cloxacillm alone at a concentration of 
10 pg/ml was without effect In combmation with 10 
ug/ml of cloxacillm, however, ampicillin was inhibitory at 
25 ug/ml Similar synergistic effects were seen with various 
strams of E colt, Aerobacter aerogenes and Proteus sp 

In general, synergism was observed more frequently 
with benzylpenicillm than with ampieilm, and this may 
be associated with the fact that ampicillm is more stable 
than benzylpenicillin to the penicillmases produced by 
certain Gram-negative bacteria!-* As a result of this, 
certam organisms are sensitive to ampicillm but are 
relatively msensitive to benzylpenicilhn and ıt was with 
this group of bacteria that synergism with benzylpeni- 
eln was most marked However, although the mmmum 
mhibitory concentrations of benzylpemeulm were in 
certain cases diminished considerably in the presence of a 
penicillmase-stable pemeillin, they were m general no 
lower than those obtained with ampicillin alone More- 
over, no one combmation of pemeillns was consistently 
more synergistic than any other, and there was a distinet 
variation from stram to strain, so that with certam bacteria 
synergism was more marked with methiedhn than with 
cloxacillin, while with other strams the converse was the 
case 

It was observed that m certam cases mhibition of 
penicillmase was not reflected m the results of the mim 
mum mhibitory concentration tests because of intrinsic 
insensitivity of the organisms, penicillnase playing httle 
part in the resistance of these bacteria In other cases 
where synergism was apparent in the serial-dilution tests, 
the amounts of penicilinase produced were too low to 
permit mbhibition of the enzyme to be studied by the 
methods used Moreover, quantitative differences would 
also arise because fixed concentrations of 1 ug/ml of methi- 
cılhn or cloxacillin and 10 ug/ml of ampicillin and benzyl- 
penicillin were used in the enzyme investigations, whereas 
in the serial-dilution tests concentrations of ampioillm, 


D 





These penicillins were mactive agaimst the test organisms at concentrations 


and benzylpemedlhn from 1 pg/ml to 500 pg/ml were 
combmed with a concentration of 10 ug/ml of methelln 
or cloxacillin 

In order to assess the possible chnical value of such 
synergism, a survey was carried out with 350 freshly 
isolated chmical strains of Gram-negative bacilli In 
these experments, strams of bacteria which had been. 
found to require more than 5 pg/ml of ampicillin or 
benzylpenieillm for inhibition were tested for sensitivity 
to these penicillms alone and m combmation with 10 
ug/ml of methicillin or cloxacilm Of the total of 350 
isolates, 62 per cent (217 strams) were mhibited by 
ampicillin alone, at a concentration of 5 ug/ml or less 
With the strains which required a concentration greater 
than 5 pg/ml for imhibition, 9 per cent (12 strains) 
showed a significant degree of synergism, but only m 4 
per cent (5 strains) of these isolates was this effect adequate 
to reduce the minimal inhibitory concentrations to values 
of 5 pg/ml or less With benzylpenieilm the situation 
was similar As would be expected, sensitivity to benzyl- 
penicillm alone was not so frequent as was the case with 
ampicillin and only 18 per cent of the isolates (63 strains) 
wero sensitive to concentrations of 5 pg/ml of this peni- 
callin or less Of the strams requiring greater than 
5 ug/ml of benzylpenielln for mhibrtion (287 strains) 
a significant degree of synergism was demonstrated 
with 17 pei cent (49 strams), but m only 6 per cent (17 
strains) was the mmimum inhibitory concentration reduced 
to 5 pg/ml or less Therefore, although synergism 18 
clealy demonstrable with certain strains of Gram- 
negative bacteria, these constitute only a small propor- 
tion of the bacteria encountered routmely, and the degree 
of synergism would seem to be inadequate for this to have 
useful clinical application 

R SUTHERLAND 
F R BATOHELOR 
Beecham Research Laboratories, Ltd , 
Research Division, 
Brockham Park, Betchworth, Surrey 


1 Perega A , Brumfitt, wY , and Louvois, J de, J Gen Macrobrol , 82, 77 
1 


2 Smith, J T , and Hamilton-Miller, J M T , Nature, 197, 976 (1963) 
® Sutherland, R , J Gen Miwrobil (in the press) 

3 Hamilton-Miller, J M T , Biochem J , 87, 209 (1903) 

> Goodall, R , and Davies, R , Analyst, 86, 326 (1961) 

*Ayliffe, G A J, J Gen Macrobiol , 80, 339 (1963) 


OBITUARY 


Prof F. M. Haines 


FREDERICK MERLIN Hares, who died on December 29, 
aged sixty-five, was born m 1898, the son of Frederick 
Haselfoot Hames and Eva Mary Hames, of Winfrith, 
Dorset He was educated privately and at Exeter School, 
graduating at the University of London as a student of 
the late F E Fritsch, at East London (now Queen Mary) 
College, who appomted him to his staff im 1021 He 
was awarded the DSc degree for his work on plant 


transpiration under high pressures, and became reader 
succeeding his former professor m the chau in 1948 
Durmg his tenure, the Department was extended, the 
physiology research laboratory, workshop, darkrooms 
and cytology laboratory added, and the first expensive 
equipment the Department had ever possessed, namely, a 
lathe and several research microscopes, purchased Yet 
he was disappomted m his hopes of encouragmg physio- 
logical research Hames found himself with the necessity 
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Table 2 
Minimum inhibitory concentration (ug/ml ) 
Stram of Benzylpenicillin Ampieillin 
K aerogenes Y 
2 3 1 | 2 3 
1 31 1,000 500 31 | 2,000 250 
43 63 1,000 125 31 1,000 250 
370 250 1,000 500 1 2,000 125 
402 50 400 50 31 1,000 250 
407 31 500 250 16 1,000 | 125 
414 31 500 250 16 1,000 125 
415 25 400 25 13 200 | 50 
418 125 63 25 1,000 | 
1 


e 
o 





Inoculum size effect «n vtro Rows 2 and 3 were inoculated with about 
10 bacteria and row 1 with about 10 bacteria Row 3 contamed 10 ug/ml 
of methicillm m addition to the concentration of penicillin shown 
cilin, against any stram tested The results obtamed 
with combmations of ampicillin or benzylpenicilin with 
methicillin are shown ın Table 2 It seems clear that these 
moculum size effects are a reflexion of a penicillinase type 
of resistance It can be seen that this type of resistance 
against benzylpenicilin can be abolished completely, 
for example, m strains 402 and 415, by the presenee of 
methicillm, and that some degree of synergism between 
either benzylpenicilhn or ampicillin with methreilln can 
be demonstrated in most of the strains tested, usmg K 
aerogenes However, no synergism occurred for E col; 
and Proteus morgan. strams m similar circumstances 

Further mvestigations were carried out to determine 
whether this synergism due to mhibitjon of penicillinase 
could be demonstrated ın vwo Four groups of albmo 
mice of similar average weight were mjected mtraperiton- 
eally with 15 LD,. exponentially growing K aerogenes 
402 organisms (LD;, = 75 x 107) and each group was 
treated with penicillms by subcutaneous mjeotion at a 
dosage of 100 mg/kg thus group A received benzylpem- 
cullin, group B methicillin, group C benzylpeniillm and 
methicillm, and group D (control) sahne only Four 
such penicillin mjections were given, the first 30 mm 
before challenge and the remainder at 3-h intervals 
In addition the saline and penicillin solutions were injected 
into unchallenged mice as controls Similar experiments 
were carried out usmg K aerogenes 415 (LD,, = 45 x 
10’ bacteria) mn mice treated with a combination of benzyl- 
peniculin or ampicillin with methicillin In no case could 
a difference be detected between the four groups, in terms 
of numbers of survivors, at any time between 18 and 48 
h afte: challenge 

The results of these experiments mdicate that these 
strams of K aerogenes, even m small inocula, show too 
great an intrinsic resistance to be treatable «n vwo by 
pentcillms Moreover, in the case of large mocula, a 
penicillmase type of resistance 1s supermnposed on this 
Thus, although the abolition of the penicillmase mechan- 
ism m these strains by inhibitors ıs of considerable 
academic interest, for example, as a tool to mvestigate 
the relative importance of different mechanisms of resist- 
ance, its practical appleations are limited at present 
We thank Beecham Research Laboratories for gifts of 
penicillins 
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Synergistic Activity of Penicillins against 
Penicillinase-producing Gram-negative Bacilli 


THE semi-synthetic penicillms, methicillm and cloxa- 
cillm, which are highly stable to staphylococcal pemiecil- 
Imase are also stable to the penicillmases of many Gram- 
negative bacteria? However, these penicillins have little 
activity agamst Gram-negative bacteria because of 
intrinsic insensitivity of the organisms, and consequently 
penicillmase-producmg and  non-pemeillmase-produemg 
Gram-negative bacteria are equally insensitive to methi- 
cillim and cloxaedlhn? With ampicillin and benzyl- 
peniculin, however, this 18 not the case, and with certam 
Gram-negative bacteria penicillinase production may be 
important m determmmg the activity of ampucillm or 
benzylpenicillin® 


Table 1 RATE OF INACTIVATION OF AMPICILLIN OR BENZYLPENIOILLIN IN 
THE PRESENCE OF METHICILLIN OR CLOXACILLIN, AS A PERCENTAGE OF THE 
RATE IN THE ABSENCE OF METHICILLIN OR CLOXACILLIN 














Benzyl- Benzyl- 
Ampricillm | Ampieillm | penicillin | penicillin 
10 g/ml | 10 pg/ml | 10 ug/m! | 10 ug/ml 
Organism + + + + 
methicillin | cloxacillin | methicillin | eloxacillin 
lug/ml | lug/ml | 1ug/ml | 1 ug/ml 
Klebsiella pneumomae C «1 45 15 50 
Escherichia coh 83 14 86 19 100 
Eschervchia cola 70 42 100 7 70 
Escherichia colt R136 62 38 86 100 
Aerobacter aerogenes A 64 90 45 100 
Aerobacter aerogenes G 67 100 27 77 
Pseudomonas pyocyanea —* —* 24 «1 
Proteus vulgaris A 11 45 28 1 100 
Mes MESE 








* Ampicillin was highly stable to this penicillinase 


In the case of certam pemicillmase-producing Gram- 
negative bacteria, penicillinase activity can be mhibited 
with methicillm‘ or cloxacillm, with the result that in 
the presence of one of these penicillinase-stable penicillins 
the rate of mactivation of ampieillm or benzylpenieillin 
is dummished The results im Table 1 show the rate of 
inactivation of ampicillin ın the presence of either methi- 
eillin or cloxacillm as a percentage of the rate of inactiva- 
tion of ampicillin alone, similar results are also shown foi 
benzylpenicilin m the presence of these two penicillinaso- 
stable penicillms In the experiments shown in Table 1 
ampicillin and benzylpenicilin were at a concentration 
of 10 ug/ml, and methicillm and cloxacillm were at 
l pg/ml Pemeulnase activity was estimated by following 
the formation of penicilloie acid using the mucroiodo- 
metric method? It will be seen that the rate of mactiva- 
tion by penicillmase could be diminished in the presence 
of methieillm and cloxacillm With certam bacteria, the 
degree of inhibition of penicillinase activity was con- 
siderable while with other strams the effect was small o1 
non-existent When methicilm and cloxacillin were 
tested ın equal concentration to benzylpenicillin and 
ampicillin (that 1s, 10 ug/ml ) mhibition was much more 
frequently encountered, and almost complete mhibition 
was often observed 

In antibacterial tests «n viro, mixtures of methicillin 
or cloxacilln with ampicillm or benzylpenicillm show 
synergistic effects against certam strains of Gram-negative 
bacteria These organisms are intrmsically sensitive to 
ampicillin or benzylpenieillm but by virtue of theu 
ability to produce penicilinase are normally able to 
destroy these labile pemeihns? In tho presence of the 
penicillmase-stable penicillms, methicillin and cloxacillin, 
the penicillinase activities of these bacteria are dimmmuished 
and the organisms are more sensitive to ampicillm and 
benzylpenicilln Examples of synergism of this type are 
Shown m Table 2 In these experiments, serial dilutions 
of ampicillin or benzylpenicillim were made m nutrient 
broth, and also in nutrient broth contammg 10 ug/ml 
of methicillm or cloxacillm, and the minimal mhibitory 
concentrations were determmed after overnight meuba- 
tion at 37? C Methicillin and cloxacidlm showed no 
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cesses mediated by these enzymes, and no satisfactory 

explanation has yet been given for the fact that most cells 

appear to have very much more DNA than they require‘! 

It 1s, m any event, not difficult to give reasons why an 

over-production of RNA may be necessary, or to imagine 

how a selective process operating on this over-production 

mught confer biological advantages on the cell 
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EFFECT OF PENICILLINASE ON 


Potentiation of Penicillin Action by Inhibition 
of Penicillinase 


T has been reported! that methicillin and oxacillm 

mhibib the hydrolysis of benzylpenicilin by a K 
aerogenes cell-free penicillmase preparation In view 
of this finding, 1t was considered of interest to investigate 
further the mbhuibition of penicillmases derived from 
Gram-negative bacteria by penicillins which are hydrolysed 
slowly by these enzymes A fuller report on this subject, 
and a comparison as regards mbubition by substrate 
analogues of penicillmases from Gram-positive and Gram- 
negative bacteria, has been made? Inhibition was 
measured by the modified! spectrophotometrio? assay for 
peniciltnase In these studios, with pemieillinase 
preparations from E colt, K aerogenes and Proteus 
morgant, 15 was found that the hydrolysis of benzylpeni- 
cillm could be mhibited by all penicillms*® which mdi- 
vidually are hydrolysed slowly The most active inhibitor 
for the penicillindse preparations from the E colt and 
the Proteus morgan? was cloxacillin and for the K aero- 
genes preparation was methicilun Methicillin inhibited 
strongly at a concentration which can be attamed durmg 
therapy, that ıs, 10 pg/ml (24 uM) In view of these 
findings ıt was of mterest to determine whether penicil- 
linase activity could also be mhibrted m whole, viable 
cells zn vitro and wm vivo 

It 1s well known that the apparent sensitivity of peni- 
cilhnase-producmg Staphylococcus aureus*:’ to hydrolysable 
penicillins varies greatly with the size of the moculum, 
but this does not generally occur with non- or slowly 
hydrolysed pemicilins®® An moculum size effect was 
consistently shown by K. aerogenes (8 straims) against 
benzylpenieilhn and ampicillin, both of which are hydro- 
lysed by the penicillinase from this species^* The 
results are shown in Table 1, and ıb can be seen that 
the ratio was greatest with ampicillin, less with benzyl- 
penicillin and least with 6-ammopenicillanic acid How- 
ever, no moculum size effect was shown agamst methicillin 
or oxaeilln, both of which are stable to this penicillmase 
Therefore with these strams this phenomenon, the 
moculum size effect, was used as a marker of penicillmase 
activity on vitro undér physiological conditions m intact 
growing bacteria On the other hand, using two strains 
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THE ACTIVITY OF PENICILLINS 


Table 1 









Ratio of minimum inhibitory concentrations 
(large inoculum small inoculum) 
Strain of a a 


K aerogenes 6-Amino- 
Benzylpentcillin Ampioillin penieillanie acid 
1 64 2 
43 32 2 
370 128 4 
402 32 2 
| 407 64 4 
| 414 64 15 
415 16 8 
418 40 4 





Showing magnitude of inoculum size effect with three penicillins against 
eight strains of K aerogenes The results obtained with any one penicillin 
were significantly different from those obtained with any other (P « 005) 
of penicillinase-produemg E cols (214T' and 419) and a 
penicillinase-producing Proteus morgane (stram G), no 
significant moculum size effect could be demonstrated, 
with a mulhon-fold variation in moculum size, against 
benzylpenicilun and phenoxymethylpenicillm, m spite 
of the fact that these compounds are hydrolysed by the 
penicilinases of these species! The reason for this 1s 
unknown 

Experiments were carried out to mvestigate the change 
m the magnitude of the moculum size effect with K 
aerogenes when 10 ug/ml methicillin or cloxacillm, which 
individually had no mhibitory effect, were meor porated 
into the sensitivity test medium Three rows of dilution 
tubes were set up (final volume 1 ml) the first two rows 
contained serial doubling dilutions of benzylpemeilln, 
ampicillin or 6-amimopenicillenic acid m broth, about 
10 organisms were moculated mto the first row and a 
milhon times this number into the second row, the third 
row contained doubling dilutions of these drugs in. broth 
m the presence of 10 ug/ml methieilln or cloxacillm, 
and was moculated with the large moculum Tubes 
were incubated overnight at 37° C and the mmimum 
inhibitory concentrations read If mhuibition of penicil- 
lnase activity was occurrmg, then, m these conditions, 
a reduction in the mmimum inhibitory concentration for 
the large moculum in the presence of methicillin or cloxa- 
culm should occur The mmmum inhibitory concentra- 
tion was unaffected by the presence of cloxacillm, or by 
any combmation of 6-ammopenicillanie acid and methi- 
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speculation A possibihty which appears to have been 
overlooked 1s that more RNA may be made on the phage 
DNA than 1s required for the synthesis of new protems 
Perhaps, as in the ın vitro system described here, only 
those RNA molecules which form a stable attachment to 
the bacterial ribosomes act as templates for the synthesis 
of protems while the rest are broken down 

Another property of the rapidly labelled RNA, 1n both 
animal and bacterial cells, which could readily be explamed 
on this view 1s 1ts apparent heterogeneity with respect to 
molecular weight Many preparations of the rapidly 
labelled RNA, as obtained by extraction with phenol, show 
extreme polydispersity in their sedimentation behaviour 
It 1s difficult to understand this type of polydispersity if 
it implies that the templates for the synthesis of protems 
are very heterogeneous in size or shape the fundamental 
sub-units of cellular protems do not, so far as they have 
been investigated, show any comparable heterogeneity 
If, on the other hand, only a small proportion of the 
RNA made on the gene 1s meorporated into templates, 
while the rest undergoes degradation, one would expect 
to find much of the rapidly labelled RNA at any one time 
m a partially degraded, and hence polydisperse, condition 
This interpretation of the data 1s supported by the work of 
Arnstem and Cox?*, which indicates that the RNA fraction 
from reticulocytes which supports the synthesis of 
hemoglobm in «n vitro systems 1s a relatively homogeneous 
component with a sedimentation coefficient of about 
30 S, polydisperse preparations, which can be made from 
this component by shght degradation, fail to support this 
synthesisi? 

In the case of the animal cell nucleus, all the information 
at present available could be explamed by the incorpora- 
tion of a fraction of the rapidly labelled RNA into stable 
templates by some selective process operating within the 
nucleus, and by mtranuclear degiadation of the RNA 
which fails to be incorporated mto stable templates The 
experiments which follow give grounds for the belief that 
8 mechanism of this sort 1s not only plausible but also may 
indeed operate m the cell nucleus 

A suspension culture of HeLa cells growmg at 37° C 
was rapidly cooled to 17° C and then maintained at this 
temperature After a few minutes equilibration at the 
lower temperature “C-adenine was added to the cul- 
ture at a concentration of 01 ue/ml together with 
enough carrier adenme to make a final concentration of 
10-* M The incorporation of the precursor mto nuclear 
and cytoplasmic RNA adenme and guanine was measured 
by the methods previously desenbed!? The specific 
activity of the nuclear RNA adenine durmg the course 
of the experiment 1s shown imn Fig 2a In Fig 2b the 
results of a similar experiment are shown, but m this case 
the “C-ademme ‘was introduced after the culture had 
been maintained at 17? for 2h The specific activity 
of the nuclear RNA guanine mirrored that of the adenme 
m both experiments The amount of precursor ineorpor- 
ated into the cytoplasmic RNA was trivial 

It will be seen that at this low temperature the RNA 
made in the nucleus can be resolved mto two components 
one which appears to be synthesized rapidly and which 
undergoes degradation, and a second which appears to be 
synthesized more slowly and which ıs less susceptible 
to degradation. A comparison of curves a and b m Fig 2 
reveals, moreover, that the onset of the fall in the specifie 
activity of the first component is a function of the time 
that the culture has been mamtained at 17° C it occurs 
m both experiments (and m others not published here) 
after the culture has been maintamed at 17? C for about 
3h This result indicates that the first component is not 
simply a ‘metaboleally unstable’ RNA with a character- 
istic decay time for a given temperature It suggests 
rather that synthesis and breakdown of the first component 
take place contmuously and that at 17° C the balance 
between the rate of synthesis and the rate of breakdown 1s 
progressively altered until after about 3 h synthesis 1s 


NATURE 


February 29, 1964 Vor 201 


700 (aJ 


e 
o 
o 


600 


(b) 


400 


300 


w 
e 
o 


m 
e 
e 


Specific activity nuclear RNA adenine (counts/mm-! umole-!) 


0 
0 2 4 6 8 10 
Time (h) 


Fig 2 Incorporation of “C-adenine mto nuclear RNA at 17° C 
a, precursor introduced at zero time, b, precursor introduced 2 h later 


overtaken by breakdown ‘This view 1s supported by the 
observations cited earher which indicate that there is 
continuous synthesis and breakdown of this component 
under normal conditions at 37° C (refs 10-15) 

The later appearance of the second component could 
be due either to an mdependent and slower synthesis 
of an RNA which is mtmnsically less susceptible to 
degradation, or to the operation of some quite different 
mechanism which incorporates a fraction of the newly 
synthesized RNA mto structures which are more resistant 
to degradation One difficulty which is raised by the 
first alternative can be readily explamed by the second. 
If the second component represented the mdependent 
synthesis of a different type of RNA, ıt would be difficult 
to avoid the conclusion that the synthesis of this RNA 
iS less affected by the low temperature than the syn- 
thesis of the RNA in the first component If, however, 
the second component were produced by the operation 
of a different process, for example, the association of 
some of the newly formed RNA with protem, then the 
fact that the two processes have different susceptibilities 
to low temperature presents no problem Furthermore, 
the latter mechanism at once suggests an obvious reason 
for the relative msusceptibihty of the second component 
to the enzyme or enzymes which degrade the first 
These expermnents thus show (1) that mechanisms for 
the degradation of much of the rapidly labelled RNA 
and for the production of a more stable RNA do exist 
in the cell nucleus; (2) that the synthesis of the rapidly 
labelled RNA and the mechanism by which the more 
stable RNA 1s produced have different susceptibilities to 
low temperature The results do not, of course, prove 
that the more stable RNA 1s formed by the mcorporation 
of & fraction of the rapidly labelled RNA into structures 
which are more resistant to enzymatic degradation, but 
this does appear to be a satisfactory interpretation of the 
data 

One argument against the easy acceptance of these 
ideas for the normal cell 1s that the mechanisms mvolved 
appear wasteful But this ıs scarcely a compellmg argu- 
ment It ıs common knowledge that cells may contain 
much higher concentrations of many enzymes than are 
apparently necessary to accomplish the metabolic pro- 
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Fig 1 for the rate of total protem synthesis m HeLa cells, 
although m the connective tissue cells the rate of fall was 
slower After 3 h in the presence of actmomycin D, pro- 
tem was still bemg synthesized in both nucleus and cyto- 
plasm at about 75 per cent of the normal rate There was 
no significant difference between the actinomyem-treated 
cells and the controls durmg the first hour, during which 
about half the labelled nuclear RNA 1n the actinomyem- 
treated cells had undergone breakdown It thus appears 
that most of this RNA is not functioning as a template 
fo. protein synthesis either ın the nucleus or m the cyto- 
plasm 

The demonstration that the functional templates for 
protem synthesis in both nucleus and cytoplasm are 
essentially stable (decay at an average rate not exceeding 
5 per cent/h) raises two mmportant questions (1) How 
18 the synthesis of proteins regulated on stable templates ? 
(2) What 1s the function of the RNA which does undergo 
1apid metabolic turnover im the cell ? N 

Where the templates for the synthesis of protem are 
stable ıt 1s evident that the regulation of this synthesis 1s 
not effected m the manner proposed by Monod and 
Jacob}, namely, by a flow of short-hved RNA molecules 
fiom the genes It must be admitted that we do not 
have any clear idea of the mechanism of this regulation, 
but 16 seems probable that ıt operates at the site of protein 
synthesis itself This view 18 supported by the experi- 
ments of Spencer and Harris**, who showed that regulation 
of the synthesis of certain cytoplasmic enzymes ın Acetab- 
ularia takes place m the normal way even after removal 
of the nucleus, by the work of Mandelstam and McFall**—**, 
who showed that there is m Æ coh a specific metabolic 
regulation of enzyme synthesis which does not involve 
the direct intervention of the regulatory gene, and by 
the observation of Greengard et al 2’, that the synthesis of 
tryptophan pyrrolase can be mduced m rat liver by the 
admmustration of tryptophan even after RNA synthesis 
has been inhibited. 

The biological function of the short-lived nuclear RNA 
in animal cells remains obscure Four possibilities come 
to mind (1) The breakdown of this RNA 1s caused by 
the conditions of growth 4n witro and reflects some form 
of imbalance between the synthesis of protem and the 
synthesis of RNA (2) The breakdown 1s caused by the 
iapid change in the environmental conditions produced 
by the transfer of the labelled cells to non-radioactive 
medium contamimg high concentrations of unlabelled 
nucleosides (3) The short-lived nuclear RNA 1s involved 
in the intranuclear regulation of gene activity (4) Only 
a small proportion of the RNA made in the cell nucleus 
18 mncorporated mto stable templates, the excess, which 
fails to bo moorporated, undergoes breakdown 

The first possibility 1s made unlikely by the experiments 
of Scott et al*® These authors demonstrated an mtra- 
cellular breakdown of the rapidly labelled RNA ın ascites 
tumou: cells growing exponentially «n vwo The character- 
istics of this breakdown were found to be essentially 
similar to those described for cells growing exponentially 
an virol?13 Furthermore, Scott et al 28 showed that the 
breakdown was not due to any trauma sustamed by the 
cells durmg the initial period of their adaptation to condi- 
tions ın the peritoneal cavity subsequent seral trans- 
plantation of the tumour failed to produce any further 
breakdown These expermnents make ıt probable that 
the tracellular turnover of the rapidly labelled RNA 
represents a normal physiological phenomenon, rather 
than the result of some form of cell injury 

In ‘pulse-chase’ experiments, in which cells with labelled 
nucleic acids are transferred to non-radioactive medium, 
high concentrations of unlabelled nucleosides are usually 
added to the medium durmg the ‘chase’ However, in 
anımal cells im culture both purme and pyrimidme 
nucleosides at high concentrations produce marked 
morphological changes in the nuclei and nucleoh??39 The 
possibility has therefore to be considered that the observed 
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breakdown of the-rapidly labelled nuclear RNA might 
be produced by the added nucleosides This possibility 
has been examined m HeLa cells by studymg the effects 
of lugh concentrations of pyrmudime nucleosides on 
the observed rate of release of “C-adenme from the 
nuclear RNA, m both the presence and absence of 
unlabelled adenme derivatives It was found that m 
all cases the pyrimidine nucleosides were without any 
effect on the observed rate of release of ™4C-adenme 
from the nuclear RNA?! These experiments make 1t very 
unhkely that the observed RNA turnover was produced 
by the conditions used m the ‘pulse-chase’ experiments 
themselves This conclusion is supported by the work of 
Scott et al 28, m which a similar turnover was observed 
4n vwo 1n the absence of added nucleosides 

Since the available evidence mdicates that the short- 
lived nuclear RNA is broken down within the nucleus!3715, 
the idea that ıt 19 involved m some way m mtranuclear 
genetic regulation has its attractions, although no precise 
formulation of the mechanism ıs immediately obvious 
Three considerations militate agamst this idea First, 
16 1s difficult to seo why HeLa cells growmg exponentially 
ın vitro, and hence for practical purposes m a steady state, 
should require such continuous and extensive genetié 
regulation Secondly, the kmetics of breakdown of the 
rapidly labelled RNA suggest that the process 1s a random 
one If the process ıs mdeed random, ıb 1s not easy to 
envisage how ıb could form the basis of any very precise 
system of genetic regulation A more serious objection 
stems from the recent observations of Koulsh and 
Klemfeld*?*5 on the effects of thioacetamide on RNA 
metabolism ın liver cells These authors showed that 
gross changes could be produced m the mtranuclear 
turnover of the rapidly labelled RNA without affecting 
the amount of precursor mcorporated mto the cytoplasmic 
RNA®, and without umpairing the ability of the cells to 
multiply** If the rapidly labelled RNA were responsible 
for intranuclear genetic regulation, one might reasonably 
expect that marked interference with the rate of sts 
synthesis or degradation would produce marked altera- 
tions m cell function 

The fourth possibilty does not appear to have been 
explored The idea that much more RNA 1s made 1n the 
cell nucleus than is meorporated into stable templates, 
and that the excess 1s degraded, would explain in detail 
the now extensive, but puzzling, data on the kmetics of 
RNA turnover in animal cells, and it would account for 
the observation that laige alterations m intranuclear 
RNA turnover do not affect the rate of meorporation of 
precursors into cytoplasmic RNA (ref 32) or grossly impar 
cell function? A process in some respects similar to that 
envisaged here does indeed occur in model systems of 
protem synthesis ın veo Thus, Barondes and Niren- 
berg** have shown that when polyuridylic acid 1s used 
to stimulate the synthesis of polyphenylalanme ın an Æ 
col. ribosomal preparation, a rapid breakdown of the 
polynucleotide takes place which 1s not associated with 
synthesis of the polypeptide The fragments of poly- 
uridyhe acid which act as templates for the synthesis 
of polyphenylalanme form quite stable structures with 
the ribosomes and are relatively resistant to the action 
of the enzyme which degrades the bulk of the polynucleo- 
tide This enzyme, moreover, has the same characteristics 
as the enzyme which degrades the rapidly labelled nuclear 
RNA in animal cells* and some of the RNA made m 
bacteria after phage infection®® 

It ıs possible that the phage-mfected cell may also 
provide an example of the same mechanism It 1s well 
known. that when bacterial cells are infected with certain 
phages, much of the RNA made after mfection undergoes 
rapid breakdown’, but ıt 1s less frequently mentioned, 
that there 1s at the same time a progressive accumulation 
of RNA which 1s very much more stable?! The biological 
roles of these two forms of RNA are far from clear, 
although they have been the subject of a good deal of 
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The rate of breakdown of the nuclear RNA was measured 
by the loss of radioactivity from the nuclear fraction As 
previously described, there was a rapid fall m the amount 
of radioactivity m the nuclear RNA, unaccompanied by 
any corresponding rise in the amount of radioactivity m 
the cytoplasmic RNA (refs 14, 17-19) 

The effect of actmomyem D on the rate of protem 
synthesis was measured by addmg this compound at a 
concentration of 2 ug/ml to one of two suspension cultures 
growing m the presence of 4C-leueme The second culture 
served as the control  50-ml samples were taken from 
the two cultures 5 mm after the addition of actinomyem D 
and at intervals thereafter for 3 h, and the total amount 
of radioactivity meorporated mto the cell protein was 
determined by standard methods The rate of protem 
Synthesis m the culture contaimng actmomycm D (the 
slope of the incorporation curve) was expressed as a 
percentage of the rate m the control culture The latter 
was lmear throughout the experiment 

In Fig 1 the percentage of the labelled nuclear RNA 
remammg m the cell over a 3-h period 1s plotted against 
the rate of protem synthesis It will be seen that there 1s 
no simple relationship between the rate at which this RNA 
1s broken down and the fall in the rate of protem synthesis 
the two processes are obviously described by quite differ- 
ent functions The most rapid breakdown of the RNA 
took place durmg the early part of the expermment, where- 
as the most rapid fall m the rate of protein synthesis took 
place m the later part About half the rapidly labelled 
RNA was broken down within the first hour, whereas the 
rate of protem synthesis fell by not more than 5 per cent 
in this time 
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labelled nuclear RNA and the rate of protem synthesis 
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These findings permit certam conclusions (1) Most of 
the rapidly labelled RNA 1s not functioning as a template 
for the synthesis of protem Half of this RNA can be 
destroyed with only a trivial reduction m the rate of 
protem synthesis (2) The templates on which the 
protem is bemg synthesized are not broken down at a 
rate exceeding 5 per cent per hour, smce durmg the first 
hour the fall m the rate of protem synthesis does not 
exceed 5 percent The subsequent fall m the curve 1s in no 
way specific for aetinomyemn D — Similar curves, showing a 
cumulative effect on the rate of protem synthesis, can be 
produced by a wide variety of toxie substances and are 
characteristic of agents the mode of action of which results 
m a gradual death of the cell There 1s no reason to sup- 
pose that such curves measure the rate of breakdown of 
ı functional templates This view 1s supported by the work 
of Reich e£ al 2° on L cells, which also mdicates that the 
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templates for piotem synthesis are not destroyed at a 
rate exceeding 5 per cent per hour, and by the experiments 
of Goldstem et al ?*«, which show that m amnion cells m 
culture synthesis of protem m the cytoplasm contmues at 
an approximately normal rate for several hours after 
removal of the nucleus 

These conclusions are at variance with those reached by 
Levinthal e£ al?! m them work on B subtilas These 
authors found that the ‘decay time’ for the rate of protein 
synthesis (3-4 min) was comparable with the ‘decay time’ 
of the rapidly labelled RNA (about 2 mm), and concluded 
that the rate of protem synthesis was proportional to 
the amount of rapidly labelled RNA remaining mm the cell 
But an exammation of the curves in their papel suggests 
that them conclusion is scarcely warranted by the results 
themselves In the experiments of Levmthal et al the 
fall m the rate of protem synthesis (the rate of change m 
the slope of the ammo-acid incorporation curve) has the 
same general character as that shown in tho present article 
and 1s agam obviously deseribed by a quite different func- 
tion from the family of curves showing the breakdown of 
the rapidly labelled RNA Thus, within the first 2 min 
after the addition of actinomyem D, 50 per cent or more of 
the RNA labelled durmg a 5-mi ‘pulse’ has broken down, 
but the change in the rate of protem synthesis durmg 
this time 1s too small to be detected, whereas after 3 min 
the fall in the rate of protem synthesis mereases 1apidly, 
whereas the rate of RNA breakdown diminishes ^ This 
interpretation of the findings is not mateually affected 
by the possibihty suggested by Acs et al? that actmo- 
mycin D may induce a breakdown of the rapidly labelled 
RNA in B subhhs Whatever the mechanism of the 
breakdown, it 1s clear that this breakdown does not 
determine m any simple manner the fall m the rate of 
protem synthesis 

The experrments on the effect of actmomyem D on the 
rate of nuclear protem synthesis were carried -out by 
autoradiography on connective tissue cells freshly isolated 
from the rat heart?* These cells, when grown on glass, are 
eminently suitable for autoradiography because they 
spread out over the glass surface and become very thin!° 
The average depth of the nucleus m fixed preparations of 
these cells 1s approximately 0 33u The cytoplasm tapers 
away from the nucleus to a barely measurable thmness 
at the edge of the cell, about half-way between the edge 
of the nucleus and the edge of the cell the depth of the 
cytoplasm 1s about 0254 The layer of cytoplasm over- 
lymg the nucleus ıs too thm to be measured, and the 
contribution which this layer makes to autoradiographs 
over the nucleus 1s neghgible 

The breakdown of the nuclear RNA in the presence of 
actinomycin, D was investigated by exposing the connective 
tissue cells for 10 mm to tritiated adenme and then meubat- 
ing them for 3 h in non-radioactive medium contammg 
10-? M adenosine, 2 x 10-4 M. guanosine and actmomycm 
D at a concentration of 2 ug/ml The rate of protein 
synthesis was mvestigated by measuring the rate of mcor- 
poration of tritiated leueme one group of cultures was 
exposed to actmomycin D at a concentration of 2 pg/ml, 
and another served as the control The fixed preparations 
and autoradiographs were processed in the standard way 
so as to reveal labelhng m either RNA or protein as 
required Grain counts were made over nucleus and 
cytoplasm 

The kinetics of breakdown of the labelled nuclear RNA 
1n the presence of actmomycin D were found to be similar 
to those shown ın Fig 1 for HeLa cells treated ın the same 
way About half the radioactivity had disappeared from 
the nuclear RNA within the first hour There was no rise 
in the amount of radioactivity in the cytoplasme RNA 
The effect of actmomycin D on the rate of nuclear protein 
synthesis did not differ significantly from its effect on the 
rate of cytoplasmie protem synthesis over a period of 3 
h In both cases the kinetics of the fall in the rate of 
synthesis had the same general form as that shown in 


ne 4922 February 29, 1964 


or school In order to change the structure of a society 
there must be sufficient alteration m general attitudes 
tor methods of child upbrmgmg to be modified It 1s 
interesting that Ambrose considered that studies were at 
present msufficient to show whether man was basically 
a solitary or a gregarious species However, man’s basic 
nature appeared to demand close contact with at least a 
small number of other human beings, to allow the full use 
of facial expressions and emotional communications with 
others 

H. Hediger (Zoological Gardens, Zurich) spoke of the 
social relationships that occur between animals and men 
Although these depend on certam hmuts such as relative 
size, systematic position and habitat, there are a very 
large number of such mtraspecific relationships, and he 
gave many fascmating examples An animal’s relationship 
with man may be lmıted to one mdividual or to the whole 
species of Homo sapiens, similarly man may regard, 
albert unconsciously, mdividuals of other species as real 
social partners, and Hediger found that this was especially 
true for those who have great affection for animals, or 
who are in frequent contact with them 1n zoos and circuses 

In retrospect, a number of interesting pomts were 
raised durmg the sympostum With the possible exclusion 
of man himself, the msects provide examples of the largest 
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and most highly organized societies ın the animal kmgdom 
These communnties depend on a division of labour and a 
number of feed-back mechanisms that result m the mndivi- 
dual sect altering 1ts behaviour ın relation to the needs 
of the colony. There are also a number of mechanisms 
that ensure control of the number of young produced by a 
colony, 1n relation to resources such as food and the num- 
ber of foragers and nurses Among the primates and man 
the diversity of community structures was striking, 
although the family appeared to be the primary group 
Tt ıs mterestmg that doubt was thrown on man’s 
ability to hve happily ın very large communities The 
stresses and tendencies to aggression shown by man to-day 
could be interpreted as symptoms of over-population 
Thidly, there was the hypothesis of Wynne-Edwards, 
that social behaviour results from rituahzed competition 
for those resources, such as living space and food, that 
are m short supply when population densities increase 
Finally, there was the important pomt that man has it 
within his power to make for himself a more satisfactory 
social life and to mstitute those controls which come mto 
operation automatically m other species and help to 
ensure adaptation to existing resources 
Preeey E Erus 
J B FREE 


FUNCTION OF THE SHORT-LIVED RIBONUCLEIC ACID IN THE CELL NUCLEUS 


: By Pror HENRY HARRIS 
f Sir William Dunn School of Pathology, University of Oxford 


CURRENT theory proposes that the regulation of 
protem synthesis m the cell ıs controlled by the 
flow of short-lived RNA molecules from the genes to the 
sites at which the protems are synthesized}? It has 
been suggested that there ıs a relationship between the 
amount of a particular protem formed and the amount 
of RNA synthesized on the relevant genet, and, smoe this 
RNA 1s supposed to be rapidly destroyed after transfer 
to the cytoplasm, its continued production 1s held to bo 
necessary for contmued synthesis of the protem The 
expermnents which support this theory have been done 
mainly on micro-organisms, and there ıs at present no 
convincing evidence that any analogous process operates 
m higher cell forms’ A search for short-hved ribonucleie 
acids has nevertheless been made ın higher cells on the 
assumption that, 1f such molecules did exist, they would 
be the specific templates for the synthesis of protems 
The measurement of mtracellular RNA turnover is 
beset with formidable difficulties in both animal and 
bacterial cells, due mainly to the presence of large mtra- 
cellular RNA precursor pools which equilibrate relatively 
slowly with exogenous precursors" In the case of 
bacterial cells ıt remains a vexed question whether the 
rapidly labelled RNA breaks down at all under physio- 
logical conditions, and there are those who believe that 
most, if not all, of this RNA 1s & precursor of the mbo- 
somal RNA*? In animal cells there is now little doubt 
that, under the conditions of «n wire cultivation, much 
of the rapidly labelled nuclear RNA undergoes breakdown 
within the cell to acid-soluble end products! This 1s 
the ease both for non-multiplymg cells!:3i and for cells 
growing exponentially’! But there ıs as yet no indica- 
tion that the RNA which undergoes rapid mtracellular 
degradation 1s that which acts as the template for the 
synthesis of protems There 1s evidence that the degrada- 
tion of this RNA takes place mainly withm the cell 
nueleus!2-1? Jf this 1s so, 16 18 difficult to see how a short- 
lived RNA confined to the cell nucleus could act as a 
template for the synthesis of proteins in the cytoplasm, 


The possibility of course at once arises that this RNA 
might be a template for the synthesis of protems within 
the nucleus 

Attempts have been made in both animal and bacterial 
cells to measure the rate of breakdown of the rapidly 
labelled RNA by the use of the antibiotic actinomyem 
D (refs. 14, 17-19, 21) As ıs well known, this compound, 
under certam conditions, mhubits the synthesis of RNA in 
many cells? When RNA synthesis has been suppressed 
m this way the measurement of intracellular RNA break- 
down is greatly facilitated, and the effect of this break- 
down on the rate of protem synthesis can be exammed 
A detailed investigation of the relationship between these 
two processes m B subi has been made by Levinthal 
et al 9 

This article includes some experiments of this sort on 
HeLa cells and rat connective tissue cells When RNA 
synthesis 1s stopped ın these cells by actinomyem D, 
the rapidly labelled RNA in the cell nucleus undergoes 
breakdown, and this breakdown apparently takes place 
within the nucleus!7-1? If, at the same time, the cells 
are exposed to-& radioactive ammo-acid, & comparison” 
may be made between the rate of RNA breakdown and 
the rate of protem synthesis By the use of autoradio- 
graphic methods 1t 18 also possible to compare the rate of 
BNA breakdown with the rate of nuclear protem synthesis 

The rate of breakdown of the rapidly labelled nuclear 
RNA m HeLa cells was measured m the following way 
A suspension culture of the cells was exposed for 10 mm 
to 4C-adenmne The cells were then washed by centrifuga- 
tion m physiological saline and transferred to non-radio- 
active medium contaming 10- M adenosme, 2 x 10-* M 
guanosine and aectmomyoeim D to make a final concentra- 
tion of 2 ug/ml Samples each contaming approximately 
10? cells were taken 5 min later and at suitable mtervals 
thereafter for 3 h The nuclear RNA was separated 
from the cytoplasmic RNA by treatmg the cells with 
phenol-saturated water, and the specific activity of the 
adenine and guanme m the two fractions was determined” 
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to distinguish friend from foe, and C «R  Ribbands 
(School of Agriculture, Cambridge) discussed the methods 
which enable insects of the colony to recognize their 
companions It appears that in ants, bees and termites 
recognition 1s by odour In ants, odour recognition and 
production are inherited, whereas in honey-bees and 
bumble-bees they are acquired There 1s evidence that the 
distmetive odour common to the members of a honey-bee 
colony arises from the colony’s distimetive food supply. 
Colonies of insects are generally tolerant of strangers, 
but Ribbands described experiments with ants and bees 
in which the colonies accepted strangers m ther midst 
He was also of the opmion that a honey-bee colony’s 
reaction to & stranger depends on the state of the colony 
and that recognition of the behaviour of the stranger, 
such as the hesitant fight of robber bees, plays only a 
minor part. 

The problem of regulatmg the numbers of animals 
withm a community in relation to resources was further 
examined by V. C Wynne-Edwards, m a controversial 
paper m which he discussed his recent propositions on the 
origins of social behaviour and the status of the mdividual 
in the social group. He pointed out that many animals 
are adapted to vary or control ther own population 
density and that this control 1s self-regulatory and related 
to the level of food supphes It ıs necessary for an 
anımal to safeguard a food resource, even when ıb 1s 
plentiful, and not to exploit ıt to the point where starvation 
isbegmning This does not seem to be done by competing 
for the food itself, but by competing for substitutes m 
the form of living space and territories Wynne-Edwards 
considered that social behaviour is the apparatus which 
allows rituahzed competition If the population density 
1s low 1n relation to the food supplies, 1t can be increased 
by breeding If the population 1s too high, increased 
aggressiveness can displace some of the members and so 
prevent them from breeding He proposed that social 
organizations, which can evolve m them own right, are 
basically concerned with population regulation, but can 
be built on 1n other directions, as they have been in the 
higher social communities 

J H Crook (University of Bristol) criticized Wynne- 
Edwards’s hypothesis and suggested that avian social 
organizations favour mereases m food exploitation, 
increased protection from predators at the nest and 
maximum productivity He thought that selection acts 
on individuals and that group selection rarely takes place 
Crook also gave a comprehensive classification of the differ- 
ent types of social group among wild birds, both m and 
out of the breeding season 

Social organization among domesticated bird com- 
munities was discussed by D G M Wood-Gush (Agri- 
cultural Research Council, Poultry Research Centre, 
Edinburgh) Factors mutiating aggregation mclude the 
mutual attraction of the chick for 1ts mother end subse- 
quent mprmtmg, and flock formation of the ‘peck mght’ 
and ‘peck dommance’ types Once the social order is 
formed, a high degree of punishment is not necessary 
for its maintenance, which depends on recognition, 
learning processes, displays and calls Wood-Gush com- 
pared the behaviour of domesticated birds with that of 
their wild ancestors in order to assess the extent to which 
selection by man has resulted 1n convergent evolution of 
the domestic species He pomted out that with the 
development of quantitative genetics the effect of the 
structure of the population on its genetic variabihty 
1s increasingly seen to be mmportant, not only m theoretical 
studies on miero-evolution, but also m agricultural prac- 
tices 

J M. Cullen (University of Oxford) reviewed the types of 
social relationship between fishes After dealing briefly 
with interspecific relationships, he discussed the various 
imtraspecific relationships such. as those between male and 
female and parent and young In particular, he pointed 
out the value of parental care in littoral and freshwater 


NATURE 


February 29, 1964 vor 201 


habitats and discussed why i$ would be of httle value to 
pelagic species 

There were five papers dealing with mammals, including 
men S. A Barnett and C. S Evans (University of 
Glasgow) directed attention to the fact that, while 
individual rodents are attracted to each other, m each 
species there 1s also a system of aggressive behaviour 
that tends to cause dispersion They discussed the evidence 
for olfactory, visual, auditory and tactile communication 
between indrviduals of the same species and stressed that 
genetical variation ın behaviour often resulted m mpor- 
tant differences ın the behaviour of domesticated varieties 
and their wild ancestors Olfactory and tactile signals 
would repay further study, particularly the extent to 
which they are learned There may, for example, be 
specific colony odours Barnett questioned the hypothesis 
that eye closure m a submissive individual affects its 
behaviour by cuttmg-off an undesirable stimulus, o1 
affects the threatenmg’ mdividual by providing a less 
provoking stimulus The threatenmg posture itself may 
help to exhaust the attack drive of the performer 

P Leyhausen (Max-Planck-Institut fur Verhaltens- 
physiologie, Germany) directed attention to an aspect 
of man’s social behaviour that has received little attention 
Referrmg to his fascmating studies on the domestic cat, 
Leyhausen showed that, even m this-species, which 1s 
generally considered to be solitary, hierarchies are set up 
Mammalian territories consist of a network of pathways 
connectmg places of mterest and there 1s over-lap between 
adjacent territories Priority rights, based on occasional 
encounters, become established, although common use of 
certain pathways becomes tolerated, so that attraction 
and even friendship develop A social order based on 
territory differs from absolute ranking orders, which are 
valid regardless of locality and timme Hierarchies of this 
second type were established when cats were crowded 
into enclosures that were too small for them to set up 
individual territories Aggression and fighting increased 
and one of the cats became dommant and acted lke a 
despot Play and exercise were reduced and neurotic 
behaviour was shown by those cats which were continually 
attacked by others Leyhausen had observed simular 
behaviour in the overcrowded conditions of prisoner-of- 
war camps, and he believed that such hierarchies were 
becoming increasingly conspicuous m modern mass com- 
munities He put forward the hypothesis that, when man 
was too crowded to establish hierarchies based on territorial 
rights, then democracy became impossible, dictators arose 
and individual liberty was stifled Perhaps ıt was time 
that we began to investigate man’s basic needs and tried 
to organize our societies to satisfy those needs He sugges- 
ted that there were rather narrow limits within which the 
individual could adapt and remam healthy He had no 
doubts that the human race was already overcrowded 
and we would be wise to make greater efforts to control 
our population growth. 

It ıs only im the past few years that systematic studies 
of monkeys and apes have been made under field condi- 
tions, and K R L Hall (University of Bristol) deseribed 
the diverse social organizations found among the primates, 
and pointed out that each type ıs appropriate to the eco- 
logical conditions m which the species hves He made a 
plea that research stations should be set up in suitable 
areas to give continuiby of research, before the habitats 
of the primates become too limited Far more work was 
required before a general analysis could be made, although 
1t was clear that, m general, the family group was the 
basis of social organization among the primates 

In his review of human social groups, J A Ambrose 
(Tavistock Institute of Human Relations, London) also 
stressed the fact that the diversity of social organizations 
in human communities made their study difficult It was 
clear that conditionmg within small, timate, face-to-face 
groups, such as the family, dommated man’s behaviour 
m larger and more umpersonal groups, such as the factory 


No 4922 February 29, 1964 


NATURE 


861 


SOCIAL ORGANIZATION OF ANIMAL COMMUNITIES 


HE Zoological Society of London and the Association 
for the Study of Animal Behaviour recently organized 

a joint symposium at which the social organization of 
animal communities was reviewed and discussed 

Opening the symposium, H Kalmus (University College, 
London) traced the history of man’s mterest m social 
animals and discussed the extent to which 1t was possible 
to relate the organization of animal and human societies, 
always bearmg m mind that human communities have 
probably existed for a mere one millon years, while 
fossil evidence indicates that ants and termites have 
existed in social groups for some seventy million years 
Kalmus directed particular attention to the difficulties 
of explaining how natural selection and genetical change 
have operated durmg the evolution of animals that lve 
m well-organized communities Finally, he pomted out 
that, because of his technology and ability to learn, man 
does not have to await the slow process of genetical change 
to evolve for himself a satisfactory social hfe 

Durmg his summary of papers on the social msects, 
O W Richards listed seven mmportant problems which 
such societies have tosolve Furst, there 1s the organization 
and division of labour, which m insects 1s controlled by a 
variety of stimuli such as those of age, physiological state, 
shared food and pheromones, which act jointly on the indivi- 
dual Secondly, the numbers of young are controlled in 
relation to the size of the nest and the number of foragors 
and nurses withm the colony In the more complex 
societies this has involved the sterilization of the majority 
of females withm the colony Thirdly, the reproductive 
prochvities of the male must be controlled, and Richards 
contrasted the termites, m which the sterile castes contam 
equal numbers of both sexes, with the Hymenoptera, 
m which the haploid-diploid method of sex determmation 
has made it possible to restrict the production of males to 
the tumes when they are necessary to ensure the rapid 
fertilization of the young queens Other problems include 
the supply of food, defence of the colony, adjustment to 
environmental factors like seasonal change, and the main- 
tenance of optimal physical conditions within the nest 

The other papers on social insects reviewed m detail 
the enormous amount of work that has been done on bees, 
wasps, ants and termites, although 16 1s clear that we are 
still ignorant of the many detailed mechanisms that control 
thew communities 

M V Brian (Nature Conservancy, Furzebrook) surveyed 
recent advances ın our knowlecge of caste differentiation 
He described the castes of the various social insects and 
pointed out that, mn the more highly developed communi- 
ties, the caste differences arise before the adult stage 1s 
reached and sometimes result from maternal influence 
during oogenesis The growth and development of larve 
are influenced by their nutrition, and the temperature 
at which they are reared, as well as the size and composition 
of the adult community withm the colony Recent work 
has tended to emphasize the importance of the reigning 
reproductives both in influenemg caste differentiation 
and m inhibiting oogenesis in other females 

Four papers dealt ın detail with aspects of the social 
organization of colonies of termites (W V Harris and 
W A Sands, Termite Research Unit, London), wasps 
(J P Spradbery, Commonwealth Scientific and Industrial 
Research Organization, Australia), ants (D T Wals, 
Marischal College, Aberdeen) and bees (J B Free, Rotham- 
sted Experimental Station) 

Termites occur only ın organized societies, whereas 
most Hymenoptera are solitary Spradbery was able to 


trace the development of social organization m wasps, 
from small communities of Belonogaster, where all the 
females are identical, to the large complex societies of 
Vespula, each of which has a smgle fecundated queen 
and a well-developed worker caste 

The termites differ from the other social msects m 
undergomg incomplete metamorphosis and the juvenile 
stages participate m social activities Polymorphism 18 
general, with reproductives, soldiers, workers and 1m-, 
mature stages m most communities Ants frequently 
show morphological specializations that adapt them for a 
particular caste, although mdrviduals generally undergo 
a series of task preferences with age, similar to those that 
occur m honey-bee colonies, where all members of the 
worker caste are morphologically similar Wallis suggested 
that the degree of activity of an mdividual ant may in- 
fluence task preference Activity increases with age, and 
m some species very low activity 1s associated with the 
‘repletes’ which function as food stores Little 1s known 
about the division of labour among worker wasps, although 
16 18 probably related to the age and size of the mdividual 
and the stage of colony development Individual bees and 
ants readily adapt their behaviour to the needs of their 
colomes, although the mechanisms by which they become 
aware of ther colony’s requirements are mcompletely 
understood 

In 1918 Prof W M Wheeler first suggested that the 
exchange of nourishment and glandular secretions 
(trophallaxis) between the mdividuals of a social insect 
community acts as an mtegratmg mechanism. This 
concept has found mereasmg support, and ıb 1s scarcely 
surprising that all the foregomg speakers emphasized the 
importance of exchange of food Thus Harris and Sands 
concluded that the prmcipal co-ordinating factor of 
the social behaviour of termites ıs trophallaxis (which 
is both stomodeal and proctodeal), and the phero- 
mones that control caste differentiation are ccu- 
lated with the food It is mteresting that recent observa- 
tions have shown that the extensive transfer of nectar 
and water between worker honey-bees serves to make the 
house-bees aware of the mcoming supplies and the foragers 
aware of the colony’s food requirements The work of 
von Frisch et al has shown that ,m the honey-bee 
there 1s a direct communication and transfer of knowledge 
between individuals by means of specific behaviour 
patterns 

M Deha Allen (North of Scotland Agricultural College, 
Aberdeen) discussed the role of the queen in the organiza- 
tion of the different social msect communities She 
pomted out that m the more primitive societies, with small 
colonies, one female tends to be dommant and to lay more 
eggs In advanced societies the queen 1s clearly differen- 
tiated in form and behaviour , she inhibits the ovary 
development of the workers and controls the production 
of sexual mdrviduals The means by which she does this 
are not completely understood In the honey-bee, phero- 
mones produced by the queen are volved, although the 
workers in ther turn appear to modify the queen’s 
behaviour so that reproduction 1s adjusted to the colony’s 
needs The males of hymenopteran societies play little 
part ın colony organization, apart from fertihzmg the 
queen, but in termites the king appears to act with the 
queen ın the production of pheromones that control the 
other members of the colony 

The brood and food supplies of insect colonies are coveted. 
prizes of their enemies, especially rivals of the same species 
An essential prerequisite of colony defence 1s the ability 
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chicken m a chapter of the second volume of his Ormtho- 
logia, which Darwm noted as “the most ancient record 
from which the age of our European breeds (of fowl) can 
be inferred” This chapter has now been translated by 
Prof L R Lind of the Department of Classics in the 
University of Kansas, and most comprehensively an- 
notated and mdexed by hım The stimulus for this 
labour of love came from the American Poultry Historical 
Society and from Lind’s stated belief that the humanities 
can best aid and mterest the scientist by introducing the 
history and literature of his subject to hm It 1s note- 
worthy that British and American poultry firms have 
helped to finance this bridgmg of the two cultures gap 
The book 1s beautifully and carefully produced, as 
befits 1ts objective 

Is Aldrovandi worth ıt ? As Buffon noted, he 1s prolix, 
repetitive and often very unscientific He was'essentially 
a collector, and the temptation to display an item of 
information often overwhelms his valuation of the fact 
But he may also question authority with a felicitous turn 
of phrase, for example “As to whether bean husks destroy 
trees or not, as Theophrastus declares they do, I have no 
knowledge whatever, and I leave him 1n possession of his 
faith A careful and mdustrious farmer should really 
be consulted m this matter Thus I should by no means 
deny beans to the hens ” Hus touchstone 1s practice, 
not authority, for he was a very practical man responsible, 
at one tme, for supervision of the Bolognese pharmacy 

Being a collector, Aldrovandi is also encyclopedic 
and enthusiastic, and therefore interestmg to read The 
poultryman will glean much information from him about 
the breeds and mutant strains of fowls of more than two 
milenma ago, about abnormalities and disease, about 
hatehmg and husbandry techniques and the scale of past 
chicken farming, about the antiquity of such practices as 
growing fowls for meat under reduced lighting, about the 
doctoring of capons and, should he care, how to prepare 
a Parthian chicken for the pot Some of his sidelights on 


past belefs and practices illummate real problems For’ 


example, Darwin was troubled to explam the origins of 
our domestic breeds of Mediterranean fowls by selection 
He instances Columella's direction to breed from five-toed 
birds with white ears, as an example of the eritena utilized 
which might have caused breed differences It is clear 
from Aldrovandi that birds were not always perpetuated 
for what we should now call their production characteris- 
ties, but for other, social reasons White birds were desir- 
able for sacrifice to Zeus, but undesirable in the laying 
flock where they were the prey of hawks Himera was 
famous for its fighting cocks, and so on In these and 
other cases, selection was dependent on social functions 
and should have produced strains fitted to them It seems 
that birds were first bred for food only m Greek times, and 
that the seven or eight breeds which Aldrovandi hsts 
therefore derive from stocks selected for quite other 
purposes This book is a mune of information for the 
student who wishes to pursue this history of the “herald 
of hght” J H Sane 


CHARLES DARWIN 


Charles Darwin 

By Sir Gavin de Beer (British Men of Science) Pp xi+ 
290+24 plates (Edinburgh and London. Thomas 
Nelson and Sons, Ltd , 1963) 21s net 


IR GAVIN DE BEER, the general editor of the new 
S series of books, British Men of Scewence, and former 
director of the British Museum (Natural History), is 
the author of this book on Charles Darun This new 
work of about three hundred pages, written authorita- 
tively—a good mixture of biography, the theory of natural 
selection and his other scientific works—is very welcome 
The author has devoted forty-five years to studying, 
teachmg and carrymg out orgmal research m many of 
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the different fields of evolution, and the present book, 
a distillation of a life-tume’s knowledge, presents some 
new facts about Darwin's achievement 

This account of Darwin’s life and work gives an excel- 
lent outhne of the prevailmg climate of scientific opinion 
when Darwin began his researches, and describes the happy 
and fruitful association. between three great men Lyell, 
Darwin and Hooker, who between them did so much to 
transform scientific thought in the second half of the 
nineteenth century It ıs generally accepted that the 
pubheation, m 1859, of The Origin of Specws by Means of 
Natural Selection wes a dramatic turnmg-poimt m human 
thought which altered the direction of ideas The effect 
was not confined to biology or even to science 

In former accounts of the lfe of Darwin, much has 
been made of hus hypochondria which amounted almost 
to melanchoha The author of the present work produces 
evidence to show that Darwm suffered from Chagas’s 
disease during his Beagle days and this chrome trypanosome 
infection persisted until his death At that tıme the 
disease was not recognized, but "the lassitude, gastro- 
intestinal discomfort, and heart trouble from which he 
suffered an attack in 1873 and died m 1882, all receive 
a simple and objective explanation 1f he was infected with 
the trypanosome when he was massively bitten by the 
bug on 26th March 1835” 

Few biologists, even to-day, would claim to have a 
complete knowledge of The Origin of Species, and Sir 
Gavin de Beer shows that the same attention to detail, 
the subtlety of observation, the patient and even slow 
marshalling of the evidence, the reluctance to draw con- 
clusions, are common to all Darwin’s works It 1s true 
that his mgenious theory of pangenesis was not sus- 
tamed by subsequent research, but Darwin did not know 
the work of Mendel, nor mn fact did any other significant 
biologist at the time Once he came withm a hams 
breadth ın 1858 of making Mendel’s discovery he had 
knowledge of the essential facts on which Mendel estab- 
lished his Laws, but failed to grasp their significance 

Some frequent misconceptions concerning the character 
of Darwin are removed His treatment of A R Wallace, 
who arrived at the theory of natural selection in a less 
laborious manner than Darwin, shows the latter, m spite 
of his disappomtment, amounting to shock, at a time of 
great family sorrow, to have been noble and honest 
Again, as a humble believer m a Dey, he refused the 
dedication of the Enghsh version of Marx’s book Agnos- 
ties, atheists and rationalists did not scruple to use then 
own versions of Darwin’s statements to swt ther own 
purposes 

The quahty of Darwin’s observations and conclusions 
is also shown in his lesser-known works such as The 
Formation of Vegetable Mould through the Action of Worms 
published shortly before his death, and The Expression 
of the Emotions ın Man and Amnwmals, published in 
1872 

In his preface, Sir Gavm de Beer gives evidence of the 
general ignorance m England of the work of Darwm 
Among other things, he cites an answer given to a question 
on evolution in a General Certificate of Education Ad- 
vanced Level examination ‘‘Darwim’s theory was based 
on three good sohd pmts [sic] (1) the struggle for the 
exits, (2) the survival of the fattest, (3) maternal selec- 
tion” It is difficult to decide, as the author of the book 
says, whether this was the result of crammmg on poor 
intelhgence, or a masterpiece of wit on the part of a 
candidate who was prepared to jeopardize his success 
m the exammation for the satisfaction of a good joke 
Be this as 15 may, there ıs no longer any excuse for 1gnor- 
ance of the theories of evolution in view of the present work, 
which 1s readable, fresh and scholarly The book concludes 
with a chronology of mportant dates, a short bibhography 
and mdex It should ummediately take its place as the 
standard work on the subject It ıs phenomenal value 
for its price of one gumea W L SuMNER 
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leads inevitably to cancer. The present state of knowledge 
of morphology in ‘pre-cancerous’ lesions does not permit 
an accurate prediction of the direction along which the 
lesion will proceed "This book should undoubtedly be 
available ın all medical hbraries and mstitutions associ- 
ated with cancer research H Jackson 


PHYSIOLOGY OF COLOUR CHANGE 


The Control of Chromatophores 

(International Series of Monographs on Pure and Applied 
Biology Zoology, No. 14) By M Fmgerman Pp 
xx 4- 184 (Oxford, London, New York and Paris 
Pergamon Press, 1963) 40s. 


HE physiology of colour change 18 a big subject and 

includes a study of receptor, mtegratrve and effector 
mechanisms This monograph has something to offer to 
workers in all these fields It deals prmeipally with 
publications since the appearance of G H. Parker's mono- 
graph m 1948 (Ammal Colow Changes and Their Neuro- 
humours) and. ıt should be read ın conjunction with this, 
for 16 necessarily omits many topics which are treated in 
considerable detail ın the earher book and which have 
been little pursued since that was written When reading 
such a monograph on recent work, one may also easily 
lose sight of the fact that credit 1s tacitly bemg given to 
the wrong person for first discerning a path of mvestiga- 
tion ‘The first person to open a new lme of enquiry 
should be mentioned in a review, however long ago he 
did his work For example (p 16), the first investigator 
to mdieate the significance of separate illumumnation of 
the dorsal and ventral regions of the retina was K von 
Frisch ın 1911 

The author remarks that simce the publication of 
Parker’s monograph many advances have been made m 
our understandmg of the control of colour changes, 
particularly among the mvertebrates This 1s reflected 
in the fact that 66 pages are devoted to the crustaceans 
compared with 43 for the vertebrates Furthermore, a 
great proportion of the latter deals with older work. 
Relatively little has been published on invertebrate groups 
other than crustaceans and, in this review, insects get 8, 
cephalopods 4 and echmoderms 3 pages each The 
emphasis of the present volume is on so-called “‘physio- 
logical”? colour change “Morphological” colour change 
and, a treatment of chromatophores as such recerve httle 
attention. Further, the literature quoted does not melude 
any work from the USSR and only three papers from 
Eastern Europe This is a pity. 

The very considerable amount of work which has been 
done on crustacean colour changes (a great deal of ıb 
by the author himself) 1s excellently summarized, and 
the reader can quickly orientate himself m a mass of 
facts which, only too easily, could have been confusmg 

The section on vertebrate chromatophores indicates 
clearly that little progress has been made m solving many 
of the problems of Parker’s day On p 100 (and else- 
where later) 16 1s stated that the melanophores of some 
fish are under the mfluence of nerves alone and that 
hormones play nó part m ther control This may well 
be so However, the role of hormones 1s often masked by 
the more obvious nervous control and so far there is 
no truly mdisputable evidence for the statement, in spite 
of several assertions to the contrary m the literature 
Agam, often-repeated opinion regarding the existence of 
a double mnervation of teleost melanophores by pigment- 
aggregating and pigment-dispersing fibres has tended to 
become dogma While the results of some of Parker’s 
expermments on tail-bands cannot be queried, his nter- 
pretations have often been criticized The experiments 
of Parker and Rosenblueth (quoted on p 116) should 
be repeated much more carefully before we conclude from 
them that “pigment-concentrating and pigment-dispersmg 
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fibres" aie present Agam (p 118), von Geler's evidence 
for *melanin-dispersmg fibres" m Phoxinus 18 madequate 
and open to other mterpretations There may be a 
double mnervation, but the evidence in favour of ıb 18 
not nearly so good as the present review suggests 

Recent work on the part played by pituitary hormones 
in vertebrate colour changes ıs well discussed In this 
connexion, H. R Hewer should be given the credit for 
first observing the paling of mmnows after they have 
been injected with mmnow pituitary extract The recent 
work of A K. Kent unfortunately appeared too late to 
be included 

A small blemish m the writing ıs the use of “‘feelmg”’. 
To say that after experiments an author "felt" that the 
mterpretation must be so-and-so ıs an unhappy ex- 
pression Hunches (good and bad) are common enough 
when we embark on expermments, but “‘feelings’”’ regarding 
interpretations of results can only too easily become 
“facts” However, m general, the style of the wiring 
1s good and the book 1s happily free from those undigested 
chunks of potted mformation which can turn reviews mto 
an irritating collection of statements the hnks of which 
are often far from apparent Throughout the book the 
author makes successful efforts to clarify and simplify 
the nomenclature and to reduce to order the confusion 
of terms which have been associated with colour change 
or with the more general aspects of neurosecretion and 
endocrine control As a result of all the work and care 
which have clearly gone into the preparation of this book, 
it 1s pleasantly easy to read and its clear presentation 
wil make ıt most valuable m any comparative physio- 
logical hbrary For research workers ın the field of colour 
change 1t 1s a necessity E G HEALEY 


LORE OF THE CHICKEN 


Aldrovandi on Chickens 

The Ornithology of Ulisse Aldrovand: (1600), Vol 11, 
Book XIV Pp xxxvi+447 Translated from the Latin 
with mtroduction, contents and notes by L R Lind. 
(Norman, Oklahoma University of Oklahoma Press, 
1963) 55s 6d ; 6 95 dollars 


INCE newly hatched chicks may imprint on humans 
who care for them m the absence of their mother, 1t 
seems hkely that the first association between man and 
fowl occurred by chance many times m many places 
The social habits of fowls would also permit the establish- 
ment of flocks, and ıt ıs certam that this domestication 
was completed more than 4,000 years ago m the Indus 
Valley Early breedmg seems first to have been related 
to sport (or possibly for meat) since ancient femur bones 
are about twice the length of those of the wild progenitor, 
the jungle fowl Perhaps size alone was a desirable 
character, but as the Sumerian language has a word only 
for the cock, 16 seems more probable that interest centred 
around the pecuharities of the male, lus courage m fight- 
mg, his apparent pride and bus sexual prowess By the 
fifteenth century B C , domesticated fowls were established 
in Egypt, but ıt ıs not clear if they survived Tutankhamen’s 
reorganization of that society The fowl seems to have 
reached the West, instead, by spreading from India to 
Persia It was established there by 1000 B c , had claimed 
its ervilizmg role as a ‘timepiece’, and had become associ- 
ated with Zoroasterism The Greeks of 500 Bc recog- 
nized its Persian source and mmmortalized 16 as a divme 
symbol of light, of health and of sexual potency, and used 
it widely in fighting-games Later, when the nutrient 
store of the egg also came to be exploited, the female 
became a symbol of fertihty The fowl was then an mte- 
grated component of Mediterranean civilization, of 
nutritional, social and symbolic significance 
Almost 2,000 years later, the Itahan naturalist, Aldro- 
vandi, summarized the then existing knowledge of the 
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mental animals have been studied, but the majority of 
the mvestigations were concerned with domestic animals, 
the emphasis bemg on commercial and economic problems 

Part 2 opens with Section 5, which 1s concerned with 
human biology There is an opening paper by Dr S M 
Garn which is entitled “Human Biology and Research in 
Body Composition” This section contams 14 papers and 
1$ concerned with the application of the techniques that 
have been developed for the study of body composition 
A wide range of subjects have been studied, such as 
studies ın middle-aged American men, primitive peoples, 
adolescent boys, age and sex differences, effects of age, 
etc 

Section 7 1s concerned with physiology and contams 
ll papers The first paper ıs entitled “Physiological 
Considerations in the Study of Body Composition” and 1s 
by Dr L H Kyle There are papers concerned with 
factors regulating extra-cellular and intra-cellular body 
water and potassium Three papers are concerned with 
the physiology of adipose tissue and finally there are three 
papers recording investigations mto factors concerned 
with physical activities and body composition, 

The final section is concerned with medicine and 
surgery and contains 17 papers The opening paper is 
entitled ‘“‘Clnical Implications of Research on Body 
Composition” andis by Dr F D Moore A wide variety 
of subjects have been discussed Four papers are con- 
cerned with the body composition of infants—body-water 
changes m premature mfants, normal mfants in relation 
to diet, ete The effects on body composition of illness, 
convalescence, gastric alkalosis, androgens, etc, have 
been investigated 

The closing comments on the conference were made by 
Dr A A Behnke S L ToursrrT 


PRE-MALIGNANT STATES 


The Morphological Precursors of Cancer ' 
Proceedings of an International Conference held at the 
University of Perugia, 26th to 30th June, 1961 Edited 
by Lucio Sever Pp xx+797 (Perugia Istituto di 
Anatoma e Istologia Patologica Division of Cancer 
Research, 1962 ) 12,000 hre, 20 dollars, 145s 


E ge sombre outlook for effective systemic chemo- 
therapy of malignant disease could be countered to 
some extent by prophylaxis involving greater knowledge 
of the provocative mechanisms and the recognition of 
pre-malignant conditions In spite of enormous labour 
m experimental and clinical pathological investigations, 
the more intimate nature of the conversion of normal to 
tumour cells still remains obscure 

This book contams the proceedings of an mternational 
conference associated with the centenary celebrations of 
the chair of morbid anatomy in the Umversity of 
Perugia ~The collective effort of the symposium com- 
prises an attempt to recognize and define the structural 
changes m tissue cells indicative of ‘transitional’ stages of 
impending mahgnancy The material segregates into two 
categories First, the experimental approach in which 
some, at least, of the many factors involved m carcino- 
genesis are known and may be controlled, secondly, the 
problem of recognition of pre-malgnant states by the 
elmical pathologist The iesult ıs a well-produced but 
formidable volume of some 750 pages, which signifies 
the magnitude and complexity of this aspect of the cancer 
problem, and provides a fair and up-to-date condensation 
of the situation 

Six review-type conference lectures (occupymg 50 pages) 
are presented and more than 75 conference papers, 
sprinkled with a number of group and panel discussions 
General aspects of the problem occupy about 100 pages 
and the remainder comprises a systematic presentation of 
material dealmg with ‘pre-cancerous’ states m liver, 
hemopoietic and epithelial tissues The last-mentioned 
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group occupies 400 pages of text with breast, uterus and 
digestive tract piedomunatmg One wonders why this 
sequence should be interrupted, as ıt were, by the mter- 
position of a few papers on bladder and skm A general 
impression of the papers ıs one of comprehensibihty to 
research workers, pathologists and surgeons m the cancer 
field, medical practitioners too should find papers of 
considerable interest 

Contributions on breast cancer occupy some 40 per cent 
more space than any other single topic, and the absence of 
a co-ordimatmg discussion seems rather unfortunate 
Panel discussions were provided to consider the overall 
significance of histological changes in the uterme cervix 
and the correlation between smoking and lung cancer A 
conclusion was that our ignorance of tho pre-cancerous 
state m the cervix remamed nearly as great but on a 
higher plane In lung cancer, the expert opmion was 
somewhat unhappy about the failure to mcrmunate the 
cigarette at experimental levels The section on bladder 
cancer included a paper suggesting a possible correlation 
between bladder cancer and smokmg on the basis that 
the pattern of increase of this form of the disease ın Den- 
mark closely followed that found for bronchial carcinoma 

Pre-malignant states m endocrine organs are repre- 
sented by three papers on experimental ovarian cancer, 
one on adrenal hyperplasia and adenomata and two on 
the thyroid gland So far as the use of newer techniques 
in this vast field 1s concerned, only one example ıs pie- 
sented—a study of the development of squamous coll 
caremoma m mouse skin, followmg pamtmg with tho 
carcmogenic hydrocarbon, methyl cholanthrene The 
cellular activities were followed by admmustration of 
SH (tritzum)-labelled nucleic acid precursors (thymidine 
and cytidine) and the ammo-acid, leueme This interesting 
mvestigation provided the conclusion that the first mpor- 
tant functional modification involves impaired cellular 
differentiation, so that cells retam ability to synthesize 
DNA although no longer lymg m the basal prohferatmg 
layers The cell-hfe span is shortened and division 
occurs more frequently Cancerization, ib 1s suggested, 
follows a disorgamzation of the normal physiological 
control of proliforation 

Other experimental papers of particular interest to me 
included investigations of virus leukzemuia in rats, the role 
of the thymus m spontaneous mouse leukemia and 
ovarian tumour development ın mice by exposure to car- 
emogenic hydrocarbons—this last particularly illustrates 
the importance of the natural hormonal environment 
The conference lecture by Muhlbock mmpresses with its 
emphasis of the complex mterplay of steroid sex hormones, 
gonadotrophins and other factors mvolved m the induction 
of tumours of reproductive tissues and the hypophysis 
m the female 

In general, the conference lectures stress both the 
probability of the multi-eentrie origin of cancer and the 
importance of the host-tumour relationship Pre-malig- 
nant cell populations are considered to be of diverse 
evolutionary potential, which are liable to show progres- 
sion or regression according to their own characteristics 
and the host reactions 

It ıs umpossible, however, not to be rather bewildered 
by the overall and progressive complexity of the ‘morpho- 
logical precursors of cancer’ Extremes m pomts of view 
are expressed ranging from a systematic progression to 
mahgnancy via cellular hypertrophy, and benign tumours 
on one hand, and a direct transition from the normal to 
cancer cell without mtermediate pre-malignant states The 
significance of what one may term ‘associated pathological 
states’ ıs discussed with particular reference to cirrhosis 
of the liver and gastric ulcer 

In the concludmg remarks the editor 1mphes that things 
seem more complicated than ever and the solution more 
remote The concrete pomts are made that malignancy 18 
often preceded by morphological changes ın the tissues 
but that no lesion among those considered pre-mahgnant 
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Cochran points out the benefits derived from the use of 
computers, the ever-increasing accuracy of the method, 
and mentions its resounding tirumphs—the elucidation 
of the stiuctures of pemcillin and vitamin B,,—but he 
gloomuly states that structure determunation 1s hkely to 
remain a lengthy process Smee there seems to be every 
chance that X-ray crystallographic analysis in structure 
determination will supersede classical degradative 
methods, at least when crystalline specimens are available, 
perhaps a little more might have been made of this subject 
The muted usefulness of dipole moment determinations 
in comparison with spectroscopic and X-ray methods for 
structural investigations is admitted by S Walker in 
his chapter Ther main use will be found 1n the examina- 
tion of problems of mesomerism This 1s an interesting 
chapter, but Dr Walker has had tather obviously to 
search hard for examples to illustrate the application 
of the method to heterocyclic compounds 

A strange chapter 1s devoted to the solubihty of hetero- 
cyclic compounds Tt ıs not likely that rt will teach the 
reader of this volume very much A lengthy chapter on 
polarography would have been better included in a text- 
book of physical chemistry for physical chemists 

A F CROWTHER 


ADVANCES IN THE 
PHYSICOCHEMISTRY OF PROTEINS 


Advances in Protein Chemistry 
Vol 17 Edited by C B Anfinsen, jun, M L Anson, 
Kenneth Bailey and John T Edsall Pp xvi-4l2 
(New York and London Academic Press, 1962) 100s 


E D appearance of a review article on a fundamental 
topic of protem studies usually has a very healthy 

effect on the readers of a yearly book, by encouraging the 
use of new (and sometimes old but neglected) techniques 
in a wide variety of problems awaiting refreshing ap- 
proaches Volume 17 of Advances in Protein Chemistry 
provides the reader with much of such interesting 
material 2 

The properties of protems m non-aqueous solvents are 
ably discussed by S J Singer Data are presented on the 
behaviour of model polypeptide systems ın non-aqueous 
solvents and 1ts relevance to the behaviour of proteins m 
these solvents The paramount role of hydrophobic 
interactions in stabilizing the native configuration of 
proteins and nucleic acids 1n. aqueous solvents 1s emphas- 
ized in several instances Tho author goes so far as to 
suggest that “hydrophobic interactions play a major role 
in stabihzing the native conformation of protems and 
DNA m aqueous solutions This 1s not to say that 
intramolecular hydrogen bonds are unimportant m 
determining these structures, but rather that they do 
not appear to be the major source of the free energy 
requred for the purpose’ Charles Tanford gives a 
detailed study of the physicochemical significance of the 
hydrogen titration curves of proteins, and 1ts relationship 
to their configurations in solution The paper is meant 
for practical application m new studies and theoretical 
examples are included Studies on twenty-five individual 
proteins listed in alphabetical order are c1itically reviewed 
The ultra-violet spectra of protems and amimo-acids are 
reviewed by D B Wetlaufer Special emphasis 1s placed 
on recent advances in this technique as applied to the 
study of the configuration of proteins m solution Useful 
tables mclude available mformation on such studies 

Of a very different nature is the thorough review by 
S M Partridge on elastin An extensive survey 18 made 
of the properties of this protem and of different aspects 
connecting 15 with some properties and structure of elastic 
tissues and other related proteins This paper ıs hkely to 
direct the attention of many readeis to this interesting, 
but so far neglected, protein 
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The volume also contains a short review on the apphea- 
tions of ‘Sephadex’ columns by J Porath, and a rather 
speculative and perhaps somewhat premature article by 
F Šorm and B Keil on the regularities m the primary 
structure of protems 

The volume begins with a touching tribute to the late 
W T Astbury by Dr Kenneth Bailey, who was one of 
the editors of this wonderful series for many years, and 
who unfortunately died himself at the time when this 
volume first appeared C MiLSTEIN 


COMPOSITION OF THE BODY 


Body Composition 
Edited by Harold E  Whipple —Consultmg Editor 
Josef Brožek (Annals of the New York Academy of 
Sciences, Vol 110, Parts 1and 2) Pp 1018 (New York 
New York Academy of Sciences, 1963) np 


B es papers which were presented at a conference 
entitled “Body Composition” and held by the New 
York Academy of Sciences durmg January 28-February 
2, 1963, have now been pubhshed in Annals of the New 
York Academy of Scwnces Part 1 contains 39 papers 
and 1s divided mto methodology and potassrum and animal 
biology Pait 2 contains 47 papers and 1s divided into 
human biology, international section, physiology, and 
medicine and surgery 

In an introductory address, Dr Josef Brožek describes 
the roots and growth of the conference He pomts out 
that the present monograph 1s a direct outgrowth of a 
previous symposium, the title of the proceedings bemg 
Techniques for Measuring Body Composition In contrast 
to the earlier symposium, the objective of the present 
conference was to present and appraise results rather than 
the study of techniques 

The papers are almost all by American investigators 
Part 2, however, contains Section 6, known as the “Inter- ' 
national Section” An introductory paper 1s presented by 
Dr Brožek, who points out that important contributions 
have been made to the subject by mvestigators (many 
quoted by name) in parts of the world other than the 
United States. This section contams 4 papers, one each 
from England, Scotland, Ireland and Czechoslovakia 

Section 2, consisting of 164 pages, 1s concerned with 
methodology The first paper 1s a study of the effect of 
exercise and retirement on the degree of fatness in guinea 
pigs In the second paper, ultra-sonic measurements 
were used to study fat and muscle thickness in cattle and 
pigs  Ultra-sonie measurements were also the subject of 
another paper A paper deals with the measurement of 
body fat by means of gas absorption There are a number 
of papers which are concerned with the evaluation of 
body volume by means of water 01 gas displacement 
There are papers concerned with the mathematical and 
statistical problems associated with the measurement 
of the grosser parts of the body components, for example, 
fat, water content, etc 

Section 3 deals with potass1um and contains 10 papers 
related to both ammals and human beings Radıo- 
chemical techniques have been largely employed The 
validity of the results obtamed by these methods has 
been discussed and also the interpretation of such results 
with respect to problems mvolving body composition 
One paper records studies concerning the total-body 
potassium im primary muscle disease m the human being 
In this condition, moderate to marked decreases m total- 
body potassium content were noted Total-body water 
was also found to have decreased ‘This latter determina- 
tion was carried out by the tritium dilution method 

Section 4 deals with ammal biology and contains 12 
papers The first paper, an mtroductory address en- 
titled ‘“Impheations of Research on Body Composition 
for Ammal Biology", 1s by Dr A. M Pearson Expert- 
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drift, and turbidity currents These, together with the 
articles on exploration mentioned here, depend for their 
success not only on the authors’ skill, but also on the 
universahty of the physical processes utihzed The same 
cannot be said for the major portion of the book which 
concerns bottom topography, structure of the sea-bed 
and sedimentation processes Here geology and geo- 
morphology are the dommant fields, and a working know- 
ledge of their specialist termmologies 1s necessary for their 
appreciation (some of the contributors adopt shghtly 
different definitions) 

The prmecipal articles on topography concern the 
contmental shelf and slope, the abyssal plams, topography 
of the deep-sea floor, oceanic islands, trenches, submarine 
canyons and the mid-oceanie ridges Desemptive sedi- 
mentation meludes, among others, articles on shallow- 
water carbonate sediments, diagenesis, pelagic sediments 
and the physical properties and transportation of sedi- 
ments Many of these articles will no doubt acquire the 
status of definitive expositions m their particular fields 
and provide valuable reference material for geologists and 
oceanographers for many years to come 

The editors’ intention, that these volumes should 
examine the progress achieved in recent years, has been 
admuirably fulfilled ın reviews which are both authoritative 
and critical Heezan, for example, does not hesitate 
to condemn roundly the misuse of turbidity current 
concepts to account for otherwise unexplained sediment 
observations Similarly, Bagnold, ın the course of an 
original and fundamental discussion of beach processes, 
writes with much experience ‘“This problem ealls for 
critical experiment designed specifically to throw light on 
the physics It ıs unhkely to be solved by speculations 
based on the results of engineers! experiments designed 
for particular purposes” 

The concluding articles on geological history mclude a 
discussion of the origin of life and the question of life on 
other planets Although far removed from traditional or 
basic oceanography, such mvestigations arise naturally 
in any account of the Earth beneath the oceans In brief, 
this splendidly prepared volume, with its profusion of 
excellent illustrations, provides a self-contamed account 
of all the geological aspects of the sea J N Hunt 


HETEROCYCLIC CHEMISTRY 


Advances in Heterocyclic Chemistry 
Vol 1 Edited by A R Katmtzky Pp x1+476 (New 
York Academic Press, Inc , London Academic Press, 
Ine (London), Ltd, 1963) 107s 6d 


Physical Methods in Heterocyclic Chemistry 

Vol 1 Pp x1+346 86s Vol 2 Pp x1+398 1008 
Edited by A R Katntzky (New York Academic 
Press, Inc , London Academic Press, Inc (London), 
Ltd, 1963 ) 


N the face of the vast quantity of academic work 
carried out, for example, on steroids, alkaloids and 
polypeptides, ıt may have seemed in recent yeais that 
heteroaromatic chemistry was becoming a neglected 
topic The cause of this may be found m the fact that 
advances ın heteroaromatic chemistry have been less 
spectacular than those ın some other fields There has 
nevertheless been a great deal of research devoted both to 
synthesis, where the medicinal chemist has often been 
in the forefront of developments—the large number of 
drugs derived from heterocyclic systems, particularly 
those eontaimung annular nitrogen atoms, bears witness 
to his nterest—and to the theoretical aspects of reaction 
mechanisms, and fine structure, particularly of amino 
and hydroxy compounds 
Three books have now appeared, all edited by Prof 
Katritzky, one, the first of a series on general heterocyclic 
chemustry and the others comprising a two-volume work 
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on physical methods They reflect the interests, for the 
most part, of the editor whose personal contributions set 
an extremely high standard 

The first volume in the series Advances ın Heterocyclic 
Chemstiy is a miscellany, five of its seven chapters 
bearing little relation one with another The chapters on 
thiophenes and quinazolines (omussion from which of all 
references to the work of B R Baker and his colleagues 
on the chemistry of the quinazohne alkaloid fiom hydran- 
gea ıs surprising) are orthodox systematic accounts of 
these two ring systems In the chapters on the unexpected 
topic of the 1eaction of acetylenecarboxylic acids with 
nitrogen-containing heterocycle compounds (open to 
shght criticism for some needless repetition) and in that 
dealing with aza analogues of the nucleic acid bases much 
useful information 1s biought together probably for the 
first time The last two chapters, which deal with proto- 
tropy of heteroaromatic systems, cover a wide expanse of 
chemistry and at the same time indicate the load carried 
by physical, particularly spectioscopic, methods im 
structure determination This is a most readable work 
and many will look forward keenly to subsequent volumes 
m this series 

As radiology ıs to oithopsedies, as micioscopy is to 
cytology, so 1s spectroscopy to organic chemustry The 
application of ultra-violet, infra-red and nuclear magnetic 
resonance spectroscopy 1s now routine in the determina- 
tion of structure and ın the chaiacterization of organic 
compounds, heterocyclic no less than any other In the 
second of the two volumes on physical methods, Prof 
Katritzky has collected together mvaluable information 
for the benefit of those he has called “heterocyclic chem- 
ists” In the chapters on electronic absorption, nuclear 
magnetic resonance and infia-red absorption, by S F 
Mason, R F M White and A R Katntzky with A P 
Ambler, 1espectively, the material ıs presented in a 
uniform, systematic manner In each case there 1s a brief 
introduction to the appropriate theoretical basis which 
1s followed by a detailed account of the application of the 
method to heterocyche compounds, saturated as well as 
unsaturated The iemaining chapter m this volume, 
by E A.C Lucken, deals with nuclear quadrupole reson- 
ance This method, one feels, will prove less generally 
useful than the other three Its hmutations are fiankly 
pomted out—for example, ıt ean apply only to those 
organic compounds which contain nitrogen, chlorine, 
bromine or 10dine 

The volume ıs very readable, although Dr Mason’s 
introduction will call for black coffee and damp cloths on 
the part of organic chemists whose memories of physical 
chemistry are becoming distant Thus, while its primaiy 
use will be one of reference ıt will also be found by many 
to be of great value by vutue of the background nforma- 
tion 1$ provides 

Volume 1 1s devoted to non-spectroscopic methods It 
fails to compare favouiably m sustamed high quality 
with Volume 2 For the most part, the authors of the 
various chapteis have had to labour with accounts of 
methods which, in contiast with spectroscopie methods, 
appear mexact uninformative or complicated Puiof 
Albeit’s chapter on ionization constants, exceptionally 
in this volume, is a first-rate account of a subject of 
importance to the organic chemist A 44-page-long hst of 
heterocyclic compounds and their ionization constants 1s 
certain to become well thumbed by the heterocyclic 
specialist 

The discussion by J Ridd on heteroaromatic reactivity 
where ıt 1s factual on, for example, the reaction of chloro- 
heterocyclics with nucleophiles, 1s too muted in scope 
and the organic chemist would naturally consult moie 
detailed works, and where ıb ıs theoretical ıb serves to 
underline the shortcommgs of the molecular orbital 
approach in the prediction of reactivity at the various 
positions ın the ning of a heterocyclic molecule In a 
brief account of X-rav diffraction investigations, W 
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and thei effectiveness Here it would seem that the 
professional institutions themselves may be able to contri- 
bute directly, particularly the more specialized ones 

Besides the influence they could exert through the Parha- 
mentary and Scientific Committee they should be able to 
strengthen some of the research associations in their 
educational activities and probably even up to manage- 
ment level It ıs, however, especially m the problem of 
communication. of knowledge ın 11s broadest aspect that 
most remains to be done professional mstitutions have a 
great opportunity to help Certamly, while the Iron and 
Steel Board’s report establishes the need for more financial 
support for research, 15 gives no clear lead as to the hmiting 
magnitude of such expenditure On the contrary, 1b 
indicates that the real problem of the research association 
1s as yet unsolved and that we need much more searching 
enquiry as to exactly how best to encourage, especially 
in the smaller firm, a keen appreciation of the 1mportance 
of science and to secure a speedier appheation of existing 
knowledge quite apart from the contmuous pursuit of new 
knowledge 


WHAT GUIDES THE SLEEPWALKER ? 


Method in the Physical Sciences 

By G Schiesmger (International Library of Philosophy 
and Scientific Method) Pp vu+140 (London Rout- 
ledge and Kegan Paul, Ltd , New York The Humanities 
Press, 1963) 21s net 


HE methodology of science 1s in a similar relation 
to science as metamathematics is to mathematics 

How 1s 15 then that while metamathematies has given an 
enormous impetus to mathematical thinkmg most natural 
scientists, especially the young ones, would consider 16 
as a loss of time to study the methodology of science ? 
The short answer is, evidently, that physical science 1s 
not a purely mtellectual pursuit It is rather a game 
played with an only partially known opponent, and only 
partly with one's conscious mund The rules which un- 
sophisticated minds used to attribute to Nature tuin out 
to be, more often than not, human preferences 

This 1s, very roughly, the thesis of this book by Dr G 
Schlesmger, senior lecturer m the Australian National 
University The author, very wisely, makes no pretence 
of teaching scientists à been condwre la rmson—though 
his own reasoning powers are amply demonstrated Nor 
does he undertake the unrewarding task of investigating 
the primary principles of science—such as, for example, 
Keynes's postulate of limited variety—which precede 
science, and which form the unprovable basis of all scienti- 
fie endeavour His object, more modestly, 1s the critical 
investigation of four secondary or supplementary prm- 
ciples, which might be dropped without making science 
impossible, but which are nevertheless followed, con- 
sciously or unconsciously, by as good as all scientific 
workers 

First of these ıs the “Principle of Simplicity” The 
author concludes that though a mathematization of this 
principle 1s not precluded, no such formulation has yet 
been found Only tentative attempts exist, such as Karl 
Popper’s that “the simplest of alternative hypotheses ıs 
also always the most falsifiable’ The second, the “Prin- 
ciple of Micro-reduction”, according to which entities 
belonging to a given level of complexity are always 
reducible to the level below, does not fare much better 
The author admits that rb ıs a powerful driving force in 
science, but it 1s an act of faith, and moreover, as he 
shows 1n some interesting examples, sometimes m conflict 
with the prmerple of sumplicity 

The third chapter deals with the “Prmerple of Con- 
nectivity’’, which the author states m the clear and simple 
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form that “two physical systems never differ m a single 
aspect only" I do not thmk that everybody will agree 
with hmm when he considers this as an extension of the 
principle of ‘causality (8 prmnary prinopple Whatever 
its logical status may be, 16 remains an mdispenssble 
pragmatic postulate also m a non-eausal physics, which, as 
Exnstein said, “can be quite reasonable". 

In the fourth and final chapter on the ‘Principle of 
Verification", I found particularly mteresting the discus- 
sion of Gibbs’s paradox Two containers of two gases at 
the same pressure are connected by a tap One opens the 
tap and the entropy always increases by a finite amount— 
except when the two gases are identical, m which case 1t 
does not change at all One feels that 16 would be worth 
while to review this paradox m the hght of the connexion 
of thermodynamics with mformation theory, and also 
with the view of the fact that self-diffusion, which m 
Gubbs’s tıme bordered on metaphysics, has now become 
observable by radioactive isotopes The verdict of the 
author on the ‘Principle of Verification" 1s similar to that 
on the others This principle “does not place a methodo- 
logical precision instrument into the hands of the scient- 
ists”? because this would require an ascertained method of 
comparison between various operational definitions, and 
such a method does not exist 

One might get the impression that the author has 
exercised only destructive criticism—but in this field 
there 1s no such thing as purely destructive criticism 
Distmguishing analytical statements fiom acts of faith, 
separating physics from psychology, 1s a meritorious 
achievement, perhaps the only one which the philosopher 
of science can undertake at the present stage, and the 
author has done this in an eminently readable book 

D GABOR 


THE EARTH BENEATH THE SEA 


The Sea 

Ideas and Observations on Progress in the Study of the Seas 
Vol 3. The Earth Beneath the Sea, History. General 
Editor, M N. Hil Pp xvi+963 (New York and 
London Interscience Publishers, & division of John Wiley 
and Sons, 1963) 210s 


HE editors of this series of volumes have rightly 
adopted the modern view that oceanography cannot 
be divorced from the study of the atmosphere above 
and the Earth beneath the oceans Volume 1 contaimed, 
among other topics, accounts by meteorologists of dynam:- 
cal interactions between the atmosphere and the oceans 
Now, Volume 3 1s almost exclusively devoted to geological 
and sedimentary mvestigations of the sea-bed, and the 
information which may be derived regarding processes 
within the Earth such as convection and tectonics 
The various methods utilized ın the geophysical explora- 
tion of the sea-bed are comprehensively surveyed in a 
series of review articles comprising the first section of the 
book The principal technique makes use of the reflexion 
and refraction of seismic waves generated by explosions, 
periodic sound pulses or earthquakes Both theory and 
practice are lucidly described together with the mterpre- 
tation of the data dealing with the resulting compression 
and shear waves within sediment layers, the crustal layers 
and the mantle 
There follow equally readable accounts of the measure- 
ment at sea of the magnetic field, the acceleration of 
gravity, and the heat flux through the sea-bed In each 
case the methods of observation and the analysis of results 
m terms of conjectured processes within the Earth are 
presented together with much hitherto unpubhshed 
material for the speciahst reader, and with a care m 
presentation certam to attract the non-specialist The 
only articles of a dynamical nature m the book concern 
the movement of sand over beaches moludmg littoral 
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explheitly, the report suppoits the case for management 
studies and trainmg that has been urged m recent months 
On this pomt ıt may be mentioned that m addressing m 
November 1962 a meeting of directors on scientific re- 
search and technological development and the future of 
mdustry, convened by the Federation of British Indus- 
tries, Sir John Cockcroft said that the British steel 
industry had then installed some electronic digital com- 
puters and three more were on order, a typical application 
being to schedule the final processes in the manufacture of 
tubes Sır John recognized that the magnitude of expendi- 
ture on research and development was not easy to decide. 
He was critical both of the present small mcomes of the 
research associations generally and of the extent to which 
commercial secrecy in the early stages of development 
hindered fuller co-operation m important problems 
withm the scope of the research associations 

Besides urging more co-operation, Sir John thought 
that m some fields there could be much stronger coupling 
between the Government research laboratories and the 
industrial organizations which should exploit that re- 
search He too suggested that the role and powers of 
the National Research Development Corporation need 
reviewing By and large, some of Sir John’s observations 
and the general trend of the Iron and Steel Board’s report 
seem to support some of the mam recommendations of 
the Trend Report (Nature, 200, 1029, 1963) and there 
is some further support for this m the recent annual 
report of the National Research and Development Corpora- 
tion (Nature, 201, 667, 1963) itself There seems sound 
reason for bringing the Corporation into close touch with 
the Department of Scientific and Industrial Research, 
particularly if simultaneously, as the Trend Committee 
iecommends, the Corporation 1s relieved of the obligation 
that ts operations should ‘break even’ overall, taking one 
year with another What needs to be emphasized here 1s 
the need for early decision and action The recommenda- 
tion in the Trend Report that the Department of Scientific 
and Industrial Research should shed certain functions 
and, that 1ts vital work m industrial research and develop- 
ment should continue under the name of an Industrial 
Research and Development Authority has led to some 
uncertainty within the Department which seems to be 
unjustified, but which should not be ignored or allowed to 
persist Firm and immediate assurance regarding the 
future of the Department 1s called for, irrespective of the 
fact that the legislation required to give full effect to the 
recommendations of the report ıs likely to require some 
tıme for 1ts implementation Apart too from the question 
of finance m this field, the scale of which may well call 
for some discussion, there 1s still the question of how best 
to secure the effective application of results m mdustry, 
this 1s bound up with the whole question of the functions 
and future of the research associations themselves 

Some light 1s thrown on this problem by the presidential 
address of Mr J L Thompson to the British Institute of 
Radio Engineers in November 1963 Mr Thompson was 
concerned with the part which professional mstitutions 
had played in the development of the electronics industry, 
which now employs some 300,000 people, or 3 7 per cent 
of the labour force m manufacturmg industry, meludmg 
7,500 scientists and technologists, or 9 4 per cent of the 
scientific and technological manpower m manufacturmg 
industry By 1965 this total was expected to reach 
10,500 The Institute and the industry had grown up 
together, but the National Electronics Research Council 
had now been formed to brmg Government mterests, 
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education and mdustry together to carry out, encourage 
and co-ordinate research m the fields of radio and electronic 
science and engmeermg. Emphasizing the undesmabihty 
of seekmg to avoid all dupheation of research effort and 
the absence of any sharp dividing lme between basic and 
apphed research, Mr Thompson pomted out that the 
Institute must remain very much concerned with applied 
research and development and with objective research 
The real difficulty was the widespread failure to appre- 
ciate the significance of technology In consequence, 
mdustry had not yet accepted the contribution which 
technology could offer or realized the potential magnitude 
of that contribution, m particular from electronics 
With its spread into technology, as the Trend Report had 
emphasized, this, and the tendency of abler students to 
take science rather than technology, had led to an obvious 
shortage of engmeers m all disciplines, and im electronics 
this would persist until the 1970's. Simece science and 
technology were interdependent, this situation was bound 
in turn to react on the development of science 

Mr Thompson suggested that urgent action was needed 
to impress on those who would be the students of to- 
morrow, and on ther parents, that technology could 
offer work as exciting, as challengmg and as rewarding as 
any that science could offer, and that m advanced tech- 
nology, such work often closely approached the frontiers 
of knowledge With this was a no less urgent need to 
enhance the status and the public mage of the technologist 
and of technology as a profession, and these two steps 
were really the key to all the recruitment problems that 
faced the Institution. It was m this connexion that Mr 
Thompson stressed the 1mportance of the formation of the 
Engmeermg Institutions Jomt Council While this was 
essential ın the interests of the disciplne which each 
institution represented, the professional engineermg insti- 
tutions must continue to act independently However, 
sometimes they should act together for certam public 
interests—the task of public education was one such 
interest 

Other such interests or problems Mr Thompson m- 
stanced m regard to part-time education, day-release 
and sandwich courses, support for management traimmg 
co-operation m overlapping fields and 1n technical assist- 
ance for the developing countries—and especially m regard 
to the traming and status of technicians Obviously, by 
action along such lines the professional institutions could 
make a valuable contribution to the primary task of 
edueatmg the public as to the true functions of the tech- 
nologist and removing the false idea of the inherent 
superiority of the scientist This was one purpose of 
Sir Gordon Sutherland's recent proposal for a Royal 
Society of Technologists, which has received some support, 
although others, who applaud his objective, are not 
convinced that engineers and technologists could not more 
appropriately receive wider recognition within the Royal 
Society itself Such a course would seem less likely to 
perpetuate any distimetion between the status of pure 
and apphed science, steady flow of a larger proportion of 
the ablest minds into mdustry and mto mstitutions of 
appled science is undoubtedly the surest long-term 
solution of the problem of effective application of science 
m industry—always provided that the way 1s open for 
these men to take up positions of responsibility and 
effective power That mvolves, m turn, the question of 
trainmg for management and of rising standards of educa- 
tion generally and ıt 15 unlikely to contribute substantially 
to the immediate problem of the research associations 
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PROFESSIONAL INSTITUTIONS AND THE PERPETUATION OF INDUSTRY 


SPECIAL report from the hon and Steel Board * 
surveys the arrangements foi research in the iron 

and steel industry, giving a brief glance at the arrange- 
ments in other countries for such research About a 
third of the report summarizes the main technical advances 
m Britam since the Second World War in the prineipal 
plocesses used ın iron and steel manufactuie and the 
contribution of research to those advances, but the most 
interesting chapter of the report is that which discusses 
the adequacy of the existing research arrangements of the 
industry This chapter m particular gives some general 
interest to the report, for ıt bears closely on the finance 
and functions of the research associations in general 

The review of research and other technical matters on 
which the report 1s based was conducted with the assistance 
of & Technical Advisory Panel, set up in co-operation with 
the British Iron and Steel Federation Of this Panel, Sir 
Robert Shone was chairman and Sir Alan Wilson deputy- 
chairman its members included Sir John Baker, Prof 
A H Cottrell, Sir Charles Goodeve and Su Arnold Hall 
Essentially the same definitions of research, including de- 
velopment, are used as were adopted in earlier enquiries 
conducted in British mdustry by the Department of 
Scientific and Industrial Research However, since the 
iron and steel industry carries out much experimental work 
on full-scale plant in the course of commercial production, 
which 1s often not separately 1ecorded, comparison of the 
mdustry's research effort with that of other countries 
1s probably more accurate than comparison with estunates 
for some other mdustries While 1t 1s recognized, however, 
that a lower research ratio exists than for other industries 
in apparently similar circumstances, the validity of most of 
such tests and comparisons is questioned 

The present research arrangements of the mdustry 
are varied While the major firms have their own research 
departments, the industry supports the British Iron and 
Steel Research Association, the British Cast Iron Research 
Association and the British Steel Castings Research 
Association  Ineluding the Government grant, the total 
mecome of these three research associations m 1962 was 
ioughly £1 5 millon with a staff of some 750, more than 
£1 million of this and almost 600 of the staff are accounted 
for by the British Iron and Steel Research Association 
The mdustry also makes grants to other research associa- 
tions, such as the British Ceramic Research Association 
and the British Coal Utihzation Research Association, 
and there 1s close contact between the industry's own main 
Research Association and the File Research Council, the 
Cutlery and Alhed Trades Research Association and the 
Spring Manufacturers’ Research Association Research 
projects in several universities are also supported by the 
industry which makes some use of piivate research 
organizations and Government scientific establishments, 
though the call on outside laboratories is not great 
The report also mentions, without discussmg, the con- 
siderable amount of research on iron and steel carried 
out by plant manufacturers, suppliers of raw materials 
and users of steel 


* Iron and Steel Board Research in the Iron and Steel Industry Special 
Report, 1963 Pp iv+63 (London HMSO ,1963) 4s 6d net 


From this 15 would follow not only that the total re~ 
search effort on iron and steel in the United Kingdom may 
considerably exceed the estimates given in this report but 
also that there could be an important problem of com- 
munication—all too often the blind spot For the general 
branch of the mdustry, expenditure on research n 1961-62 
is estimated at £6 millon or 0 68 per cent of the gross 
output, compared with £2 8 muhon and 04 per cent m 
1954-55 The figures for the iron-foundmg and steel- 
founding branches of the industry are not given in the 
report, but the two research associations probably account 
for more than half the actual expenditure on research 
The report suggests that a substantial merease 18 called 
for ın the research effort of all branches of the dustry, 
and various considerations led the Iron and Steel Board 
to conclude that m the general branch of the mdustry 
research expenditure should amount to about 1 per cent 
of the turnover This would call for a research expendi- 
ture of £9-10 million a year 

The speed with which such an increase can be achieved 
depends largely on the industry's success in recruiting 
additional scientists and engineers, and the Board recom- 
mends accordingly that the mdustry should strengthen 
its connexion with universities and other centres of higher 
education Once again the question of the effectiveness 
of the research association 1s side-tracked, this time with, 
the remark that the extent to which companies should 
merease their individual research efforts, as compared with 
providing additional resources for co-operative 1esearch 
through research associations or otherwise, 1s a question 
for the industry collectively, or for companies individu- 
ally, to decide It 1s pomted out, however, that no 
company should rely exclusively on the services of re- 
search associations Nor 1s the somewhat related problem 
of communication of knowledge or iesults discussed, but 
the Technical Advisory Panel recommended extension of 
technical 1esearch m aid of market development 

If such major and fundamental issues are ignored, the 
report makes many constructive suggestions as to fields 
m which an increase m the resources devoted to research 
1s particularly hkely to be beneficial In view of recent 
extensive mvestment m modern plant, the Board sug- 
gests, for example, that much research could properly 
be directed to improving existing plant and processes 
A considerable increase 18 required, however, in resources 
devoted to research lookmg much further ahead, such as - 
radical changes ın technique and the ultimate replacement 
of batch production by eontinuous processes Increased 
provision, some of 1$ co-operatively financed, 1s desirable 
for large-scale work on pilot or production plant, and the 
principal objective m all branches of mdustry should be 
to improve the present and future competitive position 
of the industry Substantial merease ın the research 
expenditure of the foundry branches of the mdustry 1s 
needed, and the report 1s critical of the present dependence 
on the two research associations, which themselves need 
larger mcomes 

There are some observations on management and the 
importance of scientists and technologists participating 
at the highest executive level Imphceitly, rather than 
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group of viruses in the production of irato. - 
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T is known from the work of Andreasen and Stier! that 

yeast is capable of indefinite growth under anaerobic 

conditions only if the medium is supplemented with 
ergosterol and some other lipids. 

Very recently Linnane et al.* claimed that in yeast cells, 
grown anaerobically in the presence of ergosterol, it is 
impossible to show by electron microscopy anything 
similar to mitochondria. This article concerns the role of 
ergosterol in supporting the anaerobic growth of yeast, 
and the modifications that it produces on the physiology 
and ultrastructure of yeast. 

A respiratory-normal strain (DM) of Saccharomyces 
cerevisiae was used throughout the work. Some investiga- 
tions were also carried out on a respiratory deficient 
strain derived by the DM by means of treatment with 
acriflavine. The complete medium used, already described 
in previous work?, contained 0-3 per cent yeast extract, to 
which 140 mg/l. ergosterol were added when necessary 
(140 mg of ergosterol were previously dissolved in 14-3 
ml. of "Tween 80' and 19 ml. of aleohol). Anaerobiosis was 
obtained by bubbling through the liquid medium, either 
hydrogen produced with a Kipp's apparatus, or helium 
containing less than 1 p.p.m. of oxygen. At the inactive 
phase the maximum yield of cells was approximately 
10 x 10?/ml. in aerobic condition, 3-4 x lO'/ml. in 
anaerobiosis with added ergosterol and 0-2-0-5 x 107/ml. 
in anaerobiosis without ergosterol. 

Different growth conditions were used in examining the 
viability of anaerobically grown cells and 
this will be described later. 

Structure of aerobic and anaerobic yeast 
examined with the electron microscope. The 
fixation and staining procedure is described 
in ref. 2; 4 per cent permanganate instead 
of 2 per cent was used in some experiments, 
giving better results. Aerobie cells of 
Saccharomyces cerevisiae, collected in the 
inactive phase‘, typically show a nucleus, a 
large vacuole surrounded by à membrane 
and a large number of mitochondria with 
the typical criste. This was confirmed 
by our experiments as shown in Fig. 1. 
Yeast cells grown anaerobically in the 
-presence of ergosterol show a similar 
strueture (Fig. 2), although the mito- 
chondria are less well defined and the inter- 
nal eristze are not always evident. 


.2. Sections throu robic cells of S. cerevisiae grown in 
»eh reip y XE In B a new membranous 


All the other membranous systems, namely, the nuclear 
membrane, the cytoplasmie membrane, and the membrane 
of the vacuole, are very evident. 

The structure of yeast cells grown anaerobically in the 
absence of ergosterol is quite different. In these condi- 
tions growth stops after 5-7 generations and cells begin to 





Fig. 1. Secti through aerobic cell coreg tT gra cerevisiae show! 
hes cell wall (CW), cytoplasmic membrane (CM), nucleus (N), Aad 
chondria (M) and vacuole (V. 





au 


—- 


"s 





10* 


No. of cells/ml. at the inoculum 


10° 









plas Ss SD ae Se 5x9 4 5-.9.30. M 
No. of generations 


die 24 h afterwards. In most of the experiments cells 
do not show any internal structure (Fig. 34): cytoplasmic 
membrane, nuclear membrane, vacuole and mitochondria 
are cytologically undetectable. Only ina few cells, in some 
experiments, is the nuclear membrane visible, and in 
these cases a system of membranes apparently starting 
from the nucleus is generally power (Fig. 3B). This 
could be the system deseribed by Linnane ef al.*. The 


Fig. 3. Sections through anaerobic cells of S. cerevisiae grown without added ergosterol, 
re 


presents the typical situation in which no internal structures are present; 
the presence of the nucleus (N) and the new membranous system (M B) 
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same system is also evident in some cells 
grown anaerobically with ergosterol (Fig. 
2B). Similar changes are produced by 
anaerobiosis on the ‘petit’ strain. The 
only difference is that, in this strain. 
mitochondria, although present, are less 
evident even under aerobic conditions. 

Since it is well known that all the mem- 
branous systems of the yeast cells contain 
ergosterol, it seems reasonable to conclude 
that under anaerobic conditions ergosterol 
is not synthesized and therefore it is re- 
quired for the build-up of the mem- 
branes. The small residues of membranes 
in anaerobic cells could be due to the 
presence of small amounts of ergosterol 
in the complete medium. 

Viability of anaerobic cells. In these 
experiments yeast has been kept anaerobic 
with a different technique: a small 
vial was placed in a test-tube, which 
contained at the bottom a dense and 
vigorously respiring suspension of Bacillus 
subtilis, to consume the residual oxygen. 
Vials were inoculated with different concentration of DM 
cells, and the test-tube closed at the flame after flushing 
with nitrogen. Results are presented in Fig. 4 showing: (1) 
the number of generations in anaerobiosis plotted versus the 
cell concentration at the inoculum (in brackets the number 
of cells/ml., reached at the stationary phase); (2) the 
survival of cells with time plotted versus the number of 
divisions in anaerobiosis. "The graph shows quite clearly 
that in anaerobiosis the level at which the population 
becomes stationary depends on the concentration of the 
cells at the inoculum, being higher with the highest cell 
concentration. Moreover, cells grown in anaerobiosis 
coming from the lower inocula have a shorter mean life. 
This means that the life-span is inversely proportional to 
the number of divisions the cells have made in anaerobio- 
sis. Death is due to lysis, and this again suggests that cell 
membrane is somehow defective. The inverse propor- 
tionality between the life span and the number of cell 
divisions can be easily explained by the fact that each 
division produces a dilution of some factor, possibly 
ergosterol itself, which is present in the cells at the 
moment of the inoculum. 

Respiration of anaerobically grown cells. Cells grown in 
anaerobiosis in the presence of ergosterol do not respire. 
Following aeration, after a short lag, respiratory adapta- 
tion takes place, as described by Slonimsky* (Table 1). 
Surprisingly, cells grown under the same conditions but 
without ergosterol, respire immediately at nearly the same 
level as the aerobic cells. This does not depend on the 
lower number of divisions made in these conditions, 
since cells grown in the presence of ergosterol, but gathered 
when the number of divisions was approximately equal 
to that made by those grown in the absence of ergosterol, 
did not respire. Respiration was measured both with 
polarographic and manometric methods. 


B shows 


Table 1. RESPIRATION OF YEAST CELLS IN DIFFERENT PHYSIOLOGICAL 
CONDITIONS, uL, OXYGEN/B/10* CELLS 
Anaerobic Anaerobic 
Aerobic without ergosterol* with ergosterol 
Initial 51 17 3-4 
After 180 min aeration 51 17 61 


* Cells grown in this condition show & survival of 50 per cent, 


Cells cultivated anaerobically with and without added 
ergosterol are similarly lacking cytochrome a, b and c, 
and a certain number of enzymes*, Spectroscopic meas- 
urements have been carried out with a Cary recording 
spectrophotometer at room temperature, and are shown in 
Fig. 5. In the absence of oxygen the usual peaks at 550 
and 600 my are lacking and are substituted by two peaks 
at 540 and 575 mu (Fig. 5B, C), which could be the same 
as those described by Slonimsky*. 
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Fig 5 Absorption spectra of angetang yeast cells before and after 
aeration 
A, anaerobic cells without ergosterol before aeration, B, after aeration, 
C, anaerobic cells with ergosterol before aeration, D, after aeration 
These spectra were taken with a Cary recording spectrophotometer on 
cell suspensions containing 10° cells/ml , usmg grey tape as a blank 
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When 8 suspension of cells grown in anaerobiosis with 
eigosterol was aerated for 180 mun, the normal spectrum 
appeared (Fig 5D) and the respiration increased to the 
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level of a similar suspension of aetobie cellis On the 
contrary, cells grown in the absence of ergosterol were not 
able to inerease their respiration rate even after many 
hours of aeration and the spectrum remamed unchanged 
(Fig 5, A and B) 

The mechanism of respiration of the cells grown 
anaerobically m the absence of ergosterol 1s not clear 
at the present time, since in these cells the normal cyto- 
chromes and many enzymes hnked to the respiration® are 
absent The lack of adaptation in these cells may be due 
to the apparently complete absence of the structures to 
which respiration 18 normally linked In the cells grown 
m the presence of ergosterol the structures ale present, so 
the presence of oxygen as an inducet 1s sufficient to restore 
the normal respiration 

This work has been supported by a grant from the Con- 
sigho Nazionale delle Riceiche (C N R ) 
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CORRELATION BETWEEN EXPERIMENTAL AND HUMAN INFECTION 
WITH SCHISTOSOMA MANSONI 
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FTER the life-cycle of Schistosoma mansoni was 

determmed in 1915 the way was open for animal 
experimentation with this parasitic organism! Within 
a short time, Fairley?, mspired by a description of a febrile 
illness among Australians m Egypt’, began his investiga- 
tions of acute schistosomiasis ın monkeys m order “‘to 
establish a pathological basis for the early clinical picture 
as manifested in many of these human cases” From 
then on many papas have appeared on experimental 
mfection with S mansom in laboratory hosts from the 
mouse to the monkey, and in natural hosts as diverse as 
the racoon and the baboon Many different aspects of 
the mfection have also been examined, running a gamut 
from xmmunity to morbidity, from piophylaxis to 
psychology. The present discussion, however, will be 
limited to the aspéct of ammal experimentation as 
exemplified by Fairley’s pioneermg wo1k?, the attempt to 
develop animal models, climically, pathologically, patho- 
physiologically, and biochemically resembling the various 
disease syndromes seen in humans infected with S 
mansoni 

Attempts have been made to simulate and to mvestigate 
most of syndromes associated with schistosomuasis, such 
as swimmer’s itch, Katayama fever, Egyptian spleno- 
megaly, and cor pulmonale Swimmer’s itch, most 
frequently encountered m humans exposed to anımal 
schistosomes which do not penetrate beyond the skin, 
also oceurs m a modified form as the first symptom of 
exposure to S mansonz Work has been carried out on 
both man and animals on the difference in skm reactions 
in normal and abnormal hosts exposed to various species 
of schistosomes* 

Katayama fever, recerving rts name from an area m 
Japan where schistosomiasis japonicum 1s rife, 1s the 
next phase of this disease experienced, m a somewhat 
mulder form, in patients infected with S manson This 
syndrome, occurring durmg 4-12 weeks after exposure, 


* Visiting professor of medicine, University of Bahia, Salvador, Brazil 
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consists of abdommal pam, an enlarged tender hver and 
spleen, bronchitis, urticaria and diarrhoea? Soon after 
1t was described m humans exposed toS mansoni, 15 was 
reproduced in large part in monkeys The pathology m 
monkeys dying within five weeks was piobably due to an 
acute toxemia, and serological studies indicated that 
this was of an allergic nature’. Recently, Bruce 
et al® reported studies in individual monkeys, meludmg 
surgical liver biopsies, splenoportograms, and blood and 
liver function tests There was an alteration m hver 
function tests durmg the acute stages which later reverted 
towards normal, and the development of eosmophilic 
reactions in the liver and peripheral blood stream 

The chronic phases of schistosomiasis mansoni m expeli- 
mental animals are those most studied, yet most difficult 
to study Although the bowel is one of the major sites of 
pathology, little direct work has been performed on 
intestinal lesions in animals Farley? saw bilharzial 
pericolitis, acute bilharzial dysentery, and early adeno- 
papillomata of the colon in infected monkeys Many 
authors have described the histological appearance of the 
gut®, but httle work has been done on the severe gross 
lesions seen in humans with this disease 

Before ıt was definitely decided that the liver disease 
of schistosomiasis really existed, and while many investi- 
gators were searching the spleens of victims of Egyptian 
splenomegaly m vam, Fairley? began his mvestigations m 
monkeys He observed the liver lesions after egg depos:- 
tion began and concluded that “the human hver is much 
more constantly mvolved, even m the finer grades of 
cirrhosis, than has previously been supposed" He agam 
anticipated later studies by speculating on the factor 
or factors responsible for the development of liver disease 
He suggested that the extensive tissue changes in the 
presence of few eggs were partly the result of a widely 
diffused bilharzial toxin filtered out m the hver Since 
then, most research in this field has been related to 
attempts not only to reproduce m animals the liver disease 
seen m man, but also to ascertain the way m which the 
parasites induce these hepatie changes 
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In 1931 Brumpt and Chevaher? used white mice m 
their investigations of the pathology caused by S mansonz, 
S hematobwum and S. boves Smee then the mouse has 
been the laboratory animal of choice. Although they 
infected only nine mice with S mansonz, they observed 
the egg lesions in detail Eggs were seen m the spleen, 
but it 13 beheved* that these occurred mamly m the 
animals mfected with S hematobium The authors 
concluded that the liver and the spleen react to ova and 
toxins independently, and that, because ova were seen in 
the spleens of mice and not of men, the diseases were 
different 

Koppisch's$ extensive and careful mvestigations m 
1937 in rabbits and white rats unfortunately have little 
relation to the human disease because both these 
animals are poor hosts for S. mansont He beheved that 
the parasites and their products were more mmportent 
than eggs m the development of liver fibrosis in his poorly 
susceptible hosts, but predicted that eggs were of more 
importance in the pathogenesis of liver disease in man 

Krakower ef al? m 1944 were the first to notice the 
development of collateral circulation (but did not see 
cesophageal varices) ın anmmals infected with S mansoni 
They also used poorly susceptible hosts, guinea pigs, but 
exposed them to very large numbers of cercariz, 3,500— 
4,700 They noticed splenomegaly ın some animals and 
a diffuse nodular cirrhosis at 105 days which disappeared 
completely by 300 days 

Jaffe!" m 1945 produced a much-quoted study in which 
he described hepatic necrosis, splenomegaly and vascular 
and cardiac changes m mice infected with only one sex of 
S manson. He concluded that toxms produced by the 
worms were the major cause of the liver disease of S 
manson. It would have been well, however, to have 
had some idea as to the number of cercamz the mice were 
exposed to and the number of worms they harboured. 

Meleney et al. then provided careful descriptions of the 
histopathology occurrmg 1n a series of laboratory animals 
with both unisexual and bisexual infections produced by 
all three of the major human sehustosomes* The authors 
concluded that something more than a single sex of worms 
18 required, to produce cirrhosis of the iver They specu- 
lated that m men the pathological processes may be initi- 
ated by toxms and eggs and that the final severe cirrhosis 
i8 a combmed product of the mfection and dietary mn- 
sufficiency In 1955 Gonnert m work on micet, and 
lachtenberg usmg human materal?, emphasized the 
importance of eggs m the pathogenesis of the liver disease 

Several groups of investigators have directed particular 
attention to the role of dead worms m the production of 
hepato-splenie schistosomiasis mansoni — In Brazil, 
Magalhães and Coelho" reported extensive liver damage 
in mice exposed to exceedingly large numbers of cercarie 
and later treated — Gillman'* in. Africa noted some worm 
lesions ın the liver of monkeys, and also ascribed great 
importance to dead worms in the development of human 
disease Hamulton e? al“, finding dead worms m the 
livers of 7 of 73 patients at operation, supported this 
position with human material. 

As can be seen from the many fine investigations here, 
the hepatic changes due to mfection with S manson: m 
highly susceptible hosts and relatively poor hosts, m 
treated and untreated animals, and in unisexual and 
bisexual mfections, had been well described Neverthe- 
less, much controversy existed as to whether eggs, toxins, 
dead worms, malnutrition, or any combmation of these 
factors was responsible for the development of significant 
liver disease m animals and humans — Hartroft!5 has 
explained the cause of all thus difference of epinion m a 
paper entitled, "Experimental Liver Disease” ‘“‘Despite 
its fasemnastioh the liver in some respects is a relatively 
unimaginative organ exhibiting only a lumited repertoire 
of responses to injury But the stimuh eheiing these 
responses are legion so that mescapably the'fact emerges 
that many etiological agents must, zpso facto, produce 
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identical changes in the organs " In relation to the work 
on schistosomiasis mansoni, therefore, 1b was apparent 
that liver injury could be produced by eggs, ving worms, 
dead worms and malnutrition, but the significance of 
each of these factors m the development of severe overt 
liver disease remamed unknown 

In 1958, Warren and DeWitt! reported the develop- 
ment of portal hypertension, cesophageal varices, hepato- 
megaly, splenomegaly and ascites m mice infected wrth 
S. manson, a syndrome remarkably sumilar to that of 
hepato-splenie schistosomiasis manson: m humans These 
investigations were amplified and in 1959 the same 
authors!* showed that hver function tests m these mnfected 
animals also resembled those seen in humans The 
stiology of this syndrome was then investigated’* by 
observing the effect of bisexual mfections under good and 
bad nutritional conditions, treated bisexual mfections, 
and both male and female unisexual mfections. Under 
these vamous conditions the complete syndrome would 
only develop m untreated bisexual mfections The 
conclusions reached were ‘On the basis of the results 
obtained, 1b 18 felt that eggs are the prime factor in the 
development of hepato-splenic schistosomiasis in the 
mouse, that toxins produced by the worms or an allergic 
reaction to their presence may be a contributing factor m 
the early stages, and that dead worms and malnutrition 
are probably only of ancillary importance” (Cheever®, m 
careful mvestigations of the hepatic vasculature by 
jection of indian mk m mice fected with S 
mansont, concluded that obstruction of small vems by 
granulomata due to eggs appeared to be sufficient cause 
for portal hypertension) An amplification*! of the 
studies of the effect of treatment on hepato-splenie 
schistosomiasis mansom revealed that even after the 
syndrome 1s fully developed, destruction of the worms was 
followed by shrinkage of the liver and spleen, fall m portal 
pressure, disappearance of cesophageal varices and resorp- 
tion of histological lesions. The resorption of egg lesions 
on termmation of the mfection had previously been 
reported by both Meleney et al 5 and Gonnert* 

Several problems existed with this particular model, 
however the mice were heavily mfected, the syndrome 
developed very rapidly, and the most characteristie lesion 
of the human disease, clay prpe-stem fibrosis, was not seen 
Later mvestigations have surmounted some of these 
difficulties m that 1t was found that mee will develop 
hepato-splenic schistosomiasis when infected with as 
few as one or two pairs of worms??, that its development 
under these conditions 1s delayed to between 20 and 25 
weeks after infection?*, and, finally, that generalized 
portal fibrosis unrelated to the presence of granulomata 
and resembling early clay pipe-stem fibrosis 1s seen in 
some of these anmals** 

Egyptian splenomegaly 1s one of the classical names for 
hepatosplenie schistosomiasis mansoni, and several animal 
studies have appeared on the cause of splenomegaly in 
this disease ‘The enlargement of the spleen m humans 
has been ascribed primeipally to congestive splenomegaly, 
and studies of this syndrome m mice showmg the 
development of significant splenic enlargement concur ent 
with an increase in portal pressure tend to support this 
pomt of view!?-X¥ The importance, however, of an 
augmentation of reticuloendothehal elements m the 
increase 1n. spleen size has been emphasized by Magalhües 
and Coutmho-Abath?! Andrade* using acid phosphatase 
stains showed an early and marked increase m cells of the 
reticulo-endothehal system, and with fluorescent antibody 
noted a considerable augmentation m the number of plasma 
cells At a later tame in the course of the fection mdi:ca- 
tions of chronic passive congestion, such as sinus engorge- 
ment and hyperplasia of reticular fibrils, appeared 

Smee Fairley’s? early experiments, pulmonary lesions 
have been reported in expermental animals mfected 
with S manson: ~‘Sorour?* described the appear- 
ance of lesions in the lungs on mjection of hving and 
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dead eggs into the ear vein of rabbits Magalhies?? 
reported severe pulmonary lesions caused by schisto- 
somule trapped m the lungs of immunized mice 
Recently, Warren'$ was able to produce extensive pul- 
monary disease, meluding severe generalized arteritis, 
and a three-fold inerease ın systemic venous pressure in 
mice infected with S manson: Early in the course of 
infection the portal vem was partially hgated, thus 
producing extensive collateral circulation and divertmg 
a significant proportion of eggs from the liver to the 
lungs One of these mice, observed to have severe electro- 
cardiographic abnormalities, was found at post-mortem to 
have granulomatous myocarditis, thus simulating another 
rarely seen complication of human schistosomiasis 

Many aspects of human schistosomiasis mansoni have 
thus been produced m the expermnental model, and 
much has been Jearned In summary, work in animals has 
confirmed the general mnupression that the acute stage 
of S. mansonz infection 1s due to hypersensitivity Animal 
investigations early supported the concept that S mansone 
attacks the liver primarily, anc that the merease ın spleen 
size (Egyptian splenomegaly) ıs a secondary response 
Furthe: mvestigations of the spleen, however, are reveal- 
ing that an increase of reticuloendothehal elements 1s 
also a factor ın the development of splenomegaly It has 
been shown that hepato-splenic disease will occur m 
well-nouriished animals infected with S manson? alone, 
and that eggs play a decisive pait m the pathogenesis of 
this syndrome In addition, dead worms alone will not 
cause this disease, and mice with advanced hepato- 
splenic schistosomiasis show an almost complete reversion 
to normal after treatment Pulmonary schistosomiasis 
and granulomatous myocarditis have also been reproduced 
ın experimental animals, again strongly implicating the 
central role of eggs 

In conclusion, to make a correlation between two situa- 
tions implies a knowledge of both, in this case laboratory 
animals experimentally infected with S mansom and 
humans naturally mfected Investigations of this disease 
performed m animals have one particular advantage, 
they can be done anywhere m the world Investigations 


NATURE 


901 


in human bemgs must generally be conducted m the 
underdeveloped areas wherem S manson: exists. It 
is of great mmportance, therefore, to make all possible 
efforts to bring the most modern mvestigational methods 
to the patients with schistosomiasis or vice versa. Then 
our knowledge of the disease m human and animals 
will develop m a complementary manner and further and 
more sophisticated correlations may be made 
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ms adsorption isotherms of nghly reactive fluorme- 
contammg gases cannot be measured with certainty 
by conventional methods based on the pressure changes 
observed when successive volumes of adsorbate are 
admitted to a vessel contammg adsorbent, since reaction 
of the gas with the vessel or with traces of mmpurities can 
lead to spurious pressure changes and general falsification 
of adsorption conditions The use of adsorption balances 
also presents experimental difficulties because of the highly 
reactive nature of the adsorbate Gas chromatographic 
methods for the determmation of adsorption 1sotherms’:*, 
however, should be free from errors arismg from this 
cause 

Huber and Keulemans? calculated adsorption data from 
a peak obtained by a gas-solid elution chromatographic 
technique This method has been applied to the determ- 
mation of the adsorption isotherms of uranium hexafluoride 
at pressures up to 300 torr at 60°C This pressure 1s 
30 per cent of the saturation pressure at 60°C, but it 
appeared that there would be no difficulty m using the 
method to mvestigate even higher pressures 


'The theory of all gas chromatographie methods assumes 
that the adsoibate causes negligible disturbance to the 
carrier gas flow pattern on adsorption and desorption, and 
this appears to be realized in practice if the concentration 
of the adsorbate m the carrier gas does not exceed 10 per 
cent v/v, particularly if carrier gas and adsorbate have 
simular viscosities This restricts the range of the method 
if the adsorbate has a gh saturation pressure at the 
temperature under consideration, but ıt has been found 
possible to overcome this restriction by raising the general 
pressure within the chromatographie system, thus increas- 
mg the partial pressute of the adsorbate without mereasing 
its concentration 

A gas chromatograph designed specially for use with 
fluoride gases‘ was modified to operate at high pressures 
by mterposmg a needle valve between column and 
katharometer to act as a constriction and allow the pressure 
within the column to be raised while the katharometer 
detector operated under normal conditions The flow of 
carmer gas through the column was kept constant -ab 
10 ml/min at the prevailng pressure This flow rate 
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appeaied to allow time for equbbrium to be reached 
whilo still producing a good peak shape A recorder with 
a high chart speed was used to facilitate the measurement 
of areas enclosed by the trace 

Huber and Keulemans did not apply a coriection for 
the normal diffusive spreadmg of the peak that oceurs 
on passage through the column, but ın the present work 
the retention time of uranium hexafluoride was small 
enough to make the error from diffusion sigmficant A 
correction (PVp X Fig 1) was obtamed by mtroducmg 
samples of a similar but unadsorbed gas (sulphur hexa- 
fluoride) m the same way as the samples of uranium 
hexafluonde The quantity was adjusted until the haght 
of the elution peak obtained equalled that of the uranium 
hexafluoride peak (the width of the sulphur hexafluonde 
peak at base-line was found to be mdependent of sample 
size} This peak was then traced on to the cmomatogram 
of the uranrum hexafluoride 
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The adsorption isotherm was calculated from measme- 
ments involvmg the trailmg edge of the elution peak of 
the uranium hexafluoride ın a manner simular to that of 
Huber and Keulemans A factor relating chart area to 
mass of uranium hexafluoride was first obtamed by 
dividing the mass of the sample of uranium hexafluoride 
mtioduced by the area under its elution peak (WYZ) 
This was then used to determme the amount of uranium 
hexafluoride adsorbed at a pressure corresponding to a 
series of pomts (Q) along the trailing edge of the isotherm 
by measurement of areas such as QZXP The concentia- 
tion of uranium hexafluoride m the carrier gas, and hence 
the partial pressure of adsorbate corresponding to point 
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Q, was found by dividing the mass of uranium hexafluoride 
represented by the area QVaVp5P by the volume of 
carrier gas (Va-Vp) 

Fig 2 shows partial adsorption isotherms obtaimed in 
this manner at various column pressures from atmospheric 
to 3,500 torr and these show good agreement as the pressure 
18 raised 


Mass UF, adsorbed 





300 


0 100 200 
UF, pressure torr 


Fig 2 Adsorption isotherms at various column pressures 
x, 770 torr, Q, 1,600 torr, @, 3,000 torr, A, 3,500 torr 


The gas chromatographic method appeais to give good 
results and provides a relatively rapid means of determ- 
ming adsorption isotherms of highly reactive gases The 
assumptions made regarding the correction for diffusion 
and the negligible effects of adsorption and desorption of 
the adsorbate on the flow rate of the caner gas under the 
conditions used appear to be valid, since agreement 
between the sections of the isotherms at different column 
pressures 13 good It has been possible to check & portion 
of the isotherms so obtained for uranium hexafluoride by 
the use of a specially designed spring balance, and good 
general agreement was shown 


1 Dal Nogare, S , and Juvet, R 8 , Gas-Iaquid. Chromatography, 9 (Inter- 
sciences Publishers, New York and London, 1982) 

* Gregg, S J, and Stock, R, Gas Chromatography, 90 (Butterworths, 
London, 1958) 

? Huber, J F K ,and Keulemans, A I M , Gas Chromatography, 26 (Butter- 
worths, London, 1962) 

4Hamln, A G, and Iveson, G , Gas Chiomatography, 333 (Butterworths, 
London 1962) 


TT-COMPLEXES IN CATALYTIC TRITIATION 


By Da J. L GARNETT and Da W A. SOLLICH 
School of Chemistry, University of New South Wales, Sydney 


HE potential of a tiansition-metal catalysed ex- 
change procedure mvolving trtum oxide for the 
synthesis of tritiated compounds has been reviewed? 
Modifications of this technique have been proposed?! In 
general, platinum catalysts are the most reactive of the 
transition metals, however, ın specific cases, other metals* 
and supported catalysts®.? may be preferred 
Because of the advantages of catalytic tritiation as a 
synthetic tool? when compared to radiation-mduced 
methods*-*, mechanistic investigations of the catalytic 
procedure are important If the mechanism is known, 
it should be possible to estimate the catalytic reactivity 
of a molecule on the basis of relevant properties (electronic, 
steric) without prelminary exchange experiments, thus 
simplifymg the choice of tritiation method (that 1s, radia- 
fion mduced or catalysis) for a given compound 


It ıs the purpose of this article to show how a recently 
proposed new x-complex chemisorption theory for hetero- 
geneous catalysis’® may be applied to predict molecular 
reactivity in catalytic tritiation using the alkyl benzenes 
as a model series with deuterium as a tracer for tritum 
We had previously: proposed two new mechanisms 
for transition metal catalysed hydrogen exchange reactions 
of aromatic hydrocarbons However, from these earlier 
data ib was not possible to distinguish between these 
mechanisms which have been termed the ‘associative’ 
and ‘dissociative m-complex substitution mechanisms’? 
The results of recent mvestigations®:!° have confirmed 
the postulated x-complex mtermediate and also distin- 
guished between the relative importance of the two 
mechanisms m exchange reactions between heavy water 
and aromatic compounds 
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Diagrams for mechanisms of exchange 


Both mechanisms mvolve a z-complex chemisorbed 
aiomatie molecule horizontally oriented on the catalyst 
surface (Fig 1, I) In the ‘associative z-complex sub- 
stitution mechanism’! the aromatic nucleus 1s attacked 
by a chemrsorbed deuterium atom orgmating from the 
dissociative chemisorption of water or deuteimum gas 
(Fig 1, II) In the ‘dissociative’ postulate (Fig 1, IIT 
and IV) the x-bonded aromatic reacts with a metal 1adical 
in the first step (Fig 1, III) by rotating through 90° to 
yield c-bonded (edge-on) chemisorption The transition 
state for the z-o conversion 18 sumilar to that suggested by 
Melander!? for homogeneous substitution reactions, that 
1s, out-of-plane bending of a carbon—hydrogen bond 
While c-bonded the compound undergoes a further 1ate 
controllmg (D T isotope effect 16 (ref 5)) substitution 
reaction (Fig 1, IV) with a chemisorbed deutermmm atom 

From the alkyl benzene results (Table 1) and other data5, 
the dissociative m-complex substitution mechanism appears 
to predominate m platinum-eavalysed exchange reactions 
with deuterum oxide Since a -bonded molecule 
1otates through 90° to form a carbon-metal s-bond, 
an alkyl substituent may exhibit two types of steric 


Table ) CATALYTIC DLUTERATION OF ALKYL BFN7ENES* 
Active 
Catalyst Compound haf, °oD (h) aromatic 
hy drogenst 
Platinum$§ Benzene 087 6 
x» Ethy 1 benzene 053 5 
i o-Xylene 028 4 
» Cumene 0 26 5 
s Toluene 0 187 5 
, m-Xyleno 0 112 3 
35 p-Xylene 0053 4 
w Hemimelhtene 
(1,2,8-trimethyl) 0 007 3 
, tert-Butylbenzene 0 005 3 
E Mesitylene 0 000 0 
Raney nickel Benzene fast exchange T 6 
ae Mesitylenc 
(1,3,5-trimethy D) OT 0 
LES Durene 
(12,3,5 tetramethyl) ot 0 
Nickell Benzene fast exchanges 6 
i Mesity lene oT 0 
we Durene oT 0 


* Temperature of exchange 120? C 

+ In terms of active aromatic hy drogeas only 

t Estimated from the relative abundances of the deuterated species m 
the masa-spectrometer 

§ Catalyst prepared from platinum oude (ref 19) 

{| Catalyst prepared at room temperature for maximum activity by NaBH, 
reduction (ref 16) 

€ Estimated from infra-red techniques (ref 16) 
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effect, namely, ın the formation of (1) the x-complex, 
(2) the c-bond The former determmes the reactivity of 
the sterically unhindered img positions while the latter 
influences the orientation effect This 1s confirmed by the 
alkyl benzene results where ‘complete’ ortho deactivation 
occurs when. the ortho position 18 adjacent to a large mert 
group or ‘flanked’ by two methyl groups (fert butyl- 
benzene, mesitylene, m-xylene) while ‘severe’ but meom- 
plete ortho deactivation occurs when the ortho position 18 
adjacent to only one methyl group This evidence sup- 
ports the x-o theory smce compounds which contain. a fert 
butyl group or two meta-oriented methyl groups prevent 
the ortho carbon fiom forming a o-bond with the metal, 
however, such a bond ıs possible with one methyl group 
although steric hindrance m this instance 1s still sufficiently 
effective as to produce ‘severe’ deactivation of the ring 
position Tiere! also observed ortho deactivation effects 
in the toluene, heavy water, Raney nickel system, while 
Crawford and Kemball!5 obtamed analogous results for 
the nickel catalysed exchange of toluene and the xylenes 
with D,, however, no satisfactory theory was proposed 
at the time to account fo: this orientation. effect 

The labelling iesults with mesitylene are particularly 
important since all three ring positions are deactivated, 
however, slow isotope incorporation also occurs in the 
three methyl groups Thus the molecule as a whole 1s 
not readily labelled with isotopic hydiogen ın the presence 
of active planum Analogous data with Raney nickel 
and nickel activated at room temperature were obtained 
with both mesitylene and dmene (1.2,4,5-tetramethyl 
benzene)! With these compounds ‘complete’ deactiva- 
tion of the img positions was observed as predicted by 
theory!? while poor exchange was obtained in the methyl 
groups 

In terms of catalytic tritrum labelling, these results are 
important since they should serve as a warning to potential 
users of the technique to exercise care when attempting 
to label poly-substituted, a1omatios, particularly sym- 
metrically tr- and tetra-substituted benzenes Even 
with trimesic acid (1,3,5-benzenetriearboxylne acid) no 
ung exchange has been observed?" For these compounds 
and those where the substituents aro no longer mert and 
give secondary 1eactions with the catalyst’, 16 1s prefer- 
able toconsider alternate techniques meluding the radiation- 
induced methods? The results (lustrate the importance 
of a theoretical understanding of catalytic labelhng 
techniques For example, knowledge of the ready ex- 
change of the first six alkyl benzenes listed m Table 1 
could lead to the erroneous assumption that the remainder 
of the series could also be satisfactorily labelled by the 
catalytic procedure 

We thank the Australian Institute of Nuclear Science 
and Engmeermg (Mr E A Palmer) for assistance in 
purchasing the heavy water, the New South Wales State 
Cancer Council for the use of then facilities and Mi J. 
Mason for advice on instrumentation 
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DIRECT MEASUREMENT OF RADIATIVE HEAT EXCHANGE OF 
THE HUMAN BODY 


By J. P FUNK 
CSIRO Division of Meteorological Physics, Aspendale, Victoria, Australia 


ETHODS for determmmg the radiative heat 
exchange between a human body and the environ- 
ment are essentially of two types direct and mdirect 
In the mdirect methods the radiative exchange 1s 
determined either from configuration factors, the radiation 
temperature of the subject and the surroundings?? or from 
the sum of radiative and convective heat exchange 
measured 1n a colorimeter provided with means to obtain 
the convective part separately The radiative part is 
then determmed as a residual (for example, ref 3) 
Only two attempts to measure the radiative heat 
exchange directly are known to me 
In the first an unshielded radiometer in the form of 
a semi-circle was rotated about the subject* Because of 
the complexity of the radiometer the whole system could 
only be calibrated by means of test bodies of supposedly 
known radiation output Results were apparently dis- 
appomting, this possibly bemg due to the radiometer 
construction failmg to give correct integration due to 
improper weighting 
In the second method’ (which strictly speaking 1s not a 
direct method) the actual net radiation.per unit surface 
area of a subject 1s measured by holding a net radiometer 
consecutively at thirty pomts close to its surface and 
multiplymg the properly averaged result by the inde- 
pendently estimated radiation area, a complete scan 
taking more than half an hour 
In the present method the radiative heat exchange 1s 
determined by making use of Gauss’s integral theorem 
whereby the integral of Rn, the radiative flux normal to a 
closed surface, 4, equals the radiative heat source (smk), 
Q, inside A, that is. 


| Ra dA =Q 


The mean value of En over A ıs measured by means of 
two balanced polythene shielded net radiometers’ mounted 
diametrically opposite each other and moving at constant 
speed in a helical path so as to sweep out a vertical elong- 
ated eylmndrieal surface (4,) surrounding the subject, one 
complete scan talking about 1mm ‘The two radiometers 
are connected to a potentiometric recorder so as to cancel 
the signal generated by the general ambient flux The 
flux through the end areas (A, and As), which 1s mimmzed. 
by elongation of the cylmder some distance above and 
below the subject concerned, 1s separately measured by 
means of another paar of balanced and sumuarly connected. 
net radiometers placed within. the end areas A, and Ag, 
respectively 


Prehmunary results are shown m Table I and samples 
of actual traces ın Fig 1 To avoid end effects (tme con- 


stant of radiometer 13 sec) and because of the small extra. 


time involved four scans were usually taken and the 
averagmg caiued out over scans 2 and 3 


Watts/m? 


0 1 2 3 4 


Fig 1 Actual recordings of radiative heat exchange a, Unclothed 
subject m darkened room, b, background trace, c, clothed subject 
irradiated by winter sunlight through window 




















Table 1 
bs Š Temperature Radiative loss (watts) 
| | ————————i 
Date Run Clothing Posture speed Dry bulb Wet bulb Through Through Remarks 
No, (1nsec-1) Co) (°C) cylindrical | end areas Total 
surface (á) | (AatAs) |(A;+4a+As) 
12/6/68 Test run 0 i -08 +097 00 Background reading 
| with sunlight 
12/6/63 1 Clothed Standing 0 485 46 531 With sunlight 
12/6/63 "Test run 0 | -18 08 -09 Background reading 
i 4 without sunlight 
12/6/63 2 Clothed Standing D 536 46 586 Without sunlight 
17/6/63 1 Clotbed Standing 0 193 1 133 528 64 587 Without sunlight 
17/8/63 2 Clothed Standing 1 190 | 136 102 44 446 Without sunlight 
17/6/63 8 Nude Standmg (H 19 0 1 136 779 67 84 6 Without sunlight 
17/6/63 4 Clothed Standing 0 189 | 136 485 49 53 4 Without sunbght 
18/6/63 1 Clothed Standing 0 174 124 48 6 25 511 Without sunlight 
18/6/63 2 Clothed Crouching 0 174 l 123 419 53 472 Without sunlight | 
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The results are consistent with what 1s generally known 
about the radiative heat exchange under such environ- 
mental conditions, the radiative heat loss bemg of the 
order of one-half the metabolic rate for the clothed and 
somewhat more than two-thirds of that rate for the nude 
subject (about 53 and 85 W, respectively), m the latter 
case the subject, having only just undressed, was not m 
thermal equilibrium 

It 1s also mterestmg that the radiative loss of the nude 
test subject when clothed again was 10 per cent lower than 
before undressmg took place The good agreement, 
despite the expected irregularity of the trace (Fig le) 
between the readmgs with and without patchy winter 
sunlight through glass, 1s noteworthy, the reduction of 
about 10 per cent ın radiative heat loss being very realistic 
The quite small background readings are also gratifying 
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The method described 1s quick and has a conservatively 
estumated accuracy of 5 per cent Furthermore, the 
radiometers are mdependently calibrated and, beeause 
of the balanced nature of therr arrangement, readings can 
be taken even in the presence of a strong asymmetrical 
external radiation field (for example, sunhght) It thus 
seems that the method may also be well suited for uso 
out of doors 


* Guibert, A , and Taylor, C b, J. App Phystol , 5, 25 (1952) 
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SHAPE OF SMALL PARTICLES 


By C N. DAVIES 
London School of Hygiene and Tropical Medicine, Keppel Street, London, WC I 


E B shape of irregular sohd particles can be expressed, 
in geometrical or dynamical terms The purpose of 
this article 1s to explam a method of making alternative 
descriptions consistent with one another 

The dynamical size 1s usually found by measurmg the 
rate of fall, this 15 often obtained in the course of classifymg 
2 powder mto fractions by sedimentation The mean 
size of each fraction 1s expressed by the Stokes’s diameter 


ge = VISm[(g — og (1) 
where v 1s the rate of fall through a fluid of viscosity 7 and 
density c, p ıs the density of the particles and g the 
acceleration causmg sedimentation The particles must 
be small enough for the fluid resistance to be viscous? 

A dynamical expression of shape 1s obtainable by com- 
paring the Stokes's diameter with the diameter, dv, of a 
sphere which has the same volume as the mean of the 
particles The dynamical shape factor 1s 

x = qup (2) 

It ıs equal to 1 for spheres and increases up to 5 or more 
for very elongated or flat particles Qv 18 measured by 
mucroscopie countmg of the number of particles m a 
known weight of the fraction of powder The dynamical 
shape factor expresses departure from sphericity without 
indicating its nature Fuchs? has shown that the dynami- 
eal shape factors for rod-shaped or disk-shaped particles 
can be matched quite well by the values for prolate and 
oblate spheroids of similar axial ratio 

The geometrical size of a particle 1s usually found from 
its projected area and 1s expressed as the diametor of the 
circle which has the same area It can be measured 
mucroscopically in several different ways? or determined by 
light extinction 

Expermments* have shown that the average projected 
area of small particles which are falling is independent of 
the direction of observation, after they have settled on a 
horizontal surface, however, many particles present a 
large merease in area, when viewed from above 

According to the experimental technique, therefore, 1t 1s 
necessary to distmguish two projected area diameters 

Dp 1s for preferred orientation with presentation of 
maximum area and the particles lying in stable positions 
Tt 1s measured microscopically on settled particles 

Pris for random orrentation It 1s measured by optical 
transmission or similar methods 

Geometrical shape 1s commonly expressed by shape 
factors which relate the mean square or cube of the 
projected area diameter to the surface or volume of the 
sphere of the same diameter The surface area shape 


` 


factor 1s really an orientation factor and the volume shape 
faetor varies enormously from particle to particle because 
it depends on the line-of-sight thickness* ‘here 1s no 
hkehhood of correlatmg these factors with the dynamical 
behaviour of particles 

Ib 1s, however, possible to correlate the dynamics and 
geometry of irregularly-shaped particles by finding a 
spheroid which will replace the mean particle The 
particles in a limited range of sizes can then be regarded as 
an equal number of identical spheroids of the appropriate 
type The dynamical behaviour of a spheroid 1s related to 
its geometry by viscous flow hydrodynamics 


The Equivalent Spheroid 


An imtial decision must be made, after examining the 
particles, about utihzmg a prolate or an oblate spheroid 
In order to establish the size and axial ratio two measure- 
ments have to be made on the particles out of the three 
mentioned here pa, pv, and Dp or Dr A spheroid will 
then be selected to match the mean particle in correspond- 
ing terms 

Smeo orentauon durmg fall is random, the average 
fallmg speed when all orientations are equally probable 
is required ‘This can be obtamed from Table 1 (refs 1 
and 2) which lists, for prolate and for oblate spheroids, 
the average rates of fall relative to spheres of the same 
volume ‘These are the dynamical shape factors for 
spheroids ın random orientation It will be noticed that 
it is not possible to distinguish between prolate and 
oblate spheroids from the rates of fall alone Two other 
tables contain the surface area and related functions for 
oblate and prolate spheroids which are required m match- 
ing them to the required values of D In calculating the 
average rate of fall of a spheroid m all orientations which 


Table 1 THE DYNAMICAL SHAPE FACTOR, x, FOR SPHEROIDS FALLING IN 
RANDOM ORIENTATION 


Axial Prolate Oblate 
ratio pus spheroids pla spheroids 
B x x 
1 i 1 1 
11 0 969 1001 0 939 1 
13 0 916 1008 0839 1 
15 0874 1010 0 764 0 906 
2 0 794 105 0 630 104 
3 0 693 112 0 480 111 
4 0 630 120 0 397 118 
6 0550 134 0 303 130 
B 0 500 147 0 250 140 
10 0 464 159 0215 149 
20 0 368 208 0 135 184 
50 0271 313 0 0734 240 
100 0215 430 0 0462 3 08 
500 0 126 10 72 0 0159 5 25 
1,000 01 15 43 0 0100 6 60 
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was needed for the values of Table 1, no account was 
taken of the small deviations from vertical motion which. 
occur when the polar axis is oblique 


Prolate Spheroids 


Case Pl Ys and qe measured for the particles The 
dynamueal shape factor of the particles ıs calculated by 
equation (2) This value is entered m Table 1 and the 
corresponding value of the"axial ratio, D, for prolate ellip- 
soids 1s extracted Since, a bemg the major axis 


4 
Epa = fun 
a We (3) 
and the equivalent spheroid is defined 
Case P 2a s and Dp measured for the particles Since 
both the particles and the ellipsoids present their maxi- 
mum areas 
nDp?/4 = na*[B (4) 
also, from (3) 
Yo? = 4a? Btr 


Hence 
E Dpy 1/8 
x) = pu 
and ! "€ 
x = (Pen (5) 


If a graph 1s plotted of 8-1/3 agaist x, usmg Table 1, 
the required value of x 1s established by the pomt at whieh 
thus curve 1s met by the straight line (5) Hence f 1s found 


and from (4) a = Dsgi[o 6) 


Case P 2b js and Dr measured for the particles With 
the particles and ellipsoids m random orientation the 
projected area of the latter 1s given by Cauchy’s theorem’ 

inDm = } tna’ fB) (7) 


where \ 


L 8 NE 
J(B) = 5m f 1 + 7 are sn I 
æ ( NESA Ja 


This function is given ın Table 2 
From equations (3) and (7) 


BY = 1940) 





Hence 
Dr 
x = (GE) mto (9) 


The intersection of the Ime (9) with a curve of « agamst 
1/B1/3f(8) establishes the value of 8 The curves can be 
plotted with the aid of Tables 1 and 2 Knowing P, 
J(B) 15 found from Table 2 and then, by equation (7) 


a = Dza[2N/ fi) (10) 
Case P 3a c and Dp measured for the particles The 
ehmination of a between (3) and (4) gives . 
8 = (Det) . QU 
and 5 
p(Dpwy 
a= 3 Te) (12) 
Case P 3b bv and Dr measured foi the particles Fiom 
(3) 
2 i 
$^ (13) 
hence from (10) 
(14) 


TE = env 


v 
B can be found with the aid of Table 2 and equation (13) 
used to obtain a 
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Table 2  PROLATE SPHEROIDS 
Axial J(B) = surface AER EEN 
ratio f atea/4na* 1 {64 ?$(8) 2A f(B) pets fy 
1 2 
11 0 883 0 997 1 880 1002 
18 0 714 0 987 1690 1006 
15 0 599 0973 1 548 1014 
2 0 428 0 928 1 308 1 038 
3 0273 0847 1 048 1088 
t4 0 2015 0781 . 0 898 1182 
6 01324 0 693 0 728 1202 
8 0 0989 0 632 0 628 1256 
10 0 0789 0 588 0 562 1304 
20 0 0392 0 470 0 396 1450 
50 0 01571 0346 0 250 1697 
100 0 00790 0 278 0178 1915 
500 0 00157 0161 0 0792 2 495 
1,000 0 000786 0 127 0 0560 2 800 
Oblate Spheroids 
Case O1 d. and qv» measured for the particles The 


dynamuesl shape factor of the particles 1s calculated and 
8 found from Table 1 Then 
4 
By" = 5 70/8 
therefore 

a = qgi[2 (15) 
Case O 2a. 4, and Dp measured, fo: the particles For 
oblate ellipsoids of revolution presenting ther maximum 

area E ! 


a = Dp/2 ; (16) 
From (15) 
k = pan 
therefore 
D 2 
-e= (GO Me a) 


As in the conesponding case foi prolate spheroids a 
graph ıs plotted of 8?" against x, using Table 1, and the 
required value of x determined its intersection with the 
straight hine (17) E 











Case O 2b ws and Dr measured for ihe particles As 
before 
ixDat = } 4na? P(B) (18) 
where 
/ I 
1+NV/1- 8: 
(18) 


1 
FB = } + ——S] == h ——_ = 
1 l 
PN 1-N1-3 


This function 1s evaluated im Table 3 From equations 
(15) and (18) 
è bo? 


B.) = Wee FO) 


Hence 
Div in 
x= GO [p^ Fẹ) (20} 


Plots of 1/823 (B) agamst x and of equation (20) (Tables 1 
and 3) enable 8 to be found for the mtersection F'(B) 18 
then taken from Table 3 and equation (18) gives 


a = Driv FQ) (21) 


Case O 3a bv and Dp measured for the particles 
Since 
a = Dp[2, as m O 2a (22) 
equation (15) gives - 
B = (Prj? (23) 


Case O 3b. dv and Dr measui ed for the particles Fiom 
(15) 
2a 


Bre (24) 
hence fiom (21) 


D 

Pe = BV EC) 
Table 3 enables & to be found and a 1s then obtained fiom 
(24) 


(25) 
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Table 3 OBLATE SPHEROIDS , 
Amal — F(f)-surface 1/?'5F(f) 2V FB) Bis FB) 
ratio f area/4za* 
1 1 1 2 1 
11 1035 0 907 2034 1050 
13 0 970 0 867 1970 1075 
15 0 931 0819 1 930 1105 
2 0 880 0717 1876 1181 
3 0812 0 592 1802 1299 
4 0766 0518 1750 1389 
6 0 709 0 427 1684 1530 
8 0674 0385 - 1 042 1 642 
10 0651 0 331 1614 1 738 
20 0 590 0 230 1536 2 084 
50 0 546 0 135 1478 2722 
100 0527 0 0881 1452 3 370 
500 0 507 0 0313 1424 5651 
1,000 0504 0 0198 1420 7100 


Inconsistency of Shape 


If each of the three diameters, ts, Wv and D, 1s determined 
for the particles 1t 1s possible to calculate the equivalent 
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spheroid 1n. three independent ways, thiee paus of values 
for a and B will thus be available, one foi each pair of 
experimental determmations of diameter Assuming 
that the prolate or oblate model was correctly chosen 
there 15 likely to be some inconsistency between the three 
calculated spheroids In principle this could furnish 
further information about the mean shape of the particles 
m fact, the three observations uniquely define an ellipsoid 
by which shape ıs more precisely expressed than by a 
spheroid 


1 Davies, C. N , Symp on Particle Size Analysis Suppl to Trans Inst 
Chem Eng ,25, 25 (1947) 

? Fuchs, N , Mechanics of Aerosols (Pergamon Press, 1964) 

3 Davies, © N , Nature, 195, 768 (1962) 

4 Hodkinson, J R , Ph D thesis, Umv London (1962) ` 

5 Corn, M , Ann Occup Hyg , 6, (4), 251 (1903) 

* Davies, C N , Ann Occup Hyg , 8, (4), 219 (1961) 


THE ‘WEALDEN’ OF NORTH-WEST GERMANY AND ITS ENGLISH 
EQUIVALENTS 


By F. W ANDERSON 


Geological Survey of Great Britain, London, SW 7 


4 AND 


N. F. HUGHES 
Department of Geology, Sedgwick Museum, Cambridge 


N a recent publication Martin. and Weiler? have chal- 
Jenged the correlation of the Enghsh Purbeck and the 
German ‘Wealden’ made by Anderson?? and based on 
the similarity of the ostracod faunas found in these two 
countries They claim that, ‘‘the faunal and facial changes 
occurrmg with the second half of the German Wealden 
seem to be of much more mmportance than the slight 
changes in the shape of some sub-species that may be of 
different age m the two countries” 

It 1s difficult to understand the argument which follows 
m support of this statement since Andeison’s correlation 
was based entirely on faunal evidence Not only are the 
same species present in the Upper Purbeck of England as 
in divisions 3 and 4 of the German ‘Wealden’ but also 
1n each species sub-specific changes follow the same pattern 
m both countries Correlation based on facies 1s hazard- 
ous It 1s not possible to trace major lithological units of 
the Purbeck and Wealden of the Weald westwards into 
the Hampshire Basm or eastwards into the Netherlands, 
so that ıt ıs unhkely that correlation with the German 
‘Wealden’ could be effected by this means 

Martın and Weiler’s faunal evidence for equating the 
English Weald Clay with division 5 of the German 
‘Wealden’ appears to be the occurrence of two species, 
one of which was collected from the ‘Weald Clay’ of 
Compton Bay m the Isle of Wight and identified by Martin 
as Cypridea tuberculata (J. de C Sowerby), the other, 
Bisulcocypris allen; Pinto and Sanguinetti 

First, the Wealden of Compton Bay ıs in a faulted 
succession and 1s divided into Weald Shales above and 
Weald Marls below, but neither of these divisions can be 
regarded as the duect equivalent of the Weald Clay 
The Weald Shales represent only the uppermost part of 
the Weald Clay and the Weald Marls appear to include 
part of the Hastmgs Beds Secondly, the tuberculate 
ostracod found in the Weald Shales of Compton Bay in 
our opmuon is not the Cypridea tuberculata of J de C 
Sowerby nor does ıt resemble at all closely the multi- 
spmate form of Cypridea wrchert with which Martin 
identifies 16 Not only 1s C. tubeiculata, absent from the 
highest Wealden strata m England but 16 is a species quite 
distinct from C wichert Wolburg® even when the latter 15 
multituberculate (ep Anderson, 1939, Pl 12, Figs la, b 
(ref 1), and Wolburg, 1959, Pl 4 Fig 5 (ref 9)) 


The type of Bisulcocypris allem Pinto and Sangumetti 
came from the Wadhurst Clay of England and the species 
1s recorded from ‘Wealden’ 4 of Germany This species 
is, however, not confined to the Wadhurst Clay but ranges 
down as least as far as the base of the Enghsh Woalden 
and cannot therefore be quoted as certain evidence for the 
equivalence of ‘Wealden’ 4 with the Wadhurst Clay 
Martin and Weiler comment that ‘Bisulcocypris’ fittona 
(Mantell), which 1s the Metacypris fittona of authors and 
an exceedingly common form m the Enghsh Weald Clay. 
is not found in Germany This ıs not surprising because, 
if the present authors are correct, all the ‘Wealden’ of 
Germany hes at a lower stratigraphical level than the 
Weald Clay 

If. faunal evidence is 1equued, and surely a sound 
correlation must be based on this, a comparison of the 
ostiacod faunas of the two countries stage by stage leaves 
httle doubt that the correlation proposed by Martin and 
Weiler, that is, that divisions 1, 2 and 3a of the German 
‘Wealden’ are the equivalent of the Upper Purbeck of 
England, that division 4 represents the Hastings Beds 
and division 5 the Weald Clay, ıs untenable Nor ean 
the mevitable corollary that the upper part of the German 
‘Wealden’, that 1s, division 6, 1s absent m England be 
accepted On the contrary, the faunal evidence suggests 
that divisions 1 and 2 of the German ‘Wealden’ are equiva- 
lent to the upper part of the English Middle Purbeck 
‘Wealden’ 3 and 4 to the Upper Purbeck and possibly 
the lowest beds of the Ashdown Sands, and ‘Wealden’ 
5 and 6 to the lower half of the Hastings Beds 

That no species characteristic of the Weald Clay have 
so far been recorded from the German ‘Wealden’ 1s negative 
evidence but is fully ın accord with the conclusions set 
out as follows 

(1) The Enghsh Lower Purbeck is the equivalent of 
the Munder Mergel (Obermalm 5) of Germany The 
dominant non-marme ostracod species 13 Cypridea dunkeri 
Jones which Martm has recorded from Germany as 
Cypridea wmveisa Martin* 

(2) The lower part of the English Middle Purbeck 
(below the Cider Bed) is the equivalent of the German 
Serpulit (Obermalm 6) The most characteristic species 
Cypridea granulosa (J de C Sowerby) and C posticales 
Jones are found in both countries 
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Table 1 CORRELATION BETWEEN THE ENGLISH PURBECK AND WEALDEN 
AND THE GERMAN ‘WEALDEN’ 
Stages Enghsh formations Germany 
Aptian Lower Greensand 
Barreman Weald Clay | 
Upper Tunbridge Wells Sand | 
Hauterivian Grinstead Clay 


Lower Tunbridge Wells Sand 

















Wadhurst Clay 
Valanginian Middle Valangmian 
Ashdown Sand ‘Wealden’ 6 
Berriasian Fairlight Clay 1 ‘Wealden’ 5 
Upper Purbeck | ‘Wealden’ 4 
‘Wealden’ 3 
Tithonian *Wealden' 2 
Middle Purbeck ‘Wealden’ 1 
Serpuhte 





LowersPurbeck Munder Mergel 








(3) The upper part of the English Middle Purbeck 
(above the Cmder Bed) represents the German ‘Wealden’ 
divisions 1 and 2 The following species are found m 
this part of the succession mm. both countries—Cypridea 
fasciculata (Forbes) C lata Martm, OC paulsgrovensis 
(Anderson), C bispinosa bispinosa Jones, C bispinosa 
bumammata Harbort, C  menevens (Anderson), C 
brevwostrata Martin, © amisia Wolburg and C wdrana 
Wolburg Of these, C fasciculata is the dommant form 
m the lower beds (W 1) and C bispinosa in the upper beds 
(W 2), and neither occurs in the Upper Purbeck 

(4) The Enghsh Upper Purbeck group of strata is 
marked by the incoming in abundance of Cypridea recti- 
dorsata Sylvester Bradley, a species which first appears m 
Germany a little above the base of W 3. Twelve forms are 
common to the Upper Purbeck of England and to divisions 
3 and 4 of the German ‘Wealden’, that 1s, Cypridea setina 
setina Anderson, C setina rectidorsata Sylvester Bradley, 
C dolabrata Anderson, C paulsgrovensis, © menevensis, 
C. alta alta Wolburg, C alta formosa Wolburg, C amn- 
aequalis Wolburg, C. anderson» Wolburg, O brevirostrata 
Martin, C wichers Wolburg, C adjuncta Jones Of these 
only C. wichert and C seta sl contmue on mto the 
English Wealden and into division 5 of the German 
‘Wealden’, with the exception that m England C dola- 
brata, C brevirosirata and C adjuncta are found m the 
basal beds of the Ashdown Sands ‘Thus it 15 probable 
that the base of the Wealden as understood m England 
hes near or little below the base of the German ‘Wealden’ 
division 5 

(5) The lower half of the Hastings Beds of the English 
Wealden appears to be equivalent to the German 
‘Wealden’ divisions 5 and 6 Wolburg iecords only 
C setina, C wichert, O recta recta Wolburg and O recta 
wflata Wolburg from this part of the Wealden These 
four ost!'acods are found ın the Ashdown Sands and the 
lower half of the Wadhurst Clay m England O wicher, 
which is not recorded in Germany from strata ngher than 
‘Wealden’ 5, 1s a species very characteristic of the lower 
part of the Ashdown Sands 

(6) The upper half of the Hastings Beds of the English 
Wealden contams an ostracod fauna characterized by the 
species Oypridea laemgata Dunker, C bispinosa Jones, 
C. verrucosa Jones and C. aculeata Jones, none of which 
has yet been recorded from divisions 5 or 6 of the German 
‘Wealden’ 

(7) The Weald Clay, Enghsh Wealden In the lowest 
300 ft of the Weald Clay there 1s a rich and distinctive 
fauna not known fo occur at any other horizon The 
dominant species is Cypridea  dorsispwnata Anderson 
Above, the clays contem a fauna dommated by C. 
tuberculata (J de C Sowerby) and above that by C clavata 
(Anderson) The highest beds of the Weald Clay are charac- 
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terized by the species C valdensis (Fitton), which is not 
the C valdensis of German authors, and by CO spunigera 
(J de C Sowerby). None of the species typical of the 
Weald Clay has so far been recorded from the German 
*Wealden' 

Marine ostracod species are in general longer ranging 
than the non-marme species and, consequently are less 
precise indicators of horizon, but even so their distribution 
is not in accord with Martın and Weiller’s correlation 
Scabriculocypris trapezowdes Anderson, Kleana alata 
Martin and Brsulcocypres silvana (Martin) are found m 
‘Wealden’ 3 of Germany and in the Lower and Middle 
Purbeck of England. Galaecytheridea postsinuata Wol- 
burg, which ıs the domunant species ın the Cinder Bed of 
the Enghsh Middle Purbeck, 1s found m Germany in the 
upper part of W 2 and the lower part of W 3 Busulcocy- 
pris allem described by Pinto and Sangumetti from the 
English Wadhurst Clay and which ranges throughout 
the Hastings Beds 1s, according to those authors, found 
m ‘Wealden’ 4 m Germany Macrodentina retwugata 
(Jones! 1s only found m the Lower and Middle Purbeck 
of England but ranges as high as W 6 m Germany 
Sternbergella benthermenses Wolburg occurs in W 4 and 
W 5 of the German succession; 1t appears to be the same 
ostracod as ‘Cypre’ corngera Jones, a rare species which 
m England has not yet been found in strata older than the 
Wadhurst Clay Busulcocypris striata (Martin) is found 
throughout the English Purbeck; m Germany, accordmg 
to Pinto and Sangumetti, the species 1s found in ‘Wealden’ 
land 3 Therrosynoecum fittone (Mantell), the Metacypris 
fittona of authors, ıs very abundant at certam horizons 
in the Weald Clay of England but has not yet been 
recorded from the Wealden of Germany 

Paleobotanical evidence of three separate kmds sup- 
ports the conclusions derived from ostracod investigations. 
Results of determmations of miospores from more than 
200 outcrop and borehole samples of the British Wealden 
support the general conclusion previously reached by 
Hughes‘, that the succession 1n the Weald area 1s prob- 
ably complete through Valangmian to Barremian and 
Aptian, and that ıt can be correlated with the marme 
succession in Lincolnshire, Yorkshire and Norfolk The 
Thomsonia megaspore flora ıs known particularly from 
the upper Wealden of Germany (pre-Middle Valangmian) 
and from the Ashdown Sands, ıt 1s entirely different from 
the Pyrobolospora megaspore flora which 1s known from 
the English Upper Wealden (pre-Aptian) but has not yet 
been reported from Germany Even the plant macro- 
fossils show a difference between the floras with Onychiop- 
sıs spp which occur in the German ‘Wealden’ of Buckeburg 
and in the Fairlight Clay at the very base of the English 
Cretaceous, and those with Wewhselia which occur in the 
Quedlnburg sandstone (with Upper Hauterivian marme 
beds at 1ts base) and ın the Weald Clay Thuis distinction 
was not made clear by Seward (1894-95 and later)*, but 
is supported by observations on floras from other 
countries 

Finally, ıt 1s suggested that in the future the term 
*Wealden' be restricted stratigraphically to that group of 
Strata between the base of the Hastings Beds and tho 
top of the Weald Clay in the Weald of England, that the 
term should exelude strata which are demonstrably 
older and which m England are referred to as ‘Purbeck’, 
and that 1ts use should be limited to strata found m north- 
west Europe 
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LETTERS TO THE EDITOR 


GEOPHYSICS 


Possibility of a 26- or 27-Month Periodicity 
in the Equatorial Geomagnetic Field 


Stacey and Westcott! have presented evidence of an 
oscillation of somewhat more than two years m the 
geomagnetic field at one high latitude and three equatorial 
stations The importance of this observation hes m its 
possible connexion with a large amplitude oscillation, of 
about the same period, in the winds of the equatorial 
stratosphere? E R Hope, of the Canadian Defence 
Research Board, early this year, directed our attention to 
some Soviet htersture?* on the subject of long-period 
geomagnetic variations In these mvestigations, analyses 
of geomagnetic data from a number of Soviet stations 
appear to yield an oscillation of somewhat greater than 
two years This work has recently been described by 
Hope® Our comments? accompanying Hope's note point 
out that the method of analysis may have been responsible 
for the apparent oscillation The method of analysis used 
by Stacey and Westcott, at least ın part of their paper 
(12-monthly munus 24-monthly running means), 1S 
simular to that used by Kalimm and Mansurov In view 
of the possible implication of oscillations of about the 
same period ın the geomagnetic field and ın the equatorial 
stratospheric winds, & re-examination of the data was felt 
worth while 
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FREQUENCY (per [00 months ) 


Fig 1 Power spectra of the horizontal component of the geomagnetic 

field (H) at Huancayo, (a) monthly averages, (b) averages of H for the 

five international quiet days each month (Hq), (c) averages of H for 

the ten least disturbed days each month The scales for each curve, 
(a), (b) and (c), are indicated on the left 


Stacey and Westcott show power spectia’ of the monthly 
mean values of H,, the horizontal component of the geo- 
magnetic field on magnetically quiet days, for the three 
equatorial stations It 1s not clear whether there was any 
further processing of the monthly means before the power 
spectra were computed In our analysis, power spectra 
are computed for Huancayo, using the raw data as 
pubhshed by the Carnegie Institutions, covering the same 
period as Stacey and Westcott The autocorrelation 
functions weie truncated at 50 months The results are 
shown in Fig 1 This shows the fraction of the variance 
of the time series contributed by each frequency The 
ordinate (fractional variance) 1s given on a logarithmic 
scale; the scale of the abscissa (frequency) 1s hnear Tho 
frequency 1s given ın cycles per 100 months Therefore a 
frequency of 4 corresponds to a period of 25 months and 
the annual period falls between frequencies 8 and 9 
The three separate spectra shown in the figure refer to 
(a) the monthly average values of H, the horizontal 
component of the geomagnetic field at Huancayo, (b) the 
averages of H at Huancayo for the five international quiet 
days each month (H,), (c) the averages of H at Huancayo 
for the ten least disturbed days each month The three 
spectra are essentially identical However, they differ ~ 
considerably from the spectium of H, at Huancayo shown 
by Stacey and Westcott, which contains a sharp peak at 
12 months and an ill-defined peak around 30 months 
There 1s no evidence, from our analysis of the raw data, 
of any peaks near these periods 

RALPH SHAPIRO 
FRED WARD 
US Ar Force Cambiidge Research 
Laboratories, 
Bedford, Mass 
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GEOLOGY 


Historical Marine Levels in South Italy 


Iw Nature of January 21, 1904, there appeared an 
article on “Earth Movements m the Bay of Naples", by 
my father, Dr Robert T Gunther This described his 
survey of historical marme levels along the Roman fore- 
shore of Posilipo, in the Bay of Naples, extending into the 
Gulf of Pozzuoh The mplheations of this work apphed 
to the Italian coast-hne as a whole A subsidiary con- 
clusion was that the fall of land level m the last centuries 
of the Roman Empire, increasing the swamps in the lower 
lymg regions such as the Pontine Marshes and the Plain of 
Paestum, can have been responsible for the merease of 
malaria and so to the dechne 1n the energy of the popu- 
lation ' 

In 1907 when Gunther was preparmg the material for 
hs book Pausilypon (Oxford 1914), an archeological 
reconstruction of the foreshore, he received a visit, on 
August 21, from Prof G de Lorenzo, professor of geology 
at Naples, and the day was spent visiting the sites on 
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Posiipo In the late 1920's de Lorenzo was advising on 
the excavations under way on the site of the Temples of 
Paestum In a paper appearmg in the Rend Acc Lancer 
of 19301, de Lorenzo quoted a passage from Gunthe’s 
Geographical Journal paper of 1903? accounting for the 
desertion of the Temples site de Lorenzo illustrated this 
by a diagram suggesting that the plam on which the 
Temples stood had fallen to a maximum m the Middle 
Ages, and had risen to approximately their present height 
in the eighteenth century Durmg that period the 
Temples were described as having been surrounded by 
swamp, due to the siltmg up of the River Sele (Salso), and 
the structures themselves lost m vegetation 

In October 1963, I, bemg engaged on a hfe of Robert T 
Gunther, made a tour of the Calabrian Coast to visit the 
ground my father had worked in 1907 The tour ended 
with a visit to the Temples of Paestum im search of 
some indication of the levels traceable m the south. On 
the chff at Agropoli, for example, which Robert Gunther 
had not visited, there are clear levels at 11, 20 and 60 ft 
above present sea-level The visit to the Temples yielded 
evidence, clearly not available to de Lorenzo of the bormg 
of the marine mollusk Inthodomus m the columns of all 
three Temples up to a maximum height of 5 ft above 
ther floors These observations were confirmed by the 
more frequent bormgs in the travertine blocks at lower 
levels throughout the site The ground on which the 
Temples stand 1s 16 m (52 ft ) above sea-level The highest 
borings are about 9 ft above this, say 61 ft (18 5m) above 
sea-level At the Porta di Sirena, near the station, bormgs 
were found at about ground-level (18 m) and the sea at 1ts 
highest must have flowed through the gate The sub- 
mersion of the Temples of Paestum to about a fifth of 
their height, due to the fall of the land, can well account 
for the gap m historical ‘records extendmg from the 
eleventh to the eighteenth centuries In the Bay of 
Naples the land has some 16 ft still to mse before ıt 
reaches Roman level If this 1s also true of the Plam of 
Paestum, then the Temples have sunk 76 ft, and risen 
61 ft 

Various marine erosional levels are traceable at many 
pomts along the Italian coast and these extend from 
Calabria through Sicily and to Malta But that the 60-ft 
(18-m) level is a historical one raises some broad questions 
These it 1s hoped may be answered by a continuation of 
the present work 


A E GUNTHER 
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Hampstead, N W 3 


1 de (90) ^^ G, Rend Ace Lance, Cl Sei fis 8 6a (Serie Sesta), 11, 1062 
1980 
* Gunther, R T , Geog J (Aug -Sept , 1903) 


Thermal Metamorphism of Beacon Group 
Sandstone of the Taylor Valley, Antarctica 


EARLY m 1963 members of the sixth Victoria University 
of Wellington Antaictic Expedition mapped the geology 
of the Taylor Valley, an ice-free valley which enters 
McMurdo Sound 45 miles west-north-west of Scott Base, 
Antarctica 

The rocks of the Valley are early Paleozoic or Pie- 
cambrian granites and gneisses, unconformably overlain 
by Beacon Group! sediments consisting of a thm con- 
glomerate and 3,000 ft of Beacon Heights orthoquartzite? 
Both igneous and sedimentary rocks are intruded by sills of 
Ferrar dolerite One sill ıs characteristically mtruded 
along the unconformity In the Taylor Valley region this 
sul, about'1,000 ft thick, locally mses above the uncon- 
formity and blocks of sandstone are isolated between the 
dolerite and the basement rocks 

One of these blocks, about 800 ft across and 230 ft 
thick, 1s exposed near Round Mountain (77° 40’ S , 161° 5’ 
E) It consists of medium to coarse gramed quartz 
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sandstone, but ın contrast to the normal white oi buff 
colour of the Beacon Heights orthoquartzite the beds foi 
200 ft below the contact with the dolerite sill vary 
between white and dark green in colour Samples of all 
colours were collected and exammed petrographically 
and by X-ray powder spectrograph The green coloration 
was found to be due to the presence of secondary chlorite 
Chlorite, with muscovite and biotite, formed m the mter- 
stices after deposition of authigenic quartz around the 
sand grains 

X-1ay spectrographs of the chlo.ite show a distinct 
14 À peak, a characteristic of the sensu stricto chlorites of 
Nelson and Roy? Measurement of the 1efractive mdex 
and birefrmgence of the chlorites mdicates that they vary 
between brunsvigite and ripidohte (after Hey!) Nelson 
and, Roy? put the mnımum temperature for the formation 
of sensu stricto chlorites at about 350? C and note that they 
are unstable above 700? C Although these values are 
fiom experimental work on the system MgO-AL1,0,-810,, 
the values of temperatures of formation and mstability 
of the iron-rich brunsvigite and ripidolite are probably of 
the same order as for the magnesium chlorites 

X-1ay spectrographs were made of chlorites concen- 
trated from sediments of two other green-coloured form- 
ations of the Beacon Group These chlorites do not have 
the distinctive 14 A peak, the first bemg at 7 A, and the 
minerals are septe-chlorites? which probably formed as 
sedimentary chlorites 

The chlorite of the sandstone lens near Round Mountain 
was almost certamly caused by thermal metamorphism of 
the fine grained matrix of the sandstone by the hot 
intrusion of the Ferrar dolerite’ The temperatures 
involved, 350°-700° C, are consistent with Jaeger’s® 
theoretical values for heat distribution m the neighboui- 
hood of cooling intrusive sheets 
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PHYSICS 


Influence of Magnetic Fields and X-rays on 
the Etching of Quartz 


Ir has been shown! that the application of a strong 
varying electric field (alternat;ng, pulsating), but not & 
steady dc one, normally on a quartz plate during etching 
by hydrofluoric acid, results in the formation of two kinds 
of etch-figures, namely, the ordinary microscopie etch- 
pits (or hills), and the so-called electric figures of sizes 
visible to the naked eye, the latter being composed of 
fissure-hke Imes It also has been demonstrated that 
the orientations of the electric figures produced on the 
three principal sections of quartz are useful for axes 
determination, and that certain crystal defects, undetect- 
able by the conventional method of etching, can be easily 
located by the distribution of these figures 

In an earlier communication’, 16 was pointed out that the 
jomt action of intense ultra-violet radiation and hydro- 
fluorie acid on a surface of Z-cut quartz plate causes a 
marked flattenmg and change of orientation of the well- 
known pyramidal etch-figures, and also a strikmg increase 
in the rate of surface dissolution In the case of X-cut 
and Y-cut plates, no structural change m the etch-pits 
has been observed, the irradiated etched portion and the 
adjomng non-irradiated etched portion of a surface can 
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be distinguished only by reflected hght As to the fused 
silica, plate, 1t has not been possible to make a distinction 
either mucioscopically or macroscopically between the 
two adjoining etched portions m question 

In consideration of the 1emaikable mfluences of the 
electric fields and the ultra-violet 1adiations on the etching 
of quartz, 1t was felt to be of interest to see whether 
magnetic fields and X-rays would also show special etch- 
ing effects Quartz plates of the X-, Y- and Z-cuts as well 
as plates of fused silica are used in the investigations 

In the case of expermments with magnetic fields, the 
etching cell is made by sticking together a long, narrow 
quartz plate and a copper sheet frame with pitch The 
cell ıs only 5-6 mm in thickness, so that 16 can be inserted 
mto the natrow space between two adjacent conical 
poles of a laige electromagnet The maximum direct 
field used 1s about 30,000 gauss, while that of an alternat- 
mg one 1s estimated to be about 8,000 gauss In the 
experiments with X-rays, the etching cell ıs made 
by attaching the plate under study to one end of a 
short pitch-coated glass tube The surface of the plate 
within the tube is m contact with strong hydiofluoric 
acid, and a beam of X-rays, having been delimited by 
a hole in a lead sheet placed on the opposite side of the 
plate, 1s used to 1rradiate part of the acid attaclang surface 
In this way, the two adjommg etched portions, one 
subjected to, and the other protected from, the action of 
X-rays, can be conveniently compared The intense 
X-ray beam ıs furnished by a Hilger Y 25 microfocus 
X-ray generator, of which the X-ray tube ıs 1un at 50 kV 
and 35 mamp ‘Targets of copper and silver are used 
whieh produee X-rays of wave-lengths of the order of 
1 Aorless The time of exposure varies from 3 to 5h 

The present investigation shows that neither a stiong 
duect magnetic field nor an alternating one gives rise 
to any newkinds of etch-figures In fact, magnetic fields do 
not produce any effect either on a quartz plate or on a 
fused sihea plate This is rather unexpected, since 
magnetic and electric fields aie often closely related m 
respect to their interactions with matter 

In spite of the energetic nature of X-rays, 16 1s found that 
1ays of this kind provoke no etching effocts similar to those 
observed in the case of ultra-violet radiation, m other 
words, they cannot modify the shape of the characteristic 
pyramidal etch-figures of a Z-cut surface, nor can they 
promote the rate of surface dissolution Indeed, 1t 1s 
impossible to distinguish the etched portion which has 
been subjected to the jomt action of X-rays and hydro- 
fluorio acid from that subjected, to the action of acid alono 
even by reflected ight The same ıs true 1n the case of 
X- and Y-eut plates as well as plates of fused silica 

In view of a comment by Eck and Menabrea‘ concerning 
a relation between the inchnation of the three faces of a 
pyramidal etch-figure and the hexagonal lattice of quartz, 
it has been suggested‘ that the flattening and the change 
of orientation of the elementary pyramids caused by the 
combined action of ultra-violet radiation and hydrofluoric 
acid might be regarded as evidence of some modification 
of the crystalline structure by the radiation Now 1f this 
were the case, one would expect the much more energetic 
X-rays to play a more promment part than the ultia- 
violet radiation However, as X-rays are found to have 
no influence at all on the etching of quartz, such a sugges- 
tion 1s therefore untenable In this connexion, 1t may be 
of mterest to pomt out the following facts ^ First, the 
ultra-violet radiation, which 1s responsible for the observed 
otching effects, has been ascertained as lymg somewhere 
m the region between A 2800 A and à 1900 A, the lower 
limit bemg set by the absorption of the atmospheric 
oxygen Secondly, from the data of the ultra-violet 
absorption’ of quartz and of the transparency lmits’ of 
quartz and fused sica, it 1s probable that at least one 
absorption band exists which commences m the viemity 
of à 2200 A and extends down into the Schumann region 
Thirdly. smee neither X-ray nor ultra-violet radiation has 
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any pelceptible influence on the etching of fused silica, 
16 15 evident that these rays or radiations do not change the 
etching activity of the corrosive acid In the light of the 
afore-mentioned facts, a hypothesis for the explanation 
of the etching effects of ultra-violet radiation on quartz 
1s proposed as follows A band of ultra-violet radiation, 
lymg in tho 1egion between A 2200 A and à 1900 A, gives 
iise to resonance with certam mode of lattice oscillation 
m quartz, and this facilitates the dissolution of quartz 
molecules along certam directions, thus producing the 


` observed etching effects 
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An Implication for Lasers of an Aspect of 
Interference at High Field Strengths 


THE 1ate at which a collection of atoms is excited oi 
de-excited by monochiomatic hght which has been spht 
into distinct components by a halfsivered, mirror 
diffraction grating, or othe: means would ordinarily be 
expected to be proportional to the average intensity of the 
intercepted hght This would be tiue whether the atoms 
intercepted but a single component or several components 
ofthehght The latter could bo propagating in nearly the 
same duection o1 could arrive from quito different direc- 
tions 

This simple proportionahty to the average intensity 
holds, however, only 1f the intensity 1s sufficiently weak 
For light as intense as that from lasers new effects appear 
the rate of excitation or de-excitation will m general be 
different for multi-directional radiation than for a mono- 
directional component of the same mean intensity The 
average response of a group of atoms filling a volume large 
enough to average out local fluctuations in intensity will 
normally be greater for N photons if all N come from one 
direction than if N/2 are split off and reflected so as to 
come from a different direction 

This has an interesting and conspicuous consequence for 
lasers It means that a greater output should be obtamed 
if a laser 1s operated on a running wave than 1f 16 1s operated 
on a standing wave, the output should be incieased when 
one of the 1unning components of the standmg radiation 1s 
suppressed (provided this can be done without attenuating 
the other component) once the oscillations have built up to 
saturation on the surviving component 

The magnitude of the effect 1s readily calculated The 
direct, or lowest order, response of an atom to radiation of 
field strength E 15, of course, proportional to E? This com- 
ponent of the response 1s the same on the average whethe1 
the full intensity comes from one direction oi 1s divided 
into two oppositely directed components which form a 
standing wave the averaged value of (H,/2cos2na/)* 
for the standing wave 1s the same as E? for the running 
wave from which it 18 derived For sufficiently strong 
fields, the response of the atoms will decrease as saturation. 
sets m This dimmution ın response occurs initially in 
proportion to the fourth power of the field! It 1s thus 
proportional to — (E4/2cos2ma[X)![av = — 3H^*[2 for the 
standing wave contrasted with — #*‘ for thoiunnmg wave 
the saturation 1s increased by 3/2 when a single component 
of the light 1s divided into two oppositely directed com- 
ponents of equal intensity Since the energy mn the radia- 
tion field m a laser when operated at not too high inten- 
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sities 1s inversely proportional to the saturation}, the 
output, which 1s proportional to this energy, should be 2/3 
as great when both running components are active as when 
only one 1s effective 

It should be remarked that the foregomg calculation 
apples only to stationary atoms (or to a gas of moving 
atoms for which the Doppler broadening 1s small com- 
pared with the hfetime broadening of the atomic tran- 
sition) To moving atoms, the two running components 
in the stationary radiation appear to have different 
frequencies, because the Doppler shifts for them have 
different signs The atoms will consequently experience 
pulsations in the interference between these components at 
twice the Doppler shift frequency This results m a 
smaller averaged saturation for the moving atoms than 
has been calculated here for stationary atoms 

Interestingly, when the radiation ıs resonant with those 
atoms which are at rest, and the Doppler distiibution of 
velocities 1s very broad, the diminution m saturation due 
to the motion of the atoms exactly compensates for the 
merease due to the division of the radiation mto oppositely 
directed components The net saturation 1s then the same 
as for a single running wave of the same average intensity? 
Thus, for example, in a gas laser the output foi a broad 
Doppler distribution drops when the laser 1s tuned so both 
components of the radiation are resonant with a single 
group of atoms with velocity væ 0 towards 50 per cent of 
that obtained when one component 1s 1esonant with one 
group of atoms with velocity +v and the othe: with an 
mdependent group of atoms with velocity — v (refs 2 
and 3) (In this latter case the laser operates as if ıt were 
m effect two lasers, each of which contains but a single 
running wave ) 

These and related matters will be discussed more fully in 
a forthcommg article? It will be shown that the foregoing 
conclusions remain vahd in a fully quantum mechanical 
treatment m which allowance 1s made for atomic recoils 
on the emission and absorption of directed quanta 
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Exact Faxen Solution for Centrifugation when 
Sedimentation depends linearly on 
Concentration 


THE solution given by Faxén to the Lamm equation has 
been discussed by several authors!-*, It contams two 
types of approximation, the first of which assumes that 
the ultra-centrifuge is mfinitely long, and the second 
assumes that both the sedimentation and diffusion 
coefficients are independent of concentration. Although 
an exact solution is available for realistic boundarv 
conditions‘, the Faxén solution has so far proved to be of 
considerable utility m appheations It 1s, therefore, still 
of some interest to analyse the Faxén type models 
Fujita has proposed a model for the ultracentrifuge in 
which the diffusion constant ıs independent of concentra- 
tion but the sedimentation coefficient depends linearly on 
concentration 


8 = 8(1 — ke) (1) 


where s 1s the sedimentation coefficient and c 1s the eon- 
eentiation* The original paper by Fuyita contamed an 
approximate solution to this modified Faxén problem It 
1$ the purpose of this communication to pomt out that 
an exact solution is available for the Fujita model 
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The basic solution 1s grven here and 1s m a form which can 
be treated easily by numerical methods 
The Lamm equation for the time-dependence of con- 


centration 1s 
a a 
MC 


@ 1 

QU o? 
where ıt 1s now assumed that s is of the form given in 
equation (1) and the other symbols have the usual 
significance? 

If we mtroduce variables rọ and cy to normalize the 

quantities appearing m equation (2) and make the substi- 
tutions 





(2) 


2D 
a = key, € our T = Sets 
(t 2 ae (3) 
A aa 


then equation (2) becomes 


00 ar 70 
AE PES -y 0 — 0) | 


For the Faxén type of solution we need to specify only the 
initial condition 6(y, 0) The non-lnear equation (4) can 
be further brought mto a linear differential equation by 
the substitutions 


(4) 


C= 1 — e, — Aye-r)U2 


a (5) 
0 = ay Inu 
which transform it to M 
ðu u — 1l98u 
XT Trd (8) 


with the initial'eondition 
gin 


(0) = oxp|| 0, 0) ay’} 7 
0 


This ordinary partial differential equation can be solved 
by a separation of variables The final solution for 
(y, C) 1s ther conveniently written as follows 











, (1—0)* Py) Dr 1 
Oly, C) = 2041? Piy, C) UE T 3y (8) 
wheie 
i ? ]0— tyul " 
Poly, £) = fout, 0)e- at I, (sy P) (9) 
0 
1 1— tym 
P ly, C) = |u(o, 0)e- iz IL (onet 9, 
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where I, and I, denote modified Bessel functions of order 
zero and one, respectively Py(y, €) and P,(y, t) are 
closely related to Generalized Incomplete Toronto Func- 
tons? Thus, the expression for 0(y, C), which is the 
solution of equation (4), can be expressed m terms of 
quotient of these functions 

In particular, for the case 


0 0<r<r, 


ch, 0) = 
= Cy >19 


e(, 0) (10) 


we find that the mıtıal conditions can be expressed as. 
u(c, 0) 2 lox 24/e 


= exp (51), o> 24/s gn 
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These imutial conditions can be used to describe the 
situation encountered ın some ultracentrifuge applications 
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Electron Probe Microanalysis of the Light 
Elements 


CONVENTIONAL electron probe microanalysis ıs limited 
to the analysis of elements of atomic number greater than 
sodium because of the difficulty of obtaining spectrometer 
crystals Dolby! has succeeded in analysing the hght 
elements by a non-dispersive technique ın which the 
output pulses from a proportional counter are processed 
by a series of pulse height analysers and an analogue 
computer 

A simple technique has been developed here ın which the 
dispersing element is a Naticnal Physical Laboratory 
X-ray grating??. These gratmgs are of the Siegbahn 
type—a flat surface interrupted. by giooves—and diffract 
X-rays very efficiently by virtue of the fact that the 
diffracting surface ıs a true optzcal flat and 1s not marred 
by burrs and other imperfections common to most gratings 

The experimental arrangement 1s shown diagrammati- 
cally in Fig 1 X-1ays, excited by the electron beam 
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Fig 1 Diagram of spectrometer 
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Fig 2 CK and OK spectra normalized to 100 per cent oxygen content 
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impinging on the specimen, are analysed by the vacuum 
gratmg spectrometer consisting of a grating and a detector 
(a windowless electron multipler), rotatable about a 
common axis which passes through the grating surface 
The spectrometer has been designed specifically for use 
with a microfocus source (approximately 1 um diameter) 
and alignment 1s particularly simple because no collimator 
shts are requred The stop defines the aiea of grating 
illuminated and also prevents radiation from entermg the 
detector directly Full experimental details will be pub- 
lished elsewhere. 

The spectrometer has been used m conjunction with a 
*Mierosean! X-ray analyser (Cambridge Instrument Co ) 
and elements from lhthium to magnesium have been 
analysed No difficulties are experienced in resolving 
radiations from neighbourmg elements as can be seen 
fiom Fig 2 ın which the mtiogen peak would occupy a 
position about midway between the carbon and oxygen 
peaks Fig 3 illustrates the potentialities of the spectro- 
meter for quantitative analysis 
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Approximate Theory for Oscillatory 
Experiments with a Cone-and-plate 
Viscometer 


In an earher communication! it was pomted out that, 
from a theoretical pomt of view, the cone-and-plate 
geometry was not a suitable one for the investigation of 
the linear time-dependent behaviour of elastico-viscous 
liquids. It was suggested that instruments with plane, 
cylindrical or spherical geometry were to be preferred, 
since consistent theories for such mstruments are to be 
found in the hterature?-5 In this communication, some 
of the specific mathematical difficulties involved in obtain- 
ing an oscillatory theory for the cone-and-plate viscometer 
are pointed out and an attempt ıs made to obtain an 
approximate formula which may be useful to those who 
have adapted the cone-and-plate viscometer to perform 
oseillatory experiments This formula ıs likely to be 
useful ın low-frequency experiments or alternatively in 
experiments with very viscous materials In the theory, 
16 18 assumed that the angle between the cone and plate 
ıs small enough for the free-surface boundary condition 
to be 1gnored 

Equation of Motion Spherical polar co-ordinates 
(r, 8, x) are chosen with the cone and plate having equa- 
tions 6 = B and 0 = 7/2, respectively It 1s assumed that 
both the cone and plate perform small amplitude oseilla- 
"ons about their common axis with the same frequency f 
but with different amplitudes 


` 


914 


The general linearized equations of state for an elastico- 
viscous liquid can be written in the form? 


i P = — Php Pu (1) 
t 
Piz = 2| P E — eye yar (2) 
— 0 
wheie 
f qty 
oie N -((— Ult 
P uvas [A0 o dr (3) 
0 


N(«) being the distiibution function of relaxation times + 
In these equations, giz 1s the metric tensor of a fixed 
co-ordinate system 2, pi: 18 the stress tensor, p an arbit- 
lary isotropic pressure and «p 18 the rate-of-stiain tensor 

If the equations of state (1) — (3) are substituted mto 
the equations of motion and ıt 1s assumed that the physical 
components of the velocity vector can be written in the 
form 


Va) = Ru(r,0)e?7ft, vo — Rv(. ,0)o2ntft, 


Uy = Rw( ,0) 2 (4) 


where 4, v and w aie complex 1t can be shown that tho 
equation of motion m the y direction 18 


1 ðf ôw 1 8 ðw w 
«w =r "E a | + 735m z [5m0 24 "72526 





(5) 
wheie 
— 9vifo 


o 

[ N(x)d« 

} (1+ 2mfz) 
e being the density. In equation (5), second-order terms 
in the velocities have been neglected The boundary 
conditions to be_associated with equation (5) are 


a = 


(8) 


w = rgngO, when 0 
w=10, when 6 


-P | 
= n/2 j (7) 

The oscillatory theories associated with viscometers 
with plane, cylmdrical oi spherical geometry 1esolvo 
themselves into finding a solution of an ordinary differen- 
tial equation? If a similar state of affairs 1s to exist in 
the problem under consideration a solution of equation (5) 
must be possible of the form w = r sm0Q(8) — Howover, 
no such solution exists, and it ıs necessary to solve the 
partial differential equation (5) 

The solution of equation (5) presents a problem of some 
magnitude It is likely that a general solution can be 
obtained, but the resulting form for w would ceitamly be 
too complheated to be useful to experimentalists who are 
faced with the problem of interpreting experimental 
results. In the present article we shall obtam a solution 
for the ease when « 1s small 

A Solution of the Equation of Motion 
w = QU[00 reduces equation (5) to 


The substitution 


so v + on] = o (8) 


where y? 18 the Laplacian operator d 15 arbitrar y to tho 
extent of an added function of 7 and we can choose this 
arbitrary function such that 


vp + ah = 0, (9) 


A solution to (9) which 1s finite at the origin 1s given by 


Lambé 
1 


a2)? oir 
2(m43) + 24 (9n-3) (2n 4-8) 
= ] Cnt” Sn 


œ 
$-E 


n=l 
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where r*S5 is a harmonic function of degree n and the Cn’s 
are constants 
The relevant form for d m the present problem 1s 


Vo Seo cism ] 2.0) 
g p= 78 +7550 = ] 20) 
t[Wu imm | eo 

T [ —ap^ ] 2:0) (11) 


where 
Rn(8) = AnPn(cos 8) + BrQrlcos 0) 


Pn and Qn are Legendre functions of the first and second 
kind, 1espectively, and An and Bn are constants given by 


An = 22 Q(B) — Q en B Q; (7/2) 


[Q,(8) P,( 7/2) — Q,(x/2) P,(9)1 
Q,smB Pi(n/2) - Q P8) ay 





QB) P,(x/2) — Q,(x/2) PB) 


where P, (7/2) is the value of dPn(cos 0)/d0 at 0 = x/2 
ete z 

It will be noticed that the fist tem of the first seues 1n 
the expression for d satisfies the boundary conditions, 
but that terms m o? (m > 2) donot However, the term 
in o?r? can be removed by adding to the second series 
with » = 3 The first and second series contain terms in 
«r5, and these can be removed by the use of a third series 
with » = 5 This process may be continued as far as 15 
desired In equation 11 terms in a5? have been neglected 

Equation 11 can be used to develop an oscillatory 
theory for any given cone and plate viscometer The 
theory will be valid for small values of «, provided the gap 
between the cone and plate 1s small enough for the neglect 
of the free surface boundary condition to be justified 

We thank Prof T V Davies for advice . 
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METALLURGY 


The Titanium- Niobium System 


Tux titanium-niobrum system appeared to be very 
suitable for an examination of the formation and ageing 
characteristics of martensitic « because published results 
suggested that an essentially martensitic « structure 
should be obtained on quenching alloys lymg withm a 
fairly wide composition range A seres of titanium- 
niobium alloys (0-26 at per cent niobium) was prepared 
from spectroscopically pure niobium and titanium sponge 
(as melted hardness 85-90 Brmell hardness number) by 
tungsten electiode are melting under 20 cm argon The 
25 g buttons produced were melted twice usmg a current 
of 300 amp, and were held molten for at least 1 mm durmg 
each cycle The buttons were homogenized in vacuum 
at 1,000? C fo1-24 h and then pressed to disks about 0-15 n 
thick at temperatures which, according to the published 
results!, were within the B field To reduce contammation 
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the buttons were heated ın pure argon prior to pressing, 
and were exposed to air for the mmimum possible time 
Anomalous results obtamed on metallographic examma- 
tion of quenched samples suggested that the published 
B/«--B boundary was im error. The position of this 
boundary was therefore redetermmed usmg resistivity 
measurements ?n vacuo on specsmens 15 m x0 25 in x 
010 i| machmed from the forged disks Up to 20 at 
per cent mobrum the position of the boundary was 
clearly marked by a change m slope of the resistivity- 
temperature curve The determined boundary tempera- 
tures fall below the pubhshed values, the discrepancies 
increasing with creasing mobium content (Table 1) 
The transformation to a martensitic phase on quenching 
from the B field was mvestigsted, using a high-speed 
thermal arrest apparatus of the type described by 
Greninger? Using specimens 0 010 m thick and argon as 
the quench gas, cooling rates 1n excess of 1,000° C/see were 
obtamed ‘The M; temperatures determined are in excel- 
lent agreement with those reported by Duwez? (Table 1) 


Table 1 
Nb content Temperature of boundary (? C) M, temperature (° C) 
(at 96) Hansenetal Present work Duwez Present work) 
0 885 885 855 871 
5 810 777 760 758 
10 765 645 600 578 
15 725 585 400 404 
20 680 525 — 212 
Table 2 

d-obs (A) Intensity d-cale, (A) AM 

2044 m 2 044 110 

2 425 ms 2 423 020 

2 321 ms 2 323 002 

2 298 + 08 2 298 111 

2151 8 2149 021 

1743 w 1745 112 

1677 8 1677 022 

1580 ms 1577 200 

1440 w 1438 130 

18375 m 1374 131 

1 336 ms 1 336 113 

1 re w 1322 220 

ete 


The structure of the transformed alloys was determmed 
by X-ray diffraction usmg water-quenched solid spec- 
mens, approximately 1 em across, the surfaces of which 
had been electropohshed It was at once apparent that 
the structures of alloys contammg more than 5 at per 
cent niobium were anomalous Many of the reflexions from 
the ‘a-phase’ were split into two components the separation 
of which increased with mezeasmg mobium content 
The observed diffraction pattern (Table 2) can best be 
interpreted in terms of a c-centred orthorhombic cell, 
which can be regarded as a simple distortion of the 
hexagonal cell of «-titamium. The cell dimensions for 
the 20 at per cent niobium alloy are a=3 166 A, 
b=4854 A, c=4652 A The c-axis (orthorhombic) 
corresponds to the c-axis of the hexagonal cell while a and 
b correspond to the orthogonal axes of the hexagonal cell 
The observed axial ratio b/a decreases with inereasmg 
niobium content from 1 73 for the true hexagonal cell, 
to 1 53 at 20 at per cent niobrum 

There 1s no evidence for segregation of niobrum to 
special sites, and the structure 1s simular to that of 
«-uranium (space group Cmem) The (titanium, niobium) 
atoms are situated m the four-fold position 0, y, i and 
prelmunary intensity measurements indicate y=0 20, 
leading to eight-fold co-ordmation around each (titanium, 
niobium) atom, with four additional neighbours at a 
shghtly greater distance The small difference m size 
between titanium and mobium atoms (atomic radius for 
co-ordination number 12 1 46 Ex and 1 47 kæ respectively) 
is unlikely to account wholly for the distortion to ortho- 
rhombie symmetry, ıb 1s possible that the distortion 1s a 
reflexion of a tendency for niobium to retain eight-fold 
co-ordmation as m the body-centred cubic form It 1s 
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possible that a simular phenomenon occurs in other 
titanium systems such as titanium-alummium-vanadium 
m which the effect has been tentatively ascribed to the 
co-existence of two « phases* 

Note added «n proof It has since been found that the 
data on the orthorhombic phase here reported are identical 
with the httle-pubheized iesults of Baganatsku et al 
(Problems in Metallography and Physics of Metals, 5, 210, 


1958 (m Russian) ) 
A R G Brown 
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Interstitial Loops in Neutron-irradiated 
Molybdenum 


NEUTRON irradiation at pile temperatures of the com- 
mon metals such as copper!, iron? or molybdenum? has 
been found to produce very small piismatic dislocation 
loops as well as other strain centres on tha limits of resolu- 
tion Metals subjected to charged particle or fission 
fragment irradiation, on the other hand, have been found 
to contain large prismatic loops*:5 with diameters up to 
1000 Å In these latter experiments, 1t has been possible 
to prove that the loops are formed by the aggregation of 
interstitial atoms Up to the present this has not proved 
possible with neutron-irradiated metals as the loops 
rarely exceed 1 or 200 A in diameter, which makes 
application of the diffraction contrast method difficult, if 
notimpossible It has been inferred from annealing mvesti- 
gations that some of the larger loops (50-200 A) in neutron- 
irradiated copper are interstitial, but direct confirmation 
is not yet available’ Experiments have recently been 
completed in these laboratories which estabhshed quite 
definitely that large dislocation loops, produced by neutron 
irradiation of molybdenum, are interstitial ın nature 

A single crystal of three-pass zone-refined molybdenum 
was cut into 0 5-mm sections which were then irradiated 
at 600? C to a total fast flux of 104 nvt The principal 
impurities in the crystal are 15 p p m carbon and a total 
oxygen, nitrogen and hydrogen content of 1 ppm by 
weight After irradiation the crystal sections were jet- 
machined and electrolytically polished to produce speci- 
mens for thin foil microscopy All sections examined 
contained large prismatic dislocation loops with a density 
of 2 x 10%/cem® The loops, which had various angular 
shapes, were mamly about 1100 A m diameter A few 
loops were as small as 100 A in diameter and the largest 
observed was 2000 A across  Examunation of foils pre- 
pared parallel to either a (011) plane or a (111) plane 
showed that the loops tend to he parallel to {111} 
Diffraction contrast experiments established that the loops 
are virtually pure edge in character with a Burgers vector 
a/2<1l1> This result was confirmed when a loop 
moved out of a foil at room temperature, implying that the 
loops are glissile 

Tilting experiments carried out m the manner described 
by Groves and Kelly? established that all the loops result 
from the aggregation of interstitials More than 30 loops 
were examined and ın all cases tbe loops were definitely 
interstitial The smallest loop exammed so far was 
500 Ain diameter A complete account of these experi- 
ments and others on the annealing behaviour of the loops 
and the influence of irradiation on precipitation 1s bemg 
prepared for publication 
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Analysis of Effects of Dilute Alloying 
Additions on the Grain-size of Uranium 


Tu procedure adopted to pioduce a fine gram-size ın 
uranium has much 1n common with that used to improve 
the hardenabihty ofsteel In both casos, alloying elements 
are added to retard and modify the phase transformation 
It is of considerable interest therefore, to ascertain the 
extent to which this analogy receives support from the 
results of recent experiments! in which Jommy end- 
quench data have been produced for bmary, ternary and 
quaternary alloys of uranrum with molybdenum, chrom- 
rum, and mobium 

In the case of alloy steels, the basis for calculating 
hardensbihty from chemical composition derives from 
Grossman's early work?, which showed that the hardening 
effects of alloymg elements wore multiplicative rather than 
additive ^ Later workers such as Holloman and Jaffe? 
introduced the modern concept of bainitic and pearlitic 
hardenability without, however, mvaldating the multi- 
plicative principle 

The hardenability of a steel 1s expressed in terms of the 
maximum diameter of a circular bar which can be 
quenched to produce a specific amount of martensite at 
the centre, this diameter can be correlated with the 
distance from the quenched end of a Jominy bar at which 
a simular structure prevails Accordingly, the strict 
analogy in the case of grain-refinement in uranium would 
be the distance from the end of the Jommy bar at which 
the grain-size rises above some arbitrary level, say 100 
(Dio) This parameter, and also the mmimum grain-size 
Gn and the grain-size at the air-cooled end of tho Jommy 
bar, Ga, have been correlated with the mdividual contents 
of chromium, niobrum and molybdenum in the binary 
uranium alloys The values of Ds, Gmin and Ga for the 
ternary and quaternary alloys were then computed 
assuming either multiplicative effects (as in steel) or 

sadditive effects The equations mvolved are of tho 
following form 
Additive 


Gs = Go/[1 + f(Mo) + f(Cr) + f(Nb)] (1) 
Multipheative 


Ga = Gof + fM) + f(Cr)]] + f(Nb)] — (2) 


The data refer to both g-quenched and y-quenched 
Jomuny bars and m all cases the coirelation of the actual 
values of Dis, Gmm and Ga with those obtamed expen- 
mentally was better for the additive model (equation (1)) 
than for the multipheative model (equation (2)) 

The best correlation was for Ge (B-quenched) where the 
correlation coefficient was + 0 9031 for the thirty alloys 
exammed The multipheative law generally predicted too 
small à gram-size for the quaternary and ternary alloys 
and ib 1s mteresting to note that a similar effect occurs 


NATURE < 


February 29, 1964 vor zo; 


with some steels? where the predicted hardenability greatly 
exceeds the calculated value 
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CRYSTALLOGRAPHY 


A Refinement of the Structure of 
9:10-DimethyI-I :2-benzanthracene 


THE crystal structure of 9 10-dimethyl-1 2-benzan- 
thracene (DMBA) was determmed by Sayre and 
Friedlander and they refined the atomic co-ordinates by 
means of the method of three-dimensional least-squares 
with isotropic thermal parameters They found that the 
molecule was far from planar, and m particular the 
benzene rng (Fig 1, rng D) was melned to the mean 
plane at approximately 20? (The crystals are orthorhom- 
bie with a = 762, b = 862, c = 2111 A, space group 
P2,nb, 4 mol per unit cell ) 

This compound 1s one of the most potent cancer-produc- 
ing aromatic hydrocarbons and 16 has been generally 
believed that an essential characteristic of such compounds 
was thew planarity It is important, therefore, to obtam 
the greatest possible accuracy in the molecular dimen- 
sions Sayre and Friedlander had not allowed for aniso- 
tropic thermal vibrations ın their work and ıt 18 clear that 
the atoms in a molecule such as that of DMBA would not 
vibrate isotropically Dr Sayre very kindly sent me then 
expermmental data and a further refinement has now 
been completed allowing for anisotropic thermal vibra- 
tions 

The refinement was carried out with the three-dimen- 
sional least-squares programme written by Dr J S 
Rollett, of Oxford The maim part of the work was done 
on the Mercury computer in the University of Manchester 
and the last cycles of refinement on the machine in the 
University of Oxford by Dr Rollett 

The first cycle with the parameters published by Sayre 
and Fnredlander gave R = 0137 (E = Z|Fe| — |Fell/ 
Z|Fo|) After four cycles of 1efinement with anisotropic 
parameters the value of R had fallen to 0075 Between 
the second and third cycle a three-dimensional difference 
Fourier (fo-Fc) was computed with only the carbon 
atoms included m the calculation of Fe From this 15 was 
possible to estimate the positions of the hydrogen atoms, 
especially those in the methyl groups, with reasonable 
accuracy The hydrogen atoms were included m the least- 
squares calculation but they were not refined It was 
noticed that the calculated values of the structure factors 
of the three strongest reflexions (002, 020, 022) were con- 
sistently higher than the observed values ‘This is 
probably due to extmetion errors, and so after the second 
cycle they were omitted from the refinement 

The final value of E (after 7 cycles of least-squares 
refinement) was 0 070 and the maximum standard devia-. 
tions for the positional parameters were o(x) = 0005 A, 
oly) = 0007 A, o(z) = 0 006 A, so that the standard devia- 
tions of the bond-lengths calculated from the final atomic 
co-ordinates are m all cases less than 001 Å The final 
bond-lengths and bond-angles are shown m Fig 1 There 
are no important differences from the bond-lengths given 
by Sayre and Friedlander, but 1t 1s interesting to note that 
whereas Sayre and Friedlander had values of 1 501 and 
1532 A for the two smgle bonds (C—CH,) the present 
results give 1 513 and 1 517 Å 
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Fig 1  Bond-lengths (A) and bond-angles 


DEVIATIONS (A) OF CARBON ATOMS FROM THE MEAN PLANE OF 


THE ANTHRACENE NUCLEUS 


Atom 


4 
—0 138 


Atom Atom 4 
11 0011 16 0 025 
12 —0013 1: —0774 
13 0 107 2 —0 991 
14 —0 040 3} —0 698 
15 0 565 4 —0 298 


Table 2 FINAL CARBON ATOM CO-ORDINATES (A) 


Atom 
1 


v 


18089 


2 480 
3°0747 


4 


3 0153 
18565 
14491 
12193 
13919 
18074 
2 4525 
2 4936 
2 0253 
17007 
2 0681 
1 8482 
2 8644 
11118 
0 9769 
1 6568 
2 3610 


y 


21074 
3 3597 
4 2902 
4 1309 
13745 


z 


2 0610 
2 5708 
1 6842 
0 3599 
—3 6073 
—4 1221 :; 
—3 1752 
—1 9285 
0 0868 
—1 6320 
—0 2491 
—2 1851 
—1 3320 
0 6223 
0 9234 
—2 5518 
2 9210 
4 2615 
4 7975 
3 9634 


Table 3. TEMPERATURE PARAMETERS OF CARBON ATOMS 


bu 


0 02212 
0 02593 
0 02809 
0 02632 
0 03569 
0 03741 
0 03626 
0 02941 
0 01868 
0 02098 
0 01953 
0 02015 
0 01967 
001787 
0 03152 
0 04747 
0 02893 
0 04431 
0 04890 
0 03650 


Un 


0 01808 
0 02079 
0 01974 
0 01618 
0 03435 
004214 
0 03714 
0 02402 
0 01544 
0 01937 
0 01527 
0 02365 
0 01771 
001519 
0 01516 
0 03204 
0 02304 
0 03187 
0 03645 
0 03035 


bas 


0 00391 
0 00498 
0 00638 
0 00646 
0 00421 
0 00465 
0 00499 
0 00490 
0 00427 
0 00457 
0 00490 
0 00407 
0 00416 
0 00403 
0 00513 
0 00624 
0 00398 
0 00419 
0 00419 
0 00573 


bis 


—0 00188 
—0 00444 
—0 00274 
0 00088 
0 00156 
0 00069 
0 00310 
0 00541 
0 00142 
0 00254 
0 00057 
0 00028 
0 00125 
— 0 00100 
0 00183 
0 00320 
0 00034 
0 00035 
—0 00414 
—0 00764 


bis bss 


000508 —0 00130 
000892 —0 00441 
—0 00654  —000476 
—0 00850 0 00019 
0 00134 0 00173 
—000259 — 0 00558 
—001788 | —0 00923 
—001439  —000571 
—0 00112  —0 00003 
0 00254 0 00335 
0 00052 0 00081 
0 00172 0 00076 
—0 00202  —0 00088 
000249  —0 00002 
—0 00628 0 00238 
—0 01825 0 01053 
0 00707 0 00070 
001699  —0 00008 
002734 — 0 00374 
001364 —0 00698 


The non-planarity is qute marked and 1s best illustrated 
by calculatmg the mean plane of the anthracene nucleus 
(nngs A, B and C) and then the deviations of all the 
carbon atoms from this plane The results are given m 
Table 1 Ring D itself 1s in fact quite planar (deviations 
from 1ts mean plane are (1) + 0.039, (2) — 0034, (1^, 
— 0010, (2^, — 0026; (3^, + 0031, (4^, — 0001 A) 
and the mean plane of thus ring 1s inelmed to that of the 
anthracene nucleus at an angle of 18 5? 

The final atomic co-ordmates and temperature para- 
meters are given in Tables 2 and 3, respectively -The 
temperature parameters refer to the expression, 
9 — (htbas + haa + Ibas + Hb. + bag +Albsa) 

It must now be accepted that planarity 1s not essential 
for aromatic hydrocarbons to possess cancer-producing 
properties In this particular case ib would seem most 
unhkely that the shape of the molecule is different m 
solution from that m the crystal Any explanation of the 
earemogenie activity of aromatic hydrocarbons which 
depends on fitting the molecules into the DNA chain or to 
the surface of a protem molecule must take this shape into 
account Itisnowmore than thirty years since Kennaway 
and Cook first showed that some of the substituted 1 2- 
benzanthracenes were carcmogenic while others were not, 
but we still have no satisfactory explanation of this marked 
variation of biological activity m a series of compounds 
which appear to be very similar in chemical and physical 
properties It ıs hoped that the determmation of 
accurate molecular dimensions of a series of carcmogenic 
and related compounds will throw some hght on this 
problem 

I am indebted to Dr D Sayre for supplying the data, 
to Dr J S Rollett and Mr O S Mills for the use of com- 
puter programmes and to the British Empire Cancer 
Campaign and the Department of Scientific and Industrial 
Research for financial support 
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Structural Role of the Metal in Crystalline 
Complexes of Ribonuclease 


PREVIOUS investigations? of the various crystalline 
modifications of bovme pancreatic ribonuclease (herem- 
after abbreviated as RNase) have shown that the growth 
of several of these depends on the presence of a metal 
compound ın the crystallization medium To be reported 
here are some observations throwing light on the struc- 
tural role of the metal atoms m one of these modifications, 
namely, RNase I (space group P2,2,2,) 

This modification 1s normally obtamed by crystalliza- 
tion in the presence of nickel, and appears occasionally in 
crystallhzation samples contaming copper’, but cannot be 

grown 1n the absence of a metal This fact in itself would 
suggest that the metal plays a part ın maimtammg the 
particular arrangement of the protem molecules 

The structural role of the metal 1s further corroborated 
by the observation that crystals of this form become 
exceedingly fragile on soakmg in a nickel-free medium, 
especially if exposed to repeated changes of the medium 
The medium used for nickel-depletion was either 75 
volume per cent 2-methyl-2 4-pentanediol (heremafter 
abbreviated as MPD), or a nickel-free buffer 1n this solvent 
of pH about 6 (as measured by the glass electrode) The 
fragility of the nickel-depleted crystals rendered them 
quite difficult to mount for X-ray diffraction mvestigations 
When the depleted crystals were put in a medium contain- 
ing about 10-* M nickel chloride (in 75 volume per cent 
MPD), they regained their hardness ‘The loss and uptake 
of nickel here could be followed qualitatively by exposure 
of the crystals to hydrogen sulphide or by 1mmersion in à 
solution, of dumethylglyoxime in 75 volume per cent MPD 

This behaviour would indicate that the nickel mcorpora- 
ted m the crystal ıs in mobile equilibrium with the sur- 
rounding medium, while at the same time 16 participates in 
stabihzing the contacts between protein molecules Such 
a nickel ion might be complexed by two groups contributed 
by each of two neighbourmg molecules These groups 
might be carboxy] or umidazole, either of which would be 
subject to a competitive equilibrium between Ni1** and H+ 
Such an equilibrrum is indicated by the lmted pH 
stability range of form I (pH 5 6-7 8)!, and may also be 
involved in the depletion of the nickel ın the crystals 
The pale green colour of the crystals would suggest 
carboxyl (mtrogenous complexes of nickel are usually 
blue) Presumably, the intermolecular contacts m the 
nickel-depleted crystals mvolve hydrogen bonds between 
the groups which had held the nickel previously It 1s of 
interest to note that uncomplexed. carboxyl groups 
should be predominantly unionized ın these crystals, since 

. earboxylie acids (for example, acetic acid) show nominal 
(glass-electrode) pKa values of about 7 m 75 volume per 
cent MPD 

More striking 1esults were obtamed on treatment of 
RNase I crystals with the platinum complex K;[Pt(C,0,),] 
Now, these crystals normally show perfect cleavage on 
(100) to give fragments showing unimpaired diffraction 
patterns, indeed, cleavage provides a useful means of 
obtainng specimens of a desired size for diffraction 
investigations However, on soaking the crystals ina 2 5 x 
10-* M solution of K;[Pt(C,0,),] m 75 volume per cent MPD 
for some weeks, they became yellow and much harder 
The cleavage on (100) was abolished, so that the crystals 
showed only irregular fracture when piessed very firmly 
with a glass pomt The diffraction intensities of the 
treated crystals were altered, but unfortunately so were 
the lattice parameters (omgmal a = 43 96 Å, b = 7558 A, 
c = 3751 A; final a = 4510 Å, b = 7590 Å, c = 
3396 A) Thus, we cannot regard this case as a good 
isomorphous substitution 

On the other hand, 1f we soak the RNase I crystals 
under the same conditions in a solution of the dithio- 
oxalate analogue, K,[Pt(C,8,0.).], they arestrongly stamed, 

but the cleavage and even the diffraction pattern are 
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unaltered, thus mdieating diffuse labelling of the protem 
molecules with the heavy-atom dye In view of the close 
structural analogy between [Pt(C,0,).]— and [Pt(C,S,0.)o]~, 
their differmg behaviour towards RNase I should perhaps 
be ascribed to the lability of the oxalate groups in the 
former complex Thus, the oxalate groups could be shed 
ın an exchange of platinum for the nickel 10ns stabilizing 
the crystal, so that the platmum takes over the function 
of lmkmg molecule to molecule The dithio-oxalate, ın 
which platinum is bound more stably to sulphur, is 
presumably incapable of undergomg such an exchange 
reaction 

I thank Mrs Edith H Pignataro for the X-ray diffrac- 
tion measurements, and Dr David Harker for advice 

I also thank the followmg institutions, the continued 
support from which has made possible the work of the Pro- 
tein Structure Project of which this investigation 1s a part 
The Dean Langmuir Foundation, the Rockefeller Founda- 
tion, the Damon Runyon Memorial Foundation, the New 
York Foundation, the Polytechme Institute of Brooklyn, 
and the International Business Machines Corporation 
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CERAMICS 
High-strength Calcium Silicate Hydrate 


LIGHT-WEIGHT calcium silicate hydrate (umt weight 
about 70 Ib /ft?) ıs made by curmg cast mixtures of 
hydrated lime and silica for a number of hours in saturated 
steam at high temperatures In previous work by Taylor 
and Moorehead!, 15 was shown that the maximum com- 
pressive strength for cast specrmens depends on the 
lume-silica ratio and the specific surface area of silica 
flour used A maximum compressive strength of 3,850 
lb hn? at one day was achieved at a unit weight of 64 
lb /ft ? (strength/weight ratio 60) for specimens cured for 
10 hin saturated steam at 186° C 

Subsequent work has been aimed at producing calcium 
silicate hydrate of high strength with as low as possible 
unit weight To achieve this mixtures of lime and silica 
(05 10 by weight) were proportioned for maximum 
strength, mixed ın a mortar with 0 067 parts by weight of 
water until they were uniformly damp and then introduced 
into & specially designed pressure mould to produce l-n 
cubes The pressure was applied in two stages to overcome 
friction between the plunger and the mould Shortly 
after the specimens were demoulded they were cured for 
7 him saturated steam at a temperature of 185° C The 
relationship between mouldmg pressure and resulting 
mean compressive strength (S.D + 2,584 lb /in*) and 
mean unit weight (S.D + 201b /ft *) from three samples, 
one day after pressing, is given m Fig 1 An increase m 
moulding pressure from 0 to 15,000 Ib /in ? resulted m an 
increase In mean compressive strength from 3,500 lb /in ? 
to 30,000 Ib /n ? for an increase ın mean unit weight from 
70 Ib /ft 3 to 123 Ib /ft 3. Beyond 15,000 Ib /m ? moulding 
pressure the compressive strength remained unchanged 
but the uni weight slowly inereased The strength/ 
weight ratio of about 240 for specimens pressure-moulded 
at 20,000 Ib /in ? ıs to be compared with the 60 quoted 
here for ordinary cast calcium silicate hydrate, and 20 for 
good quality dense concrete at an age of one month 
(neglecting any size and shape factor) Specimens moulded 
at a pressure as low as 3,000 Ib /in ? still had a compressive 
strength of 20,500 lb /in 2, a unit weighs of 102 Ib /ft 3, 
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and a strength/weight ratio of 202 The results of Fig 1 
also show, on replottmg, that the mean compressive 
strength varies lmearly with the mean unit weight for 
specimens moulded with pressures between 0 and 15,000 
lb /m? Beyond 15,000 Ib /in* mouldmg pressure the 
relationship no longer holds, for the compressive strength 
is constant but the unit weight still slowly creases 

Additional expermments have established that for 
specimens pressure-moulded at 20,000 Ib /m? and cured 
in saturated steam at a temperature between 175° C and 
195° C, 8 h ıs the curing time necessary to develop maxi- 
mum compressive strength This optimum time probably 
applies over the temperature range 145? C to 220° C 
Furthermore, the greater the temperature of curmg in this 
range the greater the compressive strength when specimens 
are cured for the optimum time 
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Fig 1 Effect of moulding pressure on mean compressive strength ( x ) 
and mean unit weight (O) of pressure-moulded specimens cured for 
7 hin saturated steam at a temperature of 185° C 


The specimens have been examined by X-ray, differen- 
tial thermal analysis, chemical, and electron microscope 
methods in an attempt to characterize the strength- 
forming calcium silicate hydrate muneral For most 
specimens diffuse Imes at 3 04 A and 1 83 A in the X-ray 
diffraction patterns mdicate the presence of a nearly 
amorphous reaction product This has a molar ratio of 
Ca0/810, of about 1 05, and a fibrous character in electron 
micrographs idicative of a fibrous form of calcium 
siheate hydrate*. Specimens cured for the longest time 
(7 h) at the highest temperature (220° C) show an addı- 
tional line at 3 09 A and a broadenmg of the line at 1 83 A 
indicative of the presence of platy tobermorite? as well 
The present results tend to show that steam-cured calerum 
siheate hydrate produced by pressure moulding does not 
owe its high strength to the presence of well-erystalhzed 
CSH minerals, rather the reverse ıs true The greatest 
factor appears to be the degree of compaction produced 
during the pressure moulding 
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Electron Spin Resonance Spectra of Hydrated 
Electrons prepared by Reaction of Atomic 
Sodium with Ice at 77° K 


THERE 1s considerable interest at present in the sugges- 
tion of Weiss! that the primary reducing species produced 
by irradiation of water 18 a hydrated electron, tho hfetime 
of which 1s long enough for 16 to be important 1n chemical 
reactions Recently Boag and Hart? have detected a 
transient species produced by electron irradiation of 
water The species, which gives rise to a broad optical 
absorption spectrum with a peak at 7000 A, 1s postulated 
to be the hydrated electron Simuar absorption spectra, 
but with peaks at 5800 A, have been observed from 
y- or X-rradiated alkalme ice at 77? K and are also 
attributed to trapped electrons? Studiest5 of the 
electron spin resonance spectra of irradiated alkalme ice 
at 77° K have shown that ın addition to lines arising from 
OH radicals and O- 10ns there ıs a narrow singlet (g = 
2 006) which 1s attributed to trapped electrons 

We have prepared trapped electrons by the reaction of 
alkali metals with ice at 77? K in a rotating cryostat The 
method, which has been described previously*, was to 
deposit a thm discontmuous layer of alkali metal atoms on. 
to a moving surface of a second reactant, m this case 1ce, 
held at 77° K and under high vacuum A fresh layer of the 
second reactant was then deposited on top of the reaction 
products, which thus became embedded in a mgid matx 
The process was repeated many times to build up a reason- 
able amount of material 

We have examined the products of the reaction of 
sodium or potassium atoms with water or deuterium oxide 
at 77? K In all the experiments the product was deep 
blue, and the electron spin resonance spectrum at 77? K 
consisted of a single narrow hne These properties are 
similar to those of solutions of alkah metals m hqud 
ammonia The spectrum mdicated that the paramag- 
netic species could not be alkali metal atoms, hydroxyl 
radicals or hydrogen atoms The colour and electron spin 
resonance spectrum faded simultaneously either as the 
samples were warmed or when they were exposed to visible 
hght We conclude that both are attributable to trapped 
electrons 

The electron spin resonance spectra at 77° K from the 
samples produced by allowing either sodium or potassium 
to react with water were identical The shape of the line 
indicated that there was some unresolved hyperfine 
structure present At about 140° K five hyperfine limes 
were just resolved They were approximately equally 
spaced (56 + 05 cersted) and the relative imtensities 
were roughly in the ratios ofl 4 6.4 1 In contrast, 
the spectrum from a sample produced by allowmg sodium 
to react with deuterrum oxide was an extremely narrow 
hne (32 + 03 cersted), and there was no evidence of 
hyperfine structure either at 77? K or higher temperatures 
(The relevant features of the electron spm resonance 
spectra are summarized in Table 1 ) 

The followmg conclusions can. be drawn from the results 

(1) The cation does not mfluence the width or g-value 
of the resonance lme, showmg that there 1s negligible 


Table 1 SALIENT FEATURES OF ELECTRON SPIN RESONANCE SPECTRA OF 
TRAPPED ELECTRONS 
Hyperfine structure 


Relative Splitting 
intensities (œ) 


Tempera- 
ture of 
obseryatıon 
CK) 


g-value 
+0 0005 
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interaction between the electron and the alkali metal 
nucleus 

(2) There are approximately equal interactions bevween 
the electron and four protons (The absence of any hyper- 
fine structure m the spectrum of a sample produced with 
deuterium oxide confirms that the structure observed 
when water 1s used arises from proton mteractions ) 

These conclusions show that the electron 1s not m an 
expanded, orbital around the cation, as proposed by 
Jortner and Sharf*, nor ıs ıt delocahzed over a largo 
number of water molecules ^ Rather, 15 ıs located in a 
well-defined trap and is associated with not more than 
four water molecules Possible arrangements are 

(a) The electron 1s trapped m a hole resulting from a 
dofect in the ice structure, bemg surrounded tetrahedrally 
by four protons from neighbouring water molecules This 
modi ıs m accord with the suggestion by Blandamer, 
Shieids and Symons® 

(b) The electron ıs located m an orbital of the oxygen 
atom m a water molecule in a crystal, its presence lengthen- 
ing the two normal O-H bonds, and shortening the two 
hydrogen bonds so that approximately equal interactions 
with four protons are achieved. 

Without further expermental evidence we cannot 
define the trap m more detail 
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Polarography of Thallous Ion in the Presence 
of Gelatin 


Some applications of the polarographic technique have 
been made to the investigation of metal bmding by proteins, 
especially serum albumm!-*  Tanford has shown that the 
polarographic behaviour of thallous 10n 1s unaffected by 
the presence of bovine serum albumin over a considerable 
pH range As a prelmmary study in a programme of 
work on the combmation of metals with gelatm, I have 
examined the effect of gelatm on the polarography of 
thallous 1on The gelatm used was a high-grade hme 
processed hide gelatin, of molecular weight 79,000 (hight 
scattering) It was carefully de-ionized to give an ash 
content of <002 per cent The moisture content was 
127 per cent; protem concentrations refer to the w/v 
concentration of dry, ash-free protem The polarograph 
used was a hnear sweep cathode-ray mstrument (Southern 
Analytical Ltd , type K1000). Polarograms were meas- 
ured at 25 0° C and all potential values are corrected to the 
standard calomel electrode scale Solutions were de- 
oxygenated with & slow stream of nitrogen With the 
design of cell supphed with the polarograph, ıt was 
possible to transfer about 2 ml of the solution under test 
and pass the gas at a sufficiently slow rate for the froth 
nob to be excessive. De-oxygenation was normally 
satisfactorily complete ın about 20 min 

Aliquots of a shghtly acid stock thallous sulphate solu- 
tion were taken to give a final concentration of 2 x 10-4M 
Tit The pH was varied by addition of dilute hydro- 
chloric acid or potassium hydroxide and the total ionic 
strength was adjusted to 0 15 M with potassium chloride 
Table 1 shows the results obtamed m the absence of 
gelatin and m the presence of 0 49 per cent gelatin 
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Table 1 EFFECT OF 040 PER OENT GELATIN ON THE POLAROGRAPHY;OF 
2 x 104+ M TL+ 


pH Peak current pH Peak current 
(vamp) (vamp) 
Gelatin absent 049 % gelatin present 
os S OO OF 
111 3 81 101 3 50 
150 381 146 3 53 
192 379 200 3 53 
269 379 317 3 52 
525 376 4 68 351 
3 47 3 78 490 3 53 
411 378 5 32 8 49 
479 876 611 8 50 
5 20 379 673 3 51 
6 23 378 761 3 50 
6 52 377 907 845 
739 $77 980 3 46 
833 376 10 22 8 43 
950 3 73 10 49 341 
981 371 10 67 3 41 
1011 3 62 10 90 3 39 
10 72 3 60 


In the absence of gelatm, the peak current 1s fairly 
constant until a gh pH 1s reached, when a shghi fall 
occurs Simularly, a change m peak potential only occurs 
at high pH This may mean either that a different species 
1s bemg reduced or that a change in diffusion coefficient 
occurs at high pH In gelatin solution, a simular state of 
affairs exists, but the current 1s somewhat lower The ratio 
between the peak current m gelatm solution and peak 
current m gelatin-free solution at the same pH has been 
estimated for all the results in Table 1 and this ratio 1s 
constant throughout at 093 + 0002 This shows that the 
effect of gelatim 1s independent of pH This demonstrates 
that the effect of gelatm 1s not due to complexmg of 
thalhum with side-cham groups ionized over the pH range 
covered 

The possibilty was next considered that the effect of 
gelatin was purely one of viscosity Thallous sulphate, 
potassium chloride and various amounts of gelatin solu- 
tion were mixed without pH adjustment and polaro- 
graphed as before The pH’s were measured and ranged 
between 3 2 and 49 

These results show that a quite low gelatin concentration 
(0 025 per cent) 1s enough to cause the maximum fall in 
current and that mcreasmg the gelatm to 60 times this 
concentration is without further effect This 1s 1n contrast 
to the usually stated effect of viscosity’, according to 
which the diffusion current 1s mversely proportional to the 
square root of viscosity Possibly the method of measure- 
ment pecuhar to the cathode-ray polarograph does not 
permit this effect to be exerted It was noted that, even 
in the most concentrated gelatin solutions, the polaro- 
grams wero of remarkably good shape 


Table 2 , 
96 Gelatin Peak current 96 Gelatin Peak current 
pamp. (yamp) 

3 78 0 088 353 
0 0009 374 018 353 
0 0018 3 73 0 26 3 52 
0 0044 3 64 049 3 52 
0 0088 3 60 061 353 
0018 359 079 3 53 
0 026 3 53 114 3 53 
0 044 3 52 149 3 62 


The results m Table 2 suggest an adsorption effect and 
this was demonstrated to be the case by measurement of 
drop time as a function of gelatin concentration at a 
fixed reservor height The drop time fell steadily 
(starting potential —0 3 V) until 0 025 per cent gelatin, 
when no further effect was observed In contrast to the 
small effect observed with thallous ion, the diffusion 
currents of other metals, for example, lead, cadmium, 
zinc and copper, may be reduced by the presence of 
gelatin almost to zero over an appropriate pH range 
However, m calculations mvolvmg this reduction m 
eurrent, the reduction due to adsorption effects should be 
allowed for 

It 1s not part of this work to suggest analytical applica- 
tions but the use of gelatin itself as a complexing agent m 
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polarography has, to my knowledge, received httle 
attention 
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Annealing of Chemical Radiation Damage by 
Compression 


Iv has already been reported that defects generated by 
compression accelerate the thermal annealing of the 
chemical damage in irradiated crystals! The work 
recorded here indicates that compression directly induces 
recombination of the damage fragments 

Measurements were made on y-urradiated lead nitrate 
crystals Data concerning material, irradiation and 
analytical procedure have already been described? The 
crystals were compressed with an Amsler machine in the 
range 0-20 tons/m? The fraction annealed by compres- 
sion was 0141 under 10 tons/m* and 0181 under 20 
tonshn? Crushing’, which also enhances thermal anneal- 
ing, produced only a small recovery of 0 048 
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Phase Diagram of the Vanadium Pentoxide- 
Borax System 


As 1eported previously’, investigations have been 
carried out on the vanadium pentoxide-borax system 
Differential thermal analysis constituted the first part of 
the investigations "These measurements were made with 
a special device for differential thermal analysis. The 
samples were prepared from chericals of analytical grade 
The temperature and the rate o? melting of the mixtures 
were chosen so as to attam complete clarification The 
gases formed during the melting procedure were tested 
by a method described in a previous paper’, but, apart 
from the crystal water liberated, no other gas, thus no 
oxygen was detected, proving that durmg the melting 
process, no liberation of the latter had taken place The 
samples prepared were worked in the manner described 
elsewhere* 

The compositions of the samples, as characterized by 
ther borax contents, are grven in Table 1 The results 
of the differential thermal analysis are shown in Fig 1 


Table 1 Borax CONTENTS 
Sample Borax content 
No (wt %) 
1 39 
2 79 
3 120 
4 140 
5 161 
6 204 
7 248 
8 340 
9 43 5 
10 53:6 
11 642 
12 755 
18 874 
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Curves 9, 10, 11 and 12 show a marked exothermal effect 
at 500? C, which, however, does not appear in curves 12 
and 13 Curve 13 indicates a decrease in the magnitude 
of the heat effects, owing to the high borax content The 
phase diagram of the vanadium pentoxide~borax system 
shown in Fig 2 1s plotted on the basis of the qualitative 
evaluation of X-ray mvestigations (based on the X-ray 
analysis of T. Horvath) and the diagrams of differential 
thermal analysis, without a quantitative evaluation of the 
X-ray diagrams According to this phase diagram, the 
system ıs characterized by two eutectic compositions, and 
three compounds are to be expected to exist It becomes 
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evident that vanadium pentoxide 1s not reduced when 
melted with boric acid‘ or borax 
B NÁDOR 
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Charge-transfer Interaction between the 
Components of an Acid-base Pair* 


In the spectrophotometrie method for determmmg 
acidity, 16 1s assumed that the components of the acid-base 
pair have discrete and independent absorptions An ex- 
ception to this rule 1s noted here 

When solutions of aeridine and acridmim perchlorate 
in dichloromethane are mixed a deep yellow colour ıs 
obtained, which 1s quite distmet from the pale yellow of 
the perchlorate and that of the almost colourless acridine 
The evidence given here shows that this 1s due to a charge- 
transfer interaction between the acridme donor and the 
aeridinium ion acceptor 


Table 1 COMPLEXES OF ACRIDINE AND ANTHRACENE IN DICHLOROMETHANE 
AT 21° 


Association Ext 
Acceptor Donor Absorption my const Coef 
K | mole! 107€ 
Chloranil Acridine Maximum 497 034 175 
a Anthracene Maximum 622 0 87 121 
Trinitrofluorenone Acridine Shoulder 443 175 108 
i Anthracene Maximum 526 415 107 
N-Methylacridinium 
perchlorate Acridine 472 210 0 67 
n Anthracene Maximum 617 270 091 
Acridimum 
perchlorate Acridine 467 115 039 
35 Anthracene Maximum 493 146 102 


Acceptor properties of the N-methylacridmium cation 
have been demonstrated m the spectrum of its 10dide! in 
contrast with the spectrum of its perchlorate, where the 
latter 18 a weak anion donor  Absorptions produced by 
acridmium perchlorate ın the presence of x-donors are 
shown m Fig 1 The positions parallel those of smmilar 
absorptions of the donors with chloranil? and probably 
correspond to changes ın ionization potential Complexes 
of N-methylacridimum perchlorate also exhibit maxima 
at 505 mu (pyrene), 517 my. (anthracene) and 595 my 
(perylene) Table 1 compares the complexing ability of 
acridme and anthracene with the acceptors chloranil, 
2,4,7-trimitrofluorenone, acridmium perchlorate and N- 
methylacridinium perchlorate. The fact that the acridine- 
acridmium perchlorate system obeys a Benesi—Hildebrand 


10 
R o5 
a b c d e 
0 a 
500 600 
my 
Fig 1  Aeridiniuum perchlorate (2 x 107? M)in (a) dichloromethane 


alone, (6) with acridine, (c) pyrene, (d) anthracene, (e) perylene 
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relation, the position of rts absorption and the value of 
K support the view that charge-transfer interaction 
accounts for the yellow colour 

Neutrahzation of 01 M aeridme with perchloric acid 
in acetonitrile produces the additional absorption at 467 
my. as shown in Fig 2 For comparison, the expected, 
parabolic curve 1s also shown, resulting from the addition 
of n equivalents of the acid 

D = Keb’n(1—n) 

where b 1s the base concentration The values of K, 0 751 
mole-!, and e, 4 1 x 102, were obtained from an mndependent 
Benesi-Hildebrand plot For this example, the charge- 
transfer absorption occurs where the mtrmsic absorptions 
of acridine and ıts cation differ markedly, and 1t 1s there- 
fore at the position most suitable for the spectrophoto- 
metric determmation of basicity. It does not detract from 
reported values using this technique, however, for the con- 
centrations of acridime used? (2 x 10-4 M) were far too 
low to make the foregomg equation significant 
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Fig 2 Addition of equivalents of perchloric acid to 0 1 M. acridine 
1n acetonitrile 


This acid-base interaction 1s one example of what 1s 
probably a general phenomenon It 1s not unhkely that 
an aromatic or other z-electron nucleus associated with 
a Bronsted acid will also be a m-electron acceptor, for 
acidity and acceptor strength are enhanced by the same 
substituents Acid-acceptor anion-donor systems are also 
bemg investigated 

I thank Imperial Chemical Industries, Ltd, for the 
award of a fellowship 
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Clathrate Hydrates of Soluble 
Non-electrolytes 


A NEW thermodynamic method! for calculation of 
hydrate formule from aqueous solution freezing curves 
has revealed a number of non-electrolyte hydrates of 
unexpected formule which are probably characteristic of 
new groups of clathrate hydrates In Table 1, data are 
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Table 1 
Calculated formula n FP. Ref 

(CH4),N 11 46 + 0 22H,0 115 524 2, Series 1 and 2 
(CH3)N 10 22 + 034H40 100 581 2, Series 3 
(CH44N 10 03 + 0 12H,0 100 6 06 3, Run 5 
(C:Hs):NH 810 + 012H4,0 8 00 ~7 28 3, 2, Series 1 and 3 

aHs)aNH 6 80 + 0 39H,0 6 67 —6 57 2, Series 5 
C3H,0 6 58 + 0 48H,0 6 67 107 4 


presented for these hydrates showing the calculated 
hydrate formula with its 95 per cent confidence lımıt of 
error, the structurally probable water  hydrate-former 
combining ratio number 7, the congruent freezing point 
(° C) and reference to the original freezing point measure- 
ments 

These hydrates all exhibit n values significantly 
different from those 5 75 and 7 67 characteristic’ of the 
cubic structure I gas hydrates 

It would appear reasonable to assign the (CH;);N 115 
H,O hydrate to a cubic structure I type hydrate lattice 
in which the six éetrakiadecahedral sites are filled by four 
trimethylamine molecules 

The (CH,),N.10H,O hydrate ıs almost certamly the 
mussing orthorhombic M 10H,0 gas hydrate, anticipated® 
through structural simuarity ‘vith the tetra-iso-amyl 
ammonium, fluoride hydrate, in this gas hydrate an 80 
water molecule unit cell* 1s stabilized by eight trimethyl- 
amie molecules occupymg the four tetrakiadecahedral 
and four pentakiadecahedral sites 

Interpretation of the (C,H,),.NH 8H,O hydrate formula 
1s uncertain since there 18 at present no known gas hydrate 
type lattice which, with smgle occupancy of site, leads to 
this stoicheiometry 

Of the hydrates (C,H,,NH 6 67H,O and C,H,0- 
6 67H,O, X-ray powder spacings indicate" that ethylene 
oxide hydrate has a cubic structure I like lattice, struc- 
turally sumiar to Cl,7 67H,O, and thus ıs probably ıso- 
morphous with the tre-n-butyl sulphonmum fluoride 
hydrate® (n-C,H4),SF 20H,O It ıs, therefore, probable 
that these M 6 67H,O modified structure I gas hydrates 
have a unt cell formula 6M (46-6)H,O, ın which one 
lattice water molecule is replaced by each —O- or -NH- 
hydrogen bondmg group of she six hydrate former 
molecules occupying the formerly tetrakiadecahedrally 
co-ordinated sites The near equivalence of lattice space 
requirement for six diethylamine molecules or for two 
tri-n-butyl sulphonrum fluoride units serves to strengthen 
this identification 
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Effect of Additional Cross-links on Sorption 
by Keratin 


THE removal of eross-hnks between the peptide chains 
of keratin can lead to a considerable inerease in the 
amount of water vapour and formic acid vapour absorbed 
at bigh relatrve pressures’, and similar rnereases in the 
uptake of water vapour.by keratm occur after peptide 
bond cleavage? This communication indicates how the 
introduction of additional eross-hnks may affect the 
subsequent sorption behaviour of keratin 

Three chemical modifications which have been postu- 
lated as treatments causing intermolecular cross-lnkmg 
in keratm were carried out on Mermo wool samples The 
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treatments, which have been described in the hterature, 
were reaction with mereuric acetate?, benzoquinone*, end 
formaldehyde* In each case the treatment was carried 
out m an aqueous medium such that the keratm was in 
the water swollen state. As a comparison, combination of 
formaldehyde gas with the wool* was carried out under 
conditions of low water content so that the level of swelling 
of the keratm would be different for the two formaldehyde 
treatments The weight of combined formaldehyde was 
determined by an 1odometric titration technique’ For 
the treatments with mercuric acetate and benzoquinone 
the vacuum dry weight of each sample was determined 
before and after treatment 

The weight uptakes of water vapour and formic acid 
vapour by each sample were measured with & sorption 
balance after the sample had been thoroughly washed 
with distilled water and vacuum dried at 35° C Table 1 
presents the weight mereases brought about by the 
chemical treatment and the saturation weight uptake of 
water vapour and formic acid vapour expressed as a 
percentage of the dry weight of the untreated keratin 
The corresponding figures for an unmodified wool sample 
from the same source are also included 

It is apparent that the gaseous formaldehyde treatment 
reduced the subsequent uptake of both water vapour and 
formic acid vapour presumably because of an mcreased 
resistance to swelhng The aqueous formaldehyde treat- 
ment yielded a sample of slightly higher combined 
formaldehyde content and reduced the formic acid uptake 
to the same extent as the gaseous formaldehyde treatment 
It has been postulated that the combmed formaldehyde, 
following the treatment of keratim with hquid formalde- 
hyde, 1s present as methylene mtermolecular cross-lnks*® 
However, the aqueous formaldehyde treatment had very 
httle effect on the uptake of water vapour This difference 
could follow from the fact that the methylene hnks were 
formed in a keratin network which was already swollen 
with water Thus the behaviour of keratin 1s 1n agreement 
with the postulation of Lloyd and Alfrey? that a cross- 
lmked polymer tends to swell to the volume at which ıb 
was formed That is, cross-lmks formed in a swollen 
network will not resist swelling below that level 

The benzoquinone and mercuric acetate treatments 
cause a considerable weight merease of the sample and it 
has been demonstrated recently that the presence of 
additives 1s sufficient to cause a decrease of water content 
at high relative pressures? mrespective of their mode of 
combmation The formic acid uptake exhibited by the 
modified samples, however, 1s good evidence that the 
benzoquinone treatment forms additional cross-lnks 
which can oppose swelling to high levels, and the mer- 
curie acetate treatment which does not restrict the 
swelling of the keratin network by formic acid does not 
form stable eross-hnks In fact, the uptake of formic acid 
is ngher than for untreated wool and gives an indefinite 
value mdicating some degradation The lower values of 
water uptake m each case are probably due to the exclusion 
of water molecules by the additive which, occurs 1rrespec- 
tive of whether additional eross-hnks are formed 

Additional evidence that the combined formaldehyde 
will oppose swellmg to a higher level than that existing at 
the time of network formation m keratm 1s provided by 
the following experiment Aqueous formaldehyde treated 
wool and unmodified wool which had the same water 
content at saturation (Table 1) were subjected to mild 
peptide hydrolysis!? in N/100 hydrochloric acid at 100° C 
for 1h The combmed formaldehyde content of the first 
sample decreased from 2 0 to 0 9 per cent and the weight 
decreased by & further 0 8 per cent, owing to the hydro- 
lysis treatment The peptide hydrolysis has been shown 
to cause an increased water uptake by keratin at hugh 
relative pressures? In this case the saturation water 
content of the normal wool mcreased from 34 to 42 per 
cent after the hydrolysis treatment In the presence of 
combined formaldehyde the increase of water content was 
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Table t 
Saturation 
Treatment Weight Saturation ormie ac 
increase (%) water content (960) content (95) 
Unmodifled — 342 180 
Mercuric acetate 8 305 > 200 
Benzoquinone 9 308 137 
Aqueous formaldehyde 20 340 144 
Gaseous formaldehyde 18 28 2 145 


less and the water content reached 38 per cent at satura- 
ton The formic acid content at saturation followmg 
peptide hydrolysis rose to 215 per cent, but m the presence 
of combined formaldehyde only reached 155 per cent 

This result shows that the hydrolysed structure 1s able 
to swell further because of the cleavage of peptide bonds, 
but the presence of combmed formaldehyde 1mpóses 
swelling restraints when the level of swelling goes beyond 
the normal degree of swelling of keratin in water This 
suggests that the formaldehyde 1s present as cross-lnks m 
equilibrium with the unmodified water-swollen keratin 

Comparison of the water-vapour isotherms of gaseous 
formaldehyde treated and unmodified wools enables the 
effect of additional cross-lnkmg on water absorption to be 
determined with only neghgible effect due to the reagent 
itself This showed that reductions of the water content 
only became evident above 80 per cent relative pressure, 
that 1s, m the solution region of the isotherm No change 
of the water content was observed at low and mtermediate 
relative pressures even though considerable swelling 
oceurs m keratin 1n the region up to 80 per cent relative 
pressure Thus additional cross-links impose restramts 
on the swelling of keratm if formed m the keratin at a 
lower level of swelhng, but the effect is restricted to 
swelling in the solution region of the isotherm 
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BIOCHEMISTRY 


Lipotropin, a New Active Peptide from 
Pituitary Glands 


A BIOLOGIOALLY active peptide which 18 chemically and 
physiologically distanct from known pituitary hormones 
has recently been isolated and characterized! Its purity 
has been established by various criteria such as column 
chromatography and gel filtration, zone electrophoresis 
and disk electrophoresis, countercurrent distribution and 
sedimentation This peptide, which was obtamed m the 
course of the isolation of adrenocorticotropm (ACTH) by a 
revised method?, 1s more acidic than the latter hormone, 
and consists of 59 amino-acids Its molecular weight was 


determined by sedimentation equihbrrum investigations- 


and found to be 6,900 It 1s structurally different from 
ACTH, having lysme iather than phenylalanine at the 
COOH-terminus, and glutamic acid rather than the serme 
at the NH,-terminus, furthermore, ıt has a different 
amino-acid composition It has a very low adrenocortico- 
tropic activity, and resembles ACTH in melanocyte- 
stimulating activity, however. 1b 18 not potentiated by 
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treatment with boiling NaOH, as is ACTH Although the 
lipolytic potencies in the rabbit as determined on antro 
were comparable for both peptides, they differed markedly 
in the rat 

Since this molecule 1s entirely different from ACTH and 
the other known peptide hormones in the pituitary, we 
felt that a term should be established for ıt at this tıme 
We would like to propose that the new biologically active 
peptide be designated lipotropic hormone (lipotropin, 
LPH). As used in the termmology of the other anterior 
pituitary hormones, the suffix tropin? has the meaning “to 
turn or cause to change, as in response to a stimulus? So 
far as we can determine, the major function of the hpotropm 
molecule concerns fat metabolism, 15 effects the mobiliza- 
tion of fat «n vivo and the liboration of free non-estenfied 
fatty acids from fat pads ın vtro With most of the 
pituitary tropic hormones, a target organ for the hormonal 
action 18 known and recognized However, with this 
peptide, smmlar to the case of somatotropm (growth 
hormone), we do not know tho mechanism of its biological 
action In this instance, the hormonal action might mvolvo 
activation of the enzyme lipase, but at present we can 
only speculate There is a term that has been used at times 
to refer to this type of activity, adzpohenen, but since it 
involves only the connotation of movement, which 3s 
Just one aspect of the hormonal effects, ıt would appear to 
be too limited To name the molecule m accordance with 
the termmology established for the pituitary hormones?» 
would not only have the merit of consistency, but would 
also allow for future disclosmes about the mechanism 
of the hormone m metabolic processes 

This work was supported in part by grant GM-2907 from 
the US Public Health Service 
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Detection of Triosephosphate Isomerase 
after Electrophoresis 


By coupling enzymes to tho reduction of a totia- 
zohum salt, dehydrogenases can be located on electro- 
phoresis strips, and several have been shown to consist 
of more than one protem component! TIt 1s possible to 
detect other enzymes if their action leads to the formation 
of a compound which can be oxidized by a suitable enzyme 
in the meubation mixture In this way triosephosphate 
isomerase (TPI) has been located by coupling it with 
phosphoglyceraldehyde dehydrogenase 

Starch-gel electrophoresis of the water soluble proteins 
from pre-rigor pig muscle was carried out using an 1ce- 
cooled vertical apparatus, and the buffer system reported 
elsewhere? After stammg one slice with nigrosine, the 
complementary slice was mcubated with a mixture to 
locate TPI This consisted of the following nitro blue 
tetrazolium, 3 mg , nicotine adenine dinucleotide, 10 mg , 
phenazonium methosulphate, 200 ug, P-glyceraldehyde 
dehydrogenase, 1 mg, sodium arsenate, 25 mg , dissolved 
m 10 ml of dihydroxyacetonephosphate solution The 
latter was preparedasfollows 1ml of M sodium a-glycero- 
phosphate, 1 ml of M sodium pyruvate, 5 mg NAD, 20 ug 
«-glycerophosphate dehydrogenase and 20 ug lactate 
dehydrogenase were added to 10 ml of 20 mM tris buffer 
pH 80, and the mixture meubated at 37? for 2h It 
was then adjusted to pH 20 with hydrochloric acid to 
mactivate the enzymes, and brought back to pH. 8 0 with 
M iris, This muxture contams as much lactate as di- 
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Fig 1 Section of the starch-gel electrophoretogram of pig muscle 

sarcoplasm, showing, on the left, proteins stained in the region between 

oxymyoglobin (Mb), and the sample slot , on the right, bands of triose- 

phosphate isomerase activity CK = creatine kinase, LDH = lactate 

dehydrogenase, MDH = malate dehydrogenase, Hb = oxyhemoglobin, 
PGM = phosphoglucomutase 


hydroxyacetonephosphate, the substrate for TPI, how- 
ever, TPI ıs such an active enzyme that the bands due 
to ıt form before any due to lactate dehydrogenase can 
appear 

The result 1s illustrated m Fig 1 There are three bands 
of TPI activity, the maim one running just behind the 
strong creatine kinase band (CK), and the others, scarcely 
detectable by the protein stain, are more mobile The 
occurrence of lesser components more mobile than the 
main band has been noted with several other proteins 
(for example, malate dehydrogenase, myoglobin), and the 
possibility exists that the mmor components are degrada- 
tion products of the main one, caused by peptidases and 
cathepsins durmg the extraction procedure However, 
extracts made at pH 75m 2 mM EDTA + 0 35 M sucrose, 
to mmuzmuize lysosome action, give similar patterns, which 
suggests that all components are m fact present in the 
living muscle 
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Inhibition of Flavin Adenine Dinucleotide 
Pyrophosphorylase by Isoriboflavin 


RIBOFLAVIN antagonism by some analogues of the 
vitamin may be attributable to inhibition of one or more 
of the followmg the flavokinase-catalysed conversion of 
riboflavin to flavin mononucleotide (FMN), the pyro- 
phosphorylase-catalysed conversion of FMN to flavi 
adenine dmucleotide (FAD), and the coenzymatie activi- 
ties of FMN and FAD Isortboflavin (5,6-dimethyl-9-(1^ 
D-ribityl)isoalloxazme) has been shown to be an effective 
antagonist to riboflavin in the growing organism! This 
analogue has no reactivity ın the flavokinase system where 
it acts neither to mhibit the normal conversion of ribo- 
flavin to FMN nor as an artificia] substrate to produce 
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an analogue of FMN?*, However, ib was noted that 
isoriboflavin imhibits the coenzymatic function of FMN 
with trryphosphopyridme nucleotide—cytochrome ec reduc- 
tase from yeast4 More recently, chemically synthesized 
isoriboflavin-5’-phosphate was shown to be a substrate m 
leu of FMN with FAD pyrophosphorylase®; a finding 
which suggested that 1soriboflavin might act as an inhibitor 
to the normal substrate function of FMN with the pyro- 
phosphorylase Ths communication presents direct evı- 
dence for the mhibit:ion of FAD pyrophosphorylase by 
180riboflavin 

Isoriboflavin was obtained from the Merck Sharp and 
Dohme Laboratories Other flavins, cofactors, and 
enzymes were of the highest purity available from the 
Sigma Chemical Co FAD pyrophosphorylase was pre- 
pared from rat liver according to DeLuca and Kaplan? 
Mixtures for the pyrophosphorylase reaction contained 
25 mM potassium phosphate buffer (pH. 7 5), 1 mM mag- 
nesrum chloride, 1 mM adenosine-5'-triphosphate, varying 
concentrations of FMN with and without 05 mM mbo- 
flavin or isoriboflavin, and 5 mg of protem in 3 ml of 
total volume Incubations were carried out in the dark 
at 37° for 60min The reaction was terminated by heating 
the mixtures in a boilmg water bath for 3 mun, and the 
contents were filtered — Ahquots of the filtrates were 
assayed for FAD by an adaptation of a specific, spectro- 
photometric method? usmg D-amino-acid oxidase resolved 
with respect to FAD according to Huennekens and Felton? 
For these assays, quartz cuvettes contamed 3 6 mM potas- 
srum phosphate buffer (pH. 7 5), 0 8 mg of p-ammo-acid 
apooxidase, 150 units of beef liver catalase, 01 mg of 
crystalline, rabbit muscle lactic acid dehydrogenase, 0 14 
mM reduced diphosphopyridme nucleotide, and FAD in 
28 ml of premcubation volume ‘The contents were 
stirred and allowed to stand at room temperature for 
5 mm The reaction was initiated. with 02 ml of 02 
M p-alanine The decrease in optical density at 340 my 
was followed for 15 mm 

The mhibitory effects of riboflavin and isoriboflavin on 
the pyrophosphorylase-catalysed conversion of FMN to 
FAD 1s shown m Fig 1 Both flavins exhibit character- 
istics of non-competitive mbhibition, with the giaphed 
lines, when extrapolated to intercept the —1/S axis, 
converging at —1/Km The Km value for FMN 18 21 x 
10-° M Kr values were calculated as 41 x 10° M for 
riboflavin and 68 x 10-4 M for isoriboflavm Thus 
riboflavin is only a weak mbhibitor of the FAD pyro- 
phosphorylase reaction, but isoriboflavin ıs relatively 
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effective ın suppressing the formation of FAD No signi- 
ficant effects from ether riboflavin or 1soriboflavm in the 
concentrations used ın this study are seen with an enzyme 
dependent on FAD as coenzyme, that 1s, D-ammo-acid 
oxidase 

The structural dissumlarity of isoriboflavin to riboflavin 
and FMN, together with a non-competitive rather than 
competitive type of mhibition agamst FMN, suggest a 
different mechanism for mteraction of 1soriboflavm m 
systems which require FMN than in the flavokmase 
system where isoriboflavin 1s inactive? In any event, 
the gross antagonism of riboflavin by isoriboflavin is 
attributable to 1ts ant1-FMN action, both at the coenzyme 
level’ and, as described herem, at the level of conversion 
of FMN to FAD 

This work was supported by research grant AM—04585 
from the US Public Health Service 
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Lipids in the Blood Plasma of Cows of the 
Friesian and Channel Island Breeds 


In the course of an investigation of the effect of diet 
on the synthesis of milk fat 1n the cow, we observed values 
for the concentration of triglycerides ın the blood plasma 
of cows of the Friesian breed some of which were much 
lower than the few values available in the hterature for 
lactatmg Ayrshire!, Friesian? and Jersey? cattle We 
decided, therefore, to make a prelimmary exammation of 
the distribution of the major fractions of lipids m the 
blood plasma of cows of the Friesian breed, and also, for 
comparative purposes, of several cows of the Channel 
Island (Jersey and Guernsey) breeds which have a char- 
acteristically higher fat content ın their milk 

The lipids were extracted! from the plasma and separated 
by chromatography onsilicicacid’ Theglycerol, cholesterol 
or phosphorus contents of the resulting fractions, as appro- 
priate, were determuned chemically and the values used to 
calculate the concentrations of the various lipid com- 
ponents The mean values, with a standard error and 
the range, for lactating and non-lactating cows of the two 
breeds are given in Table 1 

The values show higher concentrations of each of the 
lipid components in the blood plasma for cows of the 
Channel Island breeds than for cows of the Friesian breed. 
Also, the concentrations are higher in lactating than non- 
lactating cows, possibly reflecting differences in feeding, 
with the exception of the concentration of the triglycerides, 
which 1s lower 
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The values 1eported ın the hterature! were obtained 
by weighing the triglyceride fraction and, with one excep- 
tion?, are much higher than our own values. The fraction 
separated by silicic acid chromatography is known to 
contain. small amounts of non-esterified fatty acids, but 
we have noted an unidentified sterol present im amounts 
large enough to account for the difference between the 
values obtained by the two procedures 

The fatty acids of cham length C—C, m milk fat, which 
account for more than half, by weight, of the total fatty 
acids, are thought to be synthesized within the udder from 
acetate and §-hydroxybutyrate, but the higher acids, 
notably stearic acid and the unsaturated acid oleic, have 
their origin m a munor component of the lpids of the 
blood plasma* Recent evidence’ suggests that this com- 
ponent consists of the triglycerides of the chylomiera and 
low-density hpoprotems which account for about half the 
total triglycerides of the plasma? The lower concentration 
of plasma triglycerides which we have found in lactating 
than in non-lactatmg animals 1s consistent with the up- 
take of triglycerides for synthesis of milk fat The interest- 
ing possibility also arises that the generally higher con- 
centration of plasma triglycerides observed m lactating 
cows of the Channel Island breeds than m those of the 
Friesian breed may be an mmportant factor contributing 
to the higher fat content of the milk of the Channel Island 
breeds 

We thank Drs S J Rowland and J H Moore for their 
advice and help 
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Deamination of the Partially N-Deacetylated 


k Mucopolysaccharides 
Sracey et al}? reported that the glucosaminidic 
Inkages ın several glueosamunides, chitosan and 


$-heparm (N-desulphated heparm), were cleaved de- 
aminatively to produce 2,5-anhydromannose as the main 
product with mitrous acid — Later, similar observations 
were reported by Matsushima and Fujn? on the deamina- 
tion of the hydrazinolysed product of chondroitin sulphate 
On the other hand, Yosizawa and Sato*:5 presented quanti- 
tative data as to the formation of 2,5-anhydrohexoses from 
N-deacetylated hexosamines m the partially N-deacetyl- 
ated mucopolysaccharides by the direct deamination 
with nitrous acid 

As mentioned m the previous communication’, more 
than 60 per cent of the N-deacetylated hexosamimes m 
the hydrazmolysed products of sodium chondroitm 
sulphate A and of sodium hyaluronate could not be 


THE CONCENTRATIONS OF LIPIDS (314/100 ML ) IN THE BLOOD* PLASMA OF LACTATING AND NON-LACTATING COWS OF THE FRIESIAN 


AND CHANNEL ISLAND BREEDS 


Table 1 
No of Total 
Ty pe of cow animals lipids 
Friesian, lactating 9 360 — 41 
(154 — 534) 
Friesian, non-lactating 4 257 — 43 
(185 — 380) 
Channel Island, Jactating 5 631 + 66 
(472 — 771) 
Channel Island, non-lactating 4 


* Taken from the jugular vein 
T Expressed as the oleate 


Cholesterol Free 
Triglyceridest esterst cholesterol Phospholipid 
67 +410 189 + 26 262429 132 + 18 
(31 - 111) (46 — 314) (55 — 46 4) (36 - 212) 
128 125 125 + 13 174421 89 + 13 
(78 — 190) (103 — 101) (145 — 23 6) (71 ~ 128) 
119414 319 + 40 450 +56 246 + 28 
(71 — 14 4) (222 — 409) (313 — 562) (169 — 300) 
172 422 143 + 24 92482 05 +17 
(124 ~ 218) (94 — 192) (13 3 - 249) (68 — 147) 
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Table 1 ANALYTICAL DATA ON THE NOX-DIALYSABLE MATTER IN THE 
DEAMINATION PRODUCT OF THE PARTIALLY N-DEACETYLATED SODIUM 
CHONDROITIN SULPHATE A 


Analysis Material (per cent) * Product (per cent) t 
Glucuronic acid 39 2 299 
Galactosamine 324 (3 4) 208 
2,5-Anhydrohexose 01 23 
Hexose (as galactose) m 51 


* The hydrazinolysed product of sodium chondroitin sulphate A reported 
in the previous communication (ref 5) 

t The values were calculated on the basis of the amounts of the material 
used in the experiments 

} The value m parentheses showed the amounts of hexosamme, which 
could be converted to 2,5-anhydrohexose by deamunative cleavage of the 
hexosaminidie linkages by direct deamination with nitrous acid 


Table 2 ANALYTICAL DATA ON THE NON-DIALYSABLE MATTER IN THE 
DEAMINATION PRODUCT OF THE PARTIALLY N-DEACETYLATED SODIUM 
HYALURONATE 


Analysis Material (per cent)* Product (per cent)t 
Glucuronic acid 490 430 
Glucosamine 410 (3 3)t 309 
2,5-Anhydrohexose 01 21 
Hexose (as glucose) — 57 


* The hydrazmolysed product of sodium hyaluronate reported in the 
previous communication (ref 5) 
+, f Signify the same as 1n Table 1 


determined as 2,5-anhydrohexoses by direct deammation 
Therefore, the deammation products of the N-deacetyl- 
ated hexosamunes in these modified mucopolysaccharides 
have been investigated im order to elucidate the deamm- 
ation reactions of hexosamunes zm polysaccharides The 
piesent communication describes prehmunary results 
obtamed with the partially N-deacetylated acid muco- 
polysaccharides 

An aqueous solution (50 mg in 10 ml ) of each material 
(the hydrazmolysed preparations of sodium chondrorün 
sulphate A and of sodium hyaluronate described in the 
previous communication’) was shaken with 30 ml of 5 per 
cent aqueous sodium nitrite and 30 ml of 33 per cent 
acetic acid for 30 mm at room temperature Hach reac- 
tion mixture was then dialysed m a ‘Visking’ casmg for 
5 days usmg many changes of distilled water Sugar 
components m the non-dialysable matters of the deamma- 
tion products were analysed after the solution m each. 
casing was concentrated to a certam volume under 
1educed, pressure 

The paper chromatograms revealed that small amounts 
of hexoses (galactose and glucose from the modified 
chondroitm sulphate A and hyaluronate, respectively) 
were contained in the acid hydrolysates of the non-dialys- 
able matters of the deammation products The analytical 
1esults, sted ın Tables 1 and 2, showed that N-deacetyl- 
ated hexosaxunes m these materials were converted not 
only to 2,5-anhydrohexoses but also to hexoses by direct 
deamination with nitrous acid Smce the amounts of 
hexoses found m the non-dialysable material of the 
deamunation products were more than twice those of 
2,5-anhydrohexoses, 16 was inferred that the alieration of 
amino radical to hydroxyl group was more predomunant 
than the elmmative cleavage of the hexosaminidic lnk- 
ages to form 2,5-anhydrohexoses m the deamination 
reactions of the present materiais 

In the previous report‘, we noted also that a part of the 
N-deacetylated hexosamimdic hnkages m the partially 
N-deacetylated blood-group A mucopolysaccharide of 
porome gastiic mucus were not cleaved deammatively to 
produce 2,5-anhydrohexoses with mitrous acid In the 
case of j-heparm, however, the N-desulphated glucos- 
amine ın the polysaccharide could be determmed quanti- 
tatively as 2,5-anhydrohexose by direct deamination* 

Tt 1s well known that chondroitm sulphate A and hyal- 
uronate contain C,-substituted 3-hexosammuidie linkages 
Recently, the hnkage between glucosamme and glucuronic 
acid m heparm ‘was shown to be glucosamine-4-a-glucur- 
onide?. On the other hand, the blood-group A muco- 
polysaccharide was revealed to have the C,substituted 
hexosamine®-!° and the C,-substituted hexosamine was 
also inferred to be present ın the substance, smee human 
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blood-group 4 substance contains both C, and Co 
substituted hexosamines!}-4 

These observations, therefore, mdicate that the Cs- 
substituted hexosammidic lnkages are, more or less, 
resistant to the deammative cleavage to form 2,5-anhydro- 
hexoses with nitrous acid Hence, the susceptibility of 
the deammative cleavage of the hexosammuidic hnkages 
may give a clue m establshing not only the hexosamundic 
lmkages!:? but also the position of the substitution on 
the hexosamunes m certam mucopolysaccharides 
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Site of Protein Synthesis in the Hen Oviduct 


Iw a series of papers on the incorporation of amino-acids 
by the hen oviduct ın vio, Hendler has found that 
material derived. from the endoplasmic ieticulum, which 
1n other tissues 1s recovered from homogenates by centi1- 
fuging at 105,000g for 60 min, 1s in this tissue to be found, 
together with nuclei mitochondria and unbroken. cells, in 
the fraction sedimentmg at 600g for 10 mm?-* He has 
also proposed that amino-acid lipid complexes are mter- 
mediates ın the synthesis of proteins? In order to examine 
the process of incorporation m more detail in this tissue, 
it will be necessary to separate the material derived, from 
the endoplasmic reticulum from the remainder of the cell 
fractions This communication contains prelimmary 
evidence to mdicate that this may be possible 

A portion (usually 5 g) of the magnum of the oviduct of a 
laying hen was homogenized m 30 ml 044 M sucrose 
using a Dounce homogenizer*, and filtered through gauze 
to remove fibrous material It was found, in agreement 
with Hendler, that when this homogenate is centrifuged 
at 600g for 10 min, most of the particulate material 1s 
sedimented It was noticed, however, that when this 
pellet was resuspended 1n. sucrose for washing, the super- 
natant remamed cloudy after further centrifugmg The 
particulate material which was removed, thus from the P, 
was itself sedimented by centrifugmg at 10,000g for 10 
mun (It ıs clear from the work of Hendler and that 
presented here that the fractions derived by centrifuging 
homogenates of hen oviduct do not resemble those 
obtamed from other tissues under the same conditions 
To avoid confusion and any presupposition concerning 
the nature of the fractions, they will be symbolized as 
follows Homogenate centrifuged 600g 10 nun, sediment 
P,, supernatant S,, S, centmfuged 10,000g 10 min, 
sediment P,, supernatant S,; S, centrifuged 105,000g 
60 mm, sediment P, supernatant S,) The properties of 
these particles were found to be very different from those 
of the P, pellet from which they were derived 

The protem of the fractions was measured by the 
method of Lowry et al ?, RNA by the oremol method?, as 
modified by Solomon? for the presence of imterfering 
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DISTRIBUTION OF PROTEIN AND NUCLEIO ACID BETWEEN CELL 
FRACTIONS OF THE HEN OVIDUOT 


Table 1 


RNA DNA 
Cell fraction Protein Percent yg/mg Per OD. umts 
(per cent) protem cent mg/protem 
Homogenate (100) (100) 34 (100) 44 
Washed P, 10 9 47 73 325 
First P, wash 8 26 101 2 12 
Second P, wash 5 11 105 1 10 
Third P, wash — 2 93 — — 
Washed Pg 2 7 105 0 0 
Washed P, 1 4 78 1 36 
S; 75 41 24 5 3 
Recovery 101 100 82 


Table 2 INCORPORATION OF “C-LYSINE INTO ISOLATED CELL FRACTIONS 
OF THE OVIDUOT ın viro AND INTO CELL FRACTIONS ISOLATED AFTER 
INCUBATION OF MINCED OvIDUCT WITH “C-LySINE 


Rate of ammo-acid Incorporation of amino- 
immeorporation mto acıd into cell fractions by 


Cell fraction isolated cell fractions munced tissue 
(ep m/mg protem/h) Percent epm/mg 
protein 

Homogenate — (100) 63 

Washed P, 112 83 60 

First P; wash 476 45 129 

Second P, wash 610 14 142 

C 474 5 112 

Ps 114 0 0 

Ss — 0 0 
Recovery 97 

Table 3 PROTEIN RNA AND RATE OF AMINO-AOID INCORPORATION OF I 


PARTIOLES AND SUB-FRACTIONS DERIVED FROM THDM 


RNA Rate of amuno-acid 
Protein Per cent 


Cell fraction vglmg incorporation 
(per cent) protein — (c p.m /mg proteim/h) 
I particles (100) (100) 122 578 
I particles treated 
deoxycholate, 
105,000g pellet 34 70 249 1,020 
I particles treated 
eoxycholate, 
105,000g super- 
natant 55 12 26 244 
Recovery 89 82 
hexoses, and DNA by the indole method* The RNA 


protem ratio of tho particles and of the P, was about three 
times that of the homogenate (Table 1), while that of the 
remaiming P, pellet did not differ greatly from ıt On the 
other hand most of the DNA was found in the 600g 
pellet and was not washed out 

Incubation of separated cell particles with 1 pe of 
4C-lysme, in a medium contammg the usual energy 
sources and othor constituents in similar concentrations 
to those described by Korner’, and the 105,000g super- 
natant from a homogenate of chicken liver, led to the 
incorporation of radioactivity mto material not extracted 
by 5 per cent trichloroacetic acid at 90° for 10 mm (Table 
2) Radioactivity was determmed essentially as described 
by Carey and Goldstem™! In his system Hendler found 
that homogenates did not incorporate radioactivity into 
protem The particles washed out of the P,, and the P, 
were the most active fractions ın this respect If the 
tissue (about 1 g) was minced and incubated with C. 
lysine m 2 volumes of Krebs bicarbonate Ringer for 5 min 
before fractionation, the particles washed out of the P, 
contamed a large proportion of the radioactivity to be 
found in protem, and had the highest specific activity 
(Table 2) Incubation of the mmced tissue for longer 
periods with the radioactive amino-acid caused other 
fractions to become radioactive The P, mm particular had 
a high specific activity and an moreasmg percentage of the 
total radioactivity 

Clearly, the particles washed out of the P, and the P, 
resemble each other closely When these partıcles were 
combined (designated I particles), sedimented and washed 
at 10,000g for 10 mm, they could be further sub-fraction- 
ated by treatment with 0 4 per cent deoxycholate mto 
small particles sedimenting at 105,000g for 60 min and 
soluble material The small particles contamed 70 per 
cent of the RNA of the original I particles, but only 34 
per cent of the protein (Table 3) The rate of incorporation. 
of “C-lysine into the hot TCA. residue was also higher m 
the small particles than the original I particles, suggesting 
that deoxycholate treatment removed materials inactive 


‘N 


NATURE 


February 29, 1964 vor zo: 


inthis incorporation Ibis very likely that this will clude 
the lipid membranes 

It seems probable that the particles isolated by the 
procedures described, (I particles) are those derived from 
the endoplasma reticulum which have been observed by 
other workers It 1s clear that they differ greatly from 
the P, with which they sediment on first centrifuging a 
homogenate at 600 g The evidence suggests that they 
may well be mvolved ın the synthesis of the egg-whito 
proteins 

We thank Prof F T G Prunty for advice and the 
British Egg Marketing Board and the Governors of St 
Thomas’s Hospital for grants towards expenses 

N H Carey 
J M STERLINI 
Department of Chemical Pathology, 
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Multiple Bovine Myoglobin Inhibition of 
Cytochrome c Reduction by Xanthine Oxidase 


Fripovircs' identified myoglobin as a contammant in 
partially purified preparations of cytochrome e and found 
the protem moiety of myoglobin to be a potent, com- 
petitive inhibitor of cytochrome c reduction by xanthino 
oxidase Since the myoglobin of pig and horse heart 
exhibited markedly different affimty constants for the 
enzyme, the inhibition seemed to be hıghly specific for 
the globm structure! 

The existence of multiple myoglobins m humana, tuna’, 
seal’, horse? and whale? muscle has been established. In 
all cases, a close similarity m properties among the multiple 
myoglobms has been indicated In only one instance? was 
® primary structural difference found m this multiply- 
occurring protem Recently, 3 electrophoretically distmet 
myoglobin fractions from bovine muscle were separated 
and isolated ım this laboratory? by DEAE-cellulose 
chromatography It seemed of interest to determine 
whether themhibition of cytochromecreduction by xanthine 
oxidase could be used as an assay for demonstrating 
protem structural differences among these 3 fractions. 

Milk xanthine oxidase (Worthington Biochemical Corp ) 
was purified by the method of Fridovitch! on a column of 
hydroxylapatite Sigma type III (highly purified) horse 
heart cytochrome c was utilized without further purifica- 
tion The reduction of cytochrome c was followed at 550 
my m a Beckman spectrophotometer equipped with a 
Guford model 220 absorbancy indicator® and model 210 
automatic cuvette position? and recorder All experiments 
were performed at room temperature (24° + 1° C), under 
aerobic conditions and in cuvettes of 10 mm hght path 
Each cuvette contamed 0 50 uM xanthine, 0 02 uM EDTA, 
300 units (Worthington) of catalase and 7 ug xanthme 
oxidase The quantities of cytochrome c and myoglobin 
sample were varied for different experiments as illustrated 
m Fig 1 The reaction medium was buffered at pH 7 8 
and made up to 250 ml. total volume with 005 M 
potassium phosphate 

The 3 bovine myoglobin fractions, labelled Mb L, Mb Ig 
and Mb IT and comprising 10-15, 2-5 and 80-88 per cent 
of the total myoglobin, respectively, differed markedly in 
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their inhibitory properties. Mb I, had an inhibitory con- 
stant of 4-2 x 10-7 M, Mb Ig 2-4 x 10-7 and Mb I1 6-4 x 
10", Each of their inhibitory constants was determined 
_ by averaging the results obtained at 3 different levels of 
inhibitor as shown in Fig. 1. It is interesting that the 
` myoglobin occurring in the largest proportion should cause 

so much less inhibition than the other fractions. Thus, 
¿a structural difference in the protein moiety of the 
multiple myoglobin is demonstrated.  Fridovitch! dis- 
covered that removal of the hem group from horse and 
pig heart myoglobins changed the inhibitory properties 
of the globins. This observation is explained if it is 
assumed that one or more of the amino-acids of the 
globin which bind to the enzyme's active site are involved 
in the hem-globin linkage. The difference in inhibitory 
properties among the 3 myoglobins would indicate a 
difference in the hem-globin linkage among the myo- 
.globins and substantiate earlier? characterization studies. 
This study was supported in part by a research grant 
| provided by the National Live Stock and Meat Board, 

36 S. Wabash Avenue, Chicago, Illinois. 
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PHYSIOLOGY 


Tremorine-induced Tremor Versus Extra- 
pyramidal Disease 

TreMORINE (1-4 dipyrrolidino-2-butyne) has induced 
short-lived tremor and remarkable salivation in small 
^; laboratory animals. These manifestations have been 
- considered as constituting a laboratory model for studying 
extrapyramidal syndromes of mant. Indeed, such animals 
have been used to sereen possible therapeutic agents prior 
to clinical trial on patients suffering from Parkinson's 
The small animals used routinely for such tests do not 
have visible melanin granules in the substantia nigra of 
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their brains*, while the monkey, which does exhibit such - 
granules, requires almost lethal doses of tremori : 

induction of tremor. Possible links between fully ev 
melanogenesis in the brain and development of extr 

pyramidal illness are proposed elsewhere. These postula. 
tions would be strengthened if mice and rats develop 
tremorine-induced tremor on the basis of a mechanism 
unrelated to the extrapyramidal system. IGESSQUTL 

In homothermie animals, a significent fall of the 
temperature of the body accompanies tremorine t 
If the fall in temperature is not the main cause of remor, ——— 
poikilothermie animals might exhibit tremor also, ie oo 
these animals have well-developed extrapyramidal appa- — 
ratus*. Therefore, seven toads were injected with 
6-370 mg of this drug per kg, which constitutes very large 
dosages when compared to the 20 mg/kg which induce - 
tremor in mice routinely. Even so, the toads remained 
totally insensitive to this agent. 

Tt was accidentally observed that mice injected with 
tremorine would immediately stop trembling if they. ran 
under a towel The immediacy of this response precluded 
a restoration of their body temperature to normal, None 
the less, both normal and tremorine-injected animals were 
placed in an incubator (37° C) or in a refrigerator (0° C) in 
order to detect respective effects of temperature on tremor. _ 
The normal animals assumed after refrigeration à. re 
similar to the tremorine-injected ones, but tremorine- 
injected animals did not change their posture, their 
tremor or their salivation whether they entered the icebox 
or the incubator. Hence, the curative effect of the towel 
on the tremor was tentatively ascribed to tranquillization 
of the mice. mek 

Support for this assumption emerged from the handling 
of fifteen miee which had been injected with tremorine in 
doses ranging from 0-5 to 6 mg per animal. The variable 
tremor indueed in these animals stopped while we held 
them by their necks with thumb and forefinger placed 
posteriorly to the jaw. This aet restored the animals’ ^ 
posture to normal immediately. Covering these animals 
with one's palm dramatically diminished or totally 
abolished the tremor in twelve out of these fifteen animals, 
as did covering them with a translucent Sheet. ^. t 

Interestingly enough, these manipulations did not affect 
salivation, exophthalmos or diarrhea, indicating that 
tremor and parasympathetic. effects were dissociable from 
one another. Dissociation of these two effects was also 
achieved in six rats by using low doses of tremorine 
(6 mg/kg). Two of these animals showed only mino 
tremor, four had marked exophthalmos while all developed 
copious salivation and diarrhea. The tremor was abolished 
but the other manifestations were not affected by the 
manceuvres already described. 

Reserpine, the widely used tranquillizer, is known to 
suppress shivering responses by acting on the ‘anterior 
hypothalamus‘. Injection of 0-02 mg of this drug abolished 
the tremor induced by 0-3 mg of tremorine in each of five 
mice, while five additional animals which were given only. 
tremorine continued trembling as usual A similar 
experiment with six tremorine-injected rats (5 mg/rat) 
resulted in total abolition of the tremor in the three 
animals given 0-1 mg of reserpine. Again, none of these 
mice and rats showed discernible modifieation of the 
parasympathetic effects induced by tremorine. 

Thus far, the evidence indicates: (1) That poikilothermic 
animals developed neither tremor nor parasympathetic 
manifestations, while two homothermie species: showed 
both. (2) That tremor may be dissociated readily from 
parasympathetie effects by some manipulations of the 
animals. by diminishing the dose of tremorine or by giving 
reserpine. (3) That these effects do not correlate with 
Parkinsonism, in which tremor and rigidity occur fre- 
quently and are more resistant to treatment than the 
uncommon parasympathetic manifestations. : 

Reserpine has been reported to induce Parkinsonism in 
psychotic patients®, Still, it was possible that this same 
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drug might alleviate the manifestations of established 
Parkinsonism, a plausible paradox if judged by the 
Therefore, reserpine 
was given to patients suffering from Parkinsonism. Three 
such patients showed no improvement after several days 
on 1-0 mg of reserpine per day. On the contrary, the 
definite impression was gained that this drug aggravated 
their condition. This preliminary clinical trial is con- 
sidered as significant because the patients chosen for 
examination (BNL No. 8-02-52R; 8-04-50R; and 
402RS) had shown definite improvement following 
administration of ‘Parsidol’, a phenothiazine derivative. 

The sum of these results supports the evidence of 
others*? that tremorine does not act primarily on the 
basal ganglia but on the hypothalamus. Therefore, one 
must question not only the extrapyramidal origin of the 
manifestations induced by this drug, but also its use in 
appraising anti-Parkinsonian agents. . 

This work was supported by the U.S. Atomie Energy 
Commission. 
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Effect of Adrenocorticotrophic Hormone and 
Cortisone on the Uptake of Tritiated 


* Thymidine by Regenerating Liver 


Tissue in the White Rat 


THERE have been many reports concerning the 
relations between nucleic acid metabolism and adreno- 
cortical hormones. But there are only a few data con- 
cerning the mechanism by which the adrenal glucocorticoid 
hormones (and ACTH) influence mitosis'. Cortisone has 
been found to lessen hepatic regeneration*, probably 
through an antimitotic action on regenerating liver’. It 
has also been demonstrated that ACTH, cortisone and 
dehydrocortisone inhibit the formation of granulation 
tissue*^^, However, the mechanism by which corticoids 
influence the metabolism of proteins* and that of the 
nucleic acids is not yet known. 

The influence of cortisone and ACTH on the incorpora- 
tion of tritiated thymidine into the regenerating liver 
tissue has been little studied. Hutterer et al have 
examined this problem (only cortisone being taken into 
consideration) during the hepatic injury caused by 
ethionine intoxication. The purpose of this communica- 
tion is to report the results of experiments on the effects 
of cortisone and ACTH on mitosis in regenerating liver. 

The investigations were carried out on male white rats 
(140-160 g), grown and maintained under standard 
conditions. The experimental animals were divided into 
4 groups: (1) intact controls; (2) partial hepatectomy 
(without additional treatment) ; (3) partial hepatectomy 
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and subcutaneous injection of cortisone (‘Ciba’), 20 mg/ 
day for 3 days, beginning on the day of operation; 
(4) partial hepatectomy and subcutaneous injection with 
ACTH (Wilson Laboratories), 12 units v.s.P. daily per 
animal during 3 days, beginning on the day of operation, 

The rats in groups 2, 3 and 4 were hepatectomized. 
under ether anesthesia, following the method of Higgins 
and Anderson’. Removal of the median and the left 
lateral lobes, that is, 65-75 per cent of the liver mass, 
was performed. At the time of operation, the animals re- 
ceived intraperitoneally 15,000 r.v. of procainic penicillin. 
During the first post-operative day, the animals had access 
only to a 20 per cent solution of dextrose ; after that, the 
normal standard diet was provided. 

Two days after hepatectomy, the animals received in- 
traperitoneally an aqueous solution of tritiated thymidine, 
0-3 uc./g of body-weight ((thymidine-/methyl-T), specific 
activity 3-3 c./mM, the Radiochemical Centre, Amersham, 
Bueks, England). Simultaneously, the food was taken 
away. The next day (that is, three days after partial 
hepatectomy) the animals were lightly anesthetized with 
ether and killed by bleeding and followed by air injection 
into the heart. The liver was immediately removed for 
histochemical and autoradiographic study. 

The histological material was fixed in ethanol/glacial 
acetic acid (3:1), embedded in paraffin and cut 7-8-u 
thick. Autoradiographs were prepared as described by 
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Fieq*, using the Ilford ‘Nuclear Emulsion’ in gel form, 
type K-2. At the end of 10-days' exposure the emulsion 
was developed. After remaining overnight in 70 per cent 
ethanol, the slides were stained with methyl green-pyronin 
(Unna) stain and mounted. Control incubation of the 
slides in deoxyribonuclease (Worthington DNase) before 
the autoradiographic procedure was carried out in each 
experimental group. 

The number of effectively examined animals is: 6 in 
group 1, 4 in group 2, 5 in group 3, and 5 in group 4. 

In group 1—intact controls —the incorporation of tri- 
tiated thymidine into the liver tissue is negligible in all 
the animals. This is in complete agreement with many 
published results*!^, The labelled cells are extremely rare 
both in the parenchyme and in the cells of Browicz-Kupffer 
(Fig. 1). There are also a few labelled epithelial cells in 
the interlobular bile ducts and in the connective tissue. 

In group 2—hepatectomy without additional hormonal 
treatment—the microscope pictures are completely differ- 
ent from those observed in group 1. The enlarged cell 
nuclei of regenerating liver parenchyme are strongly 
labelled with tritium (Fig. 2). The non-radioactive cells 
are now quite rare. 

In group 3—partial hepatectomy and treatment with 
cortisone—there is a marked decrease in radioactivity as 
compared with group 2. The differences are: (a) the num- 
ber of labelled cells—many cell nuclei are non-radioactive 
(Fig. 3) and the labelled nuclei are very rare; (b) the 
number of the B-tracks observed above the few labelled 
nuclei: in general, the tracks &s numerous as in the 
group 2, but fewer nuclei labelled. 

In group 4—partial hepatectomy and treatment with 
ACTH—the results are similar to those obtained with 
cortisone (Fig. 4). The labelled nuclei (Fig. 5) are very 
rare. 

In all cases, the tracks due to $-particles emitted by 
the substances labelled with tritium are localized above 
the cell nuclei; the few tracks localized above the cell 
cytoplasm cannot be differentiated from the rare grains 
present in the background. An examination of the slides 
treated with DNase confirms that the incorporation of 
tritiated thymidine corresponds only to the synthesis of 
deoxyribonucleic acids. 

It is therefore clear that ACTH and cortisone both 
inhibit the incorporation of thymidine into regenerating 
rat liver tissue : thus the synthesis of DNA is decreased 
under the influence of these hormones. This finding sug- 
geste that the inhibition of mitosis under the influence 
of these hormones could be due to direct or indirect 
interference in DNA synthesis. 





Regenerating rat liver three days after partial hepatectomy 


Fig. 3. 
a cortisone treatment : no visible incorporation of labelled thymidine 
into the cell nuclei 
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Fig. 4. Regenerating rat liver three days after partial hepatectomy 
and ACTH treatment: no visible incorporation of tritiated thymidine 





Fig. 5. The regenerating rat liver three days after partial hepatectomy 
and ACTH treatment: a few tracks are visible above one nucleus; 
other nuclei do not show any incorporation of tritiated thymidine 


I thank Prof. J. Brachet for his hospitality in his 
laboratory and for advice. Special thanks are also due 
to Dr. A. Fieq and to Prof. M. Errera for their advice. 

This work was supported financially by Euratom (con- 
tract 016-61-10 ABIB). 


Jan W. Guzex* 


Laboratoire de Morphologie animale, 
Université Libre də Bruxelles, 
Belgium. 


* Scholar of the Polish Ministry of Health ; present address : Department 
of Physiology, School of Medicine, ul. Lindleya 3, Lódź 1, Poland. 


! Mazin, D., in The Cell, edit. by Brachet, J., and Mirsky, A. E., 3 (Academic 
Press, Inc., New York and London). 

? Frayssinet, C., Chany, E., and Derache, R., C.R. Acad. Sci., Paris, 248, 
1862 (1959). 

? Bullough, W. S., Vitamins and Hormones, 13, 261 (1955). 

* Nocenti, M., in Medical Physiology, edit. by Bard, Ph. (The C. V, Mosby 
Co., St. Louis). 

* Verzár, F., Die Physiologie der Nebennierenrindenhormone| Fermente—Hor- 
mone—Vitamine, edit. by Ammon, EK., and Dirscherl, W. (Thieme 
Verlag, G., Stuttgart, 1960). 

* Hutterer, F., Rubin, E., Gall, E., and Popper, H., Ezp. Mol. Pathol., 1, 
85 (1962) (ref. Chem. Abstr., 57, 5235; 1962). 

' Higgins, G. M., and Anderson, t. M., Arch. Pathol., 12, 186 (1931). 

* Ficq, A., Contribution d l'étude du métabolisme cellulaire au moyden de la 
méthode autorudiographique (Institut Interuniversitailre des Sclences 
Nucléaires, Bruxelles, 1961). 

* Walker, B. E., and Leblond, C. P., Ezp. Cell Res., 14, 510 (1958). 

1* Brachet, J., and Miraux-Jonckheere, A., Exp. Cell Res., 27, 530 (10962). 


a Source of 


skin have assumed that the connective tissue layer of the 
corium does not present a significant diffusion barrier? 
Thus, a simple analysis assuming a one-compartment model 
was used to estimate the sodium pool size and the fluxes 
across the epithelial cell borders. However, the present 
experiments indicate that the connective tissue layor is a 
significant diffusion barrier. 

Two types of tracer experiments were done on fresh 
bullfrog skins and on skins the epithelial layers of which 
were removed. In all experiments, sulphate Ringer's was 
used. In. build-up experiments, radioactive sodium 
"C (Na*) was added to the solution bathing one side of the 

skin and the inerease in the flux of tracer was followed to 

‘a final steady value. (See ref. 1 for method.) The main 
¿portion of both influx and outflux build-up curves could be 
fitted with a single exponential. In washout experiments, 

skins (9:5 em? exposed area) were clamped in a chamber 
with à 5-ml. ehamber volume on each side. Baffles were 
used to ensure adequate washing and to prevent stagna- 
tion. Each surface was bathed in solution containing 
. tracer for 1-2 h. Each surface was then washed with non- 
radioaetive solution flowing at 50-80 ml/min. Activity 
remaining in the skin was monitored with a collimated 
crystal detector and rate-meter. The wash fluid was 
collected at intervals for more than 30 min and counted. 
The total aetivity remaining in the skin at &ny time was 
caleulated from the data. Most of the washout curve 
followed a single exponential, but a small portion with a 
very slow half-time (30-60 min) remained, which was 
probably due to activity lodged in fringe of skin clamped 
under the lip of chamber. At the end of the experiment, 
e washout rate was low and little activity remained 
exposed area, the clamped fringe contained a great 
activity. 
data are given as half-times (4,,) in Table 1. In 
h skins, 44,4 for build-up ranged from 2-5 to 7-1 min. 
However, across scraped skins, t,,, ranged from 0-5 to 
L:5 min. Scraped skins were prepared by scraping the 
"epithelial surface, in some cases removing most of the 
‘pigment layer. Histological sections confirmed that the 
epithelium. was completely removed. In one case, the 
endothelial lining of the lymph sac was also removed. 
ashout ĉa in fresh skins was about the same as that 
the build-up experiments (2-7-6 min). Similarly, 
‘skins washed from only one side gave the same 
1,4 (1-2 min) as in the build-up experiment. 







































INFLUX BUILD-UP AND WASHOUT HALF-TIMES FOR FRESH AND 
bus SoRAPED BULLFROG SEINS 


Mean half-time (min): No. of experiments 
in parentheses 





UR Build-up Washout 
Fresh skin: > 
es Nee 4-8 min (4) 3-95 min (9) 
Cor Nat (sucrose wash) — 9-0 (2) 
L5: 980, (Na,80, wash) — T8 (1) 
5 Seraped skin: 
eT tl 1-0 (4) 16 (2) 
BSO, 2-6 a) 





The washout ¢,;, in fresh skin applies to the total skin 
. sodium, at least 90 per cent of which is in the corium 
according to Huf et aL*. (In the experiments recorded 
: here, theré is no way to distinguish between the effects of 
^ the skin glands and those of the connective tissue of the 

corium.) Thus, the extracellular sodium does not wash 
out at all easily as we were wont to assume. This is 
. emphasized by the increased sodium washout time (9 min) 
when isosmotie sucrose solution was used as the washing 
solution. In this caso, sodium diffusion is limited by the 
more slowly moving sulphate ion. In fact, t,,, for sulphate 
washout. is close to that for sodium washout in sucrose. 





Assuming that the main exponential of the washout curve 
is the first root of the diffusion equation for a plane sheet, 





Previous investigations of tracer kinetics across frog - 


lar label, if the single compartment model is assum 







Diffusion delay in the corium may explain the observa» 
tion that the change in skin potential following a change in - 
concentration of potassium of the solution bathing the 
corium is slow, whereas the corresponding potential 
change following a changed concentration of sodium in the 
outside bathing solution is rapid. Diffusion barriers such | 
as filter paper or scraped skins when applied to the outer ane 
surface delay changes in skin potential on alteration of 
the sodium concentration’. Su 

An appropriate model for analysis of isotopo kineties in 
frog skin is probably a compartment attached to a 
diffusion layer. In the washout experiment where most of 
the Na * is lodged in the corium, the kinetics of washout-is P 
largely the kinetics of corium washout. (Experimentally, 
any small, slow component is obscured by the fringe 
washout.) During build-up, not only the cell compart-  . 
ment must be labelled, but also the connective tissue and’ 
the fringe as well. This process of labelling the eorium and = 
fringe delays the flux build-up. Mathematically, the. "us 
coéffieients of time in the exponents, or the poles (A) ofthe 
equation describing the build-up experiment, are identical oe 
to those of the equation describing the washout experi- 
ment/.* in any of the kinetic models thus far proposed for 
frog skin. (In fresh skins, the poles are functions of the 
corium diffusion coefficient as well as of the fluxes at the 
cell borders. However, the boundary conditions do 
determine the coefficients of the exponential terms (or 
‘intercepts’), but not the poles as noted by Robertson’. 
Therefore, one set of boundary conditions could bring to 
prominence one exponential term more than does another 
set. In the present experiments, the poles of the: major. 
components of both the washout and build-up experiments | 
were approximately equal. How could this come about ? SE 
The pole for the washout experiment was associated with 
the total skin sodium, most of which is in the corium. ° 
The explanation must be eithér that the pole associated ~ 
primarily with the compartment happens to equal the... 
pole for the corium or that the boundary conditions for the I 
build-up experiment also bring to prominence the pole 
associated with the corium. Either alternative means that. 
the simple compartment model is inadequate for any set. 
of boundary conditions. Furthermore, regardless of the- 
sophistieation of the model chosen, the meaning of the 
poles and intercepts from kinetic experiments must be 
verified both by experiments using a variety of boundary 
conditions and preferably by altogether independent — 
means. Three reasons advanced earlier! for discounting 
diffusion delays in the corium do not stand close serutiny. 

Recently, Curran e£ al.* analysed influx build-up experi 
ments in terms of a single compartment model. They 
approximated the corium in leopard frog skin as a third. 
compartment and reported that such a third compartment. 
could. be ignored if the corium to epithelial -cell rate- 
constant were assumed negligible. In addition, they 
assumed that, in the steady state, all the activity in the — . 
skin was intracellular. This figure for the amount of  . 
intracellular activity, which is critical.in their subsequent 
calculations, was, therefore, an overestimate. EE 

The first assumption may hold for normal conditions 
but may fail when the inside solution concentration is 
lows. It would be difficult to assess independently the 
validity of this assumption. The second assumption has 
now been recognized as untenable’, and the pool size shou 
be calculated using a corrected estimate for the intr 


























These recaleulations aro shown in Table 2, and were made 
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Table 2  RECALCULATION OF POOL SIZES FROM DATA OF CURRAN et al (REF 2) 
' a | Ags (corr) — ka (corr) Gia” Pia ?u* $a (corr ) 8,* Ss (corr ) 
h~ aequi h^? cm uequv cm~? 
Control 0791 119 61 295 2 33 | 16 098 0 20 1 
Ca oe nd 17) 0 740 15 5 8 02 131 097 055 0 ) 21 010 ? 06 
Or À = 17 — 12 m = oy m 7 
Control = 0 762 13: 9 25 2 49 190 109 0 5t 50 017 o i 
DH 0 784 123 71 416 326 2 32 1 42 0 24 0 20 








according to the schome shown in the appendix below 
However, there remains another difficulty the caleulation 
of the sodium pool 1s extremely sensitive to changes in the 
value of à For example, the sodium pool m the presence 
of Ca (using the corrected figure for the amount of cellula 
label and their published mean figures) calculates to be 
1 05 uequiv /em? if A = 16 h-! butis only 0 17 pequiv /em? 
1f à = 17h" The change in ıs only 6 per cent, but the 
pool size differs by 470 per cent This result 1s confirmod 
when the law of propagation of errors? ıs applied to the 
calculated pool size for the Ca-treated skin Curran et al ? 
used a graphical procedure to estimate both 4 and steady- 
state flux In our experience a least-squares procedure 
for fitting exponentials® gives values for steady-state flux 
and for à from which graphical estimates can differ widely 
(— 50 to + 100 per cent) An advantage of the least 
squares method over the graphical method is that the 
variance of the parameters can be estimated Although 
values obtained by giaphical methods may approximate a 
normal distribution with a small variance, such a distri- 
bution can result from the human tendency to group 
values? A small variance, per se, does not guarantee 
accuracy m the variable bemg measured These difficulties 
emphasize the danger in relying heavily on calculated 
variables where the model used to derive the calculation 
proceduro 1s itself an approximation and where critical 
experimental data are based on subjective curve-fittmg 
procedurés 

It appears to us that improvements m theory and tech- 
nique are required to obtain mdependent estimates of 
individual fluxes and pool sizes The difficulties which 
jeopardize the reliability of the calculated variables in 
question are formidable and for thick layers such as bull- 
frog skin may prove to be insurmountable 

This work was supported by grants from the U § Public 
Health Service (AM 05865 and NB-02712-04) One of 
us (B D L)1s a predoctoral Reseaich Fellow under US 
Public Health Service Training Grant 2G—899, and another 
(T H) is a career development awardee, US Public 
Health Service 5K3 GM-15,467 

Appendix The problem 18 to recalculate the estimates 
of Curran et al ? for the pool size, using a corrected value 
for the amount of intracellular actimty Quantities 
measured or calculated by Curran ef al are indicated by 
an asterisk and the subserrpted mfimty symbol ıs omitted 

The correct value for intracellular activity P, may be 
calculated since the measured quantity P$ meludes the 
amount P; the interspace 


P, = P} — P. 
Their equation (44) gives Pz = (kerP2)/kes 
hence P, = P? Ex (kos P 2) [ks (1) 


On p 1017, |Curran et al ? give kz, to be 0 75 min 


Also, from their equation (44), kz,Pz equals Pk. 
which they state 1s their measured quantity (dP,/dé)* In 
their equation (9) we find (dP,/dt)* = k3,P3 Substi- 
tuting into equation (1), we may solve for 8, correction 
factor « 

* 
— 23 

kis 
which may be calculated from thei values for k?, and 
the mean value of ki, = 45 h Using the correction 
factor a, the correct values of various parameters may be 
calculated 





* 


_ (dPd)* _ k 


Hes P, EE 

ka = A* — kaz 

Qi» = kaSi = akisi = apie 
S, Qoi — Piz — Pnet 


The corrections were made for the four experiments 
given in their Tables 2 and 3 and were used to recalculata 
the pool sizos S, The values for o,, were taken from then 
Fig 3 
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Effect of Insulin on Blood Lipids in Non- 
diabetic Individuals 


Ir 1s well known that diabetic patients show an incieased 
value in blood lipids and that msulin decreases the hpæmıa 
m diabetics' The plasma cholesterol tends to be higher 
1n diabetes mellitus and after nsuhn admmuistration there 
1s a tendency to decrease, but the exogenous admunistra- 
tion of msulm to non-diabetic patients has little effect? 
Other investigations show that an interrelationship exists 
between plasma lipids and insulm since a decrease in 
plasma free fatty acids 1s observed after msulm adminis- 
tration? However, little ıs known about the effect of 
insulin on total plasma lipids ın non-diabetic individuals 
The free fatty acids constitute an important but mimor 
constituent of the lıpıds and, therefore, a decrease in the 
amount of free fatty acids may not indicate a change in the 
total circulating hpids Furthermore, the effect of msulin 
on. blood lipids m diabetics may be complicated by other 
factors such as renal damage and vascular disease which 
could conti1bute to hyperlipemia Therefore work was 
undertaken to examme the effect of insulin on total blood 
lipids and phospholipids m schizophrenic patients under- 
gomg msulm-coma therapy 

The work was carried out m individuals 17—30 years old 
treated with msuln shocks at the Psychiatric Clinic of the 
University of Athens Insulin was given intramuscularly 
at an muitial dose of 10 1v and ineieased steadily until 
coma ensued regardless of the amount There were 
marked individual differences in the amount requi ed for 
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Table 1 EFFECT OF INSULIN ON PLASMA TOTAL LIPIDS AND PHOSPHOLIPID PHOSPHORUS 
| 
Time (mum) 
Ticatment No of cases | Alg (percent) Before 50 | 120 210 
None 17 TL* 310 + 101 315 + 112 | 320 + 109 325 + 93 
PPH 880 + 039 878 + 034 865 + 022 885 + 026 
| Insulin, 101V 12 TL 306 + 81 275 + 781 263 + 8 Of 253 + 7 43 
PP + 023 823 + 024 805 +031 7605 + 0294 
Insulin, 30-50 IU 12 TL 308 + 91 300 + 92 290 + 88 270 + 120 
P P 814 £ 0831 825 + 024 815 + 026 803 + 027 
Insuhn coma 17 TL 317 +82 348 + 801 358471 335 + 110 
PP B35 + 022 900 + 031 910 + 028 935 + 0 24t 
Insulin coma after 45 treatments 12 TL 200 173 278 + 62 264479 250 + 110** 
PP 805 + 023 800 + 028 800 + 026 806 + 027 
*T L, = total lipids 
Ir P p gel Po dees phosphorus 
< 
f P < 001 Significance calculated between first value of the group (that 18, before the injection) and the value designated with the double asterisk 


the appearance of coma (80-350 rv ) In 12 patients the 
response of blood lipids to the insulm was followed during 
the whole period of treatment, 1n 5 more patients the blood 
hpids were exammed only at the coma-produemg dose of 
insuhn, 17 normal non-treated individuals were also 
examined as control, that 1s, to determme the spon- 
taneous changes of blood hpids To all the mdividuals 
total plasma hpids were measured before the admuustra- 
tion of msulin and also 50, 120 and 210 min later, coma 
appeared usually between 180 and 200 min The results 
were divided in the followmg series (a) Instial response to 
10 ru of msuln, (b) response to bhigh but not coma- 
producing doses (30-50 rv), (c) response to coma-pro- 
ducmg doses, (d) response to coma-producing doses in 
patients who underwent 45-50 msulm shock treatments 
Total plasma lipids were examined by a method previously 
described? Phospholipids were measured by Zilversmt 
and Davis method’ AJl the determmations were per- 
formed im trphcate and the values presented are the 
average values expressed m mg/per cent ml plasma + 
standard error 

As can be seen from Table 1, normal individuals show 
httle spontaneous change m plasma hpids under the con- 
ditions of the experiment, the admmustration of small 
doses of msuln (10 10) produces a decrease in total 
plasma hpids with a concomitant decrease m phospholipid 
phosphorus With larger doses of msulm (30-50 rv) 
there 1s a smaller decrease in total lids, while there 1s 
no change in phospholipid phosphorus When insulin is 
given in coma-producing doses there 1s an increase n total 
hpids and a shght merease im phospholipids. After 
repeated coma-producmg doses of insulin (more than 45 
treatments) the plasma hpids tend to decrease again as 
with the mutial doses of msuln, but the phospholipid 
phosphorus shows no change 

The effect of insulin on plasma lipids ın small doses 
(10 10 ) could be explained as bemg due either to a de- 
creased release of lipids by fat depots or to an increased rate 
of lipid uptake by the liver In fact, rt has been found that 
msuhn decreases the release of fatty acids from tissue 
stores, but does not accelerate their removal from blood* 
Whether msulm increases the uptake by the hver of fatty 
acids remains to be further mvestigated, since 16 has been 
found that msulm increases the rate of uptake of free fatty 
acids by the liver’ and also that msulin causes an average 
decrease of uptake of free fatty acids by the hver! In any 
event, the decrease m total plasma lipids observed in our 
experments 1s m agreement with the fact that msulm 
decreases the plasma free fatty acids? The action of 
insuhn on plasma lipids, after admmustration of doses 
producmg hypoglycemic coma, could be explained as due 
to stimulation of the adrenals That such a stimulation 
of the adrenals occurs 1s confirmed by the observation that 
after administration of 10 ru of insulin in patients there 
1s only a shght merease in plasma epmephrme-level, 
while after administration of 80 x u a marked merease of 
circulatmg epmephrine occurs? That epinophrine has an 
effect on hpid metabolism 1s indicated by the observation 


that this hormone enhances the release of free fatty acids 
by adipose tissue!” and causes an moreaso of plasma hpıds 
phosphorus, but has no definite effect on plasma total 
lipids! The fact that high but not coma-producing doses 
(30-50 10) of msuln have a lesser effect on lowermg 
plasma lipids m comparison to lower doses (10 1 v ) could 
also be explamed as bemg due to an antagonism of the 
action of msulin by epinephrme The action of insulin m 
lowermg blood lipids was agam demonstrated m patients 
who were treated with msuhn-coma therapy more than 
45times This could bo associated with an ‘exhaustion’ of 
the adrenals by the prolongation of the therapy This 
explanation 1s m conformity with the observation that 
individuals who underwent more than 17 insulin-coma 
treatments show no significant mcrease ın plasma epine- 
phrme-level after administration of msulin? 

This research was partly aided by a grant from the 
Royal Hellenie Foundation for Research 
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PATHOLOGY 


Identification and Quantitative Determination 
of Myeloid Chloroleukemia Virus with the 
Aid of the Resistance Phenomenon 


Tas examination of viral leukemias in mice 13 seriously 
hindered by the absence of reliable methods of identification 
and quantitative determmation of leukemogenic viruses 
Titration of viruses n vwo by their leukemogenic action 
1s practically unpossible because of the long latent period 
(the only exception 1s tho Frend virus) After publica- 
tion of Habel’s?, Sjogren's? and Sachs's?* data on the 
resistance of the animals infected with oncogenie viruses 
against transplantation of neoplasms induced by the same 
virus, we attempted to use the resistance phenomenon for 
identification and titration of myeloid chloroleukemia 
virus (MCLY) This virus, which we isolated in 1958 
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Table 1 RESISTANCE OF MCLV-INFECTED MICE AGAINST TRANSPLANTATION OF ESTABLISHED LEUKEMIAS OF MCLV ORIGIN 
Leukemia No of leukemic cells inoculated 
Exp No strain L Ds, (cells) RI 
10* 10° 10: 105 10* 10? 108 
15 Infected LZ 0/3* 0/3 0/3 0/3 > 10° > 10° 
15  Contiol LZ 2/2 2/2 — — _< 10? E 
23 Infected LZ — 0/8 0/3 0/3 0/3 0/3 0/3 > 108 >10° 
23 Control LZ 3/8 2[2 2/2 <10? 
18 Infected L-309 — 0/3 0/3 2/8 2/3 3/3 105° 10! 7: 
18 Control L-309 — 1/8 2/2 3/3 10? 35 
26 Infected LBL — 0/3 0/2 0/3 >105° > 1017 
26 Control LBL — 1/8 2/2 1033» 
25 Infected LBL} — — 0/3 ~ 2/8 10* 75 >10?” 
25 Control LBL 2/2 3/3 3/8 «103? 




















r 
* In this and other tables fractions represent the number of mice developing leukemias over the number inoculated 
+ This group of animals was immunized with the supernatant of leukemic cell monolayers 
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Table 2 


Extracts 
Reeipient 


Tissues Virus Donor strain strain 





RESISTANCE OF MICE IMMUNIZED BY MCLV AND OTHER VIRUSES AGAINST DIFFERENT LEUKJEMIA- AND TUMOUR-STRAIN TRANSPLANTATION 


Tumour 
(leukemia) 
transplanted 





10? 





Normal tissues 


C3Hf 
Leukemic tissues 


C3Hf 
C3Hf 


MOLV C3Hf 





NK[Ly 
NK|Ly 





Not inoculated 
Leukemic tissues 


A 
A 


C3Hf 


MCLV 





OMG 
OMG 





Not inoculated 


Leukemic tissues MCLV C3Hf 





Random bred 


Ehrlich 





Not inoculated 
Normal tissues 





Bittner’s 
virus 
Mammary tumour 
Leukzmic tissues 
Leukemic tissues 


3,5 
Gross virus 
Moloney’s 

virus 
Leukamue tissues MCLV — 
Not inoculated — 
Leukæmıc tissues Masurenko’s 
7 virus 
MCLV 





Leukemic tissues 


Table 3 


Exp No No of cells 


inoculated * 


10° 
10* 


14 
24 


0/3 
0/2 








0/3 
1/3 























RID/0 2 ml 





0/3 


>10°° 
3/3 


104 * 





* LDs m the control group < 107 cells 
doses ) 


from our sub-lme of Ehrlich tumour*9, 1s similer to or 
even identical with the Graffi virus? Since its isolation 
the virus has been propagated 1n mice 

Two-month-old mice were twice (with a fortnight 
interval) mmmurnized with a 10 per cent leukemic tissue 
extract Leukemia was induced by MCLV or some other 
virus One group of animals was inoculated with an 
extract of spontaneous mammary tumour of an A stram 
female Control animals were not pre-treated or were 
immunized with normal spleen aad liver extracis of 1solo- 
gous or homologous mice 20 days after the last mocula- 
tion the immune and control animals received intra- 
peritoneally equal amounts of cells of one of the isologous 
strains of transplantable leukemia stram LZ was trans- 
planted into mice C3Hf, strams DBL and L-309—m 
mice C57BL In several experiments other leukemia or 
tumour strains were transplanted Serial ten-fold dilutions 
of counted cell suspension were used Two months after 
the transplantation all animals were killed LD; and 
EDs in immune mice 
LD; 1n control mice 
termined by Reed and Muench’s method 

The immunization by MCLY resulted in the development 
of a hugh resistance of animals agamst the transplantation 


were de- 





resistance index (nr = 


(In experiment 14 the animals were inoculated with >10 LD. cells, and in experiment 24 with> 100 such 


of three established strains of MCLV leukemias (Table 1) 
While control animals died from leukemia after mocu- 
lation of 107-109 leukemic cells (LD,, «10? or 103 
cells) the immune (resistant) mice survived bemg mocu- 
lated by 100-1,000 lethal doses (LD,;, m the resistant 
animals ıs more than 104-108 cells) Resistance developed 
also m animals 1mmunized by the supernatant of spleen 
cell monolayers of animals with MCLV induced leukemia 
(RI~10%) Therefore the resistance against leukemic 
cells may be regarded as a result of viral infection but not 
as & consequence of immunizmg influence of leukemic 
tissues 

The established leukemia stram DZ, originally induced 
by MCLV, was transplanted into animals, infected by 
different viruses (Table 2) Resistance against transplan- 
tation of this leukemia was observed not only after MCLV 
inoculation, but also after infection by two other leukseemo- 
genic viruses Moloney’s virus and Masurenko’s virus. 
Thus the three viruses seemed to be very much ahke or 
even identical The lack of resistance m animals 1mmun- 
ized by leukemic tissues extract of an AKR mouse may 
be due either to some difference between MCLV and Gross 
virus, which mduces leukemias m AKR mice, or to the 
absence (low titre) of virus m the extract used No 
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resistance against LZ cells could be detected im animals 
treated with an extract of spontaneous mammary tumour 
of stram A female or with extracts of spleen and liver of a 
healthy A mouse 

Antigens related to, or identical with, antigens induced 
by MCLV infection were detected not only m leukemia 
strains originally mduced by the same virus but also m 
cells of NK/Zy stran This established lymphoma strain 
did not grow in MCLV infected mice after moculation of 
104 cells, while m untreated animals LD,, was «10? 
Nemeth and Kellner obtained the NK/Ly stram by trans- 
plantation of a spontaneous C3 mouse leukemia? It ıs 
quite possible that spontaneous leukemias im C3 mco, 
which develop approximately m 10 per cent of mice of 
this stram, are induced by MCLV or by a related virus 
Pre-treatment by MCLV had no effect on the transplant- 
ability of Ehrlich-tumour and of the established mammary 
carcmoma of mice A-OMG It should be noted that 
MCLV contamination of our sub-line of Ehrlich caremoma, 
repeatedly demonstrated ın our experiments®, did not 
induce new cellular antigen(s) The presence of antigens 
peculiar to a certain oncogenic vius indicates that 
the tumour must have been induced by the same 
agent 

Resistance-phenomenon was also used for titiation of 
MCLV im leukemic-tissue extracts The mice were 
inoculated by one of consecutive ten-fold dilutions of the 
extract, 10-1-10-8, and the resistance of the animals to 
LZ-leukemia transplantation was determmed by the 
method already mentioned The titration results were 
expressed m virus doses inducing resistance in 50 per cent 
of mice—RID,, As seen from Table 3, virus preparations 
~ contained 104 * and >10°° RID; The method of MCLV 
titration by its resistance-inducing capacity proved to be 
sensitive enough. This method allows determination of the 
concentration of the virus ın the material mvestigated in a 
reasonably short time 

Thus the resistance-phenomenon can be used for 
identification and titration of MCLV and other leukemo- 
genic mice viruses as well as for the studies of the etiology 
of long-transplantable and primary tumours of various 


types 
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Protective Effect of Encephalitogenic Factor 
in Experimental Allergic Encephalomyelitis 


Ir has long been known and confirmed that a course of 
inoculation with nervous tissue affords some protection 
against subsequent challenge with a potent brain—Freund 
adjuvant mixture!-* Moreover, Freund’s adjuvant alone 
has also been shown to exert a protective effects 

Following the isolation of a purified and highly active 
encephalitogenic factor (E F ) from human brain’, attempts 
to protect with this material seemed appropriate 

Gumea pigs (400-600 g) of either sox were given three 
intracutanous injections of 100 E F *:in either (a) saline 
or (6) incomplete Freund’s adjuvant (that 1s, lacking 
tubercle), at 10-day intervals. Ten days followmg the last 
injection they were challenged with a known potent 
encephahtogenic mixture (15 mg human white matter 
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with Fieund’s adjuvant) by injeeting 01 ml mtra- 
cutaneously in the nght foot 

Response to this challenge was assessed on the scormg 
system proposed by Kies e¢ al? and the results are 
set out in Table 1 For comparison purposes the pro- 
tective effects of sumar pretreatment with Freund's 
adjuvant and also incomplete adjuvant are meluded 

While EF im salme solution exerted litle protective 
effect, in mcomplete Freund ıt showed a highly significant 
activity 


Table 1 
No of 
animals Score P (t test) 
Controls 17 412 
Exp I 1004 EF insalme 12 475 43 
Exp JI 1004 E F m salme 10 4 00 8 
Exp I 1004 EF inineomplete Freund 11 145) 
Exp II 1004 E F in incomplete Freund 12 000 > 055 «0 001 
Exp III 1004 E F in incomplete Freund 10 20 
Freund complete 9 133 <0001 
Freund incomplete 6 4606 


Protection afforded by EF ın incomplete Freund’s adjuvant 1s com- 
parable with that given by complete Freund 


If human multiple sclerosis 1s indeed a disease resulting 
from an auto-immune response to the patient’s own brain 
material (perhaps degraded by a prior virus or other 
infection), then the activity of this human purified bram 
derivative might be harnessed for therapeutic purposes 
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Tetracyclin Fluorescence as a Marker for 
Detection of Viral Lesions in vitro 


TETRACYCLIN has been shown to be moorporated into 
different tissues undergoing necrobiotic changes, and the 
presence of the drug can be detected by its fluorescence 
properties Consequently, tetracychn fluorescence has 
been seen m neoplastic tissues!, in gastric and cutaneous 
ulcers*»3, and in bacterial foci4 Our recent investigations 
on viral infection in organ rudiments ın vitro seemed to 
offer a good possibihty for following tetracyclin mooi- 
poration into viral lesions 

When embryonic mouse kidneys are infected with 
SE-polyoma virus, both the morphologically detectable 
viral lesions and the antigenic viral protems show a 
characteristic pattern; the viral lesions and antigenicity 
are invariably found in the undifferentiated mesenchyme, 
whereas the epithehal elements seem to resist the viral 
infection* Hence, this model seemed to provide a good 
tool for examining meorporation of tetracychn ito cells 
with &nd without viral lesions 

Twelve-day mouse kidney rudiments were cultured for 
various periods of time in 2 Trowell-type culture as 
described earher5 Immediately after settmg up the 
cultures, they were mfected with SH-polyoma virus by 
adding 0 I cce of the stock solution to 12 e c. of medium 
The stock solution had an HA-titre of 1 1024 on gumea 
pig red cells? 24 h prior to collectmg the cultures, 
purified tetracychn (‘Tetracyn’, Pfizer) was added to the 
culture medium ın a final concentration of 0 05 mg/e c 
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Fig. 1. Section of a kidney rudiment, 12-day mouse embryo. The rudiment was infected with SE-polyoma virus, afterwards cultured fi 

E. treated for 24 h with "Tetracyn' (Pfizer) in a concentration of 0-05 mg/c.c., and sectioned on a oo d microtome, a, Unstained section 

photographed under ultra-violet light; b, same section stained with hematoxylin—periodic acid-Schiff; c, graphical reconstruction of the 
fluorogram and the stained section 


The kidneys were embedded in fresh mouse liver tissue, 
frozen with dry ice and sectioned on a cold microtome. 
The unstained sections were photographed under fluores- 
cent light, stained with hematoxylin-periodic acid- 
Schiff reagent and re-photographed. The negatives were 
analysed by superimposing them in a photographie 
enlarger as described, earlier?. 
Control investigations were made with infected, non- 
tetracyelin-treated kidneys and with non-infected but 
tetracyclin-treated rudiments. 
Sections of kidney rudiments collected 7-12 days 
subsequent to the infection (and 24 h subsequent to 
adding tetracyclin to the cultures) always showed a bright 
yellow fluorescence. This was seen all over the undifferen- 
tiated mesenchyme, and increasingly so with an increase 
in time of cultivation. The epithelium of the ureteric 
bud and the kidney tubules very rarely showed any 
fluorescent cells (Figs. 1 a, b and c). The fluorescent areas 
clearly correlated to the areas showing degenerated cells 
and nuclear debris in the hematoxylin-periodic acid- 
Schiff-stained sections. However, in many instances 
fluorescent eells were seen in mesenehyme known to be 
suseeptible® but without signs of degeneration. 
Kidney sections of the rudiments in the control series 
did not yield similar results. Uninfected, but tetracyclin- 
treated, kidneys usually showed only very few fluorescent 
cells, and the infected kidneys did not show any persistent 
fluorescence in the absence of tetracyclin. 
It may be concluded that tetracyclin is incorporated 
into cells undergoing degeneration due to viral cytopathic 
effect. Indeed, when compared to crude morphological 
eriteria, this incorporation seems to be a rather sensitive 
marker of early viral lesions and might prove to be a 
valuable technique in investigations concerning viral 
cytopathic effect. 
The work was supported by grant C—5347 from the 
National Cancer Institute, U.S. Public Health Service, 
and by a grant from the Sigrid Jusélius Foundation. 
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IMMUNOLOGY 


Additive Effect of Multiple Weak 
Incompatibilities in Transplantation 
Immunity 


Born synergistic and antagonistic effects of immuniza- _ 
tion with multiple antigens have been reported in general 
immunology. The same has been difficult to examine in 
transplantation immunity because the frequently used 
strains of mice usually differ by multiple antigenic factors, 
including those controlled by the 'strong' H-2 locus. 
(Reference to gene 'strength' in the present context per- 
tains to the effects of the antigenic products of the 
particular gene on graft survival and should not be con- 
fused with the more common genetie use of the word to 
indicate relative dominance or recessiveness. All known 
histocompatibility genes are dominant.) With strains 
differing by the antigens of one and two weak genetic 
factors it was possible to demonstrate shorter graft 
survival when two incompatibilities were present. The 
mice used were progeny of pedigreed pairs obtained from 
George Snell of Bar Harbor, Maine’*, and were the pro- 
ducts of brother-sister matings carried out in such a way 
that no experimental mice were more than two generations 
apart. The strains used, along with their genetic relation- 
ships, are shown in Table 1. It will be noted that the 
three strains are identical at the H-2 locus, that B10 and 
B10.129 (5M) differ only at H-1, that B10 and B10.LP 
differ only at H-3 and that B10.129 (5M) and BIO.LP 
differ at both H-1 and H-3. 


Table 1. STRAINS OF MICE 
Genotype 
Strain Synonym H-1 -3 Marker 
CS7BL/1OScSn B10 e a — 
B10.LP LP e b A (agouti) 
B10.129 (5M) 5M e a € (colourless) 


Skin grafts were performed by the method of Billingham 
and Medawar*, between mice of the same sex. The dress- 
ings were removed on the 10th day after grafting and the 
grafts were inspected every two days thereafter, Grafts 
were considered to be destroyed when all the epidermis 
had gone leaving only the dried dermal remnant. The 
interval between the earliest sign of destruction and com- 
plete rejection of any single graft rarely exceeded two 
days. The graft survival times of the four combinations 
tested are shown in Fig. 1. It will be noted that grafts 
from B10 to B10.LP, involving only an H-3 difference, 
had a median survival time (MST) of 23 + 1 days, while 
those from B10.129 (5M) — BIO.LP, where antigens 
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Fig. 1. Survival times of first-set skin between varions strain 
combinations involving single or double histocompatibility differences 


controlled by genes of both H-1 and H-3 loci were in- 
volved, had an MST of 19 + 1 days. Similarly, the 
MST’s of B10 — 510.129 (5M) with a single gene differ- 
ence and for B10.LP —- B10.129 (5M), differing by two 
genes, were 29 + 1 and 22 + ldaysrespectively. In both 

irs of combinations the existence of incompatibility at 
2 loci instead of just one was associated with shorter graft 


survival. > 

The reliability of the data was increased by the fact 
that in each set of experiments the recipient strain was 
the same and able to serve as its own control, lessening 
the possibility that the observed results were due to 
differences in reactivity between the recipients. Con- 
versely, the grafts were not from the same donor strain, 
and the possibility that the skin of one of the donor 
strains may be a richer source of antigen, or more sensitive 
to the immune response, cannot be excluded. 

The results suggest that antigenically different receptor 
sites on or within the same cell are highly specific and 
spatially separated so that ‘immunity’ (antibody, cell- 
bound antibody, or cellular immunity, etc.) against one 
does not interfere with that against another. Moreover, 
immune attack against multiple sites of differing specificity 
has a cumulative effect which hastens destruction of the 
graft. A similar additive phenomenon, but oriented in 
exactly the opposite direction, was reported in the enhance- 
ment studies of Móller*. Tumours, the growth of which 
could not be enhanced by pre-treatment with antibody of 
only a single specificity, were enhanced if incubated 
with a mixture of two or three antibodies, each directed 
bore receptor sites of different specificities on the cell 

If the information gained at the graft-level can be 
applied to the single cell, it further implies that the 
mechanism of cell destruction in transplantation immunity 
has a quantitative component involving gradual saturation 
of receptor sites and may not be based on a ‘single-hit’ 


Ithank Prof. George Klein and Dr. Eva Klein for their 
advice, and Prof. T. Caspersson for the use of the facilities 
of the Department of Cell Research. 
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research fellowship from the National Cancer Institute and 
was supported by grant 03700 of the National Cancer 
Institute, U.S. Publie Health Service, and by grants from 


NATURE 


Š 


February 29, 1964 vor. 20: 


the Swedish Cancer Society and the Damon Runyon . 
Memorial Fund (DRG-598A). 


Cartes F. MocoKHANN * 


Department of Tumour Biology, 
Karolinska Institute, 
Stockholm. 
* Present address : Department of Surgery, Massachusetts General Hospital, 
Boston, Mass, 


1 Snell, G. D., J. Nat. Cancer Inst., 21, 843 (1958). 

* Snell, G. D., and Stevens, L. C., Immunol., 4, 366 (1961). 

3 Billingham, R. E., and Medawar, P. B., J. Exp. Biol., 28, 385 (1951). 
* Müller, G., J. Nat. Cancer Inst., 30, 1153 (1963). 


BIOLOGY 


A Phytoalexin Type of Reaction in the Bot 
Infection of Leaves of Bean (Vicia faba L. 


Botrytis fabae and B. cinerea produce discrete brown 
lesions on the leaves of bean (Vicia faba); but in high 
humidity the lesions caused by B. fabae spread although 
those caused by B. cinerea do not. Attempts to explain 
this difference in terms of interactions between the cell- 
wall hydrolysing enzymes of the fungi and the phenolic 
compounds of the host failed!. Müller? that 
abnormal metabolites, called phytoalexins, are formed 
when plant cells are invaded by fungi. Phytoalexins are 
fungitoxie and may bo part of the defence system of the 
plant. Cruickshank and Perrin? isolated from infected pea 
tissue a phytoalexin, called pisatin, which was fungistatie 
at the concentrations in which it appeared in the infection 
drops. Non-pathogens of peas caused the formation of 
pisatin in eoncentrations above its EDs value, and patho- 
gens that of pisatin below its ED,, value toward the fungi 
in these two groups in vitro*. 
| Two types of riment have been performed on the 
Botrytis infection of beans to test for à similar phytoalexin — 
reaction. 

Drops of spore suspensions of B. fabae and B. cinerea. 
were placed on glass slides and on surfaces of leaf disks as 
described previously*, and incubated in high humidity at 
15? C for periods up to 48 h. On leaves, many of the 
drops containing B. fabae gave rise to lesions but fewer of 
those containing B. cinerea caused lesions. Disks were 
decolorized with chlorine*, treated with ammonia and 
stained with cotton blue in lactophenol. Germ tube- 
length was measured on slides and on leaves, both where 
lesions had and had not formed. The growth rate of 
B. fabae was highest on glass; it did not decline with time 
under any condition and it was the same both over and 
away from lesions on leaves. The growth rate of B. cinerea 
on glass was less than that of B. fabae, but remained 
constant with time. On leaves, the growth rate declined — 
markedly with time, and declined most where lesions had 
formed. These results suggested that the growth of 
B. cinerea was progressively inhibited on leaf surfaces, and 
was particularly affected by substances arising from lesions 
which it had caused. 


tis 


Table 1. EFFECT OF DIFFUSATES FROM HEALTHY AND Botrytis INYECTED. 
LEAVES ON THE GERMINATION AND GERM TUBE LENGTH OF Botrytis 
Germination (%) Germ tube- (#) 
B. fabae B. cinerea B. fabae , cinerea: 
Healthy control 00* 90 44t 17 
B. fabae Infection 44 58 
B. cinerea infection 4 19 15 


* 450-000 res examined, in 4 replicates per treatment, 
t 00 germ tubes measured. Lii 


In the second experiment, washed leaves were detached, 
and placed on moist filter paper in plastic trays. Twenty 
ml. of spore suspension (4 x 10* spores/ml.) were xl 
out in 0-04 ml. drops on 60 leaves for each : 
further 60 leaves were spotted out with sterile wat 
controls. The trays were covered with plastio lids 
sealed with ‘Vaseline’ to reduce drying out. The leaves wi 
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he dark at 18°-20°C. Drops of spore 
cted, combined and made spore free 
ation. Drops (20 ul) were added to 1 pl. 
& each containing 500 newly harvested spores of 
. JB. fabae or B. cinerea on glass slides in moist chambers. 
. After 24 h in an illuminated incubator at 15° C, spore 

germination and germ tube growth were measured. 

» Results are shown in Table 1, Diffusates from healthy 

“and diseased leaves had pH values of 6-7-7-0, a range over 
< = which germination is not affected. 

. This result, repeated several times, shows that there is 
an increase of antifungal substances over the large lesions 
caused by B. fabae, but a much greater increase over 

maller lesions caused by B. cinerea. A phytoalexin type 
ion is suggested, although it is not yet possible to 
state whether the inhibitor is a reaction product of the 
to infection or a fungal metabolite produced in the 
itrients in the lesion. This may be an explanation of the 
e of B. cinerea to cause spreading lesions. 

~The inhibitory substances may be products of the con- 
siderable bacterial growth in lesions. However, more 
bacteria develop in the lesions caused by B. fabae where 
nage to the host is greater but fungitoxicity is less. 
enty-five p.p.m. chloramphenicol partially ‘checked 
bacterial. growth in infection drops without reducing 
fungal development or phytoalexin production. - Therefore 
bacterial growth is probably not responsible for the form- 
ation of antifungal substances in the lesions. 
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‘Release of Lateral Buds from Apical 
Dominance 


Jr has been shown with isolated stem sections bearing a 
single bud that the development of this bud can be 
“inhibited. by indolyl-3-acetie acid (TAA) or other auxins, 
“and this inhibition released by kinetin’. The eoncentra- 

“tions of LAA needed are physiological, and the whole 
phenomenon appears identical with that of normal apical 
orninanee. Nevertheless, the question remains as to 
hether the same release. can be obtained in the intact 
lant, that is, under conditions of apieal dominance sensu 

“Po the lateral buds in the second nodes of intact 6-day- 
old light-grown Alaska pea plants kinetin solutions were, 
therefore, applied with a mieroburette. Because solutions 
in water were soon found to be relatively ineffective, other 
"solvents were tried. Ethyl alcohol has the advantage of 
-dissolving a higher concentration, so that with 50 per cent 
`: alcohol 500 p.p.m. kinetin could be used; however, even 
this solution led to little bud growth. Addition of small 
amounts of ‘Carbowax 1,500 (polyethylene glycol of an 
average molecular weight of 1.500) gave a striking 
_ improvement. For example, buds treated with 500 p.p.m. 
kinetin in 50 per cent alcohol alone elongated only 0-3 mm 
in 3 days; if the kinetin were made up in 10 per cent 
‘Carbowax 1,500" in water the elongation was 2-0 mm; 
if in ‘Carbowax 1,500' plus alcohol the elongation was 
38 mm. Thus those two adjuvants increased the growth 
_ by a factor of twelve times. Alone, neither aleohol nor 









iber. of preliminary experiments, 6 ul. 
ug upwards of kinetin, dissolved 
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| any effect (growth 0-1 mm. or less). 
ber | ; - plants. 










in 50 per cent alcohol with between 1 and 10 per e 
‘Carbowax’, have been used. "To dissolve the kinetir 
mixture was heated in boiling water for about 10 min 
The first important faet brought to light wi 
procedure was that the droplet must be applied directly to — 
the bud. Application anywhere on the trifid braet, even —— 
within 2 mm of the bud tip, was ineffective. Application 
on the stem, even if only 2 mm laterally from the bud, 
was no more effective. Optimum bud grewth was obtained 
when the droplet was in direct contact with the bu 
three days these buds reached an average fresh 
of 19 mg while the controls weighed only í m 
conclusion agrees with previous observations tł 
is not subject to appreciable transport within the | 
The pattern of release of bud growth is the 
whether the inhibition is due to the normal apex or to 
exogenously applied auxin. Fig. 1 shows the fresh 
weights of buds after 3 days when treated with different. 
concentrations of kinetin. For this experiment 40 plants 
were decapitated just below the third node and treated at 
the eut surface with IAA I per cent in lanolin; 40 more 
were similarly treated with naphthaleneacetic acid (NAA, 
0-4 per cent in lanolin), and 40 left intact. The second 
bud was then treated with 6 ul. droplets of ‘Carbowax’ 
and alcohol containing a series of kinetin. concentrations 
(10 plants in'each group). It will be seen that the effootive. 
concentrations, and the weights reached, were essentially 
the same in all three groups. Measurements of 
lengths agreed completely: 




















Average fresh weight (mg) 
~ 


(S 


02 0:6 
Kinetin (ug/bud) 


Fig. 1. Comparison of release by kinetin of buds inhibited by IAA, B 
1 per cerit in lanolin (O); NAA, 0-4 per cent in lanolin (+), and the 
intact apex (x) A 


The foregoing results show that the release of buds from 
true apical dominance by kinetin can be complete for the: 
first few days of growth. However, in longer periods the 
growth of buds on plants the terminal bud of which has 
been removed is greater than that of buds treated with 
kinetin on intact plants. To some extent this discrepancy. 
both in weight and in length, can be made up by adding 
gibberellic acid to the droplet. Table 1 summarize 
growth of lateral buds at the second node (averag 
in each group) after 2 and 7 days on intact and deca 
Kinetin alone brings the buds on intact | p 
to 5-2 mm at 2 days, or the same length as tha funtreated — 
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TABLE 1. GROWTH OF BUDS ON ae AND DECAPITATED PLANTS 
AYS 


AFTER 2 AND 
Length (mm) after 2 da; Length (mm) after 7 days 
Solution Decapitated. Intact” Detapliated ^ intu 
plants plants plants plants 
Nothing applied 5-3 24 71 2-8 
‘Carbowax’ in 
alcohol (50%) 50 23 66 2-9 
Kinetin in ‘Carbo- 
wax’ and alcohol 47 5:2 61 11:6 
GA in ‘Carbo- 
wax’ and alcohol 47 2:0 89 24 


aleohol 56 58 87 35 


Plants measured after 2 days received 500 p.p.m. kinetin: those measured 
after 7 days 700 p.p.m. kinetin; GA was 5 p.p.m. and ‘Carbowax 1,500* 
was 7 per cent in all cases, 


buds on decapitated plants. After 7 days, however, the 
kinetin-treated buds were only one-sixth as long as the 
deeapitated controls, although both groups contained the 
same number of leaves. Addition of gibberellic acid (GA) 
has little effect at 2 days, but brings the lengths after 7 days 
up to 50 per cent of the decapitated controls, It will be 
seen that when normal inhibition is removed by decapi- 
tation, kinetin has no further effect, while when it is not 
removed, GA has no effect. "Thus the action of kinetin is 
exerted primarily on the release phenomenon itself, while 
that of GA is exerted only subsequent to the release 
(cf. ref. 1). 

While these experiments have been carried out with 
Alaska peas, the effect of kinetin appears general. Bud 
release has been obtained on intaet plants of Scabiosa, 
Coleus, Helianthus annuus, and Helianthus tuberosus. The 
sunflower, Helianthus annuus, is of particular interest 
because of its extreme dominance. Intact greenhouse 
plants never showed axillary buds larger than 0-5 mm. 
Fig. 2 shows the bud in the sixth node of a Helianthus 





Fig. 2. Axillary bud on two-months-old Helianthus annuus released 
from apical dominance by kinetin treatment 
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plant 24 days after treatment with kinetin. It was then 
16 mm long. 

These experiments show that kinetin can counteract 
the inhibition exerted by an intact apex on lateral buds. 
This suggests that development of lateral buds in intact 
plants depends primarily on the balance between auxin 
coming from the tip and a kinetin-like factor acting 
locally. Once the buds have been released from inhibition, 
their rate of subsequent growth probably becomes 
dependent on nutritional and other factors. 

This work was supported by grant G21799 from the 
U.S. National Science Foundation. 
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Action of Thalidomide on Radical Meristems 
of Allium cepa 


IN order to test the activity of teratogenic drugs in 
embryonic vegetal tissues, we have examined mitoses of 
plant cells which proliferate rapidly, such as those present 
in radical apices of Liliaceae, in the presence of a com- 
pound with a proved action on man (a-(N-phthalimido) 
glutarimide (thalidomide) )!. The biological material used 
for these experiments was the common onion (Allium 
cepa) in the root apical cells of which the mitotie frequeney 
is high and the figures show up clearly. 

The bulbs of onions (yellow type) were grown in tap 
water; once the roots had reached a le of 2-3 em, 
they were treated with thalidomide (m.p. = 269°-271° C). 
We used suspensions of the drug in water-agar gel, or 
simple aqueous suspensions of the highly powdered com- 
pound, or 1 per cent solutions obtained by dissolving 
thalidomide in dilute sodium hydroxide, followed by 
neutralization to pH 7. After standing for 24 h in these 
suspensions or solutions the onions were transferred into 
tap water and the root tips withdrawn at intervals of time 
for cytological tests. After fixing in Carnoy, the material 
was hydrolysed in hydrochloric acid and coloured with 
fuchsin, according to the Feulgen reaction. 

Thalidomide has no significant effect on the mitotic 
frequency which remains as high as that of the controls; 
but it does give rise to atypical mitotic figures in a large 
percentage of the cells. 

Fig. 1 shows the percentage value of anomalies observed 
at all stages of mitosis from onions treated with suspen- 
sions of thalidomide (agar 0-5 per cent, thalidomide 0-5 
and 2-5 per cent) for 24 h. The mitoses seem to be notably 
changed at each stage (Fig. 2). The spindle mechanism 
is often reduced and several chromosomes are scattered 
or left at the cell moiety. 
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Fig. 1. ©, Control ; x, treated with 0-5 cent thalidomid: 
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flowering in cultures of dodder tips. Butenko* did not 
specifically examine flowering but observed flowering in 
perilla, rudbeckia, and soybeans when the isolates 
developed into whole plants. Very little work has been 
done with monocotyledonous plants. Kawata? obtained 
flower formation in isolated tips of wheat and rice and 
Pereira* obtained flower induction in isolated disks of 
Wedgwood iris. 

Recently such techniques were adapted to basic studies 
of sugar cane physiology. One phase of this work has 
involved flowering studies with isolated stem tips. The 
culture methods and media used are basically those used 
by others*:*, Fortunately, sugar-cane apices are readily 
isolated in a sterile condition if the surrounding immature 
leaves are cut away under aseptic conditions. Part of 
these investigations has included isolation and culturing 
of naturally induced flower primordia or initials. These 
were isolated about 3 months after floral initiation had 
taken place. 

The purpose of this paper is to report the findings of 
histogenesis of new inflorescence tissue in several such 
isolates (Fig. 1). Since these isolates were grown under 
continuous light it is not likely that the new primordia 
were formed from stimulus produced after isolation. 
Other investigations have shown this clone to be a short- 
day plant. It seems apparent then that some form of 
the flowering stimulus has persisted within the isolated 
apices and has produced new flower tissue under conditions 
which also produce vegetative shoots (Fig. 1). The 
stability of the flowering stimulus under these conditions 
may be the result of the fact that in isolated tissue there is 
little or no dilution from continued growth. It has been 
reported that flowering stimulus is probably translocated 
along with some photosynthate!, and Hartt et al.!? have 
shown with sugar-cane that there is no movement of 
photosynthates out of excised leaves. 

From other flowering studies!? it is known that natural 
floral initiation takes place in Hawaii only during Septem- 
ber 1-20 and that flowering stimulus cannot be produced 
at other times of the year because of unfavourable photo- 
periods. Once differentintion has taken place the flower 
develops quite rapidly and either: (a) emerges, (b) 
partially develops and aborts, or (c) reverts to a vegetative 
plant by the development of multiple shoots at the 
base of the floral primordium. In no instance has con- 
tinuous production of new floral tissue been observed. 





Fig. 1. Excised flowering tip of sugar-cane 6 months after excision 
on basal medium with addition of coconut water. A, Old unextended 
inflorescence; B, newly dev inflorescence tissue; C, developing 


vegetative shoot ( x e. 3:3) 
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Previous studies indicate that in the stages prior to the 
actual differentiation of the floral initial the stimulus is 
unstable. For example, if partially induced plants are 
subjeoted to a series of days with night light interruptions 
the stimulus disappears'*. During the differentiation 
period adverse temperatures may also affect the flowering 
stimulus". 

This communication suggests that once floral initials 
are formed the stimulus is stable in isolated stem tips. 
The presence of the stimulus many months after natural 
induction is probably due to the stimulus being held within 
the tissue and thus not being dissipated by continued 
growth or translocation from the tissue. 

R. E. COLEMAN 
Crops Research Division, 
Agricultural Research Service, 
U.S. Department of Agriculture. 
L. G. NIOKELL 
Experiment Station of the 
Hawaiian Sugar Planters’ Association, 
Honolulu, Hawaii. 
i Raghaven, V., and Jacobs, W. P., Amer. J. Bot., 48, 751 (1961). 
* Chouard, P., and Aghion, D., C.R. Acad. Sci., Paris, 252, 3864 (1961). 
? Aghion, D., C.R. Acad. Sci., Paris, 255, 993 (1962). 
* Baldev, R., Ann. Bot., 26, 173 (1962). 
* Loo, 8. W., Amer. J. Bot., 88, 295 (1946). 


* Butenko, R. G., Fiziol. Rastenii, 7, 715 (1900); A.LB.S. translation, 
Plant Physiol., 7, 590 (1961). 


* Kawata, 8. J., Proc. Japan Acad., Tokyo, 38, 474 (1957). 

* Pereira, R. A. S., Science, 184, 2044 (1961). 

<r R. J., La culture des tissus vegetaux (Masson et Cie, Paris, 
959). 


ae híc R., A Handbook of Plant Tissue Culture (Cattel Press, Lancaster, 


4 Lockhart, J, A., Encyclopedia Plant Physiol., 16, 390 (1961). 
E Hartt, g E., Kortschak, H. P., and Burr, G. O., Plant Physiol., 39, 1 
3? Burr, G. O., Hartt, C. E., Brodie, H. W., Tanimoto, T., Kortschak, H. P., 
Takahashi, D., Ashton, F. M., and Coleman, R. E., Ann. Rev. Plan 
Physiol., 8, 275 (1957). 
u" Coleman, R. E., Proc. Intern. Soc, Sugar-cane Technol., 11, 533 (1963). 


A Clearing Technique for the Examination of 
Fungi in Plant Tissue 


Tue leaf-clearing method described ‘there was designed 
to observe fungal hyphæ on oak leaves from litter, and to 
differentiate hyphz inside the leaf from those on the 
surface. 

Most such techniques involve an initial bleaching 
process: Janes! bleached apple and tomato leaves with 
chlorine and stained with methyl violet. This method, 
designed for the inspection of leaves for surface spores, 
could not be satisfactorily developed for the complete 
clearing and staining of the leaves. Johansen* recom- 
mended bleaching with a solution of hydrogen peroxide 
and ammonia, and Minderman?, developing this method, 
stained after bleaching in a 0-2 per cent solution of trypan 
blue in laetophenol. Good results are obtained in this 
way, trypan blue being a superior stain for fungi to cotton 
blue, which stains plant tissue as well as fungal structures, 
However, the leaf-clearing was haphazard, some of the 
tissues not being rendered transparent; further, the 
violence of the bleaching method tears away the surface 
hyphs and gives a distorted impression of the position 
and quantity of hyphz present. Dilution of the bleaching 
solution to 50 per cent recommended by Johansen 
improves the method, but the fault cannot altogether be 
rectified. 

We found the following method satisfactory. Although 
it is somewhat troublesome to carry out, the slides have 
the advantage of being permanent preparations. 

A sample of litter, about 0-5 g, is cut into pieces 0-5-1 om 
across, and bleached by heating in a water bath at 60° C 
in a solution of 0-3 g sodium chlorite in 40 ml. water, 
acidified by the addition of 0-5 ml. 10 per cent acetic acid. 
This reaction takes 4-6 h to complete. The bleaching 
solution is poured off, and the material is dehydrated by 











Fig. 3. Stained and cleared pyenidium (scale 1004) 


immersion in 50, 70, 95 por cent and absolute alcohol 
(three changes). Under a reduced pressure of one-third 
atmosphere, a time of 20 min in each solution sufficed. 
Absolute alcohol is replaced by methyl salicylate; this 
renders the material completely transparent in a few 
minutes. The material is stained for 15 sec in 0-2 per cent 
safranin in methyl salicylate, washed in methyl salicylate 
and mounted in Canada balsam. Figs. 1 and 2 are photo- 
micrographs of stained hyphe. Recognition of pyenidial 
forms (Fig. 3) is possible in the cleared leaves. 

Whole leaves may be cleared just as effectively, but 
cutting the leaves into small pieces facilitates eventual 
mounting. With thicker leaves, bleaching is sometimes 
not complete after 6 h, and renewal of the bleaching 
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solution is advisable, though it was found that no amount 
of bleaching would clear the dark spots on sycamore 
leaves caused by Rhytisma species. Few common stains 
dissolve in methyl salicylate, but safranin and crystal 
violet were found to be satisfactorily soluble. The choice 
of stains could be increased by staining in 95 per cent 
alcohol. Attempts to clear and mount in trypan blue in 
lactophenol after the bleaching process were unsuccessful. 
Presumably the stain was bleached by an excess of bleach- 
ing solution that could not be washed out. The litter of 
six species, namely, oak, ash, hazel, sycamore, holly, and 
birch, was cleared and stained satisfactorily by this 
method. 
T. F. HERING 
Naturo Conservancy, P. B. NICHOLSON 
Merlewood Research Station, 
Grange-over-Sands, Lancashire. 
! Janes, B. S., Nature, 193, 1099 (1962). 
E TO D. A., Plant Technique (McGraw-Hill, New York and London, 
? Minderman, G., Nematologia, 1, 216 (1956). 


Effect of in utero Incubation on the Metabolism 
of Rabbit Spermatozoa 


Ir has been reported that the uptake of oxygen by 
rabbit spermatozoa increased four-fold after they had been 
incubated for 6 h in the uterus of the cestrous rabbit. 
It has also been postulated that the capacitation of 
spermatozoa may be associated with changes in their 
metabolic pattern to enable them to produce more energy’. 
This communication deals primarily with the metabolism 
of freshly ejaculated sperm and those incubated in the 
uterus of the cestrous rabbit. The host rabbit was an- 
wsthetized with ‘Nembutal’ and the uteri were ligated 
anterior to the cervix and posterior to the uterotubal 
junetion. The freshly ejaculated semen from 3 to 7 bucks, 
to which streptomycin (2 mg/ml. semen) was added, was 
divided into 3 portions. One portion was heated at 65° C 
for 10 min to kill sperm and then injected into the left 
uterine horn. Another portion with live sperm was in- 
jected into the right uterine horn of the same rabbit. 
The third portion was washed? and resuspended in Ca** 
free Krebs-Ringer phosphate', for immediate metabolic 
studies. Semen deposited in the uterus was collected 6 h 
later by introducing 5-10 ml. Krebs-Ringer phosphate 
into each uterine horn and then withdrawing with a 
syringe. The uterine washing from each horn was diluted 
with Krebs-Ringer phosphate to make a final volume of 
about 25 ml. and then centrifuged (1,000g) for 15 min. 
The supernatant was discarded and the sediment was 
resuspended in Krebs-Ringer phosphate. The suspension 
recovered from the left uterine horn contained leucocytes 
and was free of any live sperm. Counts of sperm and 
leucocytes were carried out and correction was made for 
the contamination of leucocytes'. Aliquots (0-8 ml.) of 
each of the three suspensions were placed in Warburg 
vessels (6 ml. capacity) and 0-2 ml. Krebs-Ringer phos- 
phate containing 10-15 umoles of earbon-14 labelled glucose 
(specific activity : 5 uc. /ml.) was added. In the first three 
experiments uniformly labelled glucose was used, and in 
the fourth experiment glucose-1-"*C was used. In experi- 
ments 5-7 glucose-l-*C and glucose-6-*C were used as 
substrates. Incubation of fresh sperm in the Warburg 
apparatus (37° C) was carried out directly after they had 
been washed, and of the in utero incubated sperm and 
leucocytes soon after they had been collected. The “CO, 
released was trapped with hyamine hydroxide and a strip 
of filter paper that had been placed in the central well 
of the Warburg vessels. After incubation for 2 h, 
0-1 ml. 3 N perchloric acid from the side-arm was tipped 
to stop the reaction and to liberate any 100, that might 
have been present in the medium. The radioactivity of 
both the substrate and the trapped “CO, with hyamine 
and filter paper was determin y means of a seintilla- 
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Table 2. METABOLISM OF GLUCOSE-1-"C AND GLUCOSE-6-"C BY FRESH AND ín utero INCUBATED SPERM 
i (Sperm counts ‘flask : 6-08 x 1099-68 x 10° for fresh sperm and 0-81 x 10'-3-12 x 10* for in utero incubated dnd 
So "CO? evolved (tn. mole /10* Glucose utilization Lactate production | 
sperm /2 h) (mole; 10° sperm/2 2 h) (mole; 10? sperm /2 h) 
Exp. Substrate I-—- p - — ———ÓrR—— MÀ | 
- In utero In utero In utero 
Fresh ineubated Fresh incubated Fresh incubated 
| 5 Glucose-1-1*C 33 909 4°49 1814 2-68 28:26 
| Glucose-6-"C 13 56 431 17-31 2-66 27:40 
| 6 Glucose-1-*5€ 127 835 6:07 14:70 534 12-06 
f Glucose-6-*C 90 56 6-50 15:00 5-00 10°74 
| 9 Ghaicose-1-"C 132 1,044 5-21 20-00 4°32 18313 
| Glucose-6-"C 99 139 4:93 20°81 461 1838 











tion counter. Glucose and lactate were estimated as 
viously described’. Lactate production was corrected 
y lactate that had been present before incubation. 
all experiments sperm that had been incubated in 
nsumed more oxygen than the fresh sperm (Table 
mt y in experiment 1 was the rise in endogenous 
ion unaccompanied by an increase in exogenous 
n. However, in all other experiments both 
enous and exogenous respiration were higher in the 
ero ineubated than in the fresh sperm. 1t was also 
ed that the uptake of oxygen was relatively at a 
Steady rate in the fresh sperm during the 2-h incubation 
“period (Table 1). This, however, was not the case with 
= sperm incubated in utero, as their respiration dropped 
sharply during the second hour of incubation (Table 1). 
One possible explanation is that a metabolie shift may 
occur in the. in utero incubated sperm after they spend 
some time outside the uterus, or may be they age quickly 
after they achieve their maximal metabolic activity. 
|o dm experiment 4 (Table 1) "CO, evolved from the 
^^, glucose-1-4C in the in utero incubated sperm was more 
Uu 8 times that produced in the fresh sperm; thus 
v. suggesting the possibility of an enhancement of a hexose 
“monophosphate shunt in the in utero incubated sperm. 
- This possibility was further strengthened in experiments 
5,8-7 (Table 2). In the glucose molecule, C-1 was prefer- 
entially oxidized to C-6, in both the fresh and the in utero 
ineubated sperm (Table 2). The C-1: C-6 oxidation ratio 
_ varied between 1-33 and 2-54 in fresh sperm, but between 
“7-51 and 16-23 in in utero sperm, showing that the hexose 
“monophosphate shunt proceeded at a relatively high rate 
: in rabbit sperm after they had been incubated in utero. 
: hermore, it would appear that, in the in utero in- 
: ted sperm, the rise of oxygen consumed for exogenous 
“ respiration was utilized mainly through the direct oxida- 
n pathway rather than the tricarboxylic cycle, as 
rences- between fresh and in utero incubated sperm 
p e distinct for C-1 oxidation while of a lesser order of 
com tude for C-6 oxidation. Whether the enhancement 
Of the hexose monophosphate shunt, in the in utero 
ineubated sperm, is to provide more.energy and/or to 
supply. pentose that may be required for. nucleie acid 
synthesis remains to be seen. It may be interesting to 
mention that in the fertilized rabbit ovum before 
day of development, gingoso is oxidized mainl 
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hexose monophosphate pathway*. One therefore wondet 
if the hexose monophosphate shunt is associated with 
certain radical changes taking place in both egg and sperm 
around fertilization time. 

The glycolytic activity of the in utero incubated sperm. 
as judged by lactate production, was more than that of 
the fresh sperm (Tables 1 and 2). These results are not 
in agreement with those of Hamner and Williams'. These 
authors, however, did not report the amount of glueose 
utilized by sperm. In the present investigation. glu 
utilization was far more than would account for laeta 
production through the Embden-Meyerhof pathway and 
the CO, ovolved alone; thus raising the poseibiiey, of 
other reaetions taking place. : 

In conclusion, it appears that both uptake of oxygen 
and glycolytic activity of sperm are increased after _ 
incubation for 6 h in the uterus of the cestrous rabbit 
and that the rise of consumption of oxygen was utilized — 
to oxidize endogenous and exogenous substrates with a 
promotion of the hexose monophosphate shunt. It: has 
been suggested that sperm require 6 h to be capacitated 
in the uterus of the castrous rabbit’. Thus, it is assume 
that the sperm recovered from the uterus in this invest 
gation are capacitated ones and may therefore represent. 
the metabolic pattern of capacitated sperm. <The possi- 
bility that these metabolie ehanges mentioned in the 
present note are a requisite for the capacitation of sperm 
may be suggested, but further work is still needed. =) 

This work was supported by grants from the Populatió 
Council and the U.S. National Institutes of Health 
(GM-08167). We thank Dr. Y. Kobayashi for his advice, — 
One of us (M. S. M.) thanks the Population Council for a 
postdoctoral fellowship, and the University of Alexandria; 

2gypt. for research leave. E, 





M. Samp Mowunre 
M. C. Caang 
Worcester Foundation for Experimental Biology, 
Shrewsbury, Mass. ; 
1 Hamner, C. E., and Williams, W. L., J. Reprod. Fertil., 5,.143 (1903). 
* Mounib, M. S., deta Endocrinol. (in the press). 
3 Terner, C., Amer, J. Physiol., 198, 48 (1960). 


Seas .P. P., in Umbreit, W. W., Burris, R. H. and Stauffer, 
metrie Techniques, revised. ed., MS (Minneapolis 15, Minn.: Burgess 
E Co., d gcns 



















February 29, 1964 NATURE _ -—— 


Hours of work cut to minutes 
if in studying 
enzyme kinetic reactions 


With the kinetic reaction 
attachment for the 
Uvispek spectrophotometer 





3k Study of absorbance change with time 

Æ Automatic plotting of reaction rates of four consecutive samples L 
Æ Output directly proportional to absorbance—linear presentation on strip-chart recorder 

Æ Preset measuring periods—adjustable between 5 and 60 seconds 

, Æ Holders for micro- and macro-cells temperature controlled between o? and 100°C 


Insert the samples: start the instrument: when the reactions are 
finished remove the chart. That is all. 


The attachment, made by Gilford Instrument Laboratories Inc. Ohio, can be fitted to your Uvispek 
(if series 304 or later). 
1 Write for Catalogue CH 427] N2 
HILGER & WATTS LIMITED, 98 ST PANCRAS WAY, LONDON NW1 
Telephone: GULliver 5636 


. AND AT DORTMUND-HÜRDE, CHICAGO, TORONTO, MILAN, PARIS 
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IMPORTANT APPLICATIONS 
OF SPINDLER & HOYER 
OPTICAL BENCHES: 





Beam of light from carbon arc lamp is 
gathered in optical condensers, trans- 
mitted through polarizing screen, 
specimen, analysing screen and ob- 
jective, which projects it on viewing 
Screen. Spindler & Hoyer optical 
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(1) ENGINEERING 


Used at the technical design 
stage of an engineering pro- 
ject, a Spindler & Hoyer opti- 
cal bench reveals the be- 
haviour of any element under 
stress. A scaled-down model 
of the section bearing most 
strain is made in plastic, fitted 
to the bench and subjected to 
varying degrees of stress. An 
image showing the effects is 
projected for observation, and 
may be filmed or photo- 
graphed as a record. 


Spindler & Hoyer optical 


m. 
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benches (used by leading la- 
boratories) have many other 
time-and-money saving ap- 
plications, particularly in the 
glass and plastics industries. 
They are invaluable for de- 
monstrating the principles of 
mechanics to students. For 
full details, please contact the 
sole U.K. distributors, 


benches feature an automatic feeding 
device to move carbons uniformly 
through the lamp and eliminate ad- 
justment. A wide range of sliding 
carriages and other accessories makes 
them extremely versatile. 


Expert in Laboratory Research Equipmen 
Norwich, NOR 45E Tel: Norwich 23696 & 26819 


GREY OF NORWICH 


t, 1a The Haymarket & 3 White Lion Street, 
















Manufactured by : 


^s NIRO ATOMIZER LIMITED 


ROTATING ALL OVER THE WORLD 


% NIRO ATOMIZER 





‘PRODUCTION MINOR’ 


SPRAY DRYING 

The PRODUCTION MINOR is the smallest Spray 
Drying Unit suited for around-the-clock operation. 
It is delivered with gas, electricity or steam heating, 
and it is primarily designed for drying of products 
within the pharmaceutical, flavour, chemical, and 
ceramic industries. Special designs are available for 
specific products. 

Even unskilled personnel may, after a short instruction 
period, be able to operate this Unit. 

Special pamphlets are available on request and do not 
hesitate to present your Spray Drying problems. 
PRODUCTION MINOR 

Capacity: 10-30 kgs./hour of water evaporation. 


U.K. Representatives 
CORNWELL PRODUCTS LTD 


56-60 HALLAM STREET, LONDON W.I 
Telephone: LANgham 5025-6-7 


305 GLADSAXEVEJ, SOBORG, COPENHAGEN 
Telephone: COPENHAGEN 691011 Telex: 5603 
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Microelectrophoresis of Normal and 
Transformed Clones of Hamster Kidney 
Fibroblasts 


Forrester, Maepherson and Ambrose! have reported 
some observations on the electrophoretic behaviour of two 
related clones of the BHE?1 lme of cultured hamster 
kidney fibroblasts, one of which had been derived from 
the other ‘normal’ hne as a result of transformation «n 
vero by polyoma virus It was found possible to dis- 
tmguish the transformed clone used (C13 T'O6) from the 
normal clone by virtue of a much increased variance in 
the distribution of electrophoretic mobilities m its popu- 
lation, coupled with a small merease m the mean value 
of the mobility These observations had been made, 
however, on clones of cells which had passed through 
between 180 and 460 cell generations after the transform- 
ing event The observed alterations ın electrophoretic 
behaviour might, therefore, have been attributable to an 
accumulation of spontaneous alterations consequent on 
such long-term culture Accordingly, a series of observa- 
tions has been made on ‘young’ transformed clones as 
soon as possible after transformation The clones were 
grown to about 10’ cells, then stored at —70° Cells from 
these frozen stocks were examined after less than 8 days 
further growth, that 1s, before the 35th mean generation 

As described previously, the cells were grown in the 
Institute of Virology, Glasgow, and sent to London for 
electrophoresis The same expermnental techniques for 
the preparation of cell suspensions for electrophoresis, 
testing for viability and treatment with neuramimidase 
were used as m the earlier work Observations were 
routinely made on 20-40 cells m any given suspension 
and occasionally suspensions were compared directly to 
standard washed mouse erythrocytes as a check on the 
rehabılıty of the apparatus For a large part of this work 
a ‘blind’ technique was used, the observer measuring the 
mobilities of 3 or 4 coded cell suspensions which usually 
included at least one suspension of normal untransformed 
cells 

The transformed clones tested were of two types which 
may be distinguished by their colomal morphology (Stoker, 
unpublished results) Type 1 consists of a piled-up net- 
work of randomly arranged cells with few rounded cells. 
Type 2 colonies have the same underlying structure but 
are capped by a large number of rounded cells The two 
types of transformed cell may also be distinguished in 
mass cultures smce Type 2 cultures release large numbers 
of cells into the medium The characters persist durmg 
propagation, but Type 2 eventually reverts to Type 1 

In addition to the polyoma transformed clones and the 
uninfected BHK21 cell clone (013) from which they were 
all derived, two other cell types were exammed One 
(8/3/11) was an apparently normal cell recovered after 
polyoma infection This cell has a high sensitivity to 
polyoma transformation (Stoker, unpublished results) 
The other cell (LS3) ıs also morphologically normal, lıke 
C13, but it 1s a Inghly mahgnant yamant which was 
derived from the original BHK21 cells, without exposure 
to polyoma virus, in the laboratory of Dr Tamar Gotlieb 
(Jerusalem), who kindly sent ıt to us This cell resembles 
the variant described by Defendi, Lehman and Kramer? 

The values observed for the mobilities ın p/sec/V/om 
of the various clones measured are given in Table 1 It 
can be seen from these data that there 1s no evidence of 
large scatter m these populations derived from young 
transformed clones as was the case with T'C6 The cal- 
culated standard deviations are precisely the same for 
both normal and transformed cells 

Eleetrophoretically the transformed clones are divisible 
into two classes, one having a mobility indistanguishable 
from that of the normal clone and another bearing an en- 
hanced surface negative charge leading to an merease of 
approximately 25 per cent m the observed mohihty With 
the exception of clone N thus classrfication leads to the same 
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Table 1 

Mobility with 

Clone Character standard deviation 
P Transformed Type 1 — 126 +006 
Q » » — 1294005 
5 5 » — 125 £005 
¥ á i — 197 £006 
x " » — 198 +005 
Y 5 i — 128 +009 
J Transformed Type 2 — 097 +006 
M " » — 102 £005 
N 3 » — 130 4006 
w 7 a — 104 £005 
L Transformed, not typed —104 +005 
C13 Normal uninfected — 1024006 
8/3/11 » infected — 099 +005 
IS3 » transplantable — 1074006 


two groups of clones as does the orgmal classification 
on the basis of colonial morphology The very existence 
of this one exception, however, must prevent us from 
making any very useful generalizations from this parallel- 
ism The two additional clones of normal morphology 
were also mndistinguishable in mobility from the normal 
C13 clone In Fig 1, histograms are given for the distri- 
bution of mobihties withm the normal clone and withm 
both a ‘slow’ and a ‘fast’ transformed clone 
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Fig 1 Histograms showing the distribution of mobilities in popu- 


lations of fibroblasts of the normal cione, C13, of a ‘slow’ transformed 
clone, Af, and of a ‘fast’ transformed clone, N 


It was evident from measurements repeated on strictly 
comparable suspensions of any given clone grown up from 
stock preserved at —70? that the values obtamed are 
reproducible to a high degree and are characteristic of 
the clone concerned The reproducibility of the values 
was also further exammed after propagation of clones 
M, P, and Y No statistically significant change was 
observed (Table 2), but there may be an increase m 
mobility of between the 47th and 77th generations of 
clone M At this stage the clone was lost and ıb 18 not 
known 1f there was a change in colonial morphology from 


Type 2 to Type 1 


Table 2 
Total generations 
Days growth since cloning 
Clone since stored {approx } Mobility 
M 7 32 102 4005 
16 46 104 +005 
17 47 099 +005 
37 77 112 + 006 
P 9 35 126 + 006 
17 47 121 +005 
37 77 126 + 056 
Y 8 26 128 +009 
17 47 120 +01 
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One of the transformed clones, N, was chosen for com- 
parison with the normal clone m respect of 1ts electro- 
phoretic behaviour after treatment with bacterial neur- 


amunidase. The results of two experiments are given in 
Table 3 7 
Table 3 
Mobility before Mobility after 
Clone enzyme treatment enzyme treatment 
C13 — 100 +005 — 067 £005 
— 097 +006 — 064 +005 
NX — 130 +006 — 065 + 006 
— 127 +005 — 065 +005 


These present fairly clear-cut evidence that the enhanced 
mobility of clone N may be attributed to an mereased 
surface concentration of sialic acid residues After enzyme 
treatment the normal and transformed cell suspensions 
are quite mdistinguishable by the mucroelectrophoretic 
technque Recently, Defend: and Gası have shown 
that transformed cells from populations comparable to 
those used in these mvestigations have an enhanced 
peripheral Hale-stammg reaction and that this positive 
reaction may be destroyed by treatment with neurammi- 
dase These observations lend support to the foregomg 
interpretation of the electrophoretic data 

These results raise an interesting problem with respect 
to the relation between cell surface charge density and 
the social interaction of cells in culture All the clones 
exammed in this mvestigation, whether of Type 1 or 2, 
were originally described as transformed on the basis of 
their colonial appearance when grown in Petri dishes from 
single cells, and some of the clones of each type were 
afterwards tested and found to be transplantable Tho 
morphology is mdistingmshable from that displayed by 
cells derrved from sarcomata produced ın vivo by mocu- 
lation of baby hamsters with polyoma virus, and 1s typified 
by marked loss of contact inhibition resulting in a randomly 
oriented growth of the cells 

This criterion apphed for cells with both normal and 
increased mobility The relationship between the surface 
charge density of a cell membrane and its ability to form 
stable cell-cell contacts 1s thus, m this system, uncertam 
However, more detailed estimation of all the types of 
charge grouping at the cell surface may reveal a systematic 
change, 1n one or more components of the charge matrix, 
which 18 at present concealed Moreover, 15 must be borne 
in mind that cell electrophoresis 1s essentially an averaging 
procedure leading to a mean value for the surface 
charge of a cell rounded up m suspension. Large differ- 
ences in character of a small percentage of the surface 
would not affect the overall electrophoretic behaviour of 
the cell Such differences might well exist, for example, 
at the tips of the pseudopods of cells attached to a sub- 
stratum 
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Use of the Term ‘Base Rich’ in Ecology 


Dorme investigations on the autecology of some mire 
carices, ib was necessary to prepare 2 range of culture 
solutions with widely varying ealomum contents The 
culture solution used was full-strength Long Ashton 
basic formula!, minus the calcium nitrate, bulked with 
the required quantities of either calerum chloride or 
calcium nitrato On measurmg the pH of the resultant 
solutions (sce Table 1) the fallaciousness of the term ‘base 
rich’, as applied to natural waters by ecologists, was made 
painfully obvious We had indeed produced what 
ecologically would have been termed a base meh water 
with a remarkably low pH, a paradox, be ıb ın ecological 
or chemical terminology 

The paradox arises sumply through the misuse of tho 
term ‘base’ As pomted out by Robimson?, the cations 
Catt, Mgt+, Nat and K+ for so long regarded as the 
‘biological bases’ are mdeed not bases ın the chemical 
sense of the word? 


c Table 1 
g 
(m equtv /1 ) CaCl, Ca(NOs)s 
0 025 3 95 39 
250 39 39 
10 00 38 39 
Table 2 (All results except pH. in m equiv /1) 
HCO, Cl $S0,— Catt Mgtt Nat K+ pH 
Hartland, 
Dorset 0 249 249 085 184 214 011 360 
Oak Mere, 
Cheshire 0 049 137 034 014 044 O18 310 
Seroki Bor , 
Poland (ref 4) 014 007 013 008 001 O11 007 635 


Tf the term ‘base rich’ is to be used, it must be related 
to a cortam fixed mmimum 1n the absolute concentration 
of the bicarbonate 10n, which 1s the strongest base found 
in. any abundance in natural waters 

Table 2 gives some examples of natural waters which 
amplify the difficulties of applying the original termin- 
ology 
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ENTOMOLOGY 


Effect of (2-Chloroethyl) Trimethylammonium 
Chloride on the Rate of Increase 
of the Cabbage Aphid (Brevicoryne 
brassicae (L.) ) - 


APHIDS are among those plant-foeding insects which are 
closely adapted to thew hosts It ıs, therefore, not 
surprising that even shght variations in the growth and 
physiology of host-plants may have quite marked effects on 
aphids feedmg on them Some such effects of plant 
growth and senescence, water relations and vanetal 
resistance have been described by Kennedy! For the 
same reason, interesting results can be expected from 
experiments mvolving plants treated with growth regu- 
lators Robmson? studied a whole series of herbicides 
and growth regulators, and reported reduced fecundity in 
some instances The present paper is a prelimmaiy 
account of the effects of aphids of ‘Cycocel’ ( (2-chloro- 
ethyl) trumethylammonium chloride), a compound causmg 
a retardation m plant growth and used m the United 
States for producing pot poinsebtias of marketable height 


` 
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Table 1, REPRODUCTION OF Brevicoryne brasswae (L) ON PLANTS TREATED WITH 'OYCOCEL' AND UNTREATED PLANTS 





‘Cycocel'-treated plants 


P of difference Test applied 








, Item Untreated plants 

(1) No. of aphids counted per plant 47 75, 

m 80 sec (end of experiment) (8 70-118 16) 
(2) Total No of nymphs per repro- 15 13 

ducing alate adult (0 98-46 10) 
(3) No of nymphs per reproduemg 101 

alate adult per day (0 25-2 28) 
(4) Total No of nymphs per repro- 40 32 

ducmg apterous adul (11 22-87 84) 
(5) No of nymphs per reproducing 177 

apterous adult per day (0 65-3 45) 
(6) Rate of merease and regression * 128 

(Y = 527 + 128 X) 

(7) No of apterous aphids dying 2 out of 27 

without reproducing (7 41%) 


k 








718 < 0001 ‘t-test 
(0—49 70) 
15 44 >09 ‘t-test 
(0 77-48 72) 
106 >08 ‘t-test (on differences for 
(0 19-2 62) each inspeetion period) 
1681 « 001 ‘t-test 
(0-36 48) 
130 < 002 ‘t-test (on differences for 
(0 10-8 85) each inspection period) 
118 <001 lysis of variance on 
(Y = 032 + 118 X) regression 
16 out of 38 < 0001 Exact test, 2 x 2 table 
(42 11%) 








* In regression, Y = V) nymphsjadult, X = accumulated days. 


and form The aphıd/host-plant combmation used. 
was Brewworyne brassicae (L) on Wroxton biussels 
sprout 

The plants, sown m sand on June 25, 1963, were potted 
into plastic pots (35 m diam) after two weeks and 
potted mto plastic pots (5 m diam) after eight weeks 
The medium used was a 1 1 peat/vermiculite mixture 
meorporatmg morganie nutrients From July 30, 1963, 
onwards, the plants were fed weekly with & nutnent 
solution based on that developed at Long Ashton’ The 
experiment was conducted at glasshouse temperatures of 
30 6°-16 7° C maximum and 15 6°-10 6° C mmmum 

Ten plants treated with the growth retardant were 
alternated with ten untreated plants both across and down 
in five rows of four The treated plants recerved a dose of 
10 g active mgredient per cu ft of potting medium applied 
as a soil drench a fortmght after each potting 

On the same day as the second dose of ‘Cycocel’ was 
given, one alate aphid was transferred from a stock culture 
of B. brasswae nto a small leaf cage (based on a design 
used by Markkula) on a mature leaf of each plant The 
cages were examuned at intervals of approximately four 
days and the smaller nymphs removed to prevent over- 
crowding and counted One of the first nymphs of each 
generation was retamed for breeding whenever possible 
When such nymphs died or were lost through other causes 
they were replaced by another nymph from the same 
plant The experment was termmated on November 20, 
1963. 

The results obtamed are presented m Table 1 and Fig 1 
As a result of distribution analyses, the square root trans- 
formation was apphed to items 1-6 m Table 1, and the 
figures for items 1-5 are given as detransformed means and 
fiducial hmuts (P = 0 05) 

Fig 1 shows the actual numbers of aphids produced 
durmg the experment, representmg the accumulated 
progeny of a 'Ersthngshme'*, that 1s, of a series of 
" successive first-born nymphs Far fewer aphids were 
produced on the treated than on the untreated plants 
except durmg the first fifteen days of the expermment, 
when the initial alatz were reproducing 

This overall result 1s analysed 1n more detail m Table 1, 
ın which the degree of resistance to the aphid m the 
‘Cycocel’-treated plants ıs exammed from several 
aspects 

(1) The total mfestation by the aphid (fiom the natural 
colonization of the plants by alate ın the glasshouse) at 
the end of the expermment was exammed by recording the 
number of aphids which could be counted durmg a 30-sec 
mspection of each plant Although aphid numbers on the 
untreated plants had been considerably depleted by 
dispersal and predators, the lower numbers on the treated 
plants were very striking 

(2 and 3) Drfferences between untreated and treated 
plants were not reflected 1n the total progeny or rate of 
reproduction of the alate adults transferred from stock 
plants at the begmnmg of the experiment These alate 
had, of course, all completed them nymphal development 
on untreated plants 


(4, 5 and 6) In contrast, the succeeding apterous genera- 
tions showed a lower rate of mecrease and a reduced 
number of progeny on the ‘Cycocel’-treated than on the 
untreated plants 

(7) The biggest difference between untreated and treated 
plants lay ın the lowered ability of aphids to reproduce on 
the retarded plants Many aphids died before they 
reached the moult to adult, others had a very short 
adult lıfe and failed to reproduce 

Tt has been suggested’ that quaternary ammonium com- 
pounds may affect hormone-levels m treated plants It 
also seems reasonable to suppose that the levels of soluble 
nitrogen and carbohydrate in the phloem of plants may be 
affected by treatment with growth retardants In view of 
the lack of effect of ‘Cycocel’ on the reproduction of the 
mitial alate, it therefore seems possible that the poor 
longevity, decreased fecundity and depressed rate of 
merease of apterous B brassicae noted on treated plants 
may be a nutritional effect rather than the effect of toxic 
properties of any ‘Cycocel’ taken up by the aphids 
Growth retardants such as ‘Cycocel’ are largely produced 
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Fig 1 No of aphids produced on plants treated with 'Cycocel' (A) 
and untreated (@) plants 
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for use under glass, where aphids can constitute a major 
pest problem If the observed resistance of treated 
sprout plants to B brasswae holds m other host-plant/ 
aphid combmations, growth retardants may have a very 
useful secondary property for the pot-plant mdustry 
Thanks are due to Dr W F Jepson, of Cyanamid 
International, for supplymg samples of ‘Cycocel’ 
H F van EMDEN 
University of Reading, 
Horticultural Research Laboratories, 
Shmnfield Grange, 
Shinfield, 
Berks 
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Repeated Ovarian Cycles with Ribonucleic Acid 
in the Diet of Adult House-flies 


Tr 1s generally accepted that the adult house-fly, Musca 
domestica L , and certam blow-flies require only a dietary 
source of protem and sugar for ovarian maturation’? 
This dietary requirement for protein has not been circum- 
vented by mcreasing the protem-level in the larval diet*, 
although recently autogeny developed when the larval diet 
was supplemented with a high level of cholesterol’ The 
concern of those investigatmg msect nutrition and repro- 
duction has been mamly the general fecundity which 
usually involved newly emerged or young adults®**, 
although some workers have mvestigated reproduction 
over a longer period of adult hfe? 

The purpose of tho work recorded horo was to determine 
chemically defined diets for the adult house-fly that would 
promote continued egg production, and, because in this 
msect discrete cycles of oogenesis can be shown, to estab- 
lsh the dietary requirements for ovarian cycles subsequent 
to the first 

House-fhes used 1n these experments were reared, by 
standard techniques, on ‘CSMA’ medium (Ralston Purma 
Co, St Louis, Mo )'% Dried yeast (brewers) was the 
only dietary supplement added to the larval medium 
After pupation, the pups were separated from the medium 
and placed m cages into which the adults emerged These 
young adults were collected m vials and released mto 
clean glass cylinders set on aluminum trays Filter paper 
covered the floor of each cylmder and nylon screening 
closed the upper end. Groups or individual flies were fed 
(ad hbitum) through a hole in the floor on a diet-soaked 
cotton wick The experimental diet was renewed daily 
To corroborate the figures on fecundity, ovarian matura- 
tion was examined by dissection 

Since a protem or a number of ammo-acids are essential 
m the adult diet for egg production m some other 
Diptera?-*.7, our mutial mvestigations established the 
basic L-amino-acids essential for this process in the house- 
fly? It was noted that when groups of adult fles were 
fed on a basie liquid diet, contammg amino-acids, a carbo- 
hydrate, salts and water (Table 1, diet 1), ovarian matura- 
tion and oviposition ceased after an umtial period of egg 
laying'®  Milk-fed flies contmued to oviposit This indi- 
cated that a nutritional deficiency developed 1n the first 
group of flies and that milk contributed certain other 
factor(s) essential for continued egg production 

To determine the dietary needs for continued egg pro- 
duction and to establish the role of the protem, ib was 
now necessary to observe the fecundity of individual flies 
Earher reports had noted that the feeding of cholesterol 
and B-vitamuns enhanced ovarian maturation in the 
house-fly!? and blow-fly? and that anti-vitamms inhibited 
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Table 1 COMPOSITION oF Two CHEMICALLY DEFINED LIQUID DIETS FED 
TO ADULT HOUSE-FLIES 
Quantities in g for 100 ml 
Components* of liquid diet 

Diet 1 Diet 2 
L-arginine 0 38 0 38 
I-hisfadine 015 015 
Yi-10leucine 025 025 
1-leueine 075 075 
L-lysine 075 075 
L-methionine 015 015 
L-phenylalanine 120 120 
L-threonine 015 015 
. L-tryptophan 030 030 
L-valne 050 050 
L-glutamie acid 100 100 
Sucrose (Fisher, reagent grade) 3 49 9342 


Salt mixture ‘W’ (Nutritional Biochemical Corp ) 01 
B-vitamuns (in mg)t — 43 
Cholesterol — 00 
Ribonucleic acid (yeast) — 04 


* Both diets were completed to 100 ml with glass distilled water 
noted, all chemicals were purchased from Calbiochem, Los Angeles 

+ This consisted of d-b:otrn 0 05 mg, choline chloride 2 0 mg, folic acid 
0 34 mg, nicotznic acid 0 30 mg, calcium pantothenate 0 44 mg, pyridoxal 
hydrochloride 090 mg, riboflavin 016 mg, and thiamine hydrochloride 
012 mg 


reproduction m the adult house-fly For ths reason 
these supplements (cholesterol and B-vitamms) were 
added to the test diet (Table 1, diet 1) For each of the 
two synthetic diets 28 cylinders were set up each contain- 
mg one female and three males Although there was some 
improvement when cholesterol and B-vitamins were added 
as supplements, there was no significant increase in 
fecundity It was not until this same diet was further 
supplemented with RNA (yeast) (Table 1, diet 2), that 
repeated ovarian cycles developed (Table 2) When the 
levels of fecundity were compared, a marked improvement 
was evident when diet 1 was supplemented (diet 2) This 
difference was statistically significant when first-cycle ogg 
production was analysed (Student's ‘? test, P<0 001) 
Similarly, for the second cycle the fecundity of flies fed 
diet 2 was significantly mproved (P<0 05) It was 
observed, furthermore, that this supplemented ammo-acid 
diet (diet 2) was also responsible for an mcrease m m- 
dividual fecundity, and ın the number of ovipositing flies 
When the diet was further modified by replacing RNA 
with eytidyhe acid and adenine, egg production was 
similarly continuous 


Table 2 COMPARISON OF EGG PRODUCTION FROM INDIVIDUAL HOUSE-FLIES 

FED AN AMINO-ACID DIET OR A SUPPLEMENTED AMINO-ACID DIET" OVER 

A 14-Day PERIOD 

Mean fecundity per experimental femalet 
Diet 1 Diet 2 


Egg-laymg cycle Milk 


I 91 (75) 32 (37 0) 95 (82 1) 

IL 62 (50) 11 (8 0) 57 (46 5) 

or 27 (25) si (32 2) 

Y 30 (25) I 16 (14 3) 
Total 10 


* See Table 1 for supplemented diet 2 


+ Values ın parentheses indicate, as percentage of the total, the number 
of fhes laying 1n that cycle 


It appears, therefore, that certam reserves carried over 
from the house-fly larve are expended in most females 
during the first oogenesis In order that subsequent 
ovarian cycles may occur, RNA or certain of rts precursors 
must be added to the diet of the adult female Apparently 
sufficient B-vitamims, possibly carried over from the 
larve, were available for RNA reconversion, because 
little merease in fecundity resulted when B-vitamms were 
added to the diet lackmg RNA (diet 1} By adding anta- 
vitamms to a milk diet fed to adult house-fhes, Musca 
mana (Macq ), Levmson and Bergmann were able to reduce 
greatly, or mhibit completely, egg production even for the 
first cycle The antivitamms may have nullified endo- 
genous vitamins, as well as those in the milk diet Ther 
suggestion that these antivitamins interfered with protem 
utilization might apply equally well, or even more, to 
the reconversion of RNA (manly from the larval fat- 
body} as one of the antivitamms was 4-aminopteroyl- 
glutamic acid, which acts agamst fole acid, important m 
RNA synthesis It mught be inferred, therefore, that as 
the RNA of the larval fat-body 1s broken down and re- 
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utilized, adenine and cytidylie acid were the materials 
most quickly depleted during the first ovarian cycle. 

We may conclude at present that: (1) the proteins or 
amino-acids, previously considered essential for house-fly 
fecundity, actually allow only a limited egg production ; 
(2) most female house-flies require RNA or its precursors 
in the diet, in addition to protein, salts and sugar, so that 
more than one ovarian cycle will result ; (3) certain 
nutrient reserves are used by the female house-fly in 
maturing eggs of the first cycle which masks the total 
nutritional requirements for ovarian maturation. 

Since other investigators measured egg production only, 
during a relatively short period, it is not surprising that 
the resourees contributing to this process were so often 
overlooked, although test diets were supplemented with 
vitamins, nucleic acid and sterols’. What part specific 
reserves play in the first and subsequent cycles is under 
continuing investigation, together with other aspects of 
house-fly nutrition and reproduction. 

We thank the National Research Council of Canada 
and the Ontario Research Foundation for financial support. 
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Function of the *Mirror' in Tettigonioid 
Orthoptera 

For decades, this area of excessively thin, ‘Cellophane’- 
like cuticle of the tegmen of tettigonioids (Fig. 1) has 
been regarded as important acoustically—for example, 
Pierce’, who went so far as to calculate a resonant 
frequency for it on the assumptions that it is: (a) cireular, 
(6) clamped peripherally and (c) made of material the 
relevant physics of which is that of *Pyroxylin' plastic; he 
obtained good agreement between calculated and experi- 
mental figures, which could be interpreted as supporting 
the hypothesis*, but could equally well mean that the 
choice of ‘Pyroxylin’ was a fortunate one, since there is no 
evidence that the tegminal material resembles it in any- 
thing but appearance. Assumptions (a) and (b) are also 
of doubtful validity, and for some years I have doubted 
whether the mirror has any major acoustie importance; 
Dumortier? expresses similar doubts. It could function 
acoustically in any of several ways, some of which are 
mentioned by Dumortier: (1) as a narrow-band reson- 
ator, tuned like a drum; (2) as a general sounding-board or 
acoustic coupler (belly of violin, loudspeaker diaphragm); 
(3) as a tymbal, actively buckling to and fro like that of a 
cicada. On the other hand, considering its high gloss, 
it could give a visual signal, especially perhaps in dark- 
ness, enabling the searching female, once she reaches close 
quarters, to locate the dorsum of the male on which she 
has to climb for copulation. 

Grylloids are the most striking users of resonance*:®, 
but they possess no mirror; though it is, of course, 
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possible that they use organ-pipe resonance and tetti- 
gonioids drum resonance. Again, acoustic coupling is 
satisfactorily achieved in grylloids and many acridoids 
without any comparable structure. Use as a tymbal is at 
first sight precluded by the lack of any musele which 
could produce a buckling. The thinness and transparency 
may then have misled us into assuming an ‘obvious’ 
acoustic function. 

Preliminary investigations were begun in 1962, and 
suggest that in at least some species the whole instrument 
is very much more complex than has previously been 
appreciated; there, far from being a simple vibrant 
membrane rapped by tooth impacts into successive pulses 
of more or less simple wave-forms (for example, Platycleis 
affinis Fieber, Fig. 2), it seems likely to present vocaliza- 
tion phenomena analogous to ours (for example, Tettigonia 
viridissima (L.), Fig. 3). e 

For the experimental work, Metrioptera roeselii 
(Hagenbach) was used, supplemented by structural investi- 
gations of some other British species. The first crude 
exploratory investigations apart, I thank Messrs, B. and K. 
Laboratories for loan of the instrumentation needed for 
these ultrasonic insects; a frequency compass of 800 c/s— 
60 ke/s + 2-25 db. was achieved for the overall procedure. 
Fig. 4 shows the sound spectrum of a typical unoperated 
insect. 

The procedure was to record, coat the mirror with latex 
adhesive (‘Copydex’), allow it to set, and record again; 
then to coat the *countermirror" (the corresponding cell 
of the other tegmen, which is opaque and very much 
thickened) and record again; peel the latex off the mirror 
and record again; and, finally, peel the countermirror and 
record again with the status quo ante restored.  Oscillo- 
grams and sound spectra were made from endless tape 


loops selected for coverage of the full diversity available; 


the doeumentation is bulky and a detailed analysis will 
appear elsewhere as part: of a general study of orthopteran 
phonomorphosis (determination of wave-form by features 
of the generator), but it can be stated that the variations in 
the oseillograms show no correlation with the state of the 
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mirror or countermirror. General intensity was slightly 
depressed by the coating, as might be expected, and the 
sound speetra showed the following features (male 6): 

(1) General outline and principal waveband the same 
throughout as in Fig. 4; (2) with the mirror deadened, 
there was in general a leftward shift of the main peak 
(25 ke/s) but not the whole spectrum, to about 19 ke/s, 
but there were exceptions, showing this was not an obliga- 
tory result of the treatment; (3)the 19-ke/s peak cannot 
be due to countermirror resonance, since in half the 
series showing it the countermirror was itself coated; 
(4) ‘restoration’ of the mirror did not at once restore the 
25-ke/s peak, which, however, re-appeared in one spectrum 
where the countermirror was still latexed. 

Thus there is no evidence as yet to connect the varia- 
tions in spectra with the experimental treatments; the 
insects, moreover, moved about in the cages (closely 
followed by the mierophone, of course) sometimes 
approaching, sometimes leaving the ultra-violet lamp, so 
physieal eonditions and (probably) behaviour patterns 
were changing throughout, and could well aecount for the 
relatively small variations of detail reported. Indeed, the 
striking fact is the closeness of the broad similarity between 
spectra, which could scarcely be expected if the mirror were 
vital to shaping the sound picture. 

Investigation of detailed tegmen topography shows that 4 
areas neighbouring the mirror are nearly as thin (Fig. 1); 
and the relatively heavy ‘frame’ of the mirror appears 
almost to be suspended by these so that not only could 
the mirror vibrate within the frame as Pierce supposed (if, 
that is, vibrations could reach it in the first place), but also 
the frame and mirror could oscillate as a whole. Now the 
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classical plectrum is the upturned anal 
angle of the tegmen, but here the corre- 
sponding corner of the frame carries a 
dorsal lip, too, which manipulation shows 
is perfectly capable of being traversed by 
the file and thus of mediating frame vibra- 
tion. Again, such is the framework, 
that stresses in the moving tegmen could 
be exploited to buckle the mirror tymbal- 
wise. 

Examination of other species reveals 
striking diversity in the mirror arrange- 
ments themselves, from a single, well- 
differentiated mirror surrounded by thick- 
ening right up to its frame (that is, fulfilling 
Pierce’s assumption (b) ) (Tettigonia viridis- 
sima (L.)), or even with thickening 
invading the mirror itself (Conocephalus dorsalis (Latr.)), 
through the Metrioptera condition to that of Platycleis 


` denticulata (Panz.), with virtually 2 adjacent mirrors and 


thickening everywhere else. In some species, again, there 
are grounds for thinking that the usual plectrum is totally 
replaced by the frame corner noted here as possibly a 
plectrum in Metrioptera and others. 

If then the provisional hypothesis arising from these 
experiments is that the main normal generative process in 
M. roeselii is from the whole membrane of both tegmina 
rather than from the single resonant cell of Pierce’s view, 
nevertheless the morphology reveals scope for endless 
variation of the mechanics across the gamut of all species 
and even, temporally, within species. Complexity piles 
on complexity, simple acoustic coupling may give 
place to temporary or permanent phonomorphie function, 
and this applies equally to air-column phenomena; 
Dumortier has suggested that the subtegminal air-column 
may have an acoustic coupling function analogous to that 
in a horn loudspeaker, but I would add that of a modifiable 
resonance cavity analogous to the oro-pharyngeal cham- 
bers*, and the whole problem is now being attacked on a 
wide front. 

I thank Mr. T. E. Hughes for advice and criticism, 
Dr. J. D. Pye for instructing me in the making of very 
fine condenser microphones, and Dr. D. M. A. Mercer for 
discussion concerning the physics. 

W. B. BROUGHTON 

Sir John Cass College, London, 

and Birkbeck College, London. 

! Pierce, G. W., Songs of Insects (Cambridge, Mass., 1948). 
* Haskell, P. T., Insect Sounds (London, 1961). 


* Dumortier, B., in Acoustic Behaviour of Animals, edit. by Busnel, R, G. 
(Amsterdam) (in the press). 


* Pasquinelly, F., and Busnel, M. C., in L'Acoustique des Orthoptères, edit. 
by Busnel, R. G. (Paris, 1955). 

* Broughton, W. B., in Acoustic Behaviour of Animals, cited in ref, 3. 

* Haskell, P. T., ín litt. (1953). 


GENETICS 


Karyotype of the Fox 


TugoucGH work with short-term cultures of leucocytes 
from peripheral blood according to the phytohwmagglu- 
tinin method, the opportunity arose to examine the 
chromosome complement of the red fox (Vulpes vulpes 
Lin.. As no description of the chromosome morphology 
has previously been published, these observations are of 
some interest. Wodsedalek! determined the chromosome 
number at 42, with sex chromosomes of the XY type, 
while Andres* found the chromosome number in haploid 
cells to be 17. In 1947, Makino? found 38 chromosomes in 
the spermatogonia of the silver fox and this number was 
later confirmed by Lande‘. 

Short-term cultures of leucocytes from peripheral blood 
were made according to the method of Moorhead et al.* 
with some modification. Blood samples could be taken 
very simply through the v. saphena. Agglutination and 
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sedimentation were obtained by storage in 
the refrigerator for 3 h. Attempts at using 
phytohzmagglutinin or dextran for more 
rapid sedimentation were not encouraging. 
The supernatant was removed and centri- 
fuged at about 1,000 r.p.m. for 10 min. 
After pipetting off the serum, the leucocytes 
were resuspended in Parker 199, so that a 
concentration of more than 1,000,000 cells 
per c.c. was obtained. Finally, 0-1 e.c. of 
phytohemagglutinin (Difco) was added to 
10 ml. of medium. The cultures were incu- 
bated for three days at 37° C and then 
sufficient colchicine was added to make a 
concentration of 10-7 M. In order to obtain 
‘@ hypotonic fluid, the cell suspension “was 
mixed with distilled water 1 h later. After a 
further 20 min, the cells were fixed in 9 
parts of 60 per cent acetic acid, plus 1 part 
of 0-1 N hydrochlorie acid, and stained 
with aceto-orcein (2 per cent orcein in 60 per 
cent acetie acid). Squash preparations were 
made and the chromosomes were examined 
in semi-permanent mounts of Krónig cement. 

The number of chromosomes was determ- 
ined at 38 (Figs. 1 and 2) and these can be 
divided into two groups. The larger group 
consists of chromosomes 1-16 and X, all 
of which have a medially, sub-medially or 
sub-terminally situated centromere. The X 


Fig. 2. Mitotic chromosomes in a leucocyte from a fox female | x e, 1,600) 
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chromosome was of medium size with the centromere 
placed sub-medially to sub-terminally. The smaller group 
consisted of five ‘microchromosomes’ in the male and 
four in the female, and these were a great deal smaller 
than the members of the larger group (Fig. 3). The 
position of the centromere in these ‘microchromosomes’ 
was very difficult to determine, and the nature of the 
small secondary arms observed in some cases was very 
unclear, Y is the smallest chromosome in the complement 
and has a sub-medially placed centromere. 
INGEMAR GUSTAVSSON 


Department of Animal Genetics, Nutrition and Hygiene, 
Royal Veterinary College, 
Stockholm, Sweden. 
1 Wodsedalek, J. E., Anat. Rec., 51, 70 (1931). 
* Andres, A. H., Cytologia, 9 (1938). 
? Makino, S., Fac. Sci. Hokkaido Univ., 9, 345 (1947). 
* Lande, O., Nature, 181, 1353 (1958). 


‘Moorhead, P. S., Nowell, P. C., Mellman, , Battips, D. M., and 
Hungerford, D. A., Ezp. Celi’ Res., 20, "n Tapto. 


SOIL SCIENCE 


Ammonium Production in Soil under 
Waterlogged Conditions as an Index of 
Nitrogen Availability 


Many methods of obtaining an index of the availability 
of soil nitrogen to plants have been proposed, but it is 
generally accepted that the most satisfactory methods 
currently available are those involving estimation of the 
mineral nitrogen formed when soil is incubated under 
conditions which promote mineralization of the organic 
forms of soil nitrogen by soil micro-organisms". 
Numerous incubation techniques have been used for 
estimation of mineralizable soil nitrogen, but methods 
involving determination of the nitrate produced by incub- 
ation under aerobic conditions at 28°-35° C for 2-4 weeks 
have been generally preferred*. However, recent work has 
shown that these nitrate-production methods are open to 
serious criticisms, and that the total mineral nitrogen 
produced during incubation should be determined*. Also, 
the use of aerobic incubation techniques is complicated by 
problems in establishment and maintenance of satis- 
factory conditions of incubation**. In an attempt to 









eliminate these problems and to develop an ineubation 
method of estimating mineralizable nitrogen that is 
suitable for routine analysis of soils, we have investigated 
the possibility that methods involving estimation of the 
ammonium produced by ineubation of soil under water- 
logged conditions may provide an index of nitrogen 
availability. This investigation led to development of the 
following method of assessing mineralizable soil nitrogen: 
Place 12-5 + 1 ml. of water in à 16mm x 150 mm test 
tube, and add 5 g of air-dried, sieved («2 mm) soil. 
Stopper the tube and place it in a constant-temperature 
cabinet at 30° C for 2 weeks. At the end of this period, 
shake the tube for about 15 sec and transfer the contents 

to a 150-ml. distillation flask designed for use with the 
steam distillation apparatus described by Bremner?. 
Complete the transfer by rinsing the test tube three times 

5 with 3-5 ml. of 4 N potassium chloride using a total of 
125.41 ml. of this reagent. Then add 0-25 + 0-05 g of 
heavy, carbonate-free MgO, and determine the amount of 
 emmonium-nitrogen in the incubated soil sample by 
-Collection and titration of the ammonia-nitrogen liberated 
i by steam distillation of the soil-potassium chloride mix- 
; ture for 4 min using the distillation apparatus and tech- 
nique described by Bremner?. (In this technique, the 
rate of distillation is approximately 7-5 ml. per min, and 
the ammonia liberated by distillation is collected in a 
50-ml. Erlenmeyer flask containing 5 ml. of boric acid- 
indicator solution and is determined by titration of the 

_ distillate with standard (0-0005 N) sulphurie acid.) 
Determine the amount of ammonium-nitrogen present in 
«the sample before incubation by the procedure used for 
< analysis of the incubated sample, and calculate mineraliz- 
able nitrogen from the difference between the results of 
A close relationship has been found between the amount 
ammonium-nitrogen produced by incubation of soils 
der waterlogged conditions as described here and the 
amount of (ammonium + nitrate + nitrite)-nitrogen 
produced by incubation under aerobic conditions. This is 
;' Mlustrated by Fig. 1, which shows the relationship obtained 
using 39 samples óf cultivated Black Earth soils from the 
Darling Downs, Queensland. The aerobie incubation tech- 
“nique ‘utilized in this comparison involved the use of 
quartz sand as a physical amendment and gave much more 
: mpre duible results than other aerobie incubation methods 
soo Ehe dneubation technique described is very simple 
. compared with aerobic incubation procedures, and its 
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(Ammonium + nitrate + nitrite)-N produced by incubation 
for 2 weeks at 30" C under aerobic condit íp.p.m.) 


Fig. 1. Relationship between ammoniüm-nitrogen production in soiis 
incubated under waterlogged conditions and (arm um + nitrate + 
Bitrite)-nitrogen production in solls incubated under aerobic conditions 





value as a routine method of assessing the potential 


ability of soils to provide nitrogen for crop growth is now 
being investigated in the Soil Testing Laboratory at Iowa 
State University. Its main advantages over the incuba- 
tion methods at present used to obtain an index of nitrogen 
availability are: (1) It is rapid and precise, and is readily, 
applicable to both air-dried and field-moist soils. (2) Tt 
does not require the use of amendments or preliminary 
analyses to determine the amount of water required for 
incubation (the amount of water added is the same for all 
samples) (3) Only ammonium produetion need be 
determined, because the conditions of incubation are such. 
that no nitrate (or nitrite) is produced (the value of the 
method apparently depends on the faet that no oxida- 
tion of ammonium occurs under the conditions of incuba- 
tion adopted). (4) Only a small sample of soil is needed, | 
and no extraction is required in the method used to determ- 
ine ammonium. (5) It is not necessary to aerate during 
incubation or to incubate for longer than 2 weeks (mineral- 
ization is more rapid under waterlogged than under aerobic. - 
conditions, and a 1-week period of incubation appears to | 
be adequate using the technique described). 3 


S. A. WARING* 
J. M. BREMNER 
Department of Agronomy, 
Towa State University, 
Ames, Iowa. 


zá Prosent address: Department of Agriculture, University of Queensland, 
ne. 


1 Harmsen, G. W., and van Sehreven, D. A., Adv. Agronomy, 7, 290 (1955). . 
? Bremner, J, M., Methods of Soil Analysis, edit. by Black, C. A, (Amer. 
Soc, Agron., Madison) (in the press), SE 


PSYCHOLOGY 


After-effect of Seen Motion : Transfer from Ro 
to Cones and Vice Versa 


ViSUAL fixation of a rotating wheel generates an after. 
effect of motion: a stationary wheel viewed, afterwards | 
appears to rotate in the opposite direction. 1t has been 
found that if the rotating wheel is seen in photopic (cone). 
vision, then the after-effect can be elicited on a stationary : 
wheel viewed. in scotopic (rod) vision, and. vice versa. > 

For the cone vision condition, the dimly lit wheel was: 
viewed through a 1-mm artificial pupil and an Ilford tri- 
chromatic red filter, and for rod vision through the artificial | 
pupil and an Ilford trichromatic blue filter. In rod vision - 
the blue looked achromatic. D 

Five dark-adapted subjects viewed monoeularly a black 
and white sectored wheel rotating at 30 r.p.m. for. 30 see. 
The wheel's diameter subtended 8? at the eye, and since 
foveal acuity is very poor in rod vision, the fixation point 
was placed 0-5? outside the circumference. . The wheel 
was then stopped, the filter changed very rapidly by means. 
of a slide holder when necessary, and the after-effect timed | 
with a stop-watch. — . 7 

Results are given in Table 1 (mean of 5 subjects; with 
4 readings per subject per condition). Eas 










.  Table1 Lic 
Rotating wheel Stationary wheel — After-efféct 
Condition (stimulus) - (after field) (8ec) 
1 Cones Cones 93 
2 Cones Rods 10°5 
3 Rods Rods 1t9 
4 Rods Cones - 98 


It is concluded that an after-effect of motion generated 
via the rods can be elicited via the cones and vice versa. _ 
This work was carried out while I was holding a research. 
studentship awarded by the Department of Scientific and _ 
Industrial Research. E d 










Psychological Laboratory, 
University of Cambridge. 


~ 
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FORTHCOMING EVENTS 


(Meetings maiked with an asterish are open to the public) 


Monday, March 2 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 5 pm —Colonel W A Seymour and Colonel B St Irwm “The 
Continuous Revision of Ordnance Survey Maps and Plans" 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piccadilly, London, W 1), at 530p m —Mr J Crampton “Vertical Take- 
1ghter'" 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 6 30 p m —Dr S H Jenkins “Water Pollution 
Prevention" (Jubilee Memorial Lecture) 


INSTITUT FRANÇAIS DU ROYAUME-UNI (at Queensberry Place, London, 
S W 7), at 8 15 p m —French Scientific Films * 


Tuesday, March 3 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, WC 1), at 115 p m —Prof R L F Boyd “Space 
Research—University College" * 


UNIVERSITY OF LONDON (at Wye College, Wye, near Ashford, Kent), 
at 5pm —Monsieur F P Pansiot (Food and Agriculture Organization 
of the United Nations) "International Co-operation for the Improvement 
of Food Crops in Developing Countries with particular reference to Horti- 
eultural Crops" * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
SW1,at580pm—Mr R H H Kirkham “Recent Research into the 
Construction of Concrete Pavements” 


UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, University 
College, Gower Street, London, W C 1), at 5 30 p m —Prof George Wald 
(Harvard University) “The Problem of Visual Excitation” * 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 Gordon 
Square, London, W C 1), at 5 45 p m —Prof Irving Rouse (Yale) ''Carib- 
bean Archeology the Paleo- and Meso-Indian Epochs" * 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Discussion 
Meeting on “‘On-Load Charging of Reactors” 


PLASTICS INSTITUTE (at the Wellcome Building, Euston Road, London, 
N W1), at 630 pm—Dr I G Holden “Forensic Science" 


INSTITUT FRANCAIS DU ROYAUME-UNI (at Queensberry Place, London, 
SW7) at 7 pm—Mr Andre Maréchal “La Politique de Ja Recherche 
Scientifique en France’ * 


Wednesday, March 4 


SOCIETY FOR ANAL\TICAL CHEMISTRY (at the Royal Society, Burlmgton 
House, Piccadilly, London, W 1), at 3 p m —Annual General Meeting 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION (at 1 
Wimpole Street, London, W 1), at 515 pm —Dr Martm M Whittet 
“Historical Aspects of Celtic Medicine" 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W 1), 
at 530 pm—Mr L L Payne “Present and Future Trends in Rotary 
Drilling Technology” 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 8 W 7), 
at530pm—Dr H L Penman “Climate and Soils" (Margary Lecture) 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm—Mr A G Sheppard “Some Aspects of Urban Rebuilding” 
(Alfred Bossom Lecture) 


BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS GROUP 
(at the London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W C 1), at 6 pm —Mr P Tharma “Recent Trends 
m Transistor Audio-Amplifler Design" 


UNIVERSITY OF LONDON (in the Beveridge Hall, Senate House, London, 
WC1), at 6 pm—Sir Herbert Broadley, KBE “Food and People" 
(Birkbeck College Haldane Memorial Lecture) * 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society Hall, 
20 Bloomsbury Way, London, W C 1), at 615 pm —Miss A E S Muls 
“Information Services at BSIR A" 


SOCIETY FOR VISITING SCIENTISTS (at the English-Speaking Union, 
Dartmouth House, 37 Charles Street, London, W 1), at 7 30 p m —Dis- 
cussion Meeting on “Taking Risks with Lives" Chairman Mr Norman 
Capener Speakers Prof J McMichael, FRS,Mr L G Norman and 
Mr F H Tyrer 


Wednesday, March 4—Thursday, March 5 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent's 
Park, London, N W 1), at 10 30 a m daily—Symposium on “The Mollusca” 
organized by Prof C M Yonge, CBE,FRS 


Thursday, March 5 


ROYAL SOCIETY (at Burlimgton House, Piccadilly, London, W 1), at 
430pm—Prof G H Beale, FR S_ “Some Recent Work on Cytoplasmic 
Particles in Paramecium” (Review Lecture) 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great 
George Street, London, S W 1), at 5 30 p m —Informal Discussion on ‘‘Rain- 
fall” introduced by Mr R H Clements 


UNIVERSITY OF LONDON (in the Large Lecture Theatre, King’s College, 
Strand, London, W C 2), at 530 pm —Dr M Levison ‘The Computer 
and its Use ın Language Problems" (Further lecture on March 6 )* 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 Gordon 
Square, London, WC 1), at 545 pm —Dr B S J Isserlin “The 1963 
Excavations of the Leeds-London Fairleigh Dickinson Expedition at the 
Pheenician Site of Motva near Marsala in Sicily” * 
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INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engmeermg, Southwark Bridge Road, 
London, S E 1), at 6 pm—Mr E G Russell Roberts ‘Automation for 
Large Marine Refrigerating Plants" 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Discussion 
Meeting on “Is There a Frequency Effect in Fatigue ?” 


SOCIETY oF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 Belgrave 
Square, London, S W 1), at 615 pm—Dr S Jacobs "'Ultrafilter Mem- 
branes and their Biological Applications” 


INSTITUTE OF METALS (at 17 Belgrave Square, London, S W 1), at 7 pm 
—Mr I G F Walker and Mr D G Clark “The Challenge of Plastics 
to Metals 1n the Motor-Car Industry" d 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at West Ham 
College of Technology, Romford Road, London, E15), at 7 pm —Mr 
W H Muller “The Testing of Consumer Goods” 


Friday, March 6 


UNIVERSITY OF LONDON (at the National Institute of Adult Education, 
35 Queen Anne Street, London, W 1), at 2 15 pm —Dr E J King “The 
Impact of Technological Change" 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C 1), at 6 30 p m —Prof D W Fawcett (Harvard 
Medical School) “The Membrane Systems of the Cytoplasm—Their Struc- 
ture and Functions" * 


COLOUR GROUP (GREAT BRITAIN) (Jomt meeting with the LONDON REGION 
of the SOCIETY OF DYERS AND COLOURISTS, at the Royal Society, Burlington 
House, Piccadilly, London, W 1), at 615 p m —Mr K McLaren ‘“De- 
fective Colour Vision—Its Nature and Diagnosis” 


RoYaL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint méeting with 
the BRIGHTON COLLEGE OF TECHNOLOGY CHEMICAL SOCIETY, at the 
Brighton College of Technology, Lewes Road, Brighton), at 7 p m —Prof 
g E Contes “Some Problems ın the Chemistry of Group IB and IIB 

ements” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 p m — 
Dr € G Butler ‘Control of Behaviour in the Honeybee Colony" 


Saturday, March 7 


ASSOCIATION OF CLINICAL BIOCHEMISTS, SOUTHERN ENGLAND AND SOUTH 
WALES REGION (at the Hospital for Sick Children, Great Ormond Street, 
London, W C 1), at 2 15 p m —Annual General Meeting, 3 p m—Scientific 
Papers and Demonstrations 


LONDON County COUNCIL (at the Horniman Museum, London Road, 
Forest Hill, London, S E 23), at 3 30 p m —Dr R H Hedley ''Forammufera 
(Marine Microscopic Animals), Their Biology and Economic Use" * 


Monday, March 9 


UNIVERSITY OF LONDON (at the Imperial College of Science and Tech- 
nology, London, S W 7), at 4 30 p m —Prof A Seeger (Stuttgart) “Point 
Defects in Metals 1 ‘The Nature of Point Defects m Metals" (Further 
lectures on March 10, 11, 12 and 13 )* 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, WC 1), at 
5 30 p m —Prof W C Kneale “The Delimitation of Science” 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C 1), at 5 30 p m —Sir George Thomson, F R 
“The History of the Electron” (Further lectures on March 10 and 11 )* 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westmunster, London, S W 1), at 6 p.m —Discussion 
Meeting on ‘Suppression of Mechanical Noise in Process Machmery” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 630 pm —Mr 
P A Milburn “The Use of O1] as an Insulant" 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

ASSISTANT LECTURER IN BACTERIOLOGY—The Registrar, The University, 
Manchester 13 (March 7) 

LECTURER IN SocloLoGy—The Secretary, The University, Edinburgh 
(March 7) 

LECTURER (with a good degree or its equivalent ın engineering and pre- 
ferably some professional experience since graduation) IN THE DEPARTMENT 
OF MECHANICAL AND MARINE ENGINEERING—The Registrar, The Univer- 
sity, Newcastle upon Tyne 2 (March 7) 

LECTURER or ASSISTANT LECTURER IN Economic GEOGRAPHY—The 
Registrar, University of Sussex, Stanmer House, Stanmer, Brighton, Sussex 
(March 10) 

DIRECTOR OF THE COMPUTER UNIT—The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (March 12) 

LECTURERS (2) IN BOTANY—Secretary of University Court, The Univer- 
sity, Glasgow (March 13) 

ASSISTANT LECTURERS (2) (men or women graduates in sociology, 
psychology or related disciplines) IN THE DEPARTMENT OF SOCIOLOGY— 
The Registrar, The University, Leicester (March 14) 

ASSISTANT LECTURERS OR LFOTURERS (2) IN THE DEPARTMENT OF PURE 
MATHEMATICS AND STATISTICS—The Registrar, University College of South 
Wales and Monmouthshire, Cardiff (March 14) 

LECTURER (Grade II) IN PsycHoLoGy—The Registrar, Universit, of 
Bristol, Senate House, Bristol 2 (March 14) 

LECTURER IN THD DEPARTMENT OF GEOLOGY AND MINERALOGY—The 
Secretary, The University, Aberdeen (March 14) 

LECTURERS (with interests in theoretical or experrmental physics) IN 
THE DEPARTMENT OF NATURAL PHILOSOPHY—The Secretary, The Univer- 
sity, Aberdeen (March 14) 

POSTGRADUATE RESEARCH STUDENTS (4) IN SOCIOLOGY—The Registrar, 
The University, Sheffield (March 14) 

PROFESSOR AND HEAD (with considerable experience m research and 
lecturing m a university in either physics, chemistry, zoology or botany | 
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administrative experience, and preferably experience m Asia or Africa) OF 
THE FACULTY OF SCIENCE, University College of Cape Coast, Ghana—The 
Assistant Registrar (Overseas), University College of Cape Coast, 15 Gordon 
Square, London, W C 1 (March 14) 

SENIOR LECTURER IN THE DEPARTMENT OF PsvoHuonoaYy—-The Secretary, 
The University, Aberdeen (March 14) 

ASSISTANT LECTURER IN THE DEPARTMENT OF CHEMISTRY—The Secre- 
tary, The University, ‘Edinburgh (March 16) 

ASSISTANT LECTURER (preferably with qualifications in, or an interest 
in, theoretical physics) IN THE ‘DEPARTMENT OF PHysics—The Registrar, 
University College of South ‘Wales and Monmouthshire, Cardiff (March 20) 

DEMONSTRATORS IN ParnoLogy—The Registrar and Secretary, The 
University, Bristol (March 20) 

RESEARCH DEMONSTRATOR (preferably with quahfications in, or an M- 
terest 1n, theoretical physics) IN THE DEPARTMENT OF PHYSIOS—Prof A J.C 
Wilson, Department of Physics, University College of South Wales and 
Monmouthshire, Cardiff (March 20) 

CHAIR OF ZOOLOGY—The Secretary and Registrar, The University, 
Southampton (March 21) 

LEOTURER IN ANIMAL ECOLOGY IN THE DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES—The Secretary, University of Edinburgh, Old College, 
South Bridge, Edinburgh (March 21) 

ASSISTANT LECTURER IN SocroLoaY—The Secretary, University of Exeter, 
Northcote House, The Queen’s Drive, Exeter, Devon (March 23) 

LECTURER IN MATHEMATICS at the Royal University of Malta—The 
Secretary, Inter-University Council for Higher Education Overseas, 29 
Woburn Square, London, W C 1 (March 23) 

CHAIR OF PSYOHOLOGY—The Secretary, University of St Andrews, 
College Gate, St Andrews, Fife, Scotland (March 31) 

LECTURER IN PHYSIOS at the University of Hong Kong—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Hong Kong and London, March 31) 

SENIOR RESEARCH ASSOCIATES (post-doctoral) (2), to work on combustion 
problems associated with magnetohydrodynamic (MH D) power genera- 
tion—The Registrar, The University, Newcastle upon Tyne 2 (March 31) 

‘LECTURER IN THE DEPARTMENT OF MORAL PHILOSOPHY—TIhe Secretary 
The Umversity, Edinburgh (April 1) 

LECTURER IN THE DEPARTMENT OF LOGIO AND METAPHYSICS—The 
Secretary, The Umversity, Edinburgh (April 3) 

LECTURER (with special interests in physical organic chemistry) IN 
oor Ra of University Court, The University, Glasgow 

pril 13; 

pm ORGANIO CHEMISTRY at the University of the Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S W1 
(South Africa and London, April 15) 

LEOTURER or ASSISTANT LECTURER IN MARINE GEOLOGY IN THE DE- 
PARTMENT OF PHYSICAL OCEANOGRAPHY—The Registrar, University College 
of North Wales, Bangor, North Wales (April 30) 

RESEARCH STUDENTS (with a good honours degree or expecting to obtam 
such a degree this summer) IN ‘Prysics—Head of the Physics Department, 
ecg Collen of Science and Technology, Battersea Park Road, London, 

prr 

SENIOR FELLOW IN THE DEPARTMENT OF Gxopuysics, Institute of Ad- 
vanced Studies, Australian National University—The Secretary, Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (Australia and London, April 30) 

CHEMIST, BIOOHEMIST or PHYSIOLOGIST (graduate), to work on the 
metabolism of calcium, strontium and exsium—The Admmustrator, Radio- 
biological Research Unit, Medical Research Council, Harwell, Didcot, 
Berkshire, marking envelope ‘GHT’ 

LECTURERS (2) IN THE DEPARTMENT OF ZOOLOGY AND APPLIED ENTOM- 
OLOGY, one to take a course in elementary statistics for biologists, and 
the other to give a course of elementary genetics, and also to conduct 
research in either applied entomology, nematology or population genetics— 
The Professor's Secretary, Department of Zoology and Applied Entomology, 
Imperial College of Science and Technology, London, S W 7 

RESEAROH ASSISTANTS and DEMONSTRATORS (graduate students studying 
for the MA or PhD degree in chemistry)—Prof D J Le Roy, Head, 
Department of Chemistry, University of Toronto, Toronto 5, Ontario, 
Canada, quoting Ref ‘GSC’ 

RESEARCH STUDENTS (honours graduates or students who will graduate 
im June) IN THE DEPARTMENT OF BrocHEMISTRY— The Registrar, The 
University, Hull 

TROHNIOIAN or SENIOR TFOHNICIAN (preferably with some knowledge 
of electronics) IN THE ZOOLOGY DEPARTMENT, to take charge of a physio- 
logical laboratory, including the preparation of undergraduate practical 
classes and to assist with postgraduate research— The Registrar (ZTST), 
Queen Mary College (University af London), Mile End Road, London, E 1 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


National Research Development Corporation Report and Statement of 
Accounts for the year 1st July, 1962, to 30th June, 1963 Pp $8 (London 
HM Stationery Office, 1963 ) 2s 6d net [2012 

Department of Scientific and ‘Industrial Research Automation at Low 
Cost, 4° Simple Automation of Machine Tools Pp 12 (London Informa- 
tion Division, Department of Scientific and Industrial Research 1963 ) [2012 

Domestic Fuel Supplies and the Clean Aur Policy d 2931) Pp 
ni--20 (London HM Stationery Office, 1963 ) 1s 6d net [2012 

Ministry of Housing and Local Government Circular No 69/63 Clean 
ArrAct,1956 Pp 11 (London HM Stationery Office, 1963 ) 1s net [2012 

The Fruitand Vegetable Canning and Quick Freezing "Research Ássociation 
Technical Bulletin No 8_ The Tamtıng of Canned and Quick Frozen Fruit 
and Vegetables By V D_Arthey and W B Adam Pp 48 (Chipping 
Campden The Fruit and Vegetable Canning and Quick Freezing Research 
Association, 1963 ) 12s 6d [2012 

National Farmers’ Union Essex County Branch Essex Fermers’ Hand- 
book, 1964 Pp 80 (Chelmsford Essex Farmers’ Union, 1963) [2012 

Productivity ın British Industry By K G B Bakewell (Special Subject 
Tust, No 41) Pp 30. (London The Library Association, 1903 ) 6s (LA 
Members, 48 ) 

The Association of Commonwealth Universities Report of the Council 
together with the Accounts of the ‘Association for the year ist August 1962 to 
31st July 1963 Pp 38 (London The Association of Commonwealth 
Universities, 1963 ) [2012 
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The North of Scotland College of Agriculture Calendar, 1963-64, Pp 148. 
(Aberdeen The North of Scotland College of Agriculture, 1963 ) [2012 
Unconscious and Paranormal Factors rn Healing and Recovery By Emilio 
Servadio (The Fifteenth Frederic W H Myers Memorial Lecture, 1963 ) 
bs, Mondon Society for Psychical Research, 1 Adam and Eve Meme 
2012 
Chemistry and Industry Buyers Guide, 1964 Pp 158-+v (London The 
Society of Chemical Industry, 1964 ) 7s 6d [2012 
Philosophical Transactions of the Royal Society of London Series A 
Mathematical and Physical Sciences No 1065, Vol 256, (12 December 
1963) The Deformation of Transversely Loaded Disks Under Dynamic 
Loads By G Munday and D M Newitt Pp 1-30+plates 1 and2 148 , 
210 dollars No 1066, Vol 256, (12 December 1963) New Methods for the 
‘Analysis of Geomagnetic Fields and Their Application to the Sq Field of 
1932-3 By A T PrceandG A Wilkins Pp 31-98 25s 6d , 3 80 dollars 
(London ‘The Royal Society, 1963 ) (2012 
General Register Office Census 1961 England and Wales County 
Fea) eee Pp xxni-H177 (London HM Stationery Office, 
ne [2012 
Department of Technical Co-operation Colonial Research Studies, No 
36 A Reconnaissance Soul Survey of the Semporna Peninsula, North 
Borneo By T BR Paton Pp v+111+19 plates+8 maps (London 
HM Stationery Office, 1963 ) 28s (2012 


Other Countries 


Somalı Republic Annual Report of the Geological Survey Department of 
the Ministry of Industry and Commerce for period April 1961—March 1962 
Pp 25 (Hargeisa Geological Survey Department, 1962 ) So 3/- {2012 

Institutt for Atomenergi Kjeller Research Establishment Kjeller 
Report No 53 Advanced Course on Corrosion and Water Treatment 
Problems ın Water-Cooled Power Reactors, organized by the Netherlands- 
Norwegian Reactor School at Institutt for Atomenergi, Kjeller, Norway, 
19th August-30th August 1963 Lecture Notes by S Aas, M Bonnevie- 
Svendsen, J Boulton, F J Brutschy, P W Fmk, E W F Gillham, L 
Hammar, L Ljungberg, K Videm and D C Vreeland Pp 257+97 figures 
Kjeller Report No 54 Dnifference-Duifferential Approximations to a First 
Order Partial Differential Equation Desceribing the Hydraulics of Boihng 
Water Reactors By P Bakstad Pp 14+4 figures (Kjeller Institutt for 
Atomenergi, Kjeller Research Establishment, 1963 ) [2012 

Plasma Physics—Selected Reprints Pp 119 2 dollars Kinematics and 
Dynamics of Satellite Orbits—Selected Reprints Pp 108 2 doilars 
Mossbauer Effect—Selected Reprints Pp 127 2dollars Polarized Light— 
Selected Reprints Pp 108 2 dollars Quantum and Statistical Aspects of 
Iight—Selected Reprints Pp 92 2 dollars (New York American 
Institute of Physics, 1963 Published for the American Association of 
Physics Teachers ) [2012 

Annals of the New York Academy of Sciences Vol 108, Article 8 
Epizootiology of Cancer ın Animals By Meier, W G Hoag and 71 other 
TEAM Pp 617-1326 (New York New York Academy of Sciences, pn ) 

ollars 2012 

Inter-American Tropical Tuna Commission Annual Report for the year 
1962 Pp 149 (La Jolla, California Inter-American Tropical Tuna Com- 
mission, 1963 ) a [2012 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1573 Quality of Surface Waters of the United States, 1958 
Parts 7 and 8 Lower Mississippi River Basin and Western Gulf of Mexico 
Basins Prepared under the direction of S K Love Pp x1+588 A Primer 
on Ground Water By Helene L Baldwin and C McGuinness Pp 
{+26 25 cents Professional Paper 315-E Petrography and Environ- 
mental Analysis of Some Pennsylvaman Limestones from Central Texas 
By Robert T Terriere Pp 1v-+79-126 +plates 31-38 Professional Paper 
389-D Channel Widening and Flood-Plain Construction Along Cimarron 
River ın Southwestern Kansas By S A Schumm and R W Inchty 
Pp n1--71-88 Professional Paper 363 Geology of the Capitol Reef Area, 
Wayne and Garfield Counties, Utah By J Fred Smith, Jr, Lyman C 
Huff, E Neal Hinrichs and Robert G Luedke Pp 1v+102+plates 1 and 2 
Professional Paper 371 Geology of Uranium and Associated Ore Deposits, 
Central Part of the Front Range Mineral Belt, Colorado By P K Sims and 
others Pp vin4-120--plates 1-9 (Washington, DC Government 
Printing Office, 1963 ) [2012 

United States Department of the Interior Geological Survey Profes- 
sional Paper 372-O — Effects of Drought in Central and South Texas By 
H E Thomas and others Pp 12+31+plates 1-4 Professional Paper 
372-F Effects of Drought in the Colorado River Basm By H E Thomas 
and others Pp 11+51 Professional Paper 373-G Effects of Drought 
Along Pacific Coastin California By H E Thomasand others Pp 11+25+ 
plate 1. Professional Paper 379 Surficial Geology and Soils of the Elmira- 
‘Wilhamsport Region, New York and Pennsylvania By Charles S Denny and 
Walter H Lyford With a section on Forest Regions and Great Soil Groups 
by John C Goodlett and Walter H Lyford Pp iv+60+plates 1-6 
Professional Paper 388-A Surficial Geology and Geomorphology of the Lake 
Tapps Quadrangle, Washington By Dwight R Crandell Pp v+84+plates 
1 and 2 Professional Paper 414-D The Sierra Nevada Batholith—a 
Synthesis of Recent Work Across the ( Central Part By Paul C Bateman, 
Lorm D Clark, N King Huber, James G Moore and C Dean Rinehart 
Pp 1v+46+plate1 Professional Paper 436  Metamorphism 1n the Riggins 
Region, Western Idaho By Warren Hamilton Pp vi+95+ plates 1-3. 
Professional Paper 454-E New Data on the Isostatic Deformation of Lake 
Bonneville By Max D Crittenden, Jr Pp 11+31 Professional Paper 
475-C Geological Survey Research 1963—Short Papers in Geology and 
Hydrology, (Articles 60-121) Pp vi--283 (Washington, DC Govern- 
ment Printing Office, 1963 ) (2012 
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* An Announcement to the 
Physicist and Radiochemist 


"INDELIBADGE" service 


Your glass beakers, flasks, desic- 
cators and special apparatus per- 
manently and indelibly marked with 
this badge in colour. 


e“INDELIBADGE” 
immediately segregates glass 


apparatus on entry into 
your laboratory 


also 


e“POLYBADGE” 
E. i Polythene Radioactive Waste 


JENCONS dispesa! bags 


^ 


«“INDELIBADGE’’—The obvious safety precaution, 
at little or no extra cost Send for leaflet giving complete 
details of the new RADIOACTIVE MATERIALS symbol 
marking 


JENCONS of Heme! Hempstead, Hertfordshire 








Consider: isn’t this just 
plain common sense? 


We're talking about life assurance We're talking, in fact, about 
the oldest mutual lıfe office the Society that lard the foundations 
of life assurance as it is known today The ‘Old Equitable’, 
founded two hundred years ago, has this about it 

It has no-shareholders It pays no commussion for the intro- 
duction of business This 1s how life assurance was originally 
conceived, and m preserving these co-operative principles, the 
‘Old Equitable’ provides life assurance at cost price 

The ‘Old Equitable’ ts friendly and helpful, and it does a good 
job for your money For example, a quarterly payment of 
£17 126 secures a man of 25 an assurance of £3 000 sharing in 
major profits and payable at death whenever that should occur 
Such a policy taken out 50 years ago would this year yield over 
£10,000 on the death of the life assured if you would like to 
know more about the many kinds of assurance that the 'Old 
Equitable’ offers, please fill in the coupon below 


get in touch with the 


l The EQUITABLE Life Assurance Society 
{ 19 COLEMAN STREET, LONDON, ECz 


| Immediate Annuities [J Personal Pension [7] 


| School Fees [] Income for Dependants [J 

| Life & Endowment O Children's Policy [1 

| NAME - DATE OF BIRTH | 
(Block Letters Please) = 


| ADDRESS wm | 










cecevi 


‘AGLA? 


MICROMETER 
SYRINGE 

A precision instrument 
capable of measuring 
very small volumes of 
fluid with an accuracy 


of Œ 0:00005 mil. 


BURROUGHS WELLCOME & CO. 


(THE WELLCOME FOUNDATION LTD ) 


LONDON 


Ccecovin 


CLASSIFIED ADVERTISEMENTS 


are chnrged at 12s for the first hne and 
6s per hne thereafter Lines in capitals or 
contamig words mn capitals 12s per line 
Semi-displayed £4 16s per single couma 
S 15 
charged for the re-direction of replies to 
advertisements with & box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limited, 1 Clement’s Inn, Strand, London, 
W C2 Telephone HOLborn 4743 Tele- 
gams  Textualist, Estrand, London 


inch Colour (orange) £15 extra 


APPOINTMENTS VACANT 


UNIVERSITY OF MANCHESTER 


TURNER DENTAL SCHOOL 


Applications are invited. from dental, medical 
or science graduates with bactenological experi 
ence, for the post of Lecturer m Dental Bacterio- 
logy The successful candidate will have certam 
routine duties jn the dental hospital, where the 
major portion of his ume is to be spent, the 
remainder will be spent ım the Department of 
Bacteriology of the University, where the candi- 
date will assist ın the teaching of dental students 
Every encouragement wil be given, and ample 
facilities exist, for pursuing orginal work leading 
to higher quahfications , the work should prefer- 
ably have à dental application Salary scales per 
annum as follows £1,805 to £3,085 for medically 
or dentally qualified persons, £1,250 to £2,150 
for persons with qualifications in science — Initial 
salary according to qualifications and experience 
Membership of the FSSU and Children’s 
Allowance Scheme 

Applications should be sent as soon as possible 
but not Jater than March 31, 1964, to the Regis- 
trar, the University, Manchester, 13, from whom 
further particulars and forms of applicauon may 
be obtamed Applications by airmail letter in the 
first instance will be recerved from overseas can- 
didates, who should state the names and ad- 
dresses of three persons to whom reference may 
be made 


ROYAL COLLEGE OF ADVANCED 


TECHNOLOGY 
SALFORD 
ELECTRICAL ENGINEERING DEPARTMENT 
RESEARCH APPOINTMENTS 


Applications are invited from honours gradu- 
ates im appropriate subjects for the following 
vacancies 

1 Research Fellowships (2) for investigations 
in the field of conduction and breakdown ín 
liquids and gases Candidates should have a 
minimum of two years’ graduate experience, pre- 
ferably in research The appointments are for 
one year m the first mstance, renewable for up 
to a total of three years Salaries are in the 
range £970 to £1,670 per annum, depending on 
qualifications and experience 

2 A Research Studentship for work on charge- 
carrier transport phenomena in dielectrics The 
level of the work is such that the results could 
be presented for an external MSc or PhD The 
appointment is for one year in the first instance, 
renewable for further periods in suitable cases 
A studentship carmes a basic remuneration of 
£500 per annum, but this figure may be sub- 
Stanually exceeded, depending on the age, ex- 
perrence and circumstances of the candidate 

Further particulars of the above appointments 
and application forms may be obtained by writing 
to Dr J H Calderwood, Head of the Depart- 
ment of Electrical Engineermg, Royal College of 
Advanced Technology, Salford, 5, Lancs 








UNIVERSITY OF WESTERN 
ONTARIO 
DEPARTMENT OF BOTANY 


Applications ere invited for two newly estab- 
hshed posts from candidates with interests ın one 
or more of the following fields Microbial 
Genetics, Biometrics, Plant Physiology (with 
emphasis on Radiobiology and/or tissue culture) 
Interest in teaching elementary biology will be 
an additional quahfication The appointments 
will become effective on July 1, 1964, and, de- 
pending on qualifications and expenence, will be 
made at the level of Lecturer or Assistant Pro- 
fessor, within initial salary ranges of $6,000 to 
$6,500 and $7,500 to $8,000, respectively 

Applications, including curnculum vitae, state- 
ment of research interests and aims, recent photo- 
graph, names and addresses of two referees 
Should be sent to Professor C J Hickman, Head, 
Department of Botany, Umversity of Western 
Ontario, London, Ontario 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


HORTICULTURAL RESEARCH SECTION 


POST-DOCTORAL FELLOWSHIP IN 
GENETICS OR PLANT BREEDING 


The recently formed Horticultural Research Section, Merbem, Victoria invites applica- 
tions from Ph D graduates for a Post-Doctoral Fellowship in Genetics or Plant Breeding 

The Section 1s concerned pnmanly with research on woody perennial horticultural plants 
Current programmes include studies on the phystology and biochemustry of the vine and 
xs frui, breeding and clonal selection studies on vines and trees and basic and applied 
investigations on plant parasitic nematodes The Secuon has laboratones and field stations 
located at both Adelaide, South Australia and Merbem, Victoria Excellent facilitres for 
Jaboratory and field research are avatlable at these sites The successful applicant for the 
position would be required to take up his duties jn Merbein 

Research to be pursued dumng the term of the Fellowship would be basic and applied 
studies on the breeding of vmes and other woody perennial horticultural crops 

Applicants should have at least a Ph D degree and should have demonstrated research 
ability in plant breeding or genetics Previous experience with perennial plants 1s desirable 


but not essential 


The Fellowship is offered initially for a period of three years 
SALARY Dependent upon qualifications and experience, but will be not less than £A2,099 
per annum with a maximum of £A3,115 per annum 
Salary rates for women will be £A188 per annum less than the corresponding rates for 


men 


Fares paid for the appomtee and hus dependent family and return fares to point of 


origm wil be paid at the end of the appointment 


cation 10 


Further particulars supplied on appli- 


Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 


House, Kingsway, London WC2 


to whom applications (quoting Appointment No 


28, 1964 


490/131) should be addressed by March 


iker 


PHARMACOLOGIST 


Applications are invited from Graduates 1n. Pharma- 
cology or allied sciences to fill a vacancy 1n the newly 
created and well equipped Pharmacology Laboratories 
in Welwyn Garden City Research experience would 


be an advantage 


The Company offers a contributory Pension Scheme 


and BUPA Coverage 


Please write 1n the first instance to 
The Personnel Director, 
Riker Laboratories, 
Morley Street, 
Loughborough, 


Leics 


UNIVERSITY COLLEGE OF SOUTH 


WALES AND MONMOUTHSHIRE 
DEPARTMENT OF GEOLOGY 
Applications are invited for an Assistant Lec- 
turer with special interest m Palaeozoic/Mesozoic 

stratigraphy and/or Structural Geology 

Applications (six copies), containing the names 
of three referees, should be received not later 
than March 14, by the Registrar, University 
College, Cardiff, from whom further particulars 
may be obtained 





UNIVERSITY COLLEGE OF SOUTH 


WALES AND MONMOUTHSHIRE 
DEPARTMENT OF PHYSIOLOGY 

Applications are invired from graduates in 
Medicine or Science for the post of Lecturer in 
Physiology 

Applications (six copies), contaimmg the names 
of three referees, should be received not later 
than March 21, by the Registrar, University 
College, Cardiff, from whom further particulars 
may be obtained 
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Vacancies for GRADUATES in 


PHYSICS 
MATHEMATICS 
METALLURGY 


There are vacancies at Harwell for graduates who are interested 1n working in one of the following 
elds :— 





Harwell 


NUGLEAR PHYSICS Basic research into nuclear structure and reaction mechanisms 
Obyeciive research on nuclear cross-sections and other data for 
reactor calculations The comprehensive facilities available include 
the following accelerators 3 MeV Van de Graaff with nanosecond 
pulsing, 5 MeV Van de Graaff, 12 MeV Tandem Van de Graaff, 
170 MeV Synchrocyclotron and 28 MeV Electron Linear Accelera- 
tor producing neutrons from a sub-critical fissile target Research 
is also carried out on the structure of liquids and solids, using 
neutron scattering and Mossbauer techniques 

SOLID STATE PHYSICS Basic research into the electronic structure of solids Neutron 
beams, as well as conventional laboratory techniques, are used 1n 
the detailed investigation of magnetic and other solids Primary 
radiation damage processes 1n high purity materials are investigated 
by resonance and optical techniques 


THEORETICAL PHYSICS Research into the theoretical aspects of nuclear, solid state, liquid 
and neutron physics problems Research 1s at present 1n progress 
on the structure of the nucleus, nuclear reactions, elementary 
particles, many body theory of the electron gas and of liquids, 
magnetism, neutron scattering from solids and liquids, dislocations, 
radiation damage, atomic cross sections and phase transitions 


Research into numerical approximation, including applications of 
functional analysis, and related fields , and into non-numerical 
applications of large computers, especially artificial intelligence 
Research 1s at present in progress on non-linear sub-spaces of 
function spaces, minimisation techniques, differential equations, 
Imear algebra, quadrature methods, automatic optimisation of 
computer programmes, and project analysis 


MATHEMATICS 


METALLURGY Opportunities exist for experimental work and original basic 
research in the following fields metal bonded ceramics, fibre 
reinforced metals, x-ray diffraction, neutron diffraction, formation 
of atomic crystal defects, high temperature research on gas-solid 
reaction, low temperature research on the transuranic elements, 
dislocations and point defects, etc , using very advanced equipment 
such as Heavy Ion Accelerators, Microprobe Analysers, fully 
automatic single crystal! (four cycle) and powder neutron diffracto- 
meters, electron microscopes, etc 


Applicants should possess a First Class or a good Second Class Honours degree ın Physics, Mathe- 
matics or Metallurgy and should preferably have had postgraduate research experience at a 
university or similar institution 


Depending upon age and experience the initial salary for these posts will be within the range £850 
to £1,900 (with the possibility of salaries within the range £2,030 to £2,835 for exceptionally well 
qualified scientists) 


Housing Superannuation Scheme 


If you would like further details please write to Personnel Department (A 5047/34), Atomic 
Energy Research Establishment, Harwell, Berks 








UNIVERSITY OF LEEDS 


Applications are invited from those with suit- 
able scientific qualifications for appointment to 
the post of University Safety Officer Starting 
salary within the range £1,250 by £60 to £1,670 
by £80 to £1,830 by £80 to £2,150 , or £1,985 
by £80 to £2,385, depending on age, qualifications 
and experience 

Applications (three copies), naming three 
referees, should reach the Registrar, The Uni- 
versity, Leeds, 2 (from whom further particulars 
can be obtained), not later than March 23, 1964 


McGILL UNIVERSITY 


Vacancies have been created for a full Pro- 
fessorship in  Telecommunications , Associate 
Professorships in Control and in Power , and an 
Assistant Professorship in Acoustics Salary 
floors for full Professors are $12,000 , Associ- 
ates $9,000 , and Assistants $7,000, and all are 
under revision 

Applications should be sent to Prof G_L 
d'Ombram, Chairman, Electrical Engineering De- 
partment, Montreal, and from whom further 
details may be obtained 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 

Applications are mvited for a Research Assist- 
antship ın Organic Chemistry (stipend £1,050 by 
£50 to £1,150) tenable for one year in the first 
mstance with possible extension for a further 
year The Research Assistant will be expected 
to pursue research upon stereochemical problems 
m azomethine chemistry 

Applicaton forms may be obtained from the 
Registrar, Queen Mary College, Mile End Road, 
London, E1 Closing date March 16, 1964 


ccccex 
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This Company has been operating with scientific and technical staff ın Sunbury since December, 
1962, and due to expansion of premises and programme 1s now seeking additional staff for both 


Energy Conversion Limited 


A Company formed by a consortium consisting of British. Ropes, British. Petroleum, Guest, 
Keen & Nettlefolds and the National Research Development Corporation 


research and devefopment in fuel cells 


PHYSICAL CHEMISTS/SENIOR & JUNIOR SCIENTISTS 


Fully qualified and able to work 1n one or more of the following fields 


Electrode Kinetics , heterogeneous catalysis and surface chemistry , materials—in partcular 
powder metallurgy and surface coating techniques , corrosion , gas chromatography 


EXPERIMENTAL OFFICERS — HNC 


TECHNICAL ASSISTANTS —Min 2 A levels in science subjects 


Gas Chromatography 


Materials preparation 


Good remuneration 
Pension Scheme 1n operation 
Subsidized Restaurant facility 


Day release for further education on approved courses given consideration to Junior Personnel 


Apply in writing, stating age, qualifications and experience to 
General Manager, Energy Conversion Ltd., 
Chertsey Road, Sunbury, Middx. 


HEAD OF PHARMACOLOGY 


The European organization of an expanding Pharmaceutical Company with world-wide 
interests requires a well-qualified Pharmacologist to take charge of the Pharmacology 


Section of ats Therapeutic Research Laboratories 
orrentated towards the study of polypeptides 


with academic backgrounds 


Applicants for this position should preferably be 30-35 years of age 


Research 1s at a fundamental level, 
It should appeal particularly to candidates 


They should be 


creative, with a record of successful research, and should be able to direct and inspire 
the work of others It 1s 1mportant that they should be able to participate constructively 
with chemists and biochemists in the formulation and execution of research programmes 


The Laboratones are modern, well-equipped and situated in pleasant country convem- 


ently accessible to London 


. 


Applications in writing, with brief particulars, should be sent to 
The Scientific Director, 
Miles-Ames Research Laboratories, 
Stoke Court, Stoke Poges, Slough, Buckinghamshire. 





MID HERTS GROUP HOSPITAL 
MANAGEMENT COMMITTEE 


Senor Biochemist holding appropriate science 
degree or other approved qualifications, required 
The successful candidate will be based at Hill 
End Hospital St Albans, which is within easy 
teach of Central London Duties consist of the 
routne and advanced biochemical investigations 
for the Group and advanced investigations. from 
other laboratories m the area Research experi- 
ence an advantage Intending applicants may 
visit the laboratory, by appointment Salary 
£1,520 ring to £1,880 per annum 

Applications, stating age, qualifications and ex- 
perrence and naming two referees, to the Con- 
sultant Pathologist, Hill End Hospital, St Albans, 
Herts, as soon as possible 


UNIVERSITY COLLEGE OF 
SOUTH WALES AND 
MONMOUTHSHIRE 


DEPARTMENT OF MATHEMATICS 

Applications are invited for two Assistant Lec- 
turers or Lecturers in the Department of Pure 
Mathematics and Statistics Special considera- 
tion will be given to candidates with qualifica- 
tions and research interests in Analysis, Mathe- 
matical Statistics or Numerical Analysis, or En- 
gineering Mathematics 

Applications (six copies), contaming the names 
of three referees, should be received not later 
than March 14, by the Registrar, University Col- 
lege, Cardiff, from whom further particulars may 
be obtained 


Metallurgy 












Instrumentation 









IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 


Two Lecturers needed ın the Department of 
Zoology and Applied Entomology, one to take a 
course in elementary statistics for biologists, the 
other to give a course of elementary genetics 
They would also be expected to conduct research 
m either applied entomology, nematology or 
Population genetics These departmental needs 
mught be met in vanous combinations Pot of 
entry into the lecturer grade (£1,250 by £60 to 
£1,670 by £80 to £2,150 per annum, plus £80 
London Allowance) determined by age and ex- 
perience FSSU membership and family allow- 
ances 

Write to the Professor's Secretary, Department 
of Zoology and Applied Entomology, Impenal 
College, SW 7 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ELECTRICAL 
ENGINEERING 
LECTURESHIPS 


Applications are invited for one or more Lec- 
tureships in the Department of Electrical Engin- 
eering Applicants should have a good Honours 
degree and research experience ın semi-conductor 
materials or plasmas Salary scale £1,250 by £60 
to £1,490 , bar , £1,550 by £60 to £1,670 by £80 
to £2,150 per annum, with placement according 
to qualifications and experience, and with super- 
annuation benefit and family allowance where 
applicable The successful candidate(s) will be 
expected to take up duty on October 1, 1964 

Further particulars may be obtained from the 
undersigned, with whom applications (three 
copies), giving the names of two referees, should 
be lodged not later than April 1, 1964 


CHARLES H STEWART, 
Secretary to the University 


UNIVERSITY OF TORONTO 


Research Assistantships and Demonstratorships 
are available for graduate students studying for 
the MA or PhD degree in Chemistry Ad- 
vances to cover travel expenses may be arranged 
Research 1s being conducted in all branches of 
chemistry at the new Lash Miller Laboratories 

For further information write Professor D J 
Le Roy, Head, Department of Chemustry, Uni- 
versity of Toronto, Toronto 5, Ontario, Canada 
Ref GSC 
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UNIVERSITY OF THE WEST 
INDIES 


Applications are invited for the following posts 
in Mathematics ~ 

(a) Two Lectureships or Assistant Lectureships, 
one for candidates qualified m Statistics, m the 
Department of Mathematics m Jamaica An 
IBM 1620 computer ıs located m the Depar- 
ment, and is readily avaiable to staff 

(b) Lectureship or Assistant Lectureship at 
College of Arts and Science, Tnmidad 

(c) Senior Lecturestup or Lectureship and Lec- 
tureshtp or Assistant Lectureship at the College 
of Arts and Science, Barbados 

Appomtments to be assumed on or before 
October 1, 1964 

Salary scales Senior Lecturer, £1,950 by £90 
to £2,940 per annum Lecturer, £1,450 by £60 
to £1,810 by £80 to £2,290 per annum Assistant 
Lecturer, £1,200 by £50 to £1,350 per annum 
Child allowance £150 per annum first child, £100 
per annum second, £50 per annum third 
FSSU  Housmg allowance of 10 per cent of 
salary, or if available, unfurnished accommoda- 
uon wil be let by the Umversity at 10 per cent 
of salary Up to five full passages on appomt- 
ment, normal termimation and tnennial study 
leave 

Detailed applications (sx copies), naming three 
referees, should be sent by March 25, 1964, by 
persons living 1n the Americas and the Caribbean 
area to Registrar, University of the West Indies, 
Kingston 7, Jamaica, and by all others to Secre- 
tary, Inter-Umwversity Council for Higher Educa- 
ton Overseas, 29 Woburn Square, London, 
wWC1 Further particulars may be obtained 
similarly 
ee 

GOVERNMENT OF UGANDA 


Biochemust required to be :n charge of the Bro- 
chemistry Diviston of the Laboratory services 
located ın Kampala-and serving all parts of the 
country and all races Most of the work orig- 
ates from Mulago Hospital Excellent library 
facilities and opportunities for research Candi- 
dates should possess an honours degree in chem- 
istry, be Associates of Royal Institute of Chem- 
istry and have at least two years postgraduate ex- 
perience in medical biochemistry They must 
also be nationals of and permanently resident in 
Great Britain or the Republic of Ireland Ap 
pointment on contract for one tour of 21-27 
months Salary between £1,221 to £2,448 a year 
according to qualifications and experience 
Gratuity, taxable, of 25 per cent of total emolu- 
ments on satisfactory completion of contract 
Education allowances at varying rates — Mid-tour 
passages for children imm United Kingdom and for 
whom education allowance is bemg paid 
Quarters with heavy furniture available at a 
rental not exceeding £102 a year Return pas- 
Sages for officer, wife and dependent children 
Approximately 34 months home leave on full pay 
on satisfactory completion of contract Local 
leave of 16 days a tour 

Further information and application forms 
from the Department of Technical Co-operation, 
Room 404 Eland House, Stag Place, Victona, 
London, S'W1 (Please state full name and 
quote RC 205/153/026) 

Co ey 

UNIVERSITY OF NEWCASTLE 

UPON TYNE 


THE MEDICAL SCHOOL 
RESEARCH ASSOCIATE IN THE 
DEPARTMENT OF PATHOLOGY 


Apphcations are invited from graduates m Bio- 
logical Sciences, with interests ın histology, elec- 
tron microscopy and tissue culture, to assist m 
experimental work on the lung with general bio- 
logical applications — Opportunity to take a Ph D 
for a suitable candidate Commencing salary 
£650 to £850 per annum, according to qualifica- 
tions and experience Appointment is renewable 
annually 

Applications, including the names and addresses 
of two referees should be submitted as soon as 
possible to the Professor of Pathology, Royal 
Victoria Infirmary, Newcastle upon Tyne 1, who 
will supply further particulars 
eee 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF METALLURGY 


Applications are anvited for two posts of Lec- 
turer in Metallurgy to begm duties on October 
1, 1964 These posts have been created as part 
of the expansion of the Department which will 
move to a new building later this year PhD 
or equivalent experience in metallurgy is desir- 
able Initial salary according to qualifications 
and experience on the scale £1,250 by £60 to 
£1,670 by £80 to £2,150, with FSSU provi- 
sion and family allowance A grant towards 
removal expenses will be made 

Further particulars may be obtained from the 
Registrar, to whom applications (four copies) 
should be sent by March 21, 1964 


RESEARCH 
CHEMIST 


ts required for the Research Department to 
work on the synthesis, evaluation, and 
development of novel inorganic and organic 
polymer systems Work which leads to a 
basic understandmg of the chemistry of 
these new systems rs encouraged Further- 
more, in the normal course of events, the 
Chemist undertakes responsibility for any 
Promising developments which arise out of 
his research 


Applicants must be not more than 30 
years of age and able to show evidence of 
a good research traimng, preferably pos- 
sessing a PhD 


Our modern research laboratories are 
situated in pleasant Hertfordshire country- 
side 


Please write with details of career to 
Head of Research, 


THE CEMENTATION COMPANY 


RESEARCH LABORATORIES, 
Maple Cross, Rickmansworth, Herts 





THE BRITISH PHOSPHATE 
COMMISSIONERS 


SENIOR FERTILIZER RESEARCH 
OFFICER 


The occupant of the position will be re- 
quired to undertake research mto the 
evaluation and utlization of phosphate ores 
with high iron and alumina content, of a 
type not hitherto used in Australia and 
New Zealand 

This will include lason with research 
organizations in the imitation and conduct 
of extensive field and pot tnals, both in 
Australia and New Zealand 

The Officer will be required to keep him- 
self informed on scientific developments 
associated with son fertilization, including 
the use of phosphate in forms other than as 
superphosphate Tiis may require develop- 
ment of research programmes in associa- 
tion with established research authorities 

Duties wil include supervision of a 
laboratory staffed by a qualfied analytical 
chemust and assistants who will make quali- 
tative analyses of various phosphate ores 
under the control of the Commissioners 


Location Melbourne, Australia (as head- 
quarters) 


Qualifications A science degree, prefer- 
ably m agriculture, and preferably 
from a umuversity of the British 
Commonwealth Previous expen- 
ence in the field of agncultural re- 
search 1s essential and it would be 
an advantage that such research 
should have included experience mn 
uthzation and evaluation of feru- 
hizers 


Salary Will depend on qualificauons 
and experience and could be up to 
£A4,000 per annum with reure- 
ment benefits 


Apphcations To be addressed to 
The London Manager, 

The British Phosphate Commissioners, 
New Zealand House, 
Haymarket, 

London, SW 1 





BEDFORD .COLLEGE 
(UNIVERSITY OF LONDON) 
REGENT'S PARK, NW 1 


Applications are invited for a TUTORIAL 
RESEARCH FELLOWSHIP or STUDENT- 
SHIP IN CHEMISTRY, value £900/£1,000 
or £550/£700, tenable for the session 1964- 
65, open to men and women graduates 
Appointment for one year m the first mm- 
Stance, but may be renewed Duties will 
include supervision of laboratory classes, 
tme will be available for research Closing 
date May 1, 1964 

Full particulars from the Secretary 
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THE UNIVERSITY OF LIVERPOOL 


Applications are invited for the following Posts 
Tenable from October 1, 1964 


(a) Lecturer ın the Department of Brochemistry 
The initial salary will be within the range 
£1,250 to £1,370 per annum, according to 
rrr ie qualifications and expenence (Ref 
4 


(b) Assistant Lecturer in the Department of 
Genetícs The salary wil be within the 
Tange £1,000 to £1,150 per annum, according 
to age, academic qualifications and experi- 
ence (Ref 46B) 


(c) Lecturer or Assistant Lecturer in the Depart- 
ment of Applied Mathematics The 1mtial 
salary will be within the range £1,000 to 
£1,490 per annum, according to age, aca- 
semi qualifications and experience (Ref 
4 


(d) Lecturer or Assistant Lecturer m the Depart- 
ment of Pure Mathematics The initial salary 
will be within the range £1,000 to £1,370 per 
annum, according to academic qualifications 
and experience (Ref 46D) 


(e) Lecturer ın the Sub-Department of Mathe- 
nfütüca! Statistics The mual salary will be 
withm the range £1,250 to £1,370 per annum, 
according to academic qualifications and ex- 
penence, (Ref 46E) 


(f) Assistant Lecturer or Lecturer in the Sub- 
Department of Mathematical Statistics The 
initial salary will be within the range £1,000 
to £1,250 per annum, according to age, aca- 
cy qualifications and experience (Ref 
4 


(g) Assistant Lecturer (non-medical) in the De- 
partment of Anatomy The salary will be 
Within the range £1,000 to £1,150 per annum, 
according to age, academic qualifications and 
experience (Ref 46G) 


(h) Demonstrator in the Department of Anatoniy 
Candidates should be medically quahfied The 
salary will be within the range £800 to £1,150 
per annum (Ref 46H) 


(@ Lecturer 1n the Department of Pharmacology 
The minal salary will be within the range 
£1,250 to £1,360 per annum, according to 
age, academic qualifications and expetience 
(Ref 461) 


C) Lecturer in the Department of Metallurgy 
The ital salary will be within the range 
£1,250 to £2,150 per annum, accordig to 
a Qualifications and experience (Ret 
4 


Œ Lecturer or Assistant Lecturer in Poultry Hus- 
bandry in the Sub-Department of Animal 
Husbandry The initial salary will be within 
the range £1,250 to £1,370 per annum, ac- 
cording to academic qualifications and experi- 
ence The person appointed wil work at 
the — Veiennary Field Station, Neston, 
Cheshire (Ref 46K) 


Tenable from October 1 1964 or such earlier 
date as may be arranged 


@ Lecturer or Assistant Lecturer at the Tidal 
Institute and Observatory Candidates should 
be graduates m Mathematics or Physics and 
wil be required to engage m the numerical 
and theoretical analysis of problems concern- 
ing tides and storm surges The initial salary 
wil be within the range £1,000 to £1,430 per 
annum, according to age, qualifications and 
experience (Ref 46L) 


Tenable from a date to be arranged 


Gn) Assistant Lecturer or Lecturer in the Depart- 
ment of Dental Science The salary will be 
within the range £1,000 to £2,150 per annum, 
according to age, academic qualifications and 
experience, plus FSSU and child allow- 
ance Candidates should have postgraduate. 
experience in the application of physical and 
chemical methods to the investigation. of bio- 
logical systems, preferably in relation to the 
mineralized tissues (Ref 46M) 


Applications, stating age, qualifications and ex- 
perience, together with the names of three 
referees, should be received not later than March 
17, 1964 by the Registrar from whom further 
particulars may be obtained, quoting appropri- 
ate reference number 


ee 
UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Assist- 
ant Lecturer in Mathematical Statistics, to work 
with an existing group of five members of staff , 
there is a well-established postgraduate school, 
of at present 17 students Salary scale £1,000 
to £1,150 per annum, initial salary according to 
qualifications and experience Membership of the 
FSSU and Children’s Allowance Scheme 

Applications should be sent not later than 
March 7, 1964, to the Registrar, the University, 
Manchester, 13, from whom further particulars 
and forms of apphcation may be obtamed 
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KWAME NKRUMAH UNIVERSITY 


OF SCIENCE AND TECHNOLOGY 
KUMASI, GHANA 
FACULTY OF SCIENCE 


Applications are invited for the under- 
mentioned posts in the Facutty of Science 


(a LECTURER IN BOTANY 
Qualifications Candidates must possess at 
least B Sc Honours, preferably with a research 
degree and experience in systematic botany of 
flowering plants Knowledge of herbarium 
methods would be desirable 


(b LECTURER/ASSISTANT LECTURER 
IN ZOOLOGY 

Qualifications Applicants for the above post 
should have a good Honours degree , previous 
teaching experience would be an advantage 

Salary scales Ghanaian Assistant Lecturer, 
£900 by £50 to £950 , Expatriate Assistant Lec- 
turer, £1,080 by £60 to £1,140 , Ghanaran Lec- 
turer, £1,050 by £50 to £1,400 by £75 to £1,850 , 
£1,900 , Expatriate Lecturer, £1,260 by £60 to 
£1,680 by £90 to £2,220, £2,280 Entry at 
appropriate point with consideration given for 
teaching and/or research experience 

Appointments are normally for five years in 
the first instance and may be renewed, one 
term’s notice of resignation or termination of 
appointment 1s required on either side Outfit 
allowance £60 (where applicable) Car mainten- 
ance allowance £150 per annum Children's 
allowances are paid in respect of expatriates at 
the rate of £50 per annum per each child resi- 
dent in Ghana and £100 per annum per each 
child in full-time education overseas up to a 
maximum of 21 years of age (maximum five 
children) Accommodation with basic furniture 
provided Rent not exceeding £150 per annum 
FS.SU policies maintained if already held or 
superannuation on similar basis 

Free passages for appointee, his wife, and up 
to five children are provided on appointment 
and normal termination Annual leave with three 
free return passages in every four years for non- 
Ghanaians and families and one in every three 
years for Ghanaians 

Application forms and further information may 
be obtamed from the Assistant Registrar, Kwame 
Nkrumah University of Science and Technology, 
15 Gordon Square, London, W C1  Applica- 
tion for forms should reach him not later than 
March 27, 1964 


QUEEN CHARLOTTE'S 


MATERNITY HOSPITAL 
BERNHARD BARON MEMORIAL 
RESEARCH LABORATORIES 
GOLDHAWK ROAD, W 6 


Senior Medical Laboratory Technician (1) for 
Bacteriology ^ Department Senor Medical 
Laboratory Technician (I or II according to 
experience) for Histology Department Whitley 
Council scales and conditions 

Applications, giving age, qualifications, ex- 
perience, and the names of two referees, to be 
sent to the Director 


ST THOMAS'S HOSPITAL 


MEDICAL SCHOOL 
LONDON, SE1 


A vacancy occurs on October 1, 1964, for post 
of Lecturer or Assistant Lecturer im Physiology, 
according to experience Commencing salary 
dependent upon age and qualifications for Lec- 
turer £1,550 by £100 to £2,150 or for Assistant 
Lecturer £1,200 by £50 to £1,400, with family 
allowance and superannuation 

Applications, together with the names of three 
referees, should be sent to the Professor of 
Physiology by March 31, 1964 


ANIMAL HEALTH TRUST 


Wellcome Veterinary Research Fellowships 
Applications are invited from British graduates 
m veterinary medicine or an allied science to 
undertake research in the veterinary “field 
Applicants must have had at least two years 
experience in research Awards are normally 
made for a period of three years subject to 
good report, at annual emoluments of £950 by 
£50 to £1,050, plus F.SSU benefits A more 
senior award at a stipend in accordance with the 
qualifications of the successful applicant may be 
awarded 

Research Training Scholarships Scholarships 
for postgraduate work in the veterinary field will 
be awarded to recent graduates in veterinary 
medicine or an allied science Emoluments £550 
per annum, exempt from income tax, together 
with £80 grant towards essential fees — Married 
Scholars £50 extra 

Forms of application from The Animal 
Health Trust, 14 Ashley Place, London, SW 1 
o ads date for application forms April 17, 
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ASSISTANT EQUIPMENT 
ENGINEER 


required. for design and development of 
specialized apparatus for use m biological 
and physical research The work involves 
a wide range of light engineering problems 
with particular emphasis on electronic con- 


trol systems Qualifications such as a degree 
or HNC ın suitable subjects would be 
desirable The appomtment will be made 
in the EO grade (£1,164 to £1,431) with 
superannuation under the FSSU Apph- 
cants below age 28 will be preferred 
Apply in writing giving full details of train- 
qualifications and experience to the 
Secretary, National Institute for Research 
in Dairying, Shinfield, Reading 


ing, 





PHARMACOLOGIST 


Young, well-qualified, preferably with 
PhD degree required for modern well 
equipped Pharmacological laboratory in 
Central London engaged in research on 
medical compounds An excellent oppor- 
tunity for promotion for the right applicant 


Apply in first instance to Managing 
Director, with full particulars of age, edu- 
cation and salary anticipated, — Biorex 
Laboratories Ltd, 47/51 Exmouth Market, 
London, EC1 


McGILL UNIVERSITY 


POST-DOCTORAL APPOINTMENTS IN 
CHEMISTRY 


Post-doctoral appointments are available 
for studies in 


(D Atom reactions = (with __ particular 
emphasis on active nitrogen) 


(2) Physico-chemical aspects of immuno- 
chemistry 


(3) Chemistry of wood and cellulose 


Commensurate with qualifica- 


Salary 
tions and experience 


Applicants should submit official docu- 
ments attesting to academic qualifications 
and at least two supporting letters to 


The Chairman, 
Department of Chemistry, 
McGill University, 
Montreal, Quebec, Canada 





UNIVERSITY COLLEGE OF SOUTH 
WALES AND MONMOUTHSHIRE 
DEPARTMENT OF ZOOLOGY 


Apphcations are invited for two posts at the 
Assistant Lecturer grade in the Department of 
Zoology z 

Further particulars may be obtained from the 
Registrar, University College, Cathays Park, 
Cardiff, to whom six copies of applications (in- 
cluding the names of two referees), should be 
sent not later than April 1, 1964 
ee ey 

PHYSICAL OCEANOGRAPHER THE 
Marine Sciences Centre, McGill Umversity, 
Montreal, and the Department of Physics, re- 
quire a Physical Oceanographer at the Assistant 
Professor level to teach both specialists and non- 
specialists Excellent opportunities for research 
m the field, Arctic to Barbados Salary accord- 
ing to qualifications —Apply Chairman, Marine 
Sciences Centre 


UNIVERSITY OF SYDNEY 
LECTURESHIPS IN GEOLOGY 


Applications are mvited for the following post- 
trons within the Department of Geology and 
Geophysics (a) Lectureship ın Geology (b) Lec- 
tureship 1n Coal Geology The salary for a Lec- 
turer 1s within the range £A1,895 by £A105 to 
£42,630 per annum, plus cost of living adjust- 
ments (at present £A10 per annum) and will be 
subject to deductions under the State Super- 
annuation Act The commencing salary will be 
fixed according to the qualifications and experi- 
ence of the successful applicant Under the Staff 
Members’ Housing Scheme in cases approved by 
the University and its Bankers, married men may 
be assisted by loans to purchase a house 

Further particulars and information as to the 
method of application. should be obtained from 
the Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall 
Mall, London, SWI Applications close in 
Australia and London on March 27, 1964 


UNIVERSITY OF ADELAIDE 
ANTI-CANCER FOUNDATION 


Applications are invited for the post of Assıst- 
ant Pathologist or Trainee Pathologist in the 
Cytology Service which is situated in. the Univer- 
sity Department of Obstetrics and Gynaecology at 
The Queen Elizabeth Hospital The laboratory 
provides the Cytology Service for cancer detec- 
tion for the State of South Australia and is 
responsible for the gynaecological, obstetric, and 
neonatal pathology of The Queen Elizabeth Hos- 
pital In addition to routine duties, the success- 
ful applicant would be expected to take part in 
the research work of the Department If a 
trainee pathologist 1s appomted he will have the 
opportunity of transferring to other pathology 
laboratories at the end of each year’s service for 
traming im other fields Salary scales — Assistant 
Pathologist £A2,700 by £A110 to £A3,250 with 
an allowance of £A150 a year for registrable 
medical — qualifications , Traimee Pathologist 
£A1,800 by £A100 to £A2,600 with an allowance 
of £A100 a al for registrable medical qualifica- 





tions In eachlcase superannuation is provided 
on the FSS U | basis 

Further particulars of a general nature are 
available from thà Secretary, Association of Com- 
monwealth "Universities (Branch Office), Marl- 
borough House, Pdll Mall, London, S W 1, or the 
Secretary, Anti-Cancer Foundation, The Univer- 
sity of Adelaide of a technical nature from Pro- 
fessor L W Cox! Department of Obstetrics and 
Gynaecology, The Queen Elizabeth Hospital, 
Woodville South Australa — Applications, in 
writing, giving the particulars indicated in the 
statement available for the information of poten- 
tial applicants, should be sent to the Secretary of 
the Anti-Cancer Foundation not later than March 
31, 1964 





ESSEX 


SOUTH-EAST ESSEX TECHNICAL COLLEGE 
AND SCHOOL OF ART 
LONGBRIDGE ROAD, DAGENHAM 

Required in September, 1964 


(1) Principal Lecturer in Chemistry Applicants 
should be well qualified in Chemistry and have 
substantial teaching experience in a technical col- 
lege, including chemistry to degree and/or equiva- 
lent levels Development and organization of 
new courses including short courses will be an 
integral part of the appointment The successful 
applicant will be expected to participate actively 
m the development and direction of research 

Required as soon as possible 

(2) Lecturer in Inorganic Chemistry to teach 
Grad RIC, BSc, General and HNC stan- 
dards Applicants should have at least a good 
honours degree in Chemistry, some teaching and 
research or industrial experience, and an active 
interest in research 

Salary scales Principal Lecturer, £2,115 by 
£65 (3) to £2,310 per annum Lecturer, £1,670 
by £45 (5) to £1,895 per annum All salanes 
subject to London addition of £45 per annum or 
£60 per annum Assistance towards cost of re- 
moval expenses may be considered 

Application forms and further paruculars from 
the Principal at the College 


AGRICULTURAL RESEARCH 


COUNCIL 
UNIT OF REPRODUCTIVE PHYSIOLOGY 
AND BIOCHEMISTRY 

Biochemust/Chemist requiréd in the  Unit's 
laboratories to work with the Director Appoint- 
ment in grade of Assistant Expermmental Officer 
Salary at age 21 £641, at age 26 (maximum on 
entry) £858, on scale to £1,053 Superannuation 

Applications to Dr T Mann, FRS, Molteno 
Institute, Downing Street, Cambridge, giving full 
particulars and names of two referees 

^ 
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Choice of Equipment 


Watson eyepieces and objectives allow a choice of 
magnification, field of view and working distance appro- 
priate to any task in the laboratory or on the production 
assembly line A similar freedom of choice in. stands 
and mountings meets the needs of the most difficult 
locations A comprehensive range of illuminating 
systems* and accessories adds even more to the 
versatility of Watson Stereoscopic Microscopes. 


>K including the new Fluorescent llluminator 


W. WATSON & SONS LTD BARNET 


NATURE 
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Optical Quality 


Depth and size of field are particularly important in 
instruments of this type Watson Stereo Objectives 
achieve maximum depth and size of field without sacri- 
fice of image quality Objectives and eyepieces are 
manufactured to rigorous standards and are computed 
to give long working distances and visual fidelity of the 
highest order 


Please write for full details of this outstanding range of stereoscopic 
microscopes which includes the advanced “Research” model designed 
to satisfy the most exacting conditions 


TEL BARNET 4404 CABLES: ‘OPTICS’ BARNET 


LETTERS 


RADIOASTRONOMY 


Observation of a Solar Type Radio Burst from a Flare 
Star —Sir Bernard Lovell, OBE, FRS, Prof 
Fred L. Whipple and Leonard H Solomon 


ASTRONOMY 


The Darkening Wave on Mars —D G Rea 
Source of Evolution of Gas from the Luna: Crater 
Alphonsus —Alvm J Cohen 


RADIOPHYSICS 


Oscillatory Model for Radio Source 30273 —8 P S 
Anand 

Interfermng Radio Signals on 18 ke/s recerved ın New 
Zealand —A H Allan 


PHYSICS 


Effect of Tidal Range, Temperature and Fresh Water 
on the Amount of Silt m Suspension m an Estuary — 
W H Jackson 

Dielectric Constant of Powders —Dr Prem Swarup and 
R P Arora 


GEOLOGY 


Some Markings associated with Ripple-marks from 
the Proterozoic of North America —W C Barnes 
and A G Smith 


MINERALOGY 


Effect of Particle Size on Differential Thermal Analysis 
—P Bayliss 

Transformation of Allophane to Kaolmite under Low- 
grade Hydrothermal Conditions —Joyo Ossaka and 
Shinichi Iwai 


METALLURGY 


Age-hardening in a Gold-Nickel Alloy —A A Johnson, 
E J Hughes and P W Barton 
Plating Radioactive Zinc-05 —David A Rigney 


CHEMISTRY 


Reduction of Metal Phthalocyanmes —H B Charman 
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SCIENCE AND THE STRUCTURE OF GOVERNMENT 


IX opening & debate on January 15 on the structure of 
Government, which showed the House of Lords at 1ts 
best, Lord Shackleton referred to a paper by Mr. A Albu 
on “The Member of Parliament, the Executive and Scienti- 
fe Pohcy” published in the autumn issue of Minerva 
(2, No 1, 1, 1963) In that article Mr Albu was con- 
cerned with the mcreasing domination of Parhament by 
the executive and with the difficulty of securing effective 
pubhe discussion of important issues before public 
pohcy was determined As the title of his paper indicates, 
Mr Albu had scientific questions very much in mind and 
he thought that parhamentary discussion was frequently 
frustrated by lack of essential mformation, whether 
through meffective communications or through official 
secrecy 

Mr. Albu gave a fair and balanced account of the general 
situation, and his complaint of ineffective communications 
and even secrecy was strongly supported by Lord Shackle- 
ton. It was a main thread running through the debate 
Lord Shackleton, indeed, mamtamed that the British 
Government enforced secrecy outside security matters to 
an extent unmatched anywhere else, and he was gravely 
concerned to promote more effective public discussion, 
outside as well as in Parliament, particularly on scientific 
and technical issues, and with less secrecy. He was strongly 
supported by Lord Boothby, who thought, with Prof 
Brian Chapman and Sır Charles Snow, that too many 
vital decisions were taken without Parliament or even the 
Cabmet bemg aware of the decisions or the reasons for 
them. Lord Boothby was also concerned with the 
irresponsible influence sometimes exercised by pressure 
groups of various kinds. 

An important speech by Lord Todd, while not referrmg 
to the question of secrecy, stressed the importance ot 
public discussion of complex scientific and technical 
issues, and made some suggestions for seeurmg that scienti- 
fic and technical considerations were more widely under- 
stood. Welcommg the vital role which the recent pro- 
posals for the reorganization of the Ministry of Defence 
had given to the scientific adviser m the field of policy, 
Lord Todd thought that much more mtimate contact 
was still desirable on the civil side and hoped that the 
proposals for reorganization under consideration would 
improve the position Furst, directing attention to the 
comparative neglect of a recommendation of the Advisory 
Council on Scientific Pohey, as far back as 1947, for the 
appomtment by Government departments of a chief 
scientific officer to advise generally on scientific aspects of 
departmental policy, and supported by an adequate staff, 
Lord Todd insisted that science must be represented at 
the highest level m a department if ıt was to be of any real 
value to a Mmister He thought that ın all departments 
there should be, on the same level as Permanent Secre- 
taries, a Scientific Secretary, assisted, where appropriate, 
by an Advisory Council, responsible for keeping in touch 


with scientific developments, and capable of handhng 
operational research and the day-to-day scientific and 
technological problems in the work of the Department 

Lord Todd was himself a member of the Trend Com- 
mittee, but although the foregomg aspect was not entirely 
ignored in the Report of that Committee (Nature, 200, 
1029, 1963), it was not adequately discussed In his 
speech on January 15 he urged that this mtroduction of 
suitable scientists at the highest level, if necessary by 
secondment for a relatively short term of years, was 
imperative m all Government departments It was an 
essential step towards ensuring that the best scientific 
advice was always available at the highest level m the 
strueture of Government and towards elmmating the 
obsolete cleavage between science and administration. 
Whatever the final decision on the specific recommenda- 
tions of the Trend Report, Lord Todd’s proposal is one 
that forms an essential complement, and 1t could have a 
bearing on some of the more difficult issues of the distribu- 
tion of responsibilty for research stations At the least, 
it could minimize the effect of any error of judgment m 
that distribution. 

It 1s already apparent that even in scientific circles 
there are some misgivings as to the soundness of some of 
the Trend Commrttee’s detailed proposals In the first 
place, biologists are seriously concerned that the Com- 
muttee’s proposals will lead to dangerous fragmentation 
of marine science if the mam effort m fisheries research 
les with two separate Government departments (both 
outside the proposed Natural Resources Research Council, 
which 1s to be responsible for fisheries and related aspects 
of aquatic biology), while research into oceanography 18 
to be the responsibility, apparently, of a separate division 
of the Council, m conjunction with the Admiralty The 
Trend Report does, ıt ıs true, propose to relieve the 
Development Commission of its present responsibility m 
these fields, but under the present proposals marine 
research would contmue to be supported by the Torry 
Research Station, responsible to the new Industrial 
Research and Development Authority, and possibly also 
by the White Fish Authority and the Herrmg Industry 
Board 

In a letter to The Temes, Prof C F A Pantin, president 
of the Marme Biological Association of the United King- 
dom, Prof C M Yonge, president of the Scottish Marme 
Biological Association, Dr F S. Russell, director of the 
Marie Biological Laboratory, Plymouth, Dr C H. 
Mortimer, director of the Marme Station, Millport, and 
Dr R S Glover, of the Oceanographic Laboratory, 
Edinburgh, have suggested the formation of a Marme 
Sciences Research Council or a Marme and Freshwater 
Seiences Research Council to supply the authority and 
encouragement needed at the organizational level There 
is clearly substance m the suggestion, which would meet 
some of the hesitations m the mund of the Trend Com- 
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muttee regarding the location of oceanographic research 
and particularly regardmg fisheries research and the 
Torry Research Station, on which it differed from the 
Slater Committee 

The suggestion may not, however, entuely meet the 
views of the geologists, who are also seriously disturbed 
at the very cursory tieatment of geological research m the 
Trend Report. In a memorandum recently submitted 
to the Minister for Science by the Geological Society of 
London (see Nature, 201, 347, 1964), it 1s suggested that 
the non-biological research of the National Institute of 
Oceanography should be transferred to & new Earth 
Sciences Research Council, which, it 1s proposed, should 
take over the functions of the Earth sciences division of 
the Science Research Council proposed by the Trend 
Report as well as the Geological Survey and Museum, 
including 1ts hydrological and nuclear energy reseaich, the 
Overseas Geological Surveys and some other functions 
The Trend Committee itself suggested an Earth sciences 
division as one of six m which the Science Research 
Council might be organized and the Geological Society 
would be prepared to accept as alternatives the talung 
over of these activities by the Earth sciences division 
of the proposed Science Research Council 

The memorandum fiom the Geological Society does not 
mention the Directorate of Overseas (Geodetic and Topo- 
graphic) Surveys, the location of which would seem to 
he naturally alongside that of the Overseas Geological 
Surveys ‘This, however, 1s one of the notable lacunæ in 
the Trend Report, which, as regards overseas research m 
general, 1s strangely lacking m vision, desprte the con- 
clusions of the Slater Report, to which 1$ had access, as to 
the essential character of overseas research, notably m 
fisheries, oceanography, ecology and the use of land. 
Undoubtedly, the geologists have reason to be disturbed 
at tho cursory dismissal of geological research by the 
Trend Report with the comment that the Geological 
Survey should be transferred to the proposed Natural 
Resources Research Council, which should also assume 
responsibility for research m hydrology, rnamtemmg close 
links with the departments which have statutory respong- 
bilities in relation to the use of water While the Trend 
Committee proposed to transfer the Hydrological Research 
Unit of the Department of Scientific and Industrial Re- 
search to the proposed Council, no immediate change was 
suggested for the Water Pollution Research Station or the 
Hydrauhes Research Station, and this 15 ın hino with the 
recommendations of the Slater Committee 

What seems clear in respect of geological research, and 
possibly also of overseas research, 1s that the Government’s 
policy of secrecy has hampered the work of the Trend 
Committee itself In the recent White Paper on Ard to 
Developing Countries i6 18 stated that a report on the 
technical assistance which Britam would be m a position 
to provide m geology and miming has recently been sub- 
mitted by Sur Frederick Brundrett’s Committee and is 
now under consideration by the departments concerned 
It 1g not mentioned in the Trend Report, nor m the subse- 
quent report from the Advisory Council on Scientific 
Pohey (Nature, 200, 297, 1963), and although the Geo- 
logical Society has submitted evidence to the Brundrett 
Committee, m default of the publication of the Brundrett 
Report that evidence cannot be discussed 

Quite apart from any decision as to whether establish- 
ment of a separate Earth Sciences Research Council is 
essential to meet the very real concern of geologists, 1t 1s 
clear that the Government 1s already, by failing to publish 
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the Brundrett Repoit, hampermg mformal discussion of 
an important issue Fears that the Trend Committee 
was handicapped m its work by the absence of formulated 
geological opinion or that there 15 no comprehensive recog- 
nition of the needs of the Earth sciences are not to be 
dismissed lightly The secrecy issue in this sense at least 
1s to be taken seriously, and the pleas of Piof O Hi B 
Bulman, president of the Geological Society, and of Prof 
S E Holhngworth for prompt pubheation of the Report 
call for ummediate response 

There was, however, much else that 1s 1elevont m the 
House of Lords debate Viscount Blakenham, in replying 
for the Government, did not refer to the question of secrecy, 
but as to communications he thought acceptance of the 
assumptions of the Robbms Report m itself should assure 
& far stronger supply of specialists in all branches of 
knowledge, and he clearly looked to the National Economic 
Development Council for an important contribution. As 
to the more effective use of scientists and technologists, 
while he made no specific reply to Lord Todd’s suggestion 
about chief scientific advisers, Lord Blakenham hoped 
that the Centre of Administrative Studies, which was set up 
mn 1963, would provide a first-class backing in theory and 
practice of admmustration, and all the compleations m 
which ıt was now involved, for young Civil Servants of 
the administrative class He agreed as to the need for 
diversification of experience, and thought that the new 
business schools might add to the opportumities for 
sabbatical leave at present mainly provided through 
Commonwealth, Harkness, Nuffield and other fellow- 
ships 

Some constructive suggestions which are important m 
the present considerations of the organization for orvil 
research and other scientific work came from Lord 
Melchett Britam was placmg too much relenoe, he 
thought, at the policy-making stage on royal commis- 
sions that was a responsibility of Ministers themselves, 
which no part-time body, however export, was qualified 
to discharge It was, however, essential for the Treasury 
and the major admunistrative departments to merease 
considerably the number, quality and range of experience 
of those at the head, and he was seriously concerned at 
the extent to which Ministers and Civil Servants had 
been overworked during the past twenty-five years The 
problem was to ensure that first-class men were placed in 
the really responsible positions , however, the real shortage 
was of management competent to supervise all the neces- 
sary functions Lord Strang, agreeing as to the advantage 
for established Civil Servants of an economie scientific or 
technological background, pointed out that it was the 
education, not the speciahty, of the Civil Servant that 
mattered most if we were to meet the challenges of the 
Buchanan Report, the Robbins Report and others He 
suggested that a new but more comprehensive survey of 
the machmery of Government such as was undertaken by 
the Haldane Committee was needed No reform, however, 
was hkely to be feasible unless ıt grew naturally out of 
Britain's present system of Government 

Some observations of Lord Halsbury were also timely 
Positive action under the present system was difficult 
because most of the structure was conceived in terms of 
negative purpose He did not believe that a trammg m 
control of expenditure was necessanly the nght traming 
for future Civil Servants concerned with making policy, 
because they would be concerned not so much with the 
expenditure of revenue as with mvestment Creative 
criticism, brmging out the character of what was gomg 
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on, was needed—Bntam needed to reformulate the 
traming of those who would be responsible for making 
policy so as to encourage creative minds which recognized 
that to-morrow’s expenditure would not resemble to-day’s 
but should be concerved otherwise and dedicated to 
different purposes Lord Halsbury added that they 
would also require the full support of a resolute nation. 
his comment that ib was the nation itself that did not 
as yet want to face up to the cost of modernizing, whether 
of railways or docks, roads or universities, 1s particularly 
pertinent ın that neither major pohtical party 1s attempt- 
ing the task of education 

Lord Halsbury himself looked rather to sociology for 
help and ended his speech with a quiet plea for an early 
decision to establish a Social Sciences Research Council 
Tho Earl of Selkirk, who followed, deprecated any attempt 
to overcome departmental overlappmg by the proliferation 
of Ministries, particularly for purely political reasons 
He, too, urged the use of scientists ın the admmustrative 
departments but thought that the major problem ın the 
Civil Service was centralization Strong government was 
fundamental to Britaim’s way of government, but the 
responsibilty of the head of any department both to 
Parhament and to the Treasury tended to central control, 
and some effective decentralization, both m finance and 
execution, was essential if the present system was to 
maintain ite vigour 

Lord Boothby also urged a considerable degree of 
regional decentralization, but thought that the supremacy 
of the Prime Minister must be accepted and the size of 
the Cabinet reduced to something much nearer that recom- 
mended by the Haldane Committee Specifically, he 
suggested intensification of research at all levels, co- 
ordinated under a Mmustry of Research and Technology, 
provided with an adequate staff Like several other 
speakers, Viscount Caldecote was concerned with recruit- 
ment to the Civil Service and with promoting mterchange 
within and without the Civil Service, and Lord Gladwyn 
returned to the question of secrecy m urging wider access 
to confidential documents 

Apart from Lord Boothby's suggestion of a Mmustry of 
Research and Development, the debate thus scarcely 
touched directly on the specific issues raised by the Trend 
Report on which early decisions and action by the Govern- 
ment are imperative The emphasis laid on the reduction 
of secrecy and the effective representation of science at 
the highest level ın the departments, whether as scientific 
secretary or scientific adviser, 18 significant Attention 
to this 1s obviously essential 1f any proposed structure 
for civil science 1s to function smoothly and effectively. 
Further, ıt 1s also clear that the Government could and 
should take some steps to assure certain scientific mterests 
that their position has been fully considered before and 
not after decisions are taken on changes m organization 
There must be a lmit to proliferation of sections or depart- 
ments, but ib ıs manifest that both the geologists and 
some biologists have grounds for fearmg their needs have 
not been considered It ıs equally clear that so far as the 
geologists are concerned there 1s likely to be httle difficulty 
n reaching a satisfactory solution, grven the consultation 
and publie discussion for which they quite reasonably 
ask. 

Three weeks after this debate, the Prime Minister, ın & 
statement to the House of Commons, &nnounced that the 
Government had decided to make one Minister responsible 
for the whole field of education Under this, the Secretary 
of State for Education and Science would have a single 
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Department, but two distinct admunistrastive units, one 
concerned, broadly speaking, with the schools m England 
and Wales, and the other with civil science, and, through 
the University Grants Committee, with institutions of 
university status The detailed allocation of work between 
the two umts would be adjusted ın the light of experience 
and the Secretary of State would be supported by two 
Ministers of State There would be no substantial change 
m the responsibilities of the Secretary of State for Scotland 
and Scottish universities would be financed through the 
University Grants Committee 

Continumg, Sw Alec. Douglas-Home claimed that as 
regards civil science the Government would, ın general, 
follow the recommendations of tho Trend Committee. 
However, out of the Department of Scientific and Indus- 
trial Research there would be formed a, Science Research 
Council, responsible for supportmg research m the universi- 
ties m pure and applied science and a separate agency for 
Industrial Research and Development to take over most 
of the Department’s research stations and to support 
industrial research Contrary to the advice of the Trend 
Committee, the National Research Development Corpora- 
tion would contmue to be associated with the Board of 
Trade The Government also mtended to form a Natural 
Resources Research Council—a recommendation which 
comes from the Slater Committee and 1s supported by the 
Advisory Counce on Scientific Pohey. The Medical 
Research Council and the Agricultural Research Council 
would also become the responsibility of the Secretary of 
State for Education and Science 

The Prime Minister also said that the detailed scope of 
the new bodies was at present under discussion and that 
the need for close co-operation between the research 
agencies and the relevant Departments would be recog- 
nized ın the arrangements for appomting members of the 
controlling bodies Legislation would be required to set 
up the new scientific agencies but the new Department 
itself would begun to function at the start of the new 
financial year with Mr. Q Hogg at its head and Sir 
Edward Boyle as one of the Ministers of State with 8 con- 
tinumg seat ın the Cabinet. 

In reply to questions on his statement, Sir Alec con- 
firmed that by retamimmg the University Grants Committee 
as buffer the new arrangements would preserve the 
Haldane system the Atomic Energy Authority would 
remain under the new Secretary of State It was mpheit, 
rather than explicit, m Lord Blakenham’s replies to 
questions following an identieal statement m the House of 
Lords, that Mr Hogg would retam his post as Lord 
President of the Council Manifestly, the full plications 
of the Government's decision cannot be discussed in 
advance of the fuller statement which the Prime Mmister 
promised nearer the end of the financial year or of the 
White Paper requested by Lord Rea So far as education 
18 concerned the decision appeared to be generally welcome, 
irrespective of the choice of Ministers, and although there 
were considerable reservations so far as science and imndus- 
try are concerned, they were not such as to encourage 
further misgivings either on the part of the geologists or 
biologists or within the Department of Scientific and 
Industrial Research As Lord Blakenham very fairly 
remarked, Mr Hogg would not wish to see science m 
any way devalued, the contmumg detailed discussions 
should afford opportunity to meet fairly the reasonable 
criticism of the biologists and geologists and that expressed 
im & memorandum from the Institution of Professional 
Cıvıl Servants. 


958 


NATURE 


x 


March 7, 1964 VoL 201 


CHEMICALS AND THE COUNTRYSIDE 


LTHOUGH the study conference on “The Country- 
side in 1970", held in November 1963, was mainly 
concerned with the impact of industry on the countryside 
and with plannmg the use of land, the workmg party 
which considered the role and principles of conservation 
in the modern world did direct attention to the need for 
continued research and adequate control m regard to the 
effects of toxic chemicals on the countryside This aspect 
of conservation was particularly emphasized by the Duke 
of Edinburgh, who, m his closing speech to the conference 
on November 5, fully endorsed Lord Howick’s remarks 
about agricultural chemicals, but was particularly ım- 
pressed by the change of atmosphere and the change m 
attitude that had taken place m the past two years He 
thought that this difficult subject had now been estab- 
hshed m its right perspective and that both sides recog- 
nized their responsibilities and ther mutations 

Wlule that view might not perhaps as yet be too widely 
accepted, the need for more research in this field has 
frequently been stressed in recent months, notably at the 
1963 meeting of the British Association for the Advance- 
ment of Science in Aberdeen, the Royal Society for the 
Protection of Birds 1s still concerned about the use of 
pest control products contammg chlormated hydro- 
carbons im agriculture and horticulture and m food 
storage A memorandum of evidence was submitted by 
a jomt committee of the Society and the British Trust 
for Ornithology, which works m collaboration with the 
Game Research Association, to the Mmustry of Agriculture 
m the middle of September m response to a request from 
the Secretary of the Munistry's Advisory Committee on 
Poisonous Substances used m Agriculture and Food 
Storage The Munistry's booklet, Chemicals for the Gar- 
dener, 18 still the subject of some controversy, more 
particularly in respect of the sanction given for the use 
of aldrin, dieldrm and DDT. 

The subject was first raised at Aberdeen in its broadest 
aspect by Dr F Fraser Darlmg m his presidential address 
to Section D (Zoology) on “The Unity of Ecology”, who, 
while emphasizing that man’s habitat and human societies 
are not static, pleaded for much more careful considera- 
tion of the shifting mteractions of the natural world and 
our agricultural and economic policies He mstanced the 
Nature Conservancy as providing a vivid example of the 
way m which man can learn to manage biological com- 
munities in a manner simulating the natural Ecological 
research, he msisted, must become more and more the 
effort of teams of workers, and, while ecological investi- 
gations are not designed primarily to solve problems of 
the use of land and ther scientific approach must be 
jealously guarded, the discoveries of ecologists could be 
applied to the use of land. 

The present-day issue of agricultural chemicals and 
wild-hfe was directly faced by Dr N W Moore in his 
paper on “Pesticides and Wild Animals" on September 3 


Dr Moore began by emphasizing that the problem was an 
ecological one and stressed our ignorance of the amount 
of each pesticide used in Great Britain and its distribution 
m the country as well as of the populations of animals 
and birds which might be affected and them fluctuations 
(except for the heron and peregrin falcon), and of the 
sub-lethal effects on animals, the chief exception to the 
latter bemg the effects of organo-chlorine insecticides on 
pheasants and quails Dr Moore suggested that we were 
fast approaching a position when we had to decide 
deliberately which species we should allow to become 
extinct and which we should try to pass on to future 
generations, and, without underestimating the mmense 
value of agricultural chemicals to medicme and agricul- 
ture, he suggested that this was not a choice to be made 
hghtly and that ıt should include some attempt to ensure 
diversity, for scientific and economic as well as for 
zsthetic reasons. 

In this connexion he pomted out that the changes that 
had already been accepted m agriculture had greatly 
mereased thé value of road-side and river verges, railway 
embankments, waste land and hedgerows as reservoirs of 
wild plants and anmals Failure to preserve these mar- 
ginal habitats mvolved grave risk of losmg widespread 
diversity It ıs, of course, i» this connexion that the 
uresponsible and thoughtless use of herbicides, which 
represents 80 per cent of the total use of pesticides in , 
Great L-:5am, by some county councils has aroused 
considerable concern and indignation Apart from 
fungicides, about 5 per cent of the total, and with rela- 
tively few repercussions on wild-lfe, most of the remainmg 
pesticides are insecticides, and here Dr Moore thought 
that we needed to be much more concemed with tho 
possible effects on the rate of birth of birds which preyed 
on the insects affected Moreover, predators of the birds 
could also be affected, and while the immediate dangers 
might be shght they required attention. 

Dr. Moore’s view was flatly challenged by Sir Harold 
Sanders, who, however, was rather too forthright and did 
not seem to meet the essential issue as to the long-term 
effects particularly m view of the existence of evidence as 
to comparative extinction of the sparrow-hawk, and the 
diminished reproductivity of the golden eagle and the 
kite, perhaps also of the osprey Moreover, Dr Moore's 
argument for more care and research was firmly sup- 
ported by a question from Lord Adrian, and the cha- 
men, Prof A G MacGregor, suggested to Dr E $ 
Miller, of the Plant Pathology Laboratory, Harpenden, 
that more work on these aspects was urgently needed 
Dr. Miller agreed that more basic information was 
needed as to the organs m animals which were affected 
by the products m question, but implied also that ın- 
sufficient funds were available for such mvestigations, 
this pomt was picked up by the Minister for Science 
m his address at the official openmg of Monks Wood 
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Experimental Station on October 28 (Nature, 200, 826, 
1963) 

Lord Hailsham, as he then was, agreed at once as to 
the mmportance of continuous and ever-changing research. 
The essential need, he msisted, was for a proper means 
of watching issues as they arose and a proper organization 
for ensurmg that scientific opinion influenced policy at a 
sufficiently early stage. He did not think ıt practicable 
to guaranteo that there would never be any unexpected 
or evil side-effects on wild-hfe, human beings, or domestic 
animals or crops; such effects mught appear only after 
the greatest possible care had been taken and after they 
had been applied over a long period and a wide population 
or a considerable area The responsibility of the Mmuister 
for Science should be to see that scientific opinion 1s con- 
tmuously directed to the relevant questions and that 
publie opinion 1s constantly advised about the biological 
consequences of a technological age 

That was well said, and the Minister also referred to 
the dependence of the work of Monks Wood and of many 
other research establishments for its success on good 
relations and close links with universities, landowners and 
industry. Public relations could well be the key to 
success in the whole matter, and certamly that is one 
aspect of the work of the proposed Natural Resources 
Research Council which should not be overlocked In 
welcoming this recommendation of the Trend Committee, 
Sir Christopher Hinton’s research working party, reporting 
to the Study Conference, thought that the needs of this 
situation could be met if the responsibilities of the pro- 
posed Research Council were broadened to include con- 
sideration of the effects of effluent pollution on rivers and 
tidal waters and the study of ways of mmimuzing such 
pollution Its responsibilities should also be deepened to 
include not merely basic research, but also some of the 
research aspects of the application of 1ts work to industry 
and that it should seek guidance from industry on the 
future trend of development work and the work which 1s 
hkely to become necessary 

Here agam the working party advocated that the 
Research Council should make use of most of the research 
organizations which are already workmg m this field, 
meluding the universities, which are the bodies best 
equipped to deal with much of the work that ıt had m 
mmd The Research Council should supplement those 
resources by providing funds for expansion of existing 
work but would probably need to mstitute its own 
laboratories In the general problem of co-operation and 
pubhe relations the Council for Nature and the County 
Naturahsts Trusts have an essential part to play. Their 
contribution to publie understanding 1s all-important and 
may well be more decisive than the actual assisvance that 
the Councils Conservation Corps and many other bodies 
may give m reclamation or preservation m particular 
areas Without the eager support of considerable public 
opinion which understands the situation and is prepared 
to accept the cost, 15 13 idle to expect the harassed county 
surveyors, 1n these days of labour shortage and high costs, 
to treat road-side verges, where appropriate, as nature 
reserves and reject the easy but dangerous solution of mdis- 
ormainate spraying 

Unfortunately, not all county councils are enlightened 
in this respect and some fall far short of the example set 
by Lincolnshire and some of the Northern counties. 
There are notorious offenders m the Midlands and West 
Midlands, and it is noteworthy that apart from a single 
local nature reserve m Middlesex and another m Kent, 
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both run by district councils, not one of the Southern, 
South-western, Midland or Welsh County Councils has 
yet availed itself of 1ts powers under the National Parks 
and Access to the Countryside Act to establish local 
nature reserves This, ıt will be noted, is m the very 
part of the country where pressure of town on- country- 
side, too, 1s most severe Many counties, however, now 
have ther naturalists trusts, and Mr. E M. Nicholson, 
director-general of the Nature Conservancy, has already 
urged a more resolute effort to induce the counties to 
fulfil their function under the Act before too many more 
of the most suitable areas are finally lost, not to mention 
the growing umportance of roadside verges Agamst this 
position ıb 1s encouraging to set the considerable evidence 
which exists of the extent to which new understanding 
and enlightened attitudes are spreadmg-—not least among 
the young volunteers who have responded to appeals for 
personal and practical help. Here and m the continumg 
success of the Field Studies Council hes hope of building 
on a sure foundation the public understandmg and 
co-operation that are needed 

In an earlier debate m the House of Lords on March 20 
on dangers from toxic chemicals, which centred very 
largely around Rachel Carson’s book, Sent Spring 
(Nature, 198, 115, 117; 1963), the Minister for Science 
made several important statements. First, of his own 
functions m relation to Britain’s scientific organization, 
he said that a most important part of his functions was 
to ensure that the advice of the various Research Councils 
was given early and closely heeded in these matters and 
was not watered down either by political pressure or by 
admimstrative convenience ‘That is a welcome state- 
ment, but ıt should be added that it will still only be 
fully effective if supported by an enlightened public 
opinion. 

Agreemg that all Governments would be wise to direct 
continuous and serious attention to the subject, he 
pomted out that a balanced view was also essential. If 
we were to accept the benefits of a scientific and tech- 
nological society we could not guarantee that there would 
never be any unexpected or evil side-effects The Minister 
did not believe that the general conclusion of the Sanders 
Report was invalid, but he did not refer to Chemacals for 
the Gardener and no satisfactory answer was returned to 
questions regarding its withdrawal later m the session. 
Of course, 15 18 the inclusion of aldrm, dieldrm and DDT 
among the recommended chemicals that has aroused 
protest, and the official opmion takes no account of the 
effect of mdiscrimmate use of such preparations by 
gardeners with little understandmg and sensibility. As 
Lord Hureomb pointed out, the ordmary amateur 18 left 
quite unaware of the damage he may do by using these 
products 

Further statements made by the Minister ın hus speech 
on March 20 should be recalled m view of what was said 
at Aberdeen He accepted the need for more research 
which was expressed m the Sanders Report, although the 
Committee also reported that the arrangements for 
ensurmg the safe use of products for controlling pests 
were workmg well and were generally effective The 
Government had accepted the Committee’s recom- 
mendations, and the Research Councils and the Ministry 
of Agriculture, Fisheries and Food were acting on them 
In particular, the Minister for Science had asked the 
Nature Conservancy to undertake research mto the 
effect of pest control products on wild-hfe, which 15 had 
already agreed to do, but, to prevent dupheation of 


960 


work proceeding elsewhere and to ensure comprehensive- 
ness, he had asked the Agricultural Research Council to 
set up a scientific committee under Prof A C Frazer to 
keep all relevant research under review and to report 
progress at intervals 
In this connexion the Minister quoted a few examples 
of research which had been started or mtensified in. eon- 
sequence of the Sanders Report, mcluding that supported 
by the Agricultural Research Council at St Mary's 
Hospital into the processes by which insects can overcome 
the effects of chemicals, research at Rothamsted mto 
the mechanisms of resistance to organo-phosphorus 
msecticides; and at the National Vegetable Research 
Station mto the persistence of aldrm, dieldrm, DDT and 
BHC on farms and the effect of these residues on ground 
beetles which prey on the cabbage-root-fly larve The 
Nature Conservancy was mvestigatmg the meidence of 
residues of persistent msecticides ın wild birds and ther 
eggs and m mammals, and was co-operating with the 
Ministry of Agriculture m studymg damage to birds and 
other wild-life. The Agricultural Research Council was 
supporting work at the Imperial College of Science and 
Technology into the population biology of aphids and 
their natural enemies; and on the best ways of applying 
chemical control methods so as to interfere as httle as 
possible with natural control He added that he had 
asked the Nature Conservancy to direct particular 
attention to the alleged effects of DDT on bird pre- 
dators 
The Munister for Science recognized the need for con- 
stant vigilance over the whole field and for constant 
endeavour to extend the frontiers of our knowledge His 
speech was welcomed m the debate as reassuring, but 
1b 18 none the less difficult to reconcile his remarks on 
research with what was said five months later at Aber- 
deen, 1f the Government 1s, in fact, really providing funds 
sufficient to finance research on the scale that 1s necessary, 
nor has the Minister for Science’s speech at Monks Wood 
“on October 28 entirely dispelled such misgivings Further- 
more, no convinemg evidence has been produced for not 
deleting aldrin, dieldrin and DDT from the list of chemicals 
officially recommended for use by the gardener, and the 
Government would do well to take such a step ummediately 
as a token of good faith, independent of the wider review 
which the Advisory Committee on Poisonous Substances 
used in Agriculture and Food Storage 1s now under- 
tekmg That review unquestionably should be in the 
fullest touch with the Nature Conservancy and it was 
unreasonable for Lord St Oswald, Jomt Parhamentary 
Secretary to the Mmustry of Agriculture, Fisheries and 
Food, to resist this suggestion from Lord Shackleton on 
June 19. One step which the Government could take to 
restore public confidence would be to establish as early 
as possible the Natural Resources Research Council 
recommended by the Trend Committee but with the 
wider scope suggested to the ‘Countryside ın 1970” con- 
ference Any delay ın decision for political reasons puts 
the blame fairly on both political parties, and the Minister 
for Science should not hesitate to act m accordance with 
the principle he declared 
It should be added that with 1ts annual report for the 
year ended September 30, 1963*, the Nature Conservancy 
issued m December an mterim statement on pesticides 
and wild-hfe, which recommends certam basic prmeiples 
and practices n the use of pesticides about which there 1s 
* The Nature Conservancy Report of the Nature Conservancy for the 
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a wide measure of agreement and observance of which 
would greatly reduce the existing hazards to wnild-hfe 
Much, however, still remaims to be done for the full 
implementation of these principles, and besides continumg 
to urge practical measures towards this end the Con- 
servancy will press for the education of the public on the 
proper use of such products. This 1s certamly a task for 
which the Conservancy should be provided with adequate 
resources and to which the Natural Resources Research 
Council should give urgent attention 

The present statement pomts out that while most 
herbicides to-day are relatively non-toxic to birds and 
mammals, and the organophosphorus substances, which 
have sometimes caused severe local mortality, are rela- 
tively non-persistent, certam highly persistent organo- 
chlorine insecticides appear at present to provide the mam 
hazard to wild-hfe until more is known about the effects 
produced by ingestion through food chains, the Con- 
servancy considers their use should be greatly curtailed. 
The justification for using pesticides ın a given situation 
should always be assessed against any associated dangers, 
for example, to wild-life, and the measures necessary to 
guard against these dangers should be part of the condi. 
tions of use Where use of such a product 1s known to 
involve a hazard to wild-life, other methods of control 
should be preferred if they are effective and practicable 
It could be mterpolated that, so far as horticulture 18 
concerned, effective alternatives are already avaiable 
for the gardener 

The statement emphasizes that pesticides should be as 
specific as possible in their effects Where the use of more 
than one product 1s effective and commercially practicable 
for a specific purpose, the least hazardous and persistent 
should be used at the lowest concentration for effective 
control of the pest On safety ın use, 16 observes that strict 
attention should be directed to the accompanying precau- 
tions and instructions issued by the manufacturers- 
products which call for precautions too exacting to be 
followed faithfully should not be used Products should 
never be applied ın weather conditions which prevent full 
control m application, and aerial spraymg, particularly 
of persistent compounds, should only be used when no 
other method of application ıs likely to be effective and 
commercially practicable Contamers should be designed 
for easy emptying, rising and disposal, and should either 
be returned to the manufacturers m accordance with 
instructions or effectively destroyed The Conservancy 
considers that there should be restrictions on the sale to 
the public of products the use of which could be dangerous, 
and because of the rapid progress m the development of 
new products and in knowledge of the modes of action, 
intending users should consult and follow the recommenda- 
tions ın the official advisory publications issued from time 
to time 

The Conservancy’s annual report makes some further 
observations Its Scientific Advisory Services are closely 
concerned with the problem, and an mter:m report on the 
risks arismg from the use of chlormated hydrocarbon 
pesticides in agriculture and m gardens 1s expected early 
this year Meanwhile, at the Conservancy’s request, the 
Royal Horticultural Society and the Royal Caledoman 
Horticultural Society have agreed to give publicity to the 
dangers arising from the mdiscrrmmate use of pesticides 
and to the importance of following clearly the structions 
issued with the products The report also indicates that 
the Conservancy believes that while Rachael Carson’s 
book, Silent Spring, 1s not an impartial account of the 
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situation, 1ts strong plea for more thorough knowledge of 
the ecological effects of toxic chemicals and for more 
strmgent control of their use 1s completely justified 

All this 1s fully supported by tha research bemg carried 
out by the Conservancy’s Toxic Chemicals and Wild 
Life Section, the work of which durmg the year has m- 
cluded studies of the mmbalance of natural populations 
. caused by an msecticide, of the side-effects of arboricides 
and of the effects of herbicides and msecticides on soil 
anımal communities. The conclusions drawn from the 
vestigation of organo-chlorme msecticide residues in 
vertebrates and ther food, which -ndieated that persistent 
insecticides are retamed and become concentrated in the 
bodies of birds, support all that has already been emphas- 
ized in this connexion and, because of their implications, 
deserve wide publicity 

It appears that from the pomt of view of wild-hfe the 
most dangerous property of a chemical 1s persistence, and 
such chemicals, however carefully apphed, and even at 
rates well below those hkely to cause direct poisoning, 
ean build up ın food chams and so become dangerous It 
1s m this way that the relatively less-toxic chemicals lıke 
DDT may be more dangerous than has hitherto been 
believed and, for the same reason, methods and rates of 
appleation are sometimes less important than the total 
build-up of chemicals m the environment. Simple toxicity 
tests as carried out under the Notification Scheme are 
madequate for persistent chemicals unless backed by 
mvestigations on concentrations in the field Moreover, 
pesticides contaminate the whole environment and not 
Just those areas that are sprayed pollution of fresh water 
and the sea should also be further investigated and more 
rigorously controlled 

That m itself shows the soundness of the proposal to 
establish a Natural Resources Research Council, but it 
1mphes also that hydrological research generally must be 
brought mto close relation with the work which the 
Nature Conservancy 1s doing Further, the Conservancy 
points out that the existing Notification Scheme covers 
only agricultural and horticultural practices and 1t urges 
that this or a similar scheme should cover all other spraymg 
operations, as m marshes, canals, rivers, road-side verges 
and railway embankments With its objectivity and 
restraint, the strictly factual report of the Nature Con- 
servancy 1s perhaps the most emphatic evidence of the 
urgency of the whole problem of toxic chemicals and the 
countryside and of the imperative need for a really 
adequate effort both m research and in public education 
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MORAL EDUCATION : SCIENCE 
AND SOCIETY 


Moral Education in a Changing Society 
Edited by Prof W R. Niblett Pp 172. 
Faber and Faber, Ltd , 1963) 21s net 


HIS book 1s a collection of lectures delivered at the 
University of London Institute of Education and they 
are edited and mtroduced by the dean of the Institute, 
Prof W R Niblett, who also contributes the mtroduction 
The audiences for these lectures overflowed from the 
Assembly Hall of the Institute mto another hall nearby 
and this was a witness to & widespread concern that 
education ın our time should be aware of its moral 
function. 
Among the contributors are both Christians and 
agnostics and they include an atomic scientist, a theolo- 
gin, a psychiatrist, two educationists, & sociologist, a 
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creative philosopher, a research worker m social science 
and one of Oxford's leading women dons There 18 & 
remarkable measure of agreement between them, in their 
testimony that actions that are moral mmply choices that 
are conscious and that moral education mvolves not merely 
teaching and learning rules, 15 means hving them. 

The scientist who reads this book might turn first to 
Dr F A Vick’s chapter on science and its standards. In 
brief, he warns agaist the narrow view of science m 
general and physics m particular He takes as his theme 
some remarks of Prof Herbert Dmgle “Tt 1s one of the 
paradoxes of modern hfe that while—on the material 
and intellectual side, at any rate—it 1s dommated by 
science, very few people have any idea what science is. 
The word conjures up a vague mage of machinery and 
atomic bombs, coupled perhaps with something unmtel- 
hgible about mathematics and the vast extent of space, 
but very few can give an approximately accurate definition. 
of science or know anything at all about the way m which 
1t ongmated and has come to take the commanding 
position which it now occupies m our civilization This 1s 
true not only of the rank and file but also of the average 
scientist He understands what he 1s domg about as well 
as a centipede understands how he walks. He does his 
job well enough and he may know the rmmediate object 
of his efforts, but how 156 has come about that these efforts 
are called for, what 1s their significance 1n relation to hfe 
as a whole, and what will be their ultimate effect, are 
matters on which his innocence 1s beyond reproach " 
Dr Vick discusses the standards which a scientist must 
maintain if he 1s to be creative he must have very high 
standards of techniques, both experimental and mathe- 
matical, a knowledge and understanding of at least part 
of the living structure of science, of friendlmess to enable 
him to collaborate with others, of magmation and insight, 
of mtegrity, of humility and of courage He will recognize 
the limitations of his subject and of his methods and, will 
respect true scholarship m other fields But he will be 
impatient of demonstrably lower standards elsewhere, of 
shpshod thought and methods m any sphere m which he 
feels competent to judge He endeavours to be concise 
and clear in exposition, though he does not always succeed 
when trying to communicate to those unfamiliar with this 
language 

The standards of science cannot be treated m isolation 
“Ono of the scientist’s obligations which has become 
mereasingly recognized by him and by others 18 that of 
giving the fullest possible mformation about his work to 
the general public Even if the scientist himself has no 
part in taking pohtieal, financial and other decisions m 
which scientific factors are among those which have to be 
weighed and balanced, he does have the responsibility of 
setting out the scientific information, questions, problems 
and recommendations fairly and m such a way that 
intelligent laymen responsible for taking the decisions can 
appreciate what 1s involved ” 

Dr Halsey exammes the changing educational pattern 
and its mmplheation through the eyes of a sociologist He 
defines moral education as “the preparation of mdividuals 
for participation im social hfe and acceptance of social 
rules”, but he shows that this cannot be achieved if he 
lives all the time m detachment, behaving, conforming or 
not conformmg but never really becommg imvolved 
This, with the various slants characteristic of the theolo- 
gian, the psychiatrist, the humamist, the expert on adoles- 
cence, 18 the chief theme of the book Dr Vidler and Mr 
Eppel hold thav a morality of constramt and inhibition 1s 
not enough ‘The precepts embodied m teaching have 
httle effect unless they are conformed by action and 
example Dr Winnicott contends that the very possibilty 
of morahty m adulthood depends on the fostermg of a 
healthy feeling of hfe m the young child. 

Mr Loukes shows that, faced with the diversity of aims 
of modern civilization, many young people are defending 
themselves against lıfe m all sorts of subtle ways, truth 1s 
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not a set of concepts or rules but something to be dis- 
covered personally and hved Dr. Marjorie Reeves shows 
that the really mature man or woman 13 one who takes re- 
sponsibility The young must be brought up against hard 
and moral decisions in terms of what 1s known of the uni- 
verse and ther own natures The first chapter 1s by the 
dean of the Institute of Education, University of London, 
Prof W R Niblett, who deals m a wise, logical and 
succinct manner with a statement of the problems of 
moral education to-day W. L. SUMNER 


MAMMALS OF THE U.S.S.R. 


Mammals of Eastern Europe and Northern Asia 

By S I Ognev. Vol 1 Insectivora and Chiroptera Pp 
487--xv 98s; 14dollars Vol 2 Carnivora (Fissipedia) 
Pp 590+xv 110s, 15.50 dollars Translated from the 
Russian (Jerusalem: Israel Program for Scientific Trans- 
lations, 1962-63 ) 


Mammals of U.S.S R. and Adjacent Countries 
By S I Ognev Vol 3 Carnivora (Fissipedia and Pinmi- 
pedia) Translated from the Russian Pp 641+xv 
(Jerusalem Israel Program for Scientific Translations, 
1962) 1108, 15 50 dollars 
E bus first three volumes of Ognev's massive work 
on the mammals of the U S S R appeared m 1928, 1931 
and 1935. The four subsequent volumes, translations of 
three of which have been promised from the same source, 
deal with the rodents and appeared in 1940, 1944, 1947 
and 1950, the last a year before Ognev’s death The series 
has been continued by a volume on the Cetacea by Tomlin 
in. 1957 and one on the Artiodactyla by Heptner et al in 
1961 However highly we rate these early volumes 15 1s 
inevitable that they are to some extent out of date and 
therefore before we consider the usefulness of these 
translations 16 1s necessary to consider to what extent the 
subject-matter has been superseded by more recent 
publications The sections on the Insectivora and Fissi- 
pedia have, in fact, been largely superseded by the works 
of Strogonov! on these groups, albert confined to Siberia 
No comparable works exist on the Chiroptera and Pinni- 
pedia Strogonov’s works deal in an up-to-date manner 
with most of the ground covered by Ognev and ıt 1s to be 
hoped that translations will become available before they 
in turn are out of date 

The taxonomy of Ognev m these three volumes is 
typical of its period The trmomal nomenclature that 
did so much to reduce the chaos of late nmeteenth-century 
mammahan taxonomy, culminating m such works as 
Miller’s Catalogue of the Mammals of Western Europe, had 
by 1930 lost sight of 1ts rason d'étre and led the subject 
mto an impasse of confusion little better than that from 
which it had arisen The taxonomic treatment steps from 
genus to sub-species (and even “natios” with, tetranomina) 
with httle indication that anythmg exists between these 
The sub-species only are numbered (1-86 in the Insectivora 
alone, up to 308 by the end of volume 3), and most of the 
biological data are given, um a rather discursive style 
without sub-headings, under the typical or first-mentioned 
sub-species — (In his subsequent volumes Ognev progress- 
ively adopted the species as the prmerpal unit ) The 
biological and ecological data are mainly qualitative and 
= might be expected are derived primarily from European 

USs1a, 

For the mammalogist workmg on palearctie groups, 
whether from the point of view of taxonomy or ecology, 
these translations will be valuable As reference works 
for the non-specialist they represent the only available 
detailed accounts in English of these groups in the 
USSR, and as such must be hailed as a valuable addi- 
tion to any zoological reference library But it 1s to be 
hoped that the more recent literature will also be made 
available m the same way 
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The typography 1s excellent and the origmal pegination 
18 indicated ın the margm The illustrations are reduced 
by 25 per cent and have suffered considerably in the 
process, some, for example a drawing of & bull fur-seal 
on p 341 of volume 3, to the extent of being completely 
unrecognizable An index to all three volumes appears at 
the end of each, but alas in each case one page 1s missing 
and two others have been transposed 
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V, Animals of Sibera — Insectwores (Moscow, 1957), 


1 Strogonov, S 
Carnwores (Moscow, 1962) 


Anmals of Siberia 


IMMUNITY TO PARASITIC 
PROTOZOA 


Immunity to Protozoa 

Edited by Prof P C C Garnham, Dr A E Pierce and 
Dr I Rott (A Symposium of the British Society for 
Immunology) Pp xn+359 (Oxford Blackwell Scienti- 
fic Publications, 1963 ) 70s net 


"Ios book will be welcomed by every parasiologisb, 
whether he 1s especially mterested in the Protozoa 
ornot It gives us, ın book form, the papers presented at a 
symposium on diseases caused by parasitic Protozoa, which 
was held by the British Society for Immunology at the 
Middlesex Hospital Medical School in June, 1963, and, as 
Dr Coombs says in his preface, there 1s no other book at 
present m print which 1s devoted entirely to this subject 
In order that the main theme should not be obscured, 
serological methods have not usually been meluded, 
although a notable exception to this is the chapter on 
serological tests ın toxoplasmosis by Dr J D Fulton 

It 15, of course, impossible to give, m a short review, an 
adequate idea of the wealth of detailed mformation given 
by the book To be fully appreciated ıt must be read 
It begms with a masterly introduction by Prof Garnham, 
who considers m turn the histological basis of immunity to 
protozoal diseases, immunity to them and its serological 
and other reactions and natural mmmunity and touches 
on pretty well every aspect of the subject His brief 
account of its history remmds us that immunity to malaria 
was recognized even m medieval times and that the later 
work of Ehrlich, Metchnikoff, Koch, Christophers, Sergent 
and others developed our knowledge until more precise 
investigations were possible 

The next chapter ıs by Dr W H Tahaferro, who dealt, 
as early as 1929, with a much wider field'un hus classic 
entitled The Immunology of Parasitic Infections Here he 
discusses the cellular and humoral factors which operate in 
mumuniby to Protozoa—a subject on which he has done 
a great deal of pioneei work Then follows a chapter on 
“Latent Infections and Premunition” by Edmond Sergent, 
another pioneer whose work began m the first quarter of 
the present century Prof Maegraith then completes 
Part 1 of the book, entitled “Introductory Concepts of 
Immunity to Protozoa”, with a chapter on pathogenesis 
and pathogenic mechanisms with special reference 
to amoebiasis and malaria, 

Part 2 of the book 1s devoted to mmmunity to protozoan 
parasites of the blood, the malarial parasites, the species of 
Babesia and Theerw of cattle and Trypanosoma bemg 
dealt with by experts who have specialized in the study of 
these genera The vetermarian, as well as the medical 
man, will find much of mterest m these chapters 

Part 3 of the book discusses immunity to Protozoa 
parasitic in other tissues, the species here considered bemg, 
on one hand, Lewshmama and Toxoplasma which cause 
generalized infections and, on the other, species which 
cause localized infections, those considered here bemg the 
coceidia parasitic m the food canals of the fowl, turkey and 
rabbit and T'richomonas foetus, which infects the genital 
tract of cattle Here also the vetermarian will find much 
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valuable information and some readers will be especially 
interested in the two chapters on ımmunıty to, and 
serological tests for, toxoplasmosis 

All the chapters are well documented by bibliographies 
and diagrams and excellent photographs illustrate the 
text. The book, m fact, gives the reader an account, as 
up to date as 1s possible 1n these days of rapid advances of 
knowledge, of the morphological, epidemiological, bio- 
chemical and ummunological factors which operate m the 
diseases discussed, and 1+ will be invaluable to both the 
immunologist and the protozoologist and also to those who 
have to consider, not only the parasitic Protozoa, but 
also other parasitic species 

The publishers are to be congratulated on their tasteful 
and attractive production and good printing of a book 
which everyone interested in this subject should possess. 

G LaPAGE 
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; . DEVELOPMENTS IN GENETICS 


Advances ın Genetics 


Vol 11 Edited by E W Caspar: and J. M Thoday 
Pp :x--394 (New York and London Academic Press, 
1962) 93s 


HE latest volume of Advances ın Genetics marks a 
welcome return to the high standard of the early 

volumes m thus series It ıs outstandmg both in the 
variety and ın the quality of the contributions 

It 1s twenty years since Mather first put forward the 
concept of polygenic balance and discussed its relationship 
to natural selection In “Linkage and Recombmation m 
Evolution", Bodmer and Parsons provide & timely re- 
statement of this concept supported and illustrated by the 
extensive data and theoretical treatments which have 
appeared in the meantime 

In reviewing the properties and significance of episomes 
Campbell achieves a fair balance between fact and specula- 
tion From its meeption the episome concept has rested 
on the firm basis provided by the temperate viruses The 
evidence for the existence of non-viral episomes, however, 
remains suggestive rather than compelling Their occur- 
rence would presumably mdicate a breakdown in cellular 
organization to a primitive state im which there ıs no 
distinction between chromosomal and extrachromosomal 
systems = 

Few plant genera have attracted such a wealth of talent 
as the genus @nothera and as a result few have been so 
thoroughly investigated In ninety pages, Cleland provides 
an excellent summary of the mamense literature on the 
taxonomy, cytology, genetics, breeding systems, plastid 
behaviour and evolution of the North American species of 
Ginothera 

In “Genetics and the Human Sex Ratio’, Edwards 
examines the historical, statistical and evolutionary 
significance of the variation m sex ratio among families 
Analyses and repeated re-analyses of the available data 
have produced remarkably few consistent or undisputed 
conclusions and one ean only conclude with the author 
that little progress has been made in establishing the 
heritability of differences in the sex ratio 

To most of us, bacterial genetics means the genetics 
of Escherichia, Salmonella and Pneumococcus The review 
by Hopwood and Sermonti of the “Genetics of Strepto- 
myces coelicolor” directs attention to the less spectacular 
but steady progress that 1s bemg made with a bacterrum 
which m morphology, at least, bridges the gap between 
bacteria and fungi Particularly mterestmg are the 
comparisons which are now possible between the genetic 
systems of Streptomyces and Escherichia They have m 
common the mcompleteness of the heterozygote at the 
time of ther segregation, but ii E cole this 1s explained 
by prezygotic and in S coelwolor by postzygotic loss 
Streptomyces has two chromosomes, Escherwhia has only 
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one and, according to present 1nterpretations, its structure 
and behaviour are mtimately associated with a complex 
fertility system. As the genetics of Streptomyces progresses 
we can look forward to further 1lluminatmmg comparisons 
For the final contribution we are mdebted to Drs 
Bulter, Sicard and Ephruss: for a translation which 
provides us with the first full account in English of the 
work of Lissouba, Mousseau, Rizet and Rossignol on the 
fine structure of genes in Ascobolus ummersus that led 
to the formulation of the polaron concept The result 1s 
not easy reading, the details are often overwhelming 
but the effort 1s on the whole worth while It1s regrettable 
that a comparison has not yet been possible in this mater- 
1al between the polaron and other units of gene structure, 
function and recombmation J L JNS 


ANATOMY OF LICHENS 


Lichens 

By Prof Dr. P Ozenda. 
Band VI, Təd 9 Pp x+199 (Berlin-Nikolassee 
Gebruder Borntraeger, 1968) DM 105, Subscription 
Price DM 84 


"I the thirty-five years smce the publication of the 
first edition of this book the spirit of hohenology has 
changed, so that to-day the subject of lehen anatomy 
needs to be viewed m a much wider context than formerly ” 
So states Dr Ozenda m the mtroduction of Inchens, 
Volume 6 of the Encyclopedia of Plant Anatomy However, 
one reads the book with growing disappointment that 
the field of hchen anatomy is still so circumscribed One 
longs for a mention, albeit brief, of modern work on the 
pure culture of the lichen components, on growth rates 
of hehens, and on the nature of the symbiosis. 

These aspects are indeed dealt with But although 
earher work on the pure culture of the fungal and algal 
components and on attempted syntheses of the hohen 
association 1s reviewed adequately, the more recent work 
of, for example, Ahmadjian m the United States 18 com- 
pletely omitted A new chapter on growth has been added 
since the first edition, but ın essence this comprises two 
pages, and’ contams no reference to recent publications 
Considerably more ıs known about the growth rates of 
hehens than ıs ımphed on p 103. A brief section deals 
with the physiology of the symbionts ın relation to mor- 
phogenesis, but the latest work cited 1s for 1929, and 
no mention 1s made of the recent discussions on the pos- 
sible third, bacterial, component of lichens. 

Successive sections of the book deal systematically with 
the fungal and algal components of lichens, the vegetative 
anatomy, and the reproductive apparatus. The treatment 
1s authoritative and exhaustive, and the text 1s lavishly 
illustrated with 123 figures (many of them original) and 
8 plates The illustrations are good, though often over- 
elaborate and with details obscured by excessive shading 
Pmntmg errors occur more frequently than is to be 
expected in a book of this standard—thus “constituans’’ 
m the mam heading on p. 25, “Chrysotrihacées” for 
“Chrysothrieacées” on p. 30, “Deploschisias” for Diplo- 
schistes” on Plate 3, “Pertusera” for ‘‘Pertusarza’” on 
Plate 6, and several errors m the bibhography. In the 
man body of the text a number of authors are adequately 
cited, and 1n the bibhography the abbreviations adopted 
for publication appear to be entirely arbitrary. 

All im all, this a book for the specialist The price 
alone places ıb beyond the reach of most botanists, 
while the subject-matter 1s of direct appeal to only a few 
dedicated hehenologists. As a reference work withm a 
very limited field this book 1s invaluable, but for the non- 
specialist reader seeking a general account of lichen 
structure the corpus of facts may prove intimidatory, 
and the lack of references to modern experimental work a 
serious deficiency J. H Taxis 
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MIGRATION OF SCIENTISTS: A WORLD-WIDE PHENOMENON 
AND PROBLEM* 


By STEVAN DEDIJER 


Institute of Sociology, University of Lund, Sweden 


“Sumer 1s 1cumen in, 
Lhude smg cuccu !’ 
Anonymous English poet, c. 1250 

HE problem of migration of scientists is as old as 

science itself Not to go farther back, may I quote 
a migrating scientist who in 1597 thus explamed why 
scientists are the migrating birds of the intellectual 
world “And when statesmen or others worry him too 
much, then he should leave with his possessions—with a 
firm and steadfast mmd one should hold under all con- 
ditions, that everywhere the earth is below and the sky 
above, and to the energetic man, every region 1s his 
fatherland’? The research worker who wrote these words 
then picked up all the equipment and instruments of his 
institute, m his tıme corresponding to that of to-day’s 
Brookhaven or Duvno, and from a small island off Sweden 
(H.veen) moved with them right across Europe to Czecho- 
slovakia The Earth 1s still everywhere below and the 
sky above, and thousands of scientists everywhere m 
the world are making decisions hke Tycho Brahe did m 
1597, thus creating problems for tho people—let us call 
them science-decision makers—whose job is to keep 
scientists happily at work 

The permanent change of national residence of research 
workers in the natural, social and life sciences, of pro- 
duction engineers and practising physicians all of whom 
I consider here as scientists, 15 just becoming a world-wide 
social and political problem In some countries tho 
emigration of a sgle scientist of high quality nowadays 
gives rise to national political issues Everywhere ıb is 
slowly becoming a matter of concern for munisters and 
governments. Thus, in Ghana at present all candidates 
for overseas scholarships or for foreign positions must be 
approved individually by the Cabinet In Yugoslavia 
recently there was talk of passing legislation for the 
control of emigration of scientists The Indian Govern- 
mont recently published a Press release stating: “The 
Minister of Scientific Research and Cultural Affairs, Prof 
Humayun Kabir, announced further governmental meas- 
ures for induemg Indian scientists to return from abroad 
for employment in India. The Muster was addressing a 
Press conference at New Delhi recently after his return 
from a tour of the Soviet Union, Western Germany, the 
United Kingdom, and the United Arab Republic, where 
he had discussions with eminent scientists on the problem 
of migration of scientists and the organization of scientific 
research" 

Like all such embryo problems, this one 1s still most 
often a mixture of strong emotions and conflicting values 
based on few and uncertain facts. The most elementary 
facts about the migration of scientists are lacking Every 
single country m the world knows how many cows it 
exports and how many mules 16 smports, but almost none 
has the data on the import and export of research workers, 
production engineers and practismg physicians, on the 
quantity and quality of its trade m scientists We are 
still very far off from having a square matrix showing 
the migration vectors of scientists among the 130 coun- 
tries of the world Furthermore, the problem of migration 
of scientists 1s loaded with heavy political ımplhcatıons 


* Substance of an address delivered on November 1 before the first 
National Institutes of Health International Symposium on Biomedical 
Research, Gaithersburg, Maryland 


For this reason, world-wide international organizations 
have purposely kept their eyes off ıt 

These are the general circumstances imn which I shall 
attempt to make a world-wide survey of the migra- 
tion of scientists. My investigation will be based on 
materials and answers obtamed through a questionnaire 
sent to about four hundred research scientists, science 
administrators and persons concerned with the education 
and science policies m sixty countries. The material on 
the problem I have 1s still so scanty that m my exploration 
of ıt I shall have to use the traditional method for such 
half-born problems I shall do a lot of generalizing from 
scarce and scanty, ill-defined social facts to formulate 
hypotheses which later investigations may confirm or 
reject. 

For more than one-third of the world’s countries with 
more than one-third of 1ts population, the problem of 
migration of scientists 1s at such an early stage of bemg 
that ıt can be said not to exist at all For one group of 
countries, this 1s because the possibility of migration in 
general does not exist, and for the second group, because 
there are scarcely any scientists to emigrate All the 
answers from the science policy personnel to my question- 
naire from the Communist countries, which comprise the 
first group, state almost proudly we have no migrating 
scientists, hence the problem does not exist for our 
country All the evidence so far shows that there 1s almost 
no permanent migration of scientists among the Com- 
munist countries and between them and the rest of the 
world From the experience of Yugoslavia and lately of 
Poland and Hungary, one surmises that if co-existence m 
a world at cold war becomes co-operation and com- 
petition m an open world, the Communist countries will 
also have to face with a vengeance the problem of the 
permanent migration of scientists 

The answers to the questionnaire from the second 
group of countries, when any at all were given, almost 
sadly stated we have no problem of migrating scientists, 
for we have little or almost no science The problem of 
emigration of scientists from these countries often takes a 
strange form they tend to lose scientists before they 
have any, they export mamly potential scientific talent 
Students from underdeveloped countries, countries with 
inadequate university facilities to teach science, engin- 
eering or medicine at the undergraduate- or postgraduate- 
level are gomg abroad to-day m tens of thousands The 
existing data show that nme-tenths of them go to West 
European countries, to the United States, to Japan and 
tothe USSR (“35,000 students from Asia, Africa, Latm 
America, representing a 50-fold increase in 4 years, are 
studying in the Soviet Bloc", New York Tumes, January 
23, 1964, ın a dispatch from Bonn) These are countries 
with a high demand for scientists, countries with highly 
developed science and increasingly planned science man- 
power policies The United States has, so far, the most 
comprehensive and detailed published statistics on its 
foreign students From it one sees, for example, that in 
1961 there were in the United States 16,000 under- 
graduate and graduate students of science, medieme and 
engineering from countries with an mcome of less than 
200 dollars per head, countries with relatively httle or 
no science These countries have to-day per mulhon 
population about eight times less m number of science, 
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technology and medical students than the developed 
ones Yet estimates made ım the United States show that 
not less than 15-20 per cent of the foreign science students 
remain permanently m the United States. For some 
countries, like Tarwan or South Korea, the percentage 15 
even higher. This emigration of scientific talent represents 
a blow to the aid policies of all the developed countries 
and not only to that of the Unized States It 1s creating 
a reservoir of political ul-will which is becoming serious. 

For the developed countries foreign science students 
from everywhere represent an important potential 
reservoir of scientific, technical and medical man-power 
In the United States, for example, m 1961, 60 per cent of 
all the 53,000 foreign students were studying science, 
engineering and medicine, and 66 per cent of the 24,000 
graduate students As a matter of fact, L V Berkner 
clams m Physics Today of July 1963 that the total 
increase m Ph D science graduates m the United States 
during 1950-60 is due prmerpally to the foreign graduate 
students 

When we turn from the migration of potential scientists 
to professional scientists, we note that the existence of data 
is Closely connected with the awareness of the existence of 
the problem and the awareness of the importance of 
science The awareness of the loss mcurred by a country 
through the migration of scientists seems to be strongest 
to-day everywhere in the professional community Higher 
level government officials—with a number of important 
exceptions, as for example in India, in Great Britain and 
other European countries—are still on the whole not 
concerned about the migration of scientists This 1s 
especially true for Governments without a national scicnce 
poley Such countries can be losing scientists for years 
before the pioblem becomes & public issue In some 
countries the loss of football stais through emigration 
aroused public indignation long before ıt was discovered 
that scientists were leaving m large numbers Up to 
now, no Government that I know of has produced 
complete and detailed statistics on the emigration and 
immigration of scientists 

Yet the few existing partial surveys give the outlines 
of a general picture, of the directions and the extent of 
migration of scientists Here I shall just lst some of the 
results of various estimates and surveys A recent science 
survey of Iran, Pakistan and Turkey estimated that 
50 per cent of all the scientists trained abroad do not 
return home Out of 4,757 'Tarwan students in all fields 
at present studying 1n the United States, only 46 returned 
to Taiwan ın 1961, out of the total of 10,000 students 
abroad it 18 estimated that less than 10 per cent return 
home According to the National Register of India for 
July 1963 there were at least 8,000 scientists, engineers 
and physicians studying and working abroad without any 
indication how many of them are permanently settled 
there This amounts roughly to 10-15 per cent of all the 
Scientists, both students and professionals of India 
According to a study publishec by the Instituto de Tella 
1n. 1962, Argentina m recent years has lost 5,000 engineers 
through emigration From a first, rough estimate of 
emigration. of scientists, 16 appears that the number of 
graduates m science, engmeermg and medicine who 
have left Yugoslavia permanently smce the War 1s not less 
than 15 per cent of all those engaged in these professions 
at present The West European and other developed 
countries are also begining to publish statistics on the 
emigration of scientists Thus 23 per cent of Norwegian 
engineers graduating between 1946 and 1960 in Norway 
or abroad are at present not workmg in Norway, the 
number of German scientists emigrating annually amounts 
to 5 per cent of all the yearly graduates m science, from 
1952 until 1961, 1,136 scientists with a Ph D in natural 
science or 14 per cent of the total number of PhDs 
granted in the field in that period m Britain’s universities 
are now working abroad, as high as 50 per cent of the 
honours students in science in New Zealand have been 
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emigrating each year untiliecently The mformation on 
the quahty of these émaigrés ın terms of creative research 
ability, teaching and administrative competence, and 
experience, is practically non-existent except in some 
British surveys 

Where are all these scientists emigrating? Every 
respondent to the questionnaire placed the United States 
as the top country attracting their scientists But in 
connexion with this role of the United States there aie 
two illusions Some American social scientists and news- 
paper commentators have developed and published the 
theory, politically very shoit-sighted from their own 
interest I must say, that the United States 1s the cultural 
metropolis of the world and that all roads lead the 
world’s scientists to 1 On the other hand, somo policy- 
makers believe that the United States 1s not only ‘tho 
top chicken’ m the world scientific pecking order, but 
find comfort ın the illusion that the United States 1s the 
only chicken peckmg away ther scientists Both these 
illusions are strengthened by facts, which only partly tell 
the tale, as, for example, by the fact that the Umted 
States 1s a large country with the most diversified and 
developed science in the world and can offer opportunities 
for work ın some branches of research which practically 
no other country can. These illusions are also strengthened 
by the present large demands for scientists, engineers and 
physicians still existing in the United States It 19 
strengthened by the consequent recruiting policies of 
American mdustrial concerns, by the talent-searching 
journeys of American university professors, by the 
generous fellowship programmes, by some antiquated 
aspects and difficulties ın the United States educational 
pohey or lack of 1t, by some aspects of its 1mmigration 
pohey Last, and not least, these illusions aie strengthened 
by the fact that the United States has published its data 
on the immigration of scientists, engineers and physicians, 
while, so far as I know, no other country has done so 
According to recent investigation by the U S Department 
of Labour and the US National Science Foundation, 
during 1952-61, more than 30,000 trained engineers, 
9,000 scientists and 14,000 physicians and surgeons have 
come from other countries and settled permanently m 
the United States I venture to guess that these are still 
only partial figures The journal Scrence recently pointed 
out that the 1mmugration of these 53,000 trained scientists 
represents a net saving to the United States of about 
2,000 millon dollars, which would have been spent to 
tram 8 corresponding number of domestic scientists No 
one has up to now devised a method to measure the 
money value of the output produced by these 53,000 
scientists durmg their stay in the United States Were 
this possible, ıt would be interesting to compare it with 
the total foreign aid that the Umted States, has sent 
abroad, 

To show the inaccuracy of the generalization that the 
United States ıs the only chicken pecking off other 
countries’ scientists, let us broaden a bit the underlying 
facts Actually, only a minority of scientists, engineers 
and doctors fiom any country emigrate to the United 
States—with the possible exception of South Korea and 
Formosa This is shown by the small amount of avalable 
data Thus, 65 per cent of Norwegian engineers who 
emigrated are working in countries other than the United 
States, 29 per cent of them bemg employed in Sweden, 
65 per cent of all 8,000 Indian scientists now abroad are 
not in the United States, 67 per cent of the Pakistan 
scientists and engineers listed to be working permanently 
abroad are not in the United States, and more than 
50 per cent of science Ph D s who have left Great Britain 
went to countries other than the United States The 
precise figures for Yugoslavia have not been published, 
but 16 seems that Germany, Italy, Switzerland and other 
European countries absorb most of 1ts export of scientists 
The same 1s probably true of Greece Turkey, Spain and 
other less-developed European countries, for the emigrants 
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usually prefer to stay as close as possible to ther native 
land The answers to the questionnaire bring out that 
Canada, Great Britam, Germany, France, Sweden and 
even some South American countries such as Venezuela 
are attracting the emigrant scientists Thus, we find that 
36 per cent of the Indian scientists studying or working 
abroad are in Britam On the whole, 54 per cent of them 
are ın Europe, a region of about 250 milhon people, as 
compared with 35 per cent who are in the United Statos. 

Looking at the problem from the pomt of view of & 
region, we find that among the Nordic countries there 
seoms to be a trend to emigrate toward Sweden, which 
also imports scientists, doctors and engineers from other 
European and non-European countries There is a lively 
trade in scientists through emigration among all the 
members of the British Commonwealth Thus, for 
example, durmg the past five years the Department of 
Scientific and Industrial Research m New Zealand lost 
43 officers to posts overseas and durmg the same period 
recruited, 44 officers mostly from Britam ‘There are other 
geographical, political and cultural entities withm which 
such migrations, so to say, have a higher flux than else- 
where 

From all the material existing at present one can form 
a number of conclusions which have a strong bearmg and 
implications for science policies The migration of 
scientists has certain preferred directions from the less- 
developed to the more-developed countries, from countries 
developmg slowly to countries developing rapidly, from 
small countries with developed science to large countries 
with developed science, and, most important, from 
countries with less-developed science and education 
policies to those with more-developed ones 

Hence, one can conclude generally, and not very pro- 
foundly at this stage m the study of the problem, that the 
migration of scientists 1s determined in the first instance 
by the general social, political, economic and scientific 
conditions of their own country pushing them out and 
similar forces from other countries pulling them m For 
each country such pushing and pulling forces should be 
estimated in order to obtain a general picture of its present 
and foreseeable balance of trade im scientists Further- 
more, to have data on which policy decisions can be 
based one must know why did scientists A, B, C and D 
leave country X to goto Y At present I do not know 
of any social scientists m any country having undertaken 
an investigation to determine the cultural causation of 
the migration of scientists A number of investigations 
18 now going on at the London School of Economics, and 
some are being initiated by the OECD, but I surmise 
that they are still at an early stage Thus, to consider the 
causes of emigration I had to turn to four sources of data 
in preparing this survey (J) answers to my question- 
naire, (2) the results of a survey of a few dozen British 
subjects known to be working ın physical or biological 
departments at three United States universities, (3) a 
series of letters to the British Press durmg the past few 
years on this subject which were gathered and published 
in the spring 1963 issue of Minerva, (4) the national and 
mternational science policy documents which dealt with 
the subject 

The first results of these mdependently derived sources 
show that the decision of an individual scientist to emigrate 
is never based on 2 single easily identifiable reason or 
motive Yet, all these materials agreo m general lines 
not only on the definition of specific motives for emigra- 
tion but also on their relative order of importance 

The history of science tells us that in the year 766 
“princely stipends attract Jewish, Syrian and Persian” 
scholars, scientists and artists to the newly erected fabled 
city of Baghdad and 15 1s “‘princely stipends", compared 
to the “miserly” ones they feel they get at home, that 1s 
listed ın all the available sources as the most prevalent 
cause of emigration of scientists, lack of resources for 
professional work comes second, poor socio-psychological 
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conditions for professional work m general and madequate 
chances for promotion and advancement m particular are 
third on the rank list, and lack of professional employ- 
ment comes fourth 

Of course, each country 18 & special case, and in some, 
special social conditions, besides those already listed, can 
greatly influence the decisions to emigrate Thus, the 
answors from somo, especially Latin American, countries 
stressed the political instability as the first and most 
important reason for emigration, others cited the lack of 
a national purpose within the country One particular 
answer summed up well the situation why scientists tend 
to leave one particular undeveloped country “The soil 
of countiy X", he said, “1s mumueal to the growth of 
science” 

One most important conclusion arises from all the 
existing answers to the question Why do they emigrate ? 
Each science policy body should initiate a programme of 
study and social science research to analyse m depth the 
reasons for migration The cost of settang up and carrying 
out such & programme of research and study would cer- 
tamly be less than the cost of training one single scientist 
of the many lost through emigration Such an mvesti- 
gation initiated by the scientific community can produce 
iteresting and useful results and insights on national 
science policy This is the first essential step on which 
to base decisions to mmprove the conditions for scientific 
work This ıs especially important for the underdeveloped 
countries, which are synonymous with countries with 
undeveloped science and ıb 1s interesting to note m this 
connexion that a recent mvéstigation showed that out of 
the several dozen underdeveloped countries, that 1s, those 
with an income of less than 300 dollars per head, only 
two of them could be said to have national science 
poles Of course, having a science policy 1s not enough 
It must be a part of a national policy for development, 
studiously formulated and vigorously 1mplemented 
Thus, an education policy which includes the development 
of universities and of their ability to teach science and 
research at an undergiaduate-level can effectively plug 
the leak of potential scientific talent at this level The 
development of graduate studies and teaching 1n science, 
technology and medicine, and especially of university 
research 1n these fields, can stop the emigration of a large 
proportion of scientists now being lost through trainmg 
at a graduate-level by the less-developed countries 

The fostermg of the demand for science through 
economic, technological and health policies can bring 
about a dimmution of the net loss of scientists through 
emigration Thus, for example, the number of engineers 
emigratmg from Europe to the United States has steadily 
decreased by about 55 per cent during 1957-61, while the 
number of those immigrating mto the Unxted States from 
othe: paits of the world has remained practically the 
same It 1s significant that this decrease of emigration of 
European engineers to the United States has occurred 
simultaneously with a period of rapid growth of European 
economy It will be iterestmg to observe whether the 
vigorous and studious science policies now pursued by 
many European countries, then inereasmg mutual col- 
laboration in research in fields and projects where large 
resources are required, will also brmg about a rapid 
decrease m the number of emigrating scientists to the 
United States 1n the natural life and social sciences, which 
durmg 1957-61 did not decrease so rapidly as the number 
of emigrating engmeers 

Thus, we see that the Emopean countries are under- 
taking a series of measures to strengthen the study and 
the planning of the growth, of science and of their educa- 
tion systems In France, Germany, Sweden and in other 
European countries steps are bemg undertaken to reform 
the antiquated features of university education, thus 
enabling a larger number of younger scientists to obtain 
rapid promotion and take responsible posts At the same 
time, through jomt research projects and institutes, 
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This two-volume treatise ıs a comprehensive and authorita- 
tive presentation of the properties of inhibitors of metabolic 
and enzymic processes It provides an inclusive and up-to-date 
coverage of the many aspects of these substances, reflecting 
their increasing importance ın all areas of enzyme investigations 
and in studies of cell metabolism ın general 
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Part A, 1960, 416 pp , 86s 
Part B, 1961, 924 pp , 103s 6d 


Volume2 The Elements 
Part A, March 1964, 649 pp , 157s 6d 
Part B, 1962, 623 pp , 143s 


This treatise 15 an up-to-date reference and text on mineral 
metabolism It constitutes a critical, comprehensive review, 
placing special emphasis upon the newly emerging concepts of 
the Ramee behavior and function of minerals in the mammalian 
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Synchytrium 


By JOHN S. KARLING 
April 1964, 475 pp , 125s 


This monograph presents all data and information relevant 
to the identification, classificatioa, and phylogeny of species of 
Synchytrium It also provides descriptions and discussions of 
supplementary criteria such as effects on the host plants, 
cellular reactions, and differences in cytology and sexuality 
The work includes a historical review of the genus, a presenta- 
tion of taxonomic keys, and descriptions of the subgenera and 
species, life-cycles, geographic distribution, and host mdex 


Photographie Atlas of 
Shark Anatomy 


The Gross Morphology of Squalus acanthias 
By CARL GANS and THOMAS PARSONS 
March 1964, 106 pp , 7” x 9" 
40 photographs/40 line drawings, 31s 


For the first time, a book provides instructors and students 
with a photographic atlas devoted exclusively to the common 
Spiny Dogfish, Squalus acanthias, the species most frequently 
used in courses of comparative anatomy Primarily designed 
for wstructional use, the Atlas also provides ichthyologists, 
fisheries biologists, and others m allied fields with a carefully 
planned and executed series of plates of all gross structures, 
often tn several sections 
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(omparative Nutrition of Man 
and Domestic Animals 


Complete 1n Two Volumes 


By H H MITCHELL 
Volume 1, 1962, 701 pp , 178s. 6d. 


Volume 2, April 1964, 840 pp 


Until March 31, 1964, 164s. 6d. 
thereafter, 200s. 


This two-volume work presents and correlates, in a 
quantitative fashion, the nutrient requirements of man and his 
domesticated animals and the factors that modify these require- 
ments The similarities and dissimilarities among the various 
species of animals are pointed out The volumes will be of 
interest to nutritionists and home economists as well as 
physiologists and biochemists 


Primitive Motile Systems in 
Cell Biology 


Symposium 
Edited by R. D. ALLEN and N. KAMIYA 
March 1964, 642 pp , 157s 6d. 


This volume consists of thirty original papers on research 
in motility Contnbutions range from pure morphological 
studies to biophysical and biochemical papers 1n the area of 
non-muscular motility Each of the papers contains considerable 
background material and extensive bibliographies that will 
serve as an effective guide to the literature 


The Transfer of Calcium 
and Strontium 
Across Biological Membranes 


Symposium 
Edited by R. H WASSERMAN 
December 1963, 443 pp , 92s. 


This new book, which represents the contributions of a 
number of experts, deals primarily with the mechantsms by 
which calcium and strontium move across biological membranes, 
and the interrelationships between these alkaline earths at 
various physiological sites 


Plani Diseases 


Epidemics and Control 
By J. E. VAN DER PLANK 
March 1964, 349 pp , 80s. 


Plant Diseases describes new methods of epidemiological 
analysis The work analyzes various ways of controlling plant 
disease based on infection rates and the relation between the 
amount of moculum and the amount of disease it causes The 
author describes sanitation, production of resistant varieties, 
and the use of fungicides 1n their relation to the analysis of the 
control of disease 
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Progress in Reaction Kineties 
Volume 2 
Edited by G PORTER, Department of Chemistry, University of Sheffield 


The second volume in an important series publishing authoritative review articles on chemical kinetics, summarizing progress and 
significant developments 1n this field The emphasis ts on the quantitative aspects of the subject, but the series covers the whole 
field of kinetics, from elementary reactions in gases to complex organic and biochemical processes 


280 pp 100s net ($15.00) 


A Correlation Study of 
Methods of Matrix Structural Analysis 
AGARPDograph 69 


R H. GALLAGHER, Bell Aeiosystems Company, Buffalo, New York 

With contributions by I RATTINGER, Aer ospace Corporation, Calfornia, and J S ARCHER, Space Technology 
Laboratories, California 

Presents the results of a survey and review of matrix structural analysis practised in the airframe industry Concepts of the force 


and displacement approaches are described, and areas of agreement between published methods that are within the framework 
of these approaches are delineated 


Published for and on behalf of the Advisory Group for Aeronautical Research and Development, NATO 
113 pp. 70s. net ($10.00) 


Skort Guide to Geo-Botanical Surveying 
S V VIKTOROV, Ye. A VOSTOKOVA, D. D. VYSHIVKIN, Department of Geography, Moscow State 
University 


Contains a general introduction to vegetation survey 1n the U.S SR , with particular emphasis on its practical applications Covers 
such topics as types of geo-botanical maps, the Mapping and evaluation of forest, the survey of peat lands, pasture management, 
semi-arid areas and tundra, and indicational surveys for the detection of minerals and water supplies 1n arid areas This volume 
will particularly appeal to plant ecologists, geographers and all those interested ın vegetation mapping and land use ın under- 
developed and marginal areas 


International Series of Monographs on Pure and Applied Biology, Botany Division, Volume 8 
172 pp 63s. net ($9.00) 


Functions of a Complex Variable 


and some of their Applications 
Volume 1 
B. A FUCHS and B. V. SHABAT 


Introduces the reader to basic principles and acquaints him with the special sections of the complex variable theory which from 
the point of view of applications are most important There are numerous worked examples which serve not only as illustrations 
of the theoretical conclustons, but also as models for solving independently any similar problems encountered 


International Series of Monographs on Pure and Applied Mathematics, Volume 51 


452 pp 70s net 
Distributed in the US A by Addison-Wesley Publishing Co 


Introduction to Field Theory and Dispersion Relations 
R HAGEDORN 


The aim of this Introduction 1s to acquaint those who already know a little about field theory with the more recent developments 
which lead to the dispersion relations The book covers such fields as The Hamiltonian formalism, the new formulation of field 
theory, consequences of the principles in terms of properties of field operators, the reduction technique and dispersion relations 


135 pp. 35s. net ($5 00) 
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European countries are creating facilities for the work of 
scientists, engineers and doctors in those fields where tho 
cost would be prohibitive for individual countries. This 
also leads to the retention of scientists who could emigrate. 

“At least two countries, the United Kingdom and India, 
have in recent years made systematie efforts to bring 
back home the émigré scientists. Their experience so far 
seems to show that these efforts can be offective only if 
the national seienee and education policies, based on 
study and sufficient resources, are vigorously carried out 
to improve the conditions for the employment of the 


s returning emigrant scientists. 


Here I wish to point out that the underdeveloped 
countries especially are doing very little to contact and 
utilize the emigrant scientists in their own efforts to 
‘develop national science. These emigrant scientists are 
still held by many ties to their native land. These 
emigrants are an invaluable source of experience and 
knowledge and are willing to help their land of origin. I 
believe that the formation within each country of associa- 
tions of scientists, engineers and physicians from a given 
eountry of origin with the help of the two governments 
; concerned: can bring about a new source of aid to the 
underdeveloped countries. 

In conclusion, I feel I should identify more precisely 
than I have done so far my own complex of emotions, 
values, logic, in other words, my own ideological approach 
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to the problem of migration of scientists. -The migration 
of scientists, production engineers and praetising physicians 
is becoming a world-wide phenomenon anda world-wide 
problem, and not, let us say, the migration of poets, 
politicians, policemen, painters and bank presidents, 
because the very nature of their professional work, ite 
relative independence from a number of basie aspects of 
particular national cultures makes them prone.to be the 
migrating birds of the intellectual world: and as the 
arrival of cuckoos to cold countries is a harbinger of 
summer, I feel that the first signs of a world-wide migra- 
tion of scientists denotes a world-wide change for the 
better of the social politieal economie and seier i 
climate, For there are to-day more scientists, ¢ 
and physicians emigrating between more countries than _ 
ever before, because there are more of them everywhere 
to migrate and because the world conditions everywhere 
are more favourable than ever before for their migration. 
The resentments aecompanying the discovery of the 
problem in numerous countries aro healthy signs of a 
growing awareness of the national importance of seientists 
(and of the relatively high cost of producing one). The 
very dissatisfaction of numerous countries about their 
place on what they feel is a unidirectional scientific 
pecking world order is a symptom of the world forces 
pressing not only for economic, national, political, oul- 
tural, but also for scientific equality. AE CRESS 










BED |, OLDUVAI GORGE, 


TANGANYIKA 


A Tibia and Fibula 


DE excavation at Olduvai of the living floor 
"containing the skull of Zinjanthropus boisei in site 
F.L.K., Dr. L. S. B. Leakey and his team encountered 
fragments of the left tibia and fibula of a higher primate. 
The fragments could not be assigned to any given species, 
and aecordingly they have been examined more for their 
functional implications than for their taxonomic relevance, 
The fragments fit well together. The tibial remains 
comprise most of the shaft up to the level of the buttress 
for the tibial tuberosity, and much of the talar articular 
surface, the medial malleolus being absent. The fibular 
remains comprise the shaft from the lower border of the 
, inferior tibio-fibular joint surface up to the neck of the 
- bone. 
The overall length of the tibial fragments is 223 mm 


"^ and that of the fibula is 236 mm. The original length of 


the intact tibia from the talar surface to the level of the 
lateral condyle is assessed at 277 + 10 mm, the length 
being deduced from comparisons of the relative length of 
.. the shaft below the nutrient foramen in the fossil and in 
other higher Primates. ` 
o Region of the ankle joint. "The lower ends of the fossil 
* bones have many similarities to those of Homo sapiens 
and H. rhodesiensis: in. all three forms the inferior inter- 
osseous ligamentous areas form well-marked elongate 





Table 1. MEAN MEASUREMENTS OF THE LOWER ENDS OF THE TIBIA AND FIBULA IN THE COMPARATIVE SERIES 


triangles extending up the shafts for a distance greater than 
in Gorilla, Pan and Pongo, in whom the areas are generally 
ill: marked. The horizontal portion of the talar articular 
surface remains on the tibia, and accords well in general 
form with that of modern man. This surface i$ set almost: 
at right angles to the long axis of the lower half of the shaft 
when seen from the front, as opposed to the considerable 
lateral tilt seen in the Ponginae: seen from the side the 
surface faces somewhat anteriorly as in man, lacking the 
posterior direction seen in the Ponginae (see Table 1). 

In the great apes the lateral malleolus consists of & 
broad, stout projection with an oblique talar articular 
surface, supported superiorly by a thickened buttress 
projecting from the lower fibular shaft. In H. sapiens 
and H. rhodesiensis this buttress is much. reduced, the 
malleolus being narrower and its articular surface relatively 
vertical. The remains of the buttress on the fossil fibula 
accord well with the human condition, suggesting that the 
malleolus was narrow and its articular. surface near the 
vertical. ee 

The lower ends of the fossil bones show a marked 
difference from those of H. sapiens only in the possession 
of small crescentic synovial interosseous articular facets. 

Thus the region of the ankle joint in the fossil: shows 
itself to have been adapted for plantigrade locomotion. 
In man the lower ends of the tibia and fibula are firmly 























bite tae ae ~ nm 
E. sapiens H. sapiens H. 
Species (European) (Bushman) rhodesiensis Gorilla. Pan Pongo Fossil 
j No.of specimens e] 50 8 1 10 12 8 1 
| Tutsrdemgons Index tibia * 11:0 21 117 5-5 6-9 27 126 
AS lard deviation (3-8) (4) (r8) (14) a4) 
-Interosseus index ff X 12-0 | 12-6 — 8-0 TÓ 38 10-4 
E {Standard deviation) (41) i (2-0) (1:3) (1:8) (1:4) 
| feral tilt of tibial talar surface (°) 1 $5 : t 15 +20 + a + Zs + es oo 
| Anterior tilt of tibialtalar surface?) — 479 | — £78 +120 -4d -22 227 +50 
| (Standard deviation) 2-5) i (3-9) (1-4) (2°8) (0-9) 








In obs Boon length of inferior interosseous area x 100 
* ; ous Tadek = totai bone length 
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Fig. 1. Drawings ee ip ones tibia and berger fout. ra the dune leor containing the 
ínjanthropua boisei L.K., uvai 
Aakers: (B) posterior: AOR anterior views of thet tibia: (E) ial (F) oblique posterior, 


and (G) medial views 
i (D). (Drawings by Mrs. A. Besterma: 


held together by extensive ligamente and the talar surface 
is set squarely to the shaft of the tibia, as in the fossil, 
permitting the sole of the foot to rest squarely on the 
ground during locomotion, the talus being supported 
against inversion and eversion strains. In bipedal planti- 
grade locomotion a considerable degree of dorsiflexion 
is required at the ankle joint, and in both the fossil and in 
modern man this is allowed for by the forward tilt of the 
talar surface on the tibia. 

Shafts of the tibia and fibula. The shafts of both bones 
are relatively straight. The tibia has a slight curvature 
convex medially in its upper part and another, convex 
laterally, in its lower third. This curvature at the lower 
end is seen in modern man; in Gorilla and Pongo, and to 
& lesser extent in Pan, the lower third of the tibial shaft 
has a curve convex medially in its lower third, presumably 
to give mechanical support to the laterally inclined talar 
surface found in these species. 

The robusticity index of the fossil tibia, calculated from 
m length, is 6-0. 'This compares with that of 

H. rhodesiensis, 6-2, being somewhat less than most 
specimens of the Ponginae (6-2-7-9) and a little more than 
in most modern men (5:0—6-1). 

The form of the tibial shaft shows great intra-specific 
variation, so much so that the ranges of many indices 
overlap widely when different primate species are com- 
pared. However, an investigation of the areas of muscle 
attachment in different species has revealed certain 
characteristics which have permitted deductive evaluation 
of the fossil material. 

The fossil tibial shaft presents a rounded anterior border 
as seen in the Ponginae, in contrast to the sharp, well- 
defined border present in H. sapiens. This roundness is 
associated with the encroachment by tibialis anterior of 
part of the antero-medial surface of the bone. This en- 
croachment is more extensive in the Ponginae than in the 
fossil, and is also seen in H. rhodesiensis, in whom the 
muscle is a little less extensive than in the fossil form. 

At the level of the tibial midshaft, in H. sapiens the 
marking for tibialis posterior is less extensive than that 
for flexor digitorum longus, in H. rhodesiensis the areas 
are of nearly equal extent, and in the Ponginae tibialis 
apne is more extensive than flexor digitorum longus. 
In this respect the fossil is similar to the Ponginae. 
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The shaft of the fibula, on the other hand, 
in many ways resembles that of H. sapiens; 
indeed, there are fibule from modern 
human beings which resemble it almost 
exaetly. 'The area at midshaft-level for 
flexor hallucis longus is more extensive 
than that for the peronei in H. sapiens, 
as it is in the fossil, whereas the reverse is 
true of the Ponginae; in both H. sapiens 
and the fossil flexor hallucis longus extends 
well down the shaft of the bone, stopping at 
a higher level in the great apes. 

Thus the musculature in the fossil 
appears to have been adapted towards 
powerful plantar flexion of the big toe 
and to have had some reduction of the 
power of eversion of the foot as compared 
with the prehensile foot of the Ponginae, 
while retaining the powerful tibialis pos- 
terior characteristic of these latter forms. 

At the upper end of the tibia the marking 
for popliteus in the fossil differs widely 
from both the human condition and that 
of the great apes. The area is very strongly 
marked and its texture suggests that the 
direction of muscle pull was nearly vertical. 
Below the lateral part of this area is à 
strongly marked crest which continues 
into a short, weakly marked soleal line 
which does not gain tho lateral border 
of the bone. Relative to the fibula 
this crest is correctly placed to receive the tendinous 
arch which in man carries the attachment of soleus 
from fibula to tibia, and gives attachment to a discrete 
bipenniform portion of the muscle. In the Ponginae 
soleus is usually restricted to the fibula, whereas in 
modern man the muscle has an extensive tibial attach- 
ment separating popliteus from flexor digitorum longus*; 
thus the extent of the muscle in the fossil form appears 
to have been intermediate between the human condition 
and that of the Ponginae, and the relatively large tibialis 
posterior may have acted as a strong plantar flexor in the 
absence of a strong soleus. 

Thus the muscle markings suggest that the fossil form 
was adapting towards bipedalism as in modern man, 
although muscular adaptation appears to have been less 
well advanced for this than was the ankle joint. That 
adaptation of muscles lags behind that of joints is sug- 
gested by the findings in H. rhodesiensis. The evidence of 
popliteus suggests that the fossil knee joint differed widely 
from the modern human condition, but a proper evalua- 
tion of its form and function must await further evidence. 

onclusions. The tibia and fibula from Olduvai show 
that, at the time of Zinjanthropus boisei, there lived a 
hominid in whom bony adaptation to bipedalism was well 
advaneed at the ankle, accompanied by some muscular 
adaptation. The low robusticity index shows that 
E elongation of the leg had accompanied these 
. On the slender evidence available it appears 
wes im that the knee joint was less well adapted to bi- 
pedalism than it is in Homo sapiens. Thus while the fossil 
form was clearly a habitually bipedal plantigrade 
primate, its gait may well have differed considerably from 
that of modern man. 

I thank Dr. L. 8. B. Leakey, Prof. R. E. M. Bowden, 
Dr. J. R. Napier, Dr. J. D. G. Troup and Mrs. A. Bester- 
man for their help in this work. 


P. R. Davis 
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Royal Free Hospital School of Medicine, 
London, W.C.1. 
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Fossil Foot Bones 


Ix Nature of December 17, 1960, Dr. L. S. B. Leakey 
reported the discovery of a group of hominid fossil bones 
from a living floor approximately 20 ft. below the upper 
limit of Bed I, Olduvai Gorge, Tanganyika. Later 
(Nature, 189, 649; 1961), further finds were reported 
by Dr. Leakey from the same living floor associated with 
stone tools of an early Oldowan culture. The assemblage 
from this site (N.N.I.) consists of parts of more than one 
individual. Juvenile remains include two parietal bones, 
part of an occipital bone and other skull fragments, a 
mandible, an upper molar and parts of the skeleton of a 
hand; in addition some adult bones were found including 
a clavicle, some hand bones, and an almost complete left 
foot. Only the hand bones have been described so far 
(Nature, 196. 409; 1962). 

Stratigraphically the horizon of this site lies about 
2 ft. below the level at which the Zinjanthropus skull and 
the tibia and fibula (preceding communication) were 
found, but sited 300 yards away from the Zinjanthropus 
floor. Geologically the age difference between these two 
levels is regarded as being negligible’. 

The bones of the foot include all the left tarsal and 
metatarsal bones of an adult. All the phalanges are 
missing. The posterior part of the caleaneum is damaged 
and the heads of the metatarsals and the styloid process 
of the fifth metatarsal are absent. The bones are well 
mineralized and show no sign of crushing or distortion. 
The superior talar surface bears imprints of the teeth of a 
predator. 
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Fig, 1. Articulated fossil foot from Bed I, Olduvai Gorge, Tanganyika 
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MEAN LENGTH 





ROBUSTICITY 
FORMULAE 


15432 
15342 


MEAN DIAMETER X 100 


MAN » } 

MAN (BUSHMAN) 17 

GORILLA G. GORILLA. 20 
ILLA G. 

GORILLA G. BERENGE! 2) 12345 


| <3 RW 
METATARSALS 


Fig. 2. Mean metatarsal robusticity indexes of the Olduvai foot com- 
pared with those of modern man and modern gorilla 


The twelve bones of the foot were identified, individu- 
ally examined and afterwards articulated (Fig. 1). A 
further examination was carried out on the articulated 
specimen. 

It is clear, from a preliminary examination, that the 
principal affinities of this foot are with that of Homo 
sapiens; this is particularly apparent in the anatomy 
of the metatarsal bones, despite their small size. The 
presence of an articular facet between the bases of the 
first and second metatarsals demonstrates unequivocally 
the absence of the hallucial divergence which characterizes 
non-human primate feet. The articulation of the bases of 
the first, second and third metatarsals with the distal 
tarsal row is also typical of Homo sapiens, the second 
metatarsal base being wedged between, and bearing 
facets for, the anterior extremities of the medial and lateral 
cuneiform bones. A feature which is not typical of modern 
man is seen, however, on the base of the fifth metatarsal, 
which bears a convex articular surface fitting a concave 
distal facet on the cuboid; this is a reversal of the usual 
arrangement found in modern man and conceivably may 
be associated with arthritic changes which are present in 
the lateral tarso-metatarsal joints of the foot. 

The principal morphological features of the meta- 
tarsals can be closely matched in man. Measurements 
of length and mean mid-shaft diameter show that the 
bones are absolutely robust by comparison with modern 
man ineluding Bushman, this robusticity being an expres- 
sion of their absolute shortness and relative thickness. 
Comparison of the distribution of the mean metatarsal 
robusticity indices (Fig. 2) reveals that in this respect the 
Olduvai foot resembles that of modern man, including ` 
Bushman, and differs from that of both lowland and 
mountain gorillas. However, the third metatarsal of the 
Olduvai foot stands out, both in length and thickness, so 
that its robusticity is greater than that of the fourth 
metatarsal. This dominance is expressed in a robusticity 
formula for the Olduvai individual: 1>5>3>4>2 
compared with formula 1>5>4>3>2 in modern man. 
This may be simply an individual variation, but alterna- 
tively it may be an indication that the Homo sapiens 
pattern of metatarsal structure which serves the trans- 
mission of weight and propulsive effort through the fore- 
foot had not fully evolved at this stage. 

The distal row of tarsal bones shows few features which 
differ significantly from the range of normal variaticn in 
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modern man; rather they display a number of points of 
similarity. The bones of this row form a well-marked 
transverse arch while strong intertarsal ligamentous mark- 
ings are present on their plantar surfaces; the medial 
cuneiform and base of the first metatarsal show impresses 
for the attachment of tibialis anterior. The cuboid has a 
deep groove for the tendon of peroneus longus, as it 
traverses the sole to its attachment on the base of the 
first metatarsal and medial cuneiform bones. There is, 
thus, good evidence for both the static and dynamic 
support.of a transverse tarsal arch. 

The talus is a small bone but its length/breadth propor- 
tions approach those of modern man, including Bushman. 
The trochlea is well grooved, and both medial and lateral 
margins, as seen in profile, suggest that the axis of rota- 
tion of the ankle joint was stationary. This arrangement 
is uncharacteristic of modern man; a fixed axis, as Barnett 
‘and Napier? pointed out, oecurs in only 3 per cent of the 
population. Other aspects of the talar morphology sug- 
Dd gest that When the foot was on the ground the ankle was 
j in slight dorsiflexion. 

8 «The combination of features shown by the Olduvai 
talus is not closely matehed in any known hominoid 
species, although many measurements taken individually 
he within the range of normal variation of these species. 
There are certain points of similarity between the Olduvai 
talus and the bone found at Kromdraai attributed to 
Paranthropus (= Australopithecus robustus Broom and. 
Robinson). The horizontal angle and the angle of inclina- 
tion of the neck are similar in both forms, but the Olduvai 


s foot shows a higher angle of torsion. It is possible that 


this is associated with a greater degree of adduction of the 
hallux in the Olduvai form as compared with that in 
Paranthropus’. 

Articulation of the talus and the caleaneum shows that 
the sustentacular shelf of the Olduvai foot is almost 
horizontal and provides support for the talar neck; also 
that the calcaneum is positioned beneath the talus so that 
its medial border lies under the talar centre—an entirely 
modern human feature. 

Consideration of the foot as a functional complex 
shows clearly that it has most of the specializations associ- 
ated with the plantigrade propulsive feet of modern man. 
Recently, Schultz‘ has described a series of primate feet in 
terms of levers and suggested that the post-talar-centre 
portion of the tarsus could be regarded as the power arm 
of a lever and the remaining tarsus and metatarsus as the 
load arm. Using figures provided by Schultz and measure- 
ments from the fossil (with a minimum of reconstruction), 
jit has been possible to compare the internal proportions 
of the load arm with those of both man and gorilla (Fig. 3). 
From these comparisons it is apparent that those propor- 
tions. are intermediate in size, although substantially 


nearer, to those of man. Using these proportions and the . 


mean lengths for man and gorilla it is possible to calculate 
the probable proportionate length of the power arm of the 
Olduvai foot. Such proportions within the Olduvai foot 
suggest that the locomotor adaptations of the ankle and 
foot in terms of power and elevation closely resemble 
those of man. 

The skeletal adaptations in the foot of modern man 
associated with a striding bipedal gait are: (1) Arched 
conformation of the foot as a whole, both in the long and 
transverse axes. (2) An adducted position of the great 
toe. .(3). Lever proportions commensurate with the weight 
to be lifted and the forees to be transmitted during 
bipedalism. (4) Particular robustness of the marginal 
metatarsals. (5) A stout posterior pillar of the combined 
"medial and lateral arches situated beneath the talus and 
bearing a horizontal shelf for the support of the talar 
neck. 

The ligamentous and muscular requirements of such a 
foot include strong plantar interosseous ligaments, 
powerful plantar flexors of the ankle joint and a strong 
flexor of the great toe. 
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Fig, 3. Internal proportions of the load arm of the Olduvai foot com- 
pared with those of modern man and modern gorilla 


The Olduvai foot meets these requirements in prac- 
tically every respect; thus, we must conclude that this 
individual possessed in his foot the structural requirements 
of an upright stance and a fully bipedal gait. This is not 
to suggest that the type of walking used by the Olduvai 
hominid is precisely parallel to that of modern man; 
the tilt of the talus and the metatarsal robusticity 
pattern alone suggest that the unique striding gait of 
Homo sapiens had not yet been achieved. 

The dating of the Olduvai deposits has been the subject 
of some controversy**, but it seems likely that these 
deposits can be regarded provisionally as more than 
one million years B.P. Thus the fossil foot possibly pro- 
vides the earliest evidence of the existence of a hominine 
in Africa, and indieates that bipedal walking—in any event 
in one group of hominids—had achieved an almost 
‘modern’ degree of advancement by the Upper Villa- 
franchian. 

There are still many pressing questions to be answered. 
Do the adult foot bones and. the mixed juvenile and adult 
hand bones found together pertain to the same species ? 
If so, these hominids provide a remarkable demonstration 
of the ‘mosaic’ nature of the evolutionary process, for the 
hand bones are far from human in form’. What relation- 
ship do the oecupants of the foot and hand-bone horizon 
bear to the occupants of the Zinjanthropus floor ? Indeed, 
do the tibia and fibula of the Zinjanthropus floor belong 
with the associated skull, or do they show more affinities 
with the fossil foot from the lower site ? Have we perhaps 
two distinet hominids—or one hominid and one hominine 
—iving eontemporaneously at Olduvai ? Finally, what 
relationship do these Olduvai hominids bear to broadly 
contemporary genera of the Transvaal, Australopithecus 
and Paranthropus ? These are questions which can only 
be answered by the full investigation of the whole of the 
known Bed I hominid material, in the light of all avail- 
able environmental information. 


M. H. Day 
Department of Anatomy, 
Middlesex Hospital Medical School, 
London, W.1. 
J. R. NAPIER 


Unit of Primatology and Human Evolution, 
Royal Free Hospital School of Medicine, 
London, W.C.1. 


1 Leakey, L. S. B. (personal communication). 

* Barnett, C. H., and Napier, J..R., J. Anat, (Lond.), 86, 1 (1952). 

5 Clark, W, E. Le Gros, J, Anat. (Lond.), 81, 300 (1947). 

* Schultz, A. H., Symp, Zool. Soc, Lond., No. 10, 199 (1963). 

5 Leakey, L.S. B., Evernden, J, F., and Curtis, Q. H., Nature,191,478 (1001). 


* Koenigswald, G, H. R. von, Gentner, W., and Lippolt, H, J., Nature, 192, : 


720 (1961). 
7 Napier, J. R., Nature, 196, 409 (1962). 
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PREHISTORIC CULTURE AND PLEISTOCENE VEGETATION AT THE 
KALAMBO FALLS, NORTHERN RHODESIA 


By Pror. J. DESMOND CLARK 
University of California, Berkeley 
AND 





"JHE Kalambo Falls prehistoric site was discovered in 
+ A 1953, and has been the object of four seasons’ excava- 
< tion—in 1953, 1956, 1959 and 1963. Various specialists 
-have collaborated in the work: the geological investiga- 
“tions were carried out by Prof. G. Bond in 1956 and 
Dr. E. G. Haldemann in 1959, and one of us (J. D. C.) 
and Dr. M. R. Kleindienst have been responsible for most 

of the archzology and field supervision. 
| The Kalambo River forms the territorial boundary 

“between Northern Rhodesia and Tanganyika and it 

flows over a 726-ft. fall into the south-east end of Lake 

Tanganyika at 8° 30’ S., 31° 15’ E. The site is a small 

basin approximately 1 mile by 14 miles in size, surrounded 

by steep hills and contained, on the west, behind the 
uptilted quartzites forming the eastern edge of the 

‘Tanganyika Rift. Through this the River has eut a 

narrow spillway gorge to the lip of the Falls. 

Sediments of Upper Pleistocene and later age fill the 

‘basin to a height of more than 70 ft. above the River, and 
-i> several cycles of erosion and aggradation can be recog- 
> nized. As a result of climatic change the outlet from the 

> basin through the spillway gorge became blocked tempor- 
arily on more than one occasion so that the water-level 
of the basin was raised considerably above the present 
one. Subsequent unblocking drained the flooded basin 
and brought about a resumption of river activity. 

` Sediments belonging to four separate aggradation 
phases form terrace-like features at average heights of 
/10,:30, 12 and 6 ft. above the River. Each of these series 
of sediments, except the last, contains cultural material 

in abundance and preserves a record of continuous 
occupation from the end of the Earlier Stone Age (Lower 

Paleolithic) up to the present day. Additional importance 
follows from the extremely rich and complete cultural 
assemblages at all time-levels and the discovery of occupa- 
tion floors which have suffered little or no disturbance 
subsequent to their having been abandoned. An abund- 
-ance of vegetable remains in the lower levels of the 70-ft. 
series associated with Acheulian and Sangoan cultural 
activity, together with pollen and charcoals, are providing 
dates by the radiocarbon method as well as a knowledge 
of the vegetation patterns persisting at different times 
and so of climatic changes. 

We are much indebted to the Lamont Observatory 
Geochronological Laboratory of Columbia University, 
New York, and to the Groningen Radiocarbon Laboratory 
for the carbon dates. The stratigraphical and cultural 
sequence, together with the radiocarbon dates, is set out 
diagrammatically in Fig. 1. Pollen and carbon samples 
* obtained from the 1963 excavations in July and August 
-have not yet been examined, but are expected to amplify 
Knowledge of those parts of the succession as yet less 
perfectly known. 

: Four surfaces of temporary occupation by Late 
Acheulian man have been found just above and at low 
“water-level, but how far below this culture occurs could 
not be determined as no successful means has yet been 
devised for examining the underlying beds. The Acheulian 
material occurs as concentrations of stone tools and 
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debitage of varying densities lying on sand and gravel 
banks which were adjacent to running water. Most of 
the floors are places of specialized activities. to which the 
finished tools were carried from their place of manufacture. 
The floor plans indicate also special relationships between 
certain groups of artefacts. The degree of sharpness of 
these stone tools, especially on the latest Acheulian 
surface, renders detailed examination of edge damage 
due to utilization of considerable interest. In addition 
to stone, wooden tools are also preserved. These. consist 
mostly of obliquely truncated and pointed sticks which 
could have been used for digging, as well as of flatter 
pieces with one sharp edge and also of a club. Theré is 
good evidence for the use of fire in the presence: of 
charcoals and charred logs, reddened clay and stone heat 
spalls. Dry season occupation of the basin by Acheulian 
man is suggested by the various wild fruits found in 
association with the artefacts. 

The appearance of cooler and wetter climatic conditions 
which one of us (E. M. v. Z. B.) has shown are associated 
with the final Acheulian is likely to have been one of the 
primary causes behind the disappearance of the hand- 
axe (large cutting tool) tradition and its replacement by 
the Sangoan (core-axe, chopping tool) complex of heavy 
wood-working tools, some time before 41,000 8.0.. Kalambo 
provides unique evidence of the transitional stages in the 
presence of three surfaces with cultural material demon- 
strating this change. That the earlier tradition was 
replaced relatively rapidly must also, however, have been 
due to population movement demonstrated by the 
alternating importance of Acheulian and Sa&ngoan traits 
on these transitional floors and also to the enormous 
stimulus to cultural activity induced by a regular use of 
fire. 

During the Sangoan stage the most important stone 
tools were a heavy, hand-held core-axe and many smaller, 
notched and denticulated tools of fine-grained rock. The 
high percentage of these small tools and the edge damage 
they exhibit are interpreted as indicating that they were 
used on wood or its by-products. Elsewhere the latest 
Sangoan stage also saw the more regular occupation of 
rock-shelters and caves, for it is now apparent that this 
industry is to be closely identified with that known as 
Proto-Stillbay in the cave sites. It is to this period also 
that the fossil Homo rhodesiensis from Broken Hill can 
be assigned. 

The persistence of cooler and wetter conditions at 
Kalambo during the greater part of the Upper Pleisto- 
cene, resulting in a vegetation pattern closely similar 
to that pertaining at the same time in the southern parts 
of the Congo Basin and, probably, more extensively also, 
is believed to have been the main influence behind the 
similar cultural patterns at Kalambo and in the Congo 
during Middle Stone Age times. The characteristic Congo 
lanceolate points, core-axes and tranchet forms are con- 
vineing evidence of the close relationship between the ~ 
cultures of that region and those of the Tanganyika 
Plateau during a time equivalent to the end of the main 
Wiirm and Paudorf Interstadial in Europe... Thereafter, 
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Fig. 1. Kalambo Falls: composite section 
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however, the culture at Kalambo, while followmg an 
individual pattern of 1ts own, comes, nevertheless, closer 
to the savannah forms to the south and east than 16 does 
to the equatorial forest cultures Thus, the final phase 
of the Middle Stone Age 1s a characteristic Magosian while 
the Later Stone Age, only imperfectly known before the 
1963 season, 1s typologically related closely to the micro- 
hthic Nachikufan/Wilton pattern rather than to the 
Tshitohan 

The existence at Kalambo at this timo of a modified 
mucro-burm technique also suggests that there had been 
population movement from the East African Rift. It 
was approximately aD 550 that the first 1ron-usmg agrı- 
culturalists appeared m the valley Part of a settlement 
of these early Iron Age mmugrants was excavated by 
F vaa Noten durmg the 1963 season There ıs little 
doubt that these people were Bantu-speaking ‘They left 
evidence of considerable 1ron-working activity and were 
the makers of a very characteristic channel decorated 
pottery which can definitely be related to East African 
Dunple Based pottery, they also buried ther dead m 
shaft graves The migration route was down both sides 
of the Rift Valley lakes This culture persisted in the 
Kalambo Basın until the late sixteenth century when 1t 
was replaced by the ancestors of the present Lungu 
mhabitants 

The pollen record 1s mcomplete for the latest periods 
but the evidence of one very late period of blockmg and 
unblocking of the spillway gorge with attendant raismg 
and lowermg of the water-level may have been the out- 
come, intentional or unmtentional, of group activity on 
the part of the Iron Age mhabitants 

In the radiocarbon dates we now have the longest 
consistent absolute chronology available for sub-Saharan 
Africa, and this has necessitated readjustment of previ- 
ously held opmuions, in particular as to the age of the latest 
Acheuhan and the Sangoan It is apparent from the 
Kalambo evidence that in at least some parts of the sub- 
continent the latest Acheulan occurs ın a horizon of 
cooler and wetter climatic conditions that 1s the equivalent 
of the early Wurm Glacial in Europe, while the Sangoan 
first makes its appearance at a time of somewhat warmer 
and drier conditions which could correlate with the 
Interstadial between the early and mam Wurm This is 
in keeping with the long-accepted assignment of the 
Acheuhan m sub-Saharan Africa to a period of wetter 
climate which, under the East African climatic sequence, 
1s known as Kanjeran 

Treating the Kanjeran as a time unit, irrespective of 
any chmatic mterpretations m view of valid geological 
eriticism4'5, the Kalambo dating now opens up the question 
of how much of the later Acheulian must be equated in 
time with the early Wurm cold phase and whether the 
period durmg which these later Acheulian stages developed 
should be identified with the Kanjeran It ıs not unpos- 
sible that the whole of the ‘Kanjeran Pluvial’ unit could 
be the equivalent of the early Wurm and have begun 
between 65,000 and 70,000 years ago, though ıt seems more 
probable that the earlier half should correspond m time 
with the Eemian mterglacial stage It 1s possible that 
the lowest part of the Kalambo sequence lymg below 
water-level might provide the answer as the depth of 
deposit there could be considerable The earher African 
Acheulian belongs, of course, to an earlier stratigraphical 
unit represented at Olduva: Gorge by Bed III and to 
certain high-level terraces of residual gravels 1n numerous 
river systems on the Continent So far as the Sangoan 1s 
concerned, the evidence 1s unequivocal and this culture is 
Wurmian, not Eemian, 1n. age as was previously believed, 
though the pollen evidence confirms that it belongs in 
part to a period of rather warmer and drier chmate 

The present-day vegetation pattern is used to give the 
clue to the mterpretation of the pollen record The site 
of the excavation ın the Kalambo River valley is sur- 
rounded by a great variety of habitats and consequently 
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by many different vegetation types These biotopes 
differ m altitude above sea-level ranging from the level 
of Lake Tanganyika at about 770 m (2,534 ft) to the 
higher peaks on the Ufipa plateau which reach to just 
over 2,400 m (8,000 fb) As a consequence of this relief a 
great variation 1s found im temperature and humidity 
conditions, with the hot and dry shores of Lake Tangan- 
yika at one end of the scale and the cool and moist forest 
patches of the mist belt on the plateau at the other end 
The annual rainfall varies in the area from about 60-150 
em (25-60 ın ) according to altitude and exposure The 
present ramfall at the site will be about 100-125 cm 
(40-50 in ) 

The site, which 1s situated at an altitude of 1,200 m 
(3,900 ft ), 1s surrounded by Brachystegia woodlands which 
give way to open grassland at altitudes above 2,100 m 
(7,000 ft ) On the shores of Lake Tanganyika woodland 
with thermophylous trees and shrubs occurs In river 
valleys with insufficient drainage, swamps (dambos) are 
found with sometimes even a real swamp forest (mushitu) 
but ın narrow valleys a rain-foresb may occur Along the 
Livers riparian woodland 1s usually found and patches of 
moist forest may occur along dramage patterns as the 
Sizia forest near the excavation site (1,500 m) 

The soil samples collected m plastic tubes durmg the 
excavations in 1956 and 1959 were mostly rich m sand and 
loam and have been treated with cold fluorie acid (40 per 
cent) prior to acetolysis. 

The available space does not permit a full description 
of the pollen spectra and these will, therefore, appear in a 
later publication The results of the samples from the 
two sites, A and B, are briefly given m chronological order 
in Table 1 The number of pollen grains and spores 
counted varied from 78 to 478 depending on the number 
available m the shdes The pollen of trees, shrubs and 
grasses was meluded m the pollen sum The pollen of the 
vegetation of the lake, the river and the swamp was 
counted outside the pollen sum and these last percentages 
gave indications on,the local conditions on and around 
the site 


Table 1 CLIMATIO INDICATIONS OF POLLEN SPECTRA 


No of 
No of grains) -7 
sample Site counted Climatic indications 
765, 766 208,422 Very open woodland, cooler climate with 
2347, 764 A 162, 182 must 
2349, 2351 A 150 Woodland of present-day altitude, 
probably wetter 
2365 A 150 Probably very open vegetation with cool 
and wet climate 
2378 A 150 Present-day conditions (rainfall not 
certain) 
2276, 2277 150,150  Present-day temperature and perhaps 
2278, 2280 B 140, few lower rainfall 
2281 150 Spectrum of No 228118 contradictory 
767 A 84 Woodland of present day, probably 
slightly drier 
2380, 2381 150,100 Open woodland of higher altitude, 
2382, 768 A 78, 412 cooler and wetter 
769 405 
2286, 2288 150,150 Very open vegetation cool and wet 
2342, 2343 160, 423 
780, 781 B 424 Closed to fanly closed forest of lower 
2293, 774 BA 175, 778 altitude warmer and drier 
2383 A 150 


An extensive collection of reference pollen slides and 
photomicrographs, covering practically all the trees of 
this part of Africa, could be built up fiom pollen material 
obtained from the herbaria at Kew, Brussels, Nairobi, 
Lushoto, Pretoria, Salisbury, Luanda and Kitwe 

The conclusions drawn from-the fossil pollen spectra 
have been studied by Mr D P Bands of the Forestry 
Department of Northern Rhodesia, who 1s wéll acquainted 
with the ecology of the many forest types occurring in the 
area) His climatic mterpretations m general matched 
well with the conclusions drawn by one of the authors 
(v Z B) 
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Conclusions 


The results from the two sites, A and B, compare very 
well and show the same sequence of climatic changes 
which are primarily oscillations m temperature Three 
warmer periods alternating with three cooler stages can 
be assessed The warmer periods were usually drier and 
the cooler intervals wetter In the case of samples Nos 
2378, 2349 and 2351 ıt 1s not easy to decide whether the 
chmate was wetter than to-day or whether the site was 
more moist. 

The temperature oscillations that have been found 
show a remarkable resemblance to the temperature curve 
accepted for the Wurm glaciation of Europe*. The com- 
parison can be seen from Table 2 and Fig 2 
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The identical results obtamed for the Biorup and 
Paudorf Interstadials and, also, for the last Wurm 
maximum are significant and give more proof for the 
theory that the oscillations m temperature durmg the 
Quaternary were synchronic all over the Earth. 

One important source of error which could have a 
strong influence on the aforementioned results ıs the 
possibility of transport of pollen by the Riv er from higher, 
cooler altitudes to the site under mvestigation. It 1s 
mpoitant to assess this source of error, which could 
mvahdate the explanation given here, as pollen spectra 
of cooler vegetation types occurring usually durmg wetter 
periods could simply be the result of downward transport 
of pollen by water 


Vor 201 





Fig 2 Comparison of the temperature curve published by Woldstedt for the European Upper Pleistocene and Holocene (ref 6) with the 
» results obtamed at Kalambo (age in thousands of years) 
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CORRELATION BETWEEN THE WURM CHRONOLOGY AND THE 
AMBO SEQUENCE 


Number of the 


Table 2 


Stages of the HC determination 
BP 


Wurm Glacial Kalambo samples Climate 
+9,550 
Maximum of 764, 765, 766, Cool, moist 
young Wurm 2847 
27,000 
Paudorf 2349, 2351 Warmer and 
Interstadial probably wetter 
30,000 
2305 Probably cooler +40,600 
and wetter 
2378 Warm and 43,000 +3,800 
Temperature probably drier 
oscillations 2278, 2276, 2277, Present-day temp 
ofthe Middle 787 warmer, drier 
Wurm 2380, 2381, 2382, Cooler, wetter 


768, 769 
2286, 2288, 2342, Cooler, wetter 
2343 


Brorup Inter- 780, 781, 2293, 
stadial 774, 2383 


Warmer, drier 57,300 +300 


The transport of pollen of Podostemaceae by water 
can give us important information on this matter Plants 
from this family (Trıstıcha and Sphaeiothylax) occur on 
many places on boulders in the river bed, especially in the 
Sansia Falls some distance above the site of the excavation 
In Table 3 the samples have been arranged in a sequence 
of mereasing percentage of podostemaceous pollen to see 
whether there does exist any correlation between the 
cransport of pollen by water as expressed by the numbers 
^f this pollen and certain types of climate Table 3 shows 

at this correlation does not exist 

* 18 possible that durmg some of the cooler periods the 
^rature higher up ın the River valley was too low 
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for these plants to grow ‘Table 3 shows, however, that 
lngh percentages of podostemaceous pollen occur some- 
times ın spectra of cooler vegetation types, though more 
often m ‘warmer Spectra’ It 1s, therefore, accepted that 
1iver transport of pollen cannot have had an appreciable 
influence on the fossil spectra 

It 1s only possible to give an approximation for the 
decrease in temperature which has occurred during the 
period under consideration During the coldest period 
the vegetation on the Kalambo site was replaced by the 
open woodland that occurs at present between altitudes 
of 1,800 and 2,100 m (5,400-6,300 ft) This would mean 
a downward shift m vegetation belts of 600-900 m 
(1,800-2,700 ft ) Prof H Flohn has been kind enough to 
estimate the decrease in temperature involved m the range 
3°-5° C No radiosonde observations are available for 
this area, but the surrounding stations indicate that this 
estimate ıs reliable It 1s well ın accordance with the figure 
of 51° C which he calculated for the pollen result of 
Cherangani! and ıt comes withm the same limits as the 
results for north-eastern Angola? 

We thank Mr D P Bands for information on forest 
ecology, Dr M R Kleimdienst for help in interpreting 
the stratigraphical succession and the directois of the 
herbaria mentioned in the text for the pollen material 
suppled The excavation work has been made possible 
by financial and other assistance from the Wennei-Gren 
Foundation of New York, the Trustees of the Boise Fund 
of the University of Oxford, the US National Science 
Foundation and the Trustees of the Rhodes—Livingstone 
Museum, Livingstone, for which we express our thanks 
The South African Council for Scientific and Industrial 
Research and the Nuffield Foundation gave financial 
support for the pollen research of one of the authors 
(v Z B) 


1 Bakker, E M van Zinderen, Nature, 194, 201 (1962) 

2 Bakker, E M van Zinderen, and Clark, J D , Nature, 196, 639 (1962) 

3 Clark, J D, Actes IVe Congrès Pan-Afric Préhistorre et Etude Quat 
Tervuren Section IIT, 303 (Musée Royal de l'Afrique Centrale, Annales, 
Serie IN-8°, Sciences Humaines No 40, 1902) 


t Cooke, H B S, Geol Soc South Africa Bull , 60, Annexure (1958) 
* Flint, R F , Geol Mag , 96, 265 (1959) 
e Woldstedt, P , Erszertalter Gegenw , 18, 115 (1962) 


NEWS and VIEWS 


Table 3 COMPARISON BETWEEN RIVER ACTIVITY AND POLLEN SPECTRA 
No of Podostemaceous Type of 
sample pollen (%) vegetation 
768 17 cool 
769a 91 cool 
2293 10 8 warm 
769b 115 cool 
767 135 warm 
2288 139 cool 
2351 170 warm 
2293 20 5 warm 
2383 28 6 warm 
780, 781 34 8 warm 
82 631 cool 
774 top 100 0 warm 
774 bottom 142 9 warm 
Chairman of the Council for National Academic 


Awards * Sir Harold Roxbee Cox 


Sır Harotp RoxsEE Cox, chairman of the Metal Box 
Co, has been appomted chairman of the Council for 
National Academic Awards Sir Harold succeeded Lord 
Hives as chairman of the National Counen for Tech- 
nological Awards in 1960, and among his other appomt- 
ments, he ıs chairman of the Couneil for Scientific and 
Industrial Research The setting up of the new Council 
for National Academic Awards was recommended by the 
Committee on Higher Education under Lord Robbins in 
order to provide additional opportunities of obtaming 
degrees for students m regional and other colleges of 
further education which would not be able to award their 
own degrees. It will be empowered to award degrees not 
only m the field of technology, but ın the sciences, business 
and social studies and other subjects 


The Institute of Physics and the Physical Society 
Appointments and Awards 


Tue following appomtments and awards for 1964 have 
been made by the Institute of Physics and the Physical 
Society Guthrie Lecturer, Prof M. Ryle, professor of radio 
astronomy at the University of Cambridge, Charles Vernon 
Boys Prize, to Dr A R Lang, of the University of Bristol, 


for his development of the technique of X-ray topography, 
Maxwell Medal and Prize, to Dr W. Marshall, of the 
Theoretical Physics Group, Atomic Energy Research 
Establishment, Harwell, for his contributions to the theory 
of magnetism 


Physics at the University of Kent at Canterbury : 
Prof J G. Powles 


Dr J G Powers has been appointed to the chair of 
physies m the University of Kent at Canterbury. Before 
joming the Department of Physics at Queen Mary College 
as reader m expermental physics in the University of 
London, he had worked in the Universities of London, 
Paris, Liverpool, Princeton, Ilhnois, and Newcastle upon 
Tyne, where he was equally at home m chemistry depart- 
ments as m physics departments—im spite of the fact that 
his first degrees (of the University of Manchester) were m 
electrical engmeermg He has recently spent periods as 
visiting professor at the Max Planck Institute of Heidel- 
berg and the University of Rome, and has therefore a very 
wide and varied experience m university research and 
teaching His mam research interests have been m 
molecular motions m solids and liquids, as mterpreted by 
magnetic resonance techniques Durmg his most recent 
period at Queen Mary College, he has had a largo and very 
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active group working in this field. Many important 
unprovements in techniques have been due to this group, 
particularly the development of methods of measurmg 
relaxation times Recently, Dr Powles’s main work has 
concerned spin-rotation mteraction in hquids, particu- 
larly near the critical pomt and also relaxation ın solids, 
especially polymers. Dr Powles’s varied experience m 
teaehmg end admmustration and his special interest in 
border-line fields between physics and chemistry will be 
particularly valuable in the new University of Kent, 
where there will be common studies in the muitial stages 
for screntists m severa] disciplines 


Physics at the University of East Anglia ° 
Prof D V Osborne 


Dr D. V. OSBORNE, who has been appomted first pro- 
fessor of physics m the University of Hast Anglia, leaves 
the University of St Andrews, where he has been lecturer 
in St Salvator’s College since 1954 and senior lecturer 
since 1960. He was elected Fellow of the Royal Society 
of Edinburgh in 1958 He entered Trimty College, Cam- 
bridge, as a Major Scholar in 1940, and after war service 
at the Royal Aurcraft Establishment, Farnborough, was 
successively Research Scholar, Coutis—Trotte: Student 
and Research Fellow in Trmity unti 1954, taking his 
PhD in 1950 He has been a Commonwealth Fellow m 
the Institute for Metals m Chicago and more recently 
visiting professoi m the University of British Columbia 
He is best known for his classic experiments on the 
rotation of superfluid helium and on the measurement of 
‘second sound’ in superfluid helium down to 0-1? K The 
observation of a parabolic surface ın & rotating bucket of 
helium II proved that the superfluid did actually rotate 
and this led to the Feynman concept of quantized vor- 
tacity in the superfluid The ‘second sound’ measurements 
were noteworthy on two counts By themselves they 
confirmed the Landau prediction of the excrtation spec- 
trum 1n superfluid helium, and technically they were the 
first experiments in which a leige free volume of hquid 
helium was reduced by magnetic cooling to such a low 
temperature Dr Osborne’s recent research work on 
hquid helium has shown that helium atoms entermg the 
liquid fiom the vapour interact only with the normal 
fraction and not with the superfluid, and lately he has 
startled his botanical colleagues by usmg mathematical 
methods to construct taxonomic keys His vivid magma- 
tion and technical skill will be as great & gain to Norwich 
as they are a loss to St Andrews 


Geophysics at the University of East Anglia: 
Prof D H. Griffiths 


Dr D. H. GarrrrTHS, who has been appointed to the 
chair of geophysics in the Department of Geology at the 
University of Burmingham, 1s a graduate in geology of 
the Univermty of Manchester, where he took first-class 
honours in 1948 He went to Birmungham for graduate 
training, and obtamed bus Ph D In 1950 he was appointed 
lecturer ın the Department of Geology at Bummgham, 
with special responsibility for the development of geophy- 
sics, and under him a vigorous and growing school of 
teaching and research grew up, closely linked with geological 
research and teachmg The graduate course m applied 

“geophysics, which was started in 1955, attracted entries 

fiom more than twelve countries and its students have 
spread themselves widely into mineral prospectmg and 
the mineral industries throughout the world Dr Griffiths 
has gained a reputation m research into the magnetic 
properties of old sediments and m the investigation of 
the nature of the floor of the Insh Sea For tho past few 
years he has led a research project on the nature of the 
floor of the South Atlantic ın the region of Graham Land 
and the Scotia Arc, utihzmg magnetic gravitation and 
seismic methods of investigation, he has paid two visits 
to the Antarctic for this purpose. 
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Zoology at the University of Manchester : 
Prof. A. J. Cain 


De A J Cam, university lecturer m Ammal Taxonomy 
m the University of Oxford, has been appointed to a chan 
of zoology from a date to be arranged Dr Cam was 
educated at Lawrence Sherriff School, Rugby, and m 
1939 entered Magdalen College m the University of 
Oxford with an Open Scholarship In 1941 he obtamed 
honours m the Fmal Honours School of Zoology, followmg 
which he served for four years n HM Forces In 1945 he 
returned to the University of Oxford as an advanced 
student in the Department of Zoology, becoming Depart- 
mental demonstrator ın 1946 and University demonstrator 
m anrnal taxonomy (now styled University lecturer) in 
1949. He obtamed the degrees of M A (Oxford) m 1947 
and D Phil (Oxford) m 1949 Inaddition to hus University 
leetureship in 1954 he was appomted curator of the 
zoological collections m the University Museum and was & 
lecturer m zoology m St Peter’s Hall from 1958 until 
1961 Dr Cam spent & period of six months during 1950 
as research worker in evolution and systematics wit. 
Dr E Mayr at the American Museum of National History, 
New York, and was leader of the University of Oxford 
Expeditions to the British Solomon Islands (March- 
September 1953) and to British Guiana (June—December 
1959). He is a founder-member of the Society for t 
Study of Human Biology, president of the Oxford Geng 
eal Society, the University of Oxford representative o. 
Inter-Universities Committee for Research at 
Kamba and the soientifie secretary in the United Kingdom 
to that Committee In 1962 he was awarded the Scientific 
Medal of the Zoological Society of London, having been 
for some years zoological secretary of the Systematics 
Association. 













Immigrants, Emigrants and Britarn’s Scientific Man- 
power 


In reply to a question m the House of Lords on February 
20, the Parliamentary Secretary to the Mimster for 
Science, the Earl of Bessborough, said that 878 scientists 
from Commonwealth countries were at present working 
m British universities as postgraduate students, and 114 
other such scientists were employed by the Atomic Energy 
Authority, the National Institute for Research ın Nuclear 
Science, the Department of Scientific and Industrial 
Research, the Medical Research Council and the Agrı- 
cultural Research Council Overall figures were not avail- 
able for the number of Buitish scientists who had returned 
from the United States, but the number who had returned 
from the United States as a result of the work of the 
Joint Interviewing Board was 1959, 8, 1960, 20, 1961, 
39, 1962, 53, and 1963, 26 Many professors and senior 
university staff were of Commonwealth origin and some 
10 per cent of the Fellows of the Royal Society came from 
overseas Over the past five years some 1,000 scientists 
had emigrated to the United States, but m January 1962 
there were 123,000 scientists workmg in Biitam In a 
written answer in the House of Commons on February 17, 
the Minister for Science, Mr Q Hogg, stated that thirteen 
scientists employed by the agencies for whieh he was 
iesponsible were iecorded as having left Britam durmg 
the past six months to take up posts m the United States 
On February 18, Mr Hogg gave the number of scientists 
and professional engineers who were previously employed 
by the Atomic Energy Authority and known to have 
taken up positions m the United States as 1960, 9, 
1961, 8, 1962, 18, 1963, 10 Foi technicians, the cor- 
responding figures are 1, 0, 3 and 5 On February 19 
he gave the estimated total expenditure on civil research 
and development m the United Kingdom as 1955-56, 
£122 million, 1958-59, £243 mulhon, 1961-62, £388 
million, respectively These figures represent 0 7 per cent, 
12 per cent and 17 per cent, respectively, of the gross 
national product ` 
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Research Staff in Ministries 


WRITTEN answers to a series of questions to Ministers 
on research staff on February 20 m the House of Commons 
brought the information that the Home Offico Research 
Unit employed 22 professionally qualified staff, and the 
Department foi Industry, Trade and Regional Develop- 
ment employed 25 research officers and 28 statisticians 
whose duties meluded research The Director of an 
Economic Research Unit at the Board of Trade had also 
been appomted and would take up his duties on April 1 
In the Directorate General of Reseaich and Development 
of the Ministry of Pubhe Building and Works there wero 
at present 61 professionally qualified staff The research 
unit of the Ministry of Power had 44 staff ın grades 
normally requuing a university degreo or equivalent 
quahfieation as & condition of entry and a further 48 
with these qualifications m other grades The Minister of 
Transport 1ephed that the research work of the Ministry 
was not concentiated m a single unit On the roads side 
the Ministry had 8 professionally qualified officers engaged 
on 1esearch, but most research on 10ads was carried out 
by the Road Research Laboratory of the Department of 
Scientific and Industrial Research The latter Depart- 
ment also undertook some 1esea1ch into shipbuilding and 
harbour probloms, and the Admnalty undertook for the 
Ministry research on 1adio-navigational aids for merchant 
shipping The Ministry employed an economist who 
studied problems relating to the shipping industry and six 
statisticians, pait of whose time was spent on research 
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Dynamical Climatology in the Meteorological Office 


THE use of chmatology from the Cinderella of meteor- 
ology concerned only with dreary statistics to one of the 
most fundamental and challengmg branches of the 
subject has been very rapid Ter. years ago the Meteor- 
ological Office formed a division for chmatological research, 
and this was strengthened by meorporatmg withm ıt the 
branch concerned with long-range forecastmg 1esearch 
The bianch contmued to use observational methods in 
iesearch, but the work of Philips and Smagormsky m 
particular in the United States has shown that a dynamical 
approach to the problem 1s possible In the same way, 
therefore, that some years ago the Meteorological Office 
divided its shoit-range forecasting research branch mto 
one concerned with observationa! methods and one 
concerned with the dynamics of the problem, so the 
Office has now decided to spht the climatological research 
branch into two The present head, Mr M H Fieeman, 
will become assistant duector for synoptic climatological 
1esearch, carrying the 1esponsibility for long-1ange fore- 
casting The new branch, foi dynamical climatological 
lesearch, will be headed by Mr G A Corby and will 
have the task of investigating the fundamental theoretical 
behaviour of the atmosphere, or the general circulation 
Mr. Coiby has had much experience both in dynamical 
meteorology and ın the problems of usmg electronic 
computers for numerical forecasting, and he 1s thus well 
fitted to lead his team mto thus new field 


The Commonwealth and International Library 


Ox February 19, Pergamon Piess, Ltd Oxford, pub- 
hshed the one-hundiedth volume ım the Commonwealth 
and International Library, the 1,000-volume educational 
series launched on May 23, 1962 (Nature, 194, 631, 1962), 
with messages of good will from such leading Common- 
wealth statesmen as Jawahailal Nehru, Field Marshal 
Ayub Khan, Sir Abubakar Tafawa Balewa, Prime Minister 
of the Federation of Nigeria, and Tunku Abdul Rahman 
of Malaysia, and with the co-operation of leadmg educators 
and industitalists throughout the English-speaking world. 
This muestone in the progress of a major British publishing 
venture was marked by a reception given by Sir Robert 
Robinson, jomt chanman of the Honorary Editorial 
Advisory Boaid, and Mi Robert Maxwell chairman of 
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Pergamon Press, at the Commonwealth Instituto in 
London on February 19, and by exhibitions m the United 
Kingdom and m major Commonwealth capitals of the 
first 100 books The authors of the hundredth publication, 
a two-volume work entitled Inberal Studws an Outline 
Course, are N C Dexter of Corby Grammar School and 
E G Rayner of Wyggeston Grammar School This work 
selects topics from a wide field—education, art, religion, 
sociology, politics and philosophy—and presents them in 
a manner calculated to provoke serious thought about, 
and discussion of, the many problems which face young 
people to-day 

The Commonwealth and International Library was 
started to meet the growing demands for up-to-date and 
authoritative books at a price which students all over the 
world can affoid, and is now providing original books 
and reference books for full- and part-time students, for 
apprentices ın industry, for teachers, and for the intelligent 
layman The majority of the books are priced between 
10s and-21s and are bound in washable, flexible covers, 
but a special hard-case edition is available for libraries 
There are more than sixty subject divisions which cater 
for school-children from twelve upwaids to the sixth 
form, on to university and, finally, to postgraduate studies 
Teaching aids such as film strips, tape-recordings and 
wall charts are available to augment the books The 
complete range of newly compiled atlases 1s now m 
production 


The American Museum of Natural History, New York 


Tae chief 1esponsibility of this Museum 1s to educate 
the public in natural science, and this has certamly been 
achieved satisfactorily, as the report for 1962-63 indicates 
a total attendance of more than three million visitors (Pp 
96 New York The American Museum of Natural 
History, 1963) The Hall of the Biology of Man and the 
exhibit “Man ın Space" were the newer displays that 
attracted attention, and long-standing favourites, such as 
the halls dealng with African mammals North American 
mammals and forests and the dinosaur, continued to 
draw visitors A relatively large staff for a museum 1s ın 
each department actively engaged in research on many 
projects Work on both the design and preparation of 
exhibits foi the Hall of the Biology of Invertebrates 1s 
progressing and designs for the exhibits m the Hall of 
the Peoples of Africa are completed 


Tea Growing in East Africa 


Tea (Jounal of the Tea Boards of East Africa, 4, No 3, 
Octobe: 1963) hsts the prize-wmners foi quality East 
Afiican teas Quite a few names are ın the two classes, 
teas made by the orthodox method of manufacture and 
those made by other methods The Chanman of the — 
Tanganyika Growers’ Association 1eports progress made 
in the culture and manufacture of tea in an area at 
present experiencing political growing pains There has 
been & considerable increase in African small holdings, 
some, legrettably, stocked with poor planting materal 
A spate of legislation has been mtroduced affecting tea 
planting, not all welcome to the industiy Thus, there 1s 
now an export tax on tea, but some satisfaction 1s expressed 
that a flat 1ate of 10 cents per lb has been adopted and 
not, as originally proposed, a tax ad valorem The Kenya 
Tea Giowers’ Association reports that the Tea Plantation 
Workers’ Union has now been amalgamated with the 
Coffee and Sisal Plantation Workers’ Union and the 
General Agricultural Workers’ Union Evidently Union 
amalgamation 1s not a matter of moment only m the more 
developed countries A report ıs meluded of the first 
course to be held by the Tea Research Institute of East 
Africa on the science of tea growmg—a short course of 
about a week The Institute also plans to make available 
new clonal material The Chairman of the Tanganyika 
Association pertinently remarks that new techniques of 
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manurmg, pruning and general cultivation, togethe with 
the mtioduction of new clonal material of proved worth, 
must be considered as a matter of urgency if yields are to 
keep pace with ever-rismg costs Unless yields can be 
substantially mereased, there ıs only a very short future 
ahead for the East African mdustry Other articles con- 
cern anti-hail rockets, the use of phosphatic fertilizers, 
chemical weed control with 1eports from various districts, 
Board notes, rainfall 1eports and production statistics 


Tainting of Fruit and Vegetable Products by Agricult- 
ural Chemicals 


Mucu has been written in 1ecent years on the possiblo 
hazards due to the mdiseriminate use of chemicals in 
agriculture — Compaiatively Little publicity has been 
given to the effect which such substances might have on 
the taste of products prepared from materials so tieated 
A 1ecent publication, The Tatung of Canned and Quick 
Frozen Frun and Vegetables, by V D Arthey and W B 
Adam, however, dueots attention to this aspect of the 
subject (Technical Bulletin No 8 Pp 48 Chipping 
Campden The Fruit and Vegetable Canning and 
Quick Fieezmg Research Association, 1963 12s 6d) 
The results of more than 400 controlled field trials 
mvolvng some seventy agricultural chemicals (msecti- 
cides, herbicides and fungicides) are tabulated and 
discussed, togethei with the findings of the expert test- 
ing panel on the correspondmg canned and frozen 
fruits and vegetables The followmg crop protection 
chemicals have been found to produce tamts on cer- 
tam named fiuits and vegetables m the Campden tests 
aldrin, benzene hexachloride, captan, chlorbenside, di- 
cloran, ferbam, griseofulvin, metaisosystox, nabam, sevin, 
thiram, zinc-activated PETD, zineb and zitam In a few 
mstances the off-flavour was thought to be due to a 
previous sulphur treatment It 1s emphasized that the 
presence of a tamt 1s not associated with any health 
hazard The palate can be a much more sensitive instru- 
ment for detecting tamts than the most refined chemical 
or physical methods of analysis, and some tamts may be 
detected at concentrations of less than one part m 10° 
It would seem possible, therefore, that consumer prefer- 
ences may assist m controlling the extent to which 
chemicals are used in farms, market gardens and orchards 


Resin-bonded Glass-fibre Tendons for Pre-stressed 
Concrete 


Grass in filament form is characterized by two im- 
portant physical properties very high tensile strength 
and low modulus of elasticity While its strength exceeds 
that of high tensile steel wire, its modulus of elasticity 1s 
only one-thud as great In preliminary investigations of 
the use of fibre-glass for pre-stressed concrete, IÍ A and 
A Rubinsky (1954) found that losses of pre-stiess con- 
sequent on creep, shrinkage and elastic strain m concrete 
are considerably reduced when glass-fibe tendons are 
substituted for steel A paper by N F Somes under the 
above title extends this prmerple a stage further and 
describes development work carried out with resin-bonded 
glass-fibre tendons and reports on the testing of pre- 
stressed concrete beams embodying this material (Maga- 
zune of Concrete Research, 15, No 45, 1968) The tendons 
used are ın the form of resin-bonded rods of continuous 
diawn fibres evenly dispersed across the circular section, 
their properties depend on those of the constituents The 
actual resin-bonded product used “ was based on an 
imported filament of very low alkaline content, 1s average 
strength was 270,000 lb/in? The manufacturer quotes an 
average tensile strength of 150,000 Ib/m? for the bonded 
product, based on tests of 150 samples with a scatter of 
+ 30,000 Ib/in? due to non-uniformity of the product or to 
the method of gripping and testing employed" <A 
general purpose polyester resm (*Bakehte' No 19002) ıs 
used as the bondmg medium, it occupies about 40 per 
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cent of the cross-sectional area Considerable difficulty 
was experienced in developing adhesive and compression- 
friction anchorages for the bonded fibre rods, and details 
are given m the paper of different grips used and of the 
type found to be most efficient for the purpose The use 
of correct stress at tensionmg and avoidance of suface 
damage at casting are very important factors It is 
concluded that tendons of the type described m this 
research should preferably not be tensioned to an initial 
stress greater than 0 45 of their short-term strength As 
regards the tests on pre-stressed beams, failure loads were 
found to show agreement with those calculated by the 
stram compatibility method 
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University News London 


Pror A D M Greenriecp, Dunville professor of 
physiology m the Queen’s University of Belfast, has been 
appointed to the chair of physiology tenable at St Mary’s 
Hospital Medical School Dr R E Ellis, senior lecturer 
m physics at Middlesex Hospital Medical School, has been 
appointed to the 1eadership m physics tenable at St 
Baitholomew’s Hospital Medical College Dr Lewis 
Wolpert has been appomted to the readership ın zoology 
tenable at King’s College The title of professor of theoret- 
ical magnetism has been conferred on Dr E P Wohl- 
faith m respect of his post at the Imperial Collego of 
Science and Technology 


Manchester 


Tux title of professor of petiology has been conferred 
on Di W S MacKenzie Dr MacKenzie jomed tho 
University of Manchester ın 1956 when he was appointed 
Impeuial Chemical Industries Fellow In 1958 he was 
appomted to a lectureship in geology, promoted senior 
lecturer ın 1960, and reader ın petrology m 1963 


Sheffield 


Tux followmg appointments to lectureships have been 
made R D Gillaid (chemistry, D H Wade (evil 
engineering), Dr R J Webster (pure mathematics) 
Dı: D J Evans has been appomted dnuector of the 
computing laboratory in the Department of Apphed 
Mathematics 


Announcements 


THE Amos Memorial Lecture, entitled “Research and 
Education m a New University”, will be delivered by 
Di G Templeman, vice-chancellor of the University of 
Kent, at the East Malling Research Station on March 19 


A CONFERENCE on “North-East Development and the 
Plant Sciences, with Special Reference to County Durham” 
wul be held m the University of Durham on March 14 
Further information can be obtained from the Secretary, 
Depaitment of Botany, University of Durham 


A MEMBERS’ day, mcorporating the annual general 
meeting, of the National Vegetable Research Station 
Association, will be held at the Station on March 10 The 
programme will include talks and demonstrations on 
research on seed production and seed quality Further 
information can be obtamed from the Secretary, National 
Vegetable Research Station, Wellesbourne, Warwick 


A SERIES of lectures on ‘“‘Gel-Filtration and Recycling 
Gel-Filtration” will be delivered by Dr H H Bennich 
of the Biochermeal Institute, Uppsala, at Imperial College, 
London (March 12), University of Glasgow (March 
13), Royal Victona Infirmary, Newcastle upon Tyne 
(March 16), University of Manchester (Maich 17), Royal 
Victoria Hospital, Belfast (March 18), Queen Elza- 
beth Hospital, Birmmgham (March 19), University of 
Leeds (March 20) Further mformation can be obtamed 
from the Managing Director, Pharmacia (Great Britam), 
d , Sinclair House, The Avenue, West Ealmg, London, 
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THE AUSTRALIAN UNIVERSITIES COMMISSION 


HE second report of the Austrahan Universities 
Commission * covers the 1961-63 triennium and the 
Commiussion’s recommendations foi the triennium 1964-66, 
for the first two years of which the rapid growth in num- 
bers of students which marked the 1961-63 triennium 1s 
expected to continue The report covers 10 universities, 
including the Austrahan National Institute of Advanced 
Studies and School of General Studies, both founded m 
1946 Total enrolments of students increased from 
53,391 ın 1960 to 68,949 ın 1963 and a total of 94,650 1s 
forecast for 1966, the number of equivalent full-time 
students 1s given as 41,164, 52,225, and 73,740 respectively ; 
and of full-time staff, 3,849, 4,748, and 6,704, the two 
latter figures assummg a student/staff ratio of 11 1 
Recommended grants for the 1961-63 triennium totalled 
£1248 million During the trienmum, establishment of 
new university colleges at Townsville and Wollongong 
was supported, as well as a new university institution at 
Bedford Park, Adelaide (Nature, 201, 553, 1964), and a 
new technological institution at Whyalla During the 
1964-66 triennium, establishment of further university 
institutions in the Sydney end Melbourne areas 1s 
recommended, together with a university college at 
Newcastle 
Of 51,395 students enrolled for bachelor degiees in 
1962, 8,420 were ın science, 5,144 ın medicine, 6,107 in 
engimeermg and 14,979 in arts About two-thirds of full- 
time students appear to receive some form of assistance 
from pubhe funds There has been a steady inciease m 
postgraduate students since 1957, from 1,357, or 3 69 pei 
cent of the total enrolment to 3,691 or 5 64 pei cent, nm 
1962, and the figure is expected to reach 6,900 in 1966 
Sponsored overseas students numbered 1,146 at June 30, 
1962, and the total of overseas students in 1962 was 
3,895, or 6 per cent of enrolments Of estimated full-time 
academic staff in State universities in 1963, 391 were 
professors, 365 readers, 1,149 semor lecturers, and 1,529 
lecturers The ratio of academic staff to students varies 
widely for faculties, and the report indicates that recruit- 
ment of high-calibre staff presents the same problem, as in 
the Umted Kingdom 
As 1n the preceding triennium, a notable feature of the 
1961-63 triennium was the growth of the research pro- 
- grammes and postgraduate schools of the Australan 
universities Enrolments for Masters’ degrees increased 


* Commonwealth of Australia  Austrahan  Umnwerswws, 1961-1966 
Second Report of the Australian Universities Commission Pp ix+124+ 
71 photographs (Melbourne Australian Universities Commission, 1963 ) 


from 2,048 in 1961 to 2,493 in 1962 and 3,040 ın 1963, and 
are expected to reach 4,283 in 1966, for PhD degiees, 
the corresponding figures are 1,092, 1,341, 1,620 and 
2,572 Expenditure on research ın Australian universities 
rose from £3,048,617 1n. 1959 to £3,610,564 im 1960 and 
£5,204,831 ın 1961 Of the last-mentioned. total, 38 8 per 
cent was in biological (mcluding medical and dental) 
sciences, 40 4 per cent ın physical sciences, 5 6 pex cent in 
technology and applied science, and 12 3 per cent 1n social 
sciences Of the 1961 total £2,041,915 was from external 
sources 

A separate chapter in the report describes the spec- 
tacular advance in the development of electrome data 
processing equipment for scientific purposes Two 
commuttees were appointed to deal with this field m 1960, 
one was a policy committee to co-ordinate the installation 
of computers for Commonwealth of Austraha o1ganiza- 
tions and universities; the other was an expert mter- 
departmental committee to co-ordinate computing 
activities in Government departments and agencies Foi 
the 1961-63 trienmum, the Austrahan University Com- 
mission offered grants up to £30,000 to universities without 
computers for mstaling modest facihties out of an 
approved capital research equipment grant of £1 millon, 
and for the 1964-66 triennium, grants totalling £948,000 
have been recommended Including a Commonwealth 
giant of £1 muilhon, it 1s estimated that more than £2 8 
million was spent ın 1961-63 on affiliated residential 
colleges and about £1 5 million on halls of residence, and at 
the end of the triennium 14 3 per cent of the students were 
in residence For the 1964-66 period, grants totalling 
£1 2 milhon for affiliated residential colleges and £3,463,000 
for halls of residence are recommended, and at the end of 
the triennium the proportion of students in residence 15 
expected to rise to 16-17 per cent For the 1964-66 
period, grants totaling £172 million are recommended, of 
which £814 milhon is from the Commonwealth and 
£90 6 milhon from the States Of the total, £123 million 
is 1n recurrent grants and £39 million in capital grants 
The report gives considerably greater detail of recom- 
mended grants for each university institution than is 
customary in the quinquennial reports of the University 
Grants Committee in Britain There are also illustrations, 
and among several appendixes are the report of the 
Committee on University Salaries, a note on the computer 
network for the Commonwealth of Australa and some 
designs for halls of residence, ın which the cost of now 
places 1s estimated at £2,000 per place 


PHYSIOLOGY, ECOLOGY AND BIOCHEMISTRY OF GERMINATION 


N international symposium on ‘‘Physiology, Ecology 
and Biochemistry of Germination”, organized by 
Prof. H Borriss to mark the two-hundredth anniversary 
of the Botanic Gardens of the Ernst-Moritz—Arndt— 
University at Grexfswald, Germany, in September 1963, 
was a memorable occasion Contributions were received 
from all continents, although those attendmg the meeting 
eame only from European countries Among the 100 
papers in the programme, the chief and most-discussed 
topics were the induction and the breaking of dormancy, 
the roles of hght (mainly effects on the phytochrome 
system), temperature, atmospheric gases and seed coats, 
of chemical mhibitors and promoters, foremost among 
them were the gibberellins, metabolic changes connected 
with water uptake before and durmg germmation, and 
the many and intricate interactions between these factors 


The symposium gamed much from the wide interpreta- 
tion of its subject, which included the breaking of the 
dormancy of vegetative as well as generative organs, and 
also of bacterial and thallophyte spores. 

A paper by Haber (United States) showed that mitosis 
and photosynthesis can proceed within dormant lettuce 
seeds, and that dormancy proper 1s due to a ‘block’ which 
specifically prevents elongation of the embryonic axis 
Black (Great Britam) discussed the role of the period of 
unbroken darkness m ielation to the dormancy of seeds 
of two species, Nemophila wmsignis, a low-temperature 
or alternatively a ‘short-day’ seed, and Betula pubescens, a 
Ingh-temperature or alternatively a ‘long-day’ seed. In 
both cases the photoperiodic sensitivity only becomes 
apparent over & narrow range of temperature and only 
so long as the seed coat ıs intact In B pubescens the 
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causes of dormancy aie probably the slow decay of light- 
produced promotive agents during long dark periods, as 
well as the presence of germmation mhibrtors in the seed 
coat and restricted oxygen supply to the embryo In 
Nemophila, long dark periods are required, probably for 
the far-red (or blue ?) absorbmg form of phytochrome to 
be effective and cause germination 

Mohr (West Germany) discussed the diversity of re- 
sponses to hght m thallophytes. Thus the mechanism of 
spores of the liverwort, Sphaerocarpus donnelli, 1s extra- 
ordinarily complex: they do not germmate m darkness, 
_they are day-neutral m far-red light but require short 
days in white light owing to the effect of 1ts red component 
on their endogenous diurnal rhythm. Bormss (East 
Germany) showed that the appheation of mhibitors 
increases the hght sensitivity of seeds, whether they be 
dark- or hght-requiring, this decrease m their readiness 
to germinate is probably due to a process which 1s not 
directly connected with the primary photo-reaction; 
neither mhibitors such as p-chloromercuribenzoate nor 
stimulants such as potassium cyanide are hkely to operate 
through an effect on respiration, since the oxygen con- 
sumption of imbibed seeds varies very little, respective 
of whether they are inhibited or promoted. On the other 
hand, Nyman (Sweden) considered that the photo-reaction 
of phytochrome in Pinus silvestiis seeds (where even 
hight given to ünimmbrbed seeds promotes germination) 

. chiefly affects germmation by means of the mechanism of 

anaerobic 1espiration 

Goring (Hast Germany) demonstrated that when respira- 
tory intensity (measured as uptake of oxygen) 1s plotted 
agamst total dry weight, no significant difference 18 
generally apparent bevween inbred and hybrid maize, 
however, cell size in hybrid ıs smaller than m mbred 
seeds and therefore the respiration per cell m hybrids 1s 
more economical and, «n toto, more productive. Arndt 
(East Germany) found m her work with non-after-ripened 
Agiostemma githago seeds that the temperature ceiling 
for ther germmation ıs raised from 10° C to 20° C by an 
inerease in the carbon dioxide content of the atmosphere 
even a large number of seeds ın an meubator 1s sufficient 
to initiate this effect Analogous observations were made 
by Heydecker (Great Britain) on lettuce seeds, where 
mereasing atmospheric carbon dioxide contents resulted 
in increasing germination percentages at the ‘ceiling’ 
temperature of 25? C Similarly, a paper by Ballard 
(Australia) showed that after a few days’ cold-treatment 
or removal of the seed coat—neither effective m 1tself— 
brief exposure to an atmosphere high in carbon dioxide 
completely breaks the deep dormancy encountered in 
certain batches of Trifohum subterraneum seeds Using 
4CO,, he demonstrated that dormant seeds accumulate 
the isotope four times more intensively than non-dormant 
ones, he considered that carbon dioxide probably acts 
non-specifically, by setting m motion the normal citric 
acid cycle 

Isotopes were also used by Boruss and Engelbrecht, 
who showed that phosphorus from Naj,H?*!PO, can be 
accumulated by Agrostemma seeds and mcorporated mto 
various fractions of organic compounds of the embryo 
before there ıs any sign of radıcle emergence Significantly, 
seeds blocked by hugh-temperature treatment (30° C) 
moorporate much less phosphorus-32 than ungerminated 
seeds which have been activated by lower temperature 
(10° C) On the other hand, no such temperature relation 
was found by Pilgrim and Borriss for the dark-fixation of 
carbon dioxide by mbibed Agrostemma seeds 

Agrostemma seeds were also the object of an investiga- 
tion by Borris and Hempel mto the role of native growth 
substances, and they concluded that germmation is 
probably often regulated by a complex interaction of 
gibberellins and auxins Mohr (West Germany), in one 
of the discussions on gibberellins, produced evidence to 
show that seeds do not necessarily possess gibberelhn- 
controlled germmation mechanisms simply because 
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gibberellins can stimulate ther germmation. This pro- 
perty of gibberellins 1s nevertheless often very pronounced 
indeed. Thus Borriss found that seeds of Honkenya 
peploides are particularly sensitive to gibberellic acid 
(GA;) and respond to concentrations of less than 0-01 
p p m. (107? y per seed), furthermore, effects of gibberellm 
‘GD’, a mixture of 80 per cent GA, and 20 per cent GA,, 
can be 6-1,000 times as strong as those of GA,, but even 
effects of definite gibberellins on definite kinds of seed 
are not constant, they are most pronounced m an acid 
medium (optimal pH 3:6), buffered preferably with a 
citrate rather than a phosphate buffer and, as with other 
germination promoters, many species-specific differences 
exist concernmg the degree of importance of the con- 
tributing factors, 1n general, effects are most marked when 
seeds are ın a ‘labile’, that 18, still partly dormant, condi- 
tion. A paper by Mohill (Israel) and Paleg (Australia) 
presented evidence that sugars added to the germmation 
medium do not enhance, and often even counteract, the 
stimulating effect of GA, on dormant lettuce seed 
Nikolayeva (USSR) reported on differences m the 
effect of GA, on germmation, depending on the kmd 
of seed and the GA, concentration. Thus seeds of a num- 
ber of annuals, including Sınapıs alba and S juncea, are 
inhibited by 0 05 per cent GAs, at 0 005 per cent, the former 
still remain mhibited, but germination of the latter ıs 
stimulated Gubberellic acid also can stimulate germina- 
tion of ‘weakly dormant’ seeds which normally respond to 
exposure to light or to dry storage or a short cold period 
On the other hand, the ‘deep’ dormancy of certam kinds 
of seed ıs, according to Nikolayeva, due to an interacting 
dual mechanism, mvolving the prevention by the seed 
coat of gas exchange and the production of an mhibitor 
by the embryo Such seeds require a long period of morst- 
chilling (‘stratification’), which cannot be replaced by 
light or dry storage, and they respond to gibberellins only 
under specific conditions, for example, with seeds which 
normally require alternating temperatures during stratifi- 
cation, such as Euonymus europaeus, imbibition periods m 
gibberellic acid can replace the warm periods Also, 
excised embryos of deeply dormant seeds, which ordmarily 
produce ‘dwarfs’ if not stratified, can be promoted into 
normal growth by gibberellms The mechanism respons- 
ible 1s not known but, like many processes promoted by 
gibberellins, ıs thought to be non-specific A paper by 
Vilhers, Frankland and Waremg (Great Britain) suggested 
that where the inbubitor ın the embryo (for example, of 
Fraxinus eacelsior) remains fully active even during 
germmation, the breaking of dormancy may be due to 
the production of gibberellin-hke endogenous promoters 
under specific conditions Concerning desirable conditions 
during stratification, Suszka (Poland) found that the 
dormancy of seeds of most Prunoideae 13 much moro 
effectively broken by a warm-cold sequence than by a 
straight cold treatment Two weeks at 20° C followed by 
a prolonged period at 1°-3° C appeared optimal in Poland, 
but there was evidence that the best ‘cold’ temperature 
may vary with the provenance of the seed and may be 
higher (up to 8° C) when the seeds are produced in a less 
extreme climate Ludwig and Junges (East Germany) 
showed that the factors influencing the degree of dormancy 
of seeds of Impatens balsamwna (a short-day plant), 
which are often dormant up to five months after matura- 
tion, and of grams of malting barley (a long-day plant) 
are very simular In both cases low temperatures, scarcity 
of sunshine, and much rain while the seeds are maturing 
induce dormancy, although the effect of high rainfall is 
counteracted by high nitrogen supply (certamly m balsam, 
probably also m barley) Dormancy is also more pro- 
nounced ın samples with a higher than with a lower 
1,000-grazh mass Other important effeots of provenance 
were found by Galatschalova and Marussma (USSR), 
who showed that wheat grams grown im southern Siberia 
have a higher dry matter and protein—-nitrogen content 
than those grown 1n northern Siberia, the southern grain 
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germinates better and produces more vigorous plants 
Schubert (East Germany), working with seeds of Robina 
pseudacacia on the thorny problem of seed quality evalua- 
tion, found that dehydrogenase activity, mdicated by the 
change of colourless triphenyl tetrazohum chloride mto 
bught red formazan, 1s indeed a reliable mdex of the 
viability and vitality of seeds, provided pre-soakmg and 
treatment are effectively standardized and the results 
ieceive expert interpretation To verify bus conclusions 
from the tetrazolium (TTC) test, Schubert has developed 
a non-lethal TTC treatment (0 01 per cent for 24 h), which 
permits normal germmation and seedling growth One 
disadvantage of TTC 1s its failure to record heat damage to 
tissues Lindner (East Germany) demonstrated a similar 
inabihty of TTC to differentiate between normal seeds 
and those which have been damaged by excessive levels 
of mercury fungicides In an attempt to forecast the 
performance of seeds ın the field (ther ‘vigour’) Lindner 
had found that with many farm and garden seeds, notably 
cereals, the upiight-rolled-paper (Kewnrollen) test pro- 
vides much more information than othei tests about the 
quahty of consignments of seeds, smee seeds which 
germmate but weakly can be clearly observed 

A number of speakers dealt with the modrfication of 
plant performance through the manipulation of germinat- 
mg seeds  Krekule (Czechoslovakia) pomted out the 
importance of standardizing both the stage of germination 
1eached and the water content of the seed at the time when 
vernalization is apphed a close correlation between the 
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giowth made before, and the 1esult achieved by, vernahza- 
tion exists only withm narrow lumits, outside which the 
results may be erratic In a fascinating review, Henkel 
(U SSR) dealt with the utilization of what he called the 
‘plasticity’ of plant material for example, re-1mposition 
of drought on imbibed seeds of many species increases 
the viscosity and elasticity of their protoplasm, enabling 
the resulting plants to withstand drought or heat later m 
life better than would unprepared plants 

Several papers dealt with the germmation of bacterial 
spores Lund and Norris (Great Britain) investigated the 
enzyme and antigen changes durmg germination of 
B cereus spores usmg starch-gel and ummuno-electro- 
phoresis A paper by Vinter (Czechoslovakia) dealt with 
the characterization of the individual steps of the develop- 
ment of spores into vegetative structures, and Mach (East 
Germany) reported on the ultra-siructwe of germmating 
Streptomyces spores 

There 1s little doubt that the Proceedings of this fertile 
symposium, to be edited by Prof Borriss and published 
by Gustav Fischer, Jena, will be consulted for many years 
tocome Here are shown not only the complexity and the 
specificity but also the recurring patterns, which have been 
uncovered in the processes that occur durmg the vital 
transition from dormancy to growth 

It remas to be hoped that the international exchange 
of ideas which was made possible at Greifswald by per- 
sonal contact will contmue, irrespective of political 
frontiers W HEYDECKER 


PHARMACOLOGY AND THERAPEUTICS IN PAKISTAN 


r IS Pakistan Society of Pharmacology and Thera- 
peutics, which was formed on July 14, 1962, was 
officially maugurated on March 20, 1963, at Lahore by 
Dr Salimuzzaman Siddiqm, chairman of the Pakistan 
Council of Scientific and Industrial Research The 
inauguration was held during the fifteenth All-Pakistan 
Science Conference with the necessary assistance of the 
Pakistan Association for the Advancement of Science 
Dr S M K Wasti (Lahore), who was appointed as the 
organizing secretary by the Pakistan Association for the 
Advancement of Science, acted as a liaison officer between. 
the Society and the Pakistan Association for the Advance- 
ment of Science The help fiom the Departments of Health 
of the Government of Pakistan and of the Governments 
of the East and West Provinces. which enabled all the 
professors of pharmacology in Pakistan to attend the 
mauguration, needs a special mention 
The mauguration ceremony opened with a recitation 
fiom the Qurén Prof A Hameed Khan (Lahore), 
chairman of the reception committee, welcomed the 
participants and pomted out that the rapid growth of 
pharmacology needed a high standard of education and 
framing in that science He also emphasized the impor- 
tance of pharmacologists ın the drug industry and. of the 
need for a fully equipped and properly staffed laboratory 
fo. drug testing, including facilities for the biological 
standardization of products manufactured in Pakistan 
Prof S M A Zaidi (Hyderabad), general secretary, m 
his intioduction, mentioned the various important 
objectives of the Society which included an improvement 
m the teaching of the subject 1m order to make drug 
therapy absolutely safe m the hands of medical practition- 
ers He also referred to the proposed role of the Society 
ın promoting research, specially on the indigenous plants 
ofmedicmal value Prof Zaidi also outlined the part which 
the Society could play m the compilation of a National 
Pharmacopava for Pakistan 
In his presidential address Dr Siddiqui said that scarcely 
2 per cent of the 191,000 species of flowering plants had 


been examined for alkaloids He appealed to all the 
pharmacologists in Pakistan to devote then efforts to the 
investigation of the medicinal plant wealth of the country, 
with the view of developmg new therapeutic agents for 
the treatment of human ailments on a scientific basis 
Referrmg to pharmacological research on the medical 
plants, Dr Siddiqui concluded his address by saying, 
“Tt 1s, indeed, a truly virgin field of scientific and economic 
endeavour, and it shall be my hope that your Society 
will m all eainestness accept the challenge and the 
opportunity it offers" 

The maugural address was followed by the presidential 
addiess, which was given by Prof Nazeeruddin Ahmed 
(Multan) In his addiess, Prof Nazeer eriticized the 
teaching of pharmacology as 1ecommended by the 
Medical Reforms Commission He said that “the report 
of the Medical Reforms Commission has forcibly put the 
pharmacological cart before the physiological hoise This 
anomalous situation has added greatly to the buiden of 
the teachers and the taught because the fabiic of pharma- 
eology normally rests on the foundation of physiology" 
Prof Nazeer mentioned a number of useful purposes which 
the pharmacologists and the teaching departments of 
pharmacology in Pakistan could solve, for example 
standardization of diugs, traimmg of dispenseis, etc 
Later, Mr A Campbell Benzie (Burroughs Wellcome and 
Co ) 1ead out the messages of goodwill received from both 
Pakistan and abroad Prof M. Rabbam (Lahove), who 1s 
Pakistan’s most senior phaimacologist, described the 
formation. of the Society as a great step 1n the scientific 
progress of the country and congratulated the pioneers 
He thanked the delegates and other participants and the 
organizers of the inaugural function 

At the symposium on “Pharmacology” which followed, 
a number of papers on various aspects of the subject were 
read The openmg paper, “The Scope of Research im 
Pharmacology ın Pakistan”, was given by Prof Mu 
Mansur Ally (Dacca), who, besides elucidating the 
importance of the natural drug resources, pointed out the 


mmportang hand.caps of the esearch workers, the 
inadequate pay, poor status and lack of facilities He also 
advocated a free access of the pharmacologists to the 
hospital wards for therapeutic problems Prof Inayat 
Khan (Karachi) discussed the role of & pharmacologist m 
the pharmaceutical industry of Palnstan In collaboration 
with Dr Siraj Ahmed (Peshawar), he communicated the 
answers to a questionnaire on the subject sent to various 
persons connected with the industry and the science The 
conclusion drawn from this survey was that there was 
considerable justification for pharmacologists being 
included on the staff of the pharmaceutical industry of 
Pakistan 

The remaining papers were concerned with the teaching 
of pharmacology Dr S A Wahid Shah (Peshawar) 
spoke on “The Teaching of Pharmacology m the Labora- 
tory” He emphasized the importance of students 
conducting their own experimental work as an aid to 
graspmg the subject more intelhgently He quoted a 
number of such experiments which could supplement the 
formal lectures Dr M Shamsuzzoha (Chittagong), while 
discussing the teaching of pharmacology, criticized the 
place of the subject ın the medical curriculum as a result 
of the report of the Medical Reforms Commission He 
'eonsidered that ıt was not possible for a student to grasp 
the subject without havmg an understanding of the 
fundamentals of physiology, and that teachmg drug 
actions without ther application would have an adverse 
-offect on known and accepted teachmg methods Prof 
S M A Zad (Hyderabad) sad that the views of those 
who taught represented only one side of the story and that 
ib was necessary also to consider the reactions of those 
who are taught Prof Zaidi communicated the results 
based on the answers received from medical students and 
genoral medical practitioners m response to & questionnaire 
prepared by him The conclusion was that the subject 
should be taught after a student had gamed a basic 
knowledge of physiology, biochemistry, pathology and 
microbiology, and that 1t should be taught ın an applied 
manner throughout the clinical period Dr Anis Mahju 
(Karachi), while giving his views on postgraduate educa- 
tion m pharmacology, was of the opmon that a student 
must be encouraged to develop the habit of self-education 
He described the programme which a student had to 
follow at the Postgraduate Medical Centre, Karachi. He 
also emphasized the importance of frequent seminars and 
group discussions m which a student could freely partici- 
pate 

Due to tho shortage of time, the papers on the National 
Pharmacopweva by Prof M Rabbani (Lahore) and on the 
scope of research mm pharmacology by Dr K Ahmed 
(Rajshahi) could not be read These will appear in the 
Proceedings of the symposium 

The afternoon session was devoted to the scientific 
papers, including ‘‘Synergistic Action of Serpaymaline 
and Isochaksme” by Dr S Siddiqu:i and Prof M. M Ally, 
“Pharmacological Investigations of Harmidme” by Prof 
A EH Khan and Dr M Cheema, *Some Aspects of the 
Influence of pH on Drug Action” by Dr M. Shamsuzzoha, 
“Effect of Nilamude and Certain Arteriosclerotic Agents 
on Blood Platelets and Blood Coagulation” by Dr A 
Mahyu, and “Miero-biological Assay ın Drug Standardiza- 
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tion” by Dr M W Aland Dr R A Khan There were 
a number of other research papers connected with pharma- 
cology which could not be read due to a shortage of 
time 

On the following day a general meeting of the Society 
was presided over by Prof Nazeeruddin Ahmed The 
following decisions were made. 

(1) That a uniformity should be aimed ab in the 
curriculum and examunations m the subject of pharme- 
cology, including therapeutics, in all the medical colleges 
im Pakistan 

(2) That there should be a umformity ım the staff 
strength in departments of pharmacology throughout 
Pakistan, and that there should be a parity in the salaries 
of teachers in the medical colleges of both parts of the 
country 

(3) That attempts should be made to start courses for 
the B Pharmacy degree m all medical colleges in Pakistan, 
in order to meet the demands of the rapidly expanding 
pharmaceutical industry 

(4) That a quarterly journal, to be named the Pakistan 
Journal of Pharmacology and Therapeutics, should be 
started as soon as possible (It was decided that the 
chairman of the publication sub-committee should act 
as chief editor, and should be left to constitute hus own 
sub-committee for the pubheation of that journal ) 

(5) That a sub-committee should be formed to expedite 
the publication of a text-book on pharmacology suited. to 
the needs of students m Pakistan, consisting of Prof 
Mazharal Haq (Karachi) Prof S M. A Zaidi (Hyderabad) 
and Prof Inayat Khan (Karachi) 

(6) That lectures and discussions, aimed at benefiting 
the general medical practitioners, should be arranged by 
the various departments of pharmacology 1n collaboration 
with the Pakistan Medical Association 

(7) That the research sub-committee of the Society 
should compile a lst of the problems under investigation 
m various departments and mvite schemes for further 
research work The sub-committee should also find ways 
and means of developing, eo-ordinatong and finanemg the 
various research schemes 

(8) That a sub-committee should formulate the basic 
principles, for submission to the Government, which 
should be kept m view at the time of compiling the 
Natonal Pharmacopana and that this sub-committee 
should participate in the deliberations of various commit- 
tees which may be appomted by the Government for the 
said purpose The committee would consist of Prof 
Mazharul Haq (Karachi), Prof S M. A Zadı (Hydera- 
bad), Prof Inayat Khan (Karachi), and Dr M Sham- 
suzzoha (Chittagong) 

(9) That the next annual genera) meeting should be held 
at Layallpur at the time of the next Science Conference 

(10) That the Medical Council, which 1s the body 
controlling medical education m Pakistan, should have 
representatives of all the subjects m the medical curriculum 
on 1ts panel and that a pharmacologist should be taken 
on mmmediately 

(11) That the word "Experimental" be dropped from 
the name of tho Society and that 16 be called the Pakistan 
Society of Pharmacology and Therapeutics 

S M A ZADI 


RECURRENT ‘STOMACH ACHE’ 


HE Glaxo Volume 1s published occasionally as a 
fiet to the science and art of medicme 
Among the interesting articles m the twenty-seventh 
suo is one dealng with recurrent ‘stomach ache’ 
Abdominal pain which recurs at intervals seems to affect 


children everywhere throughout the world In England 
the frequency of the complamt has been estimated from 
2 survey of schoolchildren This showed that, among 
1,000 unselected children, more than 1 ın 10 had had at 
least three attacks of abdominal pam and some had had 
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many more Apart from ‘red herrmgs’ and diagnoses 
not justifiable by strict criteria, the causes may usefully 
be divided into three groups By ‘red herrings’ 1s meant 
anomalies found accidentally or logically insufficient to 
explain the main symptoms Controlled series have shown 
that under this heading should be included such varied 
conditions as carious teeth, threadworms, redundant 
colon, ealeified lymph nodes, hernia of the linea alba 
and epileptiform tracings in the electroencephalogram 

The causes are grouped under organic, emotional and 
others Apart from pains due to sickle-cell disease and 
infestation with round-worms, all organic causes together 
account for only a small proportion of cases, and each 
mdividual organic disorder is distinctly rare Kidney 
diseaso (hydronephrosis, renal infection) was found m 
2-3 per cent of a large series Peptic ulcers do occur m 
children, but only m about 1-2 per cent of the many 
children with recurrent pam who reach hospital Among 
the rare mtestmal causes are Meckel’s diverticulum, 
regional ileitis, partial malrotation and neoplasm Either 
air-swallowing or pica may be associated with pam 
Other unusual causes are pathological constipation, coeliac 
disease, diabetes mellitus and porphyrinuria 
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As nearly all childien with recurrent abdominal pain 
look physically well and thriving, physical exammation 
reveals no abnormahties m them In these children a 
search for emotional disturbances 18 much more hkely to be 
helpful than discriminate laboratory and X-ray exam? 
ations To obtam satisfactory evidence of emotional 
disturbance, the doctor needs to know the intimate details 
and the atmosphere of the child’s day-to-day affairs m 
the home and at school, and he needs to know about the 
family Most children with recurrent abdominal pain 
have other expressions of emotional disturbance appetite, 
difficulties which date back to mfancy, there may be a 
lustory of sleep problems, bed-wettmg, tantrums or unduo 
fears They may complain also of pains in the head oi 
legs (so differmg from those with abdommal pain due to 
organic disease) Many of the patients are highly strung 
fussy and anxious Many are over-conscientious and, as 
the mother will often come to admit, worry themselves 
into an attack" No single item is conclusive, but the 
combmation of several is often strikmg and convinemg 
Recurrent abdominal pain caused by emotional dis- 
turbances accounts for by far the greatest number of 
cases 


MINIMUM MASS-THICKNESS AND ITS EFFECT ON THE MEASUREMENT 
OF DIMENSION OF CARBONACEOUS OBJECTS FROM THEIR 
NEGATIVE ELECTRON MICROGRAPHS 
By N. H. SARKAR 


Biophysics Division, Saha Institute of Nuclear Physics, Calcutta 


"p present-day electron microscope 1s capable of 
resolving particles of sizes smaller than 10 From 
different measurements ıt 1s known that the sizes of the 
mdividual biomolecules vary from a few tens to a few 
hundred angstroms, so 16 1s expected that the biomolecules 
having dimensions of the order of 50 A can easily be 
mucrographed But unfortunately, from the practical 
point of vicw, the electron microscopists, m spite of their 
untirmg efforts, have failed to attain this hmit without 
subjecting the specimens to shadow castmg or electron 
stamng This failure 1s due to lack of contrast between 
the mage of the specrmen and the background Generally, 
ib is assumed that the mmimum brightness difference 
detectable by the human eye ıs 5 per cent1?, and hence 
the image of an object having brightness difference less 
than this is lost to the background 

Now, contrast m the mage of an olectron micrograph 1s 
influenced by the factors (a) the spherical aberration of 
the objective lens which depends on the angular aperture 
of the objective lens, (b) voltage sensitivity of the photo- 
graphic plate used m recording the image, (c) electron 
scattering power of the specimen Smee m normal electron 
microscopic work, the aperture angle (6) hes in the range 
of 10-—10-* radians, the effect of aberration (&C; 0?) js 
noghgible for these lowest values of the aperture angles 
Tf one decides to work at a fixed accelerating beam poten- 
tial, o, then obviously the effect of the beam potential on 
the photographic response need not be considered Thus 
the effect of scattermg of electrons by the specimen 1s the 
main source of the production of contrast m an electron 
micrograph 

It 18 well known that for a biological object exposed 
to electron beam, the intensity of the transmitted electrons 
Iis related to the meident electron mtensity I, by the 


relation. 
I = I exp (—N/A ot or) (1) 


where N 1s the Avogadro’s number, A 1s the atomic weight, 
et 18 the mass-thickness of the object, and o; 1s the total 


atomic scattering cross-section for scattermg outside the 
objective aperture angle Here ot = (oc), + (Gin), 
where (ce), and (cin), are the total elastic and imelastic 
scattermg cross-sections respectively Thus, if 5 per cent 
difference in electron beam intensity be reckoned as the 
threshold value for production of mmimum differentiation 
of image contrast, one obtains from the expression 


I], = 095 = exp [— N/A ot (pt)min] (2) 
Again, ıt ıs generally assumed that biological matter 1s 
composed maimly of carbon atoms (A = 12) and the 


contrast arises owing to the presence of this atom Hence 
from equation (2) 


(et)min = 1022 x 10-18 (l/c))ug/em? (3) 

Now, o: 1s a function of o and 9, so (pt)min 18 hable to 

depend on o and 0 For the determunation of o; the more 

reliable formule? for the total atomic elastic and inelastic 

scattermg cross-sections of carbon 
22 16 4 
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energy of the electron beam ın electron volts with relativis- 
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Bohr radius of the hydrogen atom, q = 210]1, Ry = 
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Fig 1 Vanation of the mmmum and limiting mass-thichness of 
biological objects with scattermg angles for a few working voltages 
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Fig 1 shows the variation of (pé)min with scattering 
angles for few working voltages It 1s seen fiom the 
nature of the curves that the variation of (pt)min between 
the aperture angles 10--10-? radians 1s very small, and 
even the values do not differ much from one another at 
the widely used election beam voltages 50, 60, 80 and 
100 kV, while the (pt)min values increases rapidly with the 
increase of electron beam voltage and aperture angle at 
angles greater than 10-? radian 

Lung mass-thickness In this connexion we would 
hke to discuss the theoretical lamiting mass-thickness 
(et)um calculated essentially on the point of tiansition 
from single to multiple scattermg Experimental resultst-* 
produced by measurements on the variation of image con- 
trast with pt show that for a variety of operating condi- 
tions values of log(I,/I) up to 3 and values of et in the 
1ange 1-100 ug/cm? are within the range where contrast 1s 
directly proportional to the mass-thickness of the speci- 
men  Vaiious authors have favoured a variety of defim- 
tions m estimating (of)um values ın terms of the mass- 
scattermg cross-section S, which for a homogeneous 
sample is related to the atomic scattermg cross-section 
by the relation, S = (N/A) Von Boines? defined 
(ef)um (= l/Sg) as “Aufhentlungsdicke” or transparency 
thickness ın which the mean number of elastic scattering 
acts per electron is unity — His definition 18 thus confined 
only to elastic scattermg of electrons over all possible 
scattering angles Following his definition of (et)um 
Zeitler and Bahr! have introduced a factor 0 53 to produce 
a value of (pt)nm mm which not moie than 10 pei cent o 
the incident electrons are scattered elastically more than 
once However, taking into account the effect of both 
elastic and melastic scattering m a defimtion of the 
limiting mass-thickness, Cosslett!? has expiessed (pt)ım = 
1/Se, while Hame and Agar! has expressed (pt)/nm = 1/S7, 
where Sp and S: are the total mass-scattermg cross- 
sections for electrons scattered m. all possible scattering 
angles (0 < 0 « x) and from a lower limit of the objective 
aperture semi-angle 0 to x respectively It 1s well known 
to-day that ın the formation of image contrast ın electron 
microscopy, the electrons scattered both elastically and 
melastically are equally responsible, particularly in the 
range of aperture angles 10-°-10- radian Thus itis quite 
reasonable that the theoretical definition of the lmmiting 
mass-thickness for single scattermg m electron mucroscopy 
should be 1/S;, a definition which has also been favoured by 
Burge and Silvester!? Since for biological speermens 
(Z = 6) S: 18 a function of 9 and 9, (et)nm values have 
been evaluated for a variety of commonly operating condi- 
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tions of an electron microscope These results of evalua- 
tion are represented by the same curves of Fig 1 where 
the mght-hand ordinate scale mdicates the (pf) values 
However, ıt will be seen from Fig 1 that (gt)nm = 
(pt) min X 196 

For comparison the values of (pt)iim, based on the 
definitions given by various authors and evaluated for 
carbon at an accelerating potential of 50 kV on the basis 
of either the Leisegang!? or Lenz!‘ or Sarkar's? theory for 
electron scattermg, are given m Table I 


Table 1 DEFINITIONS AND VALUES OF THEORETICAL LIMITING THICANESS 
FOR CARBON AT 50 KV 


Definition Seattermg (Pum . 
Author of (pt)inm theory m ugíem? 
Von Borries (ref 9) l/Sp Leisegang 217 
Von Borries (ref 9) is Lenz 11 2 
Zeitler and Bahr (ref 1) 0 53/8 E Leisegang 115 
Hame and Agar (ref 11) ST Lenz 18 
Cosslett (ref 10) 1/5, Lenz* 84 
Present author 1/8; Lenzt 59 
Present author 1/8: Barkar 153 
*R=0529 Z32^À 
R=0529  (kj6Z)? 4, where ł = 16 58 for carbon 
= 5 x 102 radians 
Munimum mass-thuckness and paiticle size The dia- 


meters of spherical biological objects when measured 
directly from the negatives of electron micrographs are 
always less than its actual diameter'®, For a spherical 
object the mass-thickness gradually dimmuishes from 
the centre towards the periphery (as the mass-thickness 
measurement i8 done in & plane perpendicular to the 
plane on which the rmage of the particle hes) and reaches 
to (pt)min which corresponds to the virtual periphery of 
the particle image ‘The mass-thickness pt at a distance « 
away from the centre of such a spherical particle of radius 
? 18 given by 


(6) 





Fig 2 


The true diameter D and theImeasured diameter Dm of a 
biological object 
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Fig 3 Percentage error in the diameter measmement of biological 


objects of different sizes from their negative electron micrographs at 
different voltages 
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From the definition of (pt)min it follows that this corre- 
sponds to max, that is: 


(pt)min = 2p(7? — z*max)!/* (7) 


Hence from equation (7) the diameter of the recorded 
image (Fig. 2) can be expressed by: 


3 eee) 


[n e] o 


where D = 2r, the true diameter of the particle. Thus the 
relative error in the diameter measurement is: 


(pt) min ah 
“pD (9) 
From equation (7) we can now estimate the magnitude of 
error that may creep in the measurement of diameters of 
biological particles directly from their unshadowed nega- 
tive electron micrographs recorded under various operating 
conditions of an electron microscope, In order to have a 
practical estimation of this relative error, the values of 
(pt) min Should be obtained from equation 3. 

As an illustration, let us see how this relative error 
varies with the actual particle size and the working volt- 
ages at a fixed scattering angle of 5 x 10-* radians, which 


Da = Ans = 2{ ys 


(D — Dap = AD =1 — [1 - 


FLOATING DROPS AND BOULES 
By Dr. KENNETH C. D. HICKMAN 
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corresponds to an operating condition of pe init: 
Since our investigation is confined to biological objects, 
let us assume the value of p = 1:33 g/cm’, the a 
density for various biological matter. These results of 
calculation are shown in Fig. 3, where percentage errors 
have been plotted against the true particle diameters 
for four working voltages. It may be noted here that these 
discussions are equally valid for spherical as well ds 
cylindrical biological particles provided we restrict 
ourselves to the measurement of diameters only. l 
I thank Prof. N. N. Das Gupta and Mr. M. L. De fo 


advice. 
ye 
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NS. mapping the pattern of convection currents 
in slightly superheated water, I was much hindered 
by drops of condensate which floated and moved rapidly 
over the surface until they vanished by collision with 
one another or merged directly with the main bulk. 
With adjustment of the dropping height from the con- 
denser and rigid exclusion of air, some very large ‘drops’, 
later named ‘boules’, were grown, and these displayed 
properties that invited a separate research. A search 
revealed that the sessile drop had long intrigued investi- 
gators; Rayleigh’, Boys*, Mahajan* and pupils‘, cloud 
physieists*, and recently a Russian group—Prokhorov* 
stating that masses of the same liquid that do not merge 
on contact are always separated by a vapour layer that 
is continuously generated or expanding through diffusion 
and thus able to thrust the masses apart. 

Confirming this, I observed that water drops of mass 
about 0-06 g returned from a condenser lip never rested 
on a water surface for longer than a second unless the 
water was at least 0-05? C above its equilibrium boiling- 
point and thus evolving steam from the surface. It was 
tempting to theorize that the unusual properties of water 
were promoting flotation perhaps by presenting top layers 
of molecules, associated or orientated to repel similar 
layers on the drop. However, repeating the experiment 
with other liquids—aleohol, benzene, carbon tetrachloride, 
the latter manifestly different from water—disposed of 
the notion because all gave single, multiple and larger 
drops which would float for long periods. The phenom- 
enon was either purely mechanical or was a general 
property of any liquid-vapour interface and non-specific 
as to physics and chemistry. 

The superheat technique, elaborate in the quantitative 
form being described in a longer paper, is essentially 
simple. A 1-l. wide-neck glass flask is fitted with a nearly 
horizontal air-cooled condenser, so positioned to dis- 
courage entrance of the atmosphere. Distillate returns 
from a lip to an adjustable rod interrupted by a drop 


1 Chatterjee, S. N., Bull. Cat. S,T.M.,10, 18 (1962), 

counter so that individual or multiple drops may be laid _ 
down on the surface. Adjustable heat is applied with 
large, low-density annular heater held a few inches belo 

the flask to warm the sides and avoid the bottom centre. 
A double-walled transparent plastic cover keeps the upper 
part of the flask just above condensing temperature. Sin 

the liquids have been examined at atmospheric boiling- 
point, a thermometer is unnecessary and is replaced by ~ 
opposed thermocouples, one in the saturated vapour, the — 
other—the probe—positioned at will in the liquid, the | 
differential signal measuring the superheat, At,. Som: 
times eouples have bridged the support liquid and th 
drop or boule; or between the boule and vapour. Fig. ! 
shows three drops floating away from the applicator 
below the drop counter. The conical bottom of the flask ., 
permits high superheating without ebullition. 





Fig. 1. 1-litre flask containing 400 c.c. water su. 
drop counter, applicator, and shorting 


ted 2* C, showing 
wires 


iem 


 *suffieient; a 10-megohm resistor was not. 


986 P 
The liquids have: been datefiilly purified, but after due 
of heating in the test apparatus their continued purity 
becomes questionable, raising the doubt that an artefact 
is the real cause of flotation. To avoid this a second flask 
has been added to the first. The liquid under investigation, 
0-5 1. in a litre flask, is permitted to overflow from the 
test flask at the mid-point into the purge flask where it is 
continuously redistilled, the vapour from both flasks being 
returned to a common condenser. The rate of heating 
9f the test filling is now independent of rate of supply of 
distillate for boule formation and the surface is continu- 
ously renewed. Where heat balance has been investi- 
gated, the apparatus has been enclosed in a silvered 
vacuum vessel. The phenomena now mentioned have been 
observed with the overflowing technique and presumably 
reflect the behaviour of fairly pure liquids. 
First noted was the erratic behaviour of the drops, float- 
er one day, refusing to another. A boule being success- 
y grown would vanish at the approach of a new observer 
a cold, dry day. A re-reading of Rayleigh suggested 
- "that electric charges were interfering; threading a Ni- 
- chrome wire through the condenser to the dropper, immers- 
ing another wire in the host liquid and joining the two 
always ensured flotation. Shorting the wires through 
observer or a 5-million ohm resistor was usually 
An applied 
voltage diminished the size of boule that could be grown. 
With water at 102° C the largest boule size contained 
24-26 drops, weighing about 1-5 g which decreased to 
15-16 drops at 5 V+, and to zero at 10-5 V, either way. 


At 10 V drops would sometimes float, at 10-7 V never. 


The resistance of the water was above 2 megohms per 
cm?. Decreasing the resistance 1,000 times with sodium 
chloride did not alter the readings, neither did ammonia 
or acetic acid, both of which made boule and host con- 
ducting. 

At a superheat, Af, of 2° C, a boule would begin to 
vibrate when 12-15 drops had accumulated and would 
burst at 24-30 drop size. "Tho cause of the vibration was 


— the steam issuing from the rim of the depression in which 


the boule rested in the host liquid. The annular channel 
.formed by the two elastic liquid surfaces served as a 


—parabolar-shaped reed to emit a deep note 24-40 c/s. 


Waves proceeding from the rim to the sides of the flash 
Sand back caused a violent standing wave pattern that 
eventually burst the boule. 
Lower degrees of superheat permitted the vapour to 
escape without vibration and then the boules began to 
grow, increasing suddenly to above 20 g in the narrow 
range At, = 0-4-0-5? C with a maximum (21:8 g, so 
far) sharply defined at At; = 0-45° C. A photograph of 
an 18-g water boule is shown in Fig. 2. The maximum 
with isopropyl alcohol occurred at 0-6? C to yield 50-60 g 


„boules. 





Fig. 


2, Free-floating water boule; estimated size 19 c.c. 
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Fig. 3. Isopropyl alcohol boule, largest yet photographed, contains 
180 c.c. and shows gauze stabilizer, opposed thermocouples inside and 
outside boule, Diameter of flask 7} in 


The decrease in boule size at lesser superheats is due 
to the lower sensible pressure of vapour available in the 
host liquid. To grow larger boules than the natural 
maximum, it is necessary to quench the vibrations and, 
as I shall show later, reduce the internal turbulence of 
the boule. This can be done by immersing wave breakers. 
A boule stabilized with a succession of wire gauze rings is 
shown in Fig. 3 where 180 c.c. of 2-propanol floats securely 
on the same liquid heated 1° C above atmospheric boiling 
point. 65 g water boules are routinely examined in this 
manner. 

The nearly full-grown boule can be detached from the 
applicator and allowed to float freely on the host, posi- 
tioned if desired by a vertical rod dipping through the 
support surface the meniscus of which it shuns. Either 
n-butanol or 2-butanone provides large (25-40 c.c.) long- 
lived (15-30 min) boules without requiring a submerged 
stabilizer. The photograph of Fig. 4 shows a boule with a 
raised centre section pierced by a depression which will be 
explained by introducing a tentative terminology. The 
boule rests in a cradle of the host liquid separated by a 
vapour shroud which makes exit at the rim. The open 
surface of the boule is the lagoon. Vapour streaming up the 
shroud causes a doughnut vortex to occupy most of the 
boule and this involutes with remarkable rapidity, 100-300 
times a minute, the liquid brought up the sides being 
carried across the lagoon and absorbed by the central 
whirlpool. In smaller vibrating boules standing waves 
meet at the centre, smothering the whirlpool and building 
up to a veritable typhoon which sometines throws off 
spray. ‘This does not of itself break the boule but the 
waves reflected to the epicentre at the base are believed 
to break the shroud. 

The thickness of the shroud varies from a minimum at 
the base where the sensible vapour pressure, exactly 
equal to the hydraulic head, is greatest and vapour velocity 
least, to a maximum below the rim where the volume 
and velocity of vapour are greatest and sensible pressure 
zero. The minimum shroud thickness, estimated from 
optical, electrical and heat transfer measurements, lies 
between Ip and 10u, with 3u the most probable thickness. 
A potential of 10 V applied between boule and host liquid 
will overcome a support pressure of 5 em water at Ip 
shroud thickness and cause immediate collapse, the 
gradient then being 100,000 V/em. 

Drop flotation can scarcely be interpreted without refer- 
ence to the superheat conditions in the host liquid—the 
subject of the parent research. If, for the clean liquids 
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Fig. 4. Large unstabilized boule floating in n-butanol, showing central 
whirlpool 


as here used, the temperature T of the outside row of 
molecules furnishing distillate could be measured (which 
it cannot), the evaporation coefficient E in the time- 


honoured equation: 
"M 
Q = k(pevap — Poona) le QE 


would prove to be unity or nearly so. The overall co- 
efficient, which may be called the distillation factor Ë, 
determined from the tem of the bulk liquid, is 
fantastically lower so that Æ < 0-001 E, and the tempera- 
ture of the liquid rises perhaps 5,000 times more than 
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calculated, to cause evaporation. M 

to non-ebulliative evaporation at the boiling-point is 
due to the laminar conduction layer under the quie 
surface. It is not surprising to find then, with hd 

rate of involution within the boule, that the distillation. 
factor É is 5-25 times greater for the lagoon than the sur- 
face of the host liquid. The maximum depth of boule for © 
any degree of At, is determined by the superheat of the. 
boule, gene 40 per cent that of the host Hands , 
the values of É on either side of the shroud at lo " 
point. The largest water boule obtained req a 
hydraulic head of vapour in the host liquid four times _ 
greater than the depth of the boule. . ; 

The mechanism of drop support is thus reasonably well" ~ 
defined; what is not understood is why the stablo tanig, 
should cease to float—after a minute or 50 min. 
gives way is certainly not the surface tension. So we are 
left with the question as to whether other component® 
than vapour are necessary for a separating skin, and the 
quest reverses itself; to search for liquids and conditi 
which will not support flotation even with superheat 
electrical neutrality. Samples of water and carbon tetra- - 
chloride have each been p "which would not support - 
drops during a 10-day test. Both samples regained their 
support power and the supportless condition has not e ' 
duplicated. E 

Begging questions of structure and support, the large 
boule invites attention as a stirred reaction vessel, wi ! 
walls and without a stirrer in which reaetions can be 
examined without contact catalysis. s 

This work, first supported by the Bausch and Lomb . 
Co., is continued under a grant from the Office of Saline 
Water. às 
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INTERMOLECULAR CARBONYL CARBON-OXYGEN INTERACTIONS - 2 
IN ORGANIC CRYSTAL STRUCTURES l 


By WILLIAM BOLTON* 


a 


University of Newcastle upon Tyne 


HE numerous crystal structure determinations of 
organic compounds have supplied abundant empirical 
bond-length data, and in many ways a description of the 
bonding in a new structure can be given from measured 
interatomic distances. However, the use made of the 
equally abundant, intermolecular distances to shed light 
on forces between molecules is rather limited. Pauling's' 
set of Van der Waals radii (or, more strictly, minimum 
contact radii) are consistently obeyed in all but two main 
cases. These are: (a) In hydrogen bonds, that is, when 
largely electrostatic forces between an electronegative 
atom and the hydrogen end of, for example, an O^- — H?* 
dipole, allow these atoms to come closer together than 
usual. A typical case reduces the O — — H distance from 
2-6 A to 1-7 A. (b) In the charge transfer compounds 
reviewed by Hassel and Romming*. In this case nitrogen, 
sulphur or oxygen atoms are involved in close interactions 
with halogen atoms. A reduction of 0-5 A to 1 A from the 
regular approach distance is found. 
The c structure of p-nitroaniline* which had a 
close C---—O intermolecular approach of 2-6 A (and thus 


* Present address: Medical Research Council Laboratory of Molecular 
Biology, Hills Road, Cambridge. 


suggested a new type of interaction between molecules) 
aroused keen interest. However, it turned out that 
structure determination was in error and there were n 
close approaches in the true structure. This error was 
undoubtedly due to the nature of the determination whi 
allowed pseudo-solutions which roughly fitted the 

mental data and also because at that time electronic 
computers were not available to examine the thoroughness | 
of the fit against three-dimensional X-ray data. It is 
perhaps from the lesson learned from this that the fi : 
authenticated instance of a close C -~-—O intermolec 
interaction in parabanie acid* has received little notice 
and would await discussion in the absence of other 
examples. In this structure the distance between A. 
carbonyl oxygen atom and a carbon atom is 2-77 
compared with an expected minimum value of 3-1 A (it 
between the starred atoms in Fig. 1). More recently in 
the accurate crystal structure determination of chloranil^, 
some aspects of which were independently confirmed b 
other methods, a similar close approach of 2-85 A vali 
found, and in anhydrous barbituric acid* there is a similar 
one of 2-90 A (Fig. 1). In each case the interaction is 
between a non-hydrogen-bonded carbonyl oxygen atom 







lox 
CHLORANIL 





ABANIC ACID 





ALLOXAN TRIKE TOINDANE 


g. 1, Compounds the crystal structures of which show close C -——O 
teractions. The starred atoms are those involved in close approaches 
between neighbouring molecules in the crystal 
d à ring carbonyl carbon atom, but the three structures 
have little else in common; barbituric and parabanie 
acids are hydrogen-bonded structures, chloranil is not. 
It was felt, however, that these close approaches may 
represent a real struetural feature with a common cause 
and that fresh examples (if they existed) should be sought. 
inspection of these three structures suggests that the 
ditions for similar close interactions might be fulfilled 
structures with: 
(1) Several carbonyl groups associated in a planar ring 
molecule. 
/. (2) Insufficient protons for complete hydrogen bonding 
otween all electronegative atoms in or attached to the 
ing. Such structures are not widespread since C=O 
groups. are generally hydrogen bonded in the crystal 
tructure. Three compounds which satisfy 1 and 2 have 
ween examined. They are anhydrous dilituric acid’, 
alloxan® and triketo indane (anhydrous ninhydrin’). 
h one was determined with three-dimensional Cuka 
X-ray data and refined by the method of least squares. 
There is no reason for believing that the results represent 
any but the correct solutions to these structures. In 
iturie acid an oxygen atom of the nitro group approaches 
within 2-99 A of a carbon atom of a > C—OH group. This 
may or may not be a close approach as the sum of the 
minimum contact radii is 3-1 (with an uncertainty of about 
0:1 A) in a regular approach. In alloxan and triketoindane 
_ (Figs. 1 and 2), however, there are approaches of 2-79 A and 
“85. A-respectively from the «- and y-keto oxygens to the 
B-keto carbon atom and the C=-O-~~—C angles are 
ilar to the other cases. The approaches and angles are 
"mmarized in Table 1. 








Table 1 
Estimated 
C---O standard €-0---€C 

distance deviation angle 

arabanie acid. 277A 0-006 A 157-4" 
"Chloranil 2-85 6-011 161-0° 
Barbituric acid 2-00 9-006 162-5° 

a Aloxan 2-79 0-007 i547" 
yo kriketolIndane 2-85 0-011 150-7? 


The interaction is of rather a novel kind in the last two 
amples.. The carbon atom is involved in two close 
ipproaches at the same time with oxygen atoms in erystal- 
lographically equivalent positions at opposite sides of the 

molecular plane. In this way each molecule has close 
contacts with four neighbours (Fig. 2). A further remark- 
ble feature of the alloxan strueture is that there is no 
ntermolecular hydrogen bonding between the two > NH 
groups per molecule and the exocyclie oxygen atoms. For 
this reason it is probably unique among reported organic 


. invariably used up. 

































erystal struetures where hydrogen-bonding potential is 
The question arises: Do these close approaches signify 
a reduction of the Van der Waals radii of the atom con- 
cerned or is there in fact an interaction of some kind 
between the carbon and oxygen atoms ? With relevance to | 
the first possibility it may be pointed out that the contact 
radius of 1-7 A for carbon applies strictly only to aromatic 
molecules! (it is the half-thickness of the benzene ring). 
However, in the structures of the non-aromatie molecules 
suecinimide!?, maleic anhydride", ethylene carbonate", 
diketene™ (and others) which contain non-hydrogen- 
bonded C = O groups the contact radius of the carbon atom. 
is never less than this value, with a minimum © -- — O dis- 
tance of 3-1 A. These accumulated X-ray results do not lead 
one to expect that the accepted Van der Waals radii should 
not apply here. Since also the same atoms are involved 
in the elose approaches described here and the examples in 
alloxan and triketoindane were found in a predictive way, 
this in itself suggests a special relation between these 
atoms, that is, an interaction. The structure of alloxan 
particularly indicates this, for this is a situation which 
could be stabilized by up to 8 K-/mole by forming two 
hydrogen bonds per molecule (if other aspeets of the 
molecular packing are ignored) but instead arranges to a 
strueture in which C — — — O interactions are satisfied. 
On the whole the evidence points towards an interaction 
other than London dispersion forces between the atoms 
concerned. The bond order corresponding to a C-O 
distance of 2-77 A (as found in parabanic acid’) is 0-01 
(Pauling, L., private communication) which is negligibly 
small. The common property of the compounds in which 
it occurs is the preponderance of electron-attracting ring 
substituents. They differ mainly in this respect from the 
compounds mentioned here the crystal structures of which 
have non-hydrogen-bonded carbonyl groups but no close 
intermolecular contacts. An interesting point is that in 
the groups undergoing close approaches the bond lengths 
have pure single (C—C) and pure double bond (C=O) 
character. It is likely that in the close approach compounds . 
the charge on the carbon end of C?*—-0?- dipoles (the 
C=O bond has about 44 per cent ionic character!) is 
inereased by the inductive effect of electronegative ring 
substituents. This would make it a centre of electrostatic 





alloxan 





triketo-indane 
Close interactions-in the crystal structures of alloxan: and: 


Fig. 2. 

triketoindane. The central carbon atom of the triketo group is approached 

trom both sides of the molecular plane by the a- and y-oxygen atoms in 
erystallographically equivalent positions ; 


No. 4923 March 7, 1964 e oe 


attraction for the —O9- end of dipoles ın othe: molecules In* 
this way a shortening of the —O5* — — — Oô- distance could 
anse by electrostatic attraction, in a similar way to the 
—O-- —H- X. interaction in weak hydrogen bonds This 
sort of description accounts for some of the unusual 
features of the interaction 

For example, the situation in alloxan and tmketomdane 
(Fig 2) would be due to the attraction of two =0ô- for 
the same charge centre, CB, the central cai bon atom of the 
triketo group This atom (CB) 1s expected to be strongly 
affected by the inductive effecs of the «- and y-carbonyl 
groups on either side and 1s the natural centre of residual 
positive charge (additional evidence for this is the facile 
addition of OH- in water oi alcohols to Cg) Similar 
arguments are applicable to the other cases It 1s not so 
easy to account for the spread of the C=0---C angles 
about the mean value of 157° (Table 1) On the basis of the 
foregomg description, the C=O -— — — C angle would be ex- 
pected to be 180° (1f other aspects of the molecular packing 
are ignored) since the attraction of a dipole for a charge 18 
strongest along the dipole ams. This gives margmally 
better agreement than assuming that the p orbitals of 
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the sp? hybridized oxygen atoms are directly involved, 
which would require a C—O -—— C angleof120? Itisintei- 
esting that m some hydrogen bonds m amides“ the 
C=O --- N angles are simila to those m Table 1, for 
example, in oxamude, nieotinamude and acetanihde the 
angles are 164°, 157° and 141° respectively, and Cannon” 
attributes these interactions to dipole-dipole forces 
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SPECTRA AND CONFIGURATIONS OF NON-CUBIC COBALT(lII) 
COMPLEXES f 


By R D GILLARD 
Department of Chemistry, Imperial College of Science and Technology, London, S W 7 


HE three-fold degenerate !T,,«— LA, transition of 
cobaltic complexes m a hgand field of Oa symmetiy 
(band I) breaks down mto three components on lowermg 
the symmetry to C, as m complexes contammg the 
cis-bisdiamunecobalt(III) moiety Band II (Tag < Ag 
of Ox) also splits mto one A and two B components 
Several measwements!/19 of optical rotatory dispersion 
curves for resolved complexes contammg the czs-bis- 
ethylenediammecobalt(III) moiety have recently ap- 
peared, it 1s frequently remarked? that Band IT has little 
or no effect on the rotatory dispersion Very often, too, 
the Cotton effect for Band I has the appearance of that 
due to a smgle transition 
However, measurement of circular dichroism 1s more 
sensitive to weak Cotton effects, this 1s apparent from 
Figs 1-6 
Results are piesented of cucular dichroism measure- 
ments for two compounds where the 3 components of 
Band II have been observed (Table 1) 2 
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In view of the gieat similaiity of the hgand fields and 
eeular dichroism curves for the two complexes (see 
Figs 1 and 2), the relative configurations are 


: (+) [Co en,(040,) ]* = (+) [Co en,CO;]* 
A B 


The conversion of czs-bisaquobzsethylenediaminecobalt- 
(III) eation to cis-cat bonatobisethylenediammecobalt(III) 
cation has been shown‘ not to mvolve cobalt-oxygen 
bond breakage, so that configuration 1s retamed, (+) 
[Co en,(H40),]** (C) has the same configuration as A and 
B C known! to be converted to (+)-cts-dinitrobes- 
ethylenediammecobalt(III) cation without breakage of 
eobalt-oxygen bonds, so that (+) [Co en(NO,)2]* (D) 
has the same configuration as A, B and C Only one 
ligand field band (Band I) 1s observed’ for D, at 22,830 
cm- The sphttmg of ths band observed m eurcular 
dichroism is given in Table 2, with that of (-+)-trs- 
ethylenediammecobalt(III) cation (E), and the circular 
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Table 1 CIRCULAR DIOHROISMS OF ÜARBOXYLATODISETHYLENEDIAMINECOBALI(III) CATIONS 


























Band I Band II 
Compound Yoox Sign Vmox Sign Pmax Sign 
is } [Co ens(C40,)]* 19,050*1 ve 25,510 ye 80,120 T ve 
+) [Co en CO]+ 18,870 tve 25,880 ve 30,000 T ve 
* Frequencies ın cm7} 
This maximum agrees exactly with that recorded by Mathieu (ref 2) 
Electronic maxima observed (ref 3) at 20,030 cm (Band I) and 28,100 (Band II) 
Electronic maxima observed (ref. 3) at 19,500 cm (Band I) and 27,870 (Band II) 
dichroism curves compaied with optical rotatory disper- Table 2 CIROULAR DICHROISM OF BAND I FOR COMPLEXES D AND E 


sion m Figs 3and 4. In the case of the dmitro compound 
(Fig 3), two Cotton effects are seen under Band I, both 
in dichroism and dispersion, but for the (+) trisethylene- 
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diamunecobalt(IIT) cation (Fig 4) only dichroism reveals | | (+) [Co enm(NO,)} (D) | 21,640 +ve — 
the second, negative Cotton effect, which does not appear (3 [6o emi (E) SOO cue 28100. = yo 28:570- yn 
to affect the dispersion curve. 

D 1s known to result from the mutarotation by an Band II Band I 


intramolecular process? of (+) [Co en.(NO,)(ONO)]* (Æ) 
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Table 3 CIRCULAR DICHROISMS OF ANIONS CONTAINING THE GROUP [CoN,0,]- 





Band II 


Compound Vmax 


f —) [Co en Ox4]- 26,170 — ve 
— uc [go EDTA)-* 27,470 +ve 


(—)Óu ilCo(- PDTA)]-* 97,550 ^ ve — 





* Gillard, R D., Nature, 198, 580 (1965) 
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Absolute configuration of D(--)(Co ens(NOs)sJ* and related 


Fig 7. 
compounds 


which may therefore be assigned to the same relative 
configuration as A, B, C and D 

In the case of the bisoxalatoethylenediammecobaltate- 
(III) 10n, [Co en(C,O4);]-, and the ethylenediammmetetra- 
acetatocobaltate(III) amon, [Co(EDTA)]-, where the 
environments of the cobalt atoms are apparently very 
similar, the relative energies of the transitions of A and 
B character appear to change, as shown in Table 3 and 
Figs 5 and 6 

Tt has been shown’, by a method combining the stereo- 
specific duction of configuration at the metal atom by 
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an optically active diamine, such as (+ )-propylenediamine 
with comparison of rotatory dispersion curves for analog- 
ous complexes of propylenediamme and ethylenediamme, 
that complexes A to D gave the absolute configuration 
(Fig 7) derrved by opening one chelate rmg m (+ )-i£res- 
ethylenedi&mmecobalt(IIT) cation, of known? absolute 
configuration  Itis known? that complexes of the absolute 
configuration shown should exhibit positive rotational 
strengths for the transitions of A symmetry, m Band I 
Thus, for complex D (+) [Co en;(NO;);]*, the component 
at 21,640 em-! 1s that with A symmetry 
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ULTRA-VIOLET ABSORPTION SPECTRUM OF THE CH,O-RADICAL 


By Dr W. D. McGRATH and J. J. McGARVEY 
Department of Chemistry, The Queen's University of Belfast 


HE alkoxy] radicals, RO , have been postulated? as 

mtermediates in combustion processes, particularly 
in tho low-temperature oxidation of hydrocarbons and as 
the primary products m the pyrolysis and photochemical 
decomposition of the alkyl mitrites* So far no absorption 
spectra of any of these radicals have been reported, 
although Style and Ward? have attributed the fluorescence 
observed durmg the photolysis of methyl and ethyl 
nitrites to the species CH,O and C,H,O 

The identification of the absorption spectra of these 
radicals 1s of importance im order to be able to obtam 
information about their occurrence and stability in com- 
bustion processes, and the most powerful means of 
production of such radicals ıs flash photolysis Since the 
alkyl mitrites are generally accepted sources of RO 
radicals and since they absorb strongly m a readily 
accessible region of the ultra-violet, 1b was decided to 
investigate the flash photolysis of these substances m an 
attempt to obtam absorption spectra of the RO radicals 

The only previous investigation of the mitrites using 
flash photolysis has been that of Dalby’, who observed a 
spectrum attributed to the HNO radical in the wave- 
length region 6500-7500 A m the flash photolysis of 
iso-amyl nitrite No spectrum attributable to an alkoxyl 
radical was reported ın this region Similarly in combustion 
investigations of hydrocarbons by flash photolysis and 
kinetic spectroscopy? no spectra identifiable with RO 
species were ever observed in the wave-length region 
investigated (6000-2100 A) In view of these findings 16 
was decided to begin the present investigation by examin- 
ing the flash photolysis of the alkyl mtrites using the 
technique of kmetic spectroscopy in the vacuum 
ultra-violet? Afterwards the near ultra-violet 
region of the spectrum was also investigated. 

Two instruments were used to cover the whole 
wave-length region of 3600-1600 À For the region 
3600-2500 A a Littrow spectrograph (Hilger #742) 
was used, spectra bemg recorded on Ilford Selo- 
chrome plates and processed using ID19b developer 
Pressures of the order of 4 mm mercury of nitrite 
were used in these experiments For tue region 
2500-1600 A spectra were recorded on Kodak 


Fig 


SW R film using a vacuum spectrograph with a 1 metre 
concave grating (1,200 lmes/mm) at approximately 
normal ineidence, giving a dispersion of about 8 A/mm. 
Films were processed using ID19b developer, as for the 
plates Due to the strong continuous absorption of the 
nitrites at wave-lengths less than 2500 A, 16 was necessary 
to use much lower pressures (0 1-0 5 mm mercury) m 
these experiments 

All the alkyl nitrites used were prepared by a general 
method which mvolved reacting a muixtuie of the appro- 
priate alcohol and concentrated sulphuric acid with an 
aqueous solution of sodium nitrite at 0° C The nitutes 
were purified by degassing and distillation wm vacuo, 
middle fractions bemg retamed and stored in blackened 
bulbs 

The case of methyl nitrite ıs unique and the results 
obtained here will be dealt with first In a senes of 
experiments, pressures of methyl nitrite between 0-1 and 
0 5 mm mercury were flashed and spectra recorded at a 
series of delay times in the range 50 usec-25 msec after 
tho flash At the shortest delay tıme (50 psec) a new 
transient spectrum appeared weakly in the wave-length 
region 2065-1990 À In spectra taken at progressively 
longer times the absorption showed a gradual increase in 
mtensity, reachng a maximum at 25 msec and then 
decaying The bands were still just observable at 
25 msec, indicating a reasonably long lifetume for tho 
absorber 

Fig 1 shows the spectrum observed 25 msec after 
flashing 0 4 mm mercury of methyl mtute It consists of 





of CH,O observed during the flash photolysis 


1 Absorption spectrum 
of methyl mtrite Flash energy, 1,200 J, pressure of CH,ONO used, 0 4 mm mercury 
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three diffuse bands with centres at AA 2064, 2036 and 
1999 A Experiments usmg smaller pressures of the nitiite 
failed to resolve any fine structure m the band system 
Along with these new bands appears the absorption 
spectrum of nitric oxide, which would seem to reach 1ts 
maximum intensity very rapidly after the flash (50 usec) 
No absorption due to the CH, radical was ever detected 
in experiments using methyl mitrite with o1 without inert 
gas 

Experiments m the region 3600-2500 A were carried 
out using methyl nitrite pressures of the order of 4 mm 
mercury The only spectral feature observable was 
formaldehyde absorption, weak bands at 2931, 3164 A 
being detected 25 msec after the flash The absorption 
increased in intensity at longer delay times, ieachung 4 
maximum on ‘infinity’ spectra, recorded about 20 sec after 
the flash Formaldehyde absorption was not detected at 
any shorter delay times than 2 5 msec 

Since strong nitric oxide absorption bands are observed 
50 usec after the flash, the primary process mvolved in 
the photolysis of methyl nitrite would appear to be as 
expressed in reaction (1) 


hy 

CH,ONO ———- -CH30 + NO (1) 
It seems reasonable to suppose that the diffuse bands 
observed m the region 2065-1990 A are due to tho CH,0 
iadical Itis necessary, however, to consider other species 
which might be responsible for the bands From & 
consideration of reaction mechanisms which heve been 
proposed$? foi the decomposition of methyl nitrite, the 
only other hkely transient species would be HNO, HCO 
and CH,O* (electronically excited formaldehyde) These 
will now be considered 

HNO This species could conceivably be formed by 
reaction of H atoms, produced m the decomposition of 
CH,O (reaction (4) ), with nitric oxide It has also been 
postulated by Brown and Pimentel", for example, as a 
product of the primary process m the low-temperatwe 
photolysis of methyl nitrite 

cis -CH,ONO ——> CH,0+ HNO (2) 

The presence of nitric oxide could then be explamed by 
break-up of HNO 1n a rapid reaction after its formation 
However, ıt has been shown by Dalby® that HNO 18 a 
relatively stable species under the conditions of flash 
photolysis To verify further that the bands observed 
here were not due to HNO, experiments were carried out 
im which hydrogen sulphide-mtric oxide mixtures were 
flashed under adiabatic and isothermal conditions and 
spectra recorded at a series of delay times The reaction 
between hydrogen atoms (from hydrogen sulphide 
photolysis) and nitric oxide should produce HNO readily 
However, no bands similar to those obtained 1n the case 
of methyl nitrite were detected here 

^HOO This species has been postulated by Phillips? in 
the pyrolysis of methyl nitrite 


CH,0 4-CH,O ——- CH,OH+HCO (3) 
The absorption spectrum of the HCO radical ıs well 
known!2, being observed, for example, in the flash photo- 
lysis of acetaldehyde In order to ensure that the bands 
observed here did not belong to a new system of HCO, 
acetaldehyde was flashed and spectra recorded in the 
range 2500-1600 A No spectrum identical with the case 
of GH,ONO was detected The CH, absorption band at 
2160 A was, however, readily observed 

-CH,O* This 1s the most likely absorbe: responsible for 
the diffuse bands, other then CH,O0 The amount of 
energy required to break the CH4,0-NO bond 1s less than 
40 kcal/mole Under our conditions, more than 130 
kcal/mole 1s available if we consider the short wave-length 
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output limit of the photolytıc flash to be about 2100 A 
Hence, the CH,O could be mitially produced, unde: the 
present conditions, in an excited state CH,O* could 
then be formed as follows 
CH,0* — > CH,O* +H (4) 
Howevei, the possibility that the bands are due to 
CH,O* ean also be ruled out m the light of results which 
have been obtained with othe: nitrites, and these will now 
be presented and discussed 
C,H,ONO, n-C,H,ONO and 150-C,H,ONO were ex- 
amuned, using the vacuum spectrograph Pressures of 
about 01 mm mercury were used in each case Again, 
strong nitric oxide absorption was observable at the 
shortest delay tımes used (50 usec) with all four nitrites 
In no case was any absorption in the wave-length region 
2065-1990 A detected The observation of strong nitric 
oxide absorption rapidly after the photolytic flash again 
points to the primary process bemg the same in each 
case 
RCH,ONO —-> RCH,O+NO (5) 
It ıs to be expected that the RCH,O radicals would be 
produced in excited states Hence, 1t follows that if the 
diffuse bands obsei ved in the case of MeONO were due to 
CH,O*, they should also be obtained with the other 
nututes since the process 


RCH,O* 





> R +CH,0* (6) 
should occur as readily as reaction (4) In the case of 
ethyl mtrite, strong CH, absorption is visible at the 
shortest delay times The CH, must be produced by the 
decomposition of the ethoxy radical according to reaction 
(6) where R 1s CH, m agreement with the mechanism 
originally postulated m the thermal decomposition of 
ethyl mírite! In the case of ethyl mtmte, formaldehyde 
absorption 1s only observed at long delay times, indicative 
of 16 being formed 1nitially ın an exerted state 

In experments on the thermal decomposition of the 
alkyl nitrites ıt has been observed? that, m some cases, the 
ieactions are accompanied by a blue lumunescence This 
emussion has been examined spectroscopically and shown 
to be due to excited formaldehyde Since the mitially 
produced RCH,O radical cannot be excited in these 
cases, 1t would seem hkely that the CH,0* 1s produced 
by a disproportionation reaction between RCH,O and some 
other radical 

The relatively long time iequned for the CH,O 
absorption to attain its maximum stiength 1s the only 
further point which must be explamed One would expect 
the absorption spectrum of CH,O to have reached maxi- , 
mum intensity by the end of the photolytic flash (~ 40 
ysec) since 1t must be produced in the initial photochemical 
cleavage, and there are no secondary roactions which will 
produce it 

The type of behaviour encountered here would be 
expected if the absorber were initially formed in an excited 
electronic state which then reverts to the ground-state 
The lag in appearance would then be due to the length of 
time spent m the excited state Normally, however, the 
lifetimes of most electronically excited states are of the 
order of 10-8 sec, and the results presented here would 
indicate a much longer time, which may be due to the fact 
that a forbidden transition 18 involved ın going from the 
excited state to the ground state This type of behaviour 
1s similar to that observed 1n the case of the formation of 
SO, 1n the combustion of sulphur compounds where the 
appearance of the normal absorption spectrum is consider- 
ably delayed? 

The evidence presented here would seem to be conclusive 
m favour of CH,0 bemg the absorber responsible for the 
transient band system observed in the wave-length region 
2065-1990 A, and, from the length of time taken for the 
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absorption spectrum to disappear, 1t 1s apparent that the 

radical 1s reasonably stable under the conditions of 

temperature and pressure used 
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NATURE OF ARGILLACEOUS ODOUR 


By Miss | J BEAR and R. G THOMAS 
CSIRO Division of Mineral Chemistry, Melbourne, Australia 


se many natural dry clays and soils evolve a 
pecuhar and characteristic odour when breathed 
on, or moistened with water, 1s recognized by all the 
earher text-books of mmeralogy References to this 
‘argillaceous odour” are, however, gieatly confused by the 
melusion of data relating to various other odours such as 
those associated with recently dug and persistently moist 
fertile souls and with freshly moistened dried giass, or 
hay 

It 1s primarily m arid regions, where the comparative 
absence of organic matter m the soils and the frequent 
preponderance of various types of outeroppimng rocks m 
the terram are characteristic features, that this odour 1s 
most widely recognized and is frequently associated with 
the first rams after & period of drought There 1s some 
evidence that drought-stricken cattle respond m a restless 
manner to this ‘smell of ram’ which may drift with the 
wind for considerable distances 

We have learned fiom the Indian Standard Association 
that the production and concentration of argillaceous 
odour from baked clay have been, for many years, the 
basis of a small perfumery industry centred near Kan- 
nauj, some 80 miles west of Lucknow, U P , India Baked 
clay disks, exposed there under the open sun durmg the 
hot summer months of May and June, are collected before 
the wet season and are steam-distilled and the vapours 
contaxung the odour and associated products are absorbed 
ın sandalwood o1. The perfume so obtamed 1s known as 
‘matte ka attar’, which may be translated as ‘earth perfume’ 

Early chemical mvestigators have tended to attribute 
the odour to the presence of various unidentified but 
pre-formed organic substances adsorbed either from the 
atmosphere or from living or dead biological components 
of the solt? Phrpson! regards porosity m the source 
material as an essential requirement for development of 
the odour Other workers? have concluded that various 
Myxobacteria, which often emit an ‘earthy’ or ‘mouldy’ 
odour from culture media, are largely responsible for the 
smell  Nicolé and Conn? attribute the odour to the 
presence, m the source material, of the spores of various 
fung: and particularly to those of Actmomycetes, the 
extracted odours of which have also been used to a limited 
extent in perfumery 

The most obvious criterion for the development of the 
specific type of odour with which we are concerned 1s 
that the dry source material should be exposed to warm 
aur for a period varying from a few days to several months 
On afterwards moistening the material with water the 
typical odour, but varymg somewhat ın piquancy m 
individual cases, at once becomes evident 

Our examination of a wide diversity of rocks and 
mineral aggregates has mdicated that the capacity to 
evolve a charactenstic and significant odour on moistenmg 
the previously dry material 1s by no means confined to 
clays To a varied extent it 1s so general that the majority 
of silicate minerals and rocks, largely irrespective of 
kaohnization or porosity, exhibit the phenomenon 


We have also examined many specific minerals of toler- 
ably constant chemical composition and a number of 
pureinorganie chemicals In general these test substances 
were ignited at 600° C for a short penod m a muffle 
furnace to destroy any organic or mucrobiological con- 
tamunation, and each sample was afterwards tested for 
lack of odour on mostenmg with water The samples 
were then exposed to the atmosphere for varying periods 
of time under warm dry conditions and the presence or 
absence of odour, on subsequent dampening, was used as 
a basis of classification regarding the capacity of the 
source material to produce the typical smell 

In general, materials mm which silica or various metallic 
silicates predominated were outstanding m their capacity 
to yield the odour It was also noted that the odour 
could be obtained from freshly igmted materials iich im 
iron oxide, with or without silica 2 

The diverse nature of the host materials has led us to 
propose the name ‘petricho1’ for thus apparently unique 
odour which can be regarded as an ‘ichor’ or ‘tenuous 
essence’ derived from rock or stone This name, unhke 
the general term ‘argillaceous odour’, avoids the unwar- 
ranted implication that the phenomenon 1s restricted to 
clays or argillaceous materials, 1+ does not mmply that 
petrichor 1s necessarily a fixed chemical entity but rather 
it denotes an mtegral odour, variable within a certain 
easily recognizable osme latitude 

Source materials selected for our examination of petri- 
chor were basaltic scoria from a voleanie cone near Colac, 
Victoria, and kaolmized granite from a pneumatolytic- 
ally altered rock formation at Bulla, near Melbourne 
To a lesser extent bauxite, calcareous volcanic ash, and a 
number of secondary uranium and thorium ores in alumin- 
ous silicate matrix were also used Tho basaltic scoria 
and kaolmized granite were obtamed from deep and 
freshly exposed quarry faces free of evident contammation 
and both materials were originally free from petrichor 
odour and extractable oil Scrupulous care was taken to 
avoid contamination from extraneous sources 

To obtam sufficient petrichor for examination and 
analysis source materials m amounts of 2-3 kg were 
exposed to daylight and the atmosphere but protected 
from ram The materials were spread in thin layers on 
enamel or ‘Perspex’ trays and the times of exposure 
varied from a month to a year  Petrichor was extracted 
by steam distillation at various pH values o1 by solvent 
extraction, and samples which were subjected to simple 
steam distillation at pH 7 were used for further extraction 
after drymg and renewed exposure to the air 

The aqueous condensate from the steam distillation of 
suitable source material is fiequently yellow m colour 
and invariably shows segregated oily globules on the 
water surface This oil, together with the characteristic 
petrichor odour and small amounts of other materials, 
may be extracted by appropriate solvents such as purified 
low-boilmg petrol On careful low-temperature evapora- 
tion of the solvent, this oil contaming the petrichor 
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Fig 1 Infra-red spectra ae, petrichor extract, 6, neutraloil, c, acid 
fraction after hydrolysis , d, y-lnctone fraction , e, mtrophenol and ester 


odour m highly eoncentrated form remams In some 
extracts small amounts of elemental sulphur, which 
usually appears m characteristic crystallme form as the 
solvent evaporates, are also present The general physical 
properties and appearance of the oul, which 1s essentially 
organic m nature, appear to be largely independent of the 
source material 

Analogous results are obtamed when solvent extraction 
of the source material 1s substituted for steam distillation, 
although m each mstance the partition of the various 
extractives 1s arbitrary In addition, when polar solvents 
are used small amounts of salts and other almost odourless 
orystalhne sohds are also separated 

The amount of oil recovered from a sample of either 
basaltic scoria or kaolmized granite appears to be mde- 
pendent of the weight of material used, but 1s found to be 
proportional to the exposed surface area and increases 
with time of exposure The merease is more rapid during 
the early months of exposure, bemg of the order of 3 
mg/ft? of exposed surface/month Such small yields 
necessitate the use of mucrochemical techniques and 
instrumental analysis for the exammation of samples 
As the oi proved to be very complex, chemical analysis 
was of little value and mass-spectrograms of total extracts 
were too compheated to be satisfactorily resolved Infra- 
red spectroscopy was frequently used to examine the result 
of à reaction 

Fig la shows the infra-red spectrum of petrechor 
obtamed by extracting an aqueous distillate with low- 
borlmg petrol It ıs characteristic of all such extracts 
regardless of the source material used in the extraction 
Usmg standard chemical procedure, but on & semi- 
micro scale, the oil may be broken down mto the followmg 
fractions 

(1) A very small basie fraction with an extremely 
powerful smell resembling that of cycle bases such as 
pyridime and quinolme Although not extracted with 
the oi, ammonia also has been detected im the aqueous 
distillate 
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(2) An acd fraction which consists of a mixture of 
carboxyhe acids together with a nitro-phenole com- 
pound Several of the normal carboxylic acids were 
identified and will be described m a later pubbcation 
The nitro-phenol can be isolated by esterifymg the acids 
and separating it either with dilute alkah or by partition 
on & magnesium trisilicate column A spectrum of this 
compound, still mixed with ester, 1s shown in Fig le 
It should be noted that the OH stretching frequency 
occurs at 3,220 cm-, which suggests that 1t 1s a chelate 
compound such as an ortho-substituted nitrophenol 
The compound, which murtially separates as a bright 
yellow viscous oil slowly crystallizes, its concentrated 
alkaline solution ıs bright orange and its acid solution 1s 
colourless It 1s this compound which contributes the 
yellow colour to the aqueous distillates 

(3) Neutral compounds constitute the major portion 
of the oil. Apart from the absence of absorptions due to 
the nitro group (1,325 em and 1,535 em-!), the spectrum 
of the neutral oi is very similar to that of the total 
extract (Fig Ia). The small absorption at 2,720 em 
has been shown to be due to a water-msoluble aldehyde, 
as well as this aldehyde, acetaldehyde was also identified 
inpetrichorod We thank Mr. D Forss and the C S.I R O 
Division of Dairy Research for this identification 

The spectrum (Fig 15) of the ol remammg after 
hydrolysis of the neutral fraction with alcoholic potash 
shows that all the absorptions ın the region 1,050 em-1- 
1,300 cm, together with the carbonyl absorption at 
1,770 em~, have been removed At the same time the 
maim, carbonyl absorption 1s lowered from 1,720 em- to 
1,705-1,710 em-!. After separation of the unsaponifiable 
oil, a further quantity of carboxylic acid (Fig Ic) and a 
significant amount of a y-lactone (Fig 1d) can be recovered 
from the potassium hydroxide solution. From the dis- 
placement of the mam carbonyl group and the disap- 
pearance of the bands m the 1,050-1,300 cm! region 16 
seems certain that, as well as the y-lactone, another ester 
type compound has been hydrolysed, but its nature has 
not yet been estabhshed 

Liquid chromatography has been used to fractionate 
the unsaponifiable oil In this way we have obtained an 
aliphatic hydrocarbon fraction and a saturated ketone 
fraction The hydrocarbons are mostly saturated and 
have been shown to be a complex mixture of both branched 
and straight-cham compounds The composition of the 
remainder of petrichor has still not been elucidated, but 1t 
appears to contain at least one substance which has a 
ketonie carbonyl group conjugated with a C=C bond 
(1,690 cm-t and 1,605 cm respectively, Fig 18), and 
another the spectrum of which shows absorptions charac- 
teristic of an alcohol 

Distillation of source material with dilute acid, mstead 
of water, produces, muitially, a charaetenstie odour 
resembling that of hydrogen peroxide or dilute ozone 
At the same time the basic compounds of petrichor are 
fixed, but a larger proportion of acids 1s distilled Thuis 
increase m the acid fraction is noticeable m the infra-red 
spectrum of the total petrichor extract 

On distillation with dilute alkal the esters in the 
neutral fraction of petrichor are hydrolysed and the acids 
form salts which consequently are not distilled In 
addition, particularly m the case of kaolmized granite, a 
considerable amount of fixed ammonia 18 released which 
can be collected m acid Most of this ammonia in the 
clay 1s not generally part of petrichor, as 1t may be liberated 
by rendering the residual source material alkaline after 
normal steam distillation 

In some of our experiments this ammonia has accumul- 
ated under conditions which would preclude contamuna- 
tion by ammonia in the atmosphere to which the samples 
were exposed The possibility therefore arises that at 
least some of this ammonia may have been formed 
catalytically, by the source material, from the nitrogen 
of the au? Such a possibility suggests that the natural 
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occurrence of nitrate deposits in Chile and elsewhere, 
where aridity is a characteristic feature, might well be 
considered from the point of view of catalytic fixation of 
nitrogen on suitable dry rock or mineral surfaces. 

The presence of elemental sulphur in some of the steam 
distillates and solvent extracts is attributed to the 
catalytic decomposition of traces of hydrogen sulphide 
normally present in the atmosphere. The well-known 
reaction whereby hydrogen sulphide is removed from coal 
gas by certain types of iron ore with the production 
of elemental sulphur is evidently a far more widespread 
phenomenon than has been generally recognized. By 
passing hydrogen sulphide gas through the various source 
materials used in this investigation we have amply 
confirmed the capacity of these materials to effect, under 
normal atmospheric conditions, such a catalytic decom- 
position of hydrogen sulphide with the production of 
elemental sulphur. 

The most obvious explanation of the various observed 
phenomena is that petrichor represents an accumulation 
of substances fortuitously present in the atmosphere 
which have been adsorbed by materials known to be active 
in that capacity. A direct biological origin seems improb- 
able, as the source materials, after the initial heating, have 
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been maintained in an air-dry condition. This view is 
also supported by the use, as source materials, of secondary 
uranium and thorium ores in which the radioaetive tenor 
would normally inhibit biological activity. While, 
however, we do not exclude adsorption as the source of 
some of our products, we are increasingly persuaded from 
the nature of others that catalytic activity may be in- 
volved in their synthesis. We are therefore further 
investigating the genesis of petrichor both from the point 
of view of spontaneous catalysis in controlled atmospheres 
and from that of adsorption of the compounds of petrichor 
themselves or of necessary precursors. 

We thank Mr. W. J. Ellis, formerly of Uneeco, Mew 
Delhi, and Mr. F. N. Ratcliffe, who brought to our notice 
the information concerning Indian perfumery. 
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UNSUITABILITY OF GELATINE FOR IMMUNE DIFFUSION IN PLATES 
By Dr. W. F. DUDMAN 


C.S.I.R.O. Division of Plant Industry, Canberra, Australia 


d gelatine gels were used in the earliest 
immune diffusion experiments! and continue to be 
utilized in tube diffusion systems, they have not been used 
widely for diffusions in plates, presumably because they 
require to be handled at low temperature and conse- 
quently are less convenient than agar gels. 

The recent observation by Naylor and Adair’, that 
increased resolution was obtained in hemoglobin immune 
systems when gelatine was substituted for agar in gel- 
diffusion tubes, prompted an examination of the merits 
of gelatine for the analysis of a complex mixture of anti- 
gens from Rhizobium meliloti by double diffusion in plates. 

These extracellular antigens were isolated from culture 
supernatants of two strains of Rhizobium meliloti, grown in 
defined liquid medium, by dialysis and drying from the 
frozen state. They are mainly polysaccharides with a 
trace of protein. Antisera against the organisms were 
prepared by injecting whole culture material into rabbits. 
Details of tbe preparation and analysis of the antigens 
will be described elsewhere. 

Immune diffusion in agar by the Ouchterlony technique, 
using gels containing 0-75 per cent Oxoid ‘Ionagar’ No. 2 
in physiological saline or in a variety of the usually 
recommended buffers*, showed that these immune systems 
with undiluted antiserum and 2-5 per cent solutions of the 
antigenic mixture give rise to up to six precipitin bands. 
However, when gels containing 2 per cent gelatine were 
used only one precipitin band was observed, even after 
storage of 2 months. Similar results were obtained with 
3 gelatines from two different sources (Davis Gelatine 
(Aust.) Pty., Ltd., Sydney, granulated gelatine, and 
Société d'Exploitation des Produits Chimiques Coignet, 
Brussels, (leaf gelatine (black label) and fine leaf gelatine 
ʻE’ (red label) ). 

This disparity in the number of precipitin bands 
appearing in agar and gelatine suggested the need for a 
more careful comparison of the two gels. Comparative 
plates were set up in which separate gels containing 
0-75 per cent agar and 3 per cent gelatine were in contact, 
and the reagent wells were positioned so that the pre- 
cipitin bands would be formed at the boundary of the gels. 

plates were prepared in small Petri dishes by pouring 


molten agar to a depth of 4 mm. After solidification, 


the agar circle was bisected with a razor blade and one - 


half removed. Cool molten gelatine was poured in the 


.- 





EI > 


Fig. 1. Comparison of precipitates formed in 2 per cent gelatine — 

deti) and 0-75 pr cent agar (right) gels, both in 085 per cent 

sodium chloride, by rabbit undiluted homologous antisera and antigens 

of two strains (B and F) of Rhizobium meliloti at 0-3 and 26 per cent 

concentration. Pho phed after 5 weeks at 2° C, The extremely 

faint bands (dotted lines) in the te were not recorded on the 
negative 
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vacant space to the same depth as the agar. After harden- 
ing overnight at 2° C the gels were cut with a cork-borer 
and the bottoms of the wells sealed with small drops of 
molten agar. Each well was filled to the top with reagent 
onee only, and the plates then kept at 2? C. 

Precipitin bands formed in the agar within 24 h and 
the pattern of bands was fully developed in 3-5 days, but 
im the gelatine, even after 5 months storage, only two 
extremely faint bands, continuous with dense bands in the 
agar, had formed (Fig. 1). The bands in agar stopped 
sharply at the gel interface, except where the thin bands 
(not visible in the photograph) continued in the gelatine. 

Mixtures of gelatine and agar were made by mixing 
solutions of 0-75 per cent agar and 3 per cent gelatine in 
barbital-acetate buffer (pH 8-5, ionic strength 0-05), in 
different proportions (1 : 3, 1 : 1 and 3 : 1, respectively). 
Comparative plates were prepared with these gel mixtures 
on one side and 0-75 per cent agar on the other. The 
densities of the bands formed in the gel mixture increased 
with the relative amount of agar present in the mixture, 
but even after 3 months storage the bands in the mixtures 
failed to equal the density of the bands in agar. The gel mix- 
ture containing 3 parts of agar to one of gelatine did permit 
the appearance of the same number of bands as found in 
agar alone (Fig. 2), but the other gel mixtures did not. 

Evidence obtained in two further experiments suggested 
that 3 per cent gelatine was acting as a barrier to diffusion. 
Agar plates with inset cylinders of 3 per cent gelatine were 
set up as shown in Fig. 3, with wells of standard size cut 
within the gelatine as described by Allison and Humph- 
rey*. When the gels were made up in physiological 
saline, only one weak precipitin band appeared in the 
agar between the antiserum well inside the gelatine and 
the antigen well in the agar. When the gels were made 





Fig. 2. Comparison of precipitates formed in 0:75 per cent agar (right) 

and in a mixture (left) containing 1 part 3 per cent gelatine and 3 pers 

0:75 per cent agar, both gels made up in barbital-acetate buffer (pH 8:5. 

ionic strength 0-05). The same reagents were used as in Fig. 1. Photo- 
graphed after 12 weeks at 2^ € 





! : - $ R Fig. 4. Precipitation between antigens of Rhizobium meliloti strain F and 
Fig. 3. Precipitation between antigens of Rhizobium meliloti strain J undiluted rabbit anti-F antiserum, and between the rabbit antiserum and 


and undiluted anti-F antiserum, with one reagent in wells within 





undiluted goat anti-rabbit antiglobulin, in 3 per cent gelatine (left) and 


cylinders of 3 per cent ge latine set in 0:75 per cent agar. Both gels in 75 per cent agar (right), photographed after 8 weeks, These gels 
barbital-acetate buffer (pH 55, ionie strength 0-05), Photographed were made in barbital-acetate buffer (pH 8:5, ionic strength 0-05). 
after 4 weeks at 2° C, Bands between the wells on the left were visible Very similar results were obtained with gels in 0-85 per cent sodium 


after 2 days. The band on the right appeared only after 10 days chloride or in sodium phosphate-EDTA-azide buffer (pH 7-0) (ref. 4) 
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up ın barbital-acetate buffer, a dense: band appeared 
between these wells, but belatedly afte. about 10 days 
There was less interference when the antigens were placed 
in wells m the gelatine cylinders and the antiserum was m 
wells m the agar 

The retarding effect of gelatine was shown moie 
directly when goat anti-rabbit fluorescent anti-globuhn 
(Microbiological Associates Inc, Bethesda, Maryland) 
was used in comparative plates contamung 3 per cent 
gelatme and 0 75 per cent agar m the two halves The gels 
were made in physiological saline, barbital-acetate or m 
the sodium phosphate-EDTA-azide buffer (pH. 7 0) de- 
seribed by Allison and Humphrey: Two immune systems 
were investigated in these plates (a) Rhizobvum meliloti 
strain F antigens versus the homologous rabbit antiserum, 
(b) the rabbit antiserum versus goat anti-1abbit fluorescein - 
conjugated anti-globuhn The antigens in the first system 
consisted mainly of polysaccharides, while in che second 
they were protems This comomation allowed protem 
and polysaccharide antigens to be compared in relation 
to the gelatine phenomenon 

Precipitm bands of both immune systems formed 
1apidlv, within 24 h, in the agar half of each plate No 
precipitm bands of the Rhizobium system weie seen m 
the gelatine poitions of the plates, but two extremely 
faint bands of the rabbit-goat system appeared in the 
gelatme afte: some weeks (Fig 4) Examination of the 
plates under ultia-violet light 1evealed that the fluorescent 
antibodies had diffused extensively in the agar but only 
shghtly in the gelatine 

An attempt was made to find concentrations of gelatine 
and agar that would allow equal unmune diffusion m the 
two gels As ıt was not practicable to use gelatme at 
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concentrations much below 3 per cent because of the 
softness of the gels, 1t was necessary to make the compari- 
son by finding the agar concentration required to reduce 
diffusion to that obtamed m 3 per cent gelatine Using 
the same mmmune systems as shown m Fig 4, agar gels 
containing 1, 2 5, 5 and 75 pei cent agar were compared 
with 3 per cent gelatine, all 1n sodium phosphate-EDTA- 
azide buffer (pH 70) Of these, 75 per cent agai was 
found to give the closest approximation to the results 
obtamed with 3 per cent gelatine 

No satisfactory explanation can be advanced here foi 
the failure of three different batches of gelatine to provide 
a suitable gel for immune diffusions in plates Allhson and 
Humphrey? investigated the molecular sieve properties of 
gelatine gels and found that a gelatime concentration of 
18 per cent was required to prevent the diffusion 
of y-globuhn molecules, yet the evidence described here 
suggests that 3 per cent gelatine affects the diffusion of 
both rabbit and goat antisera sufficiently to prevent the 
formation of more than a fraction of the 1mmune precipita- 
tion obtamed in agar gels The gelatme may have also 
affected the diffusion of the antigens, but this was not 
scen so readily as in the case of the antisera 

These results suggest that 16 would be unwise to rely on 
analyses by immune diffusion in gelatine plates when 
examunmng unknown antigenic mixtures It 1s possible, 
however, that mixtures of gelatine and agar, consisting 
largely of agar, may prove to be of value in providing 
better resolution than agar alone 


1Bechhold, H , Z phys Chem , 52, 185 (1905) 

2 Naylor, G R E, and Adair, M E , Nature, 194, 838 (1962) 

3 Crowle, A J , Immunodiffusion (Academic Press, New York, 1961) 
4 Allison, A C, and Humphrey, J H , Immunology, 8, 95 (1960) 


LACTOSE-STIMULATED INTESTINAL ABSORPTION OF CALCIUM: 
A THEORY 


By Pror. R H. WASSERMAN 
Department of Physical Biology, New York State Veterinary College, Cornell University, Ithaca, New York 


T was demonstrated some time ago that dietary lactoes 
can stimulate the intestinal absorption of calerum in 
several species and under different conditions! More 
1ecent investigations showed that the major site of action 
of lactose 1s withun the intestinal tract, and that older 
theories based on a lowered mtestinal pH and a delayed 
gastric emptying time by lactose were not well founded? 
Further, Wasserman and Comar® and Fourmer and 
colleagues! reported that the lactose effect can be dupli- 
cated by other polyols when given by gavage with calerum 
01 as part of the diet, effective substances were cellobiose, 
sorbose, xylose, raffinose, melibiose, glucosamme, man- 
nitol and sorbitol whereas glucose, fructose, galactose 
and sucrose were ineffective However, Vaughn and Filer* 
observed that these latter carbohydrates stimulated cal- 
cium absorption to about the same degree as lactose when 
injected directly into the lumen of the rat ileum, ib was 
apparent then that the lack of effect ın the earher investiga- 
tions was due to their 1apid removal by absorption in 
the upper small mtestme before reachmg the eum 
Apiopos of these considerations ıs the finding that the 
leum is the intestinal sıte where the major proportion of 
food calcium is absorbed? and that lactose exerts 1ts 
gieatest effect there? Other observations pertaining to 
the present problem were that lactose stimulates the 
intestinal absorption of Mg++, Batt, Sr** and Ratt as 
well as Catt (refs 2 and 3) and that lactose does not 
increase the solubihzation of an insoluble calcram phos- 
phate salt? 
Recently, Charley and Saltman? showed thet lactose 
can form an undissociated complex with Ca** and that 


lactose can delay or prevent the precipitation of Catt by 
bicarbonate 10n From these observations, i6 was pio- 
posed that the mechanism by which lactose enhances Cat ~ 
absorption depends on either (a) the more rapid transfer 
of the Ca-lactose complex through the biological mem- 
brane, or (b) lactose serves “as a metal-ion buffer to 
mamtain Ca** m a form readily available for transport” 
This article presents counter-arguments to this hypothesis 
and offers an alternate theory to explain the lactose effect 

Evidence against the chelation hypothesis There 1s httle 
question that lactose forms a complex with calcium as 
shown by Charley and Saltman, the precipitation and 
isolation of a CaCl,-laetose compound was done by 
Herrington” m 1934, and Mulls", usmg paper electro- 
phoresis, demonstrated that divalent metal ions, including 
Ca*+, alter the migration pattern of various polyols The 
main consideration 1s, m what manne: do these observa- 
tions bear on the problem of calcıum absorption? It 1s 
beheved that the followmg aiguments will tend to mmni- 
mize the chelation properties of lactose as a possible 
explanation 

First, Charley and Saltman indicated that a high ratio 
of sugar to metal 10n 1s necessary 1n order to have effective 
complex formation, a lactose Catt ratio of 40 was used 
in their expermments As shown in Table 1, a ratio of 
lactose to ealerum of only one yields a readily demonstrable 
increase 1n calcium absorption (the appearance of ingested 
radiocalerumm and 1adiostrontium m bone has been shown 
to reflect, qualitatively, the degree of intestinal absorp- 
tion?), a ratio far below that necessary to demonstrate 
chelation 
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Table 1 EFFECT OF LACTOSE ON THE FEMUR UPTAKE OF CALOIUM-45 GIVEN 
BY GAVAGE WITH DIFFERENT LEVELS OF STABLE CALON * 


Tn dosing solution Molar ratio Femur uptake of *5Ca t 
Group Cat* Lactose  oflactose/Ca Control Lactose 
(m moles/ml ) (95 ingested dose) 
1 0 0025 025 100 36403 54402 
2 0 025 025 10 34401 55+01f 
3 0 25 025 1 23201 4840 2f 


* Albmo male rats (100-150 g, fasted overnight) were given 1 ml of an 
aqueous solution contammg the designated levels of calcium (as acetate) and 
10 ue. “Cea with or without lactose At 4 h, the rats were killed, the femurs 
recovered and analysed for “Ca after ashing by the procedure described by 
Comar (ref 20) 

+ Values represent mean + standard error of the mean of 6 annnals The 
femur content of orally admunistered #8Ca was previously shown to reflect, 
approximately the degree of intestinal absorption 

+ Significantly different from control at P<001 


Secondly, 16 was assumed by Charley and Saltman that 
the major amon in the mtestine available for msoluble 
calcium complex formation is the bicarbonate 10n This 
was deved fiom data showing only that pancreatic 
yuce of dog and man contains considerably more bicar- 
bonate 10n than the sulphate or phosphate 10ns'? Obv1- 
ously, there are other calcrum-complexing anions within 
the imtestinal tract that may be of more significance. 
This 1s borne out by the followmg estimations Assuming 
that the bicarbonate concentration m rat pancreatic juice 
1s simular to that of man and dog, 1t may be estimated from 
pancreatic secretion rates m rats? that approximately 
0 95 m moles of bicarbonate 10n are secreted per day by 
this route in a 100-g rat Rats, m which a lactose effect 
was demonstrated!5, consumed about eight times as much 
phosphate (that 1s, 2 m moles) as the bicarbonate that was 
potentially available from pancreatic juice This md- 
cates that the phosphate 10n would substantially contri- 
bute to the calcrum complexing characteristics of 
intralumenal fluid and, therefore, ıt becomes necessary 
to determme the ability of lactose to solubilize CaHPO, 
or maintain ealcrum m. a soluble form ın the presence of 
phosphate 10n as well as giving consideration to bicar- 
bonate only An expenment reported earher* showed 
that lactose was unable to solubihze CaHPO, under condi- 
tions m which other substances, such as lysine and glycine, 
were able to do In another type of experment, the 
influence of lactose n delaymg the precipitation of cal- 
erum phosphate was determmed Data, such as are 
presented m Table 2 (comparing series l and 2), showed 
that lactose was without effect in thus regard Similar 
expenments performed as rapidly as possible (withm 2 
mm) yielded the same relationship, that 1s, lactose was 
unable to alter the rate of precipitation of the msoluble 
calerum-phosphate salt It would thus appear that lactose 
1s relatrvely ineffective as a solubilizer m the presence of 
phosphate 10n 

More pertinent to these considerations 18 the question 
of the behaviour of lactose within tho intestinal tract Is 
the lactose molecule changed in such a manner as to form 
& compound that has a high formation constant for 
calemm? In order to examme this pomi, lactose was 
injected into the ileal lumen and the residual solution 
recovered at 15h Again, from Table 2, 1t was observed 


Table 2 PRECIPITATION OF Cat+ BY PHOSPHATE ION IN THE PRESENCE OF 
LAOTOSE, LACTOSL-ILEAL SOLUTION AND SALINE-ILEAL SOLUTION 


Series Variable Ca precipitated (%) 
1 Distilled water 61 
2 Lactose 64 
$ Lactose-2leal solution 27 
4 Salme-iieal solution 32 


The test system consisted of 1 ml 0 25 M lactose, 0 025 M caleum acetate 
(abelled with 005 ue ‘’Ca) and 2 ml water After mixing 1 ml 0025 M 
K,HPO, was added and the solutions remixed The insoluble calcmm 
phosphate was immediately separated by centrifugation at 3,500 rpm 
(International Centrifuge, mode] G) for 20 min The supernatant was counted 
i a well-type scintillation detector and the percentage precipitated cal- 
culated by difference The pH of all solutions was 74 

The lactose—tleal solution was obtamed by injecting 1 ml 0 25 M. lactose 
into a tied-off segment of ileum of a rat under anesthesia and recovering the 
residual material at 15 h, 2 ml distilled water was added to the viscous 
fluid, mixed vigorously, and centrifuged 1n the cold for 30 mm One ml of 
this solution was used in the above experiment The salme—ieal solution 
wag similarly prepared except 1 ml of 0 125 M sodium chloride was injected 
into the ileal lumen 

The foregoing results represent the average of 4 values, duplicate 
experments yielded essentially the same Tesults 
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that an extract of the viscous fluid was able, m fact, to 
decrease considerably precipitation of caloum by phos- 
phate ion  Howevet, when saline was mjected instead of 
lactose, a similar result occurred This means that a 
substance(s) 18 present within the ileal lumen that, m 
itself, mamtains ealorum 1n solution ‘The identity of this 
compound has not been determmed and mvestigations 
in this direction are m progress Since precipitation of 
calctum can be prevented by endogenous materials, 
there 1s less reason to suppose that lactose functions by 
dupheating this action 

Thirdly, ıt was shown by Charley and Saltman that 
fructose ıs considerably less effective than lactose m delay- 
mg precipitation of calcium by bicarbonate At 4 mm 
after mitiatmg the precipitation reaction, no essential 
difference in. the amount of H* ion liberated from HCO,- 
was seen (the appearance of H+ from HCO;- was used as 
an indication of CaCO, formation) between the control 
solution and that contaming fructose Other sugars, such. 
as glucose, sorbitol and sucrose, were stated as being even 
less effective than fiuctose The data of Vaughn and Filer 
revealed that each of these sugars was as effective as 
lactose in enhancing the absorption of calcium from 125 
ileum It appears, then, that there 1s no correlation 
between the ability of a sugar to complex ealerum. and 
its effectiveness m stimulating absorption of calcium As 
mentioned previously, the mability of oral glucose, galac- 
tose, fructose and sucrose to enhance absorption of cal- 
cium 1s undoubtedly due to their rapid absorption in the 
upper small mtestme 

Alternate theory alteration of mucosal block to calcvum 
movement The present theory to explam the mechanism 
of laetose action leads to the additional hypothesis that 
there exists within the mucosal cell of the ileum a meta- 
boheally dependent block to calerum movement Under 
inhibitory conditions the ‘lealaness’ of the cell to calcium 
transfer increases and thereby allows a more rapid passage 
of the alkaline earth In the normal state the barner 1s 
mamitamed and the rate of calcium transfer 1s consider- 
ably less ‘The evidence supportmg this hypothesis was 
derived. manly from wm viro experimentation It was 
observed that mhibitimg conditions, such as the presence 
of sodium cyanide or nitiogen atmosphere, enhanced the 
transfer of calerum across everted teal sacs frora rats fed, 
a high calcium diet, the same conditions inhibited calcium 
transport by 1at duodenum «n vi? o? Schachter et al >, 
on the basis of similar work, also concluded that ‘‘the 
distal small mtestme is relatively mmpermeable to the 
passive diffusion of Catt, and the permeabihty barrier 18 
dependent on oxidative metabolism” 

The second phase of the theory 1s the stipulation that 
lactose functions in a manner sumilar to & metabole 
mhibitor and thereby relieves or removes the membiane 
barner to ealerum absorption The bulk of the evidence 1s 
reported elsewhere?  Bnefly, 1$ was shown that laetose, 
like sodium cyanide and meubation under nitrogen, 
increases calcrum transfer across the everted veal sac 
Further, ıt was demonstrated that lactose, at concentra- 
tions that enhanced ealerum absorption vn vwo, depressed 
oxygen uptake and phosphate accumulation by rat 
mucosa en vio, m addition, the ielease of “CO, from 
glucose-1-C and glucose-6-“C was sigmificantly depressed 
by ths disaccharide Recently, Fournier and Dupuis" 
found that sodium fluoride and fluoroacetate, hke lactose, 
ean increase serum calemum-levels m calerum-deficient 
rats, providing further evidence for a simulaiity in effects 
between lactose and metabohe inhibitors 

Lehnimger!$:? has reported that lactose and certam 
other polyhydroxyhe substances will mhibit the ATP- 
dependent contraction of swollen mitochondria, simple 
alcohols, such as propylene glycol, glycerol and ethylene 
glycol were meffective As shown in Table 3, there was an 
excellent correlation between the effect of various sugars 
and aleohols on ealemm absorption by rat leum «n vivo 
and the abihty of these same polyols to inhibit mito- 
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Table 3 CORRELATION BETWEEN THE STIMULATION OF CALCIUM ABSORPTION 
IN RAT ILEUM* AND INHIBITION OF ATP-DEPENDENT CONTRACTION OF RAT 
LIVER MITOCHONDRIAf BY VARIOUS POLYOLS 


No 4923 


Inhibitory effect 
Ileal absorption of substances at 
Compound of radiocalemm Mon 
{%) (96 merease mitochondrial 
or decrease) contraction 
None 2242 —--—— --- 
NaCl (0 125 M) 2341 +5 --- 
Propylene glycol (0 25 M) 2841 +5 0 
Ethylene glycol (0 25 M) 20-3 -9 0 
Glycerol (0 25 M) 1842 —18 0 
Xylose (0 25 M) 3844 +67 Tbeb 
Fructose (0 25 M) 4244 +83 Ss ie 
Lactose (0 25 M) 48+4 +108 TRA 
Raffinose (0 25 M) 3844 +67 TIE 
Glucose (0 61 M)t ——-— +156 +ett 
Sorbitol (0 52 M)t --- +210 ++++ 
Sucrose (0 29 M)t -—-— +233 TT 


* One ml 0 9 per cent sodium chloride contaming 1 mg calcium (as CaCl), 
025 M test substance and 05 we *'Ca was injected mto hgated ileal loop 
tn vivo of rats (100—150 g) that were fasted overnight At 15 h, rats were 
killed and residual activity m loop determmed Rats fed on commercial diet 

T From Lehninger (ref 19) No of, signsindicates severity of inhibition 

t These data on calcium absorption taken from Vaughn and Filer (ref 5) 
One-half ml of aqueous solutions containing 2 5 mg CaCle, 5 uc *350aC]; and 
50 mg test substance were mjected into hgated ileal segments The “Ca 
content of femur at 4 h was used as an index of ileal absorption Calculation 
of molar concentration done by present author 


chondrial contraction | [Further, Lehninger also dicated 
that the “polyols which mhibit mitochondrial contraction 
(and calcium absorption from the present report) also 
inhibit dinitrophenol-stumulated adenosmetriphosphatase 
of mitochondrial membrane fragments with parallel 
efficacy” and inhibit coupled iespiration by these same 
particles The conclusion was drawn that the effective 
“polyols mhibit an intermediate reaction of oxidative 
phosphorylation shared by the ATP-driven contractile 
mechanism of the membrane" , ıt was also suggested that 
the polyols may act by serving as artificial receptors m 
group transfer reactions or by blocking the entrance of 
ATP to membrane sites concerned in contraction 

In view of the aforementioned evidence, 1t seems reason- 
able to offer the following theory (a) there exists within 
the ileal cell or the membrane surfaces of the mucosa cell 
a metabohcally dependent block to calcium absorption, 
(b) metabole poisons or mhibiting conditions relieve 
this block and allow calcium to tiaveise the membrane 
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at a more rapid rate, (c) lactose and certam other polyols, 
in some manner, alter metabolic pathways to yield the 
same effect as metabole mhibitors This does not mean 
that lactose should be considered as a metabolic poison, 
obviously animals can subsist on moderate mtakes of 
lactose or sources of lactose indefinitely without harmful 
(and more likely beneficial) effects The theory presented 
here only suggests that the end result ın regard to calum 
absorption by rat ileum is similar to that of metabolic 
inhibitors or mlubiting situations ‘Lactose may function 
m the ileum by a mechanism similar to that suggested by 
Lehninger for mitochondria or perhaps by one entirely 
different Investigations are contmuing to gam evidence 
in support of, or contrary to, the foregoing theory 

This work was supported by grant AM-04652 from the 
US National Institutes of Health and contract AT (30- 
1)-2147 from the US Atomic Energy Commission 
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INHIBITION OF PENICILLINASES FROM GRAM-POSITIVE AND 
GRAM-NEGATIVE BACTERIA BY SUBSTRATE ANALOGUES 


By J M. T. HAMILTON-MILLER and Da, J T. SMITH 


Department of Bacteriology, Guy’s Hospital Medical School, London, SE | 


ETHICILLIN and membeis of the isoxazolyl series 

of penicillins, poorly hydiolysed by penicilhnase 
preparations fiom Staph aureus!, B cereus’, B lichem- 
formas? and K aerogenes?, have been 1epoited to inhibit 
the hydrolysis of benzylpemicillm by these penicillinases!-® 
This inhibition has been shown to be competitive in the 
cases of methicillin} and oxacillm’, acting on the B 
cereus enzyme Inhibition by methicillin of the penieil- 
lnase activity of Staph aureus has been reported with 
both cell-bound* and cell-free? preparations, however, 
Richmond®, using a purified cell-free preparation, found 
no such mhibition Thus for this species 1t seems possible 
that mhibition of peniedlinase activity by methicillin 
depends on:a number of factois, such as whether the 
enzyme 1s cell-bound or not, the state of purity and 
variation of enzyme properties between strains? 

This communication gives the results of further mvesti- 
gations on the differences between penicillmase prepara- 
tions from Gram-positive and Gram-negative bacteria as 
regards their inhibition by peniciluns Substrate speci- 
ficıty patterns of penicillmase have been shown” to differ 
markedly aecoidmg to the bacterial source, and ıt has 


` 


been found here that if a penicillin 1s not rapidly hydro- 
lysed by a particular penicillinase fiom a Gram-negative 
organism then ıt will inhibit the hydrolysis of benzyl- 
penicillin by that enzyme 

The followmg bacterial strams were used m these 
investigations Staph aureus E3 (ref 11), B cereus 
NRRL 569, E col, 214T (ref 12), Pr morgant Q (ref 
13) and K aerogenes 366 (ref 10), 373, 402, 415 and 418 
Penicillmase preparations were prepared as follows: 
induced cells of Staph aweus E3 and the supernatant 
fluid from an induced culture of B cereus NRRL 569 
were prepared as previously deseribed?, B licheniformis 
penigihnase was obtamed commercially (Wellcome Re- 
search Laboratories, Beckenham), the E' co end K 
aerogenes strains were cultured m. infusion broth, and 
saline suspensions of washed, packed cells were disrupted 
in the liquid extrusion press and centrifuged at 30,000g 
for 50 min (ref 14) the supernatant fluid was used as the 
enzyme preparation, P» morgan: G was cultured over- 
night in broth contaming 400 ug/ml- phenethicillin as 
inducing agent, cell-free extracts were made as for the 
E cols and K aerogenes strams Some properties of 
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these penicilimase preparations have been previously 
reportedi10,12-14 

Penicillinase actrvity was assayed by modifications? of 
the spectrophotometrie method!5; absolute rates of break- 
down were determined, when required, by the hydroxyl- 
ame assay, as described previously! In the inhibition 
mvestigations, 1 mg/ml benzylpeniebhn (27 mM) was 
used es substrate, at pH 7 4 and 22° C 

(1) Inhibition of penrcillenases from Gram-positiwe 
bacteiva Neither cephalosporm C, methicillin nor three 
wwoxazolyl penicillins was found to exert any measurable 
mhibitory effect on the staphylococcal penicillmase 
However, prelmunary experiments showed that meth- 
ohn inhibited the hydrolysis by B. cereus penicillmase 
not only of benzylpemeillm but also of phenoxymethyl- 
penielm, pheneth:iodlm, propicilm,  ampieilhn and 
phenbemeillin, cephalosporm C was found to have the 
same effect Furthermore, ıt was observed that the action 
of B hchemformis penicillinase on the same five substrates 
was inhibited by methicillm and cloxacilin In all cases 
inhibition was immediate, and straight line plots were 
obtamed It has been noted^* that the amount of 
inhibition caused by a poorly hydrolysed penicillin on the 
hydrolysis of benzylpenıcılın by a B cereus penieillinase 
was dependent on the rate of substrate hydrolysis Similar 
iesults have been obtamed with B  hchemformis and 
fuller results of some of these experiments are shown in 
Table 1 It can be seen that the amount of mhibition is 
dependent in an inverse mannet, on the amount of the 
penicilhnase pieparation added to the system Further- 
more, ıt was found that for a given amount of enzyme 
the mhuibition was proportional to the log inhibitor 
concentration 


Tablel EFFECT OF VARYING THE CONCENTRATION OF B cereus PENICILLINASE 

PREPARATION ON THE PERCENTAGE INHIBITION OF PENICILLINASE ACTIVITY 

CAUSED BY TWO SLOWLY HYDROLYSED PENIOILLINS INITIAL SUBSTRATE 
CONCENTRATION 2 7 mM (1 mg/ml ) BENZYLPENICILLIN 


D Per cent 1nhibition YE by 


Concentration of enzyme Oxacihn RL1577 
preparation (arbitrary umts) 2 mM 1mM 1mM 05mX 
4 39 27 50 33 
6 31 20 32 22 
8 26 16 22 15 
13 18 6 9 4 


(2) Inhbrton of cohform penicillenases As the use of 
the spectrophotometric assay necessitates having highly 
active penicillmase preparations, enzyme solutions pre- 
pared from K aerogenes 366 and 373, E colh 214T and 
Pi morgane G were used ın the inhibition mvestigations 
because these organisms possessed sufficient penicilhnase 
activity It became apparent at an early stage of the 
investigations that these penicillinase preparations were 
much more susceptible to inhibition than those from 
Gram-positrye organisms, for example, Pr morgan: G 
penieilhnase preparations could be 50 per cent mhibited 
by oxaeilhn at a concentration less than one-hundredth 
that required to mbit even a very weak B cereus 
preparation In all cases, mlubition occurred without 
measurable delay and all progress plots obtamed were 
hneer Graphs were then constructed by plottmg per- 
centage inhibition agamst log inhibitor concentration 
and the amount of each mhibitor causing 50 per cent 
inhibition was iead by interpolation from the straight 
portion of these curves Table 2 shows results obtained 
with the penicillinases from the four coliform bacteria 

The results of these experments show that the iso- 
xazolyl penicillins are very efficient at mhibitmg penicil- 
lnases from both P» morgan and E col, and that, in 
general, the Proteus enzyme 1s the moie easily mhibited 
of the two, these two penicillmases have a somewhat 
similar overall pattern of susceptibihty to inhibitors 
The K aerogenes penseillnases, however, have a different 
pattern of susceptibility, bemg very sensitive to mhibition 
by methicillm but more resistant to imbibition by the 
isoxazoly] penicillins Expermments, usmg higher levels 
(mM) of oxaeillm and methicillin agaist cell-free prepara- 
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Table 2 CONCENTRATIONS (EXPRESSED AS 4M) OF PENICILLINS CAUSING 

50 PER CENT INHIBITION OF PENICILLINASE ACTIVITY OF THREE PENICILLIN- 

ASE PREPARATIONS INITIAL SUBSTRATE CONCENTRATION 2 7 mM (1 mg/ml ) 
BENZYLPENICILLIN 


Penicillinase preparation 


VoL 201 


Inhibitor aerogenes 
Pr morgane G E coh 2147 366 373 
Propenim 48 a2 — — 
Phenethieillin 112 65 — - 
Phenbenieillin. 389 17 — — 
Methicillin 83 44 10 7 
Cloxaeilin 02 08 431 Vii 
Oxacillin 07 11 125 210 
BRL 1577 06 10 147 190 
Ampicillin 120 349 5 — — 
6 Amino-penreilIanie acid 21,940 2460 — — 


tions of three other strains of K aerogenes, bear out the 
finding with strams 366 and 373 that methicilhn i5, for 
this type of penicillinase, 2 better mhibitor than oxacilhn, 
as Table 3 illustrates The amount of mhibition brought 
about by a standard amount of methieilun was investi- 
gated for several different enzyme concentrations, the 
results are shown ın Table 4 In all eases changing the 
enzyme concentration by as much as four times has no 
significant effect on the amount of hibition caused by 
standard amounts of methueilln 


Table 3 PERCENTAGE INHIBITION OF PENICILLINASE ACTIVITY OF THREE 
STRAINS OF K aerogenes CAUSED BY mM METHICILLIN AND OXACILLIN 
INITIAL SUBSTRATE CONCENTRATION 2 7 mM (1 mg/ml ) BENZYLPENICILLIN 


K aerogenes 
102 


118 415 
Methieitlin 90 92 93 
Oxacillin 63 57 G4 


Table4 EFFECT OF VARYING THE ENZYME CONCENTRATION ON THE AMOUNT 
OF INHIBITION OF PENICILEINASE ACTIVITY BY METHICILLIN INITIAL 
SUBSTRATE CONCENTRATION 2 7 mM (1 mg/ml ) BENZYLPENICILLIN 


Methicillin Enzyme 


Penierllinase concentration concentration Per cent 
preparation (uM) (arbitrary units) inhibition 
E col, 214T 20 4 22 
2 20 
1 23 
Pr morgan G 5 4 36 
2 34 
1 36 
K aerogenes 306 10 4 54 
2 5t 
1 46 


The 1esults of the experiments described here illustrate 
that penicillinases fiom Gram-positive organisms diffei 
radically from those of Gram-negative organisms in respect 
of their behaviour towards mhibitois, in addition to the 
differences already pointed out/?:!5 The most striking 
differences are 

(a) The absence of change in amount of mhibition on 
alterng the enzyme concentration, usmg Proteus, 
Escherichia and Klebsella pemcillinases, as compared 
with the marked effect for the B cereus and B. hichen- 
formas enzyme 

(b) The very low concentrations of inhibitor needed to 
bung about mbhibition of the Gram-negative bacterial 
penicillmases It is interesting that, durmg therapy, the 
serum concentration of cloxacillin (29 uM, ref 17) can 
be higher than the amount necessary to inhibit 50 per 
cent of the pemeilmase activity of the Proteus or the 
Escherichia Similarly, the serum concentration of 
methicillin (43 uM, ref 18) ean exceed that necessary to 
inhibit 50 per cent of the penicilhnase activity of the 
Proteus or the Klebswlla 

The results of these hibition experiments seem to 
point to a general rule that semi-synthetic penieilhns 
which, are hydrolysed only slowly, or not at all, appear to 
be capable of acting as inhibitors of penierlnases That 
this 1s true for B cereus penicilhmase has been apparent 
for some tıme, and the experiments deseribed here show 
that ıt also apphes to the penicillmases of cohform 
organisms (Methicilln and eloxacilbn have been shown? 
recently to inhibit cephalospoimase, a related B-lactamase, 
obtained from Ps pyocyanea) It also seems that the 
mbibitory power of a pemellm, hke the antibacterial 
potency, 1s related m some way to the structure of the 
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side-chain; explanations that have been put forward 
to explain the inhibitory action of methicillin on penicil- 





ie at active eentre'", may also explain the 
ition of penicillinases from coliform organisms. 
_The similarity in the patterns of susceptibility to 
inhibition for the Pr. morgani and the E. coli penicillinases 
suggests a closer relationship between these two enzymes 
than between either and the K. aerogenes enzyme, as the 
latter is more susceptible to inhibition by methicillin 
than by the isoxazolyl penicillins. Furthermore, Pr. 
morgani and E. colit% have similar substrate specifici- 
ties, which differ markedly from that of K. aerogenes? 1*. 
However, it is not very safe to draw conclusions in too 
^ mueh detail from experiments such as these, carried out 
| using crude enzyme preparations. But, in investigations 
"on mechanisms of penicillin resistance of whole, viable 
baoeteria**, it is perhaps more informative and realistic to 
use such erude enzyme preparations, rather than highly 
purified ones, as the experimental results obtained could 
be more readily interpretable on a clinical basis. In 
fact, it could even be said that the use of cell-free penicil- 
linase preparations will give misleading results when the 
interactions of intact viable cells and penicillins in a 
physiological milieu are being considered. Hewever, the 
use of these enzyme preparations is inevitable in this 
work, as the spectrophotometrie assay required optically 


ECENT investigations in several laboratories!-? have 

demonstrated the central role of the thymus in the 
formation, development and control of the immune 
system in mammals. Although it is not yet known whether 
the influence is mediated via cells originating in thymus 
and then populating. the. peripheral lymphoid tissues 
and/or through humoral faetorst-*, it is evident that the 
most critical period for thymic influence on immuno- 
logical function occurs early in neonatal life. Knowledge 
of enzyme activities during this critical period might 
provide a better understanding of the underlying cellular 
mechanisms in the immune system. This article reports 
changes in the activities of four amidases and in alkaline 
phosphatase in thymocytes obtained from rats from the 
first day after birth through the twenty-first day of 
neonatal life. 

Sprague-Dawley rats from the U.S. Naval Radio- 
logical Defense Laboratory colony were date mated and 
transferred from the breeding colony to the laboratory 
animal quarters on the 12th day of gestation. AH animals 
were fed ‘Purina Fox Chow’ and water ad libitum. 

Animals were decapitated, drained of blood and the 
thymuses quickly removed. The thymuses were then 
placed on a chilled glass slide and successively minced 
with a razor blade and needle tip and washed with cold 
isotonic saline solution into a tube. The cell suspension 
coi was then decanted free of any gross particulate matter 

into other tubes, and concentrated by centrifugation in an 
< International Centrifuge model PR-2 at 900 rp.m. at 
45°C for 15 min. The supernatant fluid was discarded and 
the pellet. resuspended in saline solution. An aliquot of 
cell suspension was removed for cell counts which were 
performed in a Coulter Counter Model B. All values were 
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clear solutions, and, with certain obvious reservations, 
the results of such experiments can give a broad insight 
into some aspects of the relationships that may occur 

in vivo. We thank Beecham Research Laboratories for 

gifts of penicillins. i 
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FLUOROMETRIC ANALYSIS OF AMIDASE AND ALKALINE PHOSPHATASE 
IN NEONATAL RAT THYMOCYTES : 
DAYS OF AGE 


By LEONARD J. GREENBERG and LEONARD J. COLE 


Biological and Medical Sciences Division, U.S. Naval Radiological Defense Laboratory, 
San Francisco, California 


PEAK ACTIVITIES AT TWO 


corrected for coincident passage. The remaining cell 
suspension was subjected to three cycles of freezing 

(acetone-solid carbon dioxide) and thawing, which 

produced disruption of more than 99 per cent of the 

cells (checked by Coulter count). After centrifugation at 

3° C, the clear supernatant fluid was removed and assayed. 
shortly thereafter for enzyme. activity. Whole thymus 

samples were also routinely fixed in aleohol-acetone- 
formalin and 70 per cent ethanol for histological examina- 

tion. 

Reagents for the enzyme assays were leucyl, phenyl- 
alanyl. alanyl and glycyl-B-naphbthylamides' and. sodium: 
8-naphthyl acid phosphate, 8-naphthol, §-naphthylamine 
and tris 121 (ref. 8). Enzyme activity measurements were 
made in a Farrand speetrophotofluorometer with a water- 
jacketed cell chamber maintained at 37° C. Amidase 
and “alkaline phosphatase activities were assayed as 
previously described’. Photometer readings were con- 
verted to moles of fluorogen liberated, by use of fluores- 
cence concentration curves for §-naphthylamine and 
&-naphthol respectively. Enzyme activity was expressed 
as moles of fluorogen x 10-}4/cell/h. ` 

Activities of four amidases and alkaline phosphatase 
were investigated in lymphoid cells obtained from the 
thymuses of rats during the first twenty-one days of post- 
natal life. It can be seen from Fig. 1 that alkaline phos- 
phatase activity increases rapidly from a value of 1-4 on- 
day one to 24-4 (17-fold increase) on day two, and then 
declines steadily until day seven, from which time there is 
a constant activity (3-5) until day twenty-one. Similar 
activity profiles obtain for leucyl, alanyl and phenylalanyl 
amidases (Figs. 2 and 3) showing maxima on day two of 
26-2, 28-9 and 21-3 respectively. Comparatively constant 
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activity-levels are reached after one week, leucyl having 
the lowest value, 3-7, phenylalany! slightly higher, 4-5, and 
alanyl the highest, 9-3. However, glycyl amidase activity 
(Fig. 2) is nil on day one, rises to a maximum activity of 
12-4 on day two and then falls off again to an immeasur- 
able quantity by day fourteen. 

Histological examination of thymuses over the period 
investigated revealed a relative increase in the number of 
large lymphoid cells at a time when enzyme activity was 
at à maximum, and a relatively greater number of small 
lymphoid cells during the last two weeks when enzyme 
activity had reached a low steady level. This situation is 
presented pictorially (Fig. 4) in Plates 1-3, which are 
Coulter counter oscilloscope photographs of thymocyte 
suspensions from the thymuses of one, two and twenty-one- 
day-old rats. Aliquots of the same thymocyte suspensions 
shown in Fig. 4 were subjected to volume distribution 
analysis (Fig. 5, graphs 1-3). The cell population was 
divided into three volume classes as indicated by the 
shaded areas (Fig. 5 (A, B, C) ); integrals of the respective 
areas under the curves were then determined and expressed 
as percentage of total (Table.1). 

The changes in enzyme activities observed in the present 
investigation appear to reflect changes in the large thymo- 
cyte population which reaches a maximum on the second 
day of life (Table 1 (B, C)). With increasing age and 
immunological maturity we see a decrease both in enzyme 
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Fig. 1. The change in alkaline phosphatase activity in rat thymus 

with age. Cross-bars represent + one standard deviation, The numbers 

in parenthesis refer to the number of animals used for each point. 

Reaction mixture: 200 ul, 0-1 M tris buffer, pH 10-4, containing 0-01 M 

Mg(AC),, 4 x 10° M sodium is ery acid phos phate; 40 ul. enzyme 
solution 
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Fig. 2. The changes in leucy! and glycyl amidase activity in rat thymus 

with age. The data are expressed as in Fig. 1. Reaction mixture: 

200 wl. 0-1 M tris buffer, pH 8-0, containing 0-004 M Mg(AC), and 

1:5 x 107 M ?-naphthylamíde of the respective amino-acids designated ; 
40 wl, enzyme solution 
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Fig. 3. The changes in alanyl and phenylalanyl amidase activity in rat 
thymus with age, The data are expressed as in Fig. 1 
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Fig. 4. Coulter counter oscilloscope photographs of thymocyte sus- 

pensions from thymuses of: one-day-old ( 1), two-day-old (2) and 21-day- 

old (3) rats. All suspensions were adjusted to contain approximately 

the same number of cells, Amplification, 8; aperture current, 1/4; 
lower threshold, 10; and upper threshold, 90 
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| Fig. 5. Volume distribution analysis of rat thymocyte suspensions, 
Aliquots of the suspensions represented in Fig. 4 were used. Differ- 
ential curves labelled 1 1-8 have the same designation as in Fig. 4. Shaded 
B, C refer to the volume classes indieated in Table 1 


areas marked A, 
aetivity and in the relative number of large thymocytes 
(Table 1 (B, C)) and also a marked increase in the number 
of small thymocytes (Table 1 (4)). The apparent associa- 
tion of the large thymocyte and alkaline phosphatase 
activity is consistent with data from developing rat 
thymus obtained by MeAlpine'*, who, using a tissue- 
staining technique for alkaline glycerophosphatase, found 
an elevated, activity of the enzyme associated with the 
transformation of large thymocytes from thymus epithe- 
lium. 


Table 1, VOLUME DISTRIBUTION ANALYSIS OF Rat THYMOCYTE SUSPENSIONS 
Volume range (s?) 

Thymocyte suspensions A B 

(23-270) 


obtained from: (270-405) (405-700) 
(per cent) 

1-day-old rats 7i 172 10-9 

2-day-old rats 56:7 21-0 22.3 

3-week-old rats 804 123 T8 


Although normal thymic lymphocytes in adult C57 BL/6 
mice are usually negative histochemically with respect to 
alkaline phosphatase activity", Smith! has observed 
positive enzyme activity associated with mesenchymal 
reticulum cells or large lymphocytes i in apparently normal 
thymus. Following irradiation, however, the thymus 
shows a decidedly positive histochemical staining reaction 
for alkaline phosphatase’. The explanation for this 
inereased enzyme activity may be related to the marked 
inerease in reticulum and lymphoblast cells which appear 
in the regenerating thymus subsequent to irradiation and 
prior to the appearance of small thymic Iymphoeytes!*. 

Birmingham and Grad", examining peptidase activity 
in homogenates from normal RAP and leukemic AKR 
mice, found a progressive deerease in enzyme activity 
(per unit weight of tissue) from 1 month post-natal to 
14 months in normal mice. In the AKR strain of mice, 
however, thymus peptidase activity remamed constant 
over the same time-period, but with an average activity 
which was significantly higher than the normal RAP 
mice. These authors" observed. however, no statistically 
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significant changes in enzyme activity in the growing 
gland (12 days post-natal to 1 month) in either strain of 
mice, but the AKR thymuses had higher enzyme activities 
than the normal RAP thymuses during this period. A 
decrease with age was observed also in peptidase activity 
of rat thymus}. 

While it is difficult to relate radiation and regeneration 
investigations with those involving embryonic develop- 
ment, it is of interest to note that elevated alkaline 
phosphatase activity has been observed in the sub- 
epithelial mesenchyme of the bursa of Fabricius during 
the period of lympho-epithelial nodule formation in the 
chick embryo, This involvement of mesenchyme in. 
lymphoeytie nodule formation in the bursa and in 
lymphoid proliferation of the thymus has been reported 
earlier!?:25, 

During early neonatal life the thymus is the primary 
centre for lymphopoiesis, necessary “for the development 
of the adult immune system. There is a thirty-fold increase 
in the number of thymus lymphoid cells during the first 
two weeks of life in mice, after which a steady state is 
reached and maintained up to 5-6 weeks of age. at which 
time the cell number begins to fall. Concomitant with 
the precipitous rise in thymocyte numbers (first 2 weeks. 
of life) a decided decrease in the large thymocyte: popula- 
tion occurs (from the present observations) paralleled by 
a corresponding decrease in amidase and alkaline phos- 
phatase activities. Therefore, if the large thymocyte: 
is a precursor of the small thymocyte (cf. ref. 13) which ~ 
in turn appears to be lacking in these enzymes, this fact 
eould very well indicate a critical step in biochemical 
differentiation necessary for the normal development of 
the small lymphocyte. In this connexion, it should be 
pointed out that the relatively high peptidase activity 
seen in thymocytes of AKR mice (high leukemia. strain) 
is suggestive of a stage in biochemical differentiation 
which has progressed no farther than that corresponding 
to the large thymocyte. 

It is evident from the foregoing observations that 
marked changes in the activities of certain enzymes in 
the thymus oecur during the neonatal period which corre- 
sponds to the most profound influence of the thymus 
on the development of the immune system. ` Although 
the specific role or relationship of these enzymes to the 
development of the immune system is not known, they 
may serve as biochemical markers for differentiation of 
the cells involved in immune processes. "This approach 
is now being extended to specifie inbred strains of mice, 
and to the analysis of lymphoid cells from several tissue 
sources at the single cell level. 

This work was supported in part by funds from the 
Bureau of Medicine and Surgery, U.S. Navy Department. 
The opinions and assertions contained herein are not to 
be construed as official or as reflecting the views of the 
Navy Department. 
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E have already reported! that the pyrimidine 

mutant 1298 and the arginine mutant 30300 
of Neurospora both grow vigorously on minimal medium 
when the proportion of carbon dioxide in the surrounding 
air is increased to 30 per cent (v/v). Searches for new 
mutants, by special methods, and tests of already well- 
. known mutants, have now revealed that there are several 
"kinds of carbon dioxide mutants, which are unusual in 
several ways. This article summarizes our present in- 
formation and ideas about these mutants. All known 
-carbon dioxide mutants are listed in Table 1, together with 
; relevant information about them. 








Table 1. List or Carbon Dioxide MUTANTS 





Erg zi f Nutritional m 
oS Mutants ocus requirement when 70, stimu 
mr CO, is excluded inhibited by 
1298 pyr-3 Uridine * : Argininet — 
RE 11 Unknown Uridine * Unknown (not arginine) 
30300 arg-3 Arginine t ridine* 
39442 arg-2 Argininef Uridine * 
30820 arg-11 Arginine t + Adenine? Unknown 
` + Uridine * , 
RE 25 Unknown Adeninet Unknown 
RE 30 Unknown Unknown Adeninet 
Various Unknown Aspartate . 
RE 19 Unknown Unknown Unknown 
.* Or certain other pyrimidines. 
OF or citrulline, 
$ Or adenosine or adenylie acid. 





“This probable that the above mutants, 1298 and 30300, 
have disturbances in carbamoyl phosphate metabolism?*. 
bon dioxide is a biosynthetic precursor of carbamoyl 
hosphate, and carbamoyl phosphate in turn is a precursor 
arginine and pyrimidines. The arginine mutant 30300 
responds as expected to citrulline but not to ornithine’. A 
implified scheme of arginine and pyrimidine synthesis is 
shown in Fig. 1. 
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Figs 1. Showing the suggested sites of action of various mutations and 
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inhibitors in Neurospora, and the mechanism whereby increasing the 
; concentration of carbon {dioxide enables the mutants to grow 


= Addition of arginine prevents the pyrimidine mutant 
1298 from responding to carbon dioxide, but the response 
of this mutant to pyrimidines is quite unaffected by 
.  srginine. The behaviour of this pyrimidine mutant 
01288 and-of the arginine mutant 30300 will be discussed in 
detail elsewhere? Briefly, we suspect that in wild-type 
Neurospora there are two pathways by which carbamoyl 
. phosphate may be synthesized, one pathway usually 
` specific for pyrimidine synthesis, the other pathway 
usually specific for arginine synthesis. A similar hypo- 
thesis has also been suggested, on other grounds, by Davis. 
We suggest that the pyrimidine mutant 1298 lacks an 
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enzyme making carbamoyl phosphate for the pyrimidine 
pathway, and that the arginine mutant 30300 lacks an 
enzyme making earbamoyl phosphate for the arginine 
pathway. Carbon dioxide is considered to increase the 


synthesis of carbamoyl phosphate by the remaining 
undamaged pathway such that excess carbamoyl phos- 


phate is formed and in some way becomes available 
(‘overflows’) to the damaged pathway, thus by-passing 
the obstruction to pyrimidine or arginine synthesis, as 
the case may be. 
arginine thus becomes explieable in terms of a feed-back 
regulatory mechanism, and it is obvious why the ‘inhibitor’ 
prevents response to carbon dioxide but not to the end- 
product of the damaged pathway. 

According to this hypothesis, the arginine mutant 30300 
responds to carbon dioxide by using excess carbamoyl 
phosphate produced by the pyrimidine pathway. If this 
pyrimidine pathway is similarly subject to regulation by 
its end-products (‘negative feed-back’ or repression) 
mutant 30300 might be expected to be inhibited by uridine 
or other pyrimidines, but only when dependent on carbon 
dioxide for growth. This expectation was borne out 
experimentally; the arginine mutant 30300 was com- 
pletely inhibited by uridine and the inhibition was com- 
pletely and non-competitively annulled by arginine. 
The uridine mutant 1298 and the arginine mutant 30300 
thus bear an interesting symmetrical relationship to each 
other (see also Davis?). 

If our interpretation is correct, the susceptibility of the 
carbon dioxide responses of certain mutants to inhibition 
by particular substances may be useful because it may 
indicate which pathway is ‘overflowing’ and thereby 
by-passing the block in the mutant. 

The hypothesis of alternative pathways subject to 


regulation by their specific end-products is susceptible to 


experimental test, but the techniques must be adequate 
to distinguish between isozymes*. It should also be noted 
that arginine, uridine and carbon dioxide in the surround- 
ing media are all likely to have important effects on the 
enzymatic constitution of the organism, the first two 
substances probably repressing the formation of one or 


other of the enzymes synthesizing carbamoyl phosphate, | 


the carbon dioxide possibly acting as an inducer of both. 
these enzymes. 


The idea of two alternative pathways was suggested 


by the work of Stadtman et al, who investigated the 


synthesis of aspartyl phosphate by the enzyme asparto- 
kinase in Escherichia coli*.  Aspartyl phosphate is & 
precursor of threonine, lysine and methionine in that 





The growth inhibition exerted by 





organism. Stadtman et al. showed that at least two. 


aspartokinases were present in E. coli, one subject. to 
competitive inhibition by threonine, the other subject to 
non-competitive inhibition and repression by lysine. 


They also obtained evidence of a. third aspartokinase 


subject to inhibition by homoserine, 
of methionine. 

Another arginine mutant of Neurospora which we have 
found to respond to carbon dioxide is mutant 33442 
(ref. 4). Thus there are two quite distinet genes in 
Neurospora which give mutants responding to carbon 
dioxide and arginine. Both arginine mutante do not 
respond to carbon dioxide when uridine is added to the 
minimal medium. UE em 

During the present experiments 
another pyrimidine: mutant of 
which responds to carbon dioxide. 


which is a precursor 


we have isolated 


Neurospora (RE 11)- 
de. This mutant RE 11 . 
differs from pyrimidine mutant 1298 in that its response — 
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to carbon dioxide is not prevented by argmme The 
genetics of this mutant have not yet been investigated, 
but the mutation m RE 11 1s probably not at the pyr-3 
locus because, in collaboration with Dr V W Woodward, 
we have examined 10 distmet carbon dioxide mutants 
having mutations at the pyr-3 locus and all are inhibited 
by argmine 

Carbamoyl phosphate synthesis m livei requires at 
least two stages’ The first stage results m the formation of 
‘active carbon dioxide’. In the second stage the ‘active 
carbon dioxide! 1s converted to carbamoyl phosphate In 
micro-organisms carbamoyl phosphate is synthesized by 
a different, and apparently simpler, system Nevertheless, 
ıt seems reasonable to suppose that m Neurospora the 
process may require two stages This would explain why 
at least two genes are necessary to provide carbamoyl 
phosphate for pyrimidine synthesis, and ab least two other 
genes to provide carbamoyl phosphate for argmine 
synthesis. 

Another well-known Neurospora mutant which we 
have found to respond to carbon dioxide 1s mutant 
30820 This ıs a single gene mutant which ıs unusual 
in that 1t 1s unable to grow unless supplied with two 
substances, namely argmime and adenme®, growth 1s 
further increased when a pyrimidme such as uridine 1s 
also added to the medium? Our experiments show that 
the full extent of the lesion 1n mutant 30820 1s not revealed 
when the mutant 1s cubated ın ar When the mutant 
1s mcubated in air free from carbon dioxide ıb does not 
respond to arginme + adenme, a pyrimidme such as 
uridine then becomes essential That 1s, this mutant 
iequires argmine + adenine + & pyrimidme when m- 
cubated in air free from carbon dioxide Wild-type 
Neurospora grows vigorously on mimimal medium when 
incubated in air free from carbon dioxide, and does not 
show increased nutritional requirements The behaviour 
of mutant 30820 ıs thus complex, but ıt seems likely that 
the 30820 gene controls some process which makes carbon 
dioxide available for the synthesis of argmune, adenme 
and uridine Perhaps some kind of permease system 1s 
involved Whether mutant 30820 is enabled to respond 
to 30 per cent (v/v) carbon dioxide because of overflow 
from another pathway 1s not clear So far we have been 
unable to find any substance which prevents the response 
of mutant 30820 to 30 per cent carbon dioxide but which 
does not prevent the response to arginme + adenme + 
wiudine 

Fig 1 presents a summary of our ideas about the effects 
of carbon dioxide and the foregomg mutations on bio- 
synthesis of argmime and pyrmdines in Neurospora 

Carbon dioxide 1s known to be required for adenime 
synthesis, although not m the form of carbamoyl phos- 
phate Neurospora mutant 30820 grows vigorously in the 
piesence of 30 per cent carbon dioxide in the gas phase, 
but when deprived of carbon dioxide 16 requires arginine + 
uridine + adenine Since distinct argunene and pyrumedane 
mutants aie known which respond to carbon dioxide, we 
suspected that ıt might also be possible to isolate an 
adenane mutant which responds to carbon dioxide Experi- 
ment has confirmed this, one of our carbon dioxide mutants 
(RE 25) will grow in the absence of carbon dioxide when 
provided with adenme, adenosme or adenylic acid, it 
responds weakly, if at all, to hypoxanthine and mosme 
It may be a member of one of Gules's groups E, F or J 
(ref 11) 

The hypothesis of ‘overflow’ from an alternative path- 
way was the only satisfactory hypothesis we were able to 
develop to explain the response of Neurospora mutants 
1298 and 30300 to carbon dioxide We are forced to 
adopt a similar hypothesis to explain the response of the 
adenine mutant RË 25 to carbon dioxide, we assume that 
1t 1$ dependent on another pathway for pi oviding ıt with 
‘fixed’ carbon dioxide, in some foom The remarkable 
thing about the uredene 1298 and arginine 30300 mutants 
1s that they apparently give a clue to which pathway they 
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are ‘borrowmg from, by bemg very sensitive to mhibition 
by the end-product of that pathway We should therefore 
be able to learn from which metabolic pathway the purine 
mutant RE 25 ‘borrows’ carbon dioxide (presumably in 
some chemical combmation) by finding a pure substance 
which will annul the mutant’s response to carbon dioxide 
The obvious candidates for donatmg a carbon dioxide 
product to the purine pathway are the arginine and uridme 
pathways for produemg carbamoyl phosphate, especially 
since the behaviour of mutant 30820 suggests that carbon 
dioxide for argmine, pure and py1imidine synthesis 
enters metabolism at a common pomt However, argmine 
and u1idine, separately o1 together, do not prevent mutant 
RE 25 from responding to carbon dioxide This adenine 
mutant RE 25, hke the pyrumidwne mutant RE 11, may 
‘borrow’ the product of an enzyme which 1s not repiessible, 
or ıt may borrow fiom a pathway the end-product of 
which we have not yet tested foi inhibitory effect Of 
interest here is another mutant (RE 30) for which we know 
the mnhibitors but for which we have so far been unable to 
find stimulatory substances which will replace carbon 
dioxide The inhibitors ae adenine, adenosine and 
adenylic acid, that is, those substances which stimulate 
the adenine mutant RE 25 Mutant RE 30 therefore seems 
to respond to carbon dioxide by utilizing an ‘overflowmg’ 
substance from the adenme pathway We suspect that 
the end-product required by mutant RE 30 will also be an 
inhibitor of the ademne mutant RE 25 If so, we have 
here anothe: pair of pathways between which overflow 
may occur analogous to the arginine and uridine pathways 
which produce carbamoyl phosphate 

Other carbon dioxide mutants which we have isolated 
respond to aspartic acid and some related substances 
These mutants can be divided into several groups, on the 
basis of ther nutritional behaviour All these mutants 
are ‘leaky’, that is, they grow slowly even on munimal 
medium It is of interest that Stadtman et al € suggested 
that leaky mutants may offer prelimumary evidence foi 
the occurrence of alternative pathways In most/cases 
ow mutants do not display ‘leaky’ growth when carbon. 
dioxide 1s removed from the surrounding air For some 
of our carbon dioxide mutants we have not yet found 
either stimulatory substances or mhibitors 

As judged by nutritional behaviout, we now have at 
least ten different carbon dwvide mutants of New ospora 
and twenty othe: mutants await confirmation as carbon 
dioxide mutants Since our mutant-isolation experiments 
are at present yielding few recurrences of already known 
carbon dioxide mutants, we suspect that further differont 
mutants will be obtained 

The Neurospora mutants considered here offer an 
approach to the mvestigation of several interesting prob- 
lems such as the genetics of isozymes, the significance 
of alternative pathways, the nature of the ‘overflow 
mechanism, and the genetics and physiology of regulatory 
mechanisms 

Wild-type Neurospora grows vigorously on mmumal 
medium even when the cultures are meubated m à desic- 
cator contammg potassium hydroxide to remove carbon 
dioxide However, ıt 18 possible that Neurospora does 
require small quantities of carbon dioxide at least to 
intiate growth because other micro-organisms which 
have been tested do not grow when special precautions 
are taken to remove all carbon dioxide from the medium? 
The mutants described here may therefore have an in- 
cieased requirement for an essential nutrient, rather than a 
qualitatively different requrement ‘This is an rmportant 
distmetion because 16 leads one to suspect that analogous 
mutants may occur which have increased requirements 
for other essential constituents of the medium For 
example, 15 1s possible that sulphate required for different 
metabolic pathways may be dealt with by enzymes 
specific for each pathway, as seems to be the case with 
carbon dioxide If so, it should be possible to 1solate 
mutants which requue a specific sulphur-contaming 
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organic substance, but which will also grow when provided 
with an abnormally high concentration of sulphate This 
response to high sulphate concentration may be sensitive 
to inhibit;on by some other sulphur-contammg substance 
which 1s the end-product of the pathway from which 
overflow occurs Szmuarly, 1t may be possible to isolate 
mutants responding to high concentrations of phosphate, 
nitrate or other constituents of the medium Apart 
from contmung our investigations of carbon dioxide 
mutants, we ale investigatmg whether such analogous 
mutants occur 

We thank Prof B C J G Kmght for his interest and 
constructive criticism Cultures were generously provided 
by Prof D G Catcheside, and by the Fungal Genetics 
Stock Centex, Hanover, NH We thank the Department 
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RADIOMIMETIC ACTION OF POLYIMINE CHEMISTERILANTS IN NEUROSPORA 
By A. R. KANEY and K C. ATWOOD 


Department of Microbiology, University of IIlinois, Urbana, Ilinois 


HREE polymunes, 2,2,4,4,6,6-hexa (l-aziridinyl)- 
2,4,6-triphospho-i,3,5-trazme (‘Apholate’) (Oln 

Mathieson Chemical Corp, Baltinore, Md), tz (l- 
azuidmyl) phosphine oxide (APO) (Interehemical Corp, 
New York, NY ), and irs (1-(2 methyl) azmdmyl) phos- 
phine oxide (MAPO) (Interchemical Corp ), are among 
those suggested for use as mnsect chemustenlants! Their 
effectiveness as stenlants combined with low toxicity 
for adult msects 1s consistent with—but does not prove— 
a nuclear site of action We have tested the toxicity and 
muteagemeity of these compounds in a system that permits 
a distinction between nuclear and othe: cytotoxic effects, 
namely, heterokaryotic conidia of Neurospora crassa 

The stock of Neurospora used (Stock No 526, Fungal 
Genetics Stock Center, Hanover, N H ) 1s a beterokaryon 
between argmuneless (arg-6) and methionineless (meth-7) 
In addition, the meth nucleus carries the marker amycelial 
(amyc), which, when homokaryotic, gives a vesicular 
colony easily distinguishable from normal mycehum A 
heterokaryotic culture produces three types of macro- 
conidia the hete1rokaryotic, contaming at least one of 
each nuclear type and capable of growth on minimal 
medium, and the two homokaryotae types (arg) and (meth, 
amyc) The homokaryotie conidia require the appropriate 
supplements, arginine or methionine, for growth 

The medum used was Westergaard’s basal medium?, 
except that the carbon source for stock cultures was 1 
per cent sucrose plus 1 per cent glycerol whereas the 
carbon source for pletmg was 01 per cent sucrose and 
1 0 per cent sorbose to produce colonial growth, Supple- 
ments of 25 ug per ml of l-arginine or 1-methionme were 
added to the plating medium where appropriate Plates 
were counted after 5 days at 35° C 

To obtam survival curves, comdial suspensions were 
freshly prepared m M/15 phosphate buffer at pH 7 0 from 
7-day-old stock cultures, and adjusted to a concentration 
of about 10’ cells per ml The suspensions were warmed 
to 37° C and the agents were introduced at the followmg 
concentrations APO 05 per cent, MAPO 08 per cent, 
and 'Apholate' 05 per cent At 10-mm intervals up to 
50 mun, samples were diluted and plated on mimimal, 
arginine, methionine and doubly supplemented media 
Zero-time controls were similarly plated Each survival 
pomt is the ratio of the viable count after treatment to 
the control count on the same medium The results are 
shown m Fig 1 

The evidence bearmg on the mode of action of the agents 
is the relative survival on supplemented and minimal 
media If an agent kills the cells by mactivation of their 
nuclei, then 16 13 capable of changing heterokaryotie cells 
that grow on minimal medium into homokaryotie cells 
that can grow only on supplemented medium ‘The 


survival on mmumal medium will, therefore, decline more 
rapidly than that on supplemented Since more nuclei 
must be mactivated to cause lethality on supplemented 
than on mimmal medium, the shapes of the survival 
curves on supplemented will suggest higher multiplicities 
than on minimal medium Single supplements, permitting 
growth of only one of the homokaryotie types, should 
promote lower survival than double supplementation 
The foregomg features of the survival curves, consistent 
with nuclear mactivation, are apparent in Fig 1 

We define the heterokaryotic fraction as the ratio of 
the viable count on mmimal medium to the viable count 
on doubly supplemented medium If the lethal effect 1s 
nuclear, we expect the heterokaryotic fraction and the 
survival on mmimal medium to dechne at simular rates 
This is approximately true for all three agents, as shown 
mFig 2 These results stand m contrast to those obtained 
with heat mactivation, for example, where the hetero- 
karyotic fiaction does not change as survival decreases* 
The effects of the polymunes on survival resemble those 
previously reported for ionizing radiations® 

Mutagenicity of APO, MAPO and ‘Apholate’ was 
mvestigated by means of the heterokaryon recessive lethal 
method? When a recessive lethal mutation 1s mduced. 
m the meth, amyc nucleus of a heterokaryotic conidium, 
the cell remams viable and both nuclear components can 
divide indefinitely because the normal counterpart of the 
mutant 1s present in the arg nucleus The culture that 
originates from such & cell will form conidia, some of 
which are homokaryotic for meth, amyc and. hence for the 
lethal mutation When the conidia are streaked on 
methionme agar, only normal (heterokaryotic) colonies 
appear, whereas, if the lethal mutation had not been 
present, both amye and normal colonies would have grown 
The frequency of heterokaryotic single colony isolates that 
do not segregate viable meth, amye conidia gives a minımal 
estimate of the recessrve lethal mutation frequency, smee 
lethals that occur in treated conidia with more than one 
meth, amyc nucleus are not detected The average number 
of nucle: per coniduun im this stock grown on mmumal 
medium i$ about 2 3, hence, 16 15 likely that a majority of 
the mutations are detected First, the stock was freed. 
of accumulated spontaneous lethals by means of smgle 
eolony passage Conidia were then treated for 15 mm 
with 0 5 per cent APO, MAPO and ‘Apholate’ m unbuffered 
water at 25° C and plated on mmmnal agar Surviving 
colonies were isolated and allowed to conidiate — Conidia 
from each isolate were suspended in water and streaked 
on à sectored plate of methionine agai Sectors contamung 
normal but no amycelal colonies were scored as lethals 
Sectors containing amyocehal colonies of obviously reduced 
viability were scored as semi-lethals The results are given 


March 7, 1964 


No, 4923 


10 


NATURE 


1007 





e 
oo 


eo 
e 


Surviving fraction 


e 
m 


















1 1 1 





0 5 per cent APO, MAPO o1 ‘Apholate’ and 
plated on minimal agar Fifty suivivois of 
each agent were tested as before on methion- 
ine agar Non-mosaic lethals® were scored 
and ehmunated From each normal (segre- 
gating) stock, thirty of the normal colonies 
were randomly selected, allowed to conidiate, 
and streaked on methionme agar Lethals 
were scored in each group of 30 (a total of 
4,320 sectors), and any group that contained 
lethals was scored as a mosaic The results 
are shown ın Table 2 If the probability of 
a mutant being mosaic were 0 8, as may be 
the case with nitrous acid, then the pio- 
babihty of obtamung the observed four o 
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m Table 1 We conclude that the compounds are 
mutagenic for Neurospora 

Mutagenic agents that react with the mdividual parts 
of a duplex or multiplex genetic structure would be 
expected to give rise to a mixture of normal and mutant 
nucle m the progeny of a smgle treated nucleus Such 
muxtures may be termed mosaic lethals, and are not de- 
tected by the foregomg method They can be detected, 
however, by re-isolation of morphologically normal 
colonies from the mosaic stock A majority of these nor- 
mal colonies will contam, m addition to an arg nucleus, 
either the lethal or the normal meth, amyc nuclear com- 
ponent, but not both Consequently, on testing a number 
of these colonies, some will be found to be full (non- 
mosaic) lethals We do not know the reliability of this 
method for estimation of mosaic lethal frequencies, some 
mosaics may origmate m a trivial manner from cells 
that contain more than one meth, amyc nucleus, and some 
may be lost because of selective elimination of the mutant 
nucle: The relative frequencies of observable mosaics, 
howeve1, afford a basis for comparisons among different 
mutagenic agents For example, 70-80 per cent of the 
lethals induced, with nitrous acid m this system have been 
reported to be mosaic, m comparison with 40 per cent for 
ultra-violet and, 30 per cent for X-ray mduced lethals’ 

The possibility that the mutations obtaméd with poly- 
imines are preponderantly mosaics, so that the previous 
experiment has greatly underestimated their mutagenicity, 
was tested as follows Conidia were treated 15 mm with 


Table 1 INDUCED LETHAL MUTATION FREQUENCIES IN meth, amye COM- 
PONENT OF HETEROFARYOTIC CONIDIA 


Lethal mutations 
Agent No tested Semu-ethals Lethals (per cent) 
APO 603 2 24 40 
MAPO 804 3 30 37 
*Apholate' 1,038 3 30 29 
Control 887 1 0 00 


fewer mosaics 1n a total of ten mutants would 
be 00065 (ref 8) We conclude that 
observable mosaic lethals did not constitute 
a large majority of the total lethals 
The mutagenicity of the polyimmes 1s 
difficult to compare with that of other 
agents because we do not know how to 
equate the dosages directly The relation 
between mutation and survival, however, 
provides an indirect basis of compaiison 
The 15-min exposures to unbuffered 0 5 per 
cent solutions of the three compounds (Table 
1) gave surviving fractions in the neighbou: - 
hood of 0 1 on mmuimal medium, correspond- 
ing to a dose of about 50,000 r of X-1ays® 
At this X-ray dose, about 15 per cent of the 
nucle: carry recessive lethal mutations, 
hence, X-rays may be iegaided as four to 
five times more mutagenic than the poly- 
imines Conversely, if we equate the 1eces- 
sive mutation frequencies, the polyimuines 
aie more nucleocidal than X-1ays 
APO was shown by Szybalsli? to have 
pronounced mutagenicity m — Eschenwhis 
coh, as determmed by the frequency 
of reversion from streptomycm dependence to mde- 
pendence Drake! has shown APO and MAPO to 
be mutagenic for bacteriophage T4 Although ‘Apholate’ 
was not shown to be mutagenic in T4, Drake predicted 
10 
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Table 2 INDUCED MOSAIO LETHAL FREQUENCIES (SEE TEXT) 
The numbers of lethal-bearmg colonies found im each of the four groups 
scored as mosaics were 4, 7, 8 and 14 


Agent No tested Non-mosaic lethals — Mosaic lethals 
APO 50 2 2 
MAPO 50 2 1 
*Apholate' 50 2 1 
Control 50 0 0 


mutagenicity in other systems on the basis of the similai - 
iby of its reactive groups to those of APO and MAPO 
This prediction is confirmed We surmise that the mode 
of action of these compounds ievealed ın New ospora 
can be broadly generalized to other systems Caution is 
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indicated m the dissemination of these and similar com- 
pounds into the environment 
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ANTICOAGULANT AND FIBRINOLYTIC ACTIVITIES FROM 
RHODNIUS PROLIXUS STÅL 


By Dr K HELLMANN and Dr 


ROSEMARY | HAWKINS 


Chemotherapy Unit, Imperial Cancer Research Fund, Lincoin's Inn Fields, London, W C2 


To pie fibrmolytic activity of plasma occurs in 
several pathological conditions In malignant disease 
it occurs rarely, but more frequently if the prostate 1s 
mvolved+ Although this 11se in proteolytic activity 
of the plasma 1s non-specific ıt may nevertheless be of 
unportance in the development of human malignant 
growth and perhaps especially that of the prostate 

Recent work? appears to indicate that certam fibimo: 
lysins and anticoagulants 1educe the facilty with which 
tumour cells injected into the femoral vem may implant 
themselves in the lungs It seemed of some mterest 
therefore to see whether this was a general property of 
these substances or only of the particular ones used 

It has been known foi a long time that anticoagulants 
occur in many blood-sucking insects? and we therefore 
sought to extiact the anticoagulant activity from a suit- 
able msect and examine the effects of this activity on the 
development of tumours However. only the activities on 
plasma and fibrin of extiacts from the insect investigated 
will be considered here The blood-sucking henupteian 
Rhodnius proluwwus Stål was chosen because anticoagulant 
activity has already been demonstrated in 1ts salva’ and 
because 1t 1s easily reared m the laboratory? Further- 
more, some attempt at characterization of the ant 
coagulant activity has been made® 

Any animal feeding on blood must be able to prevent 
its food from clotting both in the host and in vital parts 
of itself such as its proboscis It also seemed possible 
that such an animal would possess a mechanism whereby 
1t could lyse blood if this should happen to clot, and we 
therefore examined the entire alimentary tract as well as 
the salivary glands for fibimolytic activity 

To obtain sufficient maternal for our experiments 
animals were required m large numbers and as a result 1t 
was decided to start a colony 

The insect colony was maintained m an incubatoi at 
27° C, ın clear polythene boxes The insects were 1eared 
from eggs m batches of 100 per box, mto which had been 
placed pieces of filter paper contammated with the 
feces of adult msects This is necessary, as a source of 
supply of the symbiont Nocardia rhodnw, which supplies 
certain vitamins lacking m the meal? Long slits m the 
box lids were covered with boltmg silk, through which 
the insects fed Feeding took place once a week by fixing 
the boxes on to the sides of shaved guinea pigs, lightly 
anesthetized with ‘Nembutal’ and kept warm on a 
heated operating table In this way some 400 animals 
could be fed at the same time We considered this 
method, which more nearly 1esembles natural conditions, 
to be preferable to the artificial methods of feeding 
which have boen deseribed$.9.9 

In order to prevent the possible deterioration of the 
active principles, the usual entomological method of 


dissection after pressing the insect mto molten wax was 
not used Instead, adult msects were killed by freezmg 
them on to a ‘Peleool’ freezing microtome stage By 
adjusting the temperature of the stage, the insects could 
be dissected while still partially frozen with the aid of a 
dissecting binocular microscope 

The salivary glands and the entire gut were placed 
separately mto ice-cold isotonic saline allowing 0 1 ml per 
msect The resulting fluid was homogenized usmg a 
Potter glass homogenizer, and centrifuged at 1,200g for 
30 min at 0? C The supernatants were decanted and 
Stored with the precipitate in a deep-freeze cabmet 
(—20° C) until 1eqwred The gut extract was reddish 
brown in colour, varymg m depth of coloration with the 
time which had elapsed between feeding and the prepara- 
tion of the extract The hght pink colour of the sahvary 
gland extiact ıs due to the presence of pigment, taken up 
from the hemolymph and derived from some of the 
hemoglobin, which 1s absorbed without bemg digested”. 
The pH of both extracts was 6 4 

Anticoagulant activity The anticoagulant activity of the 
extracts was tested on oxalated horse plasma, using the 
calcium clottmg time! The standard clottmg time of 
recalcified oxalated plasma was found by thus method 
to be between 6 and 7 mın Supernatant and precipitate 
fractions of the extracts were tested by addmg 0 05 ml of 
each to this test system Whereas addition of 0 05 ml of 
saline, or either of the precipitate fractions, caused no 
change in the standard clottmg time, anticoagulant 
activity was present in the supernatant fractions Thus 
the addition of 005 ml of the supernatant fraction of 
salivary gland extract delayed the clotting time by 
12-15 mm, while the same volume of the gut extract 
caused a delay varymg from 30 mun to 60 mm This 
variation, which was far more marked with the gat 
extract, was due to the considerable difference demon- 
strated 1n individual insects 

Starvation of the animals for 42 days appeared to m- 
crease the activity extractable from the salivary glands 
and diminish that obtamed from the gut The gut wall 
was tested for activity separately by removing the con- 
tents, washmg the tissue in fresh, ice-cold saline and 
homogenizing i$ ın the same volume of saline as the entire 
gut No anticoagulant activity could be demonstrated 
using this homogenate It therefore seems unhkely that 
the cells of the gut wall secrete an anticoagulant 

Although litle loss of anticoagulant activity occurred 
by heating at 60° C or 80° C for 30 mm, 1t was almost 
completely destroyed by heatmg at 100° C for 5 mm 
Treatment with N/10 hydrochloric acid and N/10 sodium 
hydroxide for 05 h, both at room temperature and 
60° C, had little effect on exther of the extracts They 
were neutralized prior to testing 
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Fig. 1. (a) Unheated fibrin 
gut extract for 18 h at 37° 


It is noticeable that 
area in contrast to that in Fig. 1a 

The anticoagulant activity could not be precipitated 
from solution by centrifugation at 100,000g for 30 min 
in a refrigerated centrifuge, but dialysis against saline 
in the cold for 24-36 h almost completely removed it. 

The gut extract was also shown to have anticoagulant 
activity when tested on rat, guinea pig, cat and human 
blood. 

Fibrinolytic activity. ‘The fibrinolytic activity of the 
extracts was examined using the fibrin plate method". 
Only the supernatant fraction of the gut extract caused 
an area of lysis after incubation of the plates at 37° C for 
18 h. Neither gut precipitate nor the salivary gland 
fractions caused lysis of the plates. These plates are 
sensitive to fibrinolytic activators and to fibrinolytic 
enzymes. Heating at 80° C for 40’ denatures the plasmino- 
gen contaminant of the fibrinogen and the resulting fibrin 
plate is sensitive to fibrinolytic enzymes only?. Lysis of 
the heated plates occurred with undialysed gut extract 
although this was much impaired when compared with 
the lytic area of the unheated plates. 

The fibrinolytic activity was destroyed by heating at 
100° C for 0-5 h. Treatment with N/10 hydrochloric acid 
at room temperature for 5 min reduced the activity by 
about 70 per cent, but similar treatment with N/10 
sodium hydroxide had little if any effect. Treatment for 
30 min resulted in almost complete inactivation with 
both N/10 hydrochloric acid and N/10 sodium hydroxide. 

The fibrinolytic activity of the gut of one animal was 
equivalent to 1 N.I.H. unit of urokinase (Leo Laboratories, 
Ltd.), and was far less variable than the anticoagulant 
activity. Tests of activity were always made by placing 
a single sample on each plate. If more than one sample 
was placed on the same plate, only 1 or sometimes 2 of 
these showed activity; the remainder were partially or 
totally inhibited. After dialysis against saline for 36 h, 
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however, no reduction in the fibrinolytic 
activity occurred and all four samples 
on a single plate caused equal areas of 
lysis. It appears, therefore, that a fibrino- 
lytic inhibitor is present which diffuses 
rapidly through the plate, and which 
can be removed by dialysis. The appear- 
ance of these plates before and after dialysis 
can be seen (Fig. 1). 

Whether this inhibitor is part of the 
insect’s antiproteolytie system or is due to 
antifibrinolytie aetivity derived from the 
host in the blood meal is not clear, 

On heated plates and with dialysed gut 
extract, no lysis occurred. 

Fibrinolytic activity was also demon- 
strated on pre-formed plasma clots (0-1 ml. 
plasma and 0-1 ml. isotonie saline clotted 
with 0-1 ml. M/40 calcium chloride). These 
clots were allowed to stand for 4 min 
before addition of 0-1 ml. undialysed gut 
extract. This caused a reduction of 
lysis time from more than 24 h to 3 h. 

It seemed possible that the fibrinolytic activity demon- 
strated was due to trypsin, because most of the 
capable of digesting proteins which occur in the gut cells 
and gut contents of the majority of insects resemble 
vertebrate trypsin". However, addition of the soybean 
trypsin inhibitor™ to the gut extract of Rhodnius prolizus 
did not affect its lytic activity and it is therefore unlikely 
that the fibrinolytic activity of the gut extract is due to 
trypsin. 

In summary, it has been possible to demonstrate that 
Rhodnius prolixus Stal has an extractable anticoagulant 
activity in its salivary glands and in its gut contents. It 
is possible that these two activities may have one and 
the same origin. The gut contents though not the salivary 
gland also has an extractable fibrinolytic enzyme. Associ- 
ated with this fibrinolytic enzyme is a fibrinolytic activator 
on a fibrinolytic inhibitor, and the latter is removable on 
dialysis. 

We thank Prof. D. S. Bertram and Dr. W. E. Ormerod 
of the London School of Hygiene and Tropical Medicine 
for the gift of insects with which to start our colony. 
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INDUCTION OF THE FORMATION OF COMPLEXES BETWEEN ASPARTIC 
ACID AND INDOLYL-3-ACETIC ACID OR I-NAPHTHALENE ACETIC 
ACID BY OTHER CARBOXYLIC ACIDS 


By J. SÜDI* 


Department cf Agriculture, University of Oxford 


v gc quem workers?” have already reported that the 

main metabolite of indolyl-3-acetic acid (IAA) and 

I-naphthalene acetic acid (NAA) in pea tissue is a com- 

pound in which a peptide link is established between 

the carboxyl group of the auxin and the amino group of 
* Present address : Institute for Plant Protection, Budapest. 


L-aspartie acid. These metabolites have recently been 
critically identified and their homogeneity confirmed by 
Zenk! in a convincing and elegant manner. Zenk has also 
presented evidence from which it seems that these 
metabolites are enzymatically formed from a 'earboxyl- 
activated’ auxin and  r-aspartic acid. ^ However, 










attempts to investigate these enzymes in vitro 
have so far failed. CON 

It has also been shown!-* that even when 
very low concentrations of [AA or NAA are 


applied, the maximum rate of formation of 
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either IAA.aspartate or NAA-aspartate is g 

only attained after a period of 4-8 h. More- 3 1 

over, Zenk has reported that the lag observed — 8 

in NAA-aspartate formation from 5 x 105M Z a 

NAA was absent following pre-treatment for 4 - m Oo 

12 h with the same concentration of either $ 2 a a a F 

NAA, IAA, 2,4-dichlorophenoxyacetic acid 2 $ $ 4 E M p 
(2,4-D) or benzoic acid. His published results, E šlo o a ej v a 


so far as the inductive activity of benzoie 
acid. is concerned, are ambiguous. In the 
single experiment cited in his Fig. 8 it is not 
.,eommented that in the first 2 h the rate of 

formation induced by benzoic acid is very 
small compared with that brought about by 
‘the other compounds. Nevertheless, Zenk 
draws the conclusion that all four acids are 
active in inducing the ‘adaptive’ formation of 
NAA-aspartic acid, even though the analog- 
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Fig, 1. Effect of pre-treating pea tissue for 15 h with a concentration of 10 mg/l. 
of indolyl-3-acetic acid (LAA), 1-naphthalene acetic acid (NAA), 2,4-dichlorophenoxy- 
acetic acid (2,4-D), a-(2-4-dichlorophenoxy)-isobutyric acid (2,4-DiB), 3,5-dichloro- 
phenoxyacetie acid. (3,5-D), 2,3,6-triehlorobenzoic acid (2,3,6-TCBA) and benzoic acid 
(BA) on (1) the amount found in the ethanol extract following uptake for 2 h of 
Í1AA-2-*C (white histograms); (2) the amount of LAA present as a conjugate with 


ous product is formed in pea tissues only 
from NAA, TAA and benzoic acid, but not 
from 2.4-D (refs. 1, 8). 

Recently, the factors determining the formation of 
TAA-aspartate and NAA-aspartate have been re-investi- 
gated in this Department, using the acids over a wide range 
of concentrations, 2-250 mg/l. The findings have first 
confirmed the observations of previous workers, namely : 
(1) the rate of formation of the aspartic acid conjugate, as 
measured by the amounts extracted by 80 per cent ethanol 
from samples taken serially, increases progressively with 
time^*; (2) there is an optimal concentration of both IAA 
and NAA at which a maximum amount of the conjugate is 
formed in a given time*; (3) the amount of conjugate found 
in the tissue is a valid estimate of the total formed since only 
a tràce of the conjugate is present in the external solution. 

Apart from these confirmations it has been established 
that the delay in the accumulation of the conjugate in the 
tissue cannot be accounted for by the incorporation of the 
auxin in the residual tissues left behind after extraction 
with ethanol. Further, this delay is apparent even if the 
supply of r-aspartie acid is inereased by adding it to the 
external medium. 

In further experiments, the following acids were tested 
for their ability to induce the formation of both IAA- 
aspartate and NAA-aspartate: IAA, NAA, 2,4-D, a-(2,4- 
dichlorophenoxy)-isobutyric acid (2,4-DiB), 3,5-dichloro- 
phenoxyacetic acid (3,5-D), 2,3,6-trichlorobenzoic acid 
(TCBA), benzoie acid (BA), trans-cinnamic acid (tCA) 
and S£- carboxymethyl - N,N - dimethyldithiocarbamate 
(DTC), kindly supplied by Prof. Van der Kerk. Pea stem 
"segments were first treated for 14-16 h with concentrations 
of each acid, ranging from 0-4 to 250 mg/l. They were then 
transferred to solutions containing 2-50 mg/l. of IAA-2- 
MC or NAA-1-4C, After a standard period of 2 h, the 
tissue was washed, blotted, ground and extraeted with 
80 per cent ethanol, and then centrifuged. The total 
radioactivity in the extract was determined from aliquots. 
The produets containing éarbon-14 were separated by 
. paper chromatography and the percentage distribution of 

carbon-14 in these products was estimated on the chroma- 
tograms without elution. 

The optimum concentrations of TAA-U€ and NAA-«C 
for evaluating the relative ability of substances applied as 
pre-treatments to induce the formation of the complexes 
were 50 mg/l. and 2 mg/l. respectively. On the other hand, 
except for DTC, the inducing activity of the acids, if 
present, was maximal at a concentration of 10 mg/l. 

Fig. 1 gives the results of an experiment in which the 
effects of pre-treatment with TAA and six other compounds 
on the subsequent formation of IAA-aspartate were 
examined. It is seen that the total amount of radioactivity 






















L-aspartic acid (black histograms) 


present in the extract after uptake had proceeded for 2 h 
was not appreciably affected by the different pre-treat- 
ments. On the other hand, pre-treatment with 2,3,6- 
TCBA, IAA, 2,4-D and NAA induced a three- to five-fold 
increase in the amount of IAA aspartate formed; in 
contrast, the remaining three compounds had no effect. 
That the patterns of induction for the formation of 
IAA.aspartate and NAA-aspartate are very similar is 
clear from Table 1. Included also in this table are some 
results obtained for DTC in a separate experiment. 
With this compound maximal induction took place over 
a much higher concentration range of 50-250 mg/l It 
should be added that tCA proved to be completely inactive. 


Table 1. THE EFFECTS OF PRE-TREATING PRA TISSUE FOR 15 H ON THE 

SUBSEQUENT CONVERSION TO THE ASPARTATE CONJUGATE OF RADIOACTIVE 

INDOLYE-3-ACETIC ACID AND 1-NAPHTHALENE ACETIC ACID ABSORBED DURING 

2 H FROM CONCENTRATIONS OF 50 AND 2 MG/L. RESPECTIVELY. ERFICIENCY 

OF CONVERSION EXPRESSED AS THE RATIO, ON A PERCENTAGE BASIS, OF THE 

RADIOACTIVITY IN THE ÜORJUQATE TO THE TOTAL ACTIVITY IN THE ETHANOL 
. XTRACT 


Cone, Percentage conversion 
Pre-treatment compound mg/l. IAA- AA- 
aspartate aspartate 
Control 0 164 155 
Indolylacetic acid 10 027 48-1 
Naphthalene acetic acid 10 TTT 63-9 
2,4-diehlorophenoxyacetie acid. 10 60:2 43-7 
2,4-dichlorophenoxyisobutyric acid 10 144 — 
3,5-diehlorophenoxyacetie acid 10 19:4 15:1 
2,3,6-trichlorobenzoic acid 10 42-6 26-8 
Benzoic acid 10 13-8 154 
S-earboxymethyl- N, N-dimethyldithio- 
carbamate 50 93-3 248 


Some tentative conclusions can be drawn about the 
requirements for a high level of induction. It is apparent 
that not only IAA and NAA but also 2,4-D, TCBA, and 
DTC (an aliphatic ester) are all highly active. Tt is also 
noteworthy that all these acids are active auxins. By 
contrast, 2,4-DiB and 3,5-D, which possess little or no 
activity as auxins, are inactive. On the other hand, these 
two substituted phenoxyacetic acids are much closer in 
chemical structure to the highly active 2,4-D than the 
active dithiocarbamate (DTC). 

This work was undertaken during the tenure of a fellow- 
ship from the International Atomic Energy Agency. I 
thank Prof. G. E. Blackman for his advice and other 
members of the Department for their help. 
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THREAD-LIKE PARTICLES ASSOCIATED WITH TRISTEZA DISEASE 
OF CITRUS 


By E. W. KITAJIMA, DARCY M. SILVA, A. R. OLIVEIRA, 
GERD W. MULLER and A. S. COSTA 


Virus Department, Instituto 


ronómico de Campinas, 


S. Paulo, Brasil 


To is undoubtedly the most important of the 
virus diseases affecting the citrus plants. Electron 
microscopical examinations of the tristeza virus are being 
carried out in several world areas where the disease is 
present. So far as we know, neither tristeza nor any of 
the other citrus viruses has been observed under the 
electron microscope with the exception perhaps of the 
psorosis virus that seems to be spherical. 

In the Virus Department of the Instituto Agronómico 
de Campinas, electron microscopical investigations of 
tristeza virus preparations have been carried out for 
more than two years. The results of these investigations, 
part of which is presented in this article, indicate that a 
thread-like particle about 2,000 my in length and 10-12 
my in diameter is present in citrus species infected with 
the tristeza virus and not in healthy plants of the same 
species. These particles are considered to represent the 
virus. 





les present in citrus 


. l. Electron micrograph of thread-like partic! 
i plants infe with tristeza virus ( x 40,000) 


In the early observations, preparations from leaves of 
infected field plants of galego lime (Citrus aurantifolia 
Swing.) and Aeglopsis chevalieri Swing., which were ob- 
tained by the exudate method*, showed thread-like 
particles (Fig. 1) not present in the control preparations 
from greenhouse healthy plants. The results were not 
quite satisfactory because in some of the preparations 
made from diseased plant material no particulate material 
was found. This is now known to have resulted from a low 
concentration of particles in the samples. Later, when 
leaf preparations from field and greenhouse plants of the 
same species were made by the dipping method*, more 
consistent results were obtained and the presence of the 


thread-like particle was found in practically all spem 
tions from diseased plants and in none of the controls. 

The results obtained with fresh preparations were 
further confirmed by two series of observations made on 
partially purified samples from diseased galego lime. 
The first observation was made on samples of field 
material that were prepared by the ether-earbon tetra- 
chloride method* for use in serological experiments. In 
negatively stained? preparations as well as in others 
shadow-cast with palladium, the same type of partiele was 
found in much higher concentrations than in those made 
by dipping. 

The second observation was based on samples from 
greenhouse-grown galego lime that had been infected by 
means of the vector, T' citricidus Kirk., and on 
control preparations from check plants. The partial 
purification of the diseased and healthy control samples 
was carried out by a slight modification of the butanol- 
chloroform method*. A high concentration of the thread- 
like particle was present in tbe samples from diseased 
plants and none in those from healthy controls. 


Table 1. RESULTS FROM ELECTRON MICROSCOPICAL EXAMINATIONS OF 
De iu E E SEVERAL CITRUS AND RELATED 
'PECTES 
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* Plants belonging to the citrus collection, Limeira Agricultural Experi- 
mental Station. 





The ease with which the thread-like particles associated 
with tristeza infection could be investigated in prepara- 
tions made by the dipping method permitted us to extend 
our observations to a large number of varieties and species 
of citrus from a large collection planted at the Limeira 
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Agricultural Experimental Station. The results of these 
observations are given in Table 1 and show that the 
particles were detected in practically all tristeza-suscept- 
ible varieties and species. 
- "The association of the reported thread-like particle 
with tristeza virus infection was ascertained further in à 
series of three greenhouse experiments, in which dipping 
preparations of leaf disks taken from young seedlings of a 
number of citrus species were made prior to and after 
the plants were inoculated with the tristeza virus by means 
. of its vector. Virus-conteminated aphids for these inocula- 
«tions were collected from three different sources and 
preparations made from leaves of tho virus sources 
~ showed that the thread-like particles were present in 
them. 
: Data from these experiments (Table 2) show that the 
"presence of thread-like particles could be detected in 
preparations from all the inoculated plants 16 days after 
inoculation in experiment 1 and in some of the plants in 
` experiments 2 and 3, but not prior to inoculation nor 
1/10 days afterwards. Samples from most of the plants 
pn experiments 2 and 3 showed thread-like particles 28 
_ days after inoculation. The negative résults in the case 
of some species in these experiments are to be attributed 
to lack of infection due to poor inoculation and also to 
the fact that these citrus types are somewhat resistant. 
_ Troyer citrange, which also gave negative results, is 
considered immune from the tristeza virus". Preparations 
"from non-inoeulated control plants had no particles at 
the beginning of the experiments nor at the 16- and 28-day 
intervals after the experiments were started. 
 Histograms of the flexible, thread-like particle found in 
i citrus plants infected with tristeza indicated that its 
normal length* is about 2,000 my. and its diameter about 
7510-12 my. Observations made in negatively stained 
(preparations showed that these particles have a helicoidal 
z truoture and a central axial channel measuring 2-3 my. in 
ameter. 
s The particles found in citrus plants infected with the 
tristeza virus could be an abnormal component resulting 
_ from virus infection, but the bulk of the evidence suggests 
` that these particles represent the virus. A number of 
_ facts support this assertion and will be discussed later. 
Thread-like particles have been found to be present in 
field and. greenhouse plants of a number of citrus species 
when infected with the tristeza virus, but not in healthy 
plants of the same species or in others considered immune 
(Poncirus trifoliata Raf., Severinia buxifolia Ten.) from 












tristeza. In the case of P. trifoliata the samples were taken - 


~, negative results, t Sampling made just prior to aphid inoculation. 


from scion tops and also from side-branches growing 
from the rootstock of trees having a tristeza-infected 
sweet orange top. The possibility that several different. 
plant species would produce the same kind of abnormal 
particles as a reaction to the disease is low. Moreover, 
the fact that species that are symptomless carriers of the 
virus (for example, certain sweet orange varieties, man- 
darins, etc.) show a great number of particles without 
visible damage would be in favour of their representing 
latent virus and not- a diseased plant product. Also, the 
correlation between the time necessary for the particles 
to appear in the inoculated plants agrees with that found 
necessary for them to have recoverable virus’, © 

The morphology of the particles resembles that of the . 
beet yellows virus!*'!!, although it is considerably longer, 
placing the tristeza virus in the category of the longest 
plant virus particle so far reported. . The particle has 
also a central channel similar to that present:in the beet 
yellows virus particle. The similarity between the beet 
yellows virus and the thread-like particles found in plants . 
infected with the tristeza virus is strengthened furtber 
by the fact that the disease induced by tristeza on seedlings 
of certain species presents great similarity to that induced 
by beet yellows on some of its host plants. It can also 
be mentioned that both viruses have been placed in the 
genus Corium!, being aphid-transmitted and semi-per- 
sistent in their relation to the vector. 

Regardless as to whether or not the thread-like particle 
found in tristeza-infected citrus plants represents the virus 
or an abnormal plant component resulting from. virus 
infection, its constant association with infected plants 
supplies a quick method of identifying them when an. 
electron microscope is available. ; 

We thank Dr. Sylvio Moreira, head of the Citrus Depart- 
ment, and Dr. Carlos Roessing, head of the Citrus Agricul- 
tural Experimental Station, Instituto Agronômico de 
Campinas, for permission to use freely the plants from the 
citrus collection planted at Limeira. 
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RADIOASTRONOMY 


Observation of a Solar Type Radio Burst from 
a Flare Star 





radio telescope at 
imultaneously on 
calibration on each 


ending from 45 min before the flare maximum to 
min after flare maximum. Figs. la and b have been 
compiled by reading the recorder chart intensities at one- 
minute intervals. Greater. detail of the flare epoch is 
_ shown by the tracings from the recorder charte for the 
period of maximum (0-6 min to 0 + 11 min) in Figs. 2a 
and b for 240 Me/s and 408 Mojs respectively. 

The pronounced time lag between the maximum of tho 
optical flare and the maxima of the radio flares, and the 
.. time difference between the radio maxima on the two 

_ frequencies immediately invites comparison with frequency 
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drift type solar bursts is given in Table 1. The 
data are quoted from recent surveys by Wild, Smer 
Weiss?, and Smith and Smith‘, NN 
Comparison with the more frequent Type III a 
radio bursts is difficult because of their complex time- 
dependent structure. The Type ITI bursts exhibit much 
shorter time constants than the new UV Ceti event. 
while the Type II bursts occur more slowly. However, 
the nature of possible radio events is not readily apparent 
for a star of low temperature, small diameter and high 
surface gravity. Pee 
The increase in radio flux per magnitude chang i 
this event was 13-3 flux units on 246 Mo/s. For the minor — 
flares previously investigated', the average increase in 
radio flux per magnitude for all flares was 4-7 flux units. 
This significant difference coupled with the different 
temporal relationships of the radio and optical effects . 
indicates that we must be dealing with at least two 
separate phenomena. This belief is strengthened by the 
correlated radio and optical records of a flare observed on 
UV Ceti, 6 days before the event described here. The 
optical flare which reached a maximum brightness of 
Am = 1-1 magnitude at 23h 04m on October 19 is shown 
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Fig. 2. Yracings from the recorder charts showing the detail of the 
radio flares (a) on 240 Me/s, (b) on 408 Mejs for the period 6 min before 
the optical flare o 11 min after the maxima, Abscissa: time 
; inmin. Ordinates: amplitude (not converted to flux units) 
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Fig, 3. The aligned radio (a) and optical (b) records of the flare on UV 
Ceti with maximum brightness (zero epoch) at 1963 Oct. 19d 23h 04m, 

rdinates: (a) change in flux units (10-** W/m*/c.p.s.), (6) change in 
_photographic magnitude 4m.  Abscissm ((a) and (b)): time in min 


. with the 240-Me/s radio record in Fig. 3. The radio 
"emission rises to a maximum, before the observed peak of 
the visible flare in the same manner as the flares previously 
investigated!; moreover, the increase in radio flux of 4-5 
flux units corresponds closely with the increase per mag- 
. nitude found in this earlier analysis. The associated 408- 
"* Mojs radio record showed little change during this epoch 
and any increase in emission on this frequency was less 
than 2 flux units, indicating a spectrum steeper than f-15 
compared with f-*** for the flare shown in Fig. 1. 

The evidence so far available both in regard to tem- 
poral relationships and spectra, therefore, suggests that 
the 23 cases of flares in ref. 1 and the flare in Fig. 3 are 
analogous to the large solar noise storms or Type I bursts, 
whereas Fig. 1 represents a much rarer type of event 
analogous to [frequency drift solar bursts. Several 
thousand hours of combined radio and photographie 
observations subsequent to the 1960-61 series! remain 
to be reduced; further clarification of the phenomena may 
emerge from this analysis. 

The photographie work was supported in part by grant 
NSG 87-60 of the U.S. National Aeronautics and Space 
Administration, and the radio observations at Jodrell 
` Bank were supported in part by grant N62558—3624 of the 
U.S. Office of Naval Research. 
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The Darkening Wave on Mars 


Íx a recent communication on the evidence for life on 
Mars!, I discussed the seasonal wave of darkening and 
associated changes in the polarization of the dark areas. 
The explanation of these phenomena which I preferred 
was a combination of interpretations advanced by 
G. P. Kuiper and D. B. McLaughlin. I now believe that 
the rational» for this model, the principal feature of whieh 
is the seasonal transport of dust on and off the dark 
areas, can be further improved. 

The quantitative observations which are pertinent are 
the brightness and polarization of the light reflected by 
the dark areas. As the season in the Martian southern 
or northern hemisphere progresses from spring to autumn, 
there is a wave which moves from the upper latitudes 
towards and across the equator. The characteristics of 
this wave, restricted to the dark areas, is a decrease in 
the brightness? and an intensification of the negative 
branch of the polarization versus phase angle curve 
together with a displacement towards larger phase angles 
of the crossover point where the polarization becomes 
positive’. 

A straightforward interpretation of these two observa- 
tions is à decrease in the transparency of the scattering 
surface particles during the darkening period. This could 
be accomplished by an increase in the extinction coefficient 
resulting from a chemical change. Although no suitable 
chemical reaction has yet been proposed, this possibility 
cannot be discarded. The decrease in transparency can, 
however, also be produced by the removal of some of the 
more transparent particles by winds. This will decrease 
the contribution of the reflected radiation which has beon 
transmitted through one or more particles before reflexion 
and escape from the surface, and the total brightness will 
decrease. Since this radiation is less polarized than the 
radiation from single particle scattering or strictly surface 
reflexion, the net polarization will increase. 

This interpretation requires the presence on Mars. of 
partially transparent particles, a requirement which 
seems to be satisfied by Dollfus’s photometric observa- 
tionst, For the centre of the disk at exact opposition 
the brightness of the bright areas with respect to a white 
Lambert reflector at the position of Mars is as high as 
0-27 at à 6500 A and 0-22 at 26100 A. The contribution 
of the Martian atmosphere must be factored out to give 
the brightness of the surface itself. Dollfus’s analysis* of 
his polarization data gave an atmospheric brightness of 
only 4 per cent that of the surface. This applied to a 
bright area at the centre of the disk in orange light with 
an effective wave-length of 6100 A. Hence the brightness 
at 6100 A should be reduced only slightly, from 0-22 to 
0-21. If the Martian surface were a Lambert-type 
reflector this brightness would also be the albedo. The 
derived albedo would be decreased if the photometric 
function of the surface were more directional, like that of 
the Moon’. Any such correction should be small in view 
of the dusty nature of the surface and Dollfus’s various 
observations and analyses. If a surface albedo of 0-21 
at 2.6100 A is accepted then particles partially transparent 
at that wave-length must be present. Otherwise the 
albedo should be less than 0-16, which is that for normal 
incidence on a perfectly smooth goethite surface. (Dollfus 
has achieved correspondence. between the Martian and 
laboratory polarization and spectral measurements only 
for finely powdered samples of goethite (Fe,O,-H,Q) or 
limonite (2Fe,0,-3H.O). Goethite is considered to be the 
principal component of limonite. The refractive index at 
X 5893 A of goethite for its three crystalline axes are 
2-26, 2-39 and 2-40 (Handbook of Chemistry and Physics, 
forty-first edit., Chemieal Rubber Publishing Company, 
Cleveland, Ohio, 1959-60). The arithmetic mean is 2-35 
and gives a- Fresnel reflexion coefficient at normal 
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incidence of 0-16. A more precise \ 
weighting taking account of the A 
probable distribution of crystalline 
faces exposed should not increase this 
figure significantly.) 

One consequence of this proposal is 
that the light reflected by a dark area 
will be less red at the height of the 
darkening wave. This is in agreement 
with the various visual observations 
of a blue or green tinge of the darkened 
areas. The reported colours on Mars 
are controversial, and it has been 
suggested that the reported blues and 
greens are not real but are a result 
of the contrast with the ochre bright 
areas, The spectral contrast effect 
would be heightened by the removal of 
particles the transparency of which is 
greater in the red than in the blue. 

It is tempting now to indulge in 
some speculation, to try to ascribe 
other phenomena on Mars to particle 
size effects. The variations in bright- 
ness for all times and areas may then 
be due, not to variations in chemical 
properties of the surface, but to varia- 
tions in particle size—areas covered 
with larger particles being darker and 
less red than those covered by smaller 
particles. Such a variation in covering 
may result from a combination of 
a range of surface elevations with a size fractionation in 
altitude of the dust raised from the surface by winds. 
Large, flat low-lying areas would presumably have a 
perpetual dust cover which would include all particle 
sizes (the majority of the bright areas). Higher flat areas 
and slopes would have a particle size distribution which 
would depend on the atmospheric circulation and would 
be skewed towards larger particles (the dark areas). Any 
walled plains at high elevations could act as a trap for 
the small dust particles carried to those heights. With a 
high surface concentration of the smaller particles these 
areas should be particularly bright, but the brightness 
would, of course, rapidly decrease if the particles were 
removed by winds (for example, Hellas). 

This idea appears at first sight to be somewhat fanciful, 
but I do not believe it inconsistent with the existing 
Martian and laboratory data. Laboratory spectro- 
photometric and polarization measurements of samples 
with narrow and broad particle size distributions would 
be very pertinent. In addition, further work on Mars, 
in particular on areas such as Hellas and at the height 
of the darkening wave, would be most informative. 

This work was supported by National Aeronautics and 
Space Association grant NsG101-61. D. G. Rea 
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Source of Evolution of Gas from the Lunar 
Crater Alphonsus 
KOozxvREv's':? observation of Swan bands being emitted 
by C, molecules emanating from the lunar erater Alphonsus 
on the west shore of Mare Nubium is now widely accepted. 
However, his assertion that the gas evolved as a result of 
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Fig. 1. Region of Ptolemaeus and Alphonsus, Mount Wilson and Palomar Observatory 


photograph 


volcanic eruption is not as generally accepted by selenol- 
ogists. There are more plausible mechanisms than 
voleanie eruption to account for the gas issuing periodically 
from Alphonsus. Urey? has pointed out the black areas 
on the crater floor of Alphonsus and suggests they may 
be due to explosion of acetylene which could produce 
graphite and hydrogen. The source of the acetylene 
could be a stable solid carbide such as caleium carbide 
aceording to Urey?. It is interesting to note that comets 
are known to give the Swan band emission. "There are 
six prominent black spots in Alphonsus, each surrounding - 
one or more small craters as illustrated in Fig. 1. Kozyrev 
observed the gas evolution, however, from the centre of 
the elongated central peak roughly paralleling the shore 
of Mare Nubium. Baldwin‘ considers the emanation of 
this gas to be a lunar degassing process rather than 
voleanism. For reasons presented here it is plausible that 
most of the gas evolution is from the region of the central 
peak. However, this does not preclude that the dark 
areas mentioned by Urey? were not also caused by gas 
evolution. 

Recently I noticed that parallel to a well-known valley 
(dashed lines), which cuts through the east rim of Alphon- 
sus and continues through Alpetragius, is another feature 
which appears to be a fault. This fault (dotted lines) 
about 40 km west of the valley starts in the north at 
about the same location in Mare Nubium and is traced 
through Ptolemaeus as b rill near its east wall. Tt con- 
tinues through Alphonsus exaetly through the centre of 
the elongated central mountain range and emerges on the 
south rim as à mountain range. Whereas the parallel 
valley to the east after bisecting Alpetragius continues on 
past the east rim of Arzachel and seems to end near 
Purbach, the fault seems not to extend through Arzachel. 
There are two additional parallel deep valleys to the west 
of Alphonsus, the nearest (—— line) extending to 
Delaunay, the farther one (—-— line) stretching south 
from Parrot. It is probable that all these parallel valleys 
are the manifestations of deep faults in the lunar crust 
rather than being gashes produced by throw-out during 
the creation of Mare Nubium. Detailed examination of 
the floor of Alphonsus shows that all six of the black spots 
are near rills which tend in the same direction as the 





-oscillations of period P=2n/o: 






through continental areas. 
An elongation on the north side of the large, beautifully 
symmetrical mountain almost filling Alpetragius seems to 
be connected with the easternmost valley. There is thus 
indication that Alpetragius, which postdates Alphonsus, 
was affected by the fault when its central peak was 
formed. If these craters were produced by impact, the 
gas released during and after rebound as a result of 
activity along these faults, triggered by hypervelocity 
shock, strongly affected the shapes of the central peaks 
in both Alphonsus and Alpetragius. Since gas is still 
being released along these faults in Alphonsus then it is 
probably also emanating from the northern side of 
Alpetragius.. 
There is a possibility that the gas was injected into 
eeciated shock-faulted areas in these craters during 
their creation if produced by impact of cometary matter 
and itis slowly outgassing. However, it is more probable 
that: Kozyrev observed outgassing from the major fault 
hisecting Alphonsus and that the gas has its source deep 
within the Moon’s surface where it is slowly being ejected 
as a result of radioactive heating. If one accepts this 
conclusion then a source is needed to account for C, 
issuing from deep below the lunar surface. I can think 
of no sources other than those suggested earlier by Urey?. 
‘Recent. observations** indicate that gas evolution from 
'the lunar surface may be a more common phenomenon 
than was earlier suspected. Tt is rather startling that the 
nly positive evidenee for a specifie molecule present on 
he Moon is one that is probably there in such a small 
juantity. It is also interesting that a major source of 
| gas is where a possible rebound is located on a deep lunar 
fault. 
s ALVIS J. COREN 
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RADIOPHYSICS 


_ Oscillatory Model for Radio Source 3C273 


“THe radio source 30273 has recently been identified 
with a star-like, superluminous object of thirteenth 
-. apparent magnitude^?. Doppler shift measurements of 

identifiable line features indicate a strong red shift 
corresponding to radial velocity of 4 x 10? em/sec, while 
the observed spectral characteristics of the continuum 
suggests synchrotron radiation as the dominant emission 
mechanism?. 
Smith and Hoffleit? have examined the luminosity 
history of the object and found that its brightness under- 
. went rather drastic changes during the past eighty years. 
The light curve exhibits fluctuations of a time-scale of the 
order ten years, on which occasional light flashes are 
superimposed: Colgate and Cameron? suggested chains of 
-type II supernova explosions as an explanation for the 
light flashes. 

It is the purpose of this communication to present a 
imple, qualitative argument that suggests radial oscilla- 
ions of a self-gravitating body as àn explanation for the 


fluctuat av rage uminosity. Consider : 
equation of m gaseous body undergoing 


otp = -— pig — gdp a) 
Here, p is the density, £ the Lagrangian displacement 
vector, g the gravitational acceleration. — 8-quantities 
represent the fluctuations. The equation of continuity 
reads: 


8p + V. (pe) = 0 (2) 
Introducing à scale-length I for the oscillation, and taking 


the second term of equation (1) to be dominant, we find 
from equation (2): 


8p ~ — gk (3) .. 
whereupon equation (1) results in: 
o? ~ gl) = GMR^l (4) 


G is the constant of gravitation, M the mass, and R the 

radius of the body. In writing down the second propor- 

tionality, g is identified with the surface gravity. 
Identifying the seale length with R/100 and taking*': 


R ~ 3 x 1015 em, and M = 10M (5) 
we find from (4) 
, GM- 
= et 
or 
P ~ 9:2 years (6) 


We can verify this estimate against Milne's luminosity- 
period relation for an oscillating spherical gas mass which 
reads*: 

v 

EE ROT TSELICST MUR | tem *" 
L= ean MR — 7g (7) 
where v is the pulsation velocity and y the adiabatic coeffi- 
cient. Inserting P from (6) we have to dominant order: 5 
L ~ 15 x 10! ergs/sec (8). oe: 
with the plausible value of 107 em/sec for v. The estimate 
in equation (8), too, agrees closely with observational 

evidence!. 

It appears improbable that the close agreement with 
observational data, exhibited by the estimates in equa- 
tions (6) and (9), which aro completely independent of 
each other, is purely fortuitous. 

I am indebted to Dr. D. Hoffleit and Dr. L. Oster for 
discussion and critical review of the manuscript. 


S. P. S. ANAND 


| 


Yale University Observatory. 
New Haven, Conn. 
! Hazard, C., et al., Nature, 197, 1037 (1963). 
* Schmidt, M., Nature, 197, 1040 (1963). 
* Oke, J. B., Nature, 197, 1042 (1903). 
t Smith, H, J., and Hoffleit, D., Nature, 198, 650 (1903). 
* Colgate, S. A., and Cameron, A. G. W., Nature, 200, 870 (1963), 
* Greenstein, J. L., Reported at Intern. Symp. Relativistic Astrophysics, 
Dallas (1983), i 
"Minkowski, R., reported at Internat. Symp. Relativistic Astrophysics; 
Dallas (1963). : 
*Milne, E. A., Mon. Not. Roy, Astro, Soe., 108, 517 (1949). 


Interfering Radio Signals on 18 kc/s received 
in New Zealand 


ON three occasions in April 1963, an interfering signal 
on 18 ke/s with a frequency deviation from nominal of 
6+1 parts in 10? and received at approximately the same 
signal strength as NBA (Panama Canal Zone) was 
observed at the Dominion Physieal Laboratory, Lower 
Hutt, New Zealand. The times of occurrence to tha 
nearest 5 min were: 


Cr 


: ; EEE E 
April 12-13, 1903. Intermittently from — 23.85-01.00 

Aprill4,1983 m » c 14520-01495 — 
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The beat frequency record for April 13, 1963, is reproduced 
in Fig. 1. 

It is of interest to compare these results with those 
reported in Nature!:* for somewhat similar signals received 
on 16 ke/s. 

The U.S. National Bureau of Standards, Boulder 
Laboratories, did not observe anything unusual on 
18 ko/s on the dates given. The U.S. Naval Observatory. 
Washington, have stated their stations were not scheduled 
to transmit simultaneously on 18 ke/s in April 1963. 
Their records show no indication of any interfering signal 
on the dates indicated but we are confident that it was 
not a local effect. 

If very-low-frequency transmissions are to be used for 
navigation and standard frequency purposes, it is dis- 
turbing to think that the signals may suffer from inter- 
ference so close to the nominal frequencies. 

A. H. ALLAN 

Dominion Physical Laboratory. 

Lower Hutt, New Zealand. 
‘Rohan, P., Anderson, L. L., and Cooke, D. J., Nature, 197, 783 (1963). 
* Allan, A. H., Nature, 198, 582 (1963). 


PHYSICS 


Effect of Tidal Range, Temperature and 
Fresh Water on the Amount of Silt in 
Suspension in an Estuary 


Tux British Transport Docks Board Research Station 
has designed and made instruments which continuously 
record the concentration of silt in suspension. One of 
these instruments has been recording this information for 
several years in the Humber Estuary at King George 
Doek, Hull. 

Using these records for the period July 1961-June 1962 
a regression analysis was performed with the average silt 
in suspension over a tide as the dependent variable and 
tidal range, river temperature and fresh water entering 
the estuary as the independent variables. Significance 
testing was included in the computer programme so that. 
the relative importance of each of the independent 
variables on the silt concentration could be assessed. 

First the assumed form of the equation was taken to be: 


S= A + BT + CR + DÆ + ER 


where S is the average concentration of silt in suspension 
over a tide measured in milligrams of dry solids per 


‘litre of estuary water; T is the river temperature (deg. 


F); Q is the combined fresh water entering the Humber 
from the Rivers Ouse and Trent in thousands of étübic ft. 
per see on the day in question; R is the tidal range (ft.). 

The regression coefficients so obtained gave the following 
formula for silt concentration: 


S = 850 — 17-74 T + 13-46Q — 0-25 Q? + 26-55 R 
The Q* term is insignificant at a probability-level of 0-1 
per eent when the relationship becomes: 
S = 907 — 18:21 T + 6-04 Q + 26:67 R 
For a second regression the terms for the products R 
and RQ were introduced and this gave the formula: 
S = 325 — 485 T + 71 Q — 0:25 Q? + 58:1 R — : 
0-76 RT + 0-59 RQ 
At a probability-level of 0-1 per cent this reduces to 
S = 81 + R(75-15 — 1-06 T + 0-27 Q) (2) 


As there is little difference in the residual error terms in 
the analysis of variance corresponding to the 0-1 per cent 
probability-level (111 in the first regression and 107 in the 
second) there is little to choose between the two forms. 
These errors are in both cases about 20 per cent of the 
average value of silt in suspension for the year. In both 
expressions the relative importance of range and tem: 


perature is greater than that of the fresh water. The fact. ~ 


that temperature should have such a large influence on the. 
concentration of silt in suspension in an estuary is par- 
ticularly interesting. 

The records taken during the unusually prolonged 
period of low temperature and low fresh-water flow which 
persisted for three months during the winter of 1962/1063 
confirmed the influence of temperature on the amount of 
silt in suspension in the River Humber. If during this 
period the silt content had depended more on fresh water 
than on temperature it would have been as low as in à 
normal summer, whereas it was found to be high as in 
the previous and wetter winter. 

These formule apply to the Humber Estuary outside 
King George Dock, Hull. The value of the constants 
would presumably alter from place to place and the 
relative importance of temperature and fresh water could 
also be different. This is at present being investigated, 
and continuous siltmeter records are being taken at other 
places in the Estuary. 

W. H. JACKSON 
Research Station, 
British Transport Docks Board, 
Hayes Road, Southall, Middlesex. 
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EASUREMENTS have been made at 9,200 Mejs to 


samples’ packing densities. ‘The net polarization P 

produced in a substance in an electric field consists of the 

contributions of electronic, atomic and dipolar polariza- 

tions. It is related to the dielectric constant by Clausius— 
Masotti relation: 


KMjd = Pe + Pa + P, =P a) 


‘where K = (e — 1)/(e + 2), M the molecular weight, e 
the dielectric constant and d the density. In a mixture of 
two dieleotries the net value of K can be determined by 
summing up the K/d ratio of the individual substances in 
proportion to the masses. A powder sample is a dielectric- 
air mixture. If the contribution of air is neglected, it is 
expected that K/d ratio for the powder at any packing 
density will be constant, The relation between dielectric 
constant of solid e, of density d, to the dielectric constant 
of powder sample z’ of density d is hence given by : 


(2) 


Cumming! had made measurements of the dielectric 
constant of snow of various densities. Snow is an ice—air 
mixture and henoe it should follow relation (2). He has 
shown that his results from a density of 0-22 to 0-92 g/c.c. 
. . follow: 


d z;—1 


= dye + 26° (3) 


Sulphur was chosen for this work, and powdered sulphur 
was packed to different densities in sample boxes of vary- 
ing length. A standing wave technique? was used in the 
de ination of the dielectric constant. The results 
showing the variation of K with density have been plotted 
in Fig. 1. It is observed that K/d is constant and has a 
aluo of 0-25. The value of the permittivity of solid sulphur 
is 4 at 9,200 Mc/s as compared with square of refractive 
index of 3-84. The observations of Cumming! have also 
been plotted in Fig. 1 and it is observed that K/d ratio 
. for snow has a constant value of 0-48. Measurements 
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uch as barium chloride 
Kid ratio constant. It is 


the other subs 
‘in Fig. 1), give 


plot 


(al 
concluded that the K/d ratio is constant for dielectric-air 






or powder samples. Detailed measurements on other 
samples will be reported later. 


Prem Swarup 
R. P. ARORA 


Institute of Armament Studies, 
Poona. 
! Cumming, W. A., J. App. Phys., 23, 768 (1962). 


? Yon Hippel, A., Dielectric Materials and Applications (John Wiley and 
Sons, 1954). H 


GEOLOGY 


Some Markings associated with Ripple-marks 
from the Proterozoic of North America 


In a recent communication!, Frarey and McLaren 
described vermiform markings on ripple-marked bedding 
surfaces of Huronian quartzites near Sault Ste. Marie, 
Ontario, and interpreted these markings as possible 
metazoan relies, while discounting the alternative hypo- 
theses of desiccation cracks ‘worm casts’ (or gut casts of 
any kind) and feeding burrows. During the past several. 
years very similar markings have been described from : 
Proterozoic rocks in other regions. ; 

Faul! described gently curving sinuous markings : 
from ripple-marked Middle Huronian quartzites near 
Ishpeming, Michigan, and interpreted them as burrows. 
These markings average several em long and are 3—5 mm 
wide, and ''. . . appear to be uniform, sinuous ropes of 
sand, closely following the uneven bedding surfaces, but. 
separated from them by a thin film of ferruginous material 
much the same as the coating of the bedding planes them- 
selves"*, Faul does not indicate a relationship between. 
the burrows and the ripple-marks, but his Fig. 1, p. 104, 
seems to illustrate that the burrows eross the ripples. 
obliquely, with a possible relationship existing between 
the wave-length of the sinusoidal burrows and the wave- 
length of the ripple-marks. 

Wheeler and Quinlan‘ described sinusoidal markings 
which they considered to be mud-cracks, lying in the 
troughs of ripple-marks in Proterozoic quartzites from 
Montana and northern Idaho. The mud-cracks are 
essentially restricted to the troughs of the ripple-marks 
where thin layers of fine silts had collected which per- 
mitted the formation of the desiccation cracks. Their 
paper includes a photograph showing sinusoidal mud- 
cracks in ripple troughs grading into normal polygonal 
mud-cracks where the ripples are not so well developed. . 

We became interested in aberrant forms of ‘desiccation 
cracks’ while engaged in regional correlation ef the 


Proterozoic Belt series in north-west Montana. Sinusoidal © 


markings were found in the troughs of ripple-marks.in 
quartzite beds of the Striped Peak Formation about 26 km 
south-south-east of the town of Libby, Montana. We also 
found curved, circular, and 8-shaped marks (Fig. 1) in the: 
‘nests’ formed by the intersecting troughs of two sets of 
ripple-marks in quartzites of the Kintla Formation in the 
valley of Moran Creek i5 km west-north-west of its 
confluence with the North Fork Flathead River and about. 
44 km north of the town of Columbia Falls, Montana. — 
The Kintla Formation is a partial stratigraphic equivalent 
of the Striped Peak. 

We interpret the formation of the markings in the 
following manner: After the development of the rhomboid : 
ripple-marks in the sand bed, finer detritus settled in the 
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Fig.1. Markings on le-marked bedding surface. Basal Kintla Forma- 
tion, j Ein dm t series, Moran Creek, south-east Whitefish Renee, 


crack. Whenever a crack was propagated towards the 
thinner and drier mud at the edge of the ‘nest’ it was 
deflected back toward the centre, forming a continuously 
curving crack that was widest at its point of origin and 
narrowed progressively outward. The open crack was 
later inundated and filled with the sand of the overlying 
layer. Tho thinness of the more coherent and crackable 
mud layer resulted in a mud-crack that is tubular or rope- 
like in the manner of the markings described by Frarey 
and McLaren‘ and Faul*-’. 

While the gross similarity between the markings 
illustrated by Frarey and McLaren? and us is obvious, 
a similar mode of origin is by no means necessary. 
However, we feel that the general association of markings 
of this type with ripple-marks is compatible with a 
desiecation-erack hypothesis but is not adequately 
explained by a metazoan-relic hypothesis. The solution 
to the problem will probably have to wait until more 
examples of this type of marking are described not only 
from the Proterozoie of North America, but also from other 
systems in this and other parts of the world. 


W. C. BARNES 
Department of Geology, 
Oregon State University, 
Corvallis, Oregon. 
A. G. SMITH 
Department of Geodesy and Geophysics, 
University of Cambridge. 


! Frarey, M. J., and McLaren, D. J., Nature, 200, 461 (1963). 

* Faul, H., Nature, 164, 32 (1949). 

? Faul, H., J. Paleo., 24, 102 (1950). 

* Wheeler, H. E., and Quinlan, J. L., J. Sed. Petr., 21, 141 (1951). 


MINERALOGY 


Effect of Particle Size on Differential Thermal 
Analysis 


Ix a review of quantitative differential thermal analyses 
of clay, van der Marel! quotes numerous workers 
(which include Speil* on kaolinite, and Kulp et al.* on 
calcite), who have observed that the recorded temperature 
of transformation is lowered with a decrease in the particle 
size of the sample. This result was obtained from material 
which is either fractionated or ground. With regard to 
the fractionated material, the coarse portion of a sample 
contains the particles with better crystallinity because of 
their greater ability to grow. A recent example of this is 
the concentration of dickite in the coarse fraction and 
kaolinite in the fine fraction as recorded by Bayliss et al.*. 
In addition fractionated samples of a kaolinite are shown 
by Carthew* to have similar transformation temperatures, 
which again indicates that crystallinity and not particle 
size causes the variation in transformation temperature. 
In the grinding of a sample, internal disruptions as well 
as a decrease in particle size may occur. Since clay 
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minerals have only one cleavage, which is a perfect basal 
type, it is easy for disruptions to occur along these planes 
during grinding so that a decrease in particle size is. 
accompanied by a reduction in crystallinity. Š 

‘Experimental evidence is required to show that similar 
transformation temperatures may result from different 
fractions of a sample obtained by grinding. In order to 
investigate this, a piece of high-purity calcite (CaCO,, _ 
98-5 per cent) was chosen because it was considered that __ 
with repeated gentle tapping and sizing the mineral would — 
break along the three perfect cleavages with a minimum a 
of internal crystal disruption. The following intermittent — 
series of fractions were collected: — 35 + 48 mesh, — 

— 65 + 100 mesh, — 150 + 200 mesh, — 270 + 400 
mesh (Tyler sieve size), — 26 + 18, — 6-5 + 46u, 
— 3-2 + 2-34 and — 1-6 + 1-16. (equivalent spherical 
diameter). A 0-2-g portion of each fraction was diluted 
and intimately mixed with calcined alumina in order to 
fill completely the sample chamber. Care was taken with 
the packing of the sample and position of the thermo- 
couples so as to fix all the variables in the differential 
thermal apparatus, which was briefly described by Warne 
and Bayliss*. The differential thermal curves obtained — 
with a heating rate of 15? C per min in a carbon dioxide 
atmosphere are identical. In addition, more curves of 
similar peak height and position were obtained for 
undiluted fractions which completely filled the chamber 
by the use of a slower heating rate. 

These experimental data on ground material together 
with those of Carthew* on fractionated material casts con- # 
siderable doubts on the validity of a connexion between : 
particle size and transformation temperature. Therefore, .— 
it is suggested that correlation between particle size and 
transformation temperatures by other workers is caused 


only by the lower degree of crystallinity in smaller par- = 
ticles. Although the mechanism proposed by Bramao 
et al.” for lower transformation temperatures with 
particles appears feasible, it can be neither proved nor 
disproved by chemical kineties. However, a decrease in 
transformation temperature with crystallinity is accep 
able, since less energy is needed to destroy structures o: 
lower crystal perfection. ‘ 
Particle size is quoted as a controllable variable by 
Bayliss and Warne’, since this procedure indirectly . 
controls crystallinity. : 
P. BAvnss sf 


School of Applied Geology, 
University of New South Wales, v 
Sydney. E 
! van der Marel, W. H., Amer. Min., 41, 222 (1950). 
?Speil, S.. U.S. Bur. Mines Tech. Paper 654, 1 (1945). 
3 Kulp, J. L., Kent, P., and Kerr, P. F., Amer. Min., 36, 642 (1951), 
* Bayliss, P., Loughnan, F. C., and Standard, J. C. (in preparation). 
* Carthew, A. R., Amer. Min., 40, 107 (1955). 
* Warne, 8. St. J., and Bayliss, P., Amer. Min., 47, 1011 (1962). 
* Bramao, L., Cady, J. G., Hendricks, S. B., and Swerdlow, M., Sol Se, — . 
73, 273 (1952). +- 
* Bayliss, P., and Warne, S. St. J., Amer. Min., 47, 775 (1902). , 


E 
Transformation of Allophane to Kaolinite — 
under Low-grade Hydrothermal Conditions — . 


RECENTLY, investigations were performed on soil. 
allophane, which was obtained in the vicinity of Utsuno- 
miya in the north part of Kanto District of Japan and 
purified from the alteration substance ejected from the 
central cone of the Upper Quaternary Akagi Voleano— 
the unaltered rock-forming minerals being eliminated by 
cribration and elutriation. 

The sample was subjected for 520 h to a temperature of 
200° C, corresponding to the pressure of 17 atm. in @ . 
Morey type 10-e.c. capacity microbomb. The water in 
the bomb showed before and after the test a pH value 
of 5:1 and 6:2, respectively. 


^. 
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METALLURGY 


a « 

£ Age-hardening in a Gold - Nickel Alloy 
One factor which may limit the mechanical strength 
which ean be achieved in a conventional age-hardening 
alloy is the volume fraction of the alloy which can separate 
I out as a precipitate. This is determined by the change in 
solute solubility in going from room temperature to the 
highest possible solution treatment temperature, that is, 
d to the solidus temperature. There is, however, a small 
E. class of alloy systems (gold-niekel, gold-platinum and 
p X, chromium-tungsten) to which this limitation does not 
r apply. In these systems complete miscibility occurs at 
: high temperatures, but at lower temperatures there is à 
miscibility gap. Although precipitation phenomena 


10 ?0 30 40 50 00 70 80 occurring in these systems in alloys of high solute con- 

Cu 20 (deg) centration have to some extent been studied'-*, the 
accompanying age-hardening effects have been almost 
totally neglected. The purpose of this communication is 
to report the results of a preliminary study of age-harden- 


r ing in an equiatomie gold-nickel alloy. 
The alloy was prepared by melting together appropriate 
Ty amounts of high-purity gold and nickel in a recrystallized 
ut a alumina crucible under a vacuum of 10-5 mm mercury. 
T It was then remelted several times to ensure its homo- 
geneity, encapsulated in an evacuated quartz tube, solu- 
en tion treated for 1 h at 900° C, and quenched into a mixture 


^4 
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Fig. 1, X-ray diffraction patterns 


of ice and water. A rod of the alloy 0-050 in. in diameter 
was fabricated by rolling and swaging, and, from this, 
tensile specimens having a }-in. gauge length and a 0-030-in. 
gauge diameter were machined. The machined specimens 
were then encapsulated individually, solution treated for 
1 h at 900° C, and quenched into a mixture of ice and 
water. A number of these specimens was annealed for 1 h, 
each at a different temperature in the range 100°-900° C, 
0 200 400 600 800 1,000 and again quenched into ice and water. These annealed 
Deg. C specimens and one solution-treated specimen were then 
tested at room temperature in an autographically recording 
hard beam tensometer at a strain rate of 3 x 10-* sec-!. 

Fig. 1 shows the yield stress of each specimen, that is, 
the stress at which a measurable deviation from Hooke's 
law could be detected on the load-elongation curve. 
plotted against annealing temperature. A large hardening 
peak oceurs at about 450? C and a much smaller one at 
about 150° C. These two peak temperatures fit in well 
with the results of the earlier precipitation studies on this 
system!'-?, The main peak corresponds to the onset of 
precipitation and the smaller one to a transient pre- 
precipitation strueture detected by earlier workers using 
electrical resistivity measurements!, electron diffraction?, 
and other techniques*:*. 

These results represent only a preliminary investigation 
in which no attempt has been made to optimize the 
hardening effects. It is interesting, therefore, that the 
peak value of the yield stress, achieved by annealing at 
450° C, is greater than that of the strongest nickel-base 
alloy at present available commercially. Precipitation in 





Fig. 2. Differential thermal curves 





= Fig. 3. Electron-micrographs (scale represents 0-5) 
d l The X-ray diffraction patterns, differential thermal g 200 
E es and electron-micrographs are shown in Figs. 1,2 = 
d 3 respectively, a being for the original sample and b * 160 
-` for the product of the test. The results provided us with d 
> one proof that the transformation of allophane of this ^ ^: 120 
sort into kaolinite can be easily effected under low-grade = 
hydrothermal conditions. iu 
Joyo OSSAKA * 
SHINICHI Twat 3 " 
Mineralogical and Geological Laboratory, S 
Tokyo Institute of Technology, 0 
Japan. 100 200 300 400 500 600 700 800 900 
m R., Ossaka, J., and Fukuda, T., Bull, Earthquake Res. Inst., Annealing temperature (* C) 
eBoy, E and Tulle, O. V Pesos aad Chemisty of the Berth, 1, 18 — iin AMO quence’ eqsistonie gekt-ciéhel sip da € 
7T Pot ita H Book Co. New Work, 1960). s ue 900* € and the time ofeach annal Th P SS 
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Ingh solute alloys of this kind, therefore, seems to provide 
a useful method of alloy hardenmg which might lead to 
the development of new engmeermg materials, especially 
in the case of the chromrum-—tungsten system From this 
point of view the alummium-zine system may also be of 
interest Its phase diagram 1s more complex than those 
of the three systems discussed here, but it also allows 
the possibility of studying age-hardening im alloys of 
equiatomue composition 

This work 1s being continued and extended to the 
Systems gold-platinum, chrommnun-tungsten and alum- 
imunum-zie We thank M: J Varon for his assistance 
with the experimental work 
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Plating Radioactive Zinc-65 


THE radioisotope zinc-65 is often used as a tracer 
element for investigations of transpoit phenomena in 
metals It ıs conveniently introduced by electroplatmg 
the zinc on to a cathode made of one of the components 
of the material to be investigated Unfortunately, no 
simple and flexible plating procedure has yet been used 
for this work Shirn, Wajda and Huntington! developed 
the procedure used for then own self-diffusion studies, 
and Jaumot and Smith? used the same procedure How- 
ever, this requires a rotating cathode, a zinc anode, and a 
relatively high concentration of zinc-65 Also, the plating 
efficiency 18 low—about 6 per cent 

My own plating solution 1s based on the composition 
given by Shtemberg and Bogakovskn? However, where 
these authors have used the sulphate, I have chosen the 
chlonde, smee zinc-65 1s commonly available as a solution 
of the chloride in nitric acid (Oak Ridge National Labora- 
tory Isotope Sales Dept , P O Box X, Oak Ridge, Tenn ) 
The bath composition is 0 05 g ZnCl, 2 g NH,Cl, 03 g 
NaC,H,;O0,, 0 01 g gelatine, and 10 ml water The effects 
of the small amount of nitric acid present m the tracer 
stock solution may be neglected, since the sodium acetate 
buffer 1s sufficient to maimtain the proper pH 

For electrodes, I used a platinum anode separated from 
a cadmium or tin cathode by Lem The platinum has the 
advantage of allowing a plate with a higher specific 
activity than that which 1s obtained using a zinc anode 
This could be important for those cases in which zinc has 
only shght solubility m the material being studied On 
the other hand, if smaller concentrations of tiacer are 
desired, then the solution may be partly mixed from 
reagent grade zinc chloride 

A current density of 1-2 m amp/em? is satisfactory 
Masking is unnecessary, because thiowmg power is low 
However, efficiencies are fairly high, rangmg from 40 to 
close to 100 per cent The highest efficiencies are obtained 
fo. higher initial concentiations of zme 10n and for current 
densities near 2 m amp/em? All plates are bright and 
adherent 

This work was supported by the US Atomic Energy 
Commission (contract 47'(30—1)—2558) 

Davi» A RicNEY 
Engmeermg Physics and Materials Science, 
Cornell University, 
Ithaca, New York 
‘Shirn,G A ,Wajda,H S , and Huntington, H B , Acta Met ,1, 513 (1953) 
* Jaumot, jun, F E , and ‘smith, R L, Trans Amer Inst Min , Metall , 
Petrol Eng , 208, 164 (1956) 


3 Shtemberg, B, and Bogakovski, N A, Vesin Masħnostr , 41, No 8, 
41 (1962), ‘Chem Abstr 21364 (196 3) 
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CHEMISTRY 


Reduction of Metal Phthalocyanines 


THERE has been interest recently m oxidation and 
reduction reactions of metal phthalocyanines!-* Ferrous 
phthalocyanine (FePc) dissolves in alcohols such as MeOH, 
EtOH, 1so-PrOH and i-BuOH, each contammg sodium 
hydroxide (01 per cent) The solutions in these alcohols 
have the characteristic visible absorption spectrum of 
FePe (Table 1)* However, on refluxmg the solutions m 
basic EtOH and iso-PrOH under nitrogen the colours 
change from blue to red The red solutions aie stable in 
the absence of oxygen, but 1eact rapidly with traces of 
oxygen, giving solutions with the same visible absorption 
spectrum as before the colour change, except that the peak 
intensities are reduced by about 20 percent The sequence 
can be repeated Acetone (about 00014 moles) was 
detected by VPC from the reaction of FePe (0 0035 
moles) with 1so-PrOH contaming sodium (01 per cent) 
The solutions in MeOH and in t-BuOH, both contammg 
sodium hydroxide (0 1 per cent), do not change colour on 
ieffuxing 

The red solution obtaied by refluxing FePc n EtOH 
contamung sodium hydioxide was too sensitive to traces 
of oxygen to allow its visible absorption spectium to be 
recorded However, the same colour change, from blue to 
1ed, occurs when FePe 1s reduced by excess sodium boro- 
hydride ın MeOH contammg sodium hydroxide, and m 
this case the visible absorption spectrum could be 
measured (Table 1) The spectrum observed depends on 
the sodium borohydride concentration Again the ied 
solution reacts with traces of oxygen to give a solution 
which has the same visible absorption spectrum as before 
1eduction, but with the peak mtensities reduced by about 
20 per cent 

FePe m MeOH contammg NaOH 1s also reduced by 
stannous chloride and by formaldehyde The spectra of 
the red solutions are the same as those obtamed after 
reducing FePe with a low sodium borohydride concen- 
tration (Table 1) 

The reduction by basic EtOH and iso-PrOH probably 
proceeds via a hydride 10n abstraction mechanism of the 
type proposed by Chatt and Shaw’, that 1s 


FePe + Me; CHO- — [H Fe Pe] + Me,CO 


The mechanism accounts for 1so-PrOH reacting to give 
acetone, and foi there bemg no reduction by t-BuOH,\m 
which there 1s no « C-H bond, and by MeOH, in which 
the « C~H bond ıs more stable than m EtOH and 1so-PrOH 
The hydrido-ferrous phthalocyanine may be an unstable 
intermediate leadmg to iron in & lower valency state and/or 
hydrogen added to the Pc ning system The marked 
change in the visible absorption spectra suggests that the 
Pe group 1s modified in the 1educed forms of FePoe, 


Table 1 VISIBLE ABSORPTION SPECTRA OF FEPO SOLUTIONS 


Solvent Jmax (mg) with relative peak 
heights in parenthesis 
Unreduced FeP. 
FePc (0 004%) n MeOH + NaOH 
(01%) 657 (100), 600 (0 26), 375 (007) 
Reduced FePo 
FePc (0 004%) in MeOH + NaOH 830 (0 30), 690 (0 35), 610 (0 32), 


(01%) + NaBH, (0 02%) 515 (1 00) 
FePe (0 004%) in ‘MeOH + NaOH 

a 1%) + NaBH, (0 2%) 780 (0 12), 618 (0 49), 492 (1) 
FePc (0 004%) in ‘tetrahydrofuran + 

EtMgBr (see Note) 700 (0 48), 635 (0 45), 512 (100) 


Note 5 per cent by volume of the Grignard reagent, EtMgBr, added, 
the Grignard reagent was about 2M, based on the concentration of halide 
used m its preparation 


The low solubihty (generally 10-* M) of FePc m alcohols 
contammg base and m othe: solvents together with the 
extreme reactivity of the reduced FePe with oxygen 
makes ıt difficult to establish the precise nature of the 
reduced species Sulphonated FePc and also sulphonated 
CoPe can be titrated potentiometrically with sodium 
stannite The end-pomt corresponds to the colour change, 
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These sulphonated phthalocyanmes have not been 
prepared m sufficient purity to allow titration results to be 
mterpreted quantitatively In order to study the mfra- 
red spectrum of the reduced species, mulls were prepared 
of FePe with sodium borohydride, diglyme and dodecanol 
m a nitrogen box In these mulls the red reduced form of 
FePe was sufficiently long hved to allow its mfra-red 
spectrum to be measured No Fe-H peak could be 
detected m the region 1,600-2.200 cm-t where 1t would be 
expected to appear? 

The Grignard reagent prepared from ethyl bromide m 
tetrahydrofuran also reduces FePe The visible absorp- 
tion spectrum of FePe reduced m this way (Table 1) 1s 
similar to the spectrum of FePe reduced m aleohol solu- 
tion There is no reduction by the Grignard reagents 
prepared from chlorobenzene and methyl 10dide, suggest- 
mg that a reactive C-H bond on the Grignard reagent 16 
necessary for reduction to occur’ 

Sulphonated CoPe 1s also reduced by EtOH contaimmg 
sodium hydroxide (01 per cent) Sodium borohydnde 
reduces MnPe and the sulphonated phthalocyanmes of 
cobalt (II), nickel (II) and copper (IT) m MeOH contaming 
sodium hydroxide (01 per cent) The Grignard reagent 
prepared from ethyl bromide also reduces CoPe, N: 1Pe and 
CuPe In all cases the reduced metal phthalocyanmes 
react rapidly with traces of oxygen 

I thank Dr L A Duncanson for us advice, and Miss 
M. Robson and Messrs J. Brawley and B McNaughton 
for assistance in the experimental work 
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Appearance Potentials and Apparent Heats of 
Formation of the Methylene and 
Difluoromethylene lons 


Iw an earlier communication! we made use of the 
appearance potentials of the fluorobenzene 10ns from some 
trifluoromethyl benzenes to obtain an estimate of the heat 
of formation of the difluoromethylene radical eliminated, 
1n these electron impact processes This work gave values 
of about — 20 keal mol-! as the upper (most positive) 
bruts for the heat of formation of the radical, compared 
with estimates of about — 35 keal mol- given by other 
workers? If the latter estimates are the more correct, 
it would seem that the difluoromethylene radicals are 
elimmated ın these impact processes with excess energy 
Such behaviour 1s not unhkely m view of the demonstra- 
tion, that carbon monoxide 1s eliminated, from benzaldo- 
hyde by an electron impact process that involves excess 
energy (of about 3 eV)? In an attempt to discover more 
about the thermochemistry of this radical, an investiga- 
tion has been made of the appearance potentials of the 
difluoromethylene and ethylene 10ns The measured 
appearance potentials (A P) and the derived apparent 
heats of formation of the 10ns, calculated using equations 
of the form 
AH,(0X,*) = A(CX,*) — AH,(fragment) + AH;(moleeule) 
are given in Table 1 The apparent heats of formation 
derived from the methanes were calculated on the assump- 
tion that the other products of the impact processes were 
diatomme molecules The other products of the impact 
- processes involving ethylenes were assumed to be methyl- 
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. "able 1 HEATS OF FORMATION OF THE METHYLENE ION 


Compound  AHr(Opd)(g) AHy (fragments) AP, AA (CH, 
E (eV) (kcal opr? ) 

CH, -179 Ü 156 (ref 10) 342 
CH,Cl -~ 206 — 220 15 0 (ref 10) $48 
CH,Br — 96 — 123 14 6 (ref 10) 339 
CH,I +30 +62 14 8 (ref 10) 338 
CH4,CN + 210 + 3812 15 62 (ref 10) 350 
CH,OH — 481 — 678 15 07 (ref 10) 357 
CH, +125 + 92 RS (ref 11) 369 
CH,CF, -775 — 20 17 20 339 

— 35 354 

— 40 359 


Heats of formation of CH,CF; (ref 7), of other molecules (ref 8), of CH; 
and CFs, see text 


Table 2 HEATS OF FORMATION OF THE DIFLUOROMETHYLENE ION 


Compound 4Hy(Cpd)(g)  4H¢ (fragments) AP AHy (CF s+) 
(eV) (kcal mol) 
CF, — 218 0 22 83 (ref 5) 296 
(22 4) (ref 13) 
CF,Cl — 167 -116 295 
3 (21 00) (ref 13) 
CF,Cl; — 112 0 1 296 
. (19 2) (re£ 13) 
CF,HC1 — 109 - 220 15 19 262 
CF.CFs ~ 152 — 20 15 13 (ref 11) 218 
— 35 (15 2) (ref 6) 238 
— 40 238 
— 60 258 
CF,CFC! ~ 120 — 20 26 
10H, -775 + 92 18 65 260 
+ 85 267 


Heats of formation of fluoro-organic compounds as tabulated in ref 7, 
X pO, tef 9, of CH, and CFs, see text, CI.CIH estimated using data 
Tom re: 


ene radicals If the impact processes involving tho 
methanes had been assumed to produce atoms as the 
other fragments, then much smaller values of the apparent 
heats of formation would have resulted In particular, 
the values for CF,* and CH,t would be about 160 kcal 
mol-? and 245 keal mol-! from CF,HCl and CH,Cl, respec- 
tively The assumption that these are the values associa- 
ted with the minimum of excess energy would lead to 
greater thermochemical inconsistencies than do those we 
have chosen The lowest values for the apparent heats of 
formation of the methylene 10n are those derived from the 
methanes and are represented by the value 339 + 2 keal 
mol- Although ıt 1s uncertain that this value includes no 
excess energy, we can be sure that the larger value found 
for the case of ethylene does include about 30 keal or more 
excess energy The value derived from CH,=CF, will 
contem as httle excess energy as the mmimum derived 
from the methanes if the heat of formation of the difluoro- 
methylene radical ıs — 20 kcal mol-*, but more 1f the heat 
of formation of this radical 1s more negative, as 1s favoured 
by some workers The spectroscopic value of the ionization 
potential of methylene 1s 10 35 eV (ref 7) It follows from 
this and the heat of formation of the 10n that the heat of 
formation of the methylene radical ıs equal to or less than 
100 kcal mol- This limb includes all the proposed 
values! 

Table 2 presents the apparent heats of formation of the 
difluoromethylene 10n In contrast to the behaviour for 
methylene ions, diflnoromethylene ions are formed with 
less excess energy from ethylenes than from all methanes 
except CF,HCI Since the value assumed for the heat of 
formation of methylene m the calculation of the apparent 
heat of formation of the difluoromethylene 10n formed 
from CF,=CH, 1s an upper hmut, and smee the use of o 
smaller value for this quantity would lead to a large value 
for the apparent heat of formation of the difluoromethylene 
10n, we are bound to conclude that the heat of formation of 
this 10n cannot exceed about 260 keal mol- If this value 
were correct, then for consistency, the heat of formation of 
the difluoromethylene radical required, in. the calculation. 
for CF,—OF, would need to be about — 60 kcal mol or 
morie negative than this Assuming that there 1s no sigm- 
ficant energy of activation for the combmation of two 
difluoomethylene radicals, this would require a dissocia- 
tion energy D(OF,—CF,) of as httle as 30 kcal mol-!, 
whichis unlikely It1s more probable, therefore, that the 
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heat of formation of the difluoromethylene 10n 18 signifi- 
cantly smaller than 260 kcal moi-!, and may be close to 
about 240 keal mol-!, since this ıs consistent with some 
favoured, values of the heat of formation of the difluoro- 
methylene radical This value, and the associated heat of 
formation of the difluoromethylene radical, 1s consistent 
with a value of 12 1 eV for the ionization potential of the 
radical This 1s less than the value obtamed for this 
1onization. potential by direct experment (1335 eV 
(ref 6)). For the impact process on CF,—CF, we have 
the inequality 


A(CF,*) > D(CF,=CF,) + I(CF;) 


Accepting the directly determined value for I(CF,) leads 
to D(CF,=CF,) « 42 keal mol, which 1s mmprobable 
The reported value for the 1omzation potential 1s, there- 
fore, likely to be meorrect, as has been suggested before? 

The appearance potentials measured in this work were 
evaluated by the method described earher!?? In the case 
of A(CF,*) however, the semi-log plot of 10n current 
against accelerating voltage always exhibited structure, 
and the lowest portion parallel to the plots for the calibrat- 
ing rare gas ions were used for the determination 

The exact significance of the large amounts of excess 
energy associated with these electron umpact processes, 
m which bi-radicals or their ions are involved, 1s uncertam. 
It 1s possible that the phenomenon 1s a reflexion of the 
elimination process takmg place from some preferred 
excited state of the molecule-ion of higher energy It 1s 
also possible that the apparent energy of activation for 
the back reaction, which would reconstitute the original 
molecule-ion, arises from mtemal re-orgamzation of the 
bi-radieal. Such changes ın configuration of radicals and 
radical-ions have been discussed by Price’! for the cases of 
ethylene and tetrafluoroethylene 

This work shows that excess energy 1s involved in many 
of the electron impact processes studied to an extent 
which renders difficult the determination of bond dissocia- 
tion energies of interest ^ Nevertheless, 1b supports the 
view that diffuoromethylene 1s a relatively stable diradical 


(AH;(CF,) YG — 35 kcal mol-!) and that the dissociation 
energy D(CF, : CF,) 1s surprisingly low 
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Interaction of Starch with lodine 


Tus mvestigation recorded here ıs a theoretical rə- 
exammation of the potentiometric estimation of 10dine 
affinity to starch fractionsb? Our approach is a shght 
modification of that developed by Klotz? m hus work on 
binding of salts to protems, as simphfied by Tanford* 

We assume that the bonding between 10dime and starch 
15 in the form of one kind of mutually mdependent bonding 
sites that involve one molecule of iodine and n aldogluco- 
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side units (AGU) per bond, so that the followmg equih- 
brrum exists: 


k (cone free sites) (cone free 10dine) = (conc bound sites) = (cone at 
odin 


where kb ıs the equilibrrum constant In a solution that 
contains m basic moles of starch per litre and m which the 
concentration of free 10dine 1s cy and that of bound 10dine 
€», this equation 1s- 


k(m|n — co)e, 


Cb 
which is readily transformed into 
(kJn)(mfco) — k = Vey 


so that by plotting m/c» agamst lje; we get a straight line 
with mtercept at n and slope n/k (The equation can also 
be written 


€» = min — (m — n)J(nkey) 


so that the plot of bound 10dme against free 10dine! 18 a 
hyperbole ) 

These considerations were applied to the potentiometric 
titration of a sample of amylose and a sample of amylo- 
pectin "The former was obtamed from wheat starch by 
fractionating with chloral hydrate? and the latter was 
unfractionated waxy maize starch. (Both the unfrac- 
tionated wheat starch and waxy maize starch are de- 
scribed elsewhere?) The titrations were carried out at 
about 25° C as preseribed by Schoch? From the usual 
plot of free 1odine agaxnst bound 1odime 16 follows that the 
amylose fraction adsorbs 17 per cent iodine and waxy 
maize none However, the plot proposed by us indicates a 
different situation 





15 
LJ 
EJ 

z 10 

5 

0 5 10 15 
105/ey 
Fig 1 Binding of 10dine to amylose 
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In Figs 1 and 2 the plots of (m/cc) against L/es of both 
starch samples are given (The concentration of 10dine 1s 
m mole/l) We have used a potentiometer with an 
accuracy of + 1 mV, so that the accuracy in. dete:mining 
the concentration of free iodine cannot be bettoi than 
+ 5 per cent Within the accuracy of the measurement 
straight lines can be drawn for both titrations By least 
squares we get that n 1s 6 8 + 0 2 for amylose and 6 8 + 3 0 
for amylopectin, k is 2 4 x 104+ 0 5 x 104 for amyloso, 
corresponding to a free energy of formation of 6 0 koal/ 
mole, and 45 x 10? + 25 x 10* for amylopectin, corre- 
sponding to a free energy of formation of 5 0 kcal/mole 
It 15 remarkable that the numbei of AGU binding one 
molecule of 10dine 1s (within-experimmental accuracy) the 
same for amylose and amylopectin and in good agreement 
with the model proposed by Rundle’? The most surprismg 
feature is the fact that the difference between amylose 
and amylopectin 1s not ın theu capacity for bound 10dme 
but 1n the strength of the bond as revealed 1n the different 
k values 

This work forms pait of the research boing carried out 
at this Institute under grant PG-—I1s-102—58 issued by the 
Agricultural Research Service, US  Depaitment of 
Agriculture 
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Kinetic Constants in Nucleation from Aqueous 
Solution 


ACCORDING to classical nucleation theoiy! the nuclea- 
tion rate is 1elated to the crystallization temperature and 
super-cooling by the equation 


l6xc?V*N 


log J = lo&u4 — $309 RT, ASAT 


(1) 
where J 1s the nucleation 1ate, A 1s a kinetic constant, o 1s 
the interfacial free energy per unit area between the form- 
ing phase and the metastable phase, V 1s the volume of one 
molecule of the forming phase, N is Avogadro’s number, 
R 18 the gas constant, Te 1s the crystallization temperature, 
AS 1s the difference m entropy between two phases of 
infinite volume referred to one molecule and AT = T; 
— Te, where T, 1s the saturation temperature of the solu- 
tion Assuming c and AS are temperature mdependent 
we have 


B 
login J = logie A -— TATE (2) 


where B is a constant 

The theoretical value of the kmetic constant, A, 1s 
somewhat uncertam and depends on the particula 
nucleation event Fortunately, the nucleation iate is 
relatively imdependent of A and ıt 1s sufficient to know its 
valuo to one or two orders of magnitude For the homo- 
geneous and heterogeneous nucleation of crystals from a 
super-cooled, melt Turnbull and Vonnegut? compute the 
theoretical A values 103?" and 1022 cm~ sec-!, respectively 
Good agreement between theory and exporment has been 
found?! It has been usual to assume that similar values 
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can be used foi the nucleation of 10mc salts from aqueous 
solution? To test this assumption nucleation rate measu e- 
ments have been made using supersaturated aqueous 
solutions of ammonium chloride and ammonium bromide 
These salts were chosen piimarily because the onset of 
nucleation 1s ieadily observed visually when the salts 
crystallize from solution 

The White and Fiost droplet technique‘, ın which the 
solution under mvestigation 1s dispersed as small droplets 
which are suspended in a column of oi, was used The 
only modification which we made was to use a paraffin- 
‘Vaseline’ mixture instead of a mobile oil as the dispersion 
medium This had the advantage that the paraffin- 
‘Vaseline’ mixture solidified on cooling, the droplets were 
thus fixed and could be observed ove long periods of 
time About 200 dioplets of approxunately 10 mm 
diameter wore used in each test and four tests weie 
geneially made The appaiatus temperature was con- 
trolled at a fixed temperature below the saturation tem- 
perature of the solution and the number of droplets 
crystallized was measured as a function of time 

Equation 2 predicts that a plot of logy, J versus 1/T'c AT 
will be hnear Such plots for ammonium chloride and 
ammonium bromide, based on results obtaimed m the 
present mvestigation, together with a similar plot foi 
potassium nitrate, based on White and Frost’s data‘, aro 
shown m Figs 1-3  Fiom the slope of these lines and a 
value of log, J at a given temperature log,, A was com- 
puted using equation 2 The results are shown in Table 1 
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Table 1 VALUES OF THE KINETIC CONSTANT 
Solute Logi, A (cm? mm-!) 
NH,CI 327 
NH,Bı 2 96 
KNO; 531 


The experimental values found for the kmetic constants 
for the nucleation of ammonium chloride, ammonium. 
bromide and potassium nitrate from their supersaturated 
aqueous solutions le ın the range 102-109 em-? min The 
discrepancy between the theoretical and oxpermmental 
kinetic constants 1s similar to that found by Dunning 
et al 9:9 for the nucleation of cyclonite from both aqueous 
mte acid and aqueous acetone solutions, but less than 
that foi the nucleation of sucrose from aqueous solution® 

Dunning et al concluded that the low A values which 
they observed must be due to the very large entropy 
decrease which accompanies the activation of the molecule 
for interface tiansfe. In view of the complexity of the 
sucrose and cyclonite molecules this mterpretation seems 
reasonable For the nucleation of simple ionic crystals 
such an explanation 1s inadequate since 16 18 unhkely that 
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Fig 1 Logarithm of nucleation-1ate versus 1/f.4T? for ammonium 


chloride solutions (saturated at 70 0^ C) m 1 00 mm diameter droplets 
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Fig 3 Logarithm of nucleation-rate versus 1/T';4T? for potassium 
nitrate solutions (saturated at 49 0? C) in 041 mm diameter droplets 


(White and Frost’s data) 


the entropy decrease will be sufficient to account for the 
large discrepancy between the theoretical and experi- 
mental kinetic constants 

Possible explanations of the low kmetic constants 
observed in the nucleation of ionic salts from aqueous 
solution are 

(1) That nucleation catalysts which diffe: widely in their 
potency are catalysing the nucleation process, thus 
invalidating the B = constant assumption There 1s some 
evidence for this in the results obtamed with ammonium 
chloride where the log;, J versus 1/T- AT? plot shows a 
defimte curvature 

(2) That non-steady-state nucleation 1s bemg observed, 
that 1s, nucleation 1s occuring before the embryo distri- 
bution reaches the equilibrium value characteristic of the 
temperature of measurement 

Further work, which has as its object the provision of a 
satisfactory explanation of this disciepancy between the 
theoretical and experimental kinetic constants, 1s in 
pl ogress 
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Absorption of Vapours and Partial Solubility 


THE measurement of partition isotherms of a number of 
vapours m a variety of non-volatile hquids commonly 
used in gas hquid chromatography has been previously 
reported!, however, these systems ale characterized by 
the fact that the vapour 1s soluble at all concentrations 
We wish to mdicate that the method can be extended to 
study partial solubihty 

The reported solubility? of diphenyl m carbon tetra- 
chloride (determined by noting the solution temperature 
of fixed mole-fractions, which were sealed m ‘Pyrex’ tubes 
and rotated mechanically in a thermostat) at 30? C ıs a 
mole fiaction of 0 3963, and the solubility ove: the range 
30?-53 6° C is given by 


— 1,063 4 (1/7) + 3111 


where g 1s the mole fraction solubility at the temperature 
T Calculated values of the interchange energy mdicate 
only a shght deviation of the system fiom the ideal at the 
solution pomt The value of 0 3963 1s the maximum mole 
fiaetion solubility of diphenyl m carbon tetrachloride, the 
minimum mole fraction solubility of carbon tetrachloride 
in diphenyl is 0 6087 As a consequence of this, if the 
system were ideal the partial pressure of carbon tetra- 
chloride vapour in equilibrium with this solution would be 
0 6037 p° (where p? 1s the saturated vapour pressure) and 
this 1s then the mmimum value of the partial pressure that 
could exist above a solution of diphenyl m carbon tet1a- 
chloride Thus if diphenyl is introduced into an atmo- 
sphere of carbon tetrachloride at 30° C no solution would 
be expected to occur at values of the pai tial pressure less 
than 0 6037 p°, which can be convemently termed the 
‘threshold value’ 


log x = 
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Fig 1 Absorption of carbon tetrachloride by diphenyl, a, 25 0* C, 
b, 200°C, e 00°C 


Absorption of carbon tetrachloride by diphenyl has been 
measured by a similar method to that previously reported? 
However, a Gregg? electromagnetic sorption balance has 
been used in preference to the McBam Bakr, smce, m 
order to obtam more rapid equilibizum, the diphenyl was 
coated on 40-60 mesh ‘Celite’ at a concentiation of 5 
per cent w/w, making ib necessary to use large sample 
weights Under the expermental conditions the absor- 
bent can be considered to exhibit negligible vapow 
pressure The sample contained in a glass bucket was 
suspended from one arm of the Gregg balance, counter- 
poised, and the system evacuated to 10-5-10-5 mm of 
mercury Small charges of vapour were then admitted 
to the system, and any uptake of vapour by the absorbent 


1026 


weighed electromagnetically. Only shght absorption of 
the carbon tetrachloride occurred with mereasing vapour 
pressure, until a pomt was reached when the vapour 
pressure remained constant at the threshold value and 
there was a corresponding large absorption of vapour 
until enough vapour had been admutted to satisfy the 
munmum solubility requirement On introducmg further 
charges of vapour both vapour pressure and weight of 
absorbed vapour increased, normally as m the previously 
reported systems Results of measurements made at 
25 0° C, 20 0° C and 0 0° C are shown diagrammatically m 
Fig 1 The experimental values of these solubilities 
agree well with those from extrapolation usmg the 
equation, that 1s, mole fractions of 0 650, 0 695 and 0 835, 
respectively It ıs, therefore, considered that the equa- 
tion 18 applicable at least down to 0° C, and values of the 
activity coefficient confirm that the system exhibits only a 
slight deviation from ideality at the solution pomt. 

The technique, conveniently named *tensio-gravimetric 
analysis’ by analogy with thermo-gravimetric analysis, 
offers advantages over the conventional method of 
solubility measurement m that activity coefficients can be 
measured directly, the method 1s easily applicable over a 
wide range of temperature, and solution in general is 
1easonably rapid. 

G F FREEGUARD 
D J G Smmm 
Department of Chemistry, 
Washington Singer Laboratories, 
University of Exeter 
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Formation of ‘Molecular’ Hydrogen in the 
y-Radiolysis of Water Vapour 


ATTEMPTS to measure initial yields from the radiolysis 
of pure water vapour have largely been vitiated by the 
presence of trace impurities and by the low concentration 
of products at steady state!-8 While 16 has been demon- 
strated that the net production of hydrogen from the 
prolonged uradiation of water vapour 1s low!3, G(H,) = 
0 009 to 0 015, these measurements give no mdication of 
the initial yield of hydrogen, or of the processes leading 
to its formation in the absence of added 
scavengers A yield of ‘molecular’ deuter- 
ium, G(D,)~05, has been reported m the 
radiolysis of D,O vapour in the presence of 
organic additives’, and our present work 
confirms that a similar yield of hydrogen, 
G(H,) = 047 +001, ıs obtamed ın the 
radiolysis of water vapour by a process which 
does not involve radical intermediates 

In the cobalt-60 +-radiolysis of water 
vapour in the presence of 0 054 mole per 
cent ammonia and > 01 mole per cent 
oxygen (total pressure ~ 2 atm, tempera- 
ture 120° CO, dose rates 15 to 6 x 101 eV 
&p,orun-), we observe the production of 
molecular hydrogen as a hnear function of 
the dose (Fig 1) Under these conditions 
the rate of the reaction! 


H + O, — HO, 


precludes the formation of molecular hydro- 
gen by the combination of hydrogen atoms 
or by hydrogen atom abstraction reactions? 
with the ammonia, and the results aro, there- 


Mole 96 Hs, HD x 10? 
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taming 0 94, 3 8 and 4-7 mole per cent C,D, (> 95 per cent 
isotopic purity), under similar conditions of temperature, 
pressure and dose-rate Consideration of the rate constants 
for reactions of hydrogen atoms with C,H, suggests that 
under these conditions the rate of resection of hydrogen 
atoms with C,D, at 1 mole per cent concentration 15 greater 
than that of hydrogen atom recombmation to form 
molecular hydrogen by a factor of > 104, 

We again observe the production of molecular hydrogen 
as a linear function of dose (Fig 1) 1n agreement with our 
data for the NH,/O, system Isotopic analysis of the 
hydrogen gas gave a mean of 92 2 per cent H,, 6 4 per 
cent HD, and 14 per cent D, for the experiments with 
0 94 mole per cent C,D,, and 84 5 per cent H,, 8 2 per cent 
HD, and 7 3 per cent D, for the experiments with 4 7 mole 
per cent C,D, The HD data suggest that the amount of 
molecular hydrogen produced by hydrogen atom abstrac- 
tion with the small amount of C,H, 18 insignificant and 
would be a maximum of 0 05 per cent hydrogen The 
direct proportionality between per cent deuterrum and 
C.D, concentration suggests that deuterrum results from 
direct energy absorption in C,D, and leads to G(D,) = 
019 + 0 03 calculated on this basis, which 1s higher than 
previously reported data‘ for C,H, m the vapour phase but 
18 close to Baxendale’s recent value? for C,H,. 

The data we have obtamed show no significant trend 
with irradiation volumes varying from 100 ml to 141, 
corresponding to surface area/volume ratios of 14 cm? 
ml -1 to 0:8 em? ml -1 

While our results demonstrate that molecular hydrogen 
can be formed by a process which does not involve readily 
scavengeable precursors, they do not afford any clear 
indication of the source of the ‘molecular’ hydrogen 
Similar observations have been made 1n the photolysis of 
water vapour? and it has been suggested" that the follow- 
ing process may occur 
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1236 A 
H,O ES H, + O (185) + 18 kcal 
y 


This dissociation leading directly to molecular hydrogen 
could arise from a favourable configuration 1n the bending 
mode of an excited water molecule, which would be 
forbidden m the liquid phase duo to local ordermg through 
hydrogen bonding Alternatively, m the case of 10nizing 
1adiation ‘molecular’ hydrogen could arie through reac- 








fore, strongly indicative of a process leading 
directly to ‘molecular’ hydrogen without 
hydrogen atom precursors. 

This postulate ıs confirmed by measure- 
ments with oxygen-free water vapour con- 


6 10 15 20 25 30 
eV g^! mg x 10-99 


Fig 1 Production of molecular hydrogen from the cobalt-60 y-radiolysis of water vapour 
H; O,NHyO,, 


per cent C,D, 


4,094 mole per cent CDe, W, 38 mole per cent CD., V,47 mole 


Temperature, 120? C , pressure, ~ 2 atm 
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tions with electrons which would be unfavourable in the 
liquid phase due to the cage effect and solvation pheno- 
mena, for example 
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H,O +e — H- + OH 
H- + HQ0— H, + OH- 
H,O pe —>H, +O- 


The close correlation between our results obtained with 
either NH,/O, or various concentrations of C,D, as 
scavengers suggests that these additives do not interfere 
significantly with the proton transfer reaction, 
H,0* + H,O — H4,0* + OH 
or with the charge neutralization processes mvolvmg 
H,O+ and H,O+ 
A R ANDERSON 
B Kyicxur 
J WINTER 
Chemistry Division, 
Atomic Energy Research Establishment, 
Harwell, Didcot, Berks 
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BIOCHEMISTRY 


Further Studies on the Labile Flavin Adenine 
Dinucleotide of Heart Muscle Preparations 


Ir was observed by Massey and Swoboda! that on 
storage at 4° of Keihn-Hartree preparations isolated by 
centrifugation at pH. 5 4 a gradual breakdown of FAD to 
FMN occurs. Immediately after isolation such prepara- 
tions contamed up to 95 per cent of the acid-extractable 
flavins m the form of FAD, but this quantity decreased 
to about 70 per cent over a period of several days These 
authors concluded that in strictly fresh Keilm—Hartree 
preparations and m mitochondria, withm expermental 
error, all the acid-extractable flavin may be in the form 
of FAD, and suggested, therefore, that FMN enzymes 
isolated from these sources might be artefacts 

In a recent article?, we confirmed the experimental 
iesults of Massey and Swoboda as regards Keilin—Hartree 
preparations isolated by their procedure, but also showed 
that this type of conversion of FAD to FMN does not 
occur in heart mitochondria nor m Keilm—Hartree 
preparations isolated by differential centrifugation at 
neutral pH ‘The hypothesis m regard to the artefactual 
nature of all FMN-contammg enzymes derived from heart 
mitochondria thus lacks experrmental support? Further, 
it has been conclusively demonstrated that the prosthetic 
group of the respiratory cham-hnked DPNH dehydro- 
genase of heart mitochondria 1s FMN (ref 3) and that 
there 18 considerably more FMN present m strictly fresh 
heart mitochondria than that required to account for 
ther DPNH. dehydrogenase content*. The question of 
whether the breakdown of FAD observed by Massey and 
Swoboda! ın their type of preparation was due to the 
labilization of a flavoprotem durmg exposure to acid pH 
or to the precipitation of a labile extramitochondnal 
flavoprotem at pH 54 but not at neutral pH was left 
open? It 1s the purpose of the present communication to 
provide an answer to this question and to suggest a 
possible mechanism for the conversion of FAD to FMN 
in acid-precipitated preparations 

All preparative and analytical procedures were as m 
previous work?-4, except that m certain experiments 
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involving added FAD hydrolysis of the latter was followed 
by the net increase m fluorescence with time rather than 
by the complete procedure of Burch* 

The possibility that the breakdown of FAD on storage 
m acid-preciprtated preparations was the result of the 
exposure to pH 5 4 during isolation was tested as follows 
An aliquot of a Keilm—Hartree preparation isolated by 
mechameal grinding and differential centrifugation at 
pH 74 (ref 6) was adjusted to pH 5 4 with 2 M acetic 
acid and was mamtamed at this pH at 0° for 45 mm, tho 
time correspondmg to the exposure of the Massey- 
Swoboda preparation to pH 5 4, and then was neutralized 
to pH 74 A control sample was left at pH 7-4 durmg 
this manipulation - Both samples were then mamtamed 
at 4° and aliquots were periodically analysed for FAD and 
FMN content On storage for 48 h no significant change 
m the FAD/FMN ratio was observed with either sample 
The declme of FAD content of both was from an initial 
value of 79 per cent of the acid-extractable flavin to a 
final value of 76 per cent, which is within experimental 
error ın this type of analysis Hence the behaviour of the 
Massey-Swoboda preparation! did not appear to be the 
result of exposure to acid pH. 

Next, the possibihty was examuned that the factor or 
factors responsible for the conversion of FAD to FMN 
are discarded ın the isolation of Keihn—Haitree prepara- 
tions which are centrifuged at neutral pH but are recovered. 
m the acid precipitation procedure! The supernatant 
solution normally discarded in the Keiin—Hartree 
preparation previously described? (15 min centrifugation 
at 21,000 rpm m the No 21 rotor of the Spinco ultra- 
centrifuge) was therefore subjected to storage at 4°, 
pH 74 Over a penod of 48-72 h the FAD content 
declined fiom an initial value of 79 per cent of the acid- 
extractable flavin to a final one of 61 per cent In another 
experiment the FAD content of the supernatant solution 
progressively dechned from 87 to 71 per cent of the total 
flavm mn 72 h at 4° It would appear, then, that the 
factor(s) responsible for the conversion of FAD to FMN 
are coprecipitated with mitochondnal fiagments ın the 
Massey-Swoboda procedure but are largely discarded in 
the 1solation of Keilin-Hartree preparations at neutral pH. 

A relatively convenient method of assay was provided 
by the observation that essentially the same degree of 
conversion of FAD to FMN occurred in 60-90 nun at 
38° as m 72 h at 4? m both acid-precipitated Keiln— 
Hartree preparations and m the supernatant solutions of 
the alternative pieparation referred to above Ina typical 
experiment 19 per cent of the acid-extractable FAD of a 
supernatant solution was hydrolysed m 72 h at 4° and 
18 per cent m 60-90 mun at 38? (These figures do not 
represent rates, since all the labile FAD present was 
spht under both conditions ) 

It was further observed that all preparations which 
manifest a partial conversion of them FAD content to 
FMN at 4° or at 38° also cleave added free FAD relatively 


Table 1 HYDROLYSIS OF ENDOGENOUS AND OF ADDED FAD AND ITS 
INHIBITION BY DPN 
Time of FAD hydrolysed 
Exp Components incubation — (mumoles/ml Inhibition 
(min) reaction mature) (percent) 
1 Enzyme 60 0 080 
Enzyme 120 0125 
Enzyme + DPN 60 0 020 75 
Enzyme + DPN 120 0 033 74 
9 Enzyme + FAD 30 292 
Enzyme + FAD 60 442 
Enzyme + FAD + DPN 30 0 86 71 
Enzyme + FAD + DPN 60 137 69 


Keilin—Hartree preparations were made by the previously described (ref 6) 
modification of King's procedure (ref 9) ‘The supernatant solution from 
ih» second centrifugation, contaimng approximately 0 016M phosphate, 
pH 74, was the source of the enzyme In Exp 1 an enzyme preparation 
was used contaimung per m] 47 mg protein (biuret basis), 1 93 mymoles 
total acid-extractable flavin, and 1 73 mymoles acid-extractable FAD 
In Exp 2 simular preparation, contammg 5 5 mg protein per ml was used 
The labile FAD content of the two preparations per mg protein was nearly 
identical Incubations were performed at 38? ın a total of 125 ml Each 
tube contained 1 ml enzyme (Keilin—Hartree supernatant) and, where 
indicated, 18 5 mymoles FAD and 25 umoles DPN 
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rapidly This was true both of the Massey-Swoboda type 
of Keihn-Hartree preparation and of the supernatant 
solution obtamed m the isolation of the neutral preparation 
(Table 1) On the basis of this finding a feasible working 
hypothesis for the formation of FMN from protem-bound 
FAD appeared to be as follows 


slow fast 
Protem—FAD—-+>Protem + FAD——>FMN + 5’-AMP 


According to this scheme tho slow, gradual dissociation of 
the prosthetic group of some FAD enzyme or enzymes on 
storage 1s followed by a more rapid enzymatic cleavage of 
the FAD hberated As to the first step, gradual liberation 
of free flavm nucleotides on storage and consequent 
modification of certain flavoprotems are not uncommon 
phenomena As to the enzyme responsible for the 
subsequent bieakdown of the FAD to FMN, nucleotide 
pyrophosphatase and FAD pyrophosphorylase come to 
mund as possibilities Pyrophosphouolytic cleavage of 
FAD to FMN however, seemed unhkely for two reasons 
First, although thoroughly washed preparations were 
used, the addition of morganie pyrophosphate was not 
necessary for the breakdown of FAD Secondly, mammalian 
FAD pyrophosphorylase, at least m hver, has been 
reported to catalyse the synthetic reaction but not the 
pyrophosphorolysis of FAD (1ef 7) Nucleotide pyrophos- 
phatase, on the other hand, 1s widely distributed ın animal 
tissues* and its activity does not depend on added 
co-factors 

Evidence compatible with the postulated iole of 
nucleotide pyrophosphatase 1s piesented in Table 1 It 
may be seen that both endogenous and externally added 
FAD are progressively hydrolysed by the preparation 
and that both processes are mhibited by 2 mM DPN, a 
known substrate of nucleotide pyrophosphatase The 
degiee of mhibition of the destruction of FAD by added 
DPN ıs of the order expected for the molar ratio of 
DPN FAD used? Other experiments on the effect of 
mercurials also indicated that the same enzyme may be 
responsible foi the breakdown of endogenous and of 
added FAD 

Since ın both acid-precipitated Keim-Hai tree prepara- 
tions and in the supernatant solutions from the neutral 
preparation the 1ate of hydrolysis of added FAD was 
far faster than the rate of breakdown of endogenous, 
protein-bound FAD, it seems likely that the rate-hmiting 
step in the process described by Massey and Swoboda: 1s 
the dissociation of free FAD from a holoenzyme It may 
be noted that purified nucleotide pyrophosphatase does 
not attack protem-bound FAD (ref 10) 

This work was supported by grants from the US 
National Science Foundation (G 20457), the US National 
Heart Institute (HE 01995) and contract No Nonr 1656 
(00) between the US Office of Naval Research and this 
Institute 
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Time-course of Tyrosine Transaminase and 
p-Hydroxyphenylpyruvate Oxidase Activities 
during Thyroid Administration 


Previous work in this laboratory showed that the 
activity of the overall oxidation of tyrosine by 1at liver 
systems was reduced after admmustiation of thyroid 
preparations to normal rats, to hypophysectomuzed rats 
or to thyroparathyroidectomized rats, with respect to 
ther appropiate controls! At the same time, investiga- 
tions were extended ın vuro to show that the overall 
oxidations of tyrosine and of p-hydroxyphenylpyruvate 
were inhibited by thyroxme, and that tyrosme tians- 
amunase was more sensitive to the «n vitro action of the 
hormone than was p-hydroxyphenylpyruvate oxidation 
Further and more iecent work with the tyrosine trans- 
aminase system n vitro? has shown that thyroxine 
interacts with pyridoxal phosphate in a compleated 
fashion and that fo: this interaction to occur the presence 
of tyrosine is mandatory This communication provides 
information which explains in large part the reduction of 
the overall tyrosine oxidation capacity of hver following 
administration of thyroid hormone en vwo 

Male, Wistar stram rats were obtamed from Huntingdon 
Farms, Inc , and weighed 150-200 g at the start of each 
experiment "Thyioid powder (U S P) was incorporated 
m the diet at 2 per cent by weight For «n vwo investiga- 
tions, the animals were divided mto 2 groups (day ze10) 
and animals were chosen at random from each group on 
alternate days foi testing They were killed by biief 
ctherization and decapitation to bleed the tissues Livers 
weie quickly removed and prepared as described previ- 
ously? 

Measurement of tyrosine-a-ketoglutarate transaminase 
activity was made by a spectiophotometric method‘, or 
by a modification’ of the Briggs reaction?, on a liver 
supernatant pieparation? 

Para-hydioxyphenylpyiuvate oxidase activity was 
measured by the method of La Du and Zannon1’ applied 
to homogenates? or supernatants (derived from a 16 7 per 
cent water homogenate that was centrifuged at 35,000g 
for 20 min at 0? C) 

Specific enzymatic activity was based on average 
number of cell nuclei?:$ or on Kjeldahl nitrogen content of 
the tissue preparation, and activity was also calculated on 
the basis of whole hive. weight o1 of body-weight 

In Fig l are presented results which show the average 
of specific enzymatic activities of tyiosme transaminase 
and of p-hydroxyphenylpyruvate oxidase as a function of 
tme of adrmunstration of thyroid hormone When 
enzymatic activity 18 based on whole liver weight or body- 
weight the trends are the same The iesults m Fig 1, 
then, suggest that changes in enzymatic activity are due 
to the admmustration of thyroid hormone Each total 
expeimment has been ieproduced 3-4 times, totalling 
1-6 animals per experimental pomt Tyrosme trans- 
ammase specific activity was depressed durmg the first 
3 days of thyroid tieatment with the hormone, and the 
Increase continued until 2 days after the admmustration 
of the hormone had been stopped, then control values of 
enzymatic activity were 1eached withm 4 days An 
inerease of tyiosme transaminase activity following 
thyioxme tieatment has also been observed by Rivlin and 
Levine® 

Para-hydioxyphenylpyruvate oxidase specific activity 
was depressed progressively as long as the hormone was 
administered to a point where as much as 75 per cent of 
the starting specrfic activity was lost When thyroid 
treatment was stopped the enzymatic activity rapidly 
increased to above normal levels and then fell promptly 
to control values 

In wtro investigations with p-hydroxyphenylpyruvate 
oxidase activity (using liver supernatants) mdieate that 
this enzymatic activity 1s inhibited by high levels wm vto 
of either L-thyroxme (5x 10-4 M) or tinodo-r-thyronine 
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Fig 1 Time-course of specific activities of tyrosine transaminase and 

p-hydroxyphenylpy ruvate oxidase as a function of time 1 days during 

the administration of 2 per cent thyroid powder and after withdrawal 
of the hormonal treatment 


(5x 10-* M) to nealy 50 per cent of contiol activity 
However, when the enzyme preparation contamed only 
about half the activity normally found, which happens 
occasionally, the depression of enzymatic activity was 
scarcely observable at high levels of r-thyroxme 

From this work ıb 18 now clea: that the depression by 
thyroid hormone 2 vwo of the overall tyrosine oxidation 
system measured «n vtro! 1s due in large part to the 
depression. of p-hydroxyphenylpyiuvate oxidase activity 
The inhibition by thyroid hormone vn vwo may be indirect 
because of the high levels of thy1oxine or trnodo-thy1onine 
1equired to produce enzymatic inhibitions in vitro 

The behaviour of tyrosine transaminase activity in 
1esponse to thyroid treatment 1s more complex The 
initial, transient inhibition could be due to du ect mhibition 
of the enzyme system However, end-product inhibition 
from the effect on p-hydioxyphenylpyruvate oxidase 
activity 1s also possible In this connexion 1t 1s of interest 
that p-hydroxypbenylpyruvate oxidase is inhibited m 
vitamin C deficient guinea pigs by excess substiate when 
tyrosine 1s administered to the animal, the excess substrate 
accumulating from the induced stimulation of tyrosme 
transaminase!!! It should be pointed out at this juncture 
that the assay system of La Du and Zannoni? used here 
contains both ascorbic acid and glutathione (we have also 
used cysteme), so that any possible 1eversal of p-hydroxy- 
phenylpyruvate oxidase inhibition that could have been 
accomplished by an agent like ascorbate «n vitro should 
have occurred under our conditions 

The second phasic 1eaction of the tiansaminase activity 
occuring after thyroid hormone treatment wv» vwo 1s a 
rapid rise in specific activity starting at 3 days (Fig 1) 
One rather likely explanation of this behaviour 1s the 
generahzed effect of thyroid hormone on protein 
synthesis!?:? Ample evidence ıs available to show that 
tyrosine transaminase activity can be greatly stimulated 
by tyrosine mjection, for example, under conditions where 
p-hydroxyphenylpyruvate oxidase activity 1s considerably 
depressed!?:1 This interpretation 1s aided by the fact 
that when thyioid treatment is withdrawn, under oui 


NATURE 


1029 


conditions, the enzymatic activity returns to normal 
levels 

A secondary effect of intake of protem needs to be 
mentioned ın connexion with p-hydroxyphenylpyruvate 
oxidase specific activity smee 1t has been shown that the 
activity of this enzyme? in the overall tyrosme oxidation 
system! is greatly depressed by protem deprivation. 
After extended periods of thyioid treatment when 
thyrotoxicosis 1s clearly evident the food intake as well as 
growth rate ıs impaired! However, under the present 
conditions the giowth of treated and untreated animals 
1s quite similar Thus the gain in weight for the untieated 
group was similar to the gam m weight of the thyioid- 
treated group, and the growth rate of either group, following 
withdiawal of the hormonal treatment, was not greatly 
different 

It ıs clear from this work that a large part of the 
depiession of overall tyrosine oxidizing capacity of hver 
caused by thyroid hormone admunistration $n vwo 1s due 
to a 1eduction of the activity of p-hydroxyphenylpyruvate 
oxidase The effects of thyroid hormone admunistration 
on the metabolism of homogentisic acid are, however, not 
yet known 

This investigation was supported by iesearch grant 
AM-4187 from the National Institute of Arthritis and 
Metabolic Diseases, U S Public Health Service 
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Effect of Heat Treatment on the 
Hamagglutinating Activity of Legumes 


Tux beneficial effect of heat treatment on the nutiitional 
quality of legumes ıs generally accepted to be due to 
destruction of the trypsm-mhibiting factor! Hæmag- 
glutinating activity has also been found to be present in 
ceitain legumes?’ 

This communication ieports the effect of autoclaving 
and prolonged dry-heatmg on the hemagglutinating 
activity and protem solubility of soy beans, Natal round 
yellow and Umzumbi beans (both local varieties of 
Phaseolus vulgaris) Results aie also presented, on the 
toxicity of intraperitoneal admumustration of a suspension 
of a crude preparation of the giowth-mhibiting factor 
isolated from soy and Natal round yellow beans The 
isolation procedure was identical to that described for the 
preparation of soy bean trypsm-mhibiting factor* 
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Table 1 Errect OF HEAT TREATMENTS OF LEGUMES ON THE Hax- 
AGGLUTINATING AOTIVITY AND WATER SOLUBILITY OF THE NITROGEN- 
CONTAINING COMPOUNDS 


TCA 
precipitate TCA soluble 
Legume Heat treatment HU/g* nitrogen nitrogen 
(mg/g) (mg/g) 
Soy beans Raw 30,240 237 07 
Dry heat (80 mm) 29,100 261 08 
Autoclaving (80 min) Nil 14 07 
Natalbeans Raw 155,520 271 05 
Dry heat (30 mm) 128,000 — 05 
Dry heat (18 h) 58,400 160 05 
Autoclaving (30 min) 50 10 07 
Umzumbi Raw 45,200 278 08 
Dry heat (30 min) 82,000 260 07 
Dry heat (18 h) Nil 12 07 
Autoclaving (30 mun) Mil 09 06 


* The hemagglutinating activity is calculated from absorbance measure- 
ments of unsedimented trypsinated rabbit ery throcytes at 620 my 


The dry-heat treatment was performed on a 0-5 em 
thick layer of the milled legume at 100? C A pressure of 
15 Ib hn? was used for autoclaving the layered, milled 
samples After autoclaving the meal was dried in a 
draught air oven at 45° C 

Hemagglutinating activity was determined from, the 
absorbance measurements of unsedimented trypsinated 
rabbit erythrocytes as described by Liener? The hemag- 
glutinating activity contammg extract was obtamed by 
homogenizing 10 g of the mulled legumes in 100 ml saline 
for 2 min 1n a ‘Virtis’ (model 23) homogenizer set at 40 
Afte an initial centmfugation the supernatant was 
filtered through Whatman 42 paper 

The trichloroacetic acid soluble and precipitable nitrogen 
fractions of the extract were determined by mucro- 
Kjeldahl 

It can bo seen from the results ın Table 1 that the 
hæmagglutmatıng actıvıty of Natal round yellow ıs five 
and three times more potent than that for soy and 
Umzumbı beans, respectively The activity 1s also four 
tumes higher than the highest activity reported by Honavar 
and co-workers? for other varieties of Phaseolus vulgaris 
Dry-heating Natal round yellow beans for 30 mm at 100? C 
only shghtly reduced the activity A prolonged dry-heating 
period of 18 h reduced the activity by two-thirds and 
brought ıt mto the same range as that of Umzumbi 
beans 18 h of diy-heatmg of Umzumb: beans com- 
pletely destroyed all hemagglutinating activity Auto- 
claving for 5 mun destroyed all activity m soy and 
Umzumb: beans Although a 30-min autoclaving period 
reduced the activity drastically in Natal round yellow 
beans a small residual activity persisted 

Nitrogen fractionation of the extract gamed by treat- 
ment with trichloroacetic acid revealed that as the 
hemagglutinating activity 1s reduced by heat treatment 
so also is the trichloroacetic acid preciprtable fraction 
Haemagglutinating properties are, therefore, situated in 
the trichloroacetic acid precipitable fraction The tri- 
chloroacetic acid-soluble fraction remains unaffected by 
heat treatment 

Results obtained with intraperitoneal administration of 
different dosages of a saline suspension of the isolated 
growth-inhibiting factor isolated from soy and Natal 
round yellow beans are given m Table 2 

Male rats (Wistar) of approximately 70 g were myected 
with graded levels of the factor Toxicity of soy bean 
factor 1s considerably less than that of Natal round 
yellow bean The yield of the growth-mhibiting factor 1s 
approximately 4 and 6 per cent for Natal round yellow 


Table 2 — SURVIVAL OF RATS AFTER INTRAPERITONEAL INJECTION OF 
GRADED DOSES OF A SUSPENSION OF THE GROWTH-INHIBITING FACTOR 


Dose administered (mg) 
125 100 75 


Legume 50 

A Natal round yellow 
bean 0/7 0/7 5/7 6/7 
Soy bean 3/7 4/7 5/7 717 

B Natal round yellow 
bean 0/7 0/7 8/7 4H 
Soy bean 2/7 3/7 4l 6/7 


A, Survival 48 h after injection, B, survival 72 h after injection 
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and soy beans, respectively From this 1t can be concluded 
that 0 25 g Natal round yellow beans contains sufficient 
toxic substances to be lethal if administered intrapen- 
toneally 

Investigations are ın progress to determine whether the 
hemagglutmating activity is the sole factor responsible 
for the high toxicity 
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Tissue Activator of Plasminogen 


SINCE Astrup and Permin! reported that animal tissue 
cells contam an activator of plasmmogen, various authors 
have confirmed their results, and comparisons of the 
activator content of different human? and anımal tissues®4 
have been published. Most authors have used whole 
tissue or aqueous tissue extracts and have estimated 
activity by the fibrin plate method of Astrup and Mullertz5 
Tagnon and Peterman’, and Tagnon and Palade’ frac- 
tionated rat lung tissue by differential centmfugation 
following the method of Claude* and found activity m the 
particulate (notably ‘microsome’) fraction Lewis and 
Ferguson®, using Claude’s method of fractionation of 
tissues and a fibrm clot lysis time method of assay, 
compared the different tissue fractions of the dog and 
‘compared the activity of mouse, cat, dog, human and 
rat lung fractions. They found that activity lay par- 
ticularly ın the ‘large granule’ (2,700 g) and microsomal 
(48,000 g) fractions, that the activator was relatively 
heat labile and showed no real species specificity 

We have fractionated rabbit and mouse kidney and 
liver by a modification of de Duve’s method” and find 
that activator of plasminogen hes mainly ın the heavy 
granule (lysosomal) fraction (15,000g) (ref 11) thougha httle 
1s present in the microsomal fraction (36,000 g) Usmg 
human fibrmogen which contains plasminogen, we have 
tested cellular fractions both by the fibrin plate and the 
clot lysis methods We have found that freshly prepared 
lysosome rich suspensions, washed two or three times m 
0 25 M. sucrose solution, have httle or no activity unless 
they are exposed to releasers such as "Triton X 100’, 
saponin, citric acid or endotoxin We have also found 
that the presence of e-ammo-caproie acid (EACA) inhibits 
the activation of plasminogen by these tissue fractions 

Tissue fraction (02 ml) and 002 ml 2 per cent v/v 
aqueous solution “Triton X 100’ are mixed and allowed to 
stand for 5 mm at 37°C 0 02-ml drops of each mixture 
are placed on fibrin plates. To the remainder ın the 
tubes, 05 ml 3 per cent fibrmogen solution m Palitsch’s 
buffer pH 7 4 1s added and clotted with 2 units thrombm., 
Both the fibrmogen and thrombm contam plasmmogen 


Table 1 FIBRINOLYSIS ACTIVATED BY RABBIT, LIVER (L) AND KIDNEY (K) 


FRACTIONS 
Heavy 
Method Nuclear granules Microsomal Supernat 
(lysosomal) 
Fıbrın plate L Nil 5 mm diam Nu Nil 
K 7mmdiam 17mm dam 11mm diam Nil 
Fibrin plate 
moo poraumg L Nu Ni Nil Nu 
EAC. K Nil Nil Nil Nil 
Fibrin plate 
EACA mixed L Nil Nil Nil Nil 
with fraction K Nil Nil Nil Mil 
Fibrin clot L No lysis Lysis Lysis No lysis 
K No lysis Lysis Lysis No lysis 
Fibrin clot 
EACA mixed L No lysis No lysis No lysis No lysis 
with fraction K No lysis No lysis No lysis No lysis 


‘Triton’ alone, no lysis on fibrin plates or in fibrin clots 
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The fibrin plates are cubated on a horizontal shelf at 
37° C for 18 h and the diameter of the zone of fibrmolysis 
measured with calipers Fibrin clots m the tubes are 
observed ın a water-bath until lysis1s complete Inhibition 
by c-ammo-caproic acid 1s demonstrated both by moor- 
porating this m the fibrm plate and alternatively by 
adding it to the fractions after adding the "Triton? and 
before putting these on the fibrm plates or in the clotting 
mixtures The final concentration of ammo-caproie acid 
m these mixtures was 0 001 per cent w/v 

We have obtamed smnlar results using purified O 
somatic antigen of Shigella dysenteriae as an endotoxm 
Further biochemical methods are now bemg used to 
provide a more quantitative basis for these observa- 
tions 

We thank the Laster Institute of Preventive Medicme 
for supplies of human fibrmogen thrombi and somatic 
antigen, and the Kabı Pharmaceuticals, Ltd , for ther 
gift of e-ammo-caproic acid This work is partly sup- 
ported by grants from the Nuffield Foundation and from 
the Central Research Fund of the Unrversity of London. 
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Function of High-level Melanocytes 


Tux concept that high-level melanocytes (Langerhans 
cells) are effete, except ın a melanogenie sense, has required 
modification smce our previously reported demonstration 
of adenosine triphosphatase (ATPase) and non-specific 
esterase activity in these cells!, and ıt has been postulated 
by Jarrett? that material elaborated by high-level 
melanocytes may influence the mode of keratmization of 
the epidermis In a moro detailed discussion by Jarrett 
and Spearman‘ ıt 1s suggested that the effect on kora- 
tinization might be achieved by augmenting the catabolic 
processes in the transitional zone of the epidermis, thus 
influenomg the rate and degree of cytoplasmic dissolution 
occurring during keratimization and consequently altering 
the type of horny layer produced This mvolves either the 
transfer of lysosomes from the high-level dendritic cells 
to the epidermal cells‘, a cytocrme® transfer similar to the 
distribution of melanin granules 12 the basal layer of the 
epidermis, or alternatively the mclusion of the dendritic 
cells ın the lytic process If this mcorporation of supple- 
mentary hydrolases into granular layer cytolysis ıs to be 
regarded as the mechanism by which high-level melano- 
cytes modify epidermal keratmization, then 1t 15 mandatory 
that these high-level cells should contam considerable 
concentrations of these enzymes 

While 16 ıs clear that not all hydrolytic enzymes are 
lysosomal*-* there 13 compelling evidence? that lysosomal 
hydrolases are the mam agents m the catabolism of 
iegressmg tissues Moreover, many of the enzymes 
considered to be lysosome-lnked exhibit marked activity 
in the transitional zone19-12 
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Followmg the proposal of the lysosome concept by 
De Duve et al 5 much work has devolved on the question 
of establishing adequate cytochemical criteria, for the 
demonstration of lysosomes At the prosent time this 
question rests primarily on the demonstration of acid 
phosphatase activity in a particulate distribution within 
the cell and the failure of the particles to stain following 
treatment of sections with the detergent ‘Triton X 
100°18-17 

The Gomori technique for acid phosphatase!® was 
apphed to formal-calcium fixed human and mouse-tail 
Skm I was able to demonstrate an even distribution 
of lysosomal stammg m the epidermis, which became 
indistinct just below the granular layer. No localized 
concentrations of particulate stammg which could 
correspond to the high-level melanocytes were detected 
I, therefore, did not obtam evidence by this method 
of the presence of high concentrations of lysosomes m 
epidermal ATPase positive dendritic cells 

It ıs, however, possible, by the use of a pa1arosanihne 
technique’ usmg ‘Naphthol AS-BI’ phosphate as sub- 
strate, to demonstrate such concentrations of acid 
phosphatase ın occasional cells m the epidermis which 
may correspond with the distribution of high-level 
dendritic cells However, proof of this 1s lackmg and the 
staining appears to be diffuse, unaffected by ‘Triton’, 
and confined to the cytoplasm immediately surrounding 
the nucleus 

Thus, although it cannot be excluded, the evidence 
available at present does not support a scheme based on 
the addition of lysosomal enzymes to the cytolytic process 
in the transitional zone Nevertheless, this does not affect 
the basic hypothesis concerning the regulation. of granular 
layer cytolysis, for which there 1s some evidence*:?°, 

It 1s suggested that regulation of cytolysis may be 
brought about by mechanisms which either crease the 
fraguity?* of keratinocyte lysosomes or directly cause 
damage to the lysosomal membrane This would allow 
a far greater scope for a regulatory system The possible 
implications of such a scheme are at present under 
investigation. 

I thank Dr A Jarrett for permission to publish this 
report and Mr A. Cane for his technical assistance I 
wish to acknowledge the tenure of a research fellowship 
from the Medical Research Council 
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“Induction of Cephalosporinase and Penicillinase 
in Proteus Species 


Previous reports have shown that penucillnase 
(B-lactamase) 1s not an mducible enzyme im strains of 
Escherichia col, Klebsiella and Aerobacter, but Proteus 
species have not been investigated!-? There is also a 
species variation m pemicillinase activity with different 
substrates? Cephalospormase activity has been described 
m many species of gram-negative bacilli‘ and 1s associated 
with cephalospo1in resistance in Proteus species’ In the 
work recorded here, mducibility of cephalospormase and 
penicillinase was investigated m strains of Proteus moi gana, 
P vulgaris, P rettgeiv and P marabils ‘The strams were 
allresistant to ampicillin ((D(— )«-ammophenylacetamido)- 
penicillanic acid) and cephalothm ((7-thiophene-2-acet- 
amido)-cephalosporanic acid), apart from P muabilis 
which was sensitive to cephalothm Many strains of 
P murabilis are also sensitive to ampicillin, but these were 
not included in the present investigation as they either 
inactivate benzylpenieillim or eephalosporm slowly or not 
at all 

The organisms were shaken in nutrient broth containing 
1 per cent glucose for 4h at 37? C Methicillin, benzyl- 
peniedlm or cephalothm was added after the first and 
second hour of meubation to a final concentration of 
100 ug/ml on each occasion An exception was P 
marabilıs, which was sensitive to cephalothin, and this was 
added to a final concentration of 5 ug/ml at similar time- 
mtervals, but methicillm and benzylpenicillin were added 
m the same concentration as with the other strams 1 ml 
of the 4 h shaken broth culture of approximately the same 
optical density was used for each assay and chloram- 
phenicol (50 ug/ml ) was added before assayimg, to prevent 
further enzyme formation Cephalospormase activity 
was estimated manometrically®? with cephalothin as the 
substrate ın a final concentration of 4 mg/ml at pH 7-0 and 
meubated at 37° C This method was not sufficiently 
accurate for estimating low levels of penicillinase, and for 
this enzyme assays were made by an 10odometric method 
with benzylpenicillin as the substrate? 

Typical results are shown m Tables 1 and 2 


Table 1 CEPHALOSPORINASE ACTIVITY 
{umole cephalosporanic acid/ml of broth culture/h 37° C) 
Inducing agent Proteus morgen. P vulgaris P, murabiis P retiger 
Nu <5 <5 — 139 
Benzylpenieillin 424 337 — 632 
Cephalothin 345 315 — 508 
Methieillin <5 16 6 = 533 
— , Nil detected 
Table 2 PENICILLINASE ACTIVITY 
(mole penicilloic acid/ml of broth culture/h 37? C) 
Inducing agent Proteus morgen. P vulgaris P mrabihs P retigenr 
Nil 04 02 34 04 
Benzylpenicillin 74 34 40 14 
Cephalothin 52 25 80 13 
Methicillin 14 16 30 15 


Results of a similar order have been obtamed with 
other strains of these species Samples of the same broth 
culture were used for estimating the activity of both 
enzymes, but the results are not strictly comparable as 
the two assay techniques were different However, the 
tables show that both cephalospormase and penicillinase 
activity was inducible with the strams of P morgan, 
P vulgaris and P settge, and that cephalosporinase 

‘activity was greater than that of penicilinase The 
enzymes were mainly cell-bound and the incieased 
activity in the presence of the antibiotic was therefore 
not due only to the release of enzyme into the medium 
Cephalospormase activity was not detected m the culture 
of P. mrabils, and pemeillmase m this organism appears 
to be constitutive Methicillin appears to be less effective 
as an inducing agent than benzylpenicillin or cephalothm, 
and expermments have shown ıt to be mactivated, very 
slowly by these organisms Although cephalospormase 
and penicillmase are referred to as separate enzymes, 
16 18 possible, in the strains of P morgan, P vulgars and 
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P aeliger; examined, that there 1s one enzyme which 
mainly inactivates cephalosporin and has some associated 
activity agamst benzylpenicillin 

I thank Beecham Research Laboratories, Ltd, for a 
research grant, Glaxo Laboratories, Lid , for a supply of 
cephalothin and Miss P. Waterworth for the Proteus 
strains 

Note added ın proof Since this communication was 
submitted, J M T Hamilton-Miller? has reported mduc- 
tion of penicillinase ın Proteus morgane 


G A J AYLIFFE 


Vor 201 


Department of Bacteriology, 

Postgraduate Medical School, 

Hammersmith, London, W 12 
1 Smıth, J T, J Gen Microbiol , 80, 299 (1963) 
= Ayhffe, G A J, J Gen Miwrobwl , 30, 339 (1963) 
3 Smith, J T., and Hamilton-Miller, J M T , Nature, 197, 976 (1963) 
‘Fleming, P C , Goldner, M , and Glass, D G , Lancet, i, 1399 (1963) 
* Barber, M , and Waterworth, P M, J Chn Path (m the press) 
‘Henry, R J , and Housewnght, R D ,J Biol Chem ,167, 559 (1947) 
7 Crompton, B , Jago, M , Crawford, K , Newton, G G F, and Abraham, 

E Biochem J, 88, 52 (1962) 
? Perret, C J, Nature, 174, 1012 (1954) 
° Hanilton-Miller, J M T, Biochem Biophys. Res Comm , 13, 43 (1963) 


PHYSIOLOGY 


A Technique for Urine Collection in the 
Female Rat for Investigating lodine 
Metabolism 


In examining 10dine metabolism in the rat, the greatest 
source of error hes m the technique of wine collection 
The main obstacle has been contamination of the urine by 
exogenous 10dide from sources such as fæces, foodstuffs, 
glassware, etc Many methods have been used in an attempt 
to overcome this diffieulty!-1?, but none of them has been 
wholly successful Another source of error 18 loss of urme 
by evaporation and absorption by feces In methods 
where radioactive 1odine 1s used, another disadvantage hes 
in the washing® necessary to avoid loss of radioiodine, 
with consequent loss of counting efficiency 

The present expermments are an attempt to devise a 
technique which will overcome these difficulties and to 
compaie the results obtained with the standard method of 
Isler et al.? The basis of the technique which we have 
used 1s to tie the urethra of the rat and to obtam the 
requued urme within the bladder itself and in this way to 
avoid contamination The experiments have also been 
designed to investigate the effect of the procedure on 
renal function, particularly the ability of the kidney to 
maintain urmary specific gravity under constant con- 
ditions, and the possible production of dilatation of the 
ureters has also been studied 

Hap 1 The effect of tymg the urethra on renal 
function 

Day1 Six adult female rats (Norwegian Hooded Lister 
strain), weighmg 200-230 g, were given 5 ml. water/100 g 
body-weight orally, using the method of Remecke et al 1! 
The animals were caged separately and the urme collected 
over a 5 h period, using the method of Isler et al ? except 
that, durmg this period of ume collection, no food or 
water was given to the animals 

The volume of urme was measured for each rat and the 
1ate of urme flow pei hour was estimated Two ml of 
urine was weighed using a Stanton Unimatic Balance, 
model CL 1, and the specific gravity of each sample 
calculated 

Day 2 The sıx rats were anesthetized by intraperi- 
toneal mjeetion of 15 ml of avertin solution in normal 
saline (2 5 g/100 ml ), the bladder was emptied by supra- 
pubic pressure!? and the wethra hgatured m the following 
way 

The clitoris was tied with Ethicon Su gical lmen thread, 
Code DR 35, size 1 U S P , 3-5 mm from the distal end in 
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order to ensure inclusion of the urethra. The animals 
were then kept in a metabolic cage for a 5-h period. 
During this time they were allowed food and water ad 
libitum and were carefully observed for any evidence of 
pain or distress. At the end of this period one of them was 
anssthetized and 1 ml. of urografin was injected into the 
bladder; an X-ray photograph was taken with the head 
of the rat below the level of the bladder. The animals 
were then anesthetized and the ligatures removed. 

Day 3. In the six rats, the procedure described under 
day 1 was carried out. 

Exp. 2. Thirteen adult female rats (Norwegian Hooded 
Lister strain) weighing 180-200 g were allocated to two 
groups of 6 and 7 respectively using a table of random 
numbers. Both groups had been receiving the same 
stock diet. 

Tn the group of six rats, the urethre were tied as prev- 
iously deseribed and the animals killed by coal gas after a 
5 h period during which no food or water was given. In 
each animal the bladder was exposed and its neck held 
by a curved artery forceps. The bladder was dissected 
out and the urine empted into an iodine-free bottle. 

In the group of seven animals, the urine was collected 
over a 5-h period by the method of Isler et al.*, except that 
during this period no food or water was given to the 
animals. 

The chemical iodine content of the urine samples was 
measured by the method of Zak!* as modified by Farrell 
and Richmond'*. Both groups of rats were compared for 
any evidence of behaviour disturbance. 

The results of Exp. 1 are shown in Tables 1 and 2. The 
mean rate of urine flow in day 1 was 1:677 ml./h and was 
not significantly different from the value obtained on day 3 
(Table 1), the day after the 5-h period of urethral ligation. 
Urethral ligation, therefore, did not have any effect on the 
subsequent rate of urine excretion after the ligatures had 
been removed. Furthermore, the specific gravity of the 
urine showed no significant difference between day 1 and 
day 3 (Table 2), indicating that the procedure had not 
produced any disturbance of renal tubular function. 

During the period in which the urethrz of the rats were 
tied, no change in their behaviour was observed. In 
partieular they fed and played normally and made no 
attempt to remove the urethral ligature. It is concluded 























Table 1, RATER OF URINE FLOW IN ML./H 
—3 =~ i = ie aS 
| Day 1 | Day 2 | Day 3 
1:92 1:90 
1-60 Urethre were 1-69 
0-78 tied for 5 h, 1:32 
2-34 then ligatures 1-62 
1:38 were eut 1-04 
2-10 2:24 
Total 10-064 10-71 | 
Mean 1:677 1-785 
t* = 0-55 | 
P » 0-05 | 
* Paired ¢ test. 
d.f. = 5. 
Table 2, SPECIFIO GRAVITY OF URINE 
m = =e 
Day 1 Day 2 Day 3 
100755 1-00385 | 
1-008: Urethre were 1 
1-00455 tied for 5 h, 1:00315 
1 5 then ligatures 1-00315 | 
1:01305 were eut 1:00910 
1:00540 1:004605 | 
Total 0-04530 0-033756 
Mean 1:00755 1-005625 
t* = 2-05 | 
01» P > 005 
* Paired ¢ test, 
d.f. = 6. 
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Fig. 1. X-ray of bladder 5 h after urethral ligation showing the absence 
of ureteral reflux 


that the procedure does not produce any undue pain or 
distress in the animals. 

Fig. 1 shows an X-ray of the rat the bladder of which 
was made visible by urografin at the end of the 5-h period 
of urethral ligation. It can be seen that no ureteral reflux 
has occurred. 

The results of Exp. 2 are shown in Table 3. The mean 
urinary excretion of iodide was 11-98 ug/ml., using the 
method of Isler et al.*, and is significantly higher than that 
obtained after urethral ligation which gave a value of 3-98 
ug/ml. This difference can be explained by the eontam- 
ination of urine by fæces and other contaminants when 
urine is colleeted without urethral ligation. 











Table 3 

| Urethral ligation | Method of H. Isler et al, } 
| Iodine (#g/ml.) Iodine (#g/ml.) | 

410 | 18-50 

3-60 16-00 
2:605 5°80 | 

1-75 15°60 

7-70 8:70 

410 10-00 
9.25 | 

Total | 23-90 83°85 
Mean 3:9833 11-9786 | 

t* = 3-86 


0:01 > P > 0001 | 


* Unpaired ¢ test. 
d.f. = 11. 


Both groups of animals were observed for pain or dis- 
tress, and this did not occur in the group with urethral 
ligation, their behaviour being indistinguishable from the 
other group. 

The technique which we have described for the collection 
of urine from the female rat, during investigations of 









1034 


methods in that contamination with iodine from exogenous 


sources, and in particular fæces and foodstuffs, is avoided. 


The method is simple to perform, requires no specialized 
equipment, and no pain or discomfort has been observed 
in the animals. Furthermore, with urethral ligation 
covering a 5-h period, no ureteral reflux or functional renal 
“change has been demonstrated. It has the further advan- 
tage that, in experiments using radioactive iodine, the 
dilution effect of washing procedures is avoided. It is 
"*eoneluded that this technique will allow more accurate 
. investigations of iodine metabolism to be made in the rat 
" than has been previously possible. 
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Action of Acetylcholine extracted from Brain 
on Spinal Renshaw Cells 


ArrHOUGH mammalian brain tissue can synthesize 
acetylcholine (ACh) in vitro’, and a substance resembling 
ACh ean be extracted from such tissue?, the identity of 
this substance with ACh has been questioned’. However, 
it has been demonstrated recently by the methods of 
parallel biological assay‘, and a combination of chromato- 
graphic and electrophoretic techniques*5, that the major 
cholinomimetic substance extracted from the mammalian 
brain corresponds to ACh in both a qualitative and 
quantitative fashion in a number of tests. This finding 
has led to a comparison of the effect of a purified brain 
extract with that of authentic ACh on single neurones in 
the nervous system. 

There is now much evidence to support the contention 
that transmission of nerve impulses from motor axon 
collaterals to Renshaw cells in the feline spinal cord is 
cholinergic in nature’. This evidence is 
based on the findings that ACh can excite 

these neurones and that the pharmacology 
of the ACh-induced excitation is similar to 
that of synaptic excitation set up by anti- 
dromie stimulation of the ventral root. 
Thus the firing induced synaptically or by 
the administration of ACh is enhanced by 
anticholinesterase agents and is reduced 
by. certain ganglion blocking or neuromuscu- 

Jar blocking agents. 

-Tho sample of choline ester from nerve 
terminals in the brain of rats was exiraeted 
and purified by paper chromatography and 

electrophoresis, and was estimated on a 
numiber of test preparations to contain about 
10 ug of ACh (as bromide). The sample was 
freeze-dried and redissolved in water to 
give an estimated concentration of 2 mM. 
with respect to ACh. This solution was 
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dine metabolism, has the advantage over all former. 


Fig.1. Maximum firing frequencies of a si 
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placed in one barrel of a five-barrel micropipette of overall 


tip diameter 5u”. The three other outer barrels were filled 
with 2 mM ACh bromide (in 165 mM sodium chloride), 
edrophonium chloride (0-1 M), and tetraethylammonium 
bromide (0:1 M), respectively. The central barrel of the 
assembly was filled with 5 M sodium chloride, and was used 
for recording the extracellular spike potentials from Ren- 
shaw cells, located in the ventro-medial aspects of the cat 
spinal cord**. After suitable amplification these spike 
potentials were either photographed from an oscilloscope 
or used to trigger a rate-meter which gave a direct plot of 
the frequency of firing on a paper recorder’. 

In most cases the electrophoretic ejection of ACh by 
means of currents of 10-15 n.amp was sufficient to activate 
single Renshaw cells at frequencies of 20-50 spikes per 
second, and when the current was terminated firing 
ceased within 1 see. Because of the presence of an inter- 
fering cationic substance in the extraet solutions, which 
partially blocked the firing produced by simultaneously 
ejected authentic ACh, the extracted cholinomimetio 
substance could not be detected so readily; however, in 
several cases firing was produced by the electrophoretic 
ejection of the extract using currents of the order of 
20-50 n.amp. In these instances the passage of identical 
electrophoretic currents through the authentic and extrac- 
ted ACh solutions always resulted in a somewhat lower 
rate of firing for the latter, but there was little or no 
difference in the time over which firing ceased following the 
termination of current flow. 

The presence of ACh within the extract was readily 
revealed during the concurrent ejection of edrophonium. 
This anticholinesterase potentiated, and slightly pro- 
longed, the response to the extract and to ACh to a similar 
degree. The time courses of this potentiation and its 
recovery were also similar for the two agents, as is illus- 
trated in Fig. 1. Furthermore, the rates of recovery from 
the firing produced by the pure and extracted ACh were 
practically identical. The electrophoretic ejection of 
tetraethylammonium, either in the presence (Fig. 1) or the 
absence of edrophonium, reduced the rate of firing induced 
by both substances to the same degree. Again, the time 
courses of this block, and its recovery, were similar for 
both authentic and extracted ACh. Intravenously 
injected dihydro-f-erythroidine (0-1-0-2 mg/kg) also 
reduced the effectiveness of both excitants. 

Thus it has been shown that there is a substance present 
in a fraction of brain homogenate containing presynaptic 
terminals which has actions on Renshaw cells in the cat 
spinal cord indistinguishable from those of authentic 
acetylcholine. The experiments have shown that it is 
possible to apply purified extracts from brain to single 
neurones in the central nervous system, and to obtain 
results comparable with those of the authentic chemical 
equivalent. It is to be hoped that the further develop- 
ment of such techniques may provide direct evidence on 
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Crabtree Effect in the Regenerating Liver 
of the Rat 


Tax Crabtree effect, that 1s, the respiratory mhibition 
induced by glucose and other phosphorylable hexoses on 
addition to cells, ıs usually, though not always, related to 
the presence of a high rate of aerobic glycolysis Such an 
effect has been seldom investigated in the resting rat liver, 
in which condition 16 has given rise to some questionable 
data (for review, see Ibsen!) In fact, an eventual mhibi- 
tion may have been missed because of the limited glyco- 
lysis rate of the resting liver, probably due to the low 
affinity for glucose of its hexokmase? 

Howeve1, 1t 1s possible to enhance the glycolysis rate of 
the liver by removing 2/3 of the parenchyma Therefore, 
ib seemed to be of interest to determine whether such 
inorement, which 1s apparent between the fourth and the 
seventh day after surgery and disappears with the return 
of the organ to its normal site?, 1s matched by the appear- 
ance of an unquestionable Crabtree effect by addition of 
glucose to regenerating liver slices 

In the hope of elucidating this question, Wistar rats of 
both sexes weighing about 250 g were hepatectomized 
accordmg to the technique of Higgms and Anderson‘ 
After fasting for 12 h, the rats were decapitated 1-7 days 
after operation and the livers were removed and sliced by 
means of a razor free-hand 

In order to measure the oxygen consumption and its 
eventual mhibition by glucose addition, 50 mg of liver 
slices were incubated ın dupheate in Warburg flasks for 
1 h at 38? in air and in 2-8 ml of a medium contammg 
sodium chloride 123 x 10-1 M, potassium chloride 1 28 
x 10- M, magnesium sulphate 65 x 10-* M, sodium 
phosphate buffer 5 x 10-3 M (pH 74) Side-arms con- 
tained either 0 2 ml glucose 2-25 x 10-1 M. or 0 2ml ofthe 
foregoing medium, which were poured into the flasks after 
10 mun thermal equilibration 2 N potassium hydroxide 
was placed m the central well Readings were taken every 
10 min 

According to our results, the oxygen consumption 
lemains unmodified in either experimental condition at 
any time except at the fourth day of regeneration, when a 
25 per cent inhibition of respnation (P< 0 01) 1s brought 
about by glucose addition to the ineubation medium 
(Fig 1) 

Although the presence of a Crabtree effect in our 
experimental conditions was expected, it is rather sur- 
prising that such respiratory imbibition appears con- 
comitantly with the pieviously reported lowermg of the 
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Fig 1 Effect of glucose on oxygen uptake by regenerating liver Each 

pomt in the diagram 1s the average of eleven determinations on liver 

Slces obtamed from partially hepatectomized rats four days after 
surgery ©, Without added glucose, €, with added glucose 


phosphorylation quotient (P/O ratio) of the liver between 
the fourth and the seventh day of regeneration’ 

According to the generally accepted view, the Crabtree 
effect 1s due to a competition for morganic phosphates 
and/or phosphate acceptors (ADP) between a part of the 
glycolytic system and the mitochondrial respiration, and 16 
18 dependens on the respiratory strictly coupled phosphory- 
lations The lowered P/O ratio of the regenerating liver 
should remove such competition because, after uncouphng 
the mutochondrial phosphorylations from oxidations, 
the substrate* for phosphorylation can no longer mit the 
respiration which may then proceed at a greater rate 

However, 1n order to explain this apparent discrepancy, 
it may be observed that the P/O lowermg of the regener- 
atmg hver, which is quite moderate, cannot be compared 
in any way with the magnitude of the phenomenon 
brought about by the uncouplers of the oxidative phos- 
phorylations, such as 2  4-dimitrophenol, ‘Dicoumarol’, 
ete, usually utihzed in the «n vetro mvestigations of the 
Crabtree effect 

The P/O lowering of the regenerating liver 1s probably 
too limited to relieve the mhibition produced by glucose 
on oxygen uptake of the cells 

As to the mechanism by which a Crabtree effect 1s m- 
duced in our experimental conditions, 16 18 worth 1ecallmg 
the 1ecent work of Packer and Golder* According to them, 
after addition of glucose to cells, during the initial acceler- 
ated phase of respiration which precedes the Crabtree 
effect, there 1s a shift of ADP produced by the hexokmase 
1eaction from the extra-mitochondrial to the mtra-muto- 
chondrial compartment, which results m an elevated 
intra-mitochondrial ATP-level, due to oxidative phos- 
phorylations and m marked mitochondrial shrinkage 

Because of the shrunken state, ATP 1s unable to escape 
from the mitochondria, thus becommg unavailable for the 
hexokmase catalysed extra-mitochondrial phosphoryla- 
tions of hexoses In other words, the hexokmase reaction 
would be the first factor responsible for the metabolic 
modifications 1nduced by glucose addition to cells 

In this connexion i6 may be interesting to recall that 
it has recently been shown that mitochondria from 
regenerating liver show a decreased swellmg ability as 
compared to those from resting livers? Such behaviour 
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may be related to the above-mentioned elovation of the 
intra-mitochondrial ATP-level, ultimately responsible for 
the respiratory inhibition 
Since, as previously reported, hexokmase m the resting 
liver has a low affimty for glucose, it may bo suggested, 
as a working hypothesis, that a temporary increase of such 
an affinity durmg regeneration may both stimulate the 
$robie glycolysis rate and favour the appearance of a 
Crabtree effect 
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£-p-Glucosiduronic Acid Conjugation by the 
Mucosa of Various Organs 


B-D-GrvcosrpuRoNxo acid synthesis carried out by the 
mucosal membrane of the stomach and intestino has been 
previously demonstrated!- This function 18 strongest 
m the duodenum The mechanism of this B-D-glucosidur- 
onic acid conjugation 1s the same as m the liver, uridine- 
diphosphoglueosiduronie acid acts as a glucurome acid 
donator; this is oxidated by & specific dehydrogenase 
enzyme system and the final transfer of glucuronic acid 
1s carried out by specific glucuronyl transferase enzymes’ 

The glucosiduronic conjugation of o-ammophenol has 
been tested also with mucosa of other organs im the rabbit, 


Table 1 















Table 2 FORMATION or 0-AMINOPHENOLGLUOURONIDE BY VARIOUS RAT 
ORGANS  INOUBATION TIMF OF TISSUE SLICES 90 MIN, 37° C 
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Organ Series I Series IT 
12/100 mg #g'100 mg ag/m 
Male dry weight dry weight ure 
S lier 153 + 32 6446 180 + 34 
a f Lesser curvature) 60 +5 25 +3 129 + 19 
Major curvature) 4446 2445 106 + 15 
3 "Pylorus 103 + 29 41 £4 288 + 35 
2 Duodenum 249 + 23 125 + 11 860 + 52 
Jejunum 172 + 17 76 +11 565 + 36 
Ileum 521017 2143 206 + 30 
Colon 55 +5 2742 305 + 165 
Renal cortex 58 48 34 z2 124 + 38 
Renal medulla 41 48 7+1 77 + 24 
Female 
€8 Lwer 90 +9 58 +6 135 + 16 
S f Lesser curvature) 6449 2743 127 £18 
Major curvature) 414+5 28 +2 88 +9 
> Pylorus 75490 30 + 3 231 + 17 
Duodenum 221 + 25 115 +11 561 + 73 
Jeyunum 181 + 25 6446 367 4 36 
Ileum 50 +8 2544 171 + 22 
Colon 41 +5 2943 158 + 16 
Renal cortex 50 +5 3043 8248 | 
Renal medulla 57 +10 15 +2 (273 + 86) 
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FORMATION OF 0-AMINOPHENOLGLUCURONIDE BY VARIOUS ORGANS INCUBATION LIVE OŁ 
WEIGHT NUMBER OF DETERMINATIONS (IN BRACKETS) 










Guinea pig bbit 
Organ ale female Dog J female male female 
Anterior part of the tongue 136 + 43 (6) 79 + 57 (2) trace 21 4 9 4(5) 26 ! 13 (4) 48 + 22 (3 79 + 48 (4) 
Rostertor part of the tongue 183 +: 51 (8) 71 + 51 (2) trace 21 + 9 6(5) 2147 Od) 44 = 27 mi 27411 (o 
Bottom of the tongue 70 + 22 (6) trace 39 4. 20 (4) 81 + 39 (4) 65 4: 29 (4) 
Tongue muscle 23 1 15(6) 38 + 26 (2) negative 16 + 0 3 (7) trace 14 + 88(4) 16 + 10 (4) 
Cheek mucosa 216 + 82 (6) 66 +53 (2) trace 23 + 9 4(12 30 + 15 (4) 67 + 31 (4) 91 + 50 (4) 
Œsophagus mucosa, upper part 284 + 101 (6) 43 + 87 (2) trace 144+ 84(5) 27 -- 14 (4) 14 £669( 76 + 37 a 
Skeletal muscle mee part egatt gative t ti t; i rem e A 
negative negativ negative negative negative negativo 
Gall bladder mucosa 59+ 19 (5) = E e g 
Vaginal mucosa trace 
Eye conjunctiva trace 
davor 278 + 71(12) | 156 + 115 (2) | 177 +121 (2) | 216 + 64 (12) 31 $61(4) 241 + 120(4) | 322 + 111 (4) 
uodenum 
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rat and gumea pig with negative results Only a trace 
reaction occurs with the bladder mucosa? The cat has 


been an exception to the usual findmgs no organ in the 
cat reveals a positive glucosiduronic acid conjugation 
capacity? 8 

It was expected that the B-p-glucosidurome acid con- 
Jugation might occur also at the higher parts of the gastro- 
intestinal tract Therefore, experiments wero performed m 
which the conjugation capacity of the oral mucosa slices m 
the rabbit, guinea pig, rat and dog were determmed Con- 
t10l analyses were also made using liver and skeletal muscle 
samples Also the gall bladder, conjunctiva and vaginal 
mucosa were tested m guinea pig. The results are pre- 
sented in Table 1 It can be seen that, with the exception 
of dog, all animals showed a glucosiduronie acid conjuga- 
tion capacity in the upper part of the gastrointestinal 
tiact This capacity was highest ın the gumea pig 
and lowest m the rabbit In the rat (Wistar) the con- 
Jugation capacity mereased beyond the cesophagus up to 
the duodenum, whereafter 15 decreased agam. Different 
parts of the stomach showed no difference in this capacity 
It 18 teresting to note that the gall bladder, and to some 
extent also the vagina, possess a conjugation capacity 

In addition to these observations, trials were made in 
order to establish a comparison of the conjugation capacity 
of the gastric and testinal wall with the liver Altogether 
80 male and female rats were used The conjugation 
capacity of the liver, lesser and major curvature of the 
stomach, pylorus, duodenum, jejunum, ileum and colon 
were analysed using whole tissue slices and o &minophenol 
as the substrate The method has been previously des- 
eribed* The results are listed in Table 2 They also 
reveal the activity of the renal cortex and medulla without 
any difference between these two organs 

These results mdicate that the B-D-glucosiduronic acid 
Conjugation 1s really carried out by the whole gastro- 
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390 + 179 (7) 






intestinal tract Sex differences demonstrated by other 
workers? could not be detected in the Wistai rats used here, 
which agrees with our other study This might be ex- 
plained by stran specificity On the other hand, a great 
difference is noted between conjugation-level in series I 
and II It happons that the forme: was performed in the 
winter and the latter in the spi ing Whether the seasonal 
factors really account for the results needs fur thor investi- 
gation 
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A Cyclobutane possessing Hypotensive Activity 


A NuMBER of non-quaternary bases have been found to 
possess ganglionic blocking and hypotensive properties!-*. 
In investigating the pharmacological properties of a new 
series of cyclobutanes*, one of them, 3-dimethylamino- 
2,2,4,4-tetramethyl-cyclobutanol, was found to exhibit a 
lowermg activity of the blood pressure of long duration 
The pharmacological properties of the czs isomer of this 
tertiary amme were qualitatively smnilar to those of the 
trans isomer The cw isomer eppeared, however, to be 
shghtly less actrve when tested for hypotensive activity 
Beard and Burger’ have recently reported the synthesis 
of the ces and trans isomers of 3-diumethylammo cyclo- 
butanol. They found the antispasmodic activity of the 
cis isomer of the diphenylacetic acid ester of 3-dimethyl- 
amano cyclobutanol to be shghzly less than that of the 
trans isomer 

Oral administration of doses as low as 10 mg/kg of the 
trans isomer produced in anesthetized cats a fall in blood 
pressure within 5-10 mm Although this material was at 
least as active as hexamethonium bromide ın lowermg 
blood pressure on intravenous injection in-.anesthetized 
cats, 16 was only one-half as active m blocking the con- 
traction of the nictitatmg membrane elicited by pregang- 
lionie nerve stimulation 

The oral acute toxicities of the c«s and trans isomers of 
3-dimethylammo-2,2,4,4,-tetramethyl-cyclobutanol ın mice 
were not significantly different Hexamethonium bromide 
was found to be four times more toxic by the oral route 
of administration Chronic feeding of the trans isomer to 
dogs at dose-levels of 200 mg/kg for a period of three 
weeks was well tolerated Sedation and ptosis were 
evident at doses well below the lethal level 

A complete report on the pharmacological activity of 
3-dimethylammo-2,2,4,4-tetramethyl-cyclobutanol and re- 
lated members of the series will be presented elsewhere, 
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Effect of Sensory Stimuli on Amphetamine 
Toxicity in Aggregated Mice 

Tum increased toxicity of amphetamine m aggregated 
mice has been reported by several workers‘? Among the 
factors which have been found to contribute to the 
enhancement of toxicity m aggregated mice are cage floor 
area, environmental temperature, and body-weight?-+ 
The present mvestigation has examined the effect of type 
of sensory contact between mice as & factor influencing 
amphetamine toxicity 

Male Swiss albino mice weighing 20-28 g were used 
Food and water were supplied zd hb except during the 
experimental period Animals were housed m groups of 
ten prior to use Environmental temperature was main- 
tamed at 24? + 1° O p-Amphetamine sulphate was 
admunistered intraperitoneally in a dose of 25 mg/kg 
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Injection volume was maintamed at 5 ec /kg of body- 
weight. Mortahty was determmed by recording the 
number of dead mice at mtervals of 1, 2, 3, and 24 h after 
administration of drug 

Two types of experimental containers were used m this 
study One was a metal contamer 30 cm long, 17 cm 
wide, and 5cm high. The other was a transparent plastic 
container 35 cm long, 17 em wide, and 6 5 em hgh Each 
contamer was divided mto 12 compartments of equal 
volume The partitions dividing the metal container were 
adjustable and could be raised or removed depending on 
the experimental conditions being examined 


Tablel EFFECT OF SENSORY STIMULI ON AMPHETAMINE* TOXICITY IN MICE 


No of Total Cumulative 
Sensory mice No of percentage 
stimulus Container per mce mortalıty (h) 
group used 2 3 24 
Unlimited Metal container 10 30 27 90 98 100 
Limited Metal container divided in- 
to compartments (7 5 x 
57x 5 cm) separated by 
partitions with 0 6 cm 
space at bottom 10 80 7 28 47 80 
Visual Transparent plastic con- 
tamer divided 1nto com- 
partments (88 x 57 x 
6 5 cm) 10 20 0 5 45 55 
Visualand Transparent plastic con- 
olfactory tamer divided into com- 
partments (88 x 57 x 
65cm) Partitions be- 
tween compartments have 
opening (0 6 cm diameter) 
in centre 10 20 0 5 15 40 
None Metal container 1 12 0 00 20 
None Metal container divided ın- 


to compartments (75 x 
57 x5 cm) 1 10 0. 0 0 0 


* 25 mg/kg 1ntraperitoneally. 


The experiments were designed to emphasize one oi 
more types of sensory stimulation and minmuze others 
The effects of unlimited sensory contact, limited sensory 
contact, visual contact, visual and olfactory contact, and 
absence of sensory contact (isolation) were studied m mice 
that recerved amphetamine. The results are summarized 
in Table 1 Maximal sensory stimulation, that 1s, unlimited 
contact between mice, was found to produce the highest 
per cent mortality Body contact appeared to be the 
most important contributor to asmphetamune toxicity im 
aggrogated mice smce the per cent mortality steadily 
declined as the degree of body contact decreased In the 
case of isolated muce, the area available to each mouse 
appeared to have only a shght effect on mortality This 
study further emphasizes the importance of environ- 
ment as a factor in the complex mechanism of amphet- 
amine toxicity m aggregated mice. 
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H/EMATOLOGY 


Effect of Adenosine Diphosphate on 
Circulating Platelets in Man 


Iw 1960 Hellem? reported that platelet adhesiveness on 
vitro was increased by a dialysable substance derived 
from red cells, and that he had observed transient throm- 
booytopenia in rabbits after intravenous injections of this 
material The active fraction was afterwards identified 
as adenosine diphosphate (ADP)? The specific aggrega- 
tion of platelets ın vitro by ADP, and the inhibition of 
this action by adenosme, 1ts monophosphate (AMP) and 
its triphosphate (ATP), have been demonstrated by other 
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workers? It has also been shown that when thrombin 1s 
added to platelet suspensions free of red cells, sufficient 
ADP 18 released by platelets themselves to account for 
their subsequent aggregation5:® 

Platelet aggregation v vivo has been shown to follow 
the application of solutions of ADP to injured cerebral 
blood vessels of rabbits? In mtact animals, intravenous 
infusions of ADP were found to lower the platelet count 
transiently m cats? and m rabbits? The lowest concen- 
tration of ADP in the circulation required to produce this 
effect ın cats was calculated to be 4 x 10-9 M (ref 8) 

We have studied the effects on platelet levels of ADP 
given intravenously and intra-arterially in man, and 
related these to the circulatory effects of ADP injections 
The subjects were normal male volunteers who had 
received injections of their own platelets labelled with 
chromium-51 (ref 10) Repeated injections of ADP were 
given during periods of 1-3 h, ın the interval between 3 and 
48 h after the infusion of labelled platelets, when the 
amount of circulating radioactivity was sufficiently 
stable to serve as an mdieator of platelet levels 

In each examination blood samples were obtaimed 
thiough an indwelling catheter placed in a cubital vein 
Intravenous injections were given through a contralateral 
catheter Intra-arterial myection was performed by 
continuous slow infusion through a 23-gauge needle placed 
in the ipsilateral biachial artery, after ensuring that 
Evans blue (T 1824), infused via the artery, appeared 
promptly in tho venous blood sampled (This demon- 
strated that tho samples came from the area porfused ) 
During intra-arterial injections of ADP bilateral hand 
blood flows were measured by means of standard water- 
filled, temperature-controlled plethysmographs!!' The 
disodium salt of ADP (Sigma Chemical Co, St Lous) 
was used, an appropriate amount being dissolved in 
physiological saline solution immediately befoie cach 
injection / 

As a control procedure, whole blood and platelet radio- 
activity, and platelet counts, were determmed in serial 
samples taken from a number of subjects durmg 1-3 h 
prior to any injection Whole blood radioactivity determ- 
inations were found to be subject to least experimental 
error, and have therefore been generally used as the 
indicator of platelet levels after ADP mjections (Table 1) 

Systeme action Six subjects, weighing 65-90 kg, 
received intravenous doses of ADP in the rango 2 5- 
20mg Each injection of about 5 ml. was given in 10 sec 
All doses greater than 5 mg produced m the subjects 
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sensations of palpitation, lightheadedness, and constric- 
tion of the chest, between 15 and 40 sec from completion 
of injection Tachycardia was noted between 16 and 
50 sec, and increased 1n degree in proportion to the dose 
given Three doses of 10 mg given to one subject at 5-min 
intervals were each followed by an increase of pulse rate 
from 68-72 to 96-100 per min lasting some 30 sec After 
a dose of 18 mg ın the same subject the pulse rate rose to 
132 per min for about the same period 

These effects are attributable to transient generalized 
vasodilatation 

In five subjects in whom 45-60 per cent of the circulating 
radioactivity was platelet-bound, all doses of ADP which 
resulted ın tachycaidia were also followed by significant 
reduction of the radioactivity in circulation between 20 
and 60 sec after the injection After 10 mg of ADP, blood 
radioactivity fell by 15 to 20 per cent of pre-amjection- 
levels, and by as much as 40 per cent after a dose of 20 mg, 
but different subjects showed different degrees of reduction 
after sumlar doses When platelet radioactivity and 
counts were also determined these were reduced to a 
smular degree in the same period All three values 
returned to the pre-injection levels within 2 min of 
injection (Fig 1) Repeated injections of the same 
amount of ADP at intervals of 5-10 min had similar 
effects ; 

In one subject the labelled platelets had been heated 
before infusion so that less than 5 per cent of cuculating 
radioactivity was platelet-bound at the time of tho 
examination After injection of 18 mg of ADP the platelet 
count fell transiently to 60 per cent of the mean pre- 
injection value, but the circulating radioactivity did not 
alter ADP thus appears to have a clearing effect on 
platelets alone 

Intravenous injections of AMP and ATP m similar 
doses had the same circulatory effects as injections of 
ADP, but did not alter platelet levels 

Contimuous scmtillation counting over the spleen and 
the hver m subjects who received. 10 mg or more of ADP 
generally showed a transient mcrease in splenic 1adio- 
activity only during the minute following injection 


Table 1 CONTROL MEASUREMENTS OF PLATELET LEVELS 
(One subject during 3 h) 
Platelet count Platelet activity Blood activity 
per mmê (cps) (cps) 
No performed 9 9 8 
Arithmetical mean 164,200 1125 1611 
Standard deviation 19,750 117 060 
Coefficient of variance 1296 104% 37% 
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Local acion. ADP was mfused into the left brachial 
arteries of three subjects at rates of 200, 300, 450 or 600 ug 
per min for periods of 2 mun, at the rate of 2 ml. per min. 
In all cases immediate and marked vasodilatation occurred. 
in the left hand, but not m the nght Hand blood flow 
returned to the control level between 30 and 60 sec after 
the infusion was stopped (Fig 2; The amount of radio- 
activity ın samples of left forearm venous blood did not 
alter significantly in any subject, either during or after 
any infusion 

The lowest systemic doses of ADP with an effect on 
ewculatmg platelet levels were equivalent to concentra- 
tions of 4 x 10-° M ADP m the subjects’ total blood 
volume Allowmg a maximum 120 ml per mun for total 
forearm and hand blood flow durmg ADP infusion, the 
amounts given intra-arterially would have produced 
minimum, concentrations of ADP rangmg from 4 x 10-5 
iol x 10- M, yet these produced no change ın platelet 
levels It must be concluded that the reduction in the 
number of erreulating platelets which follows the systemic 
administration of ADP is due to their transient concen- 
tration withm either the splanchnic or the pulmonary 
circulation These observations suggest that the spleen 
may be a site of such concentzation, but the evidence 
obtamed so far for this suggestion 1s inconclusive 

This work was supported by grants J10 and G43 from 
the National Heart Foundation of Austraha We thank 
Prof R.F Whelan and Dr R L Hodge for assistance in 
performing arterial punctures and blood flow measure- 
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Absence of Di** in Malayan Aborigines 


Srvc the Diego (Dis) blood group was first reported! 
ın 1954, this factor has been demonstrated only ın Asiatic 
or Mongoloid peoples? The survey recorded here for the 
Diego blood group m Malayan Seno: and Jakun people 
was an attempt to establish some positive genetic evidence 
for their affinity to Mongoloid. groups mn South-east Asia 

The anti-Diego serum and the Diego positive (Di8*) red 
cells used in this work were kindly supplied by Dr Miguel 
Layrisse, of Caracas, Venezuela. The activity of both lots 
of anti-serum sent from Caracas was satisfactory by the 
indirect Coombs test on Di&* red cells 

The Seno: and Jakun form two of the three main groups 
of Aborigmes found in Malaya The other group of 
Malayan Aborigines, the Negritos, have not been included 
in this survey The affinities of the Seno: and Jakun with 
other races have long been disputed Two divergent 
hypotheses have been advanced as to their origins One 
theory is that they are related to Mongoloid peoples of 
South-east Asia?, and the other 1s that they are related 
to the Veddas of Ceylon and to the Australian Aborigines*. 
Polunin and Sneath! 1n their blood group mvestigations of 
the Senoi and Jakun concluded that they are not pre- 
dommantly Caucasoid or Australoid, but are probably 
similar to primitive Mongoloid groups m South-east 
Asia 
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A total of 270 unrelated Aborigines (Seno: and Jakun) of 
both sexes and all ages was studied for the Diego factor 
About half the population exammed was taken from 
the Aborigmes Hospital near Kuala Lumpur, and the rest 
from Aborigine soldiers stationed in Kuala Lumpur No 
cases of Diat were found m the Aborigmes surveyed Of 
27 unrelated, healthy Malayan Chmese examined, two 
were Di&*, which 1s about the frequency expected 

The absence of Di&* 1n the Senoi and Jakun examined 
does not support the hypothesis that they are related to 
Mongoloid peoples of South-east Asia 

Ithank Dr J M Bolton, Medical Officer for Aborigines, 
and Dr Lae-Injo Luan Eng, of the Institute for Medical 
Research, for access to the population under investiga- 
tion This work was supported by Pubhe Health Service 
research grant GM-11329-03 from the ICMRT 
Program, Office of International Research, National 
Institutes of Health, United States Public Health Service 
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Occurrence of Hemoglobin H and 
Hemoglobin Bart’s in Alpha-thalassemia: 
a Family with Two Possible Homozygous 

Cases and with G-6-PD-deficiency 


Ir has now generally been accepted that hemoglobm H, 
which is a tetramer of normal f-chams, 1s found only m 
a-thalasseemia, where the deficiency of «-chaims has led 
to a surplus of B-chams The problem, however, why ın 
only a small portion of cases of «-thalassemia can Hb H 
be detected, has not been solved until now! Fessas? 
reports that at birth all patients with «-thalasseemia have 
5 per cent or more Hb Bart's, which 18 a y-chain tetramer, 
but that these patients afterwards develop Hb H only 
rarely. In family studies of patients with Hb H disease 
often one parent shows a thalasseemic blood picture, but 
no Hb H 

The following observations might lead to the assumption, 
that possibly the problem 1s often a technical one 

In a family of mixed Chinese, Siamese, Indonesian and 
European descent two children, a boy of 10 years old and 
his brother of 3 years old, were found to have Hb H disease 
(Table 1, Nos 6 and 8) Both showed moderate hypo- 
chromic anemia with low mean corpuscular hemo- 
globm, marked aniso- and poukio-cytosis of the red 
cells, and many target cells The serum iron was normal 
After mecubation with brilhant cresyl blue, melusion 
bodies m many erythrocytes were seen. They had 
not been splenectomized ‘Table 2 shows the results of 
hemoglobm. analysis The alkah-resstent Hb fraction 
was normal as determined with the technique of Betke 
et al? Hb A, determined quantitatively on a DEAE- 
‘Sephadex’ column, was low (1 2 per cent and 1 5 per cent 
respectively) With horizontal starch-gel electrophoresis, 
in a phosphate buffer pH 77, 0 0054 mole/l according to 
Garmmack et al 4, two small anodal fractions were found in 
both patients Our idea that these fractions might 
represent Hb H and Hb Bart’s respectively was confirmed 
by Dr Lehmann. 

The hematological results m the family of these 
patients are also summarized ın Tables 1 and 2. Three 
children (Nos 4, 5 and 7) had normal red cell morphology 
and a normal hæmoglobin pattern The father (No 1), 
mother (No 2) and one daughter (No 3) showed slightly 
mereased aniso- and poikilo-cytosis of the red cells In 
both parents the osmotic fragility of the erythrocytes was 
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Fig 1 Schematic representation of the anodal Hb fractions in the 
family with a modified starch-gel electrophoresis technique 


shghtly decreased after mcubation of the blood at 37? C 
All had a normal serum iron value The mother had a 
low Hb A, and an occasional red cell with melusion bodies 
was found The daughter also had some erythrocytes 
with inclusion bodies, but a normal Hb A, In none of 
these patients was Hb H or Hb Bart’s found with the 
method described here 

It might be concluded from these results that the two 
brothers (Nos 6 and 8) with Hb H disease, and possibly 
also the daughter (No 3), had inherited the «-thalassemia 
trait from their mother However, this would not account 
for the slightly thalassszemic blood picture m the fathor 

This mduced us to re-examine the hemoglobin of all 
fanuly-members by introduomg some modifications ın the 
technique of starch-gel electrophoresis as deseribed by 
one of us elsewhere’ The most important of these modifi- 
cations 1s tho reduction of the thickness of the starch-gel 
layer to 2-3 mm With this technique we found in every 








Table 1 
Hematological data of the family 
Anis0-, poiko- Target 
Pat Sex/Age Hb(g%) MCH (ug) eytos:s cells 
Normal range 27-32 0—sp 0 
1 M 46 146 N + 0 
2 F 39 116 280 E 0 
3 F i4 126 225 + 0 
4 M 13 126 N Bp 0 
5 M11 118 240 sp 0 
6 M 10 88 177 PEF TEE 
7 M 5 122 256 0 0 
8 M 3 101 212 +++ tert 
Table 2 
Alkali- Starch-gel 
resistant Hb A, electrophoresis Inclusion 
Patients Hb (%) (%) pH77 bodies 
Normalrange 020-090 19-20 N 0 
1 N N N 0 
2 N 15 N + 
3 N N N + 
4 N N N 0 
5 N N N D 
6 N 12 Bart’s/H +++ 
7 N 0 
8 N 15 Bart's/H +++ 
Table 3 
GSH m red blood cells 
Patients Sex and age Before meub After incub 6-PD 
(mg/100 ml  (mg/100ml) (u/g Hb) 
Normal range 72 5— 53 5- 34 5- 
503 863 206 
1 M 46 751 434 239 
2 Y 39 526 173 158 
3 F 14 646 550 275 
4 M 13 587 125 06 
5 M 11 555 71 06 
6 M 10 500 354 804 
7 M 5 724 360 403 
8 M 3 604 458 600 
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member of the family one or two very small hemoglobin 
fractions with about the same mobility as the already 
known fractions m the two boys (Table 2 and Fig 1) 

We cannot prove that these fractions are identical with 
hemoglobm H and hemoglobin Bart’s respectively, but 
we have no reason to assume otherwise Until now we 
never found these fractions ın normal blood samples 

This would mean that both parents have «-thalassema 
trait Both have Hb Bart’s and one of them has Hb H 
also Four of their children (Nos 3, 4, 5 and 7) also would 
have a-thalassemia trait then The findings i tho two 
children Nos 6 and 8, who show marked ansmua and 
red cell abnormalities, many inclusion bodies and a greater 
quantaty of Hb H and Hb Bart’s, could be explamed by 
assuming homozygosity for two mild «-thalassemia genes 
Ingram and Stretton? have postulated that homozygous 
a-thalassemia would be a lethal condition, and Lie- 
Injo et al” have described a case of hydrops fostals 
apparantly due to this condition However, this might 
not hold true for all cases considering the variability in 
expression of the thalassemia gene More genetic data 
are needed to elucidate this pomt In the family mvesti- 
gated by us no miscarriages have occurred 

Another interesting pomt m this family 1s the occurrence 
of G-6-PD-deficiency The mother (No 2) had an inter- 
mediate deficiency, while two children (Nos 4 and 5) 
showed very low levels of G-6-PD, with corresponding 
glutathion mstabilty (Table 3) 

The combination of this defect with «-thalassæmia m 
one family has not been described before It 1s postulated 
by Rigas et al? that the erythrocyte-enzymes play an 
important part in keeping the hemoglobm H in solution 
m the red cell At loast ım this family this is not supported. 
by our findings one of the two siblings with extremely 
low G-6-PD-values (No 5) has no inclusion bodies, but 
actually has some Hb H 

If our findings could be confirmed by others, this would 
mean that Hb H and Hb Bart’s are present 1n many more 
cases of a-thalassexma than ıs supposed until now 
Diagnosis and genetic studies certainly would be much 
facilitated by this 

We thank Dr H A Meurs, who referred the patients to 
us and kindly allowed us to make use of his data We also 
thank Dr H Lehmann for his advice and eriticism 

P W HELLEMAN 
K Port 
M C VERLOOP 
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PATHOLOGY 


Gene Expression in Heterozygotes and 
Synthesis of Plasma Antihemophilic Factor ` 


In commenting on a communication with this title 
from Dr L J Woolfi, we would at the outset aver that 
there 1s little or no direct evidence which bears on the 
points at issue This does not preclude speculation, but 
the speculative nature of the comments of both Dr 
Woolf and ourselves should be kept m mind 

We disagree with Woolf’s statement that ‘von 
Willebrand’s disease 1s irrelevant to any discussion of gene 
action in heterozygotes for hemophiba A” Both diseases 
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apo-repressoi produced by the regulator 


Autosomal Lect X-locus Autosomal Loci (+) X-Locus gene The activated repressor m turn re- 
| WWD lows — (4 ies i presses synthesis of the enzyme This does 

i ; ] i i not preclude the possibility that hus mechan- 
kasd RBS MEE M dts E 1s operative, but we are still unable to 
e an example, expermentally verified, m 
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result from defective genes, and von Willebrand’s disoasc 
(v W d )is a disease of heterozygotes Furthermore, 1t1s as 
easy to show in the test-tube that complementation is 
lacking between hemophiha A and v W.d plasmas as it 


is to show that complementation exists between plasmas of _ 


hemophihas 4 and B The usual canons of biochemical 
genetics lead one to infer that v Wd and hemophilia A 
share a common defect This we interpret to be a reduc- 
tion of normally functionmg antihemophilic factor 
(AHF) 

We cited evidence previously that patients with v W d 
are able to synthesize quite high levels of AHF in 
certain circumstances while hemophilia A patients do 
not? Yet the plasma AHE-level m untreated patients 
with v Wd remains low If the plasma AHF-level wero 
responsible for repressing the rate of synthesis of AHF, 
why 1s ıt that new synthesis of AHF occurs m vWd 
when normal plasma iich in AHF :s transfused ? This 
amounts to stimulating synthesis by admmuistermg & 
repressor, 1f one follows Dr Woolf's reasoning 

We apologize to Dr Woolf for misquoting him im our 
earlier communication It ıs quite true that he used the 
phrase ‘feedback repression’ and not ‘feedback inhibi- 
tion’? Our confusion can be understood, however, if 
one considers the precise meaning of these terms! He 
referred to the mechanism by which a protein acts 
directly to regulate 1ts own level as ‘feedback repression’ 
The intracellular details of this process were not outlined 
in his specrfic examples, but he seemed to doseribe a 
mechanism which might be called ‘end product mhibi- 
tion’ But ‘end product mhibition’ ıs the synonym for 
‘feedback inhibiàhon'^ To further confuse things, the 
mechanism of ‘feedback repression’ of bacterial enzymes 
18 one 1n which the product of the enzyme, not the enzym- 
atic protem itself, acts as an ‘effector’ to activate the 
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which a protem acts directly to repress 
protem synthesis Those who are working 
on these problems seem to consider that only 
polyribonucleotides act m this manner*$ 
Perhaps new nomenclature is needed What 
about ‘feedback depression’ for the situation 
m which hberation of newly synthesized 

l protem from the ribosomal template 1s 

i impeded by accumulation of the specific 

| product withm the cytoplasm, a reflexion 
Normal Product B of tbe plasma level? Or is this really 
different from mass action ? 

It 1s possible that enzyme synthesis m 
bacteria 1s controlled by one mechanism, and 
plasma protem synthesis im mammals by 
another We follow the principle of ‘econ- 
omy of hypotheses’ and piefer not to accept 
this possibility until more definitive evidence 
is produced than observations such as “the 
normal serum albumm concentrations m 
heterozygotes for analbummemia proves 
htales ours] that feedback repression is the 
controllmg factor" 

Since our original letter? we have extended 
our thoughts about AHF synthesis to melude 
additional models with refinements The 
details of these thoughts are summarized 
ia Fig 1 We still msist that any model of 
AHF synthesis must account for the facts 
thav (1) an X-locus (recessive when mutant) 
and a pan of autosomal loci (dommant when 
mutant) are mvolved, (2) both vWd 
and X-linked hemophihe plasmas occur as 
distinctive mutant phenotypes, not com- 
plomenting in the test-tube, as do plasmas of hemophilas 
A and B, (3) transfusion of plasma fiom X-lnked hæmo- 
phihacs mto persons with v Wd results m new net 
synthesis of AHF, while the reverse operation ıs meffec- 
tive We consider the dominance of the v Wd mutant 
and the non-reciprocal transfusions to be of particular 
significance 

All the models of Fig 1 assume that some or all of the 
structural information coding for the AHF chains 1s con- 
tained in a locus on the X-chromosome, while any mform- 
ation coding for a regulator or activator resides on auto- 
somal loc: This is not universally accepted? The model 
at top assumes that an enzyme produced by autosomal 
loci activates product B (pro-AHF) by, perhaps, removal 
of a small peptide In order for a singlo mutant vWd 
allele to reduce AHF -levels below 50 per cent (sometimes 
as low as 16 per cent), 16 must be assumed that the 
structurally abnormal activator has a higher affinity for 
product B than does its normal counterpart This is 
conceivable, but the model also suggests that wm vuro 
complementation should occur between plasmas from 
the two abnormal phenotypes after meubation (which it 
does not) and that transfusions between the mutant 
phenotypes should work reciprocally (which they do not) 
Of course, if additional restrictions are placed on tho 
nature and transport properties of the activator and 
product B, this model can be made to fit the observations 

The second model ıs one at present m vogue as the 
common mechanism of protem synthesis in higher 
animals, for example, hamoglobm. In this model poly- 
peptide chams are coded separately on different chromo- 
somes and form actrve AHF when tho chains combine, 
presumably in the cytoplasm of the synthesizmg cells 
In order to account for the low AHF levels of vWd 
with this model, 15 18 necessary to assume that the altered 


(+) X- Locus 


1042 


chams coded by the mutant autosomal locus have a 
higher affinity for the X-coded chains than the normal 
product does To explam the non-reeiprocel transfusion 
effects, 1t 1s also required that re-entrance of autosomally 
coded chams into cells be more difficult than re-entrance 
of X-coded chams 

The final model ıs the Jacob and Monod type mentioned, 
m our earlier communication In this model of a male cell 
showing only one of the two autosomal chromosomes, we 
suggest that at least two regulator-operator-structural 
gene systems are involved m AHF synthesis The pro- 
duct of the autosomal operon (V F ) acts as the inducing 
effector of the X-chromosome operon by neutralizing its 
normal repressor It is apparent that if the structural 
information for AHF synthesis resides ın an operon on the 
X-chromosome, mutation within this operon (either of 
the O or S gene) might cause reduction in AHF activity 
and produce hemophilia A It 1s also apparent that 
mereasing the amount of inducer m hamophila A could 
not increase the level of AHF because either the switch 
cannot be turned on (O° mutant) or only abnormal AHF 
would be produced (S- mutant) The autosomal mutation 
responsible for v W.d cannot be a mutation of the AHF 
coding gene because production of AHF can be increased 
m v W.d by transfusion of some substance contamed in 
plasma of X-linked hemophilacs 

In this model an +° (super repressor) mutation of one of 
the RY F genes will account for all the features of v W d 
The super-repressor acts on both of the wild-type V F 
operons to shut down production of V F This, m turn, 
diminishes the neutralizer of the repressor of tho X-operon 
which thereby represses AHF production The VF, 
which 18 at normal levels in X-hnked hemophiha, allows 
transfusion of such plasma to by-pass the block in v W d 
In X-linked hzemophiha the reverse does not occur because 
the block 1s at the last step (m-RNA for AHF) and nothing 
in v W d. plasma can alter this defect 

Thus, a Jacob and Monod model can be devised which 
explams the observations so far on AHF synthesis and 
both mutant phenotypes. This ıs not surprismg because 
these models have almost infimte flexibihty The 1mpor- 
tance of the model 1s not that 16 explains what has been 
observed and thereby proves anything, but that it allows 
for important predictions One prediction 1s that the 
AHF which 1s newly formed m v W d after transfusion of 
AHF-poor plasma from persons with hamophiha. A is struc- 
turally normal This1s a prediction which can be tested and 
18 the research project on which we are now engaged 

Ths work was supported in part by research grant 
H-3140 from the US Public Health Service 

Note added ın poof Smee this communication was 
written, we have examined the heat denaturation, pH 
inaetivation and thromboplastm generating properties 
of the new AHF produced in v W d following transfusion 
of hemophiha A plasma Post-transfusional AHF and 
normal AHF could not be differentiated by these tests 
Details are m press (Proc. Soc. Exper Bwl Med) 

W D McLesrEer 


Department of Pathology, TOES 


University of North Carolina, Chapel Hill 
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Mouse Erythroleukzmia of Viral Etiology 


In 1962, Rauscher! deseribed a virus recovered from 
BALB/c mice which resulted m. a mononuclear infiltrate 
of the tissues examined, begimming 30-45 days after 
moculation Nucleated erythrocytes were observed in 


NATURE 


VoL 201 


March 7, 1964 


large numbers ın the red pulp of the spleen and m smusords 
of the Irver as well as ın peripheral] blood smears. 

As part of an extensive mvestigation® of the patho- 
genesis of the disease, hzernatologieal studies were carried 
out which indicated that the syndrome mduced was 
identical to that of di Gughelmo, a disease m man of 
unknown etiology? Five-week-old female BALBJe/jaxr 
mice were inoculated intraperrtoneally with 0 2 ml of a 
10 per cent suspension of spleen extracts of virus originally 
obtained from Dr Rauscher and passaged twice in this 
laboratory At weekly mtervals, except for the seventh 
week, 8 mice were killed for spleen and liver weights, slide 
unprints, and histology Total red cells and nucleated 
cells were determmed by a Coulter electron:o coll counter, 
together with differential counts derived from blood 
smears Hemoglobins were assayed by the cyan- 
methemoglobin method m a photometer! and reticulocyte 
counts were made using the brilhant-cresyl-blue staming 
techniques 

The results are presented m Fig 1 and demonstrate 
reticulocytosis, anemia, and increase in nucleated cell 
count, reaching a maximum, at 6 weeks. Giemsa-stamned 
blood smears and mmprmts of the spleen and liver led to 
identification of the proliferating cells as erythrocytic m 
origin Beginmng at the third week, blood smears demon- 
strated progressive changes consisting of polychromato- 
phila, ansocytosis and Howell-Jolly bodies of mature 
erythrocytes, and increase m total nucleated cells A 
large proportion of the latter could not be identified 
because they disintegrated on smearmg and only nuclear 
chromatin was recognizable A major proportion of 
intact cells were identifiable as metarubricytes, rubricytes, 
and prorubneytes Differential counts showed that there 
was only a shght merease m cells of the granulocytic series 
and that most of the increase resulted from nucleated red 
cells A striking feature of the rubriblasts and prorubri- 
cytes m both blood smears and xmprmís of spleen and hver 
was mnereased parachromatin resemblmg that found in 
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Reticulocytes (96) 


Heemoglobin (g 95) 


Nucleated cells ( x 10*) 





Days 


Tig 1 Mean values (a = 8) for reticulocyte count, hemoglobm and 

nucleated cells ın peripheral blood of BAZB/e mice killed at weekly 

intervals following inoculation with Rauscher virus 3 and at 
zero time and 58 days for unmoculated controls (- - —) 
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; pernicious anemia and di Guglielmo disease in man}. 
Thrombocyte number and morphology showed no gross 
D 
All animals showed the same sequence of changes includ- 
ing anemia and proliferation of red cell precursors, which 
at first appeared normal but later assumed definite malig- 
nant characteristics and resulted in death if allowed to 
progress. . Of 135 mice inoculated with Rauscher virus, 56 
< were afterwards killed over a period of 8 weeks for experi- 
< mental determinations, 77 died between 5 and 8 weeks 
'* post-inoeulation, and the 2 remaining survivors at the end 
of 9 weeks showed gross evidence of marked hepato- 
splenomegaly. No lymphocytic or monocytic proliferation 
comparable to that described by Rauscher! or Friend* was 
seen. Although these authors also described erythro- 
poiesis, they found that their animals developed lympho- 
eytic! or monocytic* leukemia. We interpret the changes 
_ deseribed here as due to malignant proliferation of the 
red cell series, or erythroleukemia, which is remarkably 
similar to the erythroleukemia or di Guglielmo’s disease 
seen in man. 
5. he failure of the mice infected with Rauscher virus to 
_ develop lymphocytic leukemia during the period reported 
could be due to an early and rapid death rate with high 
infecting dose of virus. Tho development of lymphocytic 
leukemia subsequent to the induction of a specific erythro- 
leukemic syndrome is under continuing investigation. 
This work was supported in part by grant CA—05884 and 
CA-06109 from the U.S. National Institutes of Health. 
Note added in proof. Current experiments following the 
hematology of virus-infected mice individually by periodic 
orbital bleeding indicate increased lymphocyte numbers in 
non-resistant mice. However, no lymphadenopathy or thy- 
; mie enlargement has been observed in these mice at death. 
: BENJAMIN V. SIEGEL 
WILLIAM J. WEAVER 
Rosert D. KOLER 
Department of Pathology and 
Division of Experimental Medicine, 
University of Oregon Medical School, 
Portland. 
‘Rauscher, F. J., J. Nat. Cancer Inst., 29, 515 (1962). 
.,*Biegel, B. V. (to be published). 
fu " Pamese, W., and Gunz, F., Leukemia (Grune and Stratton, New York, 
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_ Tissue Affinity as a Factor in Iron Deposition 

~~ Various factors are known to influence the absorption 

of iron from the gastrointestinal tract. From work 

“performed in our laboratory it would appear that an 
additional factor, not considered previously, is an altera- 

tion in the tissues, so that there is an inerease in the 
affinity of the liver for iron. 

Tt has been shown that there is an increase in iron 

v absorption and iron deposition in the liver when rats and 

“mice are fed ethionine!, Further, during ethionine adminis- 

"tration a periodic aeid-Schiff-positive diastase resistant 
1 material develops very rapidly in the liver cells of rats; 
; iron is afterwards deposited in intimate association with 

this material*. Investigations in vivo indicated that there 
was an increase in tho uptake of iron by the livers of 
|. ethionine-treated rats after iron-59 had been administered 
intravenously". Because of these observations it was 
gested that this periodic acid-Schiff-positive material 
possesses an affinity for iron?, and this is reflected in the 
nerease in iron deposition in the liver when ethionine is 
administered. 

-The unbound iron binding capacity of the circulating 
plasma may influence the deposition in the liver of intra- 
venously administered iron. In order to demonstrate 
"whether the livers of ethionine-treated animals did indeed 
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Table 1. CHANGES IN WEIGHT he 
Initial weights (g) Terminal weights (g) ^ 
Experimental Control Experi is ontrol 
(0-5% ethionine) (basal diet) (05% ethionine} ^ (bagaldiet) 
Pair 1 214 214 186 C380 7 5 
Pair 2 226 223 206 i199 .— 
Pair 3 230 229 203 195 
Pair 4 249 244 215 209 
Pair 5 263 264 222 227 
Pair 6 274 269 235 2240 


MEE 





calcium pantothenate 1,500 pg, nicotinic acid 2,500 ug. 
The diet of the experimental animals was supplemented so 
that it contained 0-5 per cent ethionine, the ethionine 
replacing an equivalent amount of glucose. The animals 
were fed the ethionine-supplemented diet ad libitum. For 
each experimental rat a control rat was fed. limited 
amounts of the basal diet so that the weight changes were 
approximately equal in each. After 9 and 10 days on this ^ 
diet, 6 pairs of animals were killed, and the livers removed 
immediately. Each liver was sliced into thin slices with a 
razor blade, and washed in cold Ringer’s solution. The 
slices were then placed in a beaker containing 15 ml. 
Ringer's solution which contained 10 uc. of "FeSO, and 
14 mg of FeSO,.7H,0 which represents 2-8 mg of iron as 
carrier iron. This was incubated for 1 h at 37? C. Oxygen 
was bubbled through the solution for the entire 1-h period. 
After this time the slices were removed, weighed and 
washed in 15 ml. cold Ringer’s solution for 0-5 h. Liver 
slices were then removed and counted in a well scintilla- : 
tion counter. The specimens were counted for 1 min and 
the results expressed as a percentage of the standard. The 
Standard consisted of the number of counts per min 
per 2 ml. of the original incubating medium containing. 
10 uc. of iron-59. E 

The animals on the ethionine-supplemented diet. lost: 
weight (Table 1). This has been observed in previous 
experiments?*-?, 

'The uptake of iron-59 in the liver of ethionine-treated 
and control animals is recorded in Table 2. Tt is evident 
from these results that the livers of animals which have. 
been fed ethionine for 9 and 10 days have a definite 
increased affinity for iron. The uptake of radioactive iron 
was significantly greater by the livers from animals 
previously fed ethionine than in the livers from the 
control animals (P < 0-05 when caleulated as uptake of 
iron/g liver, P < 0-01 when calculated as uptake of iron/ 
total liver). The increased affinity for iron presumably is 
a direct result of the effect of ethionine on the liver cells. 
Uncontrolled influences, such as variations in plasma iron 
capacity which may be present in intact animals, were 
excluded by utilizing liver slices in vitro. Another 
significant factor enhancing iron uptake by the liver 
could be a depletion of liver iron stores. That depletion 
of liver iron stores does not occur with ethionine has 
been shown in previous experiments; on the contrary, the 
liver iron values with ethionine feeding were increased for 
periods up to at least one month':?*, It has been demon- 
strated recently that iron was deposited in association 
with a periodic acid-Schiff-positive diastase resistant 
substance in the liver cells of rats? This substance 
develops as a consequence of ethionine administration and 
is seen prior to the presence of histochemically demon- 
strable iron. It is reasonable to consider that the increased 
affinity of liver for iron in ethionine-treated animals 
depends on the development of this substance. In this 
connexion, Gedigk and Pioch! have shown that the ground 
substance which develops in the cell as a result of the 
injection of iron possesses a high affinity for iron and other 
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Table 2, UPTAKE OF IRON-590 BY LIVER 

Liver weight Uptake of Fe/g liver* Uptake of Fe/total 

Experi (% standard) livert (% standard) 
mental Control mental Control mental Control 

Pair 1 5:140 5:840 5:84 S11 31:75 20:84 
Pair 2 6:205 6:765 3-92 3-50 24-34 23-70 
Pair 3 7:010 6-810 4-80 4°60 83-71 31-39 
Pair 4 6-850 7:235 527 3:02 30:13 26-25 
Pair 6 6:815 6-315 531 4-53 36:23 28-62 
Pair 6 6:950 1:065 5:01 3:53 39-03 24-08 


*P< 005. tP«0901 


heavy metals. This substance in many respects is similar 
to that observed in the liver parenchyma during ethionine 
administration?; however, in the latter report the 
development of the periodie acid-Schiff-positive substance 
intimately associated with iron preceded the deposition 
of the iron. Golberg and Smith speculated that liver 
damage involves the synthesis of excessive amounts of iron 
binding material for which they suggested the name 
*haptosiderin'; however, they presented no experimental 
evidence for the development of such a substance’. 

In summary, uptake of iron-59 by liver slices in vitro 
was demonstrated. The affinity for iron was increased 
when the diet of the rats was supplemented with ethionine 
for 9-10 days. This increase in the affinity for iron may 
account for the increased iron deposition in the liver and 
the increase in iron absorption from the gastrointestinal 
tract. On the basis of the results obtained from this 
experimental model, it is suggested that the affinity of the 
tissue for iron may be an important factor in its absorp- 
tion. 

This work was supported by U.S. Public Health Service 
grant AM 04839, National Institutes of Health, National 
Institute of Arthritis and Metabolic Diseases. 
NATHAN KAUFMAN 
J. V. KrAVINS 
Tuomas D. KINNEY 
Department of Pathology, 
Duke University Medical Center, 
Durham, North Carolina, 
ior. D., Kaufman, N., and Klavins, J, V., J. Exp. Med., 102, 151 
E perci a D., Kaufman, N., and Klavins, J. V., Lab. Invest., 19, 978 
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Electrophoretic Pattern of Lactic Dehydrogenase 
in Carriers and Patients with Duchenne Muscular 
Dystrophy 

Tur electrophoretic pattern of the enzyme lactic 
dehydrogenase (LDH) is composed of several bands. 
These bands are believed to be different molecular forms 
of the enzyme and have been called ‘isozymes’!. Tt has 
been suggested that these isozymes result from various 
tetrameric associations of two sub-units A and B®? for 
which there is some experimental evidence*. The pattern 
of LDH isozymes is tissue specific’, though the pattern in 
fetal tissues is usually different from that found in 
adult tissues®:?. 

- In human serum there are 5 bands, the anodic or most 
rapidly migrating band being referred to as LDH-1, and 
the cathodic or most slowly migrating band as LDH-5. 
In normal sera LDH-1 and LDH-2 predominate*/^*, In 
liver tissue LDH-5 predominates and it has been found 
that in hepatitis (toxie or infective) the pattern of LDH 
isozymes in the serum changes so that LDH-5 becomes 
the most prominent band**, It is now well established 
that alterations in the serum LDH pattern are detectable 
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in many disease states and reflect the LDH isozyme 
pattern of the affected tissue. However, though in human 
skeletal muscle LDH-5 predominates, in the seta of 
patients with muscular dystrophy an increase in the most 
rapidly migrating isozymes has been found by some 
workers!*, but others have found no difference from normal 
sera!, In these reports it is not clear which type of 
muscular dystrophy was being examined. ; 
Duchenne pseudohypertrophie museular dystrophy is a 
very serious disease: affected boys become confined to a 
wheel-chair by about the age of 12 and usually die in their 
late "teens, It is inherited as a sex-linked recessive, and 
female carriers of this disease are almost always perfectly 
healthy. We have investigated the LDH isozyme pat- 
terns of sera and aqueous muscle extracts from patients 
with this disease and in a number of **proven carriers"'!*, 
The muscle was ground up with 10 volumes of water in 
a Servall homogenizer at 50,000 r.p.m. at —1° C for 
2 min and then centrifuged at 40,000g at 4? C for 30 min. 
The supernatants were either used immediately or stored 
nt —15? C. Storage for periods as long as 3 weeks pro- 
duced no significant alteration in the electrophoretic 
patterns. Starch-gels were buffered at pH 8:5 according 
to the method described by Boyer et ai.!?, and subjected 
to vertical electrophoresis at 4° C and 4:5 V/em for 
approximately 18 h. After electrophoresis, LDH activity 
was localized by the method of Blanco and Zinkham!. 
No significant differences were detected in the LDH 
pattern of sera from healthy children and affected children 
and from normal women and carriers. However, the 
LDH pattern of muscle extracts from affected children 
was very different from controls. Wieme and Herpol'* 
found that LDH-5 was reduced in 5 patients with muscular 
dystrophy (though no clinical details or precise diagnosis 
was given). In our experiments LDH-5 appears to be 
completely absent (Fig. 1). Almost identical patterns 
have been found at all stages of tho disease irrespective 
of the grade of severity. One boy aged 3 who had no 
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.l. LDH pattern of human muscle extracts in: (a) 3-year- 


boy with muscular dystrophy; and in various 
development; (b) 400 g fetus; (c) 7-month stillbirth; (d) neonate; 
(0 Soonth dtd yw fetus] (c) Z-mouth sited). neonato: 


No. 4923 March a; 1964 


Ae 


E 


of human mascle extracts in: (a) healthy 
10 dilutions; (b) carrier of Duchenne 
and 1 in 10 dilutions of the muscle 
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signs of any muscle weakness was investigated because 
his elder brother had the disease. This 3-year-old boy 
had a very high serum level of the enzyme creatine 
phosphokinase which is good reason for believing that he 
is also affected and eventually will have overt weak- 
ness!^!*. The histology of a muscle biopsy specimen 
showed only very slight pathological changes, but the 
isozyme pattern revealed an absence of LDH-5 and was 
indistinguishable from that found in children who were 
severely affected. 

The LDH pattern of human skeletal muscle has been 
investigated at various stages of development and it 
appears that LDH-5 is absent throughout intra-uterine 
life and becomes manifest only some time after birth 
(Fig. 1). The LDH pattern of skeletal muscle extracts 
from boys with Duchenne muscular dystrophy closely 
resembles, therefore, that found in the foetus'*. Prelim- 
inary observations suggest that this abnormality may 
not be detectable in some other types of muscular dys- 
trophy, notably those with a later onset and slower 
progression. However, the samo abnormality has been 
found in a boy with a type of muscular dystrophy 
resembling the Duchenne type but inherited as an auto- 
somal recessive trait. 

Six proven female carriers of Duchenne muscular 
dystrophy have been examined, and in all cases, though 
to varying extents, there was some reduction in LDH-5 
with a slight increase in the rapidly migrating LDH's. 
These changes were most marked in one carrier (case 1, 
Emery?) who had definite muscle weakness (Fig. 2). 
Otherwise these changes did not correlate well with the 
serum-level of creatine phosphckinase but did correlate 
with the severity of the histological changes. 

Recent experiments?! indicate that isozyme patterns 
may be influenced by nutritional environment. Possibly 
the changes in skeletal muscle LDH pattern in muscular 
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dystrophy may reflect some insult which the musele tissue 
first sustained at an early stage in development. 

This work was supported in part by grant 5-TI-GM- 
795 of the U.S. Publie Health Service, and by a grant 
from the Muscular Dystrophy Association of America. 


^ ALAN E. H. Emery 
Division of Medical Genetics, 
Department of Medicine, 
Johns Hopkins University 
School of Medicine, 
Baltimore, Maryland. 
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IMMUNOLOGY 


Time of Action of the Thymus in the 
Irradiated Adult Mouse 


REcENT interest in the thymus has derived largely from 
the discovery that in both neonatally t tomized 
and thymectomized irradiated adult mice the develop- 
ment of the ability to respond to primary antigenic 
challenge is seriously impaired**. No satisfactory explan- 
ation exists for these findings, but it has been shown that 
thymuses taken from new-born mice and grafted into 
immunologically incompetent mice will restore normal or 
near-normal eompetence'*, Further, in neonatally thymec- 
tomized mice this effect has been achieved even though the 
grafted thymus has been enclosed in a ‘Millipore’ diffusion 
chamber, which precludes the possibility of ingress and 
egress of eells*. This suggests that thymic function in- 
volves a humoral factor. The experiments presented here 
concern in part attempts to devise a test system for such a 
factor and in part to assist understanding of the time of 
action of the thymus in the restoration of immunological 
competence after irradiation. 

CBA male mice of the Chester Beatty inbred strain 
have been used throughout. The conditions of irradiation 
and method of bone marrow therapy have been published 
elsewhere*; it is only necessary to say here that mice were 
10-12 weeks of age at the time they received 850 r. total 
body X-irradiation which was followed in 3-4 h by an 
intravenous injection of 5 x 10* cells of syngeneic bone 
marrow. Total thymectomy was performed either 8-10 
days before or 13 days after irradiation using the method 
adopted by Miller’. Thymus grafts were implanted via a 
Bashford trochar to a subcutaneous site half-way along the 
right flank of the mice on the seventh day after irradiation. 
Twelve days after implantation the flank was shaved and 
swabbed with ‘Cetrimide’ solution and the area of skin 
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easily be seen and a small incision was made in the skin 
and the graft removed. This operation was successfully 
performed in five cases out of six. In four mice no thymus 
eould be seen and of these mice only one afterwards 
proved to have an intact graft. 

Tests of immunological competence ~ 

(1) Skin grafting. Mice were skin grafted 28 days after 
irradiation following the method of Billingham and 
Medawar'. Two skin grafts were applied to each mouse; 
one C8H, of the same H-2 genotype as CBA; one, C57BL, 
of different H-2 genotype. The skin grafts were read from 
12 days after their application. 

(2) Anti-sheep-red-cell antibodies. Mice were immunized 
with sheep red cells 35 days after irradiation and titrations 
of saline agglutinins against sheep red cells were carried 
out 5 and 7 days later. Titres were expressed as the logar- 
ithm to the base 2 of the reciprocal of the last dilution 
showing macroscopically visible agglutination. 

Two experiments were performed In the first, mice 
were irradiated, injected with bone marrow and then, 
13. days later, thymectomized or sham-thymectomized. 
Fifteen days after thymectomy their responses to skin 
grafts were determined. Seven days after application of 
skin grafts the mice were injected with sheep red cells. 
The results, shown in Tables 1 and 2, indicate that thymec- 
tomy 13 days after irradiation has considerably impaired 
the recovery of the immunological mechanism. 


Table 1. NUMBERS OF SyNGENEIO CBA CHIMERAS SHOWING SKIN GRAFT 


SURVIVAL TIMES INDICATED 
: Survival time (days) 
Mice 30-50 50-70 


«30 >70 
C3H C57BL C8H C57BL C8H C5IBL C3H Cb7BL 
Thymectom- 
ized — 3 — — — 2 8 4 
Sham-thym- 
ectomized 2 9 8 3 rece Neha = = 
Table 2, MEAN ANTI-SHEEP-RED-CELL HEMAGGLUTININ TITRES OF 
SvNaENRIO CBA CHIMERAS AFTER IMMUNIZATION 
Mice Mean haemagglutinin titre + S.D. 
Day 5 Day 7 
Thymectomized 2:68 + 1-28 250 + 1:38 
(n = 8) (n = 10) 
Sham-thymectomized. 6-08 + 0-04 483 + b 


(n = 12) (n = 12) 
Significance of difference — t = 7-77, P < 0-001 t = 437, P < 0-001 
In the second experiment mice were thymectomized 
before irradiation and bone marrow therapy. Seven days 
after irradiation they were grafted with a syngeneic 
thymus which after 12 days was removed. Eleven days 
after removal of the graft the mice were challenged with 
sheep red cells. A comparable control group of mice was 
mot grafted with thymuses. The results of this experiment 
are set out in Table 3. Though the small numbers of mice 
- preclude any definite conclusions, the results suggest that 
a thymus graft effects some restoration of immunological 
competence even though present for only 12 days. 
"fable $, ANTI-SHERP-RED-CELL HJEMAGGLUTININ TITRES OF THYMECTOM- 
IZED IRRADIATED CBA Mick som a cae HAD A SYNGENEIC THYMUS 


; Hemagglutinin titres 
Mice ggl 


5 days 7 days 
Grafted. with Graft removed 5, 4,3,1,1 7, 5, 4, 3,1 
thymus Graft not removed 7, 6 8,7 
ESO Graft failed $,4,1 7, 7, 5 
Not grafted m 6, 6, 6, 1, 0, 0 


^^ Both experiments must be regarded as preliminary to 
- work on a larger scale. The inference from both is the 

“same, namely, that, however the thymus facilitates restor- 
. ation of immunological competence in irradiated animals, 
it commences to do so within at least 7-8 days of its 
period of maximum aplasia following either irradiation or 
grafting. It remains to be seen how long a thymus must 
be present for full restoration of immunological com- 
petence. If it is accepted that the thymus functions 
wholly or in part by liberation of a humoral faetor the 
present experiments have a corollary; first, if in the intact 
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under which the. thymus was thought to lie was held up 
to a light source. In some mice the grafted thymus could - 
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irradiated animal it is observed that the thymus starts to 


function within 13 days of irradiation it would be appro- 
priate to inject potential humoral factors at this time into 
thymectomized test animals and, secondly, the thymus 
of the irradiated animal may well contain extractable 
amounts of any humoral factor 13 days after irradiation. 
We are grateful for the encouragement of Prof. 
P. C. Koller. This investigation has been supported. by 
grants to the Chester Beatty Research Institute (Institute 
of Cancer Research: Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer. 
Campaign, the National Cancer Institute of the National 
Institutes of Health, U.S. Public Health Service and the 
International Atomic Energy Agency (contract No. 
103/US). 
A. MARJORIE Cross 
A. J. S. DavrEs 
BARBARA DOE 
ELIZABETH LEUCHARS 


Chester Beatty Research Institute, 
Institute of Cancer Research: 
Royal Cancer Hospital, 
London, S.W.3. 
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A Modified Tanned Cell Hamagglutination 
Procedure for the Study of Organ 
Antigen-Antibody Systems 


Tur tanned red cell hemagglutination test, as devised 
by Boyden!, has served as a useful and sensitive tool for 
the detection of antibody. In our experience, however, 
the method has been capricious when applied to the study 
of organ antigen-antibody systems in that red cells. 
sensitized with heart or kidney extracts agglutinate) 
spontaneously when suspended in diluent. These positive 
controls were not prevented by alteration in the tannic 
acid concentration, antigen concentration, or by increasing 
the protein content in the diluent. “Unpredictable 
stability of the cells and uncontrollable variation of the 
sensitivity of several batches of sensitized erythrocytes" 
have also been noted by other workers’. The work re- 
corded here is concerned with a modification of the original 
tanned cell méthod for the purpose of improving the 
reliability of the technique by preventing spontaneous 
hemagglutination of sensitized erythrocytes. HE 

The method used was essentially that of Boyden’. 
A 2-5 per cent suspension of washed sheep erythrocytes’. 


^was treated with tannie acid 1: 20,000 for 10 min at 37? C. 


The sheep cells were spun down at 4? C, the supernatant | 
removed, and the cells resuspended at room temperature 
in a phosphate-buffered saline pH 7-4, containing bovine | 
serum albumin at a concentration of 0-1-1-0 per cent. : 
The cells were gently shaken for several seconds to give 
a uniform suspension and centrifuged. Following removal 
of the supernatant the cells were resuspended, washed in 
phosphate-buffered saline, and incubated with the antigen. 
according to the procedure described by Boyden. The 
antigens used in the work described here included bovine 
serum albumin, human y-globulin, and. saline extraet of 
rabbit heart. Antisera were prepared in the rabbit to 
human heart as well as to bovine serum albumin and 
human y-globulin. The antiserum to human heart was 
absorbed with human erythrocytes and serum to remove’ 
antibody to these components prior to use. 


The results are summarized in Table 1. The protein 


_in the bovine serum albumin wash costed. the tanned 


erythrocytes with sufficient antigen (bovine serum albu- 
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Desert Animals 


PHYSIOLOGICAL PROBLEMS OF 
HEAT AND WATER 


Knut Schmidt-Nielsen 


The author discusses the life of desert 
animals, the difficulties they face in their 
hostile environment, and the solution to 
the physiological problems of excessive 
heat and lack of water. He answers such 
questions as: Does the camel store water ? 
How can desert rats live without drinking ? 
What is the purpose of the enormous ears 
ofthe jack rabbit? J/hustrated 45s net 


Marine Distributions 
Edited by M. F. Dunbar 


This is based on a symposium held to assess 
what is being done to map the salinity, 
temperature and plankton ın the waters of 
the North Atlantic. The relation between 
biogeography and the physics and chemistry 
of the marine environment 1s emphasized. 
405 net 

The Royal Society of Canada Special Pubh- 
cations No. 5: Umversity of Toronto Press 


The Optical Model of 
Elastic Scattering 


P. E. Hodgson 


This book 1s concerned mamly with the 
application of the optical model to the 
analysis of nuclear elastic scattermg pro- 
cesses. After a brief historical review the 
mathematical formalism of the model is 
described together with the electronic com~ 
puting techniques needed to apply 1t 1n 
practice. The book is written for senior 
undergraduates and experimentalists. 

305 net 


Oxford | 


UNIVERSITY PRESS 


Low Temperature 
Solid State Physics 
SOME SELECTED TOPICS 
H. M. Rosenberg 


This book gives an account of some of the 
major branches of investigation which have 
been made with the aid of low-temperature 
techniques. The topics discussed include 
specific heats, thermo-electricity, thermal 
expansion, and magnetic and mechanical 
properties. The book should be suitable for 
final year undergraduates, graduates and 
research workers. 635 net 


The Theory of Laminar 
Boundary Layers in 
Compressible Fluids 


K. Stewartson 


The aim of this book 1s to give an account of 
the present position of the theory. It deals 
with the principles underlying the derivation 
of the equations, and the properties of the 
two-dimensional steady boundary layers; 
with three-dimensional boundary layers; 
time-dependent problems, interaction 
between the boundary layers and the mam 
stream. Attention 1s restricted throughout to 
perfect fluids, and the question of instability 
isnot discussed. 63s net 

(Oxford Mathematical Monographs) 


The Friction and 
Lubrication of Solids 


PART II 


F. P. Bowden and D. Tabor 


'This monograph is a sequel to the first 
part published in 1950 Ft discusses ın some 
detail the friction of non-metals and deals 
with recent experimental studies of surface 
structure and topography, friction and 
adhesion in high vacuum, and related sub- 
jects. The emphasis throughout 1s on the 
experimental approach Illustrated 84s net 
(The International Series of 

Monographs on Physics) 
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SPEED MIXER MILLS 
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for ultra-fine grinding and 

homogeneous mixing of samples 
The intricate three-dimensional motion of the high-speed mixer mills enables a 
faster and more accurate sample preparation in analytical chemistry, spectroscopy, 


biochemistry, geochemistry, electron microscopy, powder metallurgy and 
general laboratory work. 


X Samples up to 100 ml homogeneously mixed in 2 minutes or less 

X Ultra-fine particle size obtained in only a few minutes 

» Up to 20 gm ground tn one load 

xk Strict control over contamination by large choice of appropriate accessories 
X Even a few milligrams can be ground and mixed 

-k Dust-proof due to the use of closed containers 


X Any type of container, vial or capsule can be used for dry or wet grinding, 


Quick recovery of samples and easy mixing, blending, diluting, dispersing, emulsifying, etc 

cleaning due to the use of open-end x 

cylinders with detachable caps Please ask for leaflet NA/24/MM with price list We shall be glad to arrange for 
demonstrations, trial grindings and ‘‘on approval" terms A range of larger 
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NOW ! A whole range of 
Fully Interchangeable, Accurate 
Thermistor Temperature Probes 


The YSI ‘400 Serres’ THERMISTEMP Temperature Probes 
incorporate thermistors manufactured to follow the same 
resistance/temperature curve These probes are of various 
configurations, for use 1n many different fields of temperature 
monitoring, from medical and pathological to industrial Jab- 
oratories, 1n agriculture, food storage, and 1n industrial plant a ik a 

Readings are taken on the portable battery-operated YSI — [ ; ES 
Telethermometers, of which there are five basic models. — f BE nervous ^ 
The Model 41 (illustrated) can take six probes, and fast, 4 
accurate comparatıve temperature measurements can be 
made by simply switching from channel to channel. 

Write or phone today for full details of YSI Temperature 
Probes and Telethermometers 








SHANDON SCIENTIFIC COMPANY LIMITED 


65 POUND LANE WILLESDEN LONDON NMWl1O Tel: Willesden 8671 
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EFFECT OF 4 BOVINE SERUM ALBUMIN WASH ON THE TANNED CELL HEMAGGLUTINATION TITRE 
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Titre of antiserum incubated with tanned RBC washed with 


BSA of concentration 










































Antigen-antiboGy system No BSA 0 0396 0 0696 0 196 05% 1% 

I Anti-BSA incubated with BSA washed RBC* 0 160 2,560 2,560 2,560 1,280 
II System I after sensitizrg I BC with rabbi; 

heart 0 80 640 640 2,560 1,280 
III Rabbit anti-human heart antiserum incu- | Positive 

bated with rabbit heart sensitized KBCT control 25,600 25,600 25,600 25,600 25,600 
IV  Pabbit anti-HGG incubated with HGG 

sensitized KBC 512,000 128,000 64,000 64,000 64,000 32,000 


* Control anti-BSA titre with BSA sensitized red blood cell (RBC) with no BSA wash (1,280) 
T Anti-human heart titre wish rabbit heart washed (non-sensitized) cells (200) 


nun) to react with antise1a 1n titres comparable with the 
control titre obtamed with bovine serum albumin sensi- 
tized erythrocytes which had not been previously washed 
with bovine serum albumin The subsequent sensitization. 
of bovine serum albumin-washed erythrocytes with rabbit 
heart did not abolsh the anti-bovme serum albumin 
titres, mdicating the ready accessibility of the bovine 
serum albumin on the erythrocyte even after a further 
sensitization with heterologous antigen The bovine serum 
albumin wash, however, when applied to the heart organ 
system, prevented spontaneous agglutmation of antigen- 
sensitized red cells without dumimishing the anti-heart 
titre even at a 1 per cent concentration of bovine serum 
albumin In the case of the human y-globulin system, 
washing the cells with inereasmg concentrations of 
bovine serum albumin gradually diminished the antibody 
titres However, m this mstance, as with most purified 
antigens, the controls, that 1s sensitized red cells (in 
diluent) not previously washed m bovine serum albumin, 
were always negative Consequently, m such systems 
the bovine serum albumin wash ıs not mdicated 

Boyden has emphasized the impor ance of protem 
(diluent) m improving the stability of sensitized erythro- 
cytes. In work carried out m this laboratory, utihzing 
heart and kidney extracts m particular, inereasmg the 
probem content of the diluent did not abolish positive 
control reactions However, use of a protem wash prior 
to sensitizing with organ antigen gave uniformly negative 
controls with reproducible antibody titres Washing with 
very low concentrations of bovime serum albumin was 
adequate and did not interfere with subsequent sensitiza- 
tion with antigen, nor reduce the antibody titre The 
method 1s suggested as a useful one for the study of organ 
antigen-antibody systems 

This work was supported by the Canadian Heart 
Foundation 

D Emicrer* 


Department of Allergy and Immunochemistry, 
Royal Victoria Hospital, 
Montreal 2 
*Research associate, Canadian Heart Foundation 
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RADIOBIOLOGY 


Effect of Light and Related Factors on lon 
Absorption by Banana Leaf Disks 


THE ease with which vacuum infiltrated leaf disks can 
take up an inorganic 10n! suggests a convenient means of 
examining the major metabolic factors of leaf absorption, 
free from the complications of cuticle and epidermis In 
particular, the relationship of hght, mtrogen and carbo- 
hydrate-level to salt absorption can be mvestigated 

Leaf disks 8 mm in diameter were punched by cork 
bore: from a young banana, Musa sp, leaf Thirty disks 


were used in each replicate, and in order to keep the 
disks beneath the surface of the treatment solutions 
de-ionized, water was infiltrated by applying light vacuum 
for 5 mm Fifty ml of uptake solution provided a 
solution sample ratio of more than 100 1 Flasks were 
held in a water bath at 22° C, with a bank of white 
fluorescent tubes 12 em above the disks, while dark 
treatments were wrapped in a double layer of alumunium 
fol Strontium chloride was labelled with 2 or 10 uc 
Strontrum-90, and potassium dihydrogen phosphate with 
5 uc phosphorus-32 per 50 ml 

In the first experiment the effect of hght on the uptake 
of strontium either separately or with calerum and potas- 
sium was determined, with either nitrate or chloride as 
the anion (Table 1) Dark treatment commenced at the 
start of the uptake period It was found that uptake 
was in all cases greater in the hght than in the dark, 
there being least difference with strontium alone Com- 
petitive effect of calerum and potassium was much greater 
1n the dark than 1n the hght, and there was no significant 
difference between potassium and calcium as the com- 
petitive 10n 


Table 1 EFFECT OF LIGHT, CATION COMPETITION AND ASSOCIATED ANION 
ON THE UPTAKE OF STRONTIUM BY BANANA LEAF DISKS 


Treatment ( n los jelz m 
reatmen 4Amoies/g, 
E Inght Dar 

15 x 102 M SrCl, Control 1739 167 i 
15 x 103 M SrCl, + 3 x 10? M Ca(NOs): 4H,0 1609 1417 
15 x 10? M Srl, + 3 x 102 M KNO, 165 9 143 4 
15 x 10° M SrCl, + 3 x 102 M Cal. 1054 1439 
15 x 102 M SrCi, + 8 x 10° M KCl 1684 146 9 


Lethal standard dose (P = 005) = 51 


A further expermnent was concerned with light and 
dark pretreatments in relation to mitrogen and carbo- 
hydrate-level Disks were vacuum infiltrated with erther 
water, nitrate, sucrose, or sucrose and nitrate together 
and were incubated in 500 ml of aerated solution both 
in the hght and the dark for 88 h at 22°C The solutions 
were changed every 24h ‘The uptake runs were made 
in the hght 

Table 2 shows that the uptake of both strontium and 
phosphorus 1s greater by disks pretreated in the dark, the 
difference bemg particularly great with phosphorus 
Pretreatment, markedly with sucrose, altered both dry 
weight and nitrogen content Comparison of 1on uptake 
with dry weight, total nitrogen or nitrogen concentration 
shows that uptake, especially that of phosphorus, can be 
primarily related to mtrogen concentration Both dry 
weight and total nitrogen are higher in the hght than the 
dark m all but one instance, a complete reversal of tho 
uptake pattern 

Present evidence suggests two distet major features 
affecting 10n absorption by leaf cells First there appears 
to be a short-term lght effect per se, and secondly there 
is an indirect effect of hght through its mfluence on 
carbohydrate and nitrogen assimilation 

The short-term hght effect cannot be ascribed to there 
bemg additional entry through open stomata m the light, 
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Table2 EFFEOT OF NITRATE AND SUCROSE PRETREATMENT ON THE UPTAKE 
OF 2 x 10“ M STRONTIUM and b x 10+ M PHOSPHORUS BY BANANA 


Lear Disks 
N Sr P 
Dry wt. Total concen- uptake uptake 
Pretreatment (ng) N tration (moles? (umoles/ 
(mgx10) (mg/g) g/2h)  g/21) 
Original sample 447 1610 370 = — 
Water 
Iaght 890 1547 377 86 661 
Dark , 378 1456 384 88 709 
3 x 103 M calcium 
nitrate 
Iaght 400 1731 432 87 711 
Dark 354 1544 447 90 894 
2 x 107! M sucrose 
Light 725 1372 185 51 
Dark 455 189 6 307 85 1071 
2x 10-: M sucrose + 
3x102 M calum 
nitrate 
Light 60 9 205 0 33 6 63 436 
Dark 439 1759 400 3 118 3 
Lethal standard dose 
(P = 005) = 51 110 35 06 152 


as the most striking effect of hght 1s m reduemg cation 
competition This is emphasized by the small effect of 
hight on the uptake of strontium from the control solution 
Any theory of the mechanism must be highly speculative 
Red hght has been shown? to influence phosphorylative 
capacity and esterification, and might, therefore, indirectly 
míluence the energy available for active i10n uptake 
through energy transfer associated with the formation and 
exchange of organic phosphate Nevertheless this does 
not directly explain the effect on cation competition, the 
ready modification of which may have implications for 
10n uptake by roots 

The general relationship of ion uptake to nitrogen 
concentration rather than to total nitrogen may be 
explamed by assuming association with a protemaceous 
1on-carrier Ruibonucleoprotems have already been pro- 
posed for this role? Attempts to demonstrate a con- 
nexion between protein synthesis and ion absorption by 
plant cells have centred on simultaneous measurement of 
10n uptake and protem formestion** The present results, 
bemg derived through nitrogen pretreatment prior to ion 
uptake, suggest that the association may le m the 
regulation of 1on-carrier level rather than direct involve- 
ment im protem synthesis. The fact that mereases in 
nitrogen concentration are not completely paralleled by 
10n uptake suggests that only part of the assimilated 
mitrogen ıs constituted as an 1on-carrier, as has been 
previously suggested’. 

P B Vose“ 
S C Sum 


College of Agriculture, 
Seoul National University, 
Suwon, 

Korea 
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BIOLOGY 


Energetics of the Chloroplast Movement in 
Mougeotia 


Tue low-hght intensity movement of the Mougeotia 
chloroplast (movement from profile to face position) can 
be induced by short irradiations with red light and occurs 
in a dark period of about 30 mn following this induction! 
It therefore seems impossible that the energy necessary 
for this movement 1s supplied by photosynthesis Instead, 
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Table 1 CHLOROPLAST MOVEMENT (LOW-INTENSITY RESPONSE) IN 
Mougeotia UNDER AEROBIO AND ANAEROBIC CONDITIONS 
Response 


Induction 
80 min after mduction 


60 min after 


(2,000 ergs/cm? seo 665 nm, (a, b) resp 30 mm after — induction (a, b) 
60 sec) replacing nitrogen by (96 
air (o) (96) 

In nitrogen 0 0 
In air (control) 90 90 
In nitrogen, but 30 min after 

ynduction nitrogen replaced by 

ar in darkness 68 


the energy must be provided by the catabolic metabolism, 
the light bemg effective only m switebung-over thus 
metabolism in a certain way 

In pure nitrogen no movement takes place, though the 
mduction ean occur This can be shown by irradiating 
the algae m nitrogen and replacmg the nitrogen by 
oxygen or normal air m darkness after a short time In 
this case, movement occurs provided the time lapse 
between induction and gas exchange ıs not longer 
than about 1 h (Table 1) This suggests that aerobic 
respiration ıs necessary to supply the energy for the 
movement m question With metabolic mhibitors, we 
could show in addition that ar undisturbed oxidative 
phosphorylation 1s necessary, whereas phosphorylations 
via, glycolysis or fermentation do not bring about the 
movement (Table 2) 


Table 2 INFLUENCE OF SOME METABOLIC INHIBITORS ON THE CHLOROPLAST 
MOVEMENT (LOW-INTENSITY RESPONSE) IN Mougeota INDUOTION oF 
MOVEMENT BY 60 SEO 665 NM, 100 ERGS/OM® SEO 


Inhibitor Concentration Respiration Response Remarks 
(mol ) an 95 of the control) 
Dinitrophenol 10-4 195 60 Uncoupling of oxi- 
(DNP) 5 x 1074 178 22 datıve phosphor- 
ylatıon 
Potassium 5 x 107 78 60 Inhibitor of term- 
cyanide 103 38 2 mal oxidases 
Sodium fluoride 102 85 90 Inhibitor of glyco- 
10-* 84 88 lysis 


Quite a different energy-supplymg system can be 
demonstrated if we wradiate the algae continuously 
durmg the whole movement with hght of high mtensity 
In this case, mhibition of the movement by mitrogen or 
by respiratory inhibitors can be reversed, at least pai- 
tially. by this radiation Of course, we have to irradiate 
with red hght only, because exposure to short wave-length 
irradiation causes negative movement (face to profile 
position of the chloroplast®*), whereas the movement m 
question is induced by red hght only* 

In these experiments with continuous hght the move- 
ment occurs in pure streaming nitrogen after & lag period 
of about 10 min, reaching the speed of the controls with 
aerated culture medium (Fig 1) However, as soon as 
the hght is interrupted, the response also ceases, con- 
tmumg only after resuming the high-mtensity irradiation 

There are three possible explanations of our results 

(1) If the movement 18 inhibited. by metabohe poisons, 
hght 1s thought to reverse this inhibition by photo- 
dissociation of the enzyme-mbibitor-complex or , by 
activating the not mhibited fraction of the enzyme! But 
besides the fact that ın most of the known cases photo- 
dissociation 1s possible by blue ght only’, this explanation 
cannot hold true for the hght-reactivated movement in 
nitrogen atmosphere 

(2) If the movement ıs mhibited by anaerobiosis, the 
photosynthetic oxygen could substitute for the lack of 
oxygen m the medium, thus making possible the oxidative 
phosphorylation necessary for the movement? But this 
assumption cannot explain the imbibition by metabolic 
poisons (for example, DNP), which likewise 1s reversed 
by strong red hght 

(3) Under the conditions of our experiment, photo- 
synthesis must occur However, photosynthetic oxygen 
1s not thought to be important for the response obtamed, 
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Fig 1 Chloroplast movement (low-intensity response) m Mougeotia 

under air and nitrogen respectively, in continuous irradiation with red 

hght (685 nm, 2,000 erg/cm? sec} Incubation m nitrogen from 30 mm 

before irradiation unii] the end of the expermment Abscissa time 

after beginning of irradiation, ordmate response Dashed hne, hght 
turned off during 20 min 


but rather for photosynthetic phosphorylation’, which may 
provide energy for the movement as well as oxidative 
phosphorylation From these three assumptions only the 
last can explain all facts on a common basis, because 
ib may account for the resumption of the movement 
mhibited. by metabolic poisons as well as of that mhibited 
by anaerobiosis 

If this assumption 1s correct, we have demonstrated 
photophosphorylation a vwo But at the moment it 1s 
uncertain which type of photophosphorylation out of the 
known ones? 1s involved 

The work was supported by the Deutsche Farschungs- 
gemeinschaft® 
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Comparison of the Carotenoids in Yellow- 
and Red-fleshed Carica papaya 


Tus colour of ripe Carica papaya flesh 1s due to caro- 
tenoid Cryptoxanthm, violaxanthin, -earotene, and 
C-carotene have been identrfied?? ın yellow-fleshed frut 
Red-fleshed varieties, which appear to exhibit a single 
gene difference from yellow-fleshed types*, can also be 
found It was of mterest to establish the pigment com- 
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position of the red-fleshed variety and at the same time to 
make a quantitative comparison of the pigments m the 
yellow- and red-fleshed fruits 

Yellow-fleshed papaya, grown commercially m Hawau 
and known as Line-8 Solo, and red-fleshed papaya which 
was acquired as an accession by the Department of 
Horticulture, University of Hawan, were examined in the 
work recorded here 

Tree-ripened papaya flesh was stored at 0° F until 
needed. Twenty grams of frozen flesh was extracted by 
blending four times with 250 ml volumes of re-distilled 
acetone and once with 250 ml absolute methanol The 
extracted pigments were washed mto petroleum ether 
(bp. 30°-60° C), saponified im 25 per cent potassium 
hydroxide-methanol for 1 h, and then washed into ethyl 
ether until free of alkah, acetone and methanol After 
removing the ether on a rotary evaporator, the pigments 
were taken up m petroleum ether and then chromato- 
graphed on 1 2 w/w magnesium oxide-'Hyflo Super-Cel' 
column The column was developed with increasing 
concentrations of acetone, from 0 to 15 per cent v/v, in 
petroleum ether The pigments were identified by their 
relatrve positions on the column, spectra m hexane’, 
partition coefficient®, and spectral changes m ethyl ether 
when treated with hydrochloric acids. 

The results of the identification are summarized m 
Table 1 The per cent composition of the pigments in the 
yellow- and red-fleshed fruits 1s grven m Table 2 


Table 1 IDENTIFICATION OF THE CAROTENOIDS OF Carica papaya RESOLVED 
ON MAGNESIUM OXIDE-'HYFLO SUPER-CEL' 


Absorption Partition between No of 5,6 
Pigment maxima in hexane and 95% epoxide groups by 
hexane (my) methanol (55) HCl-ether test 
B-Carotene (425) *, 450, 477 e 0 
t-Carotene 377, 399, 424 100/0 0 
Cryptoxanthin. 
monoepoxide (422), 444, 471 77/23 1 
Cryptoxanthin (425), 448, 476 84/16 0 
Lycopene 444, 471, 502 100/0 0 


* Parentheses indicate a shoulder 


Table 2 PERCENTAGE COMPOSITION OF CAROTENOID PIGMENT IN Carica 


papaya 
Pigment YXellow-fleshed fruit Red-fleshed fruit 
B-Carotene 48 48 
¢-Carotene 248 59 
Cryptoxanthin monoepoxide 15 6 44 
Cryptoxanthm 38 9 192 
Lycopene 00 635 
Unresolved mixture 159 22 


As shown in Table 2, yellow papaya contained the 
carotenoids previously reported and, m addition, a 
relatively high concentration of cryptoxanthm mono- 
epoxide The most strikmg difference between the 
yellow- and red-fleshed types was that m the former there 
was a complete absence of lycopene while in the latter 
lycopene was the major pigment This contrast in pig- 
ment composition xn. the two types of papaya 1s analogous 
to pigment differences found m certain types of toma- 
toes^* In addition to the igh concentration of lycopene 
in the red fruit, relatrve to the yellow fruit, the concen- 
tration of cryptoxanthm, eryptoxanthm monoepoxide, 
and, most significantly, C-carotene was reduced 

The pigments which chromatographed above cryptoxan- 
thin and/or lycopene were poorly resolved and, therefore, _ 
were estimated quantitatively as one fraction The mixed 
pigment fraction from yellow papaya when rechiomato- 
graphed on ‘Micro Cel-C’ was resolved into several bands 
Tentatively identified were violaxanthm and neoxanthm 
No attempts were made to resolve further the relatively 
small quantity of mixed pigment fraction of red 


papaya 

The total yields of pigments obtamed were 37 + 02 
mg/100 g and 4 2 + 0 2 mg/100 g for the yellow- and red- 
fleshed frurts, respectively It would be expected from 
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these results that the red frut would have approximately 
one half the provitamin A activity of the yellow type 
H Y YAMAMOTO 
Department of Food Science and Technology, 
University of Hawan, 
Honolulu 
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Neuraminic Acid Investigations of Human Cell 
Strains derived from Explants of Skin in Cell 
Culture 


THe biochemical derangements characteristic of the 
heredofamihal disorders galactosemia, acatalasemia and 
glucose-6-phosphate dehydrogenase deficiency have been 
demonstrated m cell cultures derived from explants of 
skm obtamed by biopsy!-? Since biochemical alterations 
may be manifested in tissues remote from the site of 
primary expression of a disorder, ıt was reasonable to 
anticipate that the disturbed metabolism of the neurone 
m the cerebral sphingolipidoses might be evident m cell 
strams derived from skin explants in these disorders as 
well In this communication we report the results of the 
examination of neuramunie acid content of different cell 
strams derived, from affected and control subjects 

Cultures from 5 patients with disorders characterized 
m part by the accumulation of ganghosides m the nervous 
system, one sibling and 15 control strains were investigated 
The affected meluded 2 children with Spielmeyer-Vogt 
form of amaurotic idiocy. a child with Bielschowsky form 
of this disorder, his mfant sibling, another child with a 
famuhal cerebral hpidosis but not manifestmg amaurosis 
or organomegaly and a child with autosomal recessive 
Hurlers disease The iitial Bielschowsky culture was 
lost through bacterial contammation and a second stram 
derived from this patient was later analysed (Table 1) 
Except for the established cell lies and the embryonic 
culture, all cultures were started from small skin biopsies 
The cells were grown on glass m closed bottles m Eagle's 
or 199 Medium supplemented with 15 per cent foetal 
calf serum and antibiotics. Transfer and gathermg 
were made with a solution contaming 005 per cent 
trypsin and 0 01 per cent versene Neurammuic acid was 
determmed by the thiobarbituric acid method of Warren? 
as used by Kimure? 

Fig 1 ilustrates the distribution of individual determ- 
mations of the 22 cell strams analysed Although con- 
siderable spread of values 1s evident, a separation mto two 
overlappmg populations is apparent by comparison of the 
mean values of control and affected strams (Table 1) 
The average mean value of all control cultures ıs 0 018 


Table 1 MEAN LEVELS OF NXURAMINIO ACID IN CELL STRAINS 
(Based on total ot 99 determinations) 












NA mero- NA mcro- 
Control moles/mg Affected cultures moles/mg 
cultures protem protem 
E (embryonic) 0 007 26-Spielmeyer-Vogt 0028 
HeLa 013 ~ 30-Bielschowsky 0 085 
McCoy 0 0145 39-Hurlers 0025 
12 0020 61-Bielschowsky 0020 
15 0 023 64-Uncl cerebral Irpid 6 031 
55 0018 9-Spielmeyer- Vogt 030 
62 00175 29 0028 
68 0 020 Sibling (30) (61) 
69 0 022 
71 0021 
5 random 
controls 0018 
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Fig 1 Distribution of 99 neuraminie acid assays of 22 cell strains 
E, Embryonic cells, 6, control, A, affected, +, albling of affected 


QoL 0 040 


compared with the average mean value of 0 028 for all 
the affected strams This difference 1s significant below 
the 1 per cent level 

Exclusion of the mean values of the embryonic and 
established cell hnes and melusion of the mean level of the 
sibhng with the controls m the comparison does not alter 
the significance of the difference of the controls as com- 
pared with the affected However, this sibling strain 
cannot be considered a ‘normal’ control smece it may 
represent the heterozygous condition or a pre-clinical case 

To determme if the differences observed reflected a 
metabolic variance or a phenomenon of cell adsorption, 
affected and control cells were grown in media contaming 
varying amounts of added neurammuic acid Analysis of 
control and affected cells grown under these conditions 
revealed no significant 1norease of neuraminie acid content 
with increasing concentration of neurammic and 

The effect of sonal subculture on neuraminic acid 
content is illustrated in Table 2 Immediately after 
collectmg cells for assay, an aliquot was remoculated mto 
the previously used media The progressrve fall of 
neurammue acid level of both cell types was mterpreted to 
reflect the progressrve utilization of available substrate ın 
a fixed volume of nutrient media Growth essentials 
were not significantly reduced since the cells continued to 
grow well 


Table 2  ErFEOT OF SERIAL SUB-CULTURE (IN FIXED VOLUME OF MEDIA) 
ON NEURAMINIO ACID LEVEL 





Neuraminio acid umole/mg protein 








Sub-culture 
Cell strain Imtial assay 
1 2 8 
12 (C) 0 028 0 017 0 016 0015 
26 (A) 0 040 0 035 0019 0018 





To exclude the possibihty that naturally occurring 
neuramuinic acid m foetal calf serum was bemg removed by 
the tissue culture cells, several stram were grown in 
varying concentrations of foetal calf serum. No signifi- 
cant crease m neuraramic acid content occurred with 
inereasmg serum concentration. 

Fibroblast cell strams derived from explants obtamed by 
skin biopsy from patients with conditions characterized 
by the accumulation of neuraminic acid contammg gang- 
hosides m the nervous system have been shown to contain 
bigher levels of neurammuic acid than: a variety of control 
strans By modifications m growth conditions 1t was 
apparent that the differences observed represented 
metabole variation rather than a cell surface adsorption 
phenomenon This work suggests that the underlymg 
metabolic disturbance m the central nervous system 1s 
reflected in cells of remote origi as well and further 
investigation of altered metabole pathways m these 
disorders may be practical usmg this method 
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Prenatal Infection of Bighorn Sheep 
with Protostrongylid Lungworms 


PROTOSTRONGYLID lung nematodes are world-wide in 
distribution, and have been found to influence seriously the 
health and productivity of domestic animals? and may 
effectively control populations of wild animals?:4, Although 
ib i8 felt that protostrongyhds require land snails as 
intermediate hosts®+*, all aspects of infection. of the final 
host by these lungworms and related species may not be 
completely understood 

Several studies have suggested that prenatal infection, 
which has been reported for other helminths’, may occur 
also with lungworms Eveleth and Eveleth*, woilang 
with domestic sheep, found larve of the lungworm 
Dictyocaulus filaria in amniotic and allantoic fluids and in 
fcetal lambs Both Pillmore? and Buechner? gave indirect 
evidence that prenatal infection by lungworms mught 
occur in Rocky Mountam bighorn sheep, Ovis c canadensis 

The observations reported hero were made m western 
Montana (U S A ) to determine if prenatal infection by the 
lung nematodes Protostrongylus stulese and. P rusha occurs 
m bighorn lambs 

Examination of feces by the Baermann technique?? 
showed that first-stage protostrongyhnd larve were shed 
by wild bighorn lambs as young as 45-47 days of age 
Because the prepatent period for P stoles has been found 
to be 30-60 days", 16 would seem likely that these lambs 
were infected either before or shorily after birth A captive 
lamb first began sporadic shedding of small amounts of 
first-stage protostrongylid larvæ m its fæces when 16 was 
five months old This animal had been removed at one 
week of age from its native habitat and reared when 
acquisition of intermediate host mails was not possible? 

In three lamb necropsies, from one to three first stage 
protostrongylid lungworm larve were found m the 
parenchymal lung tissue of the right diaphragmatic lobes 

- The first lamb, born and raised in captivity, was exammed, 
ten days after birth Its mother contamed a heavy 
protostrongylid lungworm infection as determined by 
fecal analysis Another lamb was estimated to be 2-3 
days old when found dead in the wild, and came from a 
herd of bighorns which has a low infection" of Protostron- 
gylus shlesv The third necropsy was performed on a 
near-term fcetus taken from a mature bighorn ewe ‘This 
ewe was captured from a wild band of bighorn sheep 
known to be heavily infected with both Protostrongylus 
sielest and P rusha? 

In view of the fact that all larve in the lambs mentioned 
here were found m the mght lung, 16 1s interesting to 
note that in adult bighorn sheep the nght diaphragmatic 
lobe 13 frequently more infected with lungworm than the 
left Ths has also been reported in protostrongyhd 
infections of domestic sheep in the USS R 4 

"These results support Pilmore's mtrauterme infection 
theory? However, since only first-stage larva were 
found m the foregomg cases of lung necropsy and this stage 
18 supposedly not infective, other questions are raised 
concerning the origin and migration of these larve and 


NATURE 


1051 


establishment of prenatal mfections Nevertheless, 1t 18 
significant that immature lungworms were found to enter 
the definitive host prenatally To our knowledge this 18 
the first report of prenatal infection by protostrongyhd 
lung nematodes which presumably use land molluscs as 
intermediate hosts 
This work was supported in part by grants from the 
US National Science Foundation (G-19422) and the 
Western Montana Fish and Game Association We 
thank the Montana Co-operative Wildlife Research, Unit, 
the Montana Fish and Game Department, Mrs M B 
Chitwood, Dr S N Boev and Mr R E Pulmore for 
assistance and advice. 
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CLYDE M Sencert 
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Missoula 
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MICROBIOLOGY 


Mutant Frequency in Acetobacter 


Durme the past nine years we have demonstrated that 
most named cultures of Acetobacter species obtamed from 
culture collections contamed a proportion of Acetobacter 
cells which, on plating, gave rise to colony forms different 
from those yielded by the bulk of the cells ın the culture 
On isolating both kinds of colony they were found, m 
many cases, to differ by only one, or at the most two 
properties, notably those used ın Frateur’s classification? 

The possibilty that these mutant culture-constituents 
might be contaminants, and not mutants, 1s virtually 
ruled out by the fact that they were always acotobacters 
closely resembling the parent culture, as already men- 
tioned Some of the mutants isolated possessed, indeed, 
novel combinations of Frateur’s criteria, thus bemg 
virtually ‘new’ species 

In addition to the foregomg, freshly isolated and care- 
fully purified Acetobacter strans from various types of 
vinegar were also found, after laboratory maintenance by 
serial transfer, to become mixtures of two or more differont 
‘species’ Some of such new species have been found 
highly suitable for large-scale vmegar production 

In a recent paper Schell and De Ley? have severely 
criticized, the foregomg findings, on the grounds that we 
reported, higher frequency of occurrence of mutants than 
they were able to detect, this bemg because (a) the 
mutants reported by us might have been contammants; 
(b) that some ‘mutant’ colonies might have been merely 
young colomes of the parent form; (c) that other mutant 
colonies were probably merely ‘colony vanants’, (d) that 
in general our results “do not constitute a proof that 
mutation actually occurred as one cannot be sure that no 
contamination or other mishap occurred during the 
previous history of the stram” 
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We pomt out that these criticisms are unjustified 
because: (a) all mutants m the cultures used by De Ley 
et al *3 were deliberately removed by them before experi- 
mentation, (b) that these workers have omitted all 
mention of our stringent precautions against contamm- 
ation’, (c) that young and old colonies could not have 
been confused, because we always picked, replated, and 
determined the distingmshmg characters of all different 
colony forms 

Finally, although De Ley? says that from cultures 
received he isolated and used “‘the strain corresponding to 
the name on the label ?, this 1s difficult to understand, 
for in 1961, at the request of the Curator of the National 
Collection of Industrial Bacteria, we typed every Aceto- 
bacter stran in that collection, and found that a good 
proportion of them were misnamed ‘These cultures, 
however, had not been re-labelled with their correct 
names when they were obtained by De Ley? Thus, for 
example, cultures A ascendens 4397 and A ascendens 8163, 
used by Schell and De Ley?, were still so labelled, although 
they were actually A rancens Similarly, A kuetzingwanus 
3934, also used, had lost all starch-producmg power as 
long ago as 1957, bemg, even then, also A rancens 

J L SEMWELL 
Research Department, 
British Vinegars, Ltd Frome, Somerset 
J G. CARR 
Research Station, 

Long Ashton, Bristol 
*Smnmwell, J L, Antome van Leeuwenhoek, 25, 49 (1959) 

* Schell, J , and De Ley, J., Antone van Leeuwenhoek, 28, 445 (1962) 
? De Ley, J, J-gen Microbiol, 24, 81 (1961) 
*Shimwell, J L, J Inst Brew, 62, 339 (1056) 


ENTOMOLOGY 


Possible Function of Haemoglobin in Anisops 


MzMBERS of the aquatic sub-famuly Anisopmae 
(Notonectidae, Hemiptera) are remarkable for at least 
two reasons They possess a large number of tracheal 
cells 1n the abdomen packed with hemoglobin?-*, and they 
are able to remain poised in mid-water for a considerable 
part of each dive Both Hutchinson‘ and Hungerford’ 
have suggested that this exploitation of the mid-water 
environment 1$ made possible by the presence of hæmo- 
globin 

While m Uganda I was able to make some observations 
on Amsops debils Gerstaecker and A pellucens 
Gerstaecker, and to compare their dive performance with 
that of other notonectids lacking hemoglobin Most 
notonectids remam buoyant throughout a dive and can 
stay submerged only by continual swimming strokes or by 
clinging to underwater vegetation Amsops, however, 
has a relatively small airstore and its density 1s always 
near that of water The dive duration is about 2 mm m 
A des and 5 mm in A pellucens, which is a larger 
species A normal dive comprises an mitial phase when 
the bug 1s less dense than the water, a long mid phase 
when it 18 more or less m density equilibrium and a short 
final phase when it starts to snk A dive is terminated by 
a rapid ascent to the surface and renewal of the ventral 
abdominal airstore There 1s no active control of density, 
and rismg or sinking 1s counteracted by appropriate 
swimming strokes of the hind legs so that an spproxim- 
ately constant depth 1s maintamed 

It seemed possible that during a dive oxygen might be 
released from hsmoglobm into the tracheal system and 
that the rate of depletion of the gaseous store would 
therefore be dimimished Experiments m which the air 
above an aquarium contaming Antsops was replaced with 
carbon monoxide mixtures m air have produced results 
which are consistent with this theory After filing their 
store from air contaming 8 per cent carbon monoxide bugs 
performed. dives of less than half the normal duration , the 
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phases were telescoped and the middle phaso was very 
brief Moreover, the modified dive pattern persisted for 
more than I h after return to air. These results can be 
explained by assuming that carboxyhemoglobm has been 
formed and that the bugs are dependent on their airstore 
alone for the supply of oxygen 

Bugs in water containing little or no dissolved oxygen, 
and with air above the aquarium, perform dives of 
approximately the same duration as those rn well-aerated 
water Normally, the store does not, therefore, act as an 
efficient physical gill This mght be explained if the hzemo- 
globin had a low affinity for oxygen and surrendered the 
gas after only a small fall ın the pO, of the surroundings, 
this would counteract the tendency of oxygen to diffuse 
in fiom the surrounding water and replace that consumed 
m respiration Moreover, since the species of Anisops 
investigated ın Uganda mhabit waters which are probably 
very poor in dissolved oxygen, physical gill action would 
be of lrttle value to the bugs 

The presence of hemoglobin 1s associated with giant 
spiracles on abdominal segments 3-7 Each ıs covered by 
a large white sieve plate and the total plate area per mg 
live body-weight 1s about 50 times the equivalent area of 
the spiracle apertures m Enithares sobrin Stål, a noton- 
ectid of sumlar size but contaming no hemoglobin ‘The 
sieve plate has been investigated in whole mounts and m 
sections, the latter by hght and electron microscopy It 
comprises a three-dimensional cuticular mesh, 15~20u 
thick, made up of a central reticulum of stout trabecule 
which supports smaller branching and anastomosing 
struts on the mner and outer surfaces; the struts 
surround irregular rectangular pores, the area of which 1s 
estimated to he between 2 and 10u? 

The airflow through the sieve plates of Anzsops pellucens 
under a constant pressure of 10 cm water 1s 9 92 ml /min/ 
mm? This value 1$ about 4 times greater than that from 
the abdominal spiracles of Hydrocyrvus colombiae (Belos- 
tomatidae), or 6-7 times if the supposed flow through the 
central lps is ignored® The greater resistance to the 
passage of air under pressure through the plates of 
Hydrocyrws probably results from the smaller poro area 
inthis species The entry of water can thereby be resisted 
moro effectively and Hydrocyrvus will be able to swim to 
greater depths without danger of floodmg The high 
permeability of the sieve plates of Anzsops, however, 
together with their large surface area, probably ensures 
the rapid and complete rechargmg of hemoglobm with 
oxygen at the water surface under the action of abdominal 
pumping movements 

I thank Dr. S Malhotra, who prepared the electron- 
mucrographs of the sieve plates * 
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GENETICS 


A Polaron Model of Genetic Recombination 
by the Formation of Hybrid Deoxyribonucleic 
Acid 

Tux theory of genetic recombmation by the formation of 
hybrid DNA? postulates that & recombmational event 
mvolves breakage of single DNA nucleotide chains 
(primary breaks), and rejoming by base pairing between 
homologous chams Thus the DNA molecules are hybrid 
m. the region of the break, and, when these hybrid mole- 
cules include sites of heterozygosity, a correction process, 
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as suggested by Holliday’, could operate to restore the 
homozygosity of the molecule This could cause non- 
reciprocal recombmation 1f the correction were m the same 
direction on both strands involved If a strand remains 
uncorrected, the marker involved segregates av the first 
post-meiotie division 

This provides an explanation of conversion, mcluding 
post-meiotie segregation and its correlation with crossing- 
over, which ıs free from the theoretical difficulties of a 
copy-choice model, but ıt fails to explain some well- 
established aspects of recombination between closely 
linked markers First, ıt does not predict that the sitos 
within a locus can be mapped on the frequency of recom- 
bination between pairs of them, since when two markers 
are too close for a complete recombinational event to 
occur between them, the frequency of reeombmation should 
be related to the specific conversion rates of the two 
markers But such maps give a reasonable agreement with 
maps constructed from the behaviour of outside markers. 
Secondly, the hybrid DNA model does not provide a 
simple explanation of the polarity of recombination within 
a locus 

Four major components can be recognized ın the pattern 
of gene conversion 

(1) When the conversion of single alleles 15 investigated, 
the conversion frequencies form a graded series, confor- 
ming with the sequence on the map? 

(2) Although the polarity in conversion frequency 1s 
usually consistent ın direction within a gene, ıt varies in 
mtensity in different regions of the gene At the distal 
end it 1s usually well-marked, while at the proximal end 
it may be absent, or there may be weak polarity in the 
reverse direction Thus the conversion frequency of & 
particular mutation appears to be primarily dependent 
on its position in the genes 

(3) Certam mutations show individual peculiarities, 
such as an abnormal conversion pattern, mcluding post- 
meiotic segregation These anomalies would perhaps bo a 
consequence of an unusual structure for the mutation 
itself such as a particular kind of nucleotide substitution, 
deletion, or addition 

(4) An apparent shielding of a proximal (or left-hand) 
mutation by a distal (or right-hand) one occurs, such that 
conversion at the proximal site occurs much less frequently 
in the presence of a distal mutation than m its absence 
This ıs particularly clear in series 46 in Ascobolus m- 
mersus*? 

In contrast to the hybrid DNA. model, the polaron 
modelë.” provides a neat explanation of the additivity and 
usefulness of recombination frequency maps, and of 
polarity as encountered ın Ascobolus However, 16 relies 
on & conservative copy-choice mechanism Stadler and 
Towe® propose a modified version of the polaron model in 
which some of the theoretical difficulties of conservative 
copy-choice are avoided and which gives a better explan- 
ation of the patterns of conversion found in Neurospora 
and Aspergillus However neither version explains post- 
meiotic segregation and both require an extra postulate 
to account for normal reciprocal recombination 

Since polarized recombination implies a discontinuous 
distribution of recombinational events?*-?, the hybrid 
DNA model might be modified by postulating fixed points 
of primary breakage When its properties are investigated, 
such a model is found to have the advantages of both the 
polaron and hybrid DNA models and ıt offers an explana- 
tion of why conversion is found to be related to fixed 
points A configuration which mvolves extra DNA 
synthesis ıs preferred because ıt appears that many con- 
versions in Ascobolus Neurospora and Sordaria result from 
hybrid DNA on only one chromatid at a site of mutation 
This ıs possible only if some new DNA 1s synthesized A 
different situation is found in Aspergillus? 

The properties of the model would be as follows: 

(1) If the primary breaks occur at fixed points along a 
molecule, such pomts must be recognizable 1n the code or 
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structure of the molecule, by an enzyme capable of break- 
ing the chains. The breaks will then occur at homologous 
positions on the two strands involved This allows us to 
use the second of the two configurations discussed by 
Whitehouse’, which has the advantage that ıt explains 
conversion with and without overall recombination with 
equal facility 

(2) Hybrid DNA would be formed on one or both sides 
of the primary breaks If the length of hybrid DNA were 
variable 1t would include sitos near the break more often 
than those farther away, thus producing a gradient m 
conversion frequency?® When both markers fall into the 
same segment of hybrid DNA, both will be converted to 
wild-type (and hence detected as recombmants) only in a 
minoriby of instances Furthermore, the shielding effect 
of the distal mutation (discussed here) would tend to 
reduce the frequency of coincident conversions to wild- 
type on the same strand, so that the main component of 
the frequency of recombination between two markers 
would depend on the frequency with which a length of 
hybrid DNA came to an end between them 

(3) The observed polarity requires that hybrid DNA has 
formed chiefly from a break on the distal side of the locus 
However, some conversion appears to be related to a 
primary break on the proximal side of the locus, as shown 
by the shght reversal of polarity towards the proximal end, 
described here It was apparently to explain this 
tendency that Stadler and Towe® introduced switching- 
back into their modified polaron model Thus the data 
require that the primary breaks occur just outside the 
locus, to both the distal and proximal sides 

(4) The predommantly distal polarity may bo explained 
in one or more of the following ways 

(a) The hybrid DNA has a greater average length on 
es proximal side of a primary break than on the distal 
side 

(b) All known mutants of all looi so far investigated 
may be clustered at the distal end of a locus, so that the 
breakage pomt on the proximal side is farther away 
beyond an apparently silent region of the chromosome 

(c) The model being discussed explains overall c1ossing- 
over by the formation of hybrid DNA on one side of the 
break only, while evonts which do not lead to recombma- 
tion of outside markers 1equire hybrid DNA to have 
formed on both sides If in a cross-over event the nucleo- 
tide chains more often became dissociated on the proximal 
side of a primary break than on the distal side, hybrid 
DNA. would be formed more often from a break at the 
distal end of the locus than from one at the proximal end, 
and so more conversion would result from a break at the 
distal end Simuarly, if DNA synthesis occurred from 
the breakage point in a proferred direction, bybrid DNA 
would show a similar polarity When DNA synthesis does 
not occur on one side, the chains can become re-associated 
in thor original positions This offers a useful basis for 
an enzymatic control of position interference There 18 
evidence in the tetrad data of Stadler and Towe® which 
supports an interpretation of this types. 

The hypothesis proposed here has as its chief postulate 
one that 1s also required 1n order to explain how a gene 
functions It 1s to be supposed that one end of each gene 
ean be recognized by an enzyme capable of breaking one 
of the nucleotide chains, and separating ıt from the other 
over the length of the gene 1n order to allow the formation 
of template RNA Each gene would have a fixed pomt 
from which it 1s read, so that there would be &'similar 
point at the other end relating to the next gene 

The following 1s the sequence of events visualized by the 
hybrid DNA model as modified here, and ıt ıs also the 
sequence of events which ıs likely to occur in the formation 
of an RNA template except that the synthesis postulated 
in the model would be of DNA. 

(1) Breakage of single chains at fixed pomts which 


would be at homologous positions on homologous chroma- 
tids 
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(2) Separation of nucleotide chains (possibly with a 
preferred direction) 

(3) Synthesis of new chams (agam possibly with a 
preferred direction from the breakage point) 

(4) Dissociation of newly synthesized chains from the 
templates 

(5) Rejouung by base pairing of complementary chains 

Since ıt 1s now suggested that the requirements of DNA 
synthesis are present at the sites of mitiation of template 
RNA synthesis, 16 seems possible that the units of function 
of chromosomes are also the units of replication, ın con- 
trast to evidence from bacteria“, where the whole of the 
DNA is found to repheate as one unit It ıs already 
known that a chromosome arm consists of many units of 
repheation??, In replication, however, synthesis would 
have to be imtiated on both nucleotide chams of one 
molecule 

One of us (P J H ) 1s the holder of a research student- 
ship from the Department of Scientific and Industrial 
Research 


P J. HASTINGS 
H L. K WIHITEHOUSE 


Botany School, 
University of Cambridge. 
1 Whitehouse, H L K , Nature, 199, 1034 (1963). 
‘Holliday, R , Genet Res , 3, 472 (1902). 
*Lissouba, P., Ann scr nat. Bot et Bool végétale, Ser. 12, 1, 641 (1961) 
1 Gajewski, W , Kruszewska, A , Makarewicz, A , Paszewski, A , Surzycki, 


S, and Bielawska, H , Proc Eleventh Intern Cong Genet, 1, 11 
(Pergamon Press, Oxford, 1963) 


5 Whitehouse, H. L K , and Hastings, P J. (in preparation) 
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11, 343 (1962) 


*Stadler, D R, and Towe, A M , Genehs, 48, 1828 (1963) 
?Murray, N. E., Genetics, 46, 886 (1961), 48, 1103 (1903) 
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1 Cairns, J, J Mol Bl., 6, 208 (1903). 
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VIROLOGY 


Survival of Measles Virus in Air 


MEASLES 18 a very infectious disease which 1s considered 
to be transmitted by airborne infection The morbidity 
of measles shows a seasonal variation! *, the disease bemg 
more frequent ın sprmg The possibility that this seasonal 
variation could be related to variation of survival of the 
virus mn air was exammed by comparing expermental 
data on virus survival with morbidity data 

Four-weeks morbidity data for England and Wales? 
showed an moerease of measles over the period December- 
June and a decreasing morbidity durmg August-October 

The survival of measles virus (Edmonston strain) was 
examined at room temperature and varying relative 
humidity In a conditioned room of 4 M? virus was 
sprayed with an atomizer (average droplet diameter 5u) to 
obtain droplet nucle: Air samples were regularly taken 
with capillary umpingers of known capacity, and the 
surviving virus was estimated by titration of the collection 
flud with the plaque count method on monolayers of 
human amnion cells 

Virus was sprayed for 4 sec in the conditioned room 
Virus recovery at zero time (= 5 sec after spraying started) 
was generally between 59 and 100 per cent and never less 
than 26 per cent 

When the titres of surviving virus were plotted on a log 
scale against time, straight hnes were obtamed (Fig. 1) 
The slope of these lines (K = A log Nt/ At) can be taken as a 
measure of the decay rate 

In Fig 2, log K ıs plotted against relative humidity 
It can be seen that virus survival is markedly dependent 
on relative humidity It is good at low relative humidity, 
but virus decay mereases quickly m the range of 50-70 
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per cent relative humidity At very high relative hum- 
idity, virus survival ıs again slightly better Data on 
influenza, virus survival by Hemmes, Winkler and Miss 
Kool*5 are included ın Fig 2 Both viruses show a 
simular behaviour and the corresponding diseases show an 
analogous seasonal prevalence In comparison with 
influenza virus, however, measles virus shows an all-round 
better survival at all humidities which might be related to 
the clinical observation that measles 1s more infectious than 
influenza Data about outdoor relative humidity and 
temperature in England and Wales were obtained by the 
courtesy of the Royal Netherlands Meteorological 
Institute? From these data, mdoor relative humidity 
values were calculated taking 20° C as room temperature. 
In Fig 3 the seasonal vanations of these calculated relative 
humidity values are plotted The same figure shows the 
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Fig 3 Seasonal variation of relative humidity (6) and increment of 
Measles morbidity (O) m England and Wales The mean monthly 
relative humidity values (period 1921-50) have been plotted at mid- 
month ‘The merease in the number of measles cases (means over the 
period 1946-62) during each four weeks period has been plotted at 
the beginning of the period and not at mid-perod as tne date of 
infection 18 probably two weeks before registration 


imcrement of the morbidity curve for measles The 
inerement 1s generally positive at low relative humidity 
values and m gative for relative humidity values above 
40 per cent In other words, measles morbidity increases 
durmg the period of low mdoor relative humidity and 
decreases in the period of high humidity Analogous 
results were obtained using data for other countries 
The marked influence of relative humidity on virus 

survival together with the negative correlation between 
the seasonal variation of relative humidity and of measles 
morbidity suggest that relatrve humidity mdoors might 
be an important factor m the seasonal variation of 
measles 

J G pz Jone 

K. C WINKLER 


Laboratory for Microbiology, 
State University, Utrecht. 
?Stallybrass, © O , The Principles of Epidemiology, 548 (London, 1031) 
* Bliss, C I,and Blevins, D L , Amer J Hygiene, 70, 328 (1959) 
? Epudemrological and Vital Statistics Reps WHO (1946-1962) 
‘Hemmes, J H , Winkler, K C, and Kocl,S M , Nature, 188, 430 (1960) 


* Hemmes, J H , Winkler, K. © , and Kool, 8 M, Ant. v Leeuwenhoek, 
28, 221 (1962) 


* Tables of Temperature, Helatwe Humidity and Preewypitatzon for the World 
(HMSO, London, 1958) 


Canine Distemper Virus cultured in a 
Diploid Monkey Cell Strain 


THERE have been reports of the growth of virulent 
strains of canine distemper virus in primary tissue cultures 
derived from chick embryos', dogs*, ferrets?. rabbits‘, 
marmoset and human beings‘, and m continuous cell lines 
derived from dogs’ and human beimgs* 

This preliminary communication 18 to report the growth 
of a virulent stram of canme distemper virus m the cell 
stran BS-C-1 which was derived from primary grivet 
monkey kidney tissue? (kindly supplied by Mrs Hope E 
Hopps) The BS—C-1 cells were used between passages 
36 and 48 They were sub-dipioid or diploid. having a 
chromosome number ranging from 58 to 60 (ref 7) 
Canine distemper virus has been serially passaged 22 
tames m BS-C-1 cells, with production at each passage, 
after 7-9 days, of a eytopathic effect characterized by 
multi-nucleated giant cells contammg mtranuclear and 
intracytoplasmic inclusion bodies Unmoculated BS—C-1 
cells were free of cytopathic changes After 9 and after 
21 seral passages, the titre of canme distemper virus 
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m BS-C-1l cell cultures, 7 days post-mfection, was 10‘ 
TCID,,/ml This was determmed by the development m 
BS-C-I cells of intracytoplasmic melusion bodies 

The Ime of BS-C-1 cells could be grown senally, and 
could be maintained free of the extraneous viruses which 
might oceur in primary cell cultures and which could 
exhibit variable interference effects 2BS~C-1 cells have 
provided a useful culture system for growth of canme 
distemper virus because of ther umformity. 


M. J. Harrison 
Commonwealth Serum Laboratortes, 
Parkville, N 2, 
Victoria, Austraha 

! Lasfargues, E., and Corvazer,R,CR Sor, Bol (Paris), 146, 1718 (1962) 
! ockborn, G, Arch ges Virusforsch, 8, 485 (1958) 
2 Vantsis, J T, Vet Rec, 71, 99 (1959) 
4 Hopper, P K, J Comp Path, 69, 78 (1959) 
ë Busseli, R H , and Karzon, D T, Bact Proe , 182 (1962) 
*Mever, H M,Hopps,H E, ogers,N G, Brooks, B E, Bernheim, B C, 

Jones, W P, Nisalak, A , and Douglas, kK D,J Immunol , 88, 706 (1962), 
7 Ferguson, J (unpublished results) 


PSYCHOLOGY 


Further Observations on Differences in 
Eosinopenia between Inbred Strains of Mice 


Thiessen and Nealey recently reported differences 
among five inbred strains of mice in behavioural reactivity 
and in adrenocortical activity, in response to talkmg 
blood counts and handling On several measures, the 
CoT7BL|Orgl stram displayed greater sensitivity to the 
testing conditions than did other strains Restmg blood 
eosinophil-level was higher, test-retest rehability was 
higher and the correlation between resting-level and 
extent to which the second count differed from the 
initial count was greater These findings corroborate the 
conclusion of Wragg and Speirs? that the C57 genotype 
1s maximally sensitive to measures of eosmopenic responses 
and in addition point out the value of the C57BLJOrgl 
stram for experimental purposes 

The findings of Thiessen and Nealey! differ from 
those of Wragg and Speirs? m one important way 
Wragg and Speirs found that for the C57BR/cd mouse, 
maximum eosinopenia occurred at 3 5 h after the initial 
count, but Thiessen and Nealey found that for the 
C57BL!/Crgl mouse, significant eosinopenia was not 
apparent at 3 5 h after the mitial count The reported 
discrepancy was assumed to be due to shght differences 
in the time interval between counts, or to variations in 
handlmg procedure An additional possibility, unposeible 
to evaluate ın our original report 1s that the C57 genotype 
of our investigation did respond with eosinopenia to the 
taking of blood samples, but had fully recovered by the 
time the second count was taken 35h later If such 1s 
the ease, 1t would suggest that genetic separation of the 
C57 animals has resulted in striking differences between 
sublines in the rate of eosinophil cyclicity and thus, 
presumably, in differences of adrenocortical activity 

To test the possibility that C57BL/Crqi anımals respond 
with rapid eosmopema and rapid recovery to experimental 
manipulations, 5 groups of 10 animals each were mves- 
tigated The groups differed ın the time permitted to 
elapse between the muitial eosmophil count and a second 
count The time intervals for the different groups were 
15 mm, 1 2,3 and 4h To assess the possibility that 
other strains used in our previous mvestigation may also 
demonstrate significant eosmopenia during the earlier 
periods following baselme measures, 50 C3H/Crgi/2 mice, 
judged to be insensitive to tai] cuttmg and bandhngt!, 
were also tested at these same intervals Animals were 
housed individually at 33 days of age and tested 7 days 
later, following the standardized procedure previously 
used with these same strams! Blood samples were 
obtamed by cutting off the tıp of the tail The number 
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Fig 1 Eosinophil response to tail cutting and handling of two inbred 
strains of mice W, C57BL, e, C3H/2 
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of eosinophils per 32 mm? of the Fuchs-Rosenthal counting 
chamber was recorded for each anımal according to the 
procedure of Speirs and Meyer? 

Mean percentage deviation from baseline measures for 
each stram and each testing period is given m Fig 1 
An analysis of variance of these deviations indieates that 
the C57BL/Crgl stram responds to tail cutting and hand- 
hng with significant changes in blood. eosinophils (P « 0 01), 
with the greatest fall occurrmg 2 h after the initial count 
and recovery almost complete by 4h The O3H|[Crgl/2 
stran, durmg this same 4 h period, shows no significant 
variation 1n eosmophils 

Clearly, the C57BL/Crgt stram shows significant 
eosmopema at 2h and 1s moze responsive to tail cutting 
and handimg than ıs the C3H/Crgl/2 stran Thus, the 
earher failure to corroborate the findings of Wragg and 
Speirs’, of eosmopema av 35 h after tho mmtal blood 
count, would seem to be due to the fact that the 
C57BL/Crgl subhne completes the eosmophil cycle more 
quickly than the C57BRjcd sublme mvestigated by these 
other workers Presumably, genetic separation accounts 
for these differences m sensitivity to experymental manı- 
pulations Historically, these sublines have been. separ- 
ated for many genorations‘ the first generation separation 
of C51BL and C57BR occurred about 1920 Ample time 
has elapsed between separation of hnes for systematic 
genetic differences to appear 

This investigation was supported in part by fellow- 
ships, M PM-17,673, awarded to V G N., and MF 11,174, 
awarded to D D T, fromthe U.S Department of Health, 
Education and Welfare, Public Health Service 

V G. NEALEY 
Department of Psychology, 
University of California, 
Berkeley, California, 
D D TursssEN 
Section of Medical Psychology, 
Seripps Chine and 
Research Foundation, 
La Jolla, California 
1Tmessen, D D , and Nealey, Vicki G , Endocrinol , 71, 267 (1962) 
3 Wragg, L BE, and Speirs, R 8 , Proc Soc Exp Biol Med , 80, 680 (1952) 
s Spars, R S, and Meyer, R K, Endocrinol , 45, 403 (1949) 
4 Comm Stand, Nomen, Inbred Strains of Mice, Cancer Res ,20, 145 (1980) 


MISCELLANEOUS 


Thin-layer Chromatography of Relatively 
Voluminous Samples 


Tug principle of this method 1s that a relatively volum- 
mous sample (50-100 ul) 1s easily apphed over a large 
area of chromatographic substrate and can then be swept 
into à narrow band by an advanemg solvent front This 
narrow band ıs used as the starting line for conventional 
thin-layer chromatography The width of the band 
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compares favourably with the diameter of spots apphed 
by the time-consummg, conventional method of repeated 
appheation of mucrohtre amounts We have used the 
method for the chromatography of ammo-acids m aqueous 
solvents on 250-p thick layers of both sihea and cellulose, 
and the method should have general appheabihty 

The sample is hberally apphed in a continuous streak 
over about 3-10 em? of the startmg region of the thin 
layer The solvent is quickly evaporated with the help of à 
haar-dner (cold air only) to prevent appreciable spreading 
and particularly to ensure that the sample does not reach 
that part of the thm layer which will be dipped into solvent 
m ascending chromatography A solvent 1s chosen which 
ean be readily evaporated and m which all components of 
the sample have an Er valuc near unity This solvent 1s 
allowed to ascend through the region over which the 
sample has been apphed, and thereby sweeps the sample 
forward at the solvent front Tho usual techniques end 
precautions of ascending thin-layer chromatography are 
used After about 1 mm the solvent front has risen above 
the region over which the sample was apphed The plate 
is hfted out and quiekly dred with a har-dmer The 
sample has now been concentrated mto a thin starting 
hne A second sweep with this solvent 1s similarly made 
to ensure that no matenal is left behmd and the sample 
1s then ready for chromatography by the usual mothods 

Good starting lines 3-20 cm long have been made by this 
method, both on silica gel and on cellulose One large 
plate may be divided mto several independent chromato- 
graphic lanes by seribmg 1-2 mm wide hnes clear of 
substrate material m the direction of chromatographic 
development The sample should be apphed as evenly as 
possible and it 1s important not to damage the chromato- 
graphic substrate layer durmg appleation Although 
one may apply numerous confluent spots with a muicro- 
pipette the following method is better and faster A 
length of disposable mert surgical tubing of about 1 mm 
mternal diameter 1s attached to a Hamilton 100 yl 
syringe (Hamilton Co, Inc, Whittier, Cahforma) The 
sample 1s drawn mto the surgical tubing by means of the 
syringe, and can then be expelled m a smooth, gentle flow 
over the thm-layer plate As hquid does not enter the 
syringe it can be used repeatedly with new lengths of 
tubing The connexion between the syringe and tubing 
1s mado by a small rubber stopper One end of the stopper 
1s drilled to fit firmly over the syrmge nozzle The surgical 
tubing fits snugly into a coaxial hole ın the other end of the 
stopper Both ‘Kel-F’ and polyethylene tubing have been 
used, and insertion into the rubber stopper 1s facilitated by 
cutting the tubing at an angle of 45? With a trace of 
paraffin lubricant on the plunger of the syringe, a 
precision of better than 1 per cent of sample volume was 
found routinely, without any special precaution Glass 
melting point tubds could be used m place of the surgical 
tubing 

Bush! orgmated the ‘runmng up’ technique for paper 
chromatography of steroids m volatile organic solvents. 
The applicability of this technique to thm-layer chroma- 
tography appears to have gone unnoticed due to the 
thinness of the chromatographie layer much less volatile 
solvents, and ın particular water, can also be used The 
method of handhng small volumes of fluid has been 
adapted from Yphantis? We thank Dr K Lunan for 
mtroduemg us to thin-layer chromatography, and the 
US Public Health Service for financial support (grant 
@M-06965) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, March 9 


UNIVERSITY OF LONDON (at the Imperial College of Science and Tech- 
nology, London, 8 W 7), at 4 30 p m —Prof A Seeger (Stuttgart) ‘Point 
Defects m Metals 1 The Nature of Point Defects in Metals" (Further 
lectures on March 10, 11, 12 and 13 )* 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (m the Jomt Staff 
Common Room, University College, Gower Street, London, W C1), at 
530 pm—Prof W C Kneale “The Delimitation of Science” 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C 2), at 5 30 p m —Duiscussion on "Transient, Analysers 
and Their Applications” opened by Mr B G Kendall 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C 1), at 5 30 p m.—Sir George Thomson, E R S 
“The History of the Electron” (Further lectures on March 10 and 11 )* 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Discussion 
Meeting on “Suppression of Mechanical Noise m Process Machinery” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C2), at 680 pm —Mr 
P A Afilburn "The Use of Oil as an Insulant” 


` Tuesday, March 10 


INSTITUTION OF CHEMICAL ENGINEERS, SOUTH-EASTERN BRANCH (in the 
Hoare Memorial Hall, Chureh House, Westminster, London, S W 1), at 
2 pm—Symposium on “Adsorption” 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
eerie Walk, Westminster, London, S W 1) at 4 pm —Papers on 
“Fuel Cells” 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N W 1), at 5 pm—Seientifie Papers 


UNIVERSITY OF LONDON (et the Institute of Education, Malet Street, 
Tóndon, wW CD. ot 515 pm —Mrs Jean Floud ‘Higher Education and 
e Future" 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1) at 530 pm —Prof R H Evans and Mr W Houghton- 
Evans ‘Form and Structure m Engineermg" 


INSTITUTION OF ELECTRICAL ENGINEFRS, SCIENCE AND GENERAL DIVISION 
(nt Savov Place, London, W C 2), at 530 pm —Mr D J Mynall “Prm- 
ciples Governing the Design of Systems for Continuous Numerical Control 
of Machine Tools” 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SFCTION (at the Roval 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, 
W1), at 530 pm—Mr A Kennaway and Mr I M Whate “Extrusion 
of Polymers” "7pm —Lecture 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 5 30 pm 
—Sir Lawrence Bragg, OBE, FRS ‘Applications of Electricity and 
Magnetism in Evervday Infe” (Afternoon lecture for Sixth Form Boys 
and Girls from Schools in London and the Home Counties Further lectures 
on March 11, 17 and 18) 


UNIVERSITY OF LONDON (at the Institute of Archwology, 31-34 Gordon 
Square, London, W C1), at 545 pm —Prof Irving Rouse ‘“Cambbean 
Archeology the Neo-Indian and Indo-Hispanie Epochs” * 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower Street, London, 
W C1), at d p m —Svmposium of short papers on “Some New Possibilities 
in Parametric Devices” 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANCH (im the Manson 
Theatre, London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W C 1), at 6 30 p m —Scientific Films 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—K ENT SUB-SECTION 
Qomt meetmg with the SOUTH-EASTERN BRANCH of the INSTITUTE OF 
PETROLEUM, at the Bull Hotel, Rochester), at 730 p m —Mr E S Sellers 
“The Chemist and the Internal Combustion Engme” 


Wednesday, March 11 


ROTAL Soctnry OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 2 30 p m —Dame Mary Smieton, D B E, MA. "Rome Trends in Women’s 
Employment” (Inaugural Dame Caroline Haslett Memorial Lecture) 


COLOUR GROUP (Great Britain} (in the Conference Hal! of the Independent 
Television Authority, 70 Brompton Road London, S W 3) at 335 pm— 
Mr I Macwhirter 


“The Multiplexing of Colour Television Signals” 


GEOLOGICAL SOCIETY (at Burlington House, Piccadilly, London, W 1), 
at 5 pm—Prof Nils H Magnusson ""Pre-Cambrisn History of Sweden” 
(Eighteenth Wilham Smith Lecture) 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERA DIVISION 
(In collaboration with the SOCIETY OF INSTRUMENT TFCHVOLOGY, at the 
Battersea College of Technology, Battersea Park Road, London, S W 11), 
at 5 pm —Discussion on “The Application of Analogue Techniques to 
Control-Svstem Studies” 


INSTITUTION OF ELFCTRICAL ENGINFERS, ELFOTRONIOS DIVISION (at 
Savoy Place, London, W C 2), nf 530 pm —Mr F J D Taylor, OBE, 
and, Mr J K S Jowett “The Plann:mg of Communications Satellite 
Systems” 


UNIVERSITY OF LONDON (at the Instifute of Dental Surgery, Eastman 
Dental Hospital, Grav’s Inn Road, London, WC1), at 530 pm —Mr. 
M S C Birbeck “Keratin and Keratinization" (Last of three lectures 
on “The Scientific Basis of Dentistry" organized by the British Post- 
graduate Medieal Federation )* 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower Street, London, 
WC), at 6pm—Dr G J Phillps and Mr J G Spencer "'Stereophome 
Broadoasting and Receivers" 
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Thursday, March 12 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
AND INDUSTRIAL ADMINISTRATION and ENGINLERING PRODUCTION GROUPS 
(at 1 Birdenge Walk, Westmmster, London, S W 1), at 10 am —All-day 
Conference on “Engmeermg Education and Career Patterns" 


ROYAL Society (at Burlington House, Piccadilly, London, W 1), at 
10 30 a m —Discussion Meeting on “The Development of Habitats m the 
Post-Glacial” organized by Prof W H Pearsall, FRS 


MINERALOGICAL SOCILTY (at the Geological Society of London, Burl- 
mgton Hone, Piceadilly, London, W 1), at 5 p m —Smientific Papers and 
xhibii 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London, 
W1), at 530 pm—Mr J G Crowther ‘Writers and Libraries—The 
Dependence of the Scientific Writer on Library Facilities’, also “At Your 
Request” (short colour film on the new National Lending Library for Science 
and Technology) < 


ASSOCIATION OF CLINICAL BIOCHEMISTS, SOUTHERN ENGLAND AND SOUTH 
WALES REGION (in the Physics Department Lecture Theatre, Impenal 
College, Prince Consort Road, London, S W 7), at 7 pm —Dr H H 
Bennich (Uppsala) ‘‘Gel-Filtration and Recycling Gel-Filtration" * 


RADAR AND ELECTRONICS ASSOCIATION (in the Lecture Hall of the Royal 
Society of Arts, John Adam Street, Adelphi, London, W € 2), at 7 pm— 
Dr J 8 Hey “Observation of Radio Galaxies” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION Qomt meeting with 
the POLYTECHNIC CHEMICAL SOCIETY, at the Polytechnic, Xegent Street, 


acon Wi), at 7 pm—Dr I G Holden “Science in the Detection of 
rime 


Friday, March 13 


SOCIETY, FOR WATER TREATMENT AND EXAMINATION (at th 1 
Society of Health, 90 Buckmgham Palace Road, Tonia SW) pal 
930 am to 530 pm—Twelfth Annual General Meeting 


ASSOCIATION OF APPLIED BIOLOGISTS (ın the Lecture Hall of the Briti 
Museum (Natural History), Cromwell Road, London, S W 7), at 1050 Hing 
—Symposium on “Water Supply and Crop Production" 


INSTITUTE OY NAVIGATION (at the Royal Institution of Naval A 
10 Upper Belgrave Street, London, S W 1), at 530 pm —Mr R P deu 


well and Wing Commandei J D Ackerman “The Perfect f 
Magnetic Compass” rfection of the Gyro- 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdeage Walk, Westminster, London, S W 1), at — 
Meeting on **Winter Operating Conditions" " ) V0 D cman 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at — 
Prof R J Harmnson "Delayed Implantation—a Curious hao pm- 


Phenomenon” 
Monday, March 16 


ASSOCIATION OF BRITISH MANUFACTURERS OF AGRICULTURAL CHEMI 

and THE NaTURE CONSERVANCY (at the Royal Commonwealth Ron. 
18 Northumberland Avenue, London, W C2, from 945 am to 5 pm.— 
Symposium on “Agricultural Chemicals—Progress in Safe Use”. 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bol 
Square, London, SW1), at 5 p m —Prof Y B i e CBE. 
FRS Hormones and the Control of Insect Growth” t , 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with thi 
GRADUATE AND STUDENT SECTION, at Savoy Place, vd. SoM p? 


6 p m —Discussion on “An Engineer 1s as Good as his Math " 
by Mr E C Foss athematics” opened 


ROYAL GEOGRAPHICAL SOOIETY (at 1 Kensington Gore, London, 8 W 7), 


at 6 p m—"Canada's Polar Continental Shelf” col 
Prod deo mate elf" colour film introduced by 


Monday, March 16—Thursday, March 19 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (in the Royal Horticultural 


Society's Old and New Halls, West A c 
Technical Exhibition * munster, London, $ W 1) Sixteenth 


Monday, March i6—Friday, March 20 


INSTITUTE OF METALS (at 17 Belgrave Square, 


Church House, Great Smith Street, London, S W 1 pondon i cand 


)—Spring Meeting 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the follo a 
tue datea mentioned ollowing Appomtments on or before 
SSISTANT LECTURER (with special interest in paleeozoic/meso - 
graphy aun Structural geology) I H Dearne oF rd 
Strar, University College of South Wal shire, 
Carat Obarek 14) g ales and Monmouth: » 
LECTURER or ASSISTANT LECTURER (with an honours degree in minmg 
engineering and an interest in fluid mechanics) IN MINING ENGINEERING— 
The c The Ou bg. (March 14) 
NT LECTURER (Grade TO TEACH INORGANIO AND PHYSIOAL 
CHEMISTRY— The Director of Education, The Pol 
Street, London, W 1 (Mareh 16) xen ee Regant 
RESEARCH ASSISTANT IN ORGANIC CHEMISTRY, io pursue research on 
stereochemical problems in azomethine chemistry—The Registrar, Queen 
T College (University of London), Mile End Road, London, E 1 (March 


DEPARTMENTAL ASSISTANT (with an honours degree in geolo 
perest in palæontology) m JHE DEPARTIENT OF GEOLOGY, centile 
OF Work as curator of geological collections—The 
College, Gower Street, London, WC1 (March 20) Secretary, University 

LECTURFR (graduate ın medicine or science) IN PHYSIOLOGY—The Regu- 
fare College of South Wales and Monmouthshire, Cardiff 

LECTURER IN MATHEMATICS (Pure and Applied), an ASSISTANT LECTURER 
IN BOTANY, an ASSISTANT LECTURER (with special interests 1h economic 
pd i Me re and a E ASSISTANT LECTURER (with 

ecial interest in the physical aspects) IN GEOGRAPHY—The 
Magee University College, Londonderry (March 21) ee 


1058 f 


LECTURERS (2) (preferably Ph D or equivalent experience 1n metallurgy) 
IN METALLURGY— The Registrar, The University, Sheffield (Mareh 21) 

UNIVERSITY SAFETY OFFICER (with suitable scientific qualifications)— 
The Reaistrar, The University Leeds 2 (March 23) 

CHAIR OF PHYSICAL METALLURGY— The Registrar, University College 
of Swansea, Singleton Park, Swansea (March 25) 

SENIOR LECTURER IN CIVIL ENGINEERING—The Registrar, The University, 
Shefheld (March 30) 

SENIOR LFCTURER IN THE DEPARTMENT OF GFOGRAPHY, University of 
Ibadan, Nigeria—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square London, W C1 (March 30) 

DEMONSTRATOR IN AGRICULTURAL BoTANY—The Secretary, School of 
RT (University of Nottingham), Sutton Bonington, Loughborough 

arc! 

LECTURER (candidates with experience in any aspect of biochemistry or 
chemical microbiology considered) IN THE DEPARTMENT OF BIOCHEMISTRY 
—The Assistant Registrar (Science), The University, Edgbaston Birming- 
ham 15 (March 31) 

LECTURER IN EDUCATIONAL PSYCHOLOGY IN THE DEPARTMENT OF 
Ce Registrar University College of Wales, Aberystwyth 

arch 31 

LFCTURER or ASSISTANT LECTURER IN PHILOSOPHY or MORAL AND 
POLITICAL re re Registrar, The University, Keele Staffordshire 

areh 31 

LECTURER or ASSISTANT LECTURER IN PHYSIOLOGY— The Professor of 
Phvsiologv, St Thomas’s Hospital Medical School, London, SE1 
(March 31) 

LECTURER (with special qualifications and interests ın either microbial 
geneties or population genetics) IN GENETICS—The Secretary, The Queen's 
University, Belfast, Northern Ireland (March 31) 

RFSEARCK ASSISTANT IN THE DEPARTMENT OF BIOCHEMISTRY to assist 
with the research work of Prof K S Dodgson and to help with the teaching 
activities of the Department—The Registrar University College of South 
Wales and Monmouthshire, Cathays Park, Cardiff (March 31) 

RESFARCH ASSISTANTS (with a good honours degree or equivalent in 
engmeering, physiology, physics or mathematics) IN THE INSTITUTE OF 
SOUND AND VIBRATION RESEARCH—Lhe Secretary and Registrar; The 
University, Southampton (March 31) 

CHEMIST (with a good background of research in chemistry, preferably 
with some experience in radiochenustry or isotopes) at the new 100 kW 
Research-Reactor at Risley near Warrmgton Lancashire, to be responsible 
for the development of techniques and apparatus for use in radicehemistry 
studies on the reactor— The Bursar, University of Manchester, Oxford Road, 
Manchester 13 (April 4) 

SENIOR PHYSICIST (with a good honours degree and several years ex- 
perience in research preferably in the field of atomic energy) at the new 
100 kW Research-Reactor at Risley, near Warrmgton, Lancashire, to take 
responsibility for the development of apparatus and techniques (cold- 
neutron sources, neutron diffraction, neutron spectrum measurements) 
related to research applications on the reactor—The Bursar, University 
of Minchester, Oxford Road, Manchester 13 (April 4) 

ASSISTANT LFCTURER (with a good honours degree with research and/or 
industrial experience) IN THE DEPARTMENT OF METALLUROY— The Regis- 
trar, University College of South Wales and Monmouthshire, Cathays Park, 
Cardiff (April. 10) 

LECTURER IN APPLIED MATHEMATICS—The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (April 10) 

SENIOR TUTOR-DEMONSTRATOR IN THE SCHOOL OF PHYSICS, University 
of Sydney, Australta—The Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Australia and London, April 10) 

ASSISTANT LECTURERS (2) IN Puystcs—The Secretary, University of 
Exeter, Northcote House, The Queen's Drive, Exeter, Devon (April 13) 

LECTURER IN BIOCRFMISTRY— The Secretary, Umwersity College, Cork, 
Republic of Ireland (April 15) 

LECTURER IN GDOPHYSICS IN THE DEPARTMENT OF GEOLOGY—The Secre- 
tarv, University College, Gower Street, London, W C1 (April 30) 

SENIOR LECTURER IN HISTOLOGY AND EMBRYOLOGY at the University 
of Melhourne—The Registrar, University of Melbourne, Parkville, N 2, 
Victoria, Australia, or The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Australia, April 30) 

TUTORIAL RESEAROH FELLOW or STUDENT (man or woman graduate) 
IN CHEMISTRY—The Secretary, Bedford College (University of London), 
Regent's Park, London, N W 1 (May 1) 

ROYAL DUTCH SHELL STUDENT (honours graduate in geology (with 
mathematies or phvsics at ancillary level), or physics) IN GEOPHYSICS, 
for a two-year course m geophysical prospecting applied to the search for 
oil—The Registrar, Imperial College of Science and Technology, London, 
S W 7 (Mav 15) 

GRADUATE (with ability to participate 1n modern mathematical develop- 
ments), TO TEACH MATREMATIGS to all levels—Durector of Studies, Nautical 
College, Pangbourne, Berkshire 

MASTER TO TEACH PHYSICS throughout the School with a substantial 
amount of sixth form work—The Headmaster, King’s College School, 
Wimbledon, London, S W 19 

PROFESSORS IN ‘TFLECOMMUNICATIONS, ASSOOIATE PROFESSORS IN 
CONTROL AND IN POWER, and an ASSOCIATE PROFESSOR IN ACOUSTICS— 
Prof G L d'Ombram, Chairman, Electrical Engmeering Department, 
McGill University, Montreal, Canada 

SENIOR CHEMISTRY MASTER—The Headmaster, King Edward VI Grammar 
Schoul, Louth, Lincolnshire 

SENIOR RESEARCH FELLOW OR RESEARCH FELLOW IN THEORETICAL 
NUCLEAR Puysics—Dr L R B Elton, Department of Physics, Battersea 
College of Technology, London, S W 11 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


International Journal of Rock Mechanics and Mammg Sewnces, Vol 1, 
No 1, (January 1964) Editor-m-Chief Dr A Roberts Subscription 
Rates (A) For libraries, government establishments, research laboratories, 
etc €10 (30 dollars), (B) For individuals who place their orders directly 
with the publisher and certify that the journal is for their personal use 
£3 10s (10 dollars) (London and New York Pergamon Press, 1964 ) [11 

Imperial College of Science and Technology, (University of London) 
Fifty-sixth Annual Report of the Governing Body, 1962-1963 Pp iv+132 
(London Imperial College of Science and Technology, 1963 ) [11 
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Proceedings of the Ma ai of Durham Philosophical Society Series A 
(Science) Vol 13, No 24 e Barly History of Seme Netting at North 
Shields By Frank Evans Pp 249-253 Vol 13, No 25 The Anatomy of 
Hypogeophis rostratus Cuvier, (Amphibia Apoda or Gymnophiona) Part1 
The skinand skeleton by R Lawson Pp 254-273 (Durham University 
of Durham Philosophical Society, 1963 ) [11 
International Journal of \ursing Studies Vol 1, No 1 (December 1963). 
Pp 1-58 Published quarterly Subscription Rates (A) For libraries, 
mdustrial undertakings and government departments £7 (20 dollars), 
(3) For private subscribers certifying that the Journal is for their personal 
use £2 (6 dollars) (London and New York Pergamon Press 1963 ) 
Mind and Consciousness in Experimental Psychology bv R H Thouless. 
(The Seventeenth Arthur stanlev Eddington Memorial Lecture, 29 November 
1963) Pp 32 (Cambridge At the University Press, 1963 ) 8s 6d net [11 
Institute of Personnel Management Managers and Shop Stewards By 
ten pr Pp 40 (London Institute of Personnel Management, 
Ciba (A RL), Ltd Technical Notes, No 252, (December 1963) Piano 
Manufacture Pp 12 (Duxford Ciba (A RL), Ltd , 1963 ) [11 


Other Countries 


Institut Royal des Sciences Naturelles de Belgique Mémoires, Deuxiéme 
Séne Fasc 73 Les Mesogastropoda Fossiles du Cénozolque Etranger des 
Collections de l'Institut Roval des Sciences Naturelles de Belgique Deuxième 
Partie Fossarviae a Ficidae (inclus) Par Maxime Glibert Pp 154 
Fasc 74 Les Muricacea et Buccinacea Fossiles du Cénozoique Etranger des 
Collections de l'Institut Royal des Sciences Naturelles de Belgique Par 
Maxime Ghbert Pp 179 (Bruxelles Institut Royal des Sciences Naturelles 
de Lelgique, 1963 ) 

United states Department of the Interior Geologica] Survey Bulletin 
1083-H Geology of the slifton Quadrangle, Wyoming and South Dikota 
By Normin P Cuppels Pp 1v+271-321 + plates 23 and 24 Bulletin 1123-D 
Geology of the Dodgevile and Mineral Point Quadrangles, Wisconsin 
By John W Allmgham Pp v+169-244+plates 12-18 — Bulletin 1138 
Geology and Uramum Occurrences of the Northern Half of the Lehighton, 
Pennsylvania, Quadrangle and Adjoming Areas Bv Harry Klemic, James 
C Warman and Alfred R Taylor Pp v+97+plates 1 and 2 Bulletin 
1141-N Geology of the Newcastle Area, Weston Countv, Wyoming 
By W J Mapeland O L Pillmore Pp v--85--plates1-3 bulletin 1142-1 
Geology of Some Copper Deposits in North Carolina, Virginia, and Alabama 
By uilbert H Espemshade Pp 1v+50+plates1-7 Bulletin1151 Geology 
of the Basin Quadrangle, Jefferson, Lewis and Clark, and Powell Counties, 
Montana by Edward T Ruppel Pp vi+121+plates1-7 Bulletin 1162—-A 
Economic Geology of the Chicora Quadrangle, Florida By James B Cath- 
cart Pp v+66+plates 1-7 (Washington, DC Government Printing 
Othce, 1963 ) [11 

United states Department of the Interior Geologica] Survey Watcr- 
Supplv Paper 1615-A Studies of Artificial Recharge in the Grand Prairie 
Region Arkansas, Environmentaland History by Kvle Engler and R T 
Sniegock1 Pp 1v+32+plates 1-4 Water-supply Paper 1619-N — Geology 
and Occurrence of Ground Water in Lyon County, Mmnesota Bv Harry G 
Rodis Pp iv+41+plate 1 Water-Supplv Paper 1619-S Geology and 
Ground-Water Appraisal of the Naval Air Missile Test Center Area, Point 
Mugu, California By R W Page Pp 1v+40+ plates 1-4 Water-Supply 
Paper 1643 Quality of Surface Waters of the United States, 1959 Parts b 
and 6 Hudson Bay and Upper Mississippi River Basins, and Missouri 
River Basin Prepared under the direction of S K Love Pp viu+247 
(Washington, DC Government Printing Office, 1963 ) 11 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1662-A Specific Yield—Column Drunage and Centrifuge 
Moisture Content By A I Johnson, R C PrillandD A Morris Pp v+60 
Water-Supply Paper 1663-D Ground Water for Public Supply in St 
Croix, Virgin Islands By G E Hendrickson Pp 11+27 Water-Supply 
Paper 1669-E  Ground-Water Resources and Geology of the Lvman- 
Mountain View Area, Uinta County, Wvoming_ By Charles J Robinove and 
T R Cummings Pp iv+43+plate 1 ‘Water-Supply Paper 1669-L 
Ground-Water Potential of the Alluvium of the Arkansas River Between 
Little Rock and Fort Smith, Arkansas By M S Bedimger, L F Emmett 
and H G Jeffery Pp iv--29--plates 1 and2 Water-Supply Paper 1669-N 
Water-Supply Characteristics of Streams im the Delaware River Basin and 
in Southern New Jersey By C H Hardison and R O_R Martin Pp 
1v--45--plate 1 Water-Supply Paper 1669-O Ground-Water Conditions 
at Argonne National Laboratory, Illinois, 1948-60 By Dovle B Knowles, 
W J Drescher and E F Le Roux Pp iv+40 Water-Supplv Paper 
1669-T Reconnaissance of Ground-Water Conditions in Maine By Glenn 
C Prescott, Jr Pp 1v+52+plate1 Water-Supplv Paper 1669-Z__ Selected 
Techniques ın Water Resources Investigations Compiled by G N Mesmer 
and Kathleen T Ise Pp vn+64 (Washington DOC Government 
Printing Office, 1963 ) 11 

United States Department of the Interior Fish and Wildlife Service 
Bureau of Sport Fisheries and Wildlife Research Report No 02  Equii- 
brium Yield and Management of Cutthroat Trout in Yellowstone Lake 
By Norman G Benson and Ross V Bulkley Pp iv+44 (Washington, D € 
Government Printing Office, 1963 ) 35 cents 11 

Bulletin of the American Museum of Natural History Vol 126, Article 2 
Auditory Capacities ın Fishes—Pure Tone Thresholds in Nine Species of 
Marine Teleosts By Wiliam N Tavolga and Jerome Wodinsky Pp 177- 


240 (New York American Museum of Natural History, 1963 ) p 
ollars 7 

Fifty Years of Serence in India Progress of Statistics Bv P K Bose 
Pp u1+50 (Calcutta Indian Science Congress Association, 1963 ) [11 
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DOUBLE-BEAM RECORDING SPECTROPHOTOMETER 





An inexpensive fast and reliable 
instrument for routine analysis 


of itquids, vapours and solids. | 


Write for catalogue CH 448] N3 
HILGER & WATTS LTD 98 ST PANCRAS WAY 


AND AT DORTMUND-HORDE CHICAGO TORONTO MILAN PARIS 
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CHOOSE THE CHART 


Linear in absorbance or llnear in transmittance 





READ THE RESULTS 


A MATTER OF MINUTES 


Pre-set recorder for easy routine 

analysis. Choice of two chart sizes, 

23 X II 1n. or 132 x 8 1n. Range 

from 200 to 750 mp. covered 1n one 

scan (length 17$ or 9 1n.) on one 

chart. 

Long-term accuracy and repro- 

ducibility ensured by — 

1. Balanced optical photometer 
system 

2 Automauc gain control. 


| 3. Programmed slits giving con- 


stant spectral energy 
Recordings of absorbance or trans- 
mittance agamst wavelength. 
Recordings plotted against time at 
fixed wavelengths for kinetic re- 
action studies. 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first Ime and 
6s per line thereafter — Lines in capials or 
contaimng words in capitals 12s per hne 
Semi-dispiayed £4 16s per single. column 
inch Colour (orange) £15 exua ts 15 


charged for the re-directuon of replies to 
advertusements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED IO T G Scott and Son, 
Limuted, 1 Clement's Inn, Strand, London, 
W C2 Telephone HOLborn 4743 Tele- 
grams Textualst, Estrand, London 





APPOINTMENTS VACANT 


APPOINTMENTS BOARD OF 
THE UNIVERSITIES OF 
NEWCASTLE AND DURHAM 


| Applications are invited from men and women 
for the post of Assistant Appoimtments Officer 
The person appointed will be chufly concerned 
with students and graduates in science subjects 
m Durham Possession of a degree in science 
and experience of work in a field or fields in 
which science graduates are commonly employed 
are both essential Employment experince 
should not have been exclusively m the field of 
education The post 1s tenable from August 1, 
1964 The salary will be at an appropriate point 
on the Lecturers’ scale (£1250 to £2,150) 
Family allowances payable, membership of 
FSSU required 

Further particulars may be obtamed from the 
Registrar, The University, Newcastle upon Tyne, 
2, with whom applications (three copies), to- 
gether with the names and addresses of three 
persons to whom reference may be made, should 
be lodged not later than two weeks after the 
appearance of thus advertisement (Candidates 
on the British Isles may submit one copy 
only 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ZOOLOGY 
LECTURESHIPS 


Applications are invited. for one or more Lec- 
tureships in the Department of Zoology Salary 
scale, £1.250 by £60 to £1490 Bar £1550 by 
£60 to £1,670 by £80 to £2 150 per annum with 
placement according to quahficauons and experi- 
ence and with superannuation benefit and family 
allowance where applicable The Lecturers will 
be required to help in the general teaching of the 
Department, and will have ample facies for 
research The successful candidate(s) will be ex- 
pected to take up duty on October 1, 1964 

Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two referees should be 
lodged not later than March 3! 1964 

CHARLES H STEWART, 
Secretary to the University 
aa 


UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Lec- 
turer m Engineermg (Mechanical) Preference 
wil be gwen to candidates with a major interest 
in Applied Mechanics, especially Theory of 
Machines, Stress Analysis and Properties of 
Materials, or Applied Thermodynamics An in- 
terest in Mechanical Design would be an advan- 
tage Teaching staff may read for higher degrees 
The salary scale ıs £1 250 to £2,150 per annum 
Membership of FSS U and Children’s Allow- 
ance Scheme of £50 per child Initial salary ac- 
cording to qualifications and experience 

Applications should be sent mot later than 
March 28, 1964, to the Registrar, the University, 
Manchester 13, from whom further particulars 
and forms of application may be obtained Ap- 
plications by amai] letter, tn the first instance, 
will be considered from overseas candidates, who 
should give the names of three referees 


UNIVERSITY OF GLASGOW 


LECTURESHIP IN CHEMISTRY 
Applications are invited for a Lectureship in 
Chemistry, tenable from October 1, 1964, or 
earlier Salary scale £1250 to £2,150 per 
annum Imual salary according to experience 
and qualificauons  FSSU and family allow- 
ance benefits Applicants should have special 
interests in. Physical Organic Chemistry 
Applications (erght copies) with the names of 
three referees, should be lodged, not later than 
April 13, 1964, with the undersigned, from whom 
further particulars may be obtained 
ROBT T HUTCHESON, 
Secretary of the University Court 
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D STATE 
AND THE C.E.G. 





At the Leatherhead Laboratories of the Central Electricity 
Generating Board, a new and expanding Solid State Physics 
Section is bringing a fundamental approach to new materials and 
ideas that may be important to the industry in the decades ahead. 


Superconductors are a good example The 
new *'high-field ' materials are of obvious 
relevance to our magneto-hydrodynamic 
(MHD) generation research. and indeed to 
any ultimate thermo-nuclear fusion genera- 
tor We have a strong interest in the 
physics of such materials and one of our 
projects 1s aimed at a better understanding 
of their high current carrying capacity and 
is relationship to the theory of Type II 
superconductors We will be using both 
ultra high vacuum and = unconventional 
metallurgical approaches to this problem 
Our earher work on the alternating current 
behaviour of hard superconductors iS al- 
ready in print 

Other materials of interest are disordered 
semiconductors, among them certain com- 
pounds which pass smoothly from the 
glassy to the liquid state on heating with 
no change in electrical activation energy 
and which in addition are remarkably in- 
sensitive to “ doping " in the usual semi- 
conductor sense Very httle 1s known 
about the conduction mechanism in these 
materals and we hope to discover more 
We suspect that they may be relatively in- 
sensitive to radiation damage and, if this 
proves to be so, we shall have a better 
means of measuring temperature inside 
nuclear reactors 


In parallel with these investigations we are 
assisting with studies of the cryogenic and 
electrical problems that would be involved 
in the design of a full-scale superconduct- 
ing magnet system for an MHD generator. 
Such a system would have a stored energy 
as high as £04 Megajoules and presents a 
great many challenges to the imgenious en- 
gineer 

Oxide films, and the transport of material 
through them, understandably attract a 
great deal of research im any industry con- 
cerned with high’ temperatures The con- 
tnbution of' the Sohd State Physics Section 
in this direction is a characteristically funda- 
mental one—through the understanding of 
the behaviour of oxide single crystals As 
a tractable starting point we have chosen 
Rutile (1102) and have developed a novel 
method of growing and purifying single 
crystals of this msulating refractory oxide 
involving floating-zone melting and con- 
trolled departures from stoichiometry One 
of our objects is to establish the principal 
ionic defect in the matena! and to this end 
we are employing electron spin resonance 
at liquid. helrum. temperatures, which tech- 
nique is also revealing new information on 
the. iE Md of doped and reduced 
rutile 


Our area of interest is growing and may well extend to the semi- 
conductivity of ferroelectric materials, to phenomena applicable 
to radiation dosimetry, to the theory of the reverse breakdown of 


Junctions and to corrosion theory 


AT THE MOMENT THE SECTION IS UNDERGOING A 


MODEST EXPANSION 


AND WOULD WELCOME 


ENQUIRIES FROM INTERESTED PHYSICISTS. PAR- 
TICULARLY GOOD OPPORTUNITIES EXIST FOR: 


(a) A SENIOR MAN WITH A GOOD BACKGROUND IN 


SUPERCONDUCTIVITY. 


(b A VERSATILE SOLID STATE THEORETICIAN WITH 
AN INTEREST IN ONE OR MORE ASPECTS OF OUR 


WORK, and 


(c) A PHYSICIST OR ELECTRICAL ENGINEER OF SOME 
EXPERIENCE TO WORK ON THE FEASIBILITY OF 
LARGE SUPERCONDUCTING MAGNETS. 


Publication of results ıs encouraged. Permanent posts or three- 
year Research Fellowships are available 
Some financial assistance towards housing purchase may be 


possible 1n certain cases. 


Salary in Bands ranging to £2,220 or £2,730 pa 


Enquiries, accompanied by a brief résumé of qualifications, expert- 
ence and publications and quoting Ref N/74, should be addressed 


to 


N Berryman, M BE, Personnel Officer (Headquarters), 


24/30 Holborn, London, EC 1 


INTERESTED PHYSICISTS IN THE U.S.A. & CANADA 


should send relevant details without delay. 


Interviews with the 


Section Head can be arranged in New York during April. Short- 
term Research Associateships may be available for non-British 


nationals. 
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IMPORTANT NEWS for those 
graduating m 1964 
(and other SCIENTISTS) 


H you have a reasonable. expectation of 
gatning first- or second-class honours in a 
science degree you can apply new for 
appointment as 

SCIENTIFIC OFFICER 

The SCIENTIFIC CTVIL SERVICE 
offers a first-rate career in work of 
national importance, erther in CIVIL 
SCIENCE—to ensure the contribution of 
research to the national economy—or in 
challenging studies in the field of DE- 
FENCE SCIENCE Physicists, Chemists, 
Mathematicians and Engineers are required 
m many Government Departments, but 
Biological vacancies are usually specialized 
Candidates successful at interview will be 
offered provisional appointment unti the 
announcement of examination results 

Salary scale ts £791 to £1309 with an 
extra allowance (up to £60) for duties in 
the London area After two years’ satıs- 
factory service there is a special addition 
of £95 Increments to starting salary can 
be given for National Service and post- 
graduate experience Permanent appornt- 
ments carry a gencrous pension , promo- 
tron prospects are good 

Full information about the Scientific 
Civil Service 1s available in a booklet from 
the address below and visits to Govern- 
ment Research Establishments by prospec- 
tive candidates are encouraged 

There are also vacancies as 

SENIOR SCIENTIFIC OFFICER 
for Scientists, aged at least 26 and nor- 
mally under 32, who have a mmimum of 
three years’ post-graduate experience 
Salary scale 1s £1438 to £1772, also 
supplemented tn the London area 

Write to Civil. Service Commission. 23 
Savile Row, London, W 1, stating age and 
qualifications, quoting S/52-53 


WAR DEPARTMENT 


CHEMICAL INSPECTORATE, 

Royal Arsenal, Woolwich, S E 18 

SENTOR SCIENTIFIC OFFICERS Three 

experienced Chemists required for super- 

visory and advisory duties 

1 Post requires experience in the chemis- 
try and examination of PETRO- 
LEUM AND ALLIED PRO- 
DUCTS (liquid fuels oils, lubri- 
cants, hydraulic brake fluids, 
etc ) 

2 Posts requiring experience in the ex- 
amination of EXPLOSTVES 

APPLICATION Forms from War Office C5(E), 

Northumberland House, Northumberland 

Avenue, London, W C2 


D.S.L.R. 


(D WARREN SPRING LABORATORY, 
Stevenage, Herts 

(2) SCTENTIFIC OFFICER/SENIOR 
SCIBNTIFIC OFFICER for Process Eco- 
nomics and Design Study Group engaged 
jn cost studies, economic surveys, and 
statısfica] design of experiments — Acuvi- 
ties mainly concerned with Chemical 
Engineering, Mineral Processing, Air Pollu- 
tron and Ergonomics Knowledge of 
Statistical methods and industrial expen- 
ence of computer programming desirable 
(Reference E/AN/035 ) 

(b) ASSISTANT EXPERIMENTAL OFFI- 
CER/EXPERIMENTAL OFFICER in 
Chemical Engineering Division Field m- 
cludes automatic and computer control of 
plant gas-solid and gas-liquid suspensions, 
technology of pewders and slurries, applied 
catalysis and surface chemistry Interest 
m plant as well as laboratory work re- 
quired (Reference E/AN/036 ) 


NATURE 


(2 TROPICAL PRODUCTS INSTITUTE, 
London, WC 1 

(a) SCIENTIFIC | OFFICER/SENIOR 
SCIENTIFIC OFFICER for work on more 
effective use of renewable resources of the 
Tropics, including research on topics of 
chemical and biochemical nature Experi- 
ence in isolation and elucidanon of struc- 
tures of natural products an advantage 
(Reference YE704/8 ) 

(b) ASSISTANT EXPERIMENTAL OFFI- 
CER/EXPERIMENTAL OFFICER for 
work on isolation, purification. and identi- 
fication of physiologically active com- 
pounds and plants Tone research experi- 
ence m chemistry of natural products pre- 
ferred (Reference YE707/12) 


(3) BUILDING RESEARCH STATION, 
Garston, Watford, Herts 
EXPERIMENTAL OFFICER/ASSISTANT 
EXPERIMENTAL OFFICER for research 
on use of colour in buildings — Project will 
involve both experimental laboratory work 
and large-scale user studies 
QUALIFICATIONS Degree in psychology or 
related subject preferred and, for Exper- 
mental Officer, some research experience 
necessary (Reference E/AF/091 ) 


(4) LABORATORY OF THE GOVERN- 
MENT CHEMIST, London, S E 1, 
requires ORGANIC, INORGANIC and 
PHYSICAL CHEMISTS (graded Scientific 
Officer or Semor Scientific Officer) The 
Laboratory, which 1s broadly concerned 
with collection of revenue, compliance with 
regulations and matters affecting public 
health, has a dynamic approach to chemi- 
cal problems arising Tt ıs well equipped 
to deal with a variety of mterests including 
food, drugs and medicines, agricultural 
pesticides, detergents, toxic gases, radio- 
chemistry of waters and effluents, etc 
(Reference E/AR/018 ) 

APPLICATION Forms from Directors at above 
addresses, quoting appropriate reference. 
Closing dates March 18, 1964, for (1) to 
(3), April 3 for (4) 


MINISTRY OF AVIATION 


SIGNALS RESEARCH AND 
DEVELOPMENT ESTABLISHMENT, 
Christchurch, Hants 
Opportunities in Research and Development 
of MODERN METHODS of COMMUNI- 
CATIONS Current studies embrace digital 
transmission of telephonic, telegraph, 
facsimile and data facrhties; electronic 
automatic circuit. switching, solid-state 
circuits and micro-mimiaturization Rele- 
vant experience 1s desirable 
APPOINTMENTS (on 
ability and experience) as 
SENIOR SCIENTIFIC OFFICER 
SCIENTIFIC OFFICER 
EXPERIMENTAL OFFICER 
FSSU benefits for Senor Scientific Officer 
and Scientific. Officer 
Write for full particulars to the Director 
at above address, stating qualifications, ex- 
perience, and grade in which interested 
(Reference HC/2D/965 ) 


qualifications, 





DEPARTMENT OF 
TECHNICAL CO-OPERATION 


DIRECTORATE OF OVERSEAS 
SURVEYS, Tolworth Surrey 

DEPUTY DIRECTOR 
APPLICATIONS are invited. for the above 
post The person appointed will take 
charge of the Durectorate’s Forestry and 
Land Use Section which undertakes assess- 
ment of forests and agricultural resources 
overseas, mamly in tropical countries with- 
in the Commonwealth, and advises on the 
development of those resources 
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Scientific Civil Service 


Land use and related surveys are carried 
out at Tolworth by the use of aerial photo- 
graphs and subsequent field work abroad, 
and advice and assistance 1s provided to 
countries overseas carrying out such sur- 
veys Visits abroad will form part of the 
duties 

APPLICANTS must have obtained a degree 
or equivalent qualification in agriculture, 
forestry or a natural science They must 
have had wide experience, including ad- 
ministrative, of agriculture and/or forestry 
m the tropics 

SALARY scale £3,110 to £3,535, starting 
salary may be above minimum 
Closing date Apnl 13, 1964 
S/5853/64) 


(Reference 


DEPARTMENT OF 
AGRICULTURE 

AND FISHERIES FOR 
SCOTLAND 


Marine Laboratory, Aberdeen 

Four EXPERIMENTAL OFFICERS/ 
ASSISTANT EXPERIMENFAL OFFICERS 
(preferably men) as follows 

(a) Productivity Section—to assist with the 
biochemical analysis of manne plankton 
and expenmental studies of plankton pro- 
duction Experience ın biochemical tech- 
niques an asset 

(b) Bottom Fauna Section—to work on the 
animals of the sea floor in relation to 
fisheries Interest in Zoology an advantage 
(c) Shellfish Section—for general work in 
the section An advanced training in Zoo- 
logy with special knowledge of marine bio- 
logy and/or experience rm fisheries research 
required 

(d) Hydrography Section—to take part m 
studies of the physical charactenstics of the 
sea in areas of interest to Scottish fisheries 
Statistical examination of data and develop- 
ment and use of recording instruments m- 
volved 

The posts are unestablished but offer possi- 
bihties of permanency later 

PARTICULARS from Establishment Officer, 
Department of Agriculture and Fishenes for 
Scotland, Room 166, St Andrew’s House, 
Edinburgh 1 Closing date March 18, 1964 


SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


SALARIES SO £791-£1309 
(increments and special £95 award for 
approved post-grad experience) 
SSO £1438-£1772 
(Starting salary may be above minimum) 
Salaries are supplemented in the London Area 
QUALIFICATIONS 
so Ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 
sso As above plus at least 3 years post- 
graduate research Age 26 to 31 


ASST. EXPERIMENTAL 
OFFICER/EXPERIMENTAL 
OFFICER 


SALARIES AEO £490 (age 18) — £691 
(age 22) - £858 (age 26) - £1053. 
EO £1164-£1431 
Salaries are supplemented tn the London Area 
QUALIFICATIONS 
Degree, Dip Tech , HN.C or equivalent 
in appropriate subject Under age 22, 
minimum qualification is 2 G C.E ‘A’ levels 
in Scientific subjects. A EO. age 18-27 


Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W 1 
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lasers 


We are a large research organisation with an international 
reputation in this field and excellent facilities for orginal research 
We are looking for a graduate with an honours degree and a 
good background in physics to work ın our High Power Laser 
Group. An interest in lasers, spectroscopy, optics or high power 


electrical transistors would be an advantage 


The work is un- 


classified and every encouragement ıs given to the publicatton of 


results 


The salary will be in the range £850 to £1,900 depending on 
age and experience and housing or substantial assistance with 
house purchase will be available to married officers living beyond 
reasonable daily travelling distance For further details write to 
the Senior Recruitment Officer, United Kingdom Atomic Energy 
Authority, AWRE, Aldermaston, Berkshire, quoting ref 


3260A/34 


lasers 


SENIOR 
METHODS /PLANNING ENGINEERS 


Salaries up to £1,500 per annum. 


A major Company m the manufacture of industrial process control 


mstrumentation, at present building 


A NEW FACTORY IN HERTFORDSHIRE 


requres TWO SENIOR METHODS/PLANNING ENGINEERS 
to join its Production Engineering Department 


The two posts will cover the following activities 
Post 1. Light Sheet Metal work, presswork, light mechanical assem- 


bhes, 


Post 2. Welding, Soldermg, Brazing, Spot Welding, Heat Treatment 
of light precision parts in a variety of materials. 


Applicants must be highly experienced, and preferably technically qualified 


In particular, the man to fili Post 2 


in Metallurgy, or its equivalent 


should possess an HN C endorsement 


The Company offer excellent welfare facilities, including free life msurance 
and contributory pension scheme after a qualifying period 


Applications, which will be treated in strictest confidence, giving details 
of age, education, expenence and present salary, should be addressed to 
Box No SM 5675, c/o Whites, 72 Fleet Street, London, EC 4 


PHARMACOLOGIST 


Young, well-quaiified, preferably with 
PhD degree required for modern well- 
equipped Pharmacological laboratory in 
Central London engaged im research on 
medical compounds An excellent oppor- 
tunity for promotion for the right appli- 
cant 


Apply in first instance to Managing 
Director, with full particulars of age, edu- 
cation and salary anticipated, — Biorex 
Laboratones Ltd, 47-51 Exmouth Market, 
London, EC 1 


A VACANCY OCCURS IN A NORTH- 
west Research and Development Depart- 
ment for a Graduate to take charge of 
the SPECTROSCOPY SECTION equipped 
with Infra-red and Ultra-violet Spectro- 
meters Tt is envisaged that applicants 
wil at present be working in such a sec- 
tion and will be seeking an opportunity 
for promotion Age group preferred 26- 
30 Salary dependent on qualificat:ons, and 
experience 


Please apply with full details to Box No 
753, T G Scott and Son Ltd, 1 Clement's 
Inn, London, W C2 
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UNIVERSITY OF GHANA 

DEPARTMENT OF GEOGRAPHY 
Applications are invited for the post of 
LECTURER OR ASSISTANT LECTURER 


Candidates should be honours graduates in geo- 
graphy, who are qualified to teach Economic 
Geography or Political Geography and the 
Regional Geography of Afnca 

Salary scales 

Lecturer, £G 1,050 by £G 50 to £G 1,400 by 
£G 7S to £G1,850, £G 1,900 per annum 20 
per cent addition for non-Ghanaians 

Assistant Lecturer, £G 900 , £G 950 per annum 
20 per cent addition for non-Ghanaians 

Entry at appropriate point Appointment 
normally five years in the first mstance 

Outfit allowance £G 60 Car allowance £G 150 
per annum — Family allowance for non-Ghanarans 
for each child in West Africa £G 50 per annum 
or, if under age of 21 and bemg educated outside 
West Africa, £G 100 per annum (maximum five 
children) Part-furnished accommodation at 
charge not exceeding 75 per cent of salary 
Enstng FSSU policies mawtamed or super- 
annuation on similar basis 

Passages for appomtee and family on appoint- 
ment and normal termmation Annual vacation 
leave with three overseas return passages im every 
four years for non-Ghanaians and one every three 
years for Ghanarans 

Applications eight copies), with full details of 
qualifications, experience, etc, and naming three 
referees, to be sent before March 31, 1964 to the 
Registrar, University of Ghana, PO Box 25, 
Legon, Accra, or to the Assistant Registrar, 
(Overseas), University of Ghana Overseas Office, 
15 Gordon Square, London, WC 1 


UNIVERSITY OF, GHANA 
DEPARTMENT OF PHYSICS 


Applications are invited from suitably quahfied 
candidates for appomtment as Chief Technician 
Duties include supervision and training of labora- 
tory staff, responsibility for stores preparation of 
experiments for BSc, and other courses and 
assistance m research projects in the Department 
which cover a wide range (radioisotopes, 10n0- 
sphere and geomagnetic measurements, X-ray 
diffractton and metal physics) There is a squid 
ar plant, IBM 1620 computer photographic 
darkrooms and departmental workshop Candi- 
dates should possess Higher National Certificate 
or equivalent qualification and should have ex- 
tensive experience of similar work 

Salary scale The appointment xs superannuabie 
for Ghanaians on the salary scale £G 1,200 by 
£G 50 to £G 1,500 per annum plus personal 
transport allowance In the case of non- 
Ghanaians the following payments will be made 
20 per cent contract addition, family allowance 
outfit allowance and a gratuity of £G 150 per 
annum Passages on appointment and completion 
of contract Part-furmshed accommodation at 
reasonable rental 

Applications (six copres), with full details of 
qualifications, expenence, ete and naming three 
referees, to be sent before March 31 1964 to the 
Registrar, University of Ghana PO Box 25 
Legon, Accra or to the Assistant Registrar 
(Overseas), Unrversity of Ghana, 15 Gordon 
Square, London, WC1 


COLLEGE OF ADVANCED 


TECHNOLOGY 
TRIPOLI, LIBYA 
Applications are invited for the post of Lec- 
turer m Physics Duties To teach to Inter-B Sc 
level fot 12 to 15 hours per week to classes of 
up to 25 1n number Qualifications An Honours 
degree in Physics and teaching experience at de- 
gree or equivalent Jevel Salary £2,000 to 
£2,500 per annum Entry pomt according to ex- 
perience Terms of Appointment On contract 
for two years in the first instance Free passages 
Partly furnished housing provided at modest 
rental Contributory Provident Fund 
Further information and aoplication forms ob- 
tamable from The Council for Technical Educa- 
tion and Traimng for Overseas Countries, Eland 
House, Stag Place London SW1 Closing 
are, April 10, 1954 (Please quote TET/LYA/ 


UNIVERSITY COLLEGE OF 
SOUTH WALES AND 
MONMOUTHSHIRE 
DEPARTMENT OF BOTANY 
Research Assistant Applicants should be 
graduates in Botany and will be expected to 
engage i research, preferably in plant physio- 
logy or experimental plant ecology — Salarv scale 
£900 per annum 
Further particulars can be obtained from the 
Registrar, University College, Cathays Park, 
Cardiff, by whom applications (three copies), 
giving the names of two referees, must be re- 
cerved not later than March 28, 1964 
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A ZOOM STEREOMICROSCOPE WITH 


Facilities for 8 continuously variable magnification ranges within limits x7 to x150 


The new Watson achievement has been to 
design and engineer a zoom system giving a 
true magnification ratio of 5.1—1.e from unity 
to x5. Wide-angle eyepieces and supplementary 
objectives give continuous magnification 
change in eight separate ranges within the limits 
x7 to x150 The best optical conditions fora wide 
range of applications can be instantly selected. 
Optical aberrations are well corrected over the 
whole range, and image quality compares 
favourably with the best obtained using fixed 
magnification systems 


FULL 5:1 MAGNIFICATION RATIO — 


High-quality optical performance is matched by 
outstanding convenience The large working 
distance remains constant for all magnifications 
of a chosen optical outfit Controls are light, 
positive and located for easy operation Con- 
verging optical axes assist the stereo effect and 
Increase operator comfort. A zoom range 
indicator provides easy calculation of exact 
magnification The Watson 5:1 Zoom Stereo 
has built-in reliability and is equally well suited 
to research laboratory or workshop First pro- 
duction models are now being despatched 


Please write for full details of this new Watson achievement 


W. WATSON & SONS LTD BARNET HERTS 


TEL: BARNET 4404 CABLES’ ‘OPTICS’ BARNET 
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FOR 
PERIODS 
UP TO 


1 hour 
24. hours 
7 days 





: stays on the job 





Mnman 
Diagnostic reports to hand hours earlier than they would be Histokinette 
with manual processing and in far greater numbers—the I feat 
release of a valuable technician for other duties these are special ieatures 
the outstanding advantages of the Histokinette Automatic include :— 


Tissue Processing machine Once the Histokinette has been 








put into operation, it wall without supervision go through the € Up to 24 hours delayed start 
entire cycle of fixation, dehydration, mmpregnation in wax, 
or alternatively can be set up for the washing or staining of € Double processi ng iei d bask 
tssues. It can handle large numbers of specimens at the € One or more motor members and baskets 
same time and while staff is off duty—speed up almost any € Unbreakable tissue basket and containers 
technique by ensuring quicker and more thorough penetra- 
tion by reagents 
A Ar hour clock ıs fitted as standard Change over The Hendrey Histokinette ıs in general use at home and overseas 
to our or 7 day cycles (the latter of great value 
in double embedding and MAE decalcification tech- Aie mrt a ud ma K i VERR, S c of our gx 
erdeen inburg: ewcastle- rgentt e exico 
niques) 5 sunple and rapid Belfast Glasgow on-Tyne Australia Egypt New Zealand 
= Birmingham Greenock Newport Belgium Finland Nicaragua 
-— E j Bristol Hereford Nottingham | Brazil France Norway 
Canterbury Liverpool Sheffield Canada Ghana S Africa 
H d R J / Cardiff Llanelly Swansea Ceylon Holland Singapore 
en Pe y e. a VS Dundee London Torquay Chile India Sweden 
= Manchester eins peal S ireriand 
t 
Witte foi illustiated broche Denmark Japan ane 
HENDREY RELAYS LTD . 390-394 BATH ROAD . SLOUGH . BUCKS. Telephone Burnham 609/611 
MANUFACTURING ELECTRICAL ENGINEERS CONTROL & LABORATORY APPARATUS. Telegrams* Hendrelay, Slough 


Sole Export Distributors Measuring & Scientific Equipment Ltd » Spenser Street, London, SW | 


Ne HEATHWAY 


FOR GLASS WORKING LATHES 
AG. 2 : 
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THE HIGHWAY TRANSPORT PROBLEM 


W people talk about ‘the transport problem’ 
they are usually referrmg to the problem posed by 
the questions How much should be spent on what sort 
of additional transport facilities ? and, How should the 
use of transport facilities be allocated between the various 
competing users? A solution to these questions would 
automatically resolve many of the arguments associated 
with the present transport system 

In his book, The Transport Pioblem*, Mr Foster 1s 
looking for the basic solution He deals with the transport 
problem as part of the wider economic problem and he 
deals with traffic in towns as one part of his wider trans- 
port problem The Buchanan Report 1s concerned only 
with traffic in towns and confines itself largely to a detailed 
demonstration of the problem 

In his search for a solution, Foster dismisses many 
popular theories He also dismisses—án a few words— 
what he calls the “‘economist’s favourite prescription”, 
marginal social cost pricing, that 1s, the poliey of charging 
a user the additional costs which his use 1s expected to 
impose on the transport enterprise and on the rest of the 
community This solution, together with its associated 
cost-benefit method for determmimg where and when 
new investment ıs justified, 1s referred to as *“MSCP” 
Having rejected ıt mainly on grounds of political difficul- 
ties, which he does not explam, Foster narrows the field 
of possible solutions to two—profit maximization and 
consumers’ benefit (or surplus) maximization Three- 
quarters of the book 1s devoted to a detailed discussion 
of the mpheations of these two policies, both for the roads 
and for the railways 

Which of these two solutions 1s the best one ? 
Foster appears to favour the policy of maximizing con- 
sumers’ benefit But one may conclude that the difficul- 
ties with this solution are greater than those which Foster 
so unconvinomgly puts forward agamst MSCP In fact 
one regrets his decision to concentrate so much of his book 
on the unreahstic policy of profit maximization (Who 
could seriously contemplate maximizing profits from the 
roads ?) and so little on margmal social cost pricmg 
The book might have been more valuable had 1t presented 
@ comparison of the consumers’ benefit solution with the 
MSCP solution, contrasting the practical simpheity of 
the former with the economie advantages of the 
latter 

At first sight, therefore, the book appears to be largely a 
misdirection of effort But fortunately ıt 1s not so, 
because Foster’s mterpretation of the consumers’ benefit 
solution has much in common with the MSCP solution 
He realizes, of course, that to maximize consumers’ 
benefit in any one industry means to charge no price, 
which is mdiculous He therefore suggests the condition 
that each industry must exactly cover its private costs, 
which (he says) means that price must equal average cost, 
not margmal cost This is not necessarily so What 1t 
means 18 that prices, ‘on average’, must equal average 


* The Transport Problem ByC D Foster Pp xiit354 (London and 
Glasgow Blackie and Son, Ltd , 1903 ) 40s 

+ Trafic vn Towns a Study of the Long Term Problems of Traffic in Urban 
Areas Report of the Steering Group and Working Group appomted by the 
Minister of Transport Pp xiv+224, (London HMSO, 1963) 50s 
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cost, which is a very different thing. Neither does he 
say what he means by an industry If an ‘mdustry’ must 
cover its costs why should not ‘transport’ be defined as 
an mdustry ? 

He argues, however, that a policy of maximizing con- 
sumers’ benefit means chargmg average private cost 
rather than marginal social cost But the mvestment- 
formule for the two policies are much the same, and 
much of the procedure for estabhshmg and charging 
average cost ıs the same as for marginal cost So there 
is much ın the book that would be welcomed by anyoné 
who believes m the use of margmal analysis m. economies 
Much of the detail about costmg on the railways and 
costing and chargmg on the roads applies equally to both 
policies 

Foster, hke Buchanan, does not advocate any particular 
solution. He tries to show what the alternatives are and 
insists that the choice between them must rest on political 
decisions. 

The Buchanan Group was set the task of studymg 
* the long teim development of roads and traffic ın urban 
areas and their influence on the urban environment” 
This was a large and complex task well worth domg, but 
involving a wide variety of subjects and requimng many 
disciphnes It ıs not surprising, therefore, especially on 
view of the time available, that the Report does not deal 
comprehensively with its terms of reference The in- 
fluence of roads and traffic on the urban: environment has, 
indeed, been well covered, but the long-term development 
of urban roads and traffic has been only partly exammed 
and within rather narrow assumptions. 

The Report, then, does not fully achieve—or even try to 
achieve—its initial objective What does ıt try to do? 
First, 15 puts great emphasis on the importance of environ- 
mental standards in towns Its educative effect on the 
public m this regard has probably been very valuable It 
demonstrates convimeimgly the conflict between traffic 
&nd environment 

Secondly, the Report exammes—ain an admirably radical 
and far-sighted way—the technical possibilities of re- 
developmg towns so as to accommodate_more traffic 
without domg further damage to the environment It 
draws selectively from and brings together much that 1s 
best from the work of town planners and traffic experts 
It exploits the idea of environmental areas and the segrega- 
tion of traffic from pedestiians It applies ideas already 
used in new towns to the iedevelopment of old 
towns 

Thirdly, the Report investigates four urban areas m 
detail to establish what sort of long-term redevelopment 1s 
necessary, or possible, to cope with large mereases in 
traffic, without lowermg environmental standards The 
investigations assume several important variables to be 
fixed, and the important conclusion ıs reached that m large 
towns and cities (more than about 80,000 people) full 
motorization will not be possible, that is, if everyone 
wishes and can afford to run a car, no conceivable re- 
development will enable towns to cope with all the 
potential traffic Even if one accepts the assumptions 
(which are discussed later) one can searcely regard this 
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conclusion as proved, because so little mformation 18 
provided to enable the reader to follow the calculations 
In particular, no mention 1s made of traffic speeds, this 
seems an extraordmary omission when traffic delay is 
much the biggest problem connected with traffic m towns. 
The reckoning of road capaerties is not explained and the 
definition of ‘crude capacity’ 1s ambiguous One would 
lıke an explanation of the choice of hexagonal road layouts, 
they require a great deal of land, twice as many mter- 
sections as a straightforward square network and changes 
of direction at each intersection One 1s also left wonder- 
ing how much of the results from the four mvestigations 
rests on calculation and how much on human judgment 
In spite of the opposite umpression given by the Report, 
some decisions involving judgment are inevitable m such 
investigations What effect could they have on the 
results ? 

In spite of these gaps—which may be simply gaps in 
presentation—the Report certainly succeeds ın emphasiz- 
ing the magnitude of the problem of accommodatmg 
larger numbers of vehicles m towns It estimates a cost 
of £4 5 million for the largest Newbury Scheme, and £90 
milion for Leeds (primary networks only), and these 
figures indicate the size of the financial problem It has, 
of course, been shown by the Road Research Laboratory 
that the greater the population of a town the more difficult 
ib 18 to accommodate the resulting traffic, and if the 
underlying assumptions of the Buchanan Group are 
accepted it 1s fairly convimemg that m large towns and 
cities full motorization 13 not possible 

But what are the assumptions? The Report is not so 
clear about them as 16 should be The investigations are 
very long-term, 1anging over the next 50 years, and many 
things can change durmg that time Many important 
things can change much sooner than that The five most 
important variables which are mmplicitly held constant 
for the purpose of the mvestigations are as follows 

(1) The locatwn of actwitres. The Buchanan Report 
emphasizes that traffic 1s a function of activities and of 
the buildings contammg them But when it analyses 
particular towns it assumes the location of all activities 
to remain as at present This may be a serious fault, 
because a radical change m methods of transport, such as 18 
provided by the motor vehicle, may have a very consider- 
able effect on the location of activities It ıs known 
that the existence of the motor-car has already caused big 
changes ın the location of houses, shops and factories 
Further changes may be desirable It would be foolish 
to re-design a town on the assumption that all activities 
must romam where they are Decisions affecting the 
location of activities should be based as accurately as 
possible on a true and up-to-date comparison of the costs 
and benefits mvolved, so that costly road facilities are not 
required in town centres for activities which could be 
carried on better elsewhere The coming of the age of the 
motor-car may make ıt generally desirable to develop 
towns less densely than before It may be better to 
improve and expand suburban and out-of-town centres 
than to rebuild city centres on two levels. 

(2) The peak pervod The Buchanan Report has assumed 
that the duration of the peak travel periods will be the 
same m fifty years’ tıme as at present But, given suffi- 
cient incentive, commuters and their employers might be 
persuaded to stagger their workmg hours more than they 
do now, especially if workmg hours become fewer, as 1s 
generally expected. The Report pomts out the close 
proximity m Leeds of the prmeipal industrial area and the 
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central busmess area There would, obviously, be great 
relief to traffic if the peak travel periods of these two 
groups did not overlap to any great extent. There are, 
of course, great advantages m some groups of people 
working together but this does not extend to all groups 
Offices, factories and shops might well be persuaded to 
keep different hours in fifty years’ time 

(3) Capacity of a gwen road network The Report 
assumes that the capacity of a road of given width to 
take traffic will be the same m fifty years’ tıme as ıt 15 
now But the capacity of roads changes to some extent 
with the way they are used There 1s good reason to 
believe that 1mprovements in vehicle performance and m 
traffic control smee the War have resulted m mereased 
capacity One would expect some increase m capacity to 
continue In particular there is one change that could 
affect considerably the possible number of cars. Recent 
experments have shown that the congesting effect of 
mini-cars 1s only about two-thirds that of average cars 
when the only vehicles used are muni-ears, although ıb 18 
almost the same as for average cars when a mixture of 
vehicle types 1s present If car usage m towns at peak 
periods were largely confined to mini-cars, or to cars with 
smuar advantages m congested conditions, a considerable 
increase m traffic capacity could be obtained 

(4) Car occupancy. The calculations of the Buchanan 
Group assume that the number of persons per vehicle 
will average 14 as ıt ıs now Doubtless commuters 
would not be anxious—without mcentive—to increase the 
numbers of persons in their vehicles. But mcentives may 
be possible At the moment, in Britam, commuters are 
discouraged from taking passengers, ıb 18 illegal to accept 
payment for passengers ın cars A relatively small ın- 
crease m the average occupancy of cars by commuters 
could have a considerable effect on traffic conditions. Car 
commuters might prefer such greater car occupancies 
to bemg prevented from using ther cars m towns alto- 
gether 

(5) Pubhe transport It 18 inconcervable that pubho 
transport will remain unchanged for the next fifty years 
On the contrary, one would expect that a lot could be 
done m the foreseeable future to merease the capacity of 
public transport systems and make them more attractive 
so as to draw off some of the traffic from private cars. 

When account 1s taken of the possible changes in these 
five conditions ıb can be realized that the possibilities 
are considerably wider than envisaged m the Buchanan 
Report Perhaps ıt was not practical to expect the 
Working Group to mvestigate all these matters m depth 
But ıt states ''We concluded that our task essentially was 
to explore a problem of design" ‘The traffic problem is 
much more than a problem of design, 16 1s also a problem 
of organization, of economics and of traffic management 

The Report does, however, represent a valuable step 
towards a comprehensive solution to the traffic problem 
It condemns all existmg development plans which are not 
sufficiently bold and far-sighted It presents some 
of the harsh facts of the situation m a manner well cal- 
culated to influence pubhe opmion It stresses the 
need for some sort of additional restriction on urban 
traffic, although its brief comments on road priemg, 
parking poley and subsidization of pubhe transport 
cannot be taken as a serious discussion of the subject 
Foster, m his book, deals at length with this part of the 
subject and provides m particular a most comprehensive 
and up-to-date account of the factors involved m charging 
for the use of the roads 
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What are the next steps? "First, more research should 
be aimed at mereasmg the effective usage of roads and 
streets and at divertmg potential demand Secondly. the 
available means of traffic 1estraint, and the manner in 
which they should be used, need detailed investigation 
Thirdly, further investigation 1s needed not only of new 
10ad layouts but also of methocs for determming how far 
the expenditure of large sums on Buchanan-style schemes 
can be justified These are some of the big questions 
which the Buchanan Group has left unanswered but 
which, m the hghb of the Report, have become even more 
pressing than before For guidance on some of these 
questions, if not for a complete answer, one may turn to 
Mr Foster and to other economists at present working 
in this field 


STOCHASTIC THEORIES OF TRAFFIC 
FLOW 


Mathematical Theories of Traffic Flow 

By Frank A Haight (Mathematics in Science and Engin- 
eermg a Series of Monographs and Textbooks, Vol 7) 
Pp x1+242, (New York Academic Press, Ine , London 
Academie Press, Inc (London), Ltd , 1963) 72s 


Me Theories of Traffic Flow 1s the 
first book to attempt a systematic treatment of 
vehicular traffic flow on mdividual roads or mdividual 
junctions from a mathematical (or rather a stochastic) 
pomt of view It 1s highly mathematical and makes no 
concessions to those who desire guidance towards solving 
the practical problems of traffic engineering, so that m 
this respect its title 1s accurate 

Chapter 1 1s an introduction to those parts of statistical 
theory which are needed Chapter 2 1s a similar mtroduc- 
tion to queue theory The material in these two chapters 
must be very well understood, together with the use of the 
Laplace transform, m order to follow the rest of the book 
Chapter 3 exammes the shapes of the curve relating 
vehicle flow (vehicles per umt time) to concentration 
(vehicles per unit distance) for a smgle lane suggested by 
statistical, car-following, fluid dynamic, and observational 
considerations Ther implicaticns are explored Chapter 
4 considers the distribution m space and ın time of vehicles 
on a single-track one-way road and gives the relatively 
simple formule connected with counting them Chapter 5 
considers the simple delay problem of pedestrians, or cars 
at a junction, waiting to cross a one-way road (Cars 
queue, pedestiians do not ) The cases of free and of hght- 
controlled junctions are both covered. The next two 
chapters are less systematic ın treatment and explore 
more difficult problems These include offside turners at 
junctions, multi-lane highways, sequences of traffic controls 
at junctions along a one-way road (3 pages), parking on & 
parking lot, merging mto a lane of faster traffic (a most 
complicated problem), two-way traffic passmg through 
a bottleneck and an extended treatment of fast cars 
overtaking slower vehicles m one direction on & two- 
lane, two-way road Each chapter occupies 25-35 
pages 

The book is very well provided with references to 
sources and to related work there are several hundred 
such references and nearly haif are for 1960 or later 
Thus 15 1s clear that mathematical theories of traffic flow 
form a growing subject and, as treated in this book, 
thus ıs manly a recent one—which ıs not surprising, as 
traffic flow 1s here regarded as a source related to daily 
life of interesting and complicated appheations of queuemg 
theory The Lighthill-Whitham theory of traffic flow on 
long, crowded roads 1s dismissed summarily ın 2$ pages 
although it clearly comes withm the title of the book 
This 1s excused m the preface, where the author states 
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“The present volume reflects my behef that the gieatest 
development of traffic theory will take place m these 
directly connected areas [queuemg theory, stochastic 
processes and mathematical prob&bihty], rather than by 
analogical variation of equations which apply to other 
substances” $ 

Several of the sections end with an mvocation to comput- 
ing machmery for carrymg the analysis further, but the 
author shows no interest m the methods by which a com- 
puter could do this There 1s one mention of games theory 
(n relation to overtaking on a three-lane 10ad), but no 
work m this direction 1s meluded_ the book regards vehicles 
only as entities the behaviour of which 1s deseciibed by 
probability distributions and which are, usually, only 
influenced by the presence of neighbourmg vehicles suffici- 
ently to avoid direct impacts No malevolent or benevolent 
intelligence otherwise affects their motion 

The presentation of the material 1s informal and 1ehes 
on intuitive ideas rather than bemg formal and axiomatic 
References to earlier results in the book when they are 
bemg used are usually adequate, but sometimes the text 
implies that the step to the next equation 1s smaller than 
m fact 1t1s When ths ıs combined with the very large 
number of errors in the printing of the formule and in the 
equation numbers referred to, 16 makes the book difficult 
to follow There are frequent footnotes and comments 
which help to make the 1easoning easie1 to follow, and 15 1s 
clear that the author has been very thoughtful in this way 
m his manner of presentation ıb 1s unfortunate that the 
printing errors 1emain, as these laigely vitiate this effort 
Each chapter ends with useful comments which relate 1ts 
contents to other work Readers should note that ‘central 
moments’ is used to mean moments about the o1gin 
and ‘finite’ to mean non-zero The book does not include 
anything on the economies of transport, the purpose of 
transport, or the organization of transport over a two- 
dimensional region 

The printing, page layout, paper and binding are of a 
hugh standard and the contents list, author mdex and 
subject mdex are quite adequate If ıt were not for the 
errors in the mathematical expressions and elsewhere 
1t would be a good text-book on stochastic theories of 
traffic flow K N CHANDLER 


COSMICAL ELECTRODYNAMICS 


Cosmical Electrodynamics 

Fundamental Prmciples By Hannes Alfvén and Carl- 
Gunne Fdlthammar Second edition (International 
Series of Monographs on Physics ) Pp x+228 (Oxford 
Clarendon Press, London Oxford University Press, 
1968) 60s net 


HE first (1950) edition of Piof Alfvón's Cosmacal 

Electrodynamics had four chapters devoted to funda- 
mental principles, and three concerned with appheations 
to solar physics, geomagnetic storms, and cosmic rays 
Suce 1ts appearance, the subjects which 1b treated have 
undergone & striking development Accordingly, ib 1s 
planned to replace ıt by a series of monographs Tho first 
of these, the subject of the present review, 18 & modernized 
and extended version of the chapters earher devoted to 
fundamental principles 

As before, the topics treated fall under three headings 

the motion of charged particles, magnetohydrodynamues, 
and plasma theory The list of new topics discussed, 1s 
impressive It meludes, for example, the adiabatic 
invariants of the motion of a charged particle, the acceler- 
ation of particles to high energies, hydiomagnetic waves m. 
compressible fluids, magnetohydrostatic equihbrium and 
stability, the origin of cosmic magnetic fields, runaway 
electrons, frozen-in lines of force, and streams of mag- 
netized plasma Prof Alfvén’s scientific work has beer 
marked by his ability to use simple physical concepts to 
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enlighten. basic phenomena of plasma, theory and hydro- 
magnetics The present volume, hike that of 1950, 1llus- 
trates this characteristic. 

However, though the part of the 1950 volume which had 
to do with basic theory seemed to be the best part of the 
volume, I must confess to have been a little disappomted 
by the new book. Whereas the 1950 volume was @ 
pioneering volume, the many developments sincó -1950 
have deprived the new volume of much of the pioneering 
flavour Also the multiplicity of the new topics mtroduced 
has meant that the discussion could not always be com- 
plete; in fact, at times ıt 1s somewhat vague and meon- 
clusive Not mfrequently a diagram is used as a substitute 
for detailed analysis, this is unfortunate ab times, as 
when ono 1s led to suspect that the analysis 1s incomplete 
(p 190) or that ıt actually would not support the con- 
clusions drawn from the diagrams (p 128) Agam, certam 
important papers are omitted from the otherwise very 
detailed bibhography—perhaps because the discussion 
does not normally go deeply into mathematical arguments 
One may example papers hke those of Parker (1957) 
and others, bridgmg the gap between hydromagnetics 
and singla-particle theory, a gap which Alfvén has some- 
times chosen to stress 1n recent years 

Finally, the book at times departs from the basic 
theory to embark on more troubled waters, For example, 
at points out (p 55) that the original Chapman-Ferraro 
theory of magnetic storms did not take mto account the 
possibility of an interplanetary magnetie field, this 1s 
correct, and recent presentations of the Chapman-Ferraro 
theory have had to be modified to meet this errticism 
On the other hand, theory and satelhte observations also 
combine to show that the field when a stream from the 
Sun impinges on the Earth cannot be obtained simply by 
superposing the fields of the stroam and the Earth, but 
the discussion on pp 55-57 appears to be based on precisely 
this superposition Points like these are small defects m 
& volume devoted to basic theory, but they rankle 

T G Cowrma 


A SOURCE-BOOK OF MICROWAVE 
ENGINEERING 


Microwave Engineering 
By Dr A F Harvey Pp xin+1313. (London and Now 
York Academic Press, 1963) 250s 


ibo sheor size of this book gives rise to the rather 
obvious comment that ıt 1s mconvemently bylky, and 
would perhaps have been better produced m two volumes 
Tt also serves as a testimony to the mdustry of 1ts author 
m gathermg together such a mass of information Tt 1s 
worth noting that Dr Harvey lists more than 10,000 
references 

Microwave engineering 1s a vast subject, and the task of 
writing a book covering all its aspects 1s truly formidable 
It 1s possibly beyond the power of any mdividual to do so 
with complete success, and ıt must be admitted that the 
book 1s not wholly successful, chiefly because 16 attempts 
too much Dr Harvey has undertaken to describe not 
merely mam principles and typical devices, but often 
several variants of each device Large though the book 
18, there 18 simply not enough room to discuss so many 
topics adequately e im 

The book begms with an account of electromagnotio 
wave propagation, including propagation m waveguides of 
various kinds, followed by chapters on practical forms of 
wavegude and on waveguide creuit elements Next 
follow chapters on the measurement of power, attenuation, 
impedance and wave-length, and on the measurement of 
the properties of materials, together with a survey of the 
properties of the more unportant materials . Parallel 
plate systems and periodic and guiding structures aro 
then dealt with, the latter leading into two rathor sketchy 
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chapters on microwave valves Optical type techniques 
and antenn are treated ; these two chapters are among 
the more successful The authoritative and effective 
Chapter 15, on mechanical design and manufacture, gives 
a clear and comprehensive account of constructional 
techniques; an account which will be a valuable addition 
to the literature Dr Harvey then deals with receivers, 
duplexers and frequency stabilization There follows a 
description of industrial and biological aspects of micro- 
wave radiation, and chapters on particle accelerators and 
mucrowave communication and radar systems complete 
the book The materialis presented m a unified manner, 
and there 1s an exceptionally complete and well-organized 
mdex 

Tt has shoady been said that there aie certam woak- 
nesses m the book The highly condensed, ‘hand-hook’ 
style which the author has adopted leads to ambiguities 
and uncertainties unless the reader has a fairly good back- 
ground in microwave theory In descriptions of apparatus 
or expormnental results there ıs seldom much difficulty, 
but when underlying principles are being explained the 
arguments are often lackmg m claity and precision 
Assumptions made and conditions for validity are often 
not clearly stated 

The book 1s almost completely non-critical This 1s per- 
haps inevitable when the coverage 18 80 wide Ona single 
page of text there are typically ten or more references , 
it is clear that with this donsity of reference a critical 
approach to each 1s out of the question The book would 
have been more useful as a text 1f the author had selected 
the most significant 10 per cent of his enormous list of 
references and written the book critically around them 
On the other hand, there 1s a corresponding advantage 
as the book serves as an extremely convenient source 
book Tt 1s not a text-book for the student, but 15 will be 
of value to the professronal microwave engineer In many 
casos, 15 will save the trouble of looking up the references 
by providing enough information for the purpose, but if 
a detailed study of any topic 1s needed, rt will usually be 
necessary to go back to the original papers 

Tn summary, the encyclopzdze character of Dr Harvey's 
book bnngs disadvantages as well as advantages I 
myself feel that the book would have been raore valuable 
if its coverage had been more restricted and sts style more 
critical, but rts usefulness as a source-book will earn 1b a 
place m the library of any microwave laboratory 

A L CULLEN 
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TELEVISION TECHNOLOGY AND 
APPLICATION 


Television Engineering 

Report of the International Television Conference held 
in London, 3lst May-7th June, 1962. Pp viu-c577 
(London Blackie and Son, Ltd ; distributed for the 
Institution of Electrical Engineers, 1963) 240s 


HE International Television Conference was organized 
m a number of sessions covermg the whole field of 
television 
The session on systems standards dealt mamly with 
ways of saving bandwidth and its most economical use 
The two most interestmg ones were the appheation of 
Mertz’s classical investigations to the interleavmg `of 
sound withm the picture and the saving of bandwidth 
by de-randomuzing the picture mformation In the pick-up 
tube field, substantial improvements ın resolution and 
performance of vidicons and progress with the ‘Plumbicon’ 
(lead oxide target vidicon) were reported as well as electron 
optical problems in mage orthicons There are now 
transistorized image orthicon cameras available Fre- 
quency assignments m the ultra-high-frequency and 
very-high-frequency fields on a national and international 
scale were discussed 
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In the tele-recoiding field, ıt looks as if photographie 
film is on 1ts way out and 1s bemg replaced by magnetic 
tape, the use of which raises problems of time stability, 
editing and splhemg The issue between transverse scan- 
ning and helical wrap is still in the balance on account of 
these problems. 

In the standaids conversion field, an mterestng new 
development was reported The method cuts out the 
usual mage transfer system , mstead, the video signal 1s 
sampled continuously in the frame direction, usmg as 
many delay lines as there are picture elements along a line 
The picture of the new hne number 1s obtamed by mter- 
polating the wave form at the desired new line rate The 
system cannot cope, however, with different frame rates 
A new, ingenious, active type of filter, based on a proposal 
by Pere:val, consists of a delay lme, tapped m a number 
of points By amphfymg the signals at these pomts m 
separate amplifiers and suitably combining their outputs, 
any output/mput relationship can be produced 

Medical uses include colour for televismg surgical 
operations and ultra-violet sensitive vidicon cameras 
for ultra-violet mueioseopy An mteresting application 
of the quartz hght guide to achieve endoscopic television 
was shown, and combinations of camera tubes with image 
mtensifiers for reduemg X-ray dosage were deseribed 

The future of television distiiution over the British 
Isles was stated to he in many more transmutters, mam 
and satellite, operatmg m Bands II and IV, as well as 
many more cables to cope with 625 hnes and colour 
Tropospherie propagation appears to be not feasible now, 
if ever, on account of fading Subseriber systems and pay 
television were discussed Studio design featured largely 
in the programme The emphasis ıs on economy mMm 
personnel and apparatus to reduce costs ın production 
and transmission Instrumentation is directed towards 
transistorization Much energy was dissipated in the 
discussion of hghtmg systems and over such knotty 
problems as the direction m which the producer should 
face relative to the studio 

In the transmitter section, questions on ultra-high- 
frequency were discussed A klystron stand-by amplifier 
for combined sound and vision and tetrode transmitters 
for Bands IV and V were of mteresb A number of 
papers dealt with combming networks for couplmg 
transmitters to aerials 

Industrial and scientific applications dealt mamly 
with the ultimate sensitivity obtamable by a combination 
of image mtensifier and pick-up tube The general con- 
clusion 1s that the most sensitive but bulky construction 
1s an intensifier working into an image orthicon. The 
operation of vidicon cameras m high-mtensity radiation 
fields, such as encountered ın atomic reactors, 1s limited 
by the high ambient temperatures and the difficulties of 
cooling the vidicon to temperatures withm its operating 
range 

In the colour section a four-tube camera was described 
usmg a 4 5-m image orthicon to produce the luminance 
signal and three vidicons for the chrommance Some 
papers described errors and their correction arismg in the 
constant luminance system Other subjects covered were 
colorrmetiie problems, encoders, a new colour projection 
system and theN TSC and SECAM systems Feverish 
activity surrounds the decision whether to adopt erther 
NTSC or SECAM (to which yet another, PAL, 
has smce been added) The outcome will be of the greatest 
importance for the future of colour television ın Europe 
and one can only hope that the decisions may be taken 
on a solely technical basis 

Even space appheations of television were not forgotten, 
such as weather relays, reconnaissance, ete 

In general, 1t was & successful symposium, but a very 
iegrettable feature was the extremely careless treatment 
of the discussions Important points are often raised m 
discussion which are not covered m the papers No 
printer’s proofs of the texts of the discussions were sent 


NATURE 


1063 


to the speakers and at least some of the editors cannot 
have been experts m the field. This resulted 1n versions 
of some of the discussions being so garbled as to make no 
sense at all I found this, to my regret, when I read what 
purported to be my contributions and those of some others 

Tt was lack of understanding, rather than printing errors, 
which turned Nesa layers into ‘ether layers’, made hght 
release ‘protons’ mstead of photons and changed shot 
noise into ‘shock waves’, and many more Furthermore, 
ordmary courtesy requires that the names of authors 
should be quoted correctly, to mention only two cases 

Prof Theile became ‘Thiele’, and poor Dr Veith became 
‘Reith’ or ‘Vouth’, but never appeared under lis nght 
name at all! H G LusszYNSKI 


MEASURING THE TWO CULTURES 


Culture and General Education, a Survey 
By W Kenneth Richmond Pp 184 (London Moethuen 
and Co, Ltd, 1963) 21s 


M es author of Culture and General Education has an 
ambitious aum to measure the extent to which each 
of us is imbued with the cultures of the aits and sciences, 
respectively Some might consider this over-ambrtious, 
an example of a mental tester over-reaching himself 
Culture, i6 might be argued, cannot be measured—least of 
all with a paper and pencil quiz Unquestionably, the 
difficulties are formidable On the other hand, the prob- 
lem of the two cultures 1s important, and, as the author 
pomts out, one has to begm somewhere ‘Begun he has, 
and the 1esult s a book which although easy to fault, 1s 
forthnght and stimulating (The chief fault ıs in tho 
presentation of results These are often hard to follow, 
and occasionally unintelbgible—for example, the histo- 
grams on p 1183) 

Factual knowledge is not the whole of culturo, but at 
least 16 ıs part of 1t, and ıt 1s factual knowledge that the 
author attempts to measure His work hingés on the 
quality of his tests, and his search has been for telling 
questions of fact—ones which reveal a widespread know- 
ledge or ignorance In certam areas at least, these are 
hard to find Withm the hmits of the quiz format, the 
questions seem well chosen, they cover a wide range of 
subject-matter, and are fairly searching Inevitably, 
though, such tests remain rough-and-ready instruments— 
at this stage m their development we could expect nothing 
else Consider an example: 


“With which of the arts 
do you associate ‘THE sculpture, drama, poetry, 
NIGHT WATCH’ ? painting ” 


It ıs possible—as I did—to get the answer 1:ght for the 
wrong reason (confusion with Inght of the World), and to 
deserve to get 16 wrong while still having a close apprecia- 
tion of Rembrandt as a pamter, a competent knowledge 
of his technique, historical sigmficance, and so on Some- 
one with a genuine concern for painting may have for- 
gotten that one of Rembrandt’s paintings 1s called The 
Nght Watch Vice versa, someone may know this fact, 
and yet have no appreciation of painting at all But this 
is merely to illustrate the obvious genuine competence 
and sensitivity are only dimly reflected ın a question- 
naire 

Despite such drawbacks, these tests do throw light on 
certam of cur present-day educational anxieties about 
the effects of specialization, and the breakdown of com- 
munications between one diseiphne and another The 
results are disquietmg In the first place, many of our 
students are amazingly ignorant In a sample of 28 
history undergraduates, for example, “two-thirds of them 
failed to associate Picasso with the “Blue Period! Half 
of them weie unable to lnk "The Waste Land’ with 
T S Ehot" Most of them were at a loss with the most 
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elementary scientific terms Sımılarly, of a sample of 
young engineers “Aesthetically, the minds of the weakest 
among them might almost be described as tabula tasa” 

Secondly, what in a way 1s even more disconcerting the 
average sixth-former’s test scores go on 11sing duimg his 
last three years at school, but they do not rise while he 1s 
at university The average arts score among under- 
graduates 1s almost exactly the same as that among sixth 
formers (even though the former aie more highly selected), 
while the average science score 1s only marginally higher 
In othe: words, the student’s general education, such as 16 
18, seems to cease when he enters university His special- 
ized work there leaves him no time to familiarize himself 
not merely with subjects distant from his own, but those 
which aie his closest neighbours 1n the cultural spectrum 
The history specialist learns nothing new about literature, 
let alone about science, the physicist learns nothing about 
biology, let alone about the sits It ıs sometimes held 
that university 1s a ‘broadening’ experience These results 
indicate that 1f broadenmg does occur, rt 15 not of a kind 
that reflects itself in general knowledge 

These results confirm some of one’s worst suspicions, 
without—understandably—telling us how the situation 
nught be improved Should we attempt to ‘broaden’ 
some, or all, of our students ? Should wo tackle the 
problem by broadening the curriculum, or by ‘additives’, 
or by some other means? Conversely Do we accept 
narrow speculation in the majority of students as mevit- 
able, and try—with Dr Leavis—to tram a new race of 
critics, or cultural middlemen ? 

Mr Richmond’s book 1s a first step towards the rational 
solution of such questions Not merely does he dispel 
complacency, he provides, in prototype, tests which 
should eventually help us to measure whatever benefits, 
apart from technical competence, our schools and un- 
versities bestow L Hupson 


GROWTH OF SCIENTIFIC 
KNOWLEDGE 


Conjectures and Refutations 

The Growth of Scientific Knowledge. By Karl R Popper 
Pp xu+412 (London Routledge and Kegan Paul, 
1963) 55s net 


| bo: before the present-day fashion of having re- 
course to an anti-world, Prof Popper—or rather the 
popular image of hym—had emerged as an anti-x, whore a 
successively took the values ‘duction’, ‘Bacon’, 'verifi- 
cationism’, ‘Wittgenstem’, ‘Plato’, and ‘historicism’ 
That the problem which ultimately led to his various 
déma ches was concerned not with opposition to anythmg 
but with finding a criterion of demarcation between the 
statements of the empirical sciences and all other state- 
ments was made clear in a lecture delivered m Cambridge 
m 1953 (No 1 of Conjectures and Refutations) Here he 
shows that the confusion had probably arisen from the 
fact that his first results were published m the form of a 
criticism (Erkenntnes 1953) of Wittgenstem’s criterion of 
meaningfulness The confusion was not wholly dispelled 
by the publication of his book Zogt der Forschung (1954) 
Thus far the whole discussion had been carmed on in 
German, and at a time when exchange of ideas between 
Great Britain and Vienna was even more than normally 
restricted After repeated entreaties and some consider- 
able delay Logek der Forschung appeared 1n Enghsh as The 
Loge of Scientific Dascovery (a not altogether happy ren- 
dermg) m 1959 In this extremely important work the 
task of the newcomer to Popper's emtique 1s made almost 
impossibly difficult by a complex apparatus of additional 
footnotes, appendixes and notes to appendixes, some of 
which contained references to a postscript advertised as 
“in preparation" To those unfamilar with the work of 
one of the most challenging and influential thinkers of 
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our time, as well as to others who have failed to set 16 m 
a satisfymg perspective, Conjectures and Refuiations will 
be doubly welcome 

After a brief explanatory preface and the admurable 
British Academy Lecture on the “Source of Knowledge 
and Ignorance”, there follow ten ‘conjectures’ (meluding 
the ‘personal report’ already alluded to), as many 
‘refutations’, six technical addenda, and two well- 
constiucted mdexes The division mto ‘conjectures’ and 
‘refutations’ seems to be based on httle moie than 
emphasis ın the ‘conjecture’, “Back to the Pre-Socratics”’, 
for example, the author refutes with his customary, and 
not altogether convinemg, gusto the Baconian myth (Did 
not Bacon himself write “to conclude upon an enumera- 
tion of particulars without instance contradictory is no 
conclusion but a conjecture” ?), in the ‘refutation’, 
“Utopia and Violence", he admits that his “rationalism 
rests on an irrational faith [conjecture ?] m the attitude 
of reasonableness” (p 357) 

One may agree with the author that all are ““vanations 
upon a theme", though with less assurance that ıt 18 
"very simple"—''the thesis that we can learn from our 
mistakes” This ıs mdeed obvious a posterio?, since we 
do not contmue to “make mistakes" m mferrmg the out- 
come of the repetition of the ‘same’ set of eircumstances 
But what Popper takes as the mdisputable concomitant 
Qt ıs not always quite clear whether as antecedent or 
consequent), namely, that all investigation starts with 
‘hypothesis’, ‘observation’ bemg resorted to only as a 
means of ‘falsification’, seems far from ‘simple’. It could 
be so only if we were all agreed as to what constitutes 
‘observation’—persistence in the traditional agreement 
being possible only by 1gnormg the revelations of experi- 
mental psychology Popper is, of course, aware of this 
(for example, p 47 and p 55), but scarcely comes to grips 
with the expermental determmant of choice among 
‘possible’ hypotheses Shifting the ground to & ‘problem- 
situation” 13 all very well, but how do we recognize a 
‘problem’ except as a consequence of some generalization 
—eall it ‘induction’ or ‘custom’ as you will? At the 
logical level, Popper states that the ‘‘eriterion of the 
scientific status of a theory is its faleifiabihty or refut- 
ability or testabiwuy" (p 37, rtalics mme) This seems to 
be a tacit weakenmg (m the logical sense) of the sole 
eriterion of falsifiability which ıb has been generally 
assumed he had previously demanded If the former 
correctly 1epresents his position, 1b narrows the gap 
between him and other critics of ‘Classical’ logical 
positivism, such as Mehlberg 

I have directed attention to a few pomts of possible 
disagreement mainly as a warning agaist the assump- 
tion that there can be no middle way betweon the naive 
belief in the *'certainty of the exact sciences derived from 
observed facts by mduction" and the strongest expression 
adopted by Popper “Only the falsity of the theory can 
be inferred from empirical evidence and this inference 1s 
a purely deductive one" (p 55) However far the reader 
may be prepared to go towards accepting Popper’s theme, 
he is strongly advised to take this opportunity of studymg 
the vanations—the Pre-Somatics, Kant’s cosmology, 
tradition, the mmd~-body problem, dialectic, prediction 
in the social sciences, pubhe opinion, Utopia and 
violence, and others—all are full of valuable msights 
lucidly and persuasively expressed, and their relation to 
science and philosophy examuned It is difficult to 
imagme any kind of reader who would not derive from 
these pieces a liberal education m the sense that Prof 
Popper would wish that term to be understood 

It only remaims to add that most of those already 
pubhshed have been "revised, augmented, and re-written” 
(model bibhogiaphical notes to each piece are provided), 
four chapters and the addenda are published for the first 
time I noted a dropped lette: on p 385, and ‘Wright, 
H M’, should read ‘Wright, E M’, both on p 837% and 
in the mdex Wurm P D WIGHTMAN 
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EDUCATION AS A POLITICAL EXERCISE” 
By Pror. BRIAN CHAPMAN 


Department of Government, University of Manchester 


OLITICAL scientists m Butam iaely have the 
opportunity of watching a political exercise from the 
mside We are normally restricted to the analysis of a 
particula situation by the logic or the ‘feel’ of the realities 
of the case But m the past few years we have been m 
the middle of a pohtical exercise m which we too have 
been to some extent involved, not simply as social 
scientists, but as professional men, and even as parents 
In a convenient shorthand, I would take 1t that a politi- 
cal exercise 1s concerned with the ways, means and ends 
of conduetmg public affairs. It ıs clear therefore that 
education 1s inevitably and always a matter of deep politi- 
cal concern I doubt whether it 1s necessary to argue this 
m detail We have only to look at the attrbudes of the 
Churches m the past, at the votahtarian régimes of the 
recent past, or at the squahd mter-racial and inter-class 
conflicts we find m other countries, to reahze that the 
privilege of forming the minds of the young 1s & power 
which governors have always looked on as a potential 
danger The political rmportance of education can, there- 
fore, safely be taken as a datum of experience 
Yet it is as well to remind ourselves of this elementary 
truth, for since the War so much of the chatter about 
education m Britam has come from tramed and untramed 
social psychologists that the general public occasionally 
reacts as 1f education were a non-political matter m which 
there are mmportant experts, n the same way as there are 
experts m engmeermg or in dentistry Now this has 
helped to persuade the marticulate part of the population 
and the less-sophisticated members of the intelligentsia 
that education 1s primarily a social matter, and not what 
1b 18, primarily a pohtical mater It has also been re- 
sponsible for pitching discussion at the level of free malk, 
abolishing the eleven-plus exammation, or up-grading 
technical colleges, rather than 1n terms of pressure groups, 
vested interests, the fabrication of mmages, the manufac- 
ture of evidence, and the Gallup pollsters, which 1s where 
it correctly belongs All too often, as we shall see, the 
fine social phrases are no more than a cover for obvious 
political realities, whether the phrases are used consciously 
as a disguise, as they can be by clever men in clubs, or 
unconsciously as a disguise, as they often are by silly 
women 1n newspapers 
To understand a political exercise correctly, 1b 18 
necessary to understand the factors present at the moment 
of conflict—or the moment of truth, whichever taste 
dictates—to understand the terms of the political dialogue 
which 1s then undertaken, and to undeistand the conclu- 
sion of the exercise Where the conclusion 1s enshrined 
in a piece of legislation, or, as m the case of education, 1n 
repoits such as those of Mr Newsom and Lord Robbins, 
one should try to understand the logical 1mpheations of 
the proposed changes 


I have indeed already mentioned one of the significant 
factors present at the begmning of the present political 
exercise m education the belief held m many quarters 
that education 1s a social rather than a political process 
in this context I mtend the word ‘social’ to have a pejora- 
tive connotation thatis, I am not talkmg about the social 
world of cold-hearted sociologists and social anthro- 
pologists and social psychologists I am talking about 
social 1n the sense of ‘togetherness’, of reform not aimed 


* Substance of the annual Students Representative Council Lecture 
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primarily at mprovmg the intellectual content of educa- 
tion, but at umproving the social purposes of the reformers 

Now, this attitude 1s widespread, and has fairly deep 
roots It goes back at least as far as the Education Act of 
1944 Many of the ideals of that time went off at half- 
cock, so that we have been left ın the past decade with an 
educational world a good deal less straitened and mhibited 
than 1t was before the War, but falling a good deal short 
of what the more militant social reformers had hoped for 
To mention but a few aspects we still have a private 
sector of education, which, m terms of prestige, 18, if 
anything, on the merease, we still have selection by merit, 
and merit in this context 1s still measured by examma- 
tions, we still have a progressively narrowing ladder, 
with a small funnel into universities, we still have 
enormous differences of prestige, status and standing 

As agamst this, we have allowed greater freedom in 
many ways to schools and teachers, we have abolished 
the mgours of the old Higher School Certificate, and 
replaced 1t by a parody of a university qualifying examina- 
tion, the Advanced Level General Certificate of Education , 
we have come to take science seriously, and even tech- 
nology can be talked about ın polite company 

This brings us to a second significant factor. the realiza- 
tion m the middle 1950's that we were m many ways 
falhng behmd other countries both m economic and in 
educational terms 

The hard-faced men for whom education—or, rather, 
university education— was a frill came to realize that 
m comparative terms of skills m industry, science 
and management we were falling behind younger and 
more energetic countries With the new gods of science, 
the ‘technological heaven of the United States became 
the object of desire and the most cursory visit showed that 
universities could make mportant contributions to practi- 
cal and material progress, and that without the contribu- 
tion of a highly educated élte we should not be able to 
keep up with the mcreasmgly complex world of defence, 
busmess and scientific mnovation Just as the Victorian 
busmess man supported primary education because he 
needed clerks who could write and count, so modern 
industrialists need men to plan, piogramme, invest and 
advise ‘This was an mmportant change m the attitude of 
a highly influential group 

In addition, there was an expansionist movement within 
universities themselves The sheer slowness of construc- 
tion, and the cost of mproving old establishments m 
great cities, and the parsimonious attitude of Governments 
towards finance made further expansion seem always 
hkely to be desperately slow So the ery was raised for 
new universities altogether, and smece ıt was possible to 
harness this to strong competitive pressures of cities 
trying to outbid each other for culture and students’ 
money, this movement got off the ground with fair 
rapidity 

A further significant factor was the merease in the 
number of articulate people who were disillusioned by the 
social effects of affluence those who had hoped that 
material prosperity would m some way improve the quality 
of living, & consummation for which there 1s httle evidence 
from the past This group—whuich 1s highly amorphous— 
turned to education as the only possible panacea, and 
proclaimed that education was not primarily an mtel- 
lectual function, but a social function that rts value was 
primarily to be measured by the extent to which ıt was 
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socially integrative, the extent to which 1t broke down 
social barriers, the extent to which ıt looked after charac- 
ter and togetherness, rather than the extent to which 
education trained brams ‘This attitude linked up, of 
course, with a long tradition of Enghsh educationists 
from the time of Dr. Arnold if not before, and 15 consorts 
easily with the antiantellectualism of most of the ‘pro- 
fessional’ educationists in Britain 

This last group, as I have said, 1s extremely amorphous, 
and its objects can be stated m political terms which 
demand the support of all those who disapprove of élites 
be they educational or of any other kmd It takes m the 
old-world democrat, the young pubhe school man sour 
at his own privilege, the social workers of any class, and 
a fair number of educational speciahsts It can also count 
on the support of virtually all the status-seekers m the 
country, and this mcludes a very substantial number of 
hterate people 

This attitude was remforced by the final factor I wish 
to mention here the general climate of opmion which was 
antipathetical to pretension, which insisted that privilege 
not freely available to all ought to be scoffed at, and, m so 
far as ıt was possible, abolished, so that newer forms of 
prestige could take the place of older values 

I think this pomt can easily be made, simply by looking 
at the way the reputation of most professions has been 
eroded smce the War Nowadays, the vicar, the doctor, 
the civil servant, the schoolmaster, the constable have 
suffered a drastic reduction both m public and mm self- 
esteem They have become the lured help, figures of 
fun, or anti-social bullies 

If one comes to think of 15, of all the classical professions 
only the law and the unrversrties have retained something 
like their pre-war mystique. I think we have now moved 
mto the position where universities are likely to suffer 
the same dechne in public esteem, and there are certemly 
signs that the law is already undergomg prelmmary 
bombardment 

It is probably true to say that there has also been a 
special kind of animus agaist universities. Lord Robbins 
has recogmzed that this animus exists, and has put the 
blame for ıt on the confused entry regulations apphed 
by different universities, faculties and departments But 
1b probably goes deeper than this Iconoclasm 1s part of 
the general ethos of to-day, and universities are particu- 
larly vulnerable They have been secretive in an age 
when every woman’s washing 1s expected to be aired m 
public They have been proud in an age which dislikes 
pride They have been distant and haughty in an age 
when even prime mmusters are expected to express their 
private thoughts at the dictate of some television comic 
They have been arrogant about knowledge, wisdom and 
research when wisdom and knowledge are what you 
sell in pre-packaged models They have access to the 
privy operations of government, and their members have 
the privileges of leisure, self-government, time and easy 
access to the public which no other profession claims o1 
possesses One could quote any number of instances of 
suppressed animus from leader writers, headmasters’ 
conferences, mtellectuals’ journals, from Trades Union 
Congress recommendations 

Clearly, therefore, to sum up at this stage, m a climate 
like this with a variety of supporting factors present, the 
world of education, and of university education ın particu- 
lar, has been especially susceptible to pubhe onslaught 
at any time when publicists, educational reformers, 1c0no- 
clasts, and high-minded rmprovers should find common 
ground, and that. I think, is what has happened m recent 
years 

We come next, therefore, to consider the nature of 
the discussion m which this political exercise was 
conducted, the terms of the political dialogue which 
went on It was conducted at two levels, the Newsom 
level and the Robbins level. To be complete, one should 
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deal with both levels, but there 1s clearly no tıme to analyse 
both m detail I thmk I ought, therefore, regretfully to 
restrict myself to the field of higher education, merely 
pointing out ın passing that Newsom 1s no less a victory 
for the assembled forces than Robbins, and that it 1s one 
of those ironies, by no means unknown to political 
scientists, that there ıs likely to be only enough money to 
exploit one of the victories, and that supporters of both 
are m the unhappy position of having to sort out theu 
priorities after, rather than before, the event a morally 
uncomfortable position mdeed 

Now political discussion can be conducted m four 
different modes we should be clear about them, as m 
practice the four can be used separately, or m combina- 
tion with each other  Thatas why it 1s frequently difficult 
to disentangle the real currents of a political dialogue, 
they may use the language of a different mode either in 
order to hide something, or to support a case by appeal 
to a more persuasive mode 

These four different modes are by 1eference to tiadition. 
to self-interest, to sentiment and to reason I should 
perhaps say that these four modes do not exhaust the 
store of the bases of argument you can equally well ın 
politics, as in anything else, argue with guns, or by appeals 
to instinct, or by appeals to charisma But m Britain we 
tend to avoid these extremes, and base ourselves on the 
four civilized forms of concourse 

The first mode I wish to discuss 1s sentiment Basically, 
an appeal to sentiment 1s an appeal to our feelmgs, and 
generally, but by no means always, an appeal to our finer 
sentiments generosity, charity, improvement It is 
this aspect of sentiment which has been most current 
durmg the past decade of political discussions about 
education The argument simply 1s that we have got the 
purpose of education wrong that education should not 
solely, nor even primarily, be the formation of intellect 
and the development of knowledge Education ought 
essentially to be a social exercise in which the needs of the 
great majority ought to have clear priority over the needs 
of the mmority Education ought to be concerned with 
teachmg people how to live in society, not with trammg 
clever people to become cleverer 

Now this 1s a generous appeal, an appeal in favour of 
those deprived In its most forthright form this argu- 
ment 1s prepared, if necessary, to sacrifice quality to 
social needs ^ It has a powerful emotional effect on large 
parts of the deprived population, and it 1s also equally 
powerful in stnimg up the uneasy consciences of those 
who feel they were unreasonably fortunate when young 
It has clearly had a good deal to do with the existence 
and the development of the Labour Party in the narrower 
field of education 1t 1s clearly the most dommant maxim 
behind the pressures for comprehensive schools, no segre- 
gation at the age of eleven, and so on 

This appeal, this mode of argument, 1s m the caso of 
higher education sometimes wrapped up in one of two- 
ways The first ıs m an apparent cool appeal to the 
national interest deprivation is a cause of wastage, and 
there 1s real talent untapped and undiscovered there aie 
great reserves of capacity available if only education 
would do 1ts job properly This argument cites the narrow 
meome-band from which existing university students 
come, assumes a uniform spread of intelligence throughout 
the population, and then argues—apperently now on a 
scientific basis—that the mam effort should go towards 
the marticulate 

The second way is to argue about deprivation not m 
quantitative terms but m qualitative terms The argu- 
ment then becomes this that society is stratified. and it 
ought not tobe That this stratzfication 13 caused by the 
use of various kinds of status symbols, by the assignment 
of different kinds of prestige to different social groups 
and that those who do not possess the outward and visible 
signs of prestige are mevitably, but wrongfully, handi- 
capped in the social stakes, and that this handieap, and 
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the consequent feelings of mferiority, perpetuate the 
stratification of society Thus, if one could either remove, 
or alternatively universalize, the system of status and 
privilege, one would break down social barriers and bring 
in & new order of comity 

The educational system above all ıs httered with prestige 
symbols private mdependent schools, the Oxbridge 
network, the possession of the Advanced Level General 
Certificate of Education, the bachelor’s degree, the whole 
ladder, up which there are publicly certified awards for 
merit, ıs in itself a major cause of social stratification 

Inevitably pressure builds up for certam practical 
measures demands for the dissolution of the exclusive- 
ness of universities, attacks on Oxford and Cambridge; 
disapproval of the rigour of university entry and degree 
examinations, the pressure to award paper qualifications as 
prodigally as possible, the reiterated demands for mcreased 
status for different kinds of stitutions, the abolition of 
any institutional arrangement—for example, a separate 
mmuster for universities—which looks as if ıt mght m 
any way reflect a privileged position We have seen most 
of these recommendations urged as if in some way they 
were rational truths. Whereas, m fact, they stem, as we 
have seen, from purely emotive origms ‘The fact that 
they are dressed up as rational arguments does not alter 
ther true nature The important pomt ın political terms 
18 that this span of arguments is based on emotive mm- 
stmets clearly designed to brmg into the same camp a 
large number of apparently distmet pressure groups 
working m the same direction 

This brings us to political discussion couched m terms 
of self-interest. Pressure groups are above all groups 
concerned with furthermg ther own common good 
There are some, for example, the Howard League, de- 
signed for different moral purposes, but the essence of the 
pressure group as 15 normally exists m polities 1s to further 
the special interests of 1ts own members. It follows then 
that m & position in which emotive argument has already 
provided a broad enough ideological basis for common 
action, & consortium of pressure groups 1s the essential 
institutional form for obtammg action. The groups 
concerned may ultimately have different objectives, or 
different interests, but they have a common ideological 
starting pomt, and can agree on the need to obtam the 
lughest common factor of their demands 

I have already mentioned one pressure group when 
talking of the creation of the new universities. the towns 
and cities which hoped to buy their way into culture, and 
provide themselves with a new economic basis all clearly 
fall mto ths category; the mdividual cities concerned 
were no friends of each other, but they could agree as 
alles that new universities were a good thing and ought 
to be set up 

This group in turn had clear and mportant allies within 
the syndieal body of university teachers, the Association 
of University Teachers. This is easy expansion means 
new posts, posts mean new chairs, m an expandmg 
market the seller ıs king University teachers who had 
feared, sometimes, but by no means always, with good 
cause, that the roundabout had passed them by, saw a 
band-wagon where they might yet find a place 

There was an even clearer meentive of self-mterest 
on the part of non-university institutions of gher 
education For them the important pomt in expansion 
was the hkehhood that ıt would be accompanied by a 
change in status They had already run through the 
available verbal terms for up-grading from ‘schools’ to 
‘colleges’, from ‘technical’ to ‘technological’, from ‘tech- 
nology’ to ‘advanced technology’. This has been partieu- 
larly important m a highly personal sense It would 
probably be freely, if privily, admitied that a large 
proportion of people employed, not only 1n these colleges 
but also m other mstitutions of higher education with 
pretensions, would not normally be regarded as employ- 
able by umversities as we still know them There 1s, ono 
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hopes, a slow trickle of good material mto these institu- 
tions, but by mternational standards the great majority 
of them are not recognizably of university standard 
either by traditional British standards or by mternational 
standards Only m the context of wide and rapid expan- 
sion, m which 15 would be necessary to call every reserve 
mto play, could one break down this barrier Tt will be 
urged that thus ıs simply an example of the elementary 
fallacy, that if you give somethmg a name it will assume 
the characteristics of that name that if you call something 
a university, ib will im some mysterious way begin to 
have the quahty of a umversity There 1$ no reason to 
suppose that the object of the exercise has actually been 
to merease standards, ıt has been to equalize privilege 
and status. You simply deprive the old name of all 
content, and ıt ceases to have any real sigmficance 
What normally tends to happen 3s that a new word 1s 
comed to deseribe the old term, and one starts a furthei 
chase after titles. 

But, of course, a pressure group 1s nob in principle 
concerned with the merits of a case 16 18 simply concerned 
with persuading the pubho and influencmg the course of 
events as closely as possible to its own private interest 

The different groups had uncomfortable but real 
ales m the organizers of the new universities In the 
beginmng they might have been opposed on the grounds 
that they were all committed to expenditure out of a very 
hmuted fund, and all committed to staffing themselves by 
cannibalizing the existing small pool of university teachers 
Probably their costmg would have looked odd if the whole 
operation had been conducted in the hght of day But 
this 1s all long past, and 15 1s no use trymg to rationalize a 
past event 

The effect, however, has been that new universities 
have been forced to attract attention and funds to them- 
selves m a big way. Tho university mage builder has 
taken the stage with new techniques of selling @ university 
as one would sell a commercial or mdustrial concern 
Everythmg needs to be heightened and dramatized; old 
forms of mstruction refurbished have to be announced 
as if they constituted the final break-through m the educa- 
tional revolution 

It 15, of course, easy m a wry kind of way to laugh at 
the antics of some of the new universities. But I do not 
think anyone should blame those who use these methods 
of promotion. In a world of gimmicks, the man with the 
best gimmick wins The astute use of modern advertising 
media will probably now be forced on all universities 
which can no longer rely for the appeal on such simple 
grounds as bemg homes of good scholarships, of distm- 
guished scholars, or of patient mstruction. The new 
universities went mto the busmess of sellmg themselves 
to the public, not to academic people They have felt 
the need to popularize education, m order to further then 
own real interests There 1s no pomt ın objecting to the 
academic tycoon. What 1s suly 1s for students at York 
publiely to complain that their university has a reputation 
as a “poor man's Oxbndge", and as a “pop university 
relymg on gimmicks’, As advertising agents know, 1b is 
difficult to alter the brand image once it has been 
created 

But the effect of the new universities’ public relations 
policies has been not only to popularize themselves but 
also to popularize universities as such For the first 
tıme they have been made to look as if they were easily 
accessible, unfrightenmg places, where cosiness rather than 
rigour ıs the norm, where studying can be gay, and social 
hfe between the eminent and the young 18 a natural form 
of existence This public image links up with the other 
facets of self-mterest I have mentioned, and at the same 
time with the emotive appeals to sentiment 

I must briefly mention here the third mode of argu- 
ment the argument from tradition It 1s from this 
source that most of the resistance to the new look has 
come Again, much of this arguments by assertion rather 
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than by reason. here, hke the appeal to sentiment, 1s 
primarily an attempt to canalize emotion rather than to 
carry people by rational discussion But in the case of 
tradition there 1s one mmportant difference — Traditional- 
ists can legitimately argue, as the others cannot, that 
even if its arguments are not demonstrable m terms of 
strict logic, or by statistics or by any othor means, they 
are demonstrable m a historical sense that the wisdom of 
experience 18 its own logic and is deeply embedded. 1n 
things of lasting value Clearly, human hfe 1s not organ- 
wed on logical grounds, and human bemgs do not conduct 
their affairs in the light of reason — Traditionahsts can 
ask the legitimate question whether ıt 1s sensible to couch 
political discussion m terms of reason at all Is it not 
better to wait on gradual reform and evolution, preserving 
what is good, because the apparently greater good 1s 
all too hkely to lead to a greater il ? 

It 1s perfectly feasible, and 1ndeed fair, for traditional- 
ists to argue on three fronts they can disarm the social 
reformers by weighing their own instincts, their tastes, 
and ther reactions against the social reformers’ own 
emotive outpourmgs ‘They can argue that ther oppon- 
ents’ arguments are personalized, that they are efferves- 
cent, that they tend to be mternally ıllog:eal, and that they 
change at the drop of a hat, for example, m a short space 
of tame the sacrosanct doctrme of small universities 18 
overturned and the same people talk about the advantages 
of large universities Traditionalists can easily demolish 
the principal arguments of the social reformers by refer- 
ence to a higher and greater and more continumg wisdom 
than any they have yet shown 

Similarly, they can explode the aigumenis of self- 
interested pressure groups by simple arguments ad 
homwem Your greater good may be to have the right 
to award degrees, or your personal satisfaction may be 
mereased by calhng yourself a umversiby teacher, but 
this has nothing to do with the greater good, which 1s the 
maintenance of that quality which we do possess, and the 
cherishmg of mstitutions which are geared to ther 
traditional function of the advancement of learning 
and the dissemmation of wisdom 

Finally, as I have said, they can attack those who 
apparently rely on rational argument, first by destroying 
the extremely spurious nature of much of the so-called 
reasoning, which 1s most frequently a disguise for argu- 
ments based on emotion and self-mterest, and, secondly, 
round on the pure rationalists by holding up to them the 
greater murror of life, of experience, and the collected 
wisdom of generations, and denymg them the right to 
conduct any political argument solely m rational terms 

There s clearly a good deal of Burke m thus and J 
imagine all but the brashest political scientist would 
hesitate to throw Burke overboard without careful inspec- 
tion Even such a country as France, which prides itself 
on rigorous thinking from first prmeiples, cannot entirely 
throw off the past Indeed, womeally, 1t 1s perhaps one 
of the countries most encumbered with the baggage of 
bitterness, and the pains, feuds and glories of the past 
It is iterestmg to speculate on the extent to which 
Trance has had to counterbalance her Burkean political 
system by the use of Descartian models m admunistrative 
matters 








So much for the various modes of political dialogue 
I said earher that to understand a political exercise one 
must be able to follow the dialogue and understand the 
result when that result 1s ultrmately embodied in & final 
form such as legislation, or, ın the case of Robbins, in a 
Report I hope it 1 not necessary here to discuss the 
principal features of the Report m any detail I hope 
I can take it that the essence of the Report, and its 
prmeipal recommendations, are widely known 

I think what has struck me most about the Report, and 
about the discussion that has gone with ıt, has been the 
enormous extent to which the dialogue has been con- 
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ducted ın terms of sentiment, self-mterest and tradition 
It is m fact, like most Reports handed to the Government 
by commussions, not a rational document, but the various 
conclusions reasonable men have come to when assailed 
by & vanety, mdeed a welter, of different arguments, 
which are rarely analysed back to simple first principles 

One could—indeed, everyone has—expatiated on the 
shortcommgs of the Robbins Report from different points 
of view The statisticians are happily demolishing the 
bases of much of the statistical ‘evidence’ The Tomes 
has devoted three leading articles to refuting many of the 
presuppositions on which the Report 1s based Tt 18 all 
easy enough to do The Report excludes from itself the 
questions of first principle, so that one can spend a long 
time disagreemg with its basic assumptions before one 
even has to take any account of the actual recommenda- 
tions For example, a good deal of argument centres on 
the growing number of people acquuing minimum. entry 
qualifications to universities, and these sie the students 
to be accommodated im the future But if you try to 
cash this phrase ‘mmimum entry qualification’, what you 
really mean 1s that after thirteen or fourteen years’ full- 
time schooling a boy or a girl has managed to reach a 
figure of 40 per cent m two subjects There is at least 
some case for testmg such & proposition in the cold hght 
of day. and not to assume ıb as a self-evident truth O1, 
again, a national average of 15 per cent of students fail 
ther examinations, and this figure is already as high as 
25 per cent m tho University of London, while, of those 
who do not fail, something more than a third end up with 
a third-class or pass degree On the face of the evidence 
again these figures would mvoke some doubt as to the 
existence of any considerable untapped sources of talent 
Or, finally, there is the prmeiple, and the Report accepts 
this, that within umversities promotion should be as much 
according to excellence m teaching as in research But 
the most simple prelimmary question 1s never posed— 
and certamly the Robbins Report does not even notice 
it—How do you find out whether a university teacher 18 a 
good teacher ? By a poll of students, by a perambulating 
inspector from the faculty of education, by the professor 
sittmg at the back ? Each solution becomes an academic 
absurdity and, if, as Robbins suggests, the sign of good 
teaching is lack of ‘wastage’, that 1s a low failure rate, one 
moves into an odd world mdeed, m which the lecturer, the 
usual internal exammer, has a vested mterest m awarding 
as high marks as he possibly can Not to mention other 
more spectacular ideas 

But I do not wish to be drawn into detailed discussion 
of Robbins, enough, and more than enough, has been 
said on the subject I doubt whether there 1s much case 
for attemptmg to analyse most of the arguments as if 
they were rational arguments at all, because, as I have 
been trying to illustrate, most of this argument for nearly 
a decade has been m fact conducted im non-atonal, 
subjective and self-mterested terms, simply dressed up in 
pseudo-rational trappmgs I very much doubt whether, 
even if one could reduce some of the arguments to rational 
terms, one would be thanked for domg so by the pro- 
tagonists 

But reason, which I have not yet discussed, does have 
a role in political discussion and probably it 1s best used 
by taking certam data as given, m so far as one can 
objectively evaluate the facts of a given situation, and 
then usmg reason to see what will happen stage by stage 
m a sinetly logical sequence if one extrapoletes present 
facts mto trends, and the trends mto the future This 1s 
not to claim the gift of prophecy, since clearly, dealing 
with soeral forces, considerable modifications enter the 
picture as the theme unrolls But 16 1s generally a useful 
exercise to try to see what is likely to happen, and an 
even more practically useful exercise to see who will have 
to pay the bill, for if politics teaches anything, 16 1s that 
a bill is always presented to someone for payment 
Perhaps economies teaches the same thing 
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I thmk that there are certam accepted dava in the 
present situation 

First, the expectations of parents, schoolteachers and 
pupils have now been raised to a pomt where no Govern- 
ment could safely jettison the Robbins Report before 
makmg a more than token effort to get ıt under way. I 
suspect myself that its munumum recommendations will 
become maxima, but that is by the way. 

Secondly, a good proportion of this increase m the years 
outside the unique birth-rate bulge m three years time will 
be of students who would not previously have got into 
universities on merit. Some of them would have done, but 
university selection has kept them out ın error In getting 
in they will be m the right place, but they are hkely to be 
a small proportion of the new intake 

‘Thirdly, 1n so far as these new era students are directed 
or siphoned off mto the new-styls university institutions, 
they are likely to move us directly mto an American 
situation 1n which there are recognizably second-class and 
third-olass and fourth-class un.versities, and ıb would 
then very shortly follow that ıt does not matter whether 
you have a degree, 1t only matters where your degree 18 
from ‘You will then simply have rebuilt your existing 
status arrangements 

Fourthly, in so far as these new students move into the 
older universities, university admmustrators will be faced 
with this problem- that & good majority of the new 
students will be less able to cope with what 1s at present 
considered university-level work, and, at the same time, 
they will be a good deal less technically competent as 
students capable of mdependent study 

Fifthly, and finally, if present umversity standards 
were to be apphed in this situation one would logically 
expect to find a dramatic increase in the failure-rate of 
students I take it, I may be wrong here, but I would 
take 1s as a datum of the present situation that the 
preponderant social forces would find such an increase m 
the failure rate quite mtolerable. The sheer financial cost 
and the sheer human misery which would be mvolved if 
universities started to fail a third of their students would 
bring a reaction which no set of formal barriers would 
withstand 
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Now those are the factors of the present situation I wish 
to consider What, now, can we deduce from them ° 

First, the universities will be reluctant to abandon 
ther old standards, and yet have to make provision for 
the new-era student Clearly, there will only be one 
possible answer, and ıb ıs already bemg bruited abroad 
they must set up, ın addition to the existing courses, what 
are nicely known as more broadly based courses; this 
recommendation 1s normally accompanied by the mjunc- 
tion that universities should cease to be preoccupied with 
traming scholars, but instead should move into the 
business of producing useful citizens The clear meaning 
1s that the new courses should provide a smattermg of 
several subjects rather than a rigorous tramung m depth 
m any single diserphne This 1s what this particular code 
really means But itis by no means clear, as yet, whether 
universities will accommodate themselves to the accom- 
penying injunction that they should also show a mgh 
regard for these courses, and the students in them 

Secondly, since, even with this, universities are still 
hkely to find that a good majority of their new-era students 
will lack the intellectual equipment to work independently, 
the social pressure will be towards a good deal more 
mtensive teachng This will reinforce the existing 
tendency to complain that university scholars should 
be more interested in students than in scholarship, and 
the sentimental pressure to use university staffs as erviliz- 
ing forces by offering glasses of sherry around It seems 
far to assume, therefore, that, if anything, the teachmg 
staff-student ratio should actually merease 

But, thirdly, few university teachers have any doubts 
that there 1s on present standards httle or no reservoir 
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of talent for even mamtamung the existing global staff- 
student ratio, this is certainly true m the natural and 
social sciences, which are the fields destined to bear the 
new load 

Consequently, universities will be faced with two 
conflicting demands, to maintain the existing quality of 
staff, in which case the global staff-student ratio will 
dechne. or to try to mamtain and increase the teaching 
staff-student ratio, in which case the quality of the intake 
of university teachers will decline As we have seen, if 
the existing staff-student teaching ratio declines, there 
will be a socially unacceptable increase m the number of 
failures: the ‘wastage’ will mcrease On the other hand, 
if staffs of the existing quality are pushed mto the maw 
of mass undergraduate teaching, there 1s a considerable 
hkelihood that the best scholars will start to vote with 
ther feet, m Brtam towards research mstitutes, and 
outside the country to the many universities which are 
prepared to offer the maximum possibilties for research 
and scholarship rather than teaching 

We should then have arrived at & position m which the 
number of available choices open to university admini- 
strators will be very limited; the dilemma will be this. to 
keep good staffs, but to conduct mass-undergraduate 
teaching 

In this dilemma, the likelihood 1s that some new equili- 
brium will be arranged and this new equilibrium 18 most 
likely to be the drastic rupture of universities into gradu- 
ate and undergraduate schools Most of the factors 
present already pomt ın this direction In social terms, 
the proliferation of the ‘bachelor’s degree 1s bound to 
lessen its status value: and since we are m a world which 
values status more than quality, 16 1s probable that the 
master’s degree will become the prestige degree Further- 
more, graduate schools with people within them engaged 
in research and scholarship at a lugh level are those 
parts of a university most hkely to capture the ımagma- 
tion and interest of genume university scholars We 
already see a pubhc movement towards spending more 
money on graduate studies, although one suspects that 
many of the supporters of this do not realize all the umphi- 
cations of the move 

Such a division 1s likely to be the only practical method 
at faculty and departmental levels of meeting the con- 
fletmg demands of maintaming a gh quahty of scholar- 
ships and research, and of mass undergraduate teaching of 
people of less than existing university standards 

Finally, the senior members of a faculty will be haunted 
by the fear that they may irretrievably handicap one of 
them younger colleague’s prospects if he 1s diverted on 
‘social grounds’ to heavy teaching duties at the expense 
of research, 

The logic of this political exercise seems to me, there- 
fore, to indicate that the result of putting Robbins into 
effect will lead to the traditional university function of 
the advancement of knowledge moving progressively 
into the graduate schools, and the traditional umversity 
function of teaching moving progressively unto the under- 
graduate schools 

It follows from this that as soon as 1t 1s realized that 
mass undergraduate teaching 1s incompatible with the 
traditional functions of scholarship, research and the 
advancement of learning, the question of staff-student 
ratios will disappear because ib will have become an 
unreal problem 

It will be unreal simply because no one will attempt 
to apply the same levels of quahty of recruitment to the 
teachers of the undergraduate schools as to the scholars 
of the graduate schools It will disappear simply because 
there will be no further need to sift out the scholars for 
undergraduate teaching One will simply have to find 
farrly large numbers of people who are both fitted for, 
and wihng to undertake, teaching duties of a kind now 
associated with sixth forms They will be hired to teach, 
not selected because they are scholars The type of 
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university teacher we are now accustomed to will simply 
move upwards—or onwards—to staff the graduate schools, 
where the teaching funetion will be of the same order as 
we know 14 to-day 

But, as a logical consequence to this, the teachmg 
function at the undorgraduate-level will not be as we 
know ib to-day If people are bemg employed for thor 
teaching capacity, and not for ther capacity for original 
work, there 1s no reason why the exisümg levels of work 
should be mamtamed Indeed, im so far as undergraduate 
schools will assume the role of extensions to schools ib 
seems highly likely that one would come to expect from 
teachers in undergraduate schools the same competence, 
the same hours of work, the same form of contract as 
we now associate with schoolmasters Clearly, ıt would 
be indefensible to bestow the privileges of scholarship 
on those whose job ıt 1s nob* and this would match easily, 
but not m the way intended, with the present demand 
for more teachmg m unrversities 


As I warned earlier, at any stage ın the development of 
a political exercise new factors may enter the picture, 
and alter the course of events which reason indicates 
1s the most likely to result from a given set of ceum- 
stances But in the existmg situation I think that there 
18 an innate logie which leads us directly to my conclu- 
sion. and, as I also said, one of the functions of reason m 
polities 1s to give us some insight as to who will pay the 
bill. It 1s only fair to try to deduce the likely price, and 
who will pay it, 

I think that the price will be shared fairly evenly round 
Universities themselves will clearly pay a substantial price 
1n accepting a divorce between undergraduate and gradu- 
ate teaching It will cause large, but by no means m- 
superable, administrative problems, and there 18 a great 
deal we can learn about how to cope with this by reference 
to the United States 

It also seems likely that some university teachers will 
have to pay a price Those who have for a long time 
produced no tangible evidence that they are seriously 
concerned with the acquisition of new knowledge and 
the advancement of learnmg will probably be expected to 
move into a position where ther talent for teaching can 
best be used 

The Association of University Teachers will also pay a 
price, perhaps heavier than any other as its membership 
becomes so numerous and of such a kind that ıt looks 
hke an extension of the National Union of Teachers 
Should that happen there may well be an irresistible 
pressure for a special organization comparable to tho 
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Association of First Division Cıvıl Servants to be set up 
to fill the role of higher representation at present played 
by the Association of University Teachers 

First-class students will also pay a small price, and 
some may go to the wall, some will genuinely suffer from 
segregation from people m the forefront of knowledge 
and the inspiration this can bring to a good, young and 
adventurous mmd But one ean hope that this price in 
most cases can be repaid as they move on into the graduate 
school 

Clearly, schools will suffer as well, as the undergraduate 
sections of a university will be fighting in the same market 
as schools do for sixth-form teachers But this competition 
would probably be kept withm bounds by ensuring that 
the attractions of undergraduate teaching are no greater 
than those of sixth-form teaching 

Finally, what will be the result of all this ? The curious 
answer 1s surely that ın fifteen or twenty years we shall 
all look very much as we do now in an institutional, and 
up to a point m a psychological, way We can only take 
on trust the prognostications of social improvement urged 
on us by reformers: 1t may be that there will be a genume 
all-round benefit from sending on a proportion of young 
people into universities almost exactly equal to the 
proportion we now accept into grammar schools We 
cannot talk in any real sense of qualitative improvement, 
since for many quahtative improvement is not an end in 
itself, and no one can remotely test qualitative mprove- 
ment in terms which make any sense this far ahead 

titutionally, we shall not have changed a great deal 

There will be different levels of higher education; teachers’ 
trammg colleges will award degrees, this will have 
satisfied pretension, but not cured envy, as the ordinary 
undergraduate degree will by then have much the same 
standing as the trammg diploma does to-day The first 
serious degree will be the master’s degree. Some un:ver- 
sities will rank higher than others, and perhaps the league 
table of university excellence will have had to take in a 
third and fourth division to bring m all the new degree- 
awarding institutions Some mstitutions will therefore 
continue to struggle under a feeling of inferiority es-d-vis 
other groups All the questions of prestige, status, of 
pubhe image, will be the same for students, teachers and 
parents, except that the arcana of learnmg will have 
retreated into graduate schools leaving the undergraduate 
field free for the most adventurous experimentation in, 
for example, awarding degrees without examinations, or 
awarding them for social conduct 

We shall then, largely by verbal means, have estab- 
lished a new equilibrium 
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CROPS GROWN USING PARAQUAT AS A SUBSTITUTE 
FOR PLOUGHING 


By A. E. M. HOOD, H R. JAMESON and R. COTTERELL 


Imperial Chemical Industries, Ltd , Agricultural Division, Jealott's Hil! Research Station, Bracknell, Berks 


posita era d crops of wmter and spring wheat 
were grown! by drilling seed into pastures which, 
instead of bemg ploughed and cultivated in the usual way, 
were killed by spraying with paraquat (1,1'-dimethyl-4,4"- 
bipyridyltum ion) es dichloride This article describes 
the 1963 results of a continuation and extension of this 
work at this Station 

In Experiment 1 of the earlier report’, permanent pasture 
was succeeded by winter wheat sown m autumn 1961 
Hybrid 46 wmter wheat was sown agam on the same 
plots m autumn 1962 The same three main treatments 
(as of the previous year) were compared but this time, of 
course, on stubble (1) 3 Ib. paraquat {= 14 gallons 


‘Gramoxone’ W) m 24 gallons water/acre apphed on 
September 21, (2) paraquat as in (1) followed by plough- 
mg and cultivating; (3) ploughed and cultivated 

All plots were combme-drilled with 2 ewt /acre ICI 
No 3 fertibzer (10 20 20) on October 17. The mam 
plots were agam divided into four sub-plots each 0-016 
aere, for nitrogen fertilizer (‘Nitro-Chalk’) rates apphed 
m the spring (0, 50, 75 and 100 units nitrogen/acre) 

Some graminaceous weeds were present m moderate 
amounts on all plots m the 1962 stubble Meadow foxtail 
(Alopecurus pratensis), the predommant grass on the 
sprayed/drilled plots, was successfully controlled by 
paraquat spraying, but having seeded prior to gathering 
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the University and Technical University of Wroclaw, 1n collaboration with the Polish Chemical Society. Specialists from many 
countries discuss current problems and recent achievements in the theory and structure of complex compounds—a subject which 
closely and logically combines inorganic, organic, physical and theoretical chemistry 


720 pages £6 net ($17.00) 


Experiments in Motivation 
Edited by H J. EYSENCK, University of London 


Reports a complete series of experiments, on both human and animal subjects, most of which are quite new These experiments— 
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Contains new data on chemical aspects of structure and function of the nervous system in many animal species, vertebrate and 
invertebrate The book is a collective effort by a group of leading investigators working in different fields of research, but having a 
common interest 1n comparative aspects of the working of the nervous system It deals with structure, chemical composition, 
metabolism and drug action in diffezent species, and considers the relevance of the new data in these fields to problems of behaviour 
in the higher vertebrates 
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1s best suited to the equipment present in his laboratory 

International Series of Monographs on Analytical Chemistry, Volume 16 


283 pages 90s net ($12 75) 


Electronic Charges of Bonds in Organic Compounds 
G. V. BYKOV 


This monograph ıs devoted to a new treatment of the electronic structure of organic compounds The volume contains the author's 
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getics of molecules, radicals and ions, to theories of catalysis, and to the mechanisms of organic reactions and the reactivity of 
organic compounds 


200 pages 60s net ($9.00) 
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the wheat ıt 1eappeared in 1963 These plots, however, 
appeared to be slightly less weedy than the ploughed 
plots which contained mamly creepmg bent (Agrostis 
stolonifera L ) 

Estabhshment and subsequent development of wheat 
plants were satisfactory on all plots sown in autumn 1962 
Gram yields were hugh and nitrogen fertilizer m the 
spring produced no significant grain yield responses. All 
three main treatments, averaged over nitrogen rates, 
gave simular results (Table 1) 
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Table 1, GRAIN YIELDS OF WINTER WHEAT IN CWT /ACRE 
(Adjusted to 85 per cent dry matter) 
Sprsyedjoniled 529 
Sprayed/ploughed/cultivated/är led 630 
Ploughed/cultivated/drilled §22 
Standard error (single sub-plot) 32 


Another similar experrment was begun ın autumn 1962 
on poorly dramed perennial ryegrass {Lokum perenne) 
dommant permanent pasture The same three main 
treatments were compared (1) 3]b paraquat ın 24 gallons 
water/acre appled on October 19, (2) paraquat as 1n (1) 
followed by ploughing and cultivating, (3} ploughed and 
cultivated All plots were combine-drilled. with 2 cwt /acre 
ICI No 8 fertilizer (10 20 20) on October 31 Three 
randomized blocks of three mam plots, each split into 
three sub-plots of 0016 acre for nitrogen manurmg 
(0, 75 and 100 units mtrogen/aere as ‘Nitro-Chalk’) of 
the winter wheat m the spring, were used The herbage 
was rather long when sprayed and although a good kill 
of folage was obtamed the dense, dead mat had to be 
removed to permit adequate penetration of the drill into 
the sol (Spraymg grass about 2-3 in tall results in a 
more satisfactory kill and dispenses with the need for 
removing dead herbage)  Followmg the establishment 
of a reasonably good brard on the sod-seeded plots many 
plants succumbed to waterloggmg, but relatively httle of 
the crop on the ploughed areas was affected m this way 
Marked recovery of meadow foxtail, creeping bent and 
couch (Agropyron repens Beauv ) grasses also occurred 
on the sod-seeded plots These effects lowered the gram 
yields (Table 2) Response to nitrogen fertibzer applied 
in the spring was substantial Yields on the ploughed 
areas were satisfactory where adequate fertilizer nitrogen 
was applied, but on the sod-seeded plots even where 100 
units nitrogen/acre was apphed the resulting crop was 
only about half as-good as that on the ploughed plots 
receiving a comparable rate of nitrogen fertilizer 


Table 2 GRAIN YIELDS OF WINTER WHEAT IN CWT /ACRE 
(Adjusted to 85 per cent dry matter) 


Units Sprayed/ Ploughed/ 
Niacre Sprayed/ ploughed} cultivated} 
in arilled cultivated] drilled 

spring drilled 
0 100 214 195 
75 136 298 32-9 
100 180 350 3855 


S.E (single sub-plot) +6 2 


A thurd experiment was begun in spring 1963 m whieh 
spring barley was grown after a two-year-old Italian 
ryegrass (Loum multftorum Lam ) ley by the following 
three methods (1) drilled directly mto the green sward 
April 26, sprayed with 3 lb paraquat in 24 gallons water/ 
acre unmediately afterwards on same day, (2) 3 lb para- 
quat ın 24 gallons water/acre sprayed on pasture April 26, 
drilled on following day, (3) ploughed March. 7, cultivated 
April 26, drilled April 27 128 lb /acre fertilizer containing 
20 per cent P,O; and 20 per cent K,O was combine-drilled 
on all plots The layout was four randomized blocks of 
the three main plots each split into four sub-plots of 0 016 
acre for rates of nitrogen fertihzer (0, 50, 75 and 100 
units nitrogen/acre as ‘Nitro-Chalk’) broadcast just before 
sowing 

Gamma BHC (‘Gammacol’) and metaldehyde baits 
were applied to the whole area when leatherjacket (Tipula 
species) and slug (mainly Agriolemas reticulatus) activity 
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was noticed following germmation, but these control 
measures may have been too late to be fully effective 

Seedling establishment was poorer on the unploughed 
than on the ploughed plots due possibly to three factors 
madequate talth surrounding the seed in the slits made by 
the disk coulters of the drill, shght damage to emergmg 
barley seedlings from paraquat on the dead herbage (this 
was more marked on plots of treatment No 1 than of 
No 2and such damage can generally be avoided by allowing 
an interval of several days between spraying and dnlhng) 
and to damage by pests At the ‘no nitrogen’ and lowest 
nitrogen-levels of manurmg the sod-seeded crop gave 
much poorer yields than the crop grown 1n a conventional 
manner, this was perhaps due mainly to reduced release of 
nitrogen from the unploughed turf although some or all 
of the factors already mentioned might also have been 
involved (Table 3) 


Table 3. GRAIN YIELDS OF SPRING BARLEY IN OWT /ACRE 
(Adjusted to 85 per cent dry matter) 


Ploughed/ 
Units Drilled/ Sprayed} cultivated! 
Niacre sprayed drilled drilled 
0 198 216 821 
50 365 342 431 
76 89 3 108 429 
100 393 442 40 4 


S.E, (single sub-plot) + 2 0 


The barley on the sprayed/drilled plots treated with 100 
units nitrogen/acre gave a yield at least as good as any 
of the ploughed treatments 

The lower yields from ploughing where 100 units fertil- 
izer nitrogen/aere was applied were probably the result 
of the shghtly greater degree of lodgmg that occurred on 
these plots than on comparable sod-seeded plots 

Some re-giowth of Italian ryegrass occurred on the 
sprayed plots especially on those which received no 
nitrogen fertihzer and on which the crop offered less 
competition to the grass 

In 1963 a marrow stem kale (Brassica oleracea vei 
acephela) trial was laid down on Italian ryegrass sward 
which had been treated with 70 units nitrogen/acre as 
'Nitro-Chalk on March 5 All herbage was cut on May 21 
(to represent an early grazing) Experimental treatments 
comprised three main tieatments (1) Sprayed with 21b 
paraquat in 24 gallons water/acre on June 6 Kale 
drilled ın rows spaced 71n. apart (2) Sprayed with para- 
quat asim (1) Kale drilled m rows spaced 21 m apart 
(3) Ploughed June 4, cultivated June 17, 27. Kale drilled 
in rows spaced 21 m apart 

The layout consisted of four randomized blocks of three 
main. plots, each split nto four sub-plots of 0 016 acre for 
nitrogen manurng comparisons at 0, 100, 150 and 200 
units fertilizer nitrogen/acre as ‘Nitro-Chalk’ broadcast 
just before sowmg 4 ewtb /acre fertihzer contamimmg 20 
per cent P,O; and 20 per cent K,O was broadcast over all 
plots several days before sowmg 

All plots were drilled on June 27 Against leatherjacket, 
2 per cent aldrm dust was combine-drilled with the seed, 
and against slugs, a metaldehyde bait was apphed on the 
surface a few days after sowing, but it 1s not known how 
necessary or effective these measures were 

Establishment of seedings was better on the unploughed 
than on the ploughed plots, but this may have been due 
to shghtly too deep drilling on the latter The sod-seeded 
plots were not weeded, but the ploughed areas were given 
two steerage hoe inter-row cultivations by tractor and one 
side-hoeomg by hand White clover (Trefolswm repens) 
and Itahan ryegrass re-grew to a certain extent on the 
sod-seeded plots, but were suppressed by the vigorously 
growing kale on the mitrogen-treated plots and only 
competed serously with the crop on the plots which 
received no nitrogen fertilizer 

The kale was gathered between November 25 and 27, 
1963 As m the barley trial the yields of sod-seeded kale 
were at a lower level on the ‘no nitrogen’ plots but reached 
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Table 4, FRESH YIELDS OF MARROW STEM KALE IN TONS/ACRE 
Ploughed/ 
Sprayed/ Sprayed/ cultivated? 
drilled} drılled/ drilled/ 
Units 7-m row 21-in row 21-an row 
Nfacre spacing spacmg spacing 
0 71 85 160 
100 205 220 236 
150 241 242 240 
200 267 208 243 


S.E (mnngle sub-plot) z x00 


a higher level at the top rate of nitrogen fertilizer (Table 4). 
The lower ‘no nitrogen’ yields on the sod-seeded plots 
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were thought to be due to less nitrogen becoming available 
from the unploughed than from the ploughed turf and to 
weed competition The higher yields obtained on the sod- 
seeded/highest nitrogen plots cannot yet be adequately 
explained 

This work contmues to yield mteresting results and 
mdicates that excellent crops can be grown without 
cultivations by the use of paraquat Some features of this 
novel technique require further experimentation and work 
will continue on these aspects 
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i Hood, A E.M ,Jameson,H E ,and Cotterell, R , Nature,197, 748 (1963) 


ORGANIC CHLORINE INSECTICIDE RESIDUES IN WILD BIRDS 
By Da. N. W. MOORE and C. H. WALKER 


Nature Conservancy, Monks Wood Experimental Station, Abbots Ripton, Huntingdon 


TY im reproductive success and population 
numbers of certam predatory birds have comeided 
in space and time with the use of organic chlorme insecti- 
vdes^*, Accordingly, a nation-wide survey of residues of 
these substances m wild birds was undertaken. 85 bird 
corpses and 72 eggs were collected m the field, generally 
in the absence of circumstances suggestive of poisonmg 
Tho birds were dissected and mdividua? organs and tissues 
removed for analysis. Residue determmations by gas/ 
liquid chromatography were carried out by the Laboratory 
of the Government Chemist and the Department of Agrı- 
culture for Scotland, while paper chromatographic determ- 
nations were utilized by the Nature Conservancy. Many 
.of the gas/liquid chromatographic analyses were confirmed 
by paper chromatography, with concordant results m all 
cases where this was done. The former method was more 
accurate and sensitive 
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The following were investigated (number of specrmens analysed grven in 


thrush (4), wood pigeon (6), heron (7), 
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The method of Goodwm, Goulden and Reynolds’ as 
detailed by de Faubert Maunder et al.4 was used for the 
gas chromatographic determmations. The extracts for 
paper chromatography were cleaned up by DMF partition 
and alumina column chromatograph! before followmg the 
procedure described by Evans’. 

The residues most commonly found were pp'-DDE (a 
metabohte of pp’-DDT) and dieldrim (a metabolite of 
aldrm as well as an msecticide in sts own might) Smaller 
quantities of pp'-TDE, heptachlor epoxide, pp'-DDT and 
BHC isomers were recorded. Residue concentrations 
varied widely from tissue to tissue, fat bemg the richest 
and breast muscle the poorest. 

Residues m birds and eggs were obtamed from 37 
counties, from 20 out of 21 taxonomic famihes, and 
from terrestrial, freshwater and marine habitats 
Simuer widespread distmbutions of orgame ohlorme 
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Average concentration of organic chlorine insecticide residue m the breast muscle of different types of birds 


brackets) sparrow hawk (5), barn ow! (9), little owl (7), tawny owt (5), 
great crested grebe (4), moorhen (6) 
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mseeticido residues have been reported from North 
America® 

In the case of breast muscle analyses by the Nature 
Conservancy marked differences in residue content were 
evident between raptorial and fish feedmg birds on one 
hand and herbivores on the other (Fig 1) A similar 
contrast was evident in eggs analysed by the Government 
Chonust and the Department of Agnoulture for Scotland, 
where much higher average residue concentrations were 
reported m peregrine falcons, great crested grebes and 
herons than m the herbivorous Canada goose and the 
omnivorous pheasant and carrion crow The golden eagle 
and terns occupied an mtermediate position (Table 1) 


Table 1. ORGANIC CHLORINE INSECTICIDE RESIDUES IN BIRDS’ Eaas 
(All results expressed m p pm by weight with respect to total egg contents) 


Average Range of 


Species No Ayerage Average total total Analyst 
analysed pp’-DDE dieldrin residue residue 

Golden eagle 10 10 14 26 03-108 DA 
(Agua chrysaetos) 

Peregrime falcon 12 124 06 144 30-360 DA 
(Falco peregrinus) Gc 

Great crested grebe 8 69 04 102 26-227 Gc 
(Podiceps cristatus) 

Heron 2 67 78 178 79-280 ac 
(Ardea ewierea) 

Terns 5 12 08 25 16-32 Gc 
(Sterna app.) 

Carrion crow 10 019 005 033 017-063 DA 
(Corvus corone) 

Canada goose 4 Present Present All residues Jess ac 
(Brania canadensis) m all mall  thanO03ppm 

cases cases 
Pheasant 7 003 005 015 005-020 GC 


(Phastanus colehwcus) 


DA, Department of Agriculture for Scotland, 
Government Chemist. 


GC, Laboratory of the 


The widespread occurrence of organi chlorine insocti- 
cide residues m predatory birds which do not normally 
have direct access to pesticides 13 an mdication of the 
persistence of these compounds im living organisms 
The residue figures pose two main questions. why thero 
are marked differences between groups of birds with respect 
to residue concentration m their tissues, and what these 
figures mean m terms of possible effects on bird populations 

Differences in residue concentration between predators 
and herbivores could be due to differential contamination 
of food and/or to physiological dissimilarities The mpor- 
tance of the latter consideration was demonstrated by 
Gannon et al 7 ın their work with dieldrin, where 0 4p pm 
1n feed over 84 days produced 0 5 p pm and100ppm 
in the body fat of lambs and hens respectively. 
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Figures relatmg organic chlorine insecticide residues in 
birds to their direct toxic effect have been obtamed for bob- 
white quail (Colinus vwgwmanus) and pheasant’, house 
sparrow (Passer domesticus) and American robin (Turdus 
magratorwus)? Levels above 30-40 ppm pp’-DDT and 
6-20 ppm heptachlor epoxide in quail tissues were 
shown to be evidence of poisonmg® 

Apart from the question. of direct poisoning, sub-lethal 
doses of aldrm and dieldrm at levels as low as 10 ppm 
m the feed can cause reduced fertility of eggs and viability 
of chicks in quail?®, Organic chlorine residues stored m 
body fat may be a serious hazard to birds when their food 
reserves are mobilized durmg periods of starvation? 

No definite conclusions can be drawn from the residues 
found m wild predatory birds ın the absence of appro- 
priate expermental data, but a number of the residue 
figures for predators (for example, 4-20 ppm of dieldrm 
m the livers of eight specimens) are comparable with values 
obtamed for poisoned non-predators®. As ıt : unhkely 
that the effect of sub-lethal doses on reproduction 18 
confined to game birds ıt would be surprising if the levels 
of organic chlorine insecticides that have been recorded m 
certam predatory species were of no significance 

The work described here shows that organic chlorine 
insecticides or their stable metabolites become widely 
dispersed and are retamed m the bodies of a wide range 
of birds Their ability to persist ın an active form con- 
stitutes a wild-hfe hazard 

We thank Dr H Egan of the Laboratory of the Govern- 
ment Chemist (Department of Scientific and Industrial 
Research) and Mr N. C. Morgan of the Department of 
Agriculture for Scotland and ther colleagues for perform- 
ing many of the analyses referred to ın this article, and 
the Royal Society for the Protection of Birds and other 
donors for specimens. 
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Sir Alan Gardiner 


Ly the death of Sir Alan Gardiner, which occured on 
December 19, 1963, Great Britam and the world at large 
have lost an outstanding Egyptologist and lnguist, and a 
scholar whose industry 1n research should serve as a model. 

At the time of his death, m his eighty-fifth year, Sir 
Alan had behind him almost seventy years of publishing, 
for his début goes as far back as 1893, when as a schoolboy 
of fourteen he wrote two articles on postage stamps of 
Baden His father, a prosperous business man, did not 
think philately a worth-while subject to pursue and asked 
hus son whether there was not anything more serious m 
which he was interested “Yes, Egyptology”, replied the 
young Alan after some reflexion "Then become an 
Egyptologist", suggested the father, and Alan did Only 
two years later, while still at Charterhouse, he saw his 
first modest article on the Egyptian king Ammenemes I 
in print, and a constant trickle of articles followed 

With a, first-class degree he went from Oxford to Paris 
to become & pupil of Maspero, the most brillant Egyptol- 
ogist of us time One year m Paris, however, was enough 
to show young Alan H Gardmer that Egyptian grammar 
and dictionary were not the strongest hnes of Maspero, 


although research and progress depended on these for the 
understanding of Egyptian texts m which Gardmer was, 
above all, mterested His father’s generosity and fore- 
thought were gomg to assure for hum a hfe free from 
financial worries and the necessity of takmg up a re- 
munerative post Gardmer therefore went to Berlm, 
where Prof Erman had gathered around hm a group of 
younger scholars workıng on precisely the two branches m 
which Gardiner’s main interest lay, especially on collecting 
material for an Egyptian dictionary sponsored by German 
academies Gardiner became an enthusiastic collaborator, 
at one time even & sub-editor, in this gigantic enterprise, 
lus two most important contributions bemg copies of 
Egyptian texts on papyri ın the Leiden and "Turm 
museums ‘These are written m lueratic seript which 
Egyptians developed by simphfying the pictures of the 
hieroglyphs so that they could easily be written with 
brush and ink on paper made of stems of the papyrus 
water-plant The experience acquired while workmg on 
these difficult texts made Gardmer an undisputed master 
of lueratic. 

Gardiner was only twenty-six when his first book 
appeared in 1905, rts subject bemg the study of an 
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inscription, relating to a protracted lawsurt m the time of 
Rameses II In the few years which followed, Gardmer 
edited papyri contammg admonitions, and prophecies of 
an Egyptian sage, an account of the adventures of the 
courtier Sinuhe while a refugee in Palestme and a satirical 
hterary letter addressed by one Egyptian serbe to 
another 

Durmg a journey to Egypt in 1907, Gardiner’s attention 
was directed to the much-neglected and slowly perishmg 
tombs at Thebes, full of important representations and 
inscriptions In three winter sessions, first wth A E P 
Weigall and later alone, he compiled & scientific catalogue 
of the 252 tombs then known, many of them discovered 
by hunself, and later published several of the most 
mmportani among them, having co-operated with the 
skilful draughtsman, de Garis Davies, and his wife. It 1s 
due solely to them that these mmportant monuments of 
Egyptian art have been made accessible for study m 
accurate copies 

In 1911 Gardiner moved from Berlm to England and 
settled m London to pursue his research and publications 
without much interruption In 1914, at hus instigation, 
the Journal of Egyptian Archaelogy was founded He was 
for many years editor and an important contributor to 
this periodical At the same time he was collecting 
material for his monumental Hgyptian Grammar. Thus 
appeared first ın 1927, and its fourth edition is about to 
appear posthumously—a striking proof of the popularity 
of the work which initiates the learner gradually mto the 
subject according to modern methods, constantly offermg 
exercises for translations from Egyptian to Enghsh and 
vice versa In 1928 Mr. Chester Beatty entrusted him 
with the publication of a new find of important papyri 
These appeared m two volumes about the same time as 
others contammg late Egyptian stories and scribes’ mus- 
cellanies, to be followed by admuiustrative texts, a long 
fiscal document of Papyrus Wilbour and a collection of 
Egyptian vocabularies The last major work, Egypt of 
the Pharaohs (1961), offers to the reader an account of 
Egyptian history and crvilization as they appear to an 
Egyptologist as a result of a hfetime’s work 

Since 1919 Gardmer had been keenly interested m 
general Imguistics. His mam work m this field, The 
Theory of Speech and Language, did not find unanimous 
approval, but Gardmer was always convinced that this 
book was a seed which would bear fruit at some future 
date There are signs that in this he was not mistaken 

In 1915, preparing for publication with T E Peot the 
Egyptian mseriptions found by Sir Flinders Petrio at 
Sinai, Gardiner proposed an mterpretation for a few short 
inscriptions written m crude hieroglyphs, but clearly not 
Egyptian Accordmg to him, these are written m a hiero- 
glyphic alphabet devised by a Semite of the region 
inspired by the Egyptian writing This alphabet is the 
direct ancestor of all subsequent alphabets, mcludmg 
Greek and our own. This view of Gardmer has now been 


generally accepted J ČERNÝ 


Mr. M. L. Jacks 


M. L. JAokS, who died in his sleep at the age of seventy, 
on January 24, was a man who had given his whole hfe 
to education He belonged to the great generation of 
Balliol College scholars which flowered immediately before 
the First World War He was a fine classical scholar and, 
m the immediate post-war years, a Fellow and Dean of 
Wadham, but at the age of twenty-eight he became 
headmaster of Mill Hill School and the youngest public 
school headmaster m England No one who was con- 
cerned with education in the 'thirties could ever fail to 
associate Jacks and Mill Hill, and the work which he did 
there was the sort of contribution which stands out m 
the history of any school. 

But it was at the Department of Education m Oxford, 
of which Jacks became director m 1937, that he found 
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his final hfe work, and ıb 1s there that he is best remem- 
bered to-day He had many outside interests, but they 
centred in that concern for young people as mdividuals 
which informed all his work m the education and trauung 
of teachers Perhaps because he was & g1eat mdividualist 
humself he was one of the greatest champions of the 
individual child in the educational process and he never 
ceased to remind his students that ıt was the whole child, 
body, mmd and soul, with whom they were concerned 
Whether as chairman of a committee, or lecturer or tutor, 
he beheved in expressing fully his mdividual pomt of 
view and encouraging others to express theirs Where he 
was, himself, m authority he had a great gift for stimu- 
latmg this kind of open discussion and then findmg an 
agreed solution which was acceptable to everybody 
where he found his own hopes and ideals thwarted he was 
a model of patience and courtesy It was this patient, 
persistent and completely selfless devotion to a cause mn 
which he profoundly beheved that enabled hum, by almost 
unperceptible stages, to transform the position of educa- 
tion as a serious and acceptable study in the University 
Those who have entered mto his mheritanee know best 
how rich that mherittance was 

The titles of his books, God ın Education, Total Educa- 
tton and The Education of Good Men, express a consistent 
philosophy which he expounded m his lectures and 
exemphfied m his conversation with great lucidity and a 
constant sense of humour His jokes and his laughter will 
be iemembered in Oxford as will the warmth of lus 
personality, which was only half concealed by a surface 
austerity With the foundation of the Institute of Educa- 
tion at Oxford m 1951 his great quahties as a lecturer 
became known to a much wider cwele of teachers, and 
even after his retirement he kept up his contacts with 
the many schools of which he was a governor, and was 
always ready to meet and talk with teachers or students 
of education 

Both Jacks and his wife were great gardeners and 
amateur horticulturists, so that his retirement left them 
with another abiding interest Two occasions will prob- 
ably recur to the minds of those who knew him best here 
the final gathermg m his gardens in Surrey on the occasion 
of his retirement, and a reunion at the Department of 
Education a few weeks before his death at which those 
who had served with him nearly thirty years ago heard 
hm speak with all the grace and wit of his youth 

A D C PETERSON 
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Dr. J W Broughton, M.B.E. 


Dr James W. BROUGHTON died suddenly at his home 
in Ottawa, on January 21 He was born m Grimsby, 
England, m 1906, and went to Canada with his parents 
at an early age His education in Alberta led to hus 
graduating m 1932 with first-class honours m chemistry 
from the University of Alberta He took his master’s 
degree the next year After a period with Imperial Oil, 
Ltd, m Calgary, Dr Broughton returned to studies at 
McGill University where he received his PhD m 1937 
He then jomed the National Research Council. taking 
charge of the Fuels and Lubricants Laboratory of the 
Division of Mechanical Engmeermg, a position he since 
held contmuously 

Throughout his career, Broughton made a great contri- 
bution to the development of laboratory analytical and 
performance methods for the evaluation of all types of 
petroleum products durmg an extremely active penod 
m which there have been continual developments in fuels 
and lubricants This work has been performed by the 
laboratory m collaboration with many other Federal and 
Provincial Government organizations, industrial labora- 
tories and the Royal Canadian Navy, Army and Air 
Force 

Dr Broughton was widely known not only for his work 
m national organizations such as the Canadian Govern- 
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ment Specifications Board and the venous fuel and 
lubricant committees of the Armed Services but also 
internationally durmg his long association with the Co- 
ordmatmg Research Council, the American Society for 
Testing Metals, the Advisory Group for Aeronautical 
Research and Development of NATO and the Inter- 
national Standards Organization 

Among the more iecent outstanding contributions of 
the laboratory have been projects concerned with cold- 
weather lubneation, boundary lubrication and wear, 
and the estabhshment of the only lubricating oil, grease 
and brake fluid qualification facihties m Canada Investi- 
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gations have also been made on combustion problems 
ranging from those concerned with aviation gasolne to 
the ignition properties of hquid rocket propellants, and 
various aucraft fuel problems and hazards 

The broad experience and knowledge acqured by Dr. 
Broughton, readily available to others, will be sadly 
missed 

Dr Broughton had many other vared interests and 
activities, and among them were gardening, painting and 
square dancing He was also a charter member of the 
Delta, Mu Chapter of the Phi Kappa Pi Fratermty. 

D C MacPnarm 


NEWS and VIEWS 


The Royal Society of Edinburgh 


Pror R A. Rawxiw, Department of Mathematics, 
University of Glasgow, has been awarded the Society's 
Keith Prize for 1961-63 for his papers on the theory of 
numbers published m the Proceedings durmg the period 
of the award and for his earher contributions in the same 
field 


New Fellows 


THE following have been elected Fellows of the Royal 
Society of Edmburgh Mr J C Bartholomew, director 
and chief editor, John Bartholomew and Sons, the Geo- 
graphical Institute, Edmburgh 9; Dr K. W Bentley, 
chief research chemist, Joint Research Association, 
J F. Macfarlan and Co, Ltd. and Reckitt and Sons, 
Ltd ; Prof. P. W. Brian, Department of Botany, Univer- 
sity of Glasgow, Prof. J I. G Cadogan, Department of 
Chemustry, University of St Andrews, Mr H B Carter, 
senior principal scientific officer, Agricultural Research 
Counol; Dr G Y Craig, senior lecturer in geology, 
University of Edinburgh, Prof A R Currie, Department 
of Pathology, University of Aberdeen, Prof W M 
Davidson, Department of Hematology, Kmg’s College 
Hospital Medical School, University of London, Dr 
R M Gaze, lecturer m physiology in the University of 
Edmburgh, Dr. D C Gilles, director, Computmg Labor- 
atory, University of Glasgow, Dr. J C Gould, senior 
lecturer in bacteriology, University of Edinburgh, Dr 
J K Heyes, lecturer m the Department of Botany, 
University of Edinburgh, Prof R. B Hunter, Depart- 
ment of Pharmacology and Therapeutics, University of 
St Andrews, Dr S. A Hutchinson, senior lecturer in 
boteny, University of Glasgow, Prof T. S Hutchison, 
head of the Department of Physics, Royal Miltary 
College, Kingston, Ontamo, Canada, Dr A Kent, lec- 
turer m chemistry, University of Glasgow, Prof J D 
Matthews, Department of Forestry, University of Aber- 
deen, Mr A J Mee, HM Inspector of Schools, Scottish 
Education Department; Dr M. W Ovenden, lecturer in 
astronomy, University of Glasgow, Dr R W Prmgle, 
managing director, Nuclear Enterprises (G B ), Ltd , Dr 
H A Robertson, senior lecturer m agricultural biochem- 
istry, University of Aberdeen, Dr J G Rutherglen, 
senior lecturer in the Department of Natural Philosophy, 
University of Glasgow, Dr P A Sabine, chief petro- 
grapher, Geological Survey and Museum, Exhibition 
Road, London, SW 7, Prof R S Silver, Department 
of Mechanical Engmeermg, Heriot-Watt College, Dr 
R M S Smelhe, senior lecturer 1n biochemistry, Univer- 
sity of Glasgow, Prof J B Stenlake, Department of 
Pharmacy, Royal College of Science and Technology, 
Glasgow, Prof T S Stevens, Department of Chemistry, 
University of Sheffield, Prof A S T Thompson, 
Department of Mechanical Engmeermg and head of 
the Division of Mechanical, Civil and Chemical Engin- 
eermg, Royal College of Science and Technology, 
Glasgow 


Organic Chemistry in the University of Aberdeen : 
Prof. R. H. Thomson 


Dr R H. Tuowsow has been appomted to the newly 
created second chair of chemistry m the University of 
Aberdeen with responsibilities primarily in the field of 
organi chemistry Dr Thomson, who 1s aged forty-three, 
graduated B Se with Honours m the University of Leeds 
m 1941 He obtamed his Ph D. and his D.Sc from the 
same University m 1943 and 1957, respectively. From 
1943 until 1946 he was employed as a research chemist 
in the dyestuffs division of Imperial Chemical Industries 
Ltd, at Manchester. From 1946 until the present time 
he has been successively assistant, lecturer and senior 
lecturer m organic chemistry m the University of Aber- 
deen He has been head of the organic section of the 
Department of Chemistry sinoe 1962 Dr Thomson’s 
research interests have chiefly centred around the quinone 
group of natural and synthetic colourmg matters, but 
have extended recently to other types of pigment, par- 
ticularly those occurring in animals, Research in progress 
under his direction includes investigations on qumones 
m hehens, sea-urchms, ermoids and lugworms, flavone 
pigments in butterflies, ebony extractives, and the pig- 
ments in mussel shells Dr. Thomson has established an 
international reputation for his work m organic chemistry 
and is widely regarded as a leading authority m his own 
field 


Ministry of Aviation, Dr. W. H. Penley, C B.E. 


Dr W. H PzmwLEY has been appomted deputy con- 
troller of electronics at the Mimstry of Aviation He was 
educated at Wallasey Grammar School and the University 
of Liverpool, where he gained a B So (Eng ) with first- 
class honours and afterwards a Ph D He jomed the 
Government Service early in 1940 at the Ar Mımstry 
Research Establishment m Dundee and iemamed with 
the Establishment, which became the Telecommunications 
Research Estabhshment, and latterly the Royal Radar 
Estabhshment, until 1962 He served m various positions 
and acted as director from 1961 until he was appointed 
director general of electronics research and development 
at Headquarters, Mimistry of Aviation, m 1962. 


Mr C P. Fogg 


Mr C P Foca has been promoted to chief scientific 
officer and appointed to the post of director general of 
electronics research and development m the Ministry of 
Aviation m succession to Dr W H Penley Mr Fogg 
graduated at Cambridge m 1936 His first appomtment 
was at the Research Laboratories of the General Electric 
Co, Wembley, where he was engaged on television 
research In 1937 he jomed Sir Robert Watson Watts’s 
radar research team at the Aw Ministry Research Station, 
Bawdsey During the Second World War ho led a group 
at the Telecommumeations Research Estabhshment 
engaged on improving receiver performance and was 
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responsible for the development of most of the recervers 
used in the Royal Air Force radars and pulse navigation 
systems From 1945 until 1950 he was head of a division 
covering the whole range of electrome techniques used in 
radar systems In 1950 he took charge of a team respons- 
ible for the development of ground radars and data- 
handing systems for the Royal Air Force The apphoa- 
tion of the new techniques developed im his previous 
division enabled him to mtroduce a new standard of 
high-power radar performance and rehabihty Some five 
years later, m 1955, he moved to work on guidance sys- 
tems for the Blue Streak missile After a period of less 
than a year he returned to ground radar field on being 
appointed head of the department responsible for both 
Army and Royal Air Force radar systems, At the end 
of 1958 he left the Estabhshment which had by then 
become the Royal Radar Establishment, on transfer to 
Mmistry of Aviation Headquarters, where ho took over 
the post of director, electronics research and development 
(ground) Durmg his tenure of this post, Mr. Fogg 
attended the 1961 Course at the Imperial Defence College 
Early m 1963 he was transferred to the post of director 
of guided weapons (research), which he held until lus 
present appomtment. 


Dr. T. S. England 


Dr T. S EmarnaND has been appomted deputy director 
(equipment) at the Royal Aircraft Establishment, Farn- 
borough. Dr England was born at Crich, Derbyshire, m 
1917 and was educated at Heaton Secondary School for 
Boys, Newcastle upon Tyne, and the University of Durham 
He entered the Scientific Civil Service m 1940 and served in 
the Air Ministry Telecommunications Research Establish- 
ment at Dundee and Worth Matravers and later at the 
then Telecommunieations Research Establishment, Mal- 
vern, until 1948, when he was granted a research fellow- 
ship at the University of Durham In October 1950 he ro- 
turned to the Telecommunications Research Establishment 
and on promotion to senior principal scientific officer m 
December 1954 he was appointed superintendent, circuits 
and electronics, and some eighteen months later became 
supermtendent, radar ballistics at the Establishment In 
January 1959, when promoted to deputy chief scientific 
officer, he was appomted head of Airborne Radar Depart- 
ment, where he served until October 1961. He was then 
promoted to chief scientific officer and appomted head of 
the Physics and Electronics Department at the Royal 
Radar Establishment. 


Mr. T V. Somerville 


Mn T V SOMERVILLE has been promoted to deputy 
chief scientific officer and appointed director of future 
aircraft weapons systems m the Controllerate of Aweraft 
Mr Somerville was educated at Dorkmg High School and 
Kang’s College, University of London, where he graduated 
in mathematics in 1937 In January 1939 he jomed the 
Aerodynamics Department of the Royal Aircraft Estab- 
lishment, Farnborough, where he was engaged m the 
24-f6 wind-tunnel on tests of full-scale aircraft, meluding 
the Hurricane In 1941 he moved to the Low-Speed 
Wind Tunnel Division, where he was concerned with 
wind-tunnel research on aircraft designs, meluding um- 
provements to the design of the Mosquito fighter-bomber 
Transferred ın 1943 to the Flight Division, he worked on 
flight research and development on anti-spm and landing 
parachutes, glider towmg and snatch pick-up of gliders 
and men. He was commended for his successful installa- 
tion of parachutes to the Horsa glider squadron in the 
1944 Normandy D-day landmgs—the first operational use 
of landing parachutes for aircraft by the United Kmgdom 
In 1946 he jomed the Project Division of Aerodynamics 
Department, which 1s the section at the Royal Aircraft 
Establishment responsible for project research on future 
aircraft designs and assessment of operational require- 
ments and firms’ design proposals He was promoted 
senior principal scientific officer ın 1964 and placed m 
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charge of this Division. Mr. Somerville 1s an Associate 
Fellow of the Royal Aeronautical Society. He served on 
the Society’s Performance Data Sheet Committee for 
many years and has published a number of papers con- 
cerned with design optimization and estimation of aircraft 
drag 


Research and Development in the Atomic Energy 
Authority 


Atom for February 1964 contains the text of the paper 
on research and development m the Atomic Energy 
Authority which Sr Wiliam Penney presented on 
December 11, 1963, to the symposium, “Productivity in 
Research" arranged by the Institution of Chemical 
Engmeers Deseribmg first the financing of the Authority, 
Su Wilham said that the Authority’s present cıvıl research 
and development programme involved an annual ex- 
penditure of about £50 millon and occupied nearly 3,000 
qualified scientists and engineers as well as many ancillary 
staff In 1962-63, £26 milhon was spent on the reactor de- 
velopment programme and reactor systems research (1,880 
scientists and engineers), £5 million on general research 
(470), £3 millon on plasma physies and fusion research 
(190) and £1 mulhon on isotopes research (85), capital 
expenditure was £13 million and 200 scientists and engm- 
eers were engaged on civil work for other bodies or repay- 
ment. Sm William pointed out that research in the 
Authority was not lmuted to the Research Group, but all 
research efforb was subjeob to review by tho Research 
Polhey Committee, which made broad policy decisions 
binding on all Groups and establishments After desembmg 
the Committee structure ın the Authority and discussing 
the determmation of the scale of research and develop- 
ment and the way m which a reactor development project 
was estimated and controlled, he said that the Authority 
was developing computing techniques m the fields of 
project planning, data processmg and financial reporting 
as aids to mereased productivity m research and develop- 
ment Besides the productivity of research m commercial 
operations, Sir Wilham faced the difficult issues of judg- 
ment m taking risks and stopping projects, and he 
included some interesting figures on the flow of staff mto 
and out of the Authonty Over the past three years the 
Authority had lost about 400 professional staff per year, 
more at the lowest, least at the senior levels, about 
20 per year had been retirements, medical discharges or 
deaths and another 20 had gone to universities and 
similar institutions, rather more to teaching, and about 
300, mostly engineers, to industry or commerce These 
figures, taken with the considerable effort of the Authority 
m training schemes and its apprenticeship scheme, show 
that the Authority 1s making & valuable contribution to 
Britam’s highly trained manpower as well as the level of 
technician 


Expenditure on Scientific and Industrial Research in 
India 


THE Indian Journal of Screntyfic and Industrial Research 
for December 1963 contams a study of Government 
expenditure on scientific and mdustrial research by A 
Rahman, A Ghosal, N Sen, N R Rajagopal, Mrs 8 
Das Gupta, S H. M Hussam and A K Roy, of the 
Survey and Planning of Scientific Research Unit of the 
Council of Scientific and Industrial Research, New Delhi, 
which although not exhaustive ıs the first of its kind to 
be made in India The survey shows that while research 
expenditure was only Rs 7 48 milhon in 1929-30, between 
1952-53 and 1961-62 ıt mcreased from Rs 122 millon 
to Rs. 469 milhon The share of the Central Government 
inoreased from 69 per cent m 1952-53 to 78 per cont in 
1961-62, whereas the expenditure by the States mereased 
only from Rs 38 million to Rs 103 mihon The pro- 
portion of capital expenditure to total expenditure 
on research increased from 11 per cent in 1946-47 to 
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16 per cent m 1957-58 and 19 per cent m 1961-62 In 
1952-53 agricultural and vetermary sciences accounted 
for 42 per cent of the total, but in 1961-62 for only 30 per 
cent, whereas the Counen for Scientific and Industrial 
Research and the Atomic Energy Establishment together 
accounted for 36 per cent, railways and defence for 5 per 
cent, and medical for 7 per cent Research expenditure 
by the States 1s mamly on agricultural and veterinary 
research (79 per cent ın 1961-62), while most mdustrial 
research 18 supported by the Central Government, mainly 
by the Council for Scientific and Industrial Research 
(Rs. 81 mullon out of Rs 85 millon m 1961-62) The 
Central Government was also responsible for more than 
89 per cent of the Rs 22 million on the Geological Survey 
in 1961-62 and for Rs 20 million out of the Rs 338 
millon expended on medical research, practically all the 
Rs 13-9 milhon spent on irrigation and power in 1961-62 
came from the Central Government, ahd of Rs 87 million 
spent on research in nuclear energy m 1961-62, Rs 28 
millon was capital expenditure Research expenditure in 
India m 1961-62 1s estimated as 0 32 per cont of the gross 
national product, compared with 0 12 per cent m 1952-53, 
and as Rs. 16,800 on each of 37,000 scientists in 1962 


The Museum of Applied Arts and Sciences, Sydney 


Wirz tho usual attractive cover design the annual 
report for 1962 of the Museum of Apphed Arts and 
Sciences m Sydney mentions the disappointment of the 
Trustees in that they cannot record the commencement 
of work on the renovation of the Old Ultimo Tramway 
Depot for a Transport Museum (Pp 28 Sydney Museum 
of Apphed Arts and Sciences, 1963) The Trustees have 
already assembled a unique collection of items, including 
historic locomotives, trams, ears, aeroplane-engmes and 
aircraft as well as an outstanding collection of bicycles, 
and ıt 1s hoped that accommodation for these will be 
provided in the near future The planetarum continues 
to be very popular and the seating capacity of 30-35 
people only enables a fraction of those wishing to see ib 
to be admitted although sessions are almost continuous 
In a few years the useful hfe of the projector will be 
completed and consideration has already been given to 
the purchase of a new and larger apparatus. 


Public Administration in French 


French Bibliographical Digest ıs mtended primarily to 
make the contributions of French scholars better known 
in the United States No 38, Series II, 1963, 1s devoted 
to studies ın France during the past five years ın public 
administration (Pp 208 New York, N Y - The Cultural 
Center of the French Embassy, 1963) It ıs compiled by 
B Gournay and 1s concerned solely with public adminis- 
tration in metropolitan France, the first part covering 
general studies and the second the central admmustration 
There appears to be no reference to scientific policy or 
relations between science and Government—Piganiol and 
Villecourt’s book, Pour une Politique Scwnhfique, 18 
omitted—but there 1s a short author mdex 


Education in Chemistry 


THE new journal, Education um Chemistry, which 1s to 
be pubhshed quarterly by the Royal Institute of Chem- 
istry, ıs tumely and very welcome (1, No 1, January 
1964 Pp 1-60+xx Published quarterly London: 
Royal Institute of Chemistry, 1964 Annual subserrption, 
40s ; 7 dollars) It does not need the Robbins Report or 
modern information and communication theories to under- 
line the need for a new approach to the problems of what 
18 to be taught and how it should be taught ın the scientific 
subjects at a high educational level These matters need 
to be assessed constantly, in terms of individual and 
social needs, the ever-increasmg corpus of knowledge and 
all the skill and equipment of the modern teacher There 
1s an account of the projected scheme for the teaching of 
chemistry in the University of Sussex by Prof C Eaborn 
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This seems excellent and should do much to neutrabze 
the bad impression of a course of lectures on another 
subject, which were televised from the same institution 
and would have been better had they been given as a 
printed booklet to the students The aims and methods 
so ably deseribed by Prof Eaborn might well be con- 
sidered elsewhere and for other subjects If university 
teachers will persist m usmg ther lectures for merely 
conveying information, with students scrambling to take 
down notes from the fleeting and often elusive word, they 
will have to show why their method 1s & more effective 
use of the students’ time than the reading of the lecture 
material m printed or duplicated form The functions 
and interaction of lecture, class, seminar and tutorial 
session must be considered The publication contains 
authoritative articles on education in ehenustry and a 
number of chapters on the use of structures and models 
in teaching. There are also reviews of books, films and 
apparatus, a discussion forum and a foreign section 
Altogether, ıt 18 & very useful magezme 


Vocational Education and Training in the U S.S.R. 


TEE British Association for Commercial and Industrial 
Education has published a report by P J C Perry, 
entitled Vocational Education and Tramang wn the Soviet 
Unon (British Association for Commercial and Industrial 
Education Vocateonal Hducation and Trawneng in the 
Sovet Umon Report of the BACIE Delegation’s Visit, 
May 5-23, 1963, Compiled from the Delegation’s Notes 
by P J C Perry. Pp 60 London British Assocation 
for Commercial and Industrial Education, 1963 — 21s, 
BACIE members 14s) The report was compiled from 
notes of a visit by a Delegation of the Association durmg 
May 5-23, 1963 The delegation was particularly ım- 
pressed by the absolute conviction m the USSR of the 
value of education and trammg 16 per cent of the 
national budget 1s spent on education with first priority 
to education and trammg Mr Perry first describes the 
ideological background and then, im short successive 
chapters, the organization of secondary education, voca- 
tional training, the trammg of foremen and technicians, 
the system of higher education, and the use of grants and 
scholarships and correspondence courses One on the 
teaching of foreign languages ıs followed by others on 
teachers, management and economie studies, buildings 
and the place of women in the Soviet economy ‘The 
constitutional framework 1s outhned m an appendix, and 
there are some suggestions for further reading ‘There is 
much im the report of interest to those involved m the 
present debates in Britam on education and on mdustrial 
trammg It might be noted that there 1s no apprentice- 
ship m the British sense; no age-hmit to traimng or 
re-tramung, no restricted entry save for the 1equirements 
of the economic plan, and a highly concentrated and 
mtensive basic period of vocational trainmg covering a 
maximum of three years, with regular tests on perform- 
ance leadmg to standard tests, as well as powerful ncen- 
tives to further study and up-grading Promotion to 
foreman is mcreasmgly made on completion of the full 
eleven-year period of secondary education and foreman 
tramig 1s done on a part-time basis Mr Perry also 
notes, of grants and scholarships, that m this controlled 
society, dedicated to egalitarian principles, the carrot of 
financial mcentivo seems to have superseded the stick of 
compulsion 


Training of General Practitioners 


Tere has been, m Britam and other countries, much 
discussion recently of the training of the general medical 
practitioner Most European countries are, hke Brita, 
suffermg from a shortage of doctors and from overcrowded 
medical schools and many feel that the existmg methods 
of trammg medical students for general practice need 
revision The general practitioner occupies & unique 
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position imn the community, and the rapid changes that 
are occurring, not only m medical and surgical knowledge 
and practice, but also in the general structure of our 
civilzetion, demand that the education of the general 
practitioner shall be from time to time emtically reviewed 

As a contribution to this need, the World Health Organ- 
ization held, at Edmburgh m 1961, a conference on the 
“Traming of the Doctor for us Work m the Community” 
and ths was attended by 38 experts from 22 European 
countries and the USSR The papers given by eight of 
the principal speakers at the conference have been pub- 
lished by the World Health Organization as No 20 m 
the series of Public Health Papers (Pp 114. Geneva 

World Health Organization, London HMSO, 1963 

4 Sw. frances, 6s 8d, 1.26 dollars). 

The first contribution, entitled ‘Tho Work of the 
Physician in the Community”, 1s by Dr R. Scott, director 
of the General Practice Trammg Unit, University of 
Edinburgh. Prof. R. Senault, professor of hygiene and 
social medicine, Faculty of Medicme, Nancy, France, 
follows with a paper on the present preparation for 
medicine, and Dr. J R Elhs, secretary of the Association 
for the Study of Med:eal Education, discusses remedies 
for existing faults m Britain's educational system Prof 
E. E Boesch, Unit of Psychology, University of the Saar, 
Saarbrucken, discusses the psychological basis of the 
physician’s education Prof. L Vandendriessche, pro- 
fessor of physiological chemistry, University of Ghent, 
deals with the part played by psychology, biochemistry 
and the basic sciences 1n the education of medical students, 
and Prof Villars Lunn, professor of psychiatry, Rigs- 
hospitalet, Copenhagen. discusses ways of educating them 
by psychiatry. Methods of helping them by the study of 
social medicme are discussed by Prof R. Berfstam, pro- 
fessor of social medicine, University of Uppsala, and Dr 
W Hobson, chef of education and traming of the World 
Health Organization European Regional Office, concludes 
the volume with a paper on international, national and 
local measures that may be taken to bring about desirable 
changes ın medical education m Europe 


Biomagnetics 


THE second International Biomagnetic Symposium was 
organized by M F Barnothy durmg November 29-30, 
1963, on the Medical Campus of the University of Ilimois, 
Chicago Eighty participants from the United States and 
from overseas took part Twenty-one papers, five theoreti- 
cal and sixteen experimental, were presented Nine papers 
reported on effects found in strong magnetic fields Unless 
otherwise stated, the fields were homogeneous, ranging 
from 3,000 to 15,000 oersteds J M SmithandE L Cook 
(Cinemnat:) found an increase in the activity of trypsm 
(non-lyophilized) G A Akoyunoglou (Athens) found an 
inerease m the activity of carboxydismutase W Reno 
and L Nutni (Cmemnati) observed a decrease m the 
oxygen uptake in sarcoma-37, Ehrlich adeno-carcmoma 
and very early mouse embryo kidneys, but none m adult 
mouse kidneys A mmimum was found in the weight 
curve of young mice on the second day of their exposure 
to the field (J M Barnothy, Evanston, Ilhnois)) An 
inhibition was observed in S aureus cultures during ther 
maximum stationary phase (H G Hedrick, Fort Worth) 
I Sumegi (Stockholm), J M. Barnothy and M F Bar- 
nothy (Illmois) described different pathological changes 
in spleens, livers, adrenals and bone marrow of mice 
exposed to magnetic fields N Amer (Berkeley) found 
that the number of wing abnormalities produced by 
X-ray uradiation of Trbohum confusum decreases when 
the pups are, subsequent to irradiation, incubated m a 
magnetic field M F Barnothy reported that leuco- 
cytosis produced through a treatment of homogeneous 
fields reduced the radiation mortality of mice at 800 r 
by 27 + 3 percent R P Meriele L W Merle, W F 
Campbell and D J Montgomery (Michigan) observed an 
inhibition of the germmation of barley seeds, m equal 
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amounts, when the seeds were radiated with X-rays 
(50,000 r ), or exposed to magnete fields (3,000 oorateds, 
hom), but the ecombmed effect of irradiation and field 
produced a more than additive effect Two papers dealt 
with the effects of the geomagnetic field. Y Rocard 
(Paris) found that, on locations where dowser reflexes are 
observed, the geomagnetic field exhibits anomalies with 
gradients of the order of 03-1 x 10-5 oersted cm. He 
was able to obtain similar dowser reflexes when a gradient 
of this order was artificially produced through concealed 
electric cols. G Becker (Berlm—Dahlem) observed that 
many insects rest or take off in directions which agree 
with the four cardial directions of the Earth's magnetic 
field L. N. Mulay and I. L. Mulay (Pennsylvania) 
described a method for measuring the susceptibility of 
biological materials, utihzmg the modified shape factor 
differences m magnetic resonance Further mformation 
concerning the symposium and copies of the papers read 
can be obtamed from Dr. J. M Barnothy, Biomagnetic 
Research Foundation, Evanston, Illno. 


Diamonds in Atomic Energy Research 


THREE short Ulustrated articles by members of the 
Atomic Energy Research Establishment, Harwell, have 
been reprmted from the April, May and June 1963 issues 
of The Industrial Diamond Review and issued as a separate 
pamphlet entitled Diamonds ın Atomic Energy Research 
(Pp. 10. London The Industrial Diamond Information 
Bureau, 1963). The machming of aluminium oxide 
(sapphire) single crystals, the diamond grmding of mag- 
nesium oxide, and the diamond grindmg of ultra-thm 
ceramic petrological sections are the titles of the three 
articles. Ceramic materials are of eonsiderable mtérest 
to the Atomic Energy Authority, sınce the drive for 
higher efficiency ın atomic power production requires an 
increase m the temperatures that reactor materials must 
withstand. Ceramic materials aro, however, generally 
brittle with poor resistance to thermal shock, and con- 
sequently before ceramic materials can be used as reactor 
matenals their basic properties have had to undergo 
considerable mvestigation The preparation of specimens 
for mvestigation led to the work described ın the threo 
articles m the pamphlet, and they contain much valuable 
technical mformation 


Fauna of New Zealand Sand Beaches 


R J. MacInryrz bas written an interesting account 
of the supra-httoral frmge of New Zealand sand beaches, 
in which data on the key environmental factors of this 
specialized habitat are discussed in relation to thew 
effects on the restricted fauna (Transactions of the Royal 
Society of New Zealand 1, No 8, August 8, 1963. The 
Supra-Initoral Fringe of New Zealand Sand Beaches Pp 
89-103 Wellington Royal Society of New Zealand, 
1963) He suggests that this fauna can usefully be divided 
mto ‘modifiers’, which burrow in order to avoid extremes 
of heat, desiccation, ete , and 'non-modifiers', dependent 
on the chance shelter afforded by drift for assistance in 
withstanding these same adverse conditions The 
‘modifiers’ are mainly burrowmg sand hoppers (with the 
species Talorchestra quoyana» most prominent) with a few 
burrowing Isopoda, beetles, a sandfly and a centipede 
The ‘non-modifiers’ melude the shore hopper Orchesta 
chibensis, the isopod Legia novaezelandaae, two crabs, the 
woodlouse and a few very specialized msects Seagulls 
are the most important predators The deserrptions of 
the range of such environmental factors as temperature, 
salinity, etc, give a useful idea of the extremes to be 
met with m this very lımıted zone, and will be helpful to 
anyone planning more detailed ecological work m the 
future The pont is also made that this simple fauna, 
with large numbers of & very few species, 1s (like an arctic 
or & desert fauna) ideal for mvestigations of population 
numbers The paper shows that a line of ecological work 
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of which the late Prof E. Percival had long been an 
enthusiastic protagonist still flourishes Hence, Mao- 
Intyre’s acknowledgements will please Prof Percival’s 
former pupils and friends in Briteam as well as in. New 
Zealand 
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Quaternary Industries in Poland 


THE site of the Quaternary mdustnies at Racibóvz-Ocice, 
Poland, 1s well known but has only recently been properly 
investigated An article m Foha Quaternarıa (1963), 
published by the University of Cracow, 1s well worth the 
attention of students interested m the Polish Middle Stone 
Age At the site there are three mam layers of loess 
resting on a gravel terrace Between the lowest of these 
and the top of the gravel a thm layer of soil contaming 
remains of pme can be detected This layer, however, 
does not occur farther north Various accumulations of 
loess, which form the three mam series, follow, and 1b 1s 
at the base of the lowest layer that chipped tools first 
appear and continue throughout the upper ones These 
industries, so far as can be judged from the illustrations, 
all belong to the Middle Stone Age and the levallors tech- 
nique can be noted However, a little Upper Palzolthie 
is claimed from the later levels The top of the gravel 
and the earliest loess would seem to date to the decline 
of the mam Wurman glaciation. The article, which 1s 
written in French, is well produced and illustrated, 
sections are also given. 


The Night Sky in April 


New moon occurs on April 12d 12h 38m v T and full 
moon on April 26d 17h 50m The followimg conjunctions 
with the Moon occur April 8d 20h, Saturn 3° N , April 
15d 18h, Venus 6° N Venus is in conjunction with 
Aldebaran on April 14d 22h, Venus being 9° N Mercury 
18 an evening star, visible low in the west after sunset, 
1b sets about two hours after the Sun on April 9, and is 
favourably situated for observation durmg the first three 
weeks of the month Venus 1s an evenmg star, favourably 
situated for observation, settmg at 23h 10m 23h 35m 
and 23h 50m on April 1, 15 and 30, respectively Its 
stellar magnitude 1s —4 0, its distance decreases during 
the month from 73 to 51 milhon miles, and the visible 
portion of the apparent disk from 0 559 to 0378 Mars, 
Jupiter and Saturn are too close to the Sun for observa- 
ton = There 1s one occultation of a star brighter than 
magnitude 6 visible at Greenwich: v Sco m. disappearance 
April 28d 23h 64 2m, reappearance April 29d 01h 09 6m 
The Lyr meteors are active during April 19-22, but 
conditions for observation are unfavourable 


University News * Belfast 


Dr. A R BoormHnoxp, reader m electromes at the 
Imperial College of Science and Technology, has been 
appomted to the chair of electronics, Dr M Rudge has 
been appomted to a lectureship in applied mathematics 


Cambridge 


Tae following elections into fellowship at Churchill 
College, Cambridge, have been announced Title A, Dr 
J H Brunton, of Gonville and Caius College and Univer- 
sity lecturer-elect in engmeermg, L M Harvey, of St 
Catharine’s College and deputy secretary general of the 
Faculties le B, T Lewis, for research m management 
studies durmg July-September 1964 (Allen Clark senior 
research fellowship), Dr R R Farquharson, for research 
m management studies from October 1, 1964 (Allen Clark 
senior research fellowship) le F (Overseas Fellowship), 
Prof. J J Michalski, of Christ's College and professor of 
organic chemistry at Lodz Teckmeal University 


London 


Pror M W Tarma, professor of fuel technology and 
chemical engineermg in the University of Sheffield, has 
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been appointed to the chair of mechameal engineering 
tenable at Queen Mary College Dr K. R Dumbell, 
senior lecturer m bacteriology m the University of Liver- 
pool, has been appomted to the Flemmmg chair of virology 
tenable at St Mary's Hospital Medical School. Dr. D R 
Hughes, assoetate professor in the University of Michigan, 
has been appomted to the readership m mathematics 
tenable at Westfield College. Dr W. B Robertson, 
senior lecturer m morbid anatomy in the University of 
the West Indies, has been appointed to the readership in 
morbid anatomy tenable at St George’s Hospital Medical 
School The followmg titles have been conferred pro- 
fessor of mathematics, on Dr J Taylor, m respect of his 
post at Westfield College, reader in crystallography, on 
Dr J W Jeffery, in respect of his post at Birkbeck 
College, reader in geophysics, on Dr. R G Mason, m 
respect of his post at the Imperial College of Science and 
Technology 


St Andrews 


TEE following appomtments to lectureships have been 
announced St Salvator’s College, Dr B. C Chalhs 
(chemistry), Queen's College, J J MeMullen (physics), 
and Dr A W. Murray (chemistry) 


Announcements 


A SYMPOSIUM 1n memory of the lato Prof E J King 
arranged by the Association of Chmeal Biocherusts, will 
be held at the Postgraduate Medical School, London, on 
April 18 "The speakers will be former colleagues of Prof 
King, and them papers will review and report recent 
advances mn several fields of clinical biochemistry Further 
information can be obtamed from Dr D W Moss, 
Postgraduate Medical School, Ducane Road, London, 
W 12 


A counsE on “Comparative Physiology and Pathology 
of the Skin”, arranged by the School of Clinical Research 
and Postgraduate Medical Teaching and the School of 
Vetermary Medicine of the University of Cambridge, will 
be held in Cambridge during April 6-11 Subjects to be 
considered will mclude comparative dermatology, hair, 
nutritional influences on the skin; porphyria and hght 
sensitization, the mast cell, immunology, tumours of 
the skm Further mformation can be obtamed from the 
Secretary, University Medical School, Tennis Court Road, 
Cambridge. 


A CONFERENCE on “The Use of Electron Microscopy, 
Diffraction and Probe Analysis in the Identification of 
Preeipitates in Solide”, arranged by the Electron Micro- 
scopy and Analysis Group of the Institute of Physies and 
the Physical Society, will be held at the National Physical 
Laboratory, Teddington, durmg April 16-17 The pro- 
gramme will be devoted to the identification of crystal 
structure and analysis of preeipitates in thm films and 
extraction 1eplicas Further information can be obtamed 
from the Admmustration Assistant, Institute of Physics 
and the Physical Society, 47 Belgrave Square, London, 
S W 1. 


THE annual conference of the Ergonomics Research 
Society on “The Psychological and Physiological Assess- 
ment of Work Capacity and Work Load” will be held at 
the Welsh College of Advanced Technology, Cardiff, 
during April 6-9 Topics under discussion will include 
job redesign for the older worker, the concepts of 
capacity and load in relation to work, assessmg mental 
load ın process operators, visual fatigue, measurmg 
fatigue over a twelve-hour spell of driving, effects of 
monotony on psychophysical functions, the measurement 
of energy expenditure, psychological and physiological 
assossment of working capacity Further mformation can 
be obtamed from J Spencer, Department of Psychology, 
8-10 Berkeley Square, Bristol 8 
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INTERACTION OF SCIENCE, GOVERNMENT AND INDUSTRY IN 
NEW ZEALAND 


T & recent issue of the New Zealand Sewnce Revww (21, 
No 3,1963) Dr R M Williams, of the State Service 
Commission, Wellmgton, discusses the responsibihty of 
Government m scientific research and development 
Distmguishmg between research primarily directed at 
exploiting existmg knowledge and that which primarily 
aims at extending knowledge, rather than between pure 
and applied research, he considers five ways in which 
Government can promote research ‘The first, which is 
the method most frequently used m New Zealand, 1s 
by the direct employment of scientists this method he 
considers will remain important, though he rejects the idea 
that Government departments should be hmited to applied 
research or services The second method, that of using 
consultant firms, has not yet been used with complete 
satisfaction, however, the third, that of usmg non-profit 
organizations, while open to abuse, has proved valuable in 
financing university research In New Zealand it is 
exemplified by earmarked grants to universities, and Dr 
Wilhams suggests that the value of this work would be 
enhanced if the universities directed more attention to 
the nature of the appheants’ mterest n research ın making 
appointments The fourth method, that of the research 
association, he regards as one of the most worth-while 
for expansion, but he stresses the need for vigorous and 
enhghtened direction The fifth method, research in 
private industry, 1s weak in New Zealand, but Dr Williams 
does not suggest that Government responsibility should 
extend beyond encouragmg those firms who are willing to 
help themselves m this work Finally, considering the 
proposed National Research Council, he pomts out that 16 
1s essential that ıt should have a strong representation of 
those with executive and advisory responsibilities 

A second paper m the same issue, by I E Dick, of 
the New Zealand Department of Scientific and Indus- 
trial Research, on science m industrial development, 


throws further hght on the position of science m New 
Zealand and the outlook of scientists Mr Dick discusses 
more particularly the problems likely to confront scientists 
who may be called on to take an mportant part m determ- 
img policy m dustrial development He suggests that 
the value of a scientist at board-level depends very 
largely on his ability to view the whole complex of opera- 
tions in a thoroughly scientific manner He should not 
regard his responsibility as limited to the technological 
problems with which his professional trammg has made 
him primarily famihar Accordingly, he should be at 
particular pais to acquire technical understandmg of 
these wider problems from the appropriate specialist 
periodicals, 

Discussmg the various ways m which science can be 
used to promote mdustrial development, Mr Dick 
suggests that leaders m science and the eppropnate 
scientific organizations m New Zealand are to-day, on 
the whole, displaymg a lamentable lack of muitiative, 
intellectual courage and foresight m regard to the choice 
of avenues of mdustrial development which look feasible 
and desirable, both technically and economically In 
support of this contention, he cites the absence of a 
pubhe statement, convincingly argued, on the part that 
science can play m mdustrial development or national 
life, and the excessive reliance of leading scientists m 
New Zealand on overseas scientists He sees no merit m 
seokmg solutions to problems m New Zealand from over- 
seas scientists, and, while admitting that New Zealand has 
much to learn from overseas scientists, he suggosts that 
such help can best be given m an advisory capacity to a 
committee of New Zealanders appomted to deal with a 
specific problem Mr Dick 1s convinced that Now 
Zealand scientists are fully competent to handle the 
problems which confront them provided they are given 
competent leadership and public confidence 


SEARCH FOR OIL IN AUSTRALIA 


Il the brief account of present petroleum 
exploration activities ın Australa recently published 
in Nature (200, 123; 1963), two further official reports 
have been received giving details of drillmg operations, 
both in Queensland * 

Pubheation No 15 deseribes the Overflow No 1 well 
drilled by the Queensland American Oil Co on the South 
Moreton Anticlme oceurrig m south-east Queensland 
The target depth of this project was 6,500 ft, but ıt 
actually finished at 2,993 ft The well was drilled m 
Bundamba Sandstone (Triassic) to 310 ft , thence in the 
Ipswich Coal Measures down to 1.605 fb, followed by a 
thick sequence of volcanie rocks of probable early Triassic 
or Upper Paleozoic age to the pomt where it was 
abandoned It was found that mnor oil and gas showings 
were associated with the coal seams, but poor petroleum 
prospects once the voleanie rocks were penetrated, coupled 
with extremely hard drilmg, determined the finish of 
operations some 3,500 ft short of the horizon aimed at 
This was an unusually short-hved project. the well bemg 
spudded in on April 8, 1960, and abandoned as a dry hole 

* Australia Department of National Development Bureau of Mineral 
Resources, Geology and Geophysics Petroleum Search Subsidy Acts 
Publication No 15 Queensland Amerwan The Overflow No 1, Queensland, 
of Queensland American Oil Company Pp 21+1 plate Publication No 41 
Philyps-Sunray Buckabie No 1, Queensland of Philips Petroleum Company 
and Sunray Mtd-Continent Company Pp 43+1 plate (Canberra City, 


ACT Department of National Resources, Bureau of Mineral Resources, 
Geology and Geophysics, 1962 and 1963 ) 


on May 18, 1960 It ıs concluded that the South Moreton 
Anticlne structure does not warrant further exploration 
largely because of the lack of porosity and permeability 
of the Ipswich Coal Measures, also the presence of a for- 
midable development of volcanic andesites, basalts and 
trachytes, a series which certamly does not invite 
oil prospecting. 

In Publication No 41, an account is given of a much 
deeper venture, the Phillips-Sunray Buckabie No 1 well, 
drilled by the Phillips Petroleum and Sunray Mid- 
Contment Oil Companies, carmed to a total depth of 
9,070 ft Tt 1s reported that this hole penetrated a normal 
Cretaceous and Jurassic sequence of deposits known at 
this site (about 110 miles west of Charleville, southern 
Queensland) from previous water-borehole data, and 
accounting for some 5,000 ft of strata This well was 
logged with electric, radiation and acoustic tools 
"Regional seismic surveys mdicated that the known section 
of the Great Artesian Basin overlies with angular uncon- 
formity, stratified rock up to 15 000 ft thick This deeper 
sequence had not been penetrated by the bit and its age 
and lithology over wide areas were completely unpredict- 
able" Thus, although valuable geological knowledge of 
this part of the basin was gamed as a result of this drilling, 
no appreciable shows of oil or gas were met with, when 
at 8,810 ft the well entered a dense steeply dipping 
metamorphosed mudstone, 1t was obvious that no further 
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hope of success could be entertained and the site was 
abandoned as another dry hole after 260 ft had been 
added to that depth 

Both these reports are admirably produced, and apart 
from meluding maps, plans, structural data and detailed 
well-logs, the geophysical, paleontological and petrological 
details obta:ned from the well-samples recovered are fully 
documented Notwithstanding that both these Queensland 
projects merely add to the discouragingly long list of 
failures to find commercial oilpools m Australa, at least 
one success has to be recorded With the start of a 
pipeline from the Moone field to Brisbane, what is de- 
seribed as ' the begmning of the end of a long and 
arduous undertaking to produce Austraha’s first com- 
mercial oilfield? has undoubtedly given a fihp to ou 
exploration at least in this part of the Contment. According 
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to The Australan Mineral Industry (16, No 1, September 
1963) the Moone pipeline is to be equipped with one 
pumping station on the oilfield and rb will mutially be 
capable of delivering up to 10 000 barrels of erude oil per 
day Should future developments and discoveries warrant 
it, the capacity of the line can be boosted to 57 000 
barrels per day; this would necessitate erection of three 
more pumping stations There 1s definitely some hope m 
the Moonie area because one woll Moonie No 17, produced 
o1 at the rate of 1,891 barrels per day through a }-m 
choke durmg a production test on two zones, an upper 
and a lower; it 1s the second of 15 successful wells 
m this field to produce from these zones A gas 
production rate of 213,000 ft* per day, also proved, 
lends further encouragement to contmuo the search 
H B MrNER 


DOMESTIC FOOD CONSUMPTION AND EXPENDITURE IN BRITAIN, 196! 


Te pattern of food supplies m 1961 was broadly 
srmuar to that in 1960, but some trends in the level 
of supply of individual commodities contmued Thus 
supphes of milk, cream, cheese and eggs moving into con- 
sumption again mereased while those of fish and flour 
contmued to deeline Total supplies of meat rose to 128 Ib 

(edible weight) per head ‘The total level of Supply of 
butter was almost as great as m 1958 and resulted in a 
curtailment of demand for margarme Supphes of 
potatoes were slightly greater than m the previous 
year, but those of most fresh fruits and vegetables declined 

These facts are given ın the annual report of the National 
Food Survey Committee entitled Domestic Food Consump- 
ton and Expenditure, 1961* 

The Report 1s the twelfth of an annual series introduced 
m 1950 relatmg to consumption, expenditure and nutrition 
of private households in Great Britam Evidence is also 
presented that, between 1956 and 1961, differences associ- 
ated with social class and household composition have 
narrowed Food expenditure increased at slightly higher 


* Ministry of Agriculture, Fisheries and Food Domestice Food Consump- 
hon and Expenditure, 1961—Annual Report of the National Food Survey 
Committee Pp vii-124 (London MS O , 1963 ) 8s 6d net 


rates in the lower mcome groups (meluding pensioner 
households) and m large famulies. 

In one of the two special investigations, the report 
shows that the average numbers of earners and the 
average net income per household together with the food 
expenditure per person were shghtly lower m families 
mcludmg an expectant mother than m those without 
Also the differences m type of diet between larger and 
smaller households were accentuated when the housewife 
was pregnant The other special investigation examines 
the impact on the demand for carcass meat of the expan- 
sion of the poultry industry between 1956 and 1961 This 
shows that since 1959 the consumption of carcass 
meat has not decreased m spite of mereased consump- 
tion of poultry 

Apart from tables contammg extensive data relating to 
consumption, nutrition and expenditure, the appendixes 
include an account of the methods used m conducting the 
survey and analysmg the results Although the National 
Food Survey 1s primarily intended to provide mformation - 
for the Government, its findings should be of interest to all 
who are interested 1n nutritional and dietary matters and 
production of food for tho home market D Prarson 


TOOTH REPLACEMENT IN THE MAMMAL-LIKE REPTILES 


N any attempt to derive the mammals from the reptiles, 
I one of the problems encountered in the past has been 
the virtual impossrbihty of reconcilmg the apparently 
different methods of tooth replacement found 1n these two 
classes Thus Dr A W Crompton’s recent analysis of the 
situation in some of the most mammalian of the mammal- 
like reptiles, the eynodonts, 1s of considerable interest, for 
he demonstrates that withm this small group both types 
of dentition are represented * 

From a more complete series of developmental stages 
than has hitherto been known, Dr Crompton confirms m 
Thiwmnaxcdon Parnngton's contention that the teeth are 
replaced alternately, and he shows further that the wave 
of replacement passes from back to front along both the 
odd and even teeth, exactly as m typical reptiles This is 
despite the mammalian appearance of the teeth them- 
selves In the gomphodont cynodonts, on the other hand, 
Crompton observes that ın contrast to the situation m 
Thrinaxodon, the replacement 1s from front to back, while 
there is no sign of an alternate succession This latter 
dentition therefore parallels that seen in the mammals 


* Annals of the South Afrwan Museum, 48, Part 20 Tooth Replacement mn 
the Cynodont Thrinaxodon horhinus Seeley By A W Crompton Pp 479- 
521 (Cape Town South African Museum, 1962 ) 75 cents 


Crompton’s observations thus help to confirm the theory 
recently postulated by Edmund on tooth replacement 
patterns (Contrib Roy Ontario Mus , Infe Seo Dw , 52, l, 
1960) He suggests that ımpulses travel along the dental 
lamina initiating the development of successive tooth 
germs, and where consecutive impulses are spaced at a 
distance of twice that between tooth germs, then a fully 
alternate dentition results If, however, there 1s shghtly 
more than this distance between impulses, there 1s a time 
lag before the more anterior teeth appear, so that the wave 
of replacement of both odd and even teeth will appear 
to be from back to front of tho jaw If the interval 18 loss 
than twice this distance, then the wave will appear to 
travel in the reverse direction 

Edmund further believes that each animal possesses 
more than one generation of teeth, or ZahnreWe, and, 
again using Edmund’s theory, Crompton shows that in 
Phrnaxodon there 18 an endless succession of Zahnrethen, 
while ın the gomphodont eynodonts there are only two, 
part ofthe second being suppressed  Itis this reduction of 
Zahnrewen which accounts for the lack of an alternate 
succession m the gomphodont cynodonts, as 16 does in the 
mammals where part of the second Zahn eie 18 also sup- 
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pressed Clearly, therefore, Dr Crompton’s work 18 of 
some considerable significance since, by his analysis of two 
apparently opposed dentitions within one small group of 
mammal-like reptiles, he ıs able to support strongly the 
view put forward by Edmund, that the method of tooth 


FORMATION OF SEDIMENTARY 


NATURE 


March 14, 1964 


replacement m the mammals can be derived quite simply 
from that known in normal reptiles Thus the supposed 
fundamental difference between the ieptiles and the 
mammals ın this 1espect can now be seen to be more 
apparent than real L B H Tarto 
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BASINS BY DUCTILE FLOW OF 


ISOSTATIC ORIGIN IN THE UPPER MANTLE 
By De. M H. P BOTT 


Department of Geology, University of Durham 


E the muddle of the nmeteenth century, James Hall! 
observed that an aggregate thickness of 40,000 ft of 
Paleozoic rocks mostly bearmg evidence of shallow water 
origm were deposited in the Appalachian region (later to 
be named the Appalachian geosynelmal by Dana’) He 
ferred consequently that sedimentation kept close pace 
with a gradual or periodie subsidence 

A similar problem 1s posed by sediments of Carboniferous 
age deposited m central and north Great Britain, although 
these were formed in intra-cratomc basms and troughs 
rather than in an orthogeosynclme Lower Carboniferous 
sediments vary considerably in thickness, and in certain 
regions such as the Midland Valley of Scotland’ and the 
Mid-Northumberland Trough!-* they reach thicknesses of 
the order of 6-8,000 ft, sedimentary indications" such 
as coal seams and rootlet beds ın association with shallow 
water marme limestones show that deposition took place 
not far from sea-level thoughout Similar thicknesses 
and variations m. thickness are also known for the Upper 
Carboniferous roeks?, for example, the Millstone Grit 
attains thicknesses of 4—7,000 ft 1n the Cential Pennies 
and the Coal Measures attain 8,000 ft in the Lancashue 
coal basm, the presence of occasional mame bands m 
association with fresh- to brackish-water deposits with 
coal seams and rootlet beds shows that deposition took 
place close to but generally slightly above sea-level Thus 
the direct inference can be made that major differential 
subsidence was takmg place at approximately the same 
iate as sed@mentation throughout In the Lower Car- 
bonifeious, some of the differential subsidence 1s known to 
have occurred along relatively narrow belts bounded by 
hinge lines, one of these forming the southern boundary 
of the Mid-Northumberland Troughi-* A further inter- 
esting feature of Carboniferous sedimentation m Butamn. 
is the pattern of cyclotheme (rhythmic) sedimentation 
seen when the average level of deposition 1s close to or 
shghtly above sea-level, in the Lower Carboniferous the 
Yoredale facies consists ideally of a repeated sequence of 
limestone, shale, sandstone and coal, and m Coal Measuies 
the generalized sequence 1s marme band shale, sandstone 
and coal seam Each umt, or cyclothem, 1s about 100 ft 
thick The simplest direct explanation of these repetitions 
is periodic rapid subsidence of about 100 ft with 
mtervening periods of relative quiescence’, although 
explanations involving continuous subsidence have also 
been suggested Westoll?® gives a summary of hypotheses 

A source for British Carboniferous sediments requires 
& mountam region considerably more substantial in 
volume than present high ground m Britain The early 
appearance of dominantly non-marine sediments in the 
north and mdications coming from current bedding and 
channels conspire to suggest that the mam,source of the 
sediments hes to the north Tt is tempting to equate this 
source with the Caledonian mountain range which erossed 
north Scotland with a north-east stmke To complete 
the paleogeographie setting’, the Hereyman geosynehne 
covered part of south England and the merient Amorican 
mountain chain lay even faither to the south 


Hall! explamed the close balance between sedimentation 
and subsidence ın the Appalachian 1egion by attributing 
the subsidence to the weight of the accumulating sedi- 
ments ‘This mechanism, however, has been shown. (fo: 
example, Jeffieys'!) to be madequate on classical ideas 
of 1sostasy, since the load of sediments completely filling 
2 sea can only cause sinkmg shghtly greater than the 
origmal depth of the sea, which 1s demonstrably shallow, 
further smkmg can then only occur if sediments arc piled 
up progressively above sea-level Dana? explained both 
the sinking of the Appalachian geosyncline and the subse- 
quent mountain building movements as caused, by lateral 
compression due to a contracting Earth, but this 
explanation ıs clearly inadequate to account foi the 
epeuogenie Carboniferous 1ntra-cratonic basins of Butun 
Barrelli? later gave an explanation for the disposal of 
sediments im excess of the volume needed to fill a subsiding 
basin by suggesting the excess sediment cannot be 
deposited above the local ‘base-level’ of deposition and is 
therefore carried to more distant regions, this, however, 
does not give a mechanism for the subsidence and can only 
account for the disposal of sediment m excoss of the 
requirements for filing the basin 

Thus there 1s a major outstanding problem over the 
mechanism of subsidence of sedimentary basms and 
geosynchnes other than those of primary origin Two 
associated problems concern the close balance between 
subsidence and sedimentation and the cause of rhythmic 
sedimentation These problems are discussed, here prim- 
aiily m relation to the British Carboniferous basins, since 
the contempoianeous subsidence and balance between 
subsidence and sedimentation can be demonstiated But 
ib is considered that tho hypothesis advanced is also 
relevant to other sedimentary basins and some geosyn- 
clines, notably the Old Red Sandstone and, Permo-Tiassi¢ 
basins of Britain and the Lower Paleozoie eugeosynelino 
of Britain ; 

Subsidence of the magnitude involved in geosynehnes 
and lage sedimentary basins undoubtedly affects both the 
erust and the uppermost mantle If the Eaith’s volume 
is to remain constant 1t 1s logical to postulate that down- 
warping and subsidence must usually be accompanied by 
complementary upwarps of approximately similar volume 
and that these complementary movements aie ]mked by 
a lateral flow at some depth beneath, presumably within 
the upper mantle (Exceptions to the postulate include 
subsidence due to outpourmg of igneous iocks at the 
surface and possible changes m the Earth's volume due to 
phase changes in the upper mantle, etc ) Complementary 
subsidence and uplift has been recognized for yoked 
sedimentary basms (zeugogeosynclines’*) such as the 
Denver basin of Pennsylvanian and Permian age linked to 
the rise of the ancestral Rocky Mountems and for the 
exogeosynelines and epieugeosynelines of Kay, it has 
also been recogmzed for orthogeosynchnes in the concept 
of the geantichne It has not, however, been so widely 
recognized for sedimentary basins such as the Carbonfer- 
ous and Permo-Trassic intra-cratonic basis of Gicat 
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Britain, possibly because coarse detiital sediments giving 
direct evidence of rapid uphft are only abundant locally 

It 1s thus suggested that the mechanism responsible for 
the subsidence ıs primazily to be found m the repeated 
cycle of uphft and erosion of mountams in response to 
isostatic forces Each time the mountains rise isostatically 
16 1s postulated that the material flowing mwards beneath 
1s drawn from the upper mantle m the neighbourmg regions 
causing their subsidence, m contrast to the tacit assump- 
tion of Airy’s hypothesis of 1sostasy!-15 that the inflowing 
material 1s diawn uniformly from the whole spherical shell 
of the upper mantle The mechanism envisaged may be 
summarized as follows 

(1) A region out of isostatic equilibrium due to a 
deficiency of mass is uphfted towards isostatic equilibrium 
and the resulting inflowmg maternal 1s withdrawn mainly 
hom the mantle of the neighbowing 1egions causing 
subsidence, this subsidence ıs approximately equal in 
volume to the uplift 

(2) The uphfted mountams are paitially eroded 
(probably not to base-level) and the sediments are mamly 
deposited 1n the subsidmg basins or troughs As a result 
of the erosion the mountams ale agam thiown out of 
isostatic equilibiium until the resultmg stress differences 
become great enough to mitiate a further stage of uphft 

(3) Stages (1) and (2) are successively repeated until 
either the mass deficiency has ceased to be sufficiently 
significant or the ciustal stress régime becomes less 
favourable to the process 

The hypothesis advanced in the last paragraph 
challenges the classical concept of isostatic 1ecovery 
through uniform mflow diawn from the whole spherical 
shell of the upper mantle Justification for this challenge 
comes fiom the neglect in the classical concept of the 
small finite strength in the uppe: mantle which, if it 
exists, must prohibit uniestiicted flow, and from the 
importance of fiacture by faulting within the crust, as 
has already been taken mto account by Vening Meimesz!* 
in his theory of 1ft valley formation Discussion of these 
aspects follows 

Isostatic equilibrium implies the attamment of a state 
of mmimum giavitational potential energy (1f elastic 
strain eneigy is neglected) and can only come about 
through processes of non-elastic behaviour m the Earth 
In formulating the mechanics of isostasy, it 1s usual to 
assume that the Eaith has a strong uppei layer (the 
hthosphe:ie), with biittle facture as the main mechanism 
of non-elastie behaviour in sts upper part Underlying 
the hthosphere 1s a relatively weak 1egion (the astheno- 
sphere) which deforms by ductile flow when the relatively 
small strength 1s exceeded Support for this subdivision 
comes from the prevalence of faulting in rocks seen at the 
surface of the Earth, and the necessity of flow at depth to 
account for the known vertical movements such as have 
already boen discussed here Support also comes from 
iecent experimental investigations by Guiggs et al Y which 
has shown that the transition from buittle fracture to 
ductile flow in compression takes place below 5,000 bars 
at 500°C for all rocks investigated by them apart from 
quartzite—perhaps shghtly higher pressures aie needed 
for fracture under 1elative tension Thus the brittle part 
of the lithosphere probably extends to a depth of the 
order of 15-20 km beneath which there 1s probably a 
tiansitional zone with strength decreasing with increasing 
depth owing to the geothermal gradient 

Thus there 1s support foi approximately correlating 
the hthosphere with the crust of continental regions 
(about 35 km thick), the upper pait only being brittle 
The asthenosphere may similarly be identified with part 
of the uppei mantle Recent seismologieal evidence has 
demonstrated a low velocity layer within the upper 
mantle, the prominent region of low shear velocity 
occuriing between depths of 100 and 200 km? This 
low-velocity layer may be interpreted!? as a relatively 
-weak region corresponding to the asthenosphere, and 
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further suggests that the asthenospheie may be a layer 
of 2-300 km thickness rather than of indefimte down- 
ward extent 

An important facto: which 1s normally neglected in 
isostatic investigations is the supposed fimte strength of 
the upper mantle The stiength needs to be exceeded 
before flow can occu, and the unrestricted flow of the 
viscous theories becomes impossible Thus if the upper 
mantle has a small finite strength there 1s good reason 
to doubt the ‘classical model’ of isostatic 1ecovery mvolv- 
ing inflow from the whole spherical shell One way round 
this dilemma 1s to postulate essentially vertical flow withm 
the upper mantle with lateral flow m the underlying part 
with effectively no strength! Alternatively, isostatic 
readjustments can take place by locahzed flow in the 
upper mantle involving subsidence of the neighbouumng 
crust as suggested in this account 

Jeffreys! investigated the elastic deformation of a 
two-dimensional harmonically loaded ‘erust’ 50 km thick 
overlying a substratum of negligible strength, assuming 
Lamé’s constants A= p= 3 3 x 10" dynes/em?, a subcrustal 
density of 3 3 g/em? and neglecting the Eaith’s cu vature 
Fo: a load of 460 km wave-length, representing &pproxi- 
mately a surface load of 230 km width, he showed that 
the vertical displacements aie only half the values to be 
expected if perfect isostatic equilibrium occurs — Jeffreys's 
formula shows that deviations from isostatic equilibrium 
rapidly fall off with inoreasing width of load so that for 
loads wide than 400 km isostatic equilibrium is effectively 
(moie than 90 per cent) attamed, on the other hand, fo 
loads less wide than 200 km the displacement falls with 
decreasing width to about 3 pei cent of the isostatic 
equihbrium value for 100 km If, however, the elastic 
‘crust’ 1$ only 20 km thick, es may be the case in a recently 
formed mountain range due to tise of the geo-isotherms, 
isostatic equilibrium could effectively be obtained for a 
featme about 200 km o1 more m width These calculations 
lead to the important conclusions that (1) the crust is 
likely to behave ‘passively’ when responding isostatically 
to loads wider than about 400 km, (2) structwes less wide 
than 200 km (except possibly fo: recently formed mountain 
ianges) require non-elastic behaviour in the ‘crust’ if a 
state of isostatie equilibrrum is to be approached This 
suggests indirectly that faulting within the basement must 
have played an important part ın the formation of many 
sedimentary basins It also leads to two feasible models 
for the formation of sedimentary basins durmg isostatic 
rise of mountains 

(1) The ‘elastic basin model’, ın which the lithosphere 
has deformed elastically in response to the underlying 
flow, such basins must have a width of several hundred 
kilometres, and aie relatively rare 

(2) The ‘faulted basin model’ (Fig 1) m which the defor- 
mation of the hthosphere has taken place by faulting 
Relatively small basms can be formed ın this way, and the 
actual prevalence of such basins suggests this model 1s of 
gieatest importance 

The initiation of faulting within the lithosphere requues 
imdependent compression (thiust faults) or tension 
(normal faults) Thus the interplay of isostatic forces with 
crustal stresses of independent ongin appears to be vital 
for the estabhshment of isostatic recovery mvolving 
stiuctures of relatively small width, as was perhaps first 
reahzed by Vening Meimesz in his investigation of iift 
valley formation 

The crux of the geophysical problem ıs the principle of 
mmimum potential energy for the equilibrium disposition 
Neglecting the clastic stram energy and assuming the 
mechanism of 1eadjustment 1s feasible, the final situation 
involving the greatest loss of gravitational potential 
energy will be favoured It ıs easy to compare the loss of 
gravitational potential energy for a mountam range rising 
to equilibrium under the ‘classical model’ with the two 
sedimentary basim models aforementioned It can be 
shown. that the ‘classical model’ and the ‘elastic basin 
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Ig 1 Diagrammatic mode! showing an idealized. version of the ‘faulted basin’ hypothesis for the formation of sedimentary basins due to downdrag 
neararmingmountamrange The mountain structure 18 represented as a crustal thickening, but alternative dispositions of the mass deflciency 
would be equally consistent with the hypothesis (that is, low-density crust or upper mantle) 


model’ both give an equivalent loss of gravitational energy 
m the muitial stages of adjustment, but that the loss 
becomes greater for the ‘classical model’ as the mountams 
approach equilibrium However, in the ‘faulted basin 
model’ the overall loss of gravitational energy 1s nearly 
an order of magnitude greater than for the two other 
models It 18 thus concluded that the ‘faulted basin 
model’ 1s the most favourable from energy considerations, 
and can take place provided adequate crustal stresses are 
present The ‘classical model’ is next most favourable, 
but ıt has already been shown that the mechanism 1s 
impossible 1f the asthenosphere has a finite strength 

It finally needs to be established that an adequate 
amount of subsidence can be caused by the mechanism 
postulated The contemporaneous subsidence and uplift 
could contimue ideally until the loss ın gravitational 
potential energy for an increment of movement approaches 
zero For the ‘elastie basin model’ subsidence 1s probably 
lumted to about 2-3 km and in these circumstances the 
mountain range will still be somewhat out of balance But 
an indefinite amount of subsidence seems to be theoretic- 
ally possible for the ‘faulted basin model’ and certamly 
enough to account for most geosynchnal thicknesses The 
load of sediments adds considerably to the amount of 
subsidence possible in both cases 

If the lithosphere ıs homogeneous, as has so far been 
assumed, a faulted sedimentary basn may form in 
accordance with the mechamsm suggested by Vening 
Memesz for mft valleys m which case the width may be 
about 65 km But surface geology shows that this may 
usually be an over-sumplification 1n that fracture can take 
place most readily along pre-existing Imes of weakness, 
avoiding regions of relatively strong basement such as the 
Alston and Askrigg Blocks in the Northern Pennines Tho 
initial position of a subsiding basın ıs thus likely to be 
controlled by previously existing fracture patterns within 
the basement, and especially earlier lmes of weakness 
Other factors possibly controlling the imtial position. and 
development of basins may melude mhomogeneities in 
strength and structure of the underlying upper mantle and 
variations m. average crustal density A pattern of subsi- 
dence depending partly on pre-existing Imes of weakness 
and partly on crustal mass anomalies (such as the Weardale 
granite) 1s clearly shown by the British Carboniferous and 
Permo-Triassic basins 

The hypothesis also gives a simple explanation of 
rhythmic sedimentation as seen in the British Carbonfer- 
ous rocks A steady subsidence keeping approximate pace 
with erosion might be expected for the ‘elastic basin 
model’; but if subsidence depends on repeated fracture 
and faultmg, periodic rapid subsidence with intervening 
periods of quiescence 1s to be expected 


The hypothesis advanced 1s primarily m explanation of 
eperrogenie and post-orogenie vertical movements Inde- 
pendent mechanisms are needed for prmmary orogenic 
movements and also for the dovelopment of crustal 
stresses to enable the faulting to occur prior to and durmg 
the formation of ‘faulted basins’ J consider that both 
these can perhaps best be understood 1f convection occurs 
within the mantle, s;ince convection theories provide an 
explanation of contemporaneous compression rm. orogenic 
regions and crustal tension in other parts Such con- 
temporaneous compression and tension seem to be needed 
to account for the Carboniferous and Permo-Triassic basins 
of Britain at the same time as the Hercynian orogeny 

The hypothesis advanced seeks to account for the 
formation of sedimentary basins and certam geosynclines 
as due to down drag resulting from flow within the upper 
mantle towards a rising mountain range The mechanism 
1s primarily one of isostatic recovery allowing for a small 
finite strength ın the upper mantle It depends on the 
existence of crustal stress differences sufficient to mitiate 
faultmg, especially normal faultmg The hypothesis 
accounts for the close balance between subsidence and 
sedimentation often observed without an unnecessarily 
strong appeal to Barrells hypothesis of sedimentary 
by-pass It explains why shallow marme sedimentation 
18 characteristic m the Lower Carbomferous m contrast 
to the dominant non-marme conditions in the Upper 
Carboniferous since the porosity and lack of compaction 
give sediments slightly in excess of the source volume, thus 
causing a progressive mse of the base level of deposition 
It gives an explanation for rhythmic sedimentation in the 
setting of a subsiding basin of the faulted margin type. 
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FLOW OF HEAT IN AN IRRADIATED PROTECTIVE COVER 


By M. KOVARIK 
CSIRO Engineering Section, Highett, Melbourne 


HE aim of this article ıs to examine the effect of 

pigmentation ın the body cover of animals as a 
protection against thermal load under conditions of 
simultaneous exposure to solar radiation and high ambient 
temperature At first sight, 1b would appear that a body 
cover of highest radiation absorptance will cause maximum 
thermal load on the axumal body, m view of that, the 
following observation 1s somewhat disturbing "There 1s 
only one mmportant exception to the generalization that 
desert animals resemble ın colour the soil on which they 
hve, but it 13 a most remarkable one m many deserts 
a number of the indigenous animals are black”! 
^ Furthermore, Schleger reports on cattle body tempera- 
ture measurements, undertaken in tropical parts of 
Queensland: “ tho only significant correlation between 
colour and temperature 1s negative, 10, darker animals 
have the lower temperature—the opposite of the relation- 
ship which might be expected from the effect of absorption 
of radiation"? 

The following analysis will reveal that mcreasing 
absorptivity, apart from causing a higher rate of heat 
generation, also reduces the mean depth at which this 
heat generation takes place The resulting heat flow 1s 
divided between the animal body and the surrounding air 
mass 1n such a proportion that the total thermal load on 
the animal reaches a maximum at some intermediate value 
of absorptance rather than for the extremely dark cover 

For the purpose of analysis, the problem 1s divided nto 
two parts the absorption of radiation, and the flow of heat 
resulting from this absorption 

The first part, concerning radiation alone, 1s based on a 
model introduced by Schuster (1905) and modified by 
Dunkle and Bevans? Jt was omgmally employed for 
transmission of radiation through gaseous stars (Schuster) 
and snow cover? A slight modification, mcluded m the 
present analysis, permits consideration of the case of 
different surface reflectivities for radiation incident on the 
boundary surface from the mside and outside! 

The heat flow problem 1s solved for steady state by 
conventional methods The physical model postulated 
has the following characteristics 

(1) The body ıs semi-infinite (x > 0), of constant 
optical properties, 1ts surface laya (0 < 2 < 1) conducts 

1 


heat lmearly, the conductivity bemg K = 
1 


(2) The surface x = 0 ıs thermally coupled to the 
space x < 0 so that the heat flux density from the space 


ta |n u 
? where u, and ta are the tempera- 





s < Qis gi = 
0 


tures of the body surface z = 0 and the space w < 0, 
respectively The space x « 0 represents the ambient 
aur 

(3) The surface v = 113s held at u, = 0 This surface 
represents the blood vessels of the skin 

(4) Radiant energy within the medium 1s perfectly 
diffuse at any depth 

(5) The reflexion coefficient r and the absorption co- 
efficient k, defined by equation (1), are constant 





= Liz) 
de noi Az f(x) (1a) 

= I(x) — f(x) — I(e + Ax) 
dai cid ae NE (1b) 


Here, I(x) 1s the radiant flux density entering a layer of 
the medium of thickness Az 


I(x + Aw) 1s the radiant flux density leaving this layer 
ın the direction of I(x), that 1s, transmitted 

I, 1s the radiant flux density leaving this layer ın the 
direction opposite to I(x), that 15, reflected 

It should be noted that these coefficients, by virtue of 
them definition, can attam any values, even exceeding 
umty An alternative definition may he phrased as 
follows If the number of reflexions per umt depth is ^ 
and the reflectance associated with the z-th event 18 py, 
then r = Zp, 2 = 1,2,3 n, and similarly for the absorp- 
tion coefficient 

(6) The surface x = 0 bas a retlectivity v, rı for radia- 
tion incident fiom the outside and the mside respectively 
The radiant energy flux density 1s considered m two parts 
Y, propagating m the direction of increasing w, Z propa- 
gatmg m the opposite direction If a section of the 
medium. ıs considered, as on Fig 1, the following two 
differential equations result 


dY = — kYdz — rYdx + 7Zdx (2a) 
aZ = kZdv —»Ydx + »Zdx (2b) 
Y z4dZ 





Yt av z 


Fig 1 Radiant flux within medium 


The boundary conditions are (Fig 2) 
Y, ü x n) Zo 





x 
Yo = (17 re) Yi Zo 
Fig 2 Radiant flux at the boundary 1 = 0 
aba = 0 F, = (1-1, Fi + 1:20 (3a) 
Lun (Z+ Y) x 4+ Ys (30) 
G+ o 
The solution satisfymg equations (2) and (3) 1s 
Y = Y,exp(— fa) (4a) 
Z = aY, exp (— Br) (4b) 


where 
Yo = Yi (1 — «(1 — n a) 
B = IU any amp 
a=(k+7 — Br 
From equations (4) 16 follows immediately that the 
albedo, or total reflectance of the body, 1s 


Ro = FY: O-—3))Z24/Y: 


or (8) 
Ro = ra + (1 — Mo) — 00/0 — 212) 
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Tig 3 Heat flow through protective cover 


and the total absorptance 

A=1-R, (5a) 
Now since k(Y + Z)dx 1s the rate of abso: ption of 1adiant 
energy m the infinitesimal section of thickness dv, the 
quantity of heat generated pe: unit volume and time will 
be, at any pomt 

= C oxp (— fv) 
where (6) 
O= Yk ZU + o) 


l-—j,¢4 


The equation of lmeai heat flow in the laya 0< 1 «I 
is then 
(7) 


where V 1s-the heat flux density A solution of equation (7) 
will be given for the ease of equal temperatures at the 
surfaces v = 0, v = I Any other boundaiy conditions 
will bo satisfied by the heat flux density 


W=-P+ VP, 
where V satisfies equation (7) and V 1 satisfies 
dv F, = 0 (8) 


and W satisfies the boundary conditions specified In 
this manner the solution of the problem for an aibitiar y 


div VY =q 


Reflexion coefheient, r = 01 
Surface reflectivity, +> = 0 099 
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set of boundary conditions can be con- 


AIR structed by superposition of the solution of 
equation (7), given here, and an (elementary) 
solution of equation (8) 
If the temperatures on the boundanes 
PROTECTIVE 4, =0 7=1 aie equal, then the heat gda 
COVER generated in the section of thickness dz will 
be conducted to each boundary m inveise 
proportion to rts distance Thus, by super- 
position, the total heat flux density at 
T = 1 will be 
BODY ai y 
V(1)2f vqda (9) 
0 
and at 


(10) 


Substitution from equation (6) into (9) and (10) yields 


VQ) = CD. — (1 + B) exp (-B)]/ge (11) 


In addition to V(1), the body will absorb radiant energy 
at the 1ate given by equation (6), this amounts, for the 


whole body ^ > 1, to Q, = LE q dv 
1 oo 
o Q= V(1) + f C exp (— Bx)dv, o1 
A 0 
Q = C[1 — exp (— g)/g 


Evaluating the mtegial m equation (10) gives, fo1 the 
heat flux density emerging from the protective covei at 
+1=0 = 


(12) 


V(0) = — C [exp (— 8) + B — 1/8? 
which, in. view of equation (12), may be expressed as 
V(0) = — (CR — Q) (13) 


This completes the analysis for the condition. of equal 
temperature at the surfaces v = 0,2 = 1 Itwillbe easily 
seen from equation (12) that the thermal load Q 1s positive 


Reflexion coefficient,» = 1 
Surface reflectivity, ?, = 0 099 
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Tigs 4a and b 
4, Absorption coefficient, Re, total reflectance (albedo), 1 — R,, total absorptance, V(0), heat flu density on the surface æ = 0, Qr, radiant 


energy absorbed per unit area of the body z > 1, 


Q, net total energy flux density entering the body x > 1, that 18, the thermalload All 


energy quantities relative to unit radiant flux density ineident 
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for all values of the optical constants, k, r, fe ıı Further, 
- with $ approaching zero, Q tends to zero as 4/k. Because 
of the p- factor. in the expression (12), Q also tends to zero 
with k (and 8?) increasing indefinitely. Consequently, 
Q must have a maximum for some intermediate value 
of the absorption coefficient. Since the total absorptance 
‘(see equation 5a) is a non-decreasing function of k, the 
- assertion is proved for equal temperatures at the bound- 
“aries of the protective layer. 
-o A- graphical representation of Q, V(1). V(0) and total 
- absorptance.is given in Fig. 4. It will be noted that at 
low absorptances, the radiant energy transmitted by the 
i protective layer and absorbed by the body (Q,) contributes 
` substantially to the thermal load and eompensates for 
the advantage of high albedo. The heat flux density 
T(0) must be removed from the surface x = 0to maintain 
the boundary condition u, = u, Forany other boundary 
condition, (0) must be redistributed as discussed further. 
We shall now consider the case of boundary surface 
(a = 0) temperature determined by the steady-state heat 
between the body and the ambient air with the simul- 
eous absorption of radiation. 
For the flux density V, of equation (8), we may write: 


[Vi + V(0)]s, = ua — tte (14a) 
(145) 




























































Vas, = Uy — ty 


where sy s, are the thermal resistances of the interface 
-œ = 0 and of the protective cover respectively. 
Equations (14) yield: 





s 1 zm x 
V, = LIONE [us Uy — So F (0) | (15) 


The only part of V, dependent from the absorption of 
radiation is the term: 





Eu US V(0) 


F; = 
r 8i +8 


CY^LECTRON paramagnetic resonance spectra of short- 
^4 lived free radicals in liquid have been obtained by 
application of the continuous-flow method of Hartridge 
and Roughton'. In these previous electron paramagnetic 
resonance experiments flat, thin aqueous solution sample 
cells appropriately positioned in the microwave cavities 
were utilized to minimize dielectric losses that reduce 
othe sensitivity of deteetion?-*. At maximum flow rates of 
42 ml/see and with 0-10-0-14 ml. of ‘dead space’ 
between mixing chamber and flat cell*:5, reaction products 
entered the flat cells at about 20 msec after mixing’. Free 
radicals with lifetimes as short as 10 msec can be investi- 
gated in this way’, but preliminary investigations have 
suggested that some free radicals of biological interest 
decay more rapidly than this’. Furthermore, large volumes 
of reactants were consumed in these measurements®, 
precluding similar examination of biological or biochemical 
materials available only in limited amounts. 
- Bray’s technique of sudden freezing of free radical 
Teaetions*. requires minimal expenditure of substrate 
while providing resolving times!?:!!, comparable with those 
"reported for the constant-flow method. However, electron 
paramagnetic resonance spectral lines from radicals 
oriented randomly in the solid-state are broadened asym- 
metrically? so-as to obscure most:or all of the hyperfine 
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; i 
Vp oe V(0) 


where m = 1 + osse ue ae 
Adding V, to the effect of radiation at equal surface 
temperatures, and substituting for V(0) from equation 
(13), we obtain: ise 


or: 


-0 





















where Q’ is the energy flux density into 
due to radiation, regardless of the amb 
It ean. be seen that, if the thermal res 
protective cover inereases indefinitely, m in 
out limit and Q’ becomes equal to Q. the the 
the simplified case of equal surface temperat 
Further, as discussed earlier, with k mereas 
itely, Q tends to zero. Q’ then becomes: . 
Lim Q s(t i 
k— wo ; 
This can be easily verified once 
creasing coefficient of absorpti 
beyond-x_=_0 tends to be immedi 
heat thus generated divides between th 


a 2081 
in proportion 3 
9 


Therefore, for a sufficiently large value o 
resistance of the protective layer, an increase 
pigmentation beyond a certain value result 
of the thermal load. T 

Since these results offer a plausible 
certain observations which so far appeal 
it is hoped that they shall contribute to t 
of an interesting natural phenomenon... 
1 pu P, A., Animal Life in Deserts (Edward Arnold and. 
* Sehleger, A. V., Austral, J. Agric, Res., 18 (September 1982). 
5 Dunkle, R. V., and Bevans, J. T., J. Meteorol., 18 (April 1956), 
* Giovanelli, R. G., Optica Acta, 8 (September 1956), . j ume 
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detailu, Since resolved isotropic hyperfine structure 
provides information about the electronic configuration of 
the free radicals and frequently allows positive identifica- 
tion of the species involved, the apparatus described here 
utilizes the continuous-flow method of maintaining à. 
steady-state concentration of labile  free-radi 
electron paramagnetic resonance spectrometry. Compan 
with previous equipment?~*3, improvements have bee 
made in the reduction of dead time and in conset 
of material. P 
Spectrometer system. Varian X-band electron para- 
magnetic resonance spectrometers with 100-ke/s field ~ ` 
modulation and phase-sensitive detection have been used. 
with rectangular TE,,, microwave cavities. Initial work 
was done with a 6-in. electromagnet and a eurrent- 
regulated power supply. Later a 9-in. magnet powered by 
a 'FieldiakR? magnetic field regulator with a Hall effect 
field sensor was employed. The ‘Fieldial’ calibration 
was checked with a small sample of polycrystalline . 
2.2-diphenyl-l-pierylhydrazyl taking its g-value to be 
2-0036 (ref. 12) and measuring microwave frequeney with _ 
a frequeney meter. Spectra have been recorded in the — 













d 


conventional first derivative presentation. E s 
Liquid flow system. The reactant reservoirs are pressur- 
ized with gas, usually nitrogen, at 04 atmos d es 


ww 
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overpressure, For fastest flow, the effluent flask is evacu- ~ 
ated to about one atmosphere of vacuum as well. 
Continuous flow rates are controlled further with needle 
valves in the discharge line leading to the effluent 
reservoir. Solenoid valves are placed in each inlet line 
and distal to the reaction cell. However, for stopped-flow 
operation a spring-loaded snap valve in the exit line is 
used to avoid broadeasting solenoid noise transients to 
the electron paramagnetic resonance spectrometer. 

A thermometer or thermistor is fixed just at the exit of 
the flow cell. The inlet lines can be insulated. and the 
reactant reservoirs are jacketed to permit reactions to be 
followed abov.s or below room temperatures. 

Cells for reaction and flow. Electron paramagnetic 
resonance sensitivity for samples containing water can be 
improved significantly by utilizing flattened cells in micro- 
wave cavities with rectangular modes. For X-band 
TE, cavities the optimum cell thickness for aqueous 
samples is about 0-25 mm*, and the largest practical 
width is 8-10 mm. For test sensitivity. lossy solutions 
must be confined close to the nodal plane throughout the 
region of the microwave electric field; hence the cell 
length should be at least 25 mm and conveniently may bo 
up to 40-50 mm. se 

Mix-and-flow cells fabricated for the present work are 
of quartz. They havé been designed to minimize dead 
time, primarily by reducing dead space between the mixing 
chamber and a flat compartment that conforms to the 
deseription given here. In addition, dimensions of the 
reaction chamber are such as to permit maximum flow 
rates to be determined by the intrinsic resistance of the 
flat portion of the cell. For this purpose a simple 2-jet 
mixer has been found most suitable. Tho jets are offset 
so as to impart a swirling motion to the reactant streams 
as they mix (Fig. 1). The reaction chamber itself is 
fashioned as close as possible to the bottom of the flat cell, 
and its throat smoothly constricts to 0-25 mm in one 
dimension while flaring orthogonally to about 9 mm (Fig. 
1). The jet orifices are carefully ground and polished to 
supply equal volumes of the two reaction mixtures, and 

and protrusions are avoided to prevent 
cavitation at high rates of flow. 

Some cells differ slightly from that of Fig. 1 in the angle 
and degree of offset of the jets and in the length and 
volume of the reaction chambers. Furthermore, a few 
cells have flat compartments 0-5 mm thick to provide 
increased signal strength with solutions of lower dielectric 
loss than water alone (for example. cell No. 4 in Fig. 5). 
Volume flow rates, relative delivery from each jet. freedom 
from cavitation, volume of dead space, and efficacy of 
mixing are tested for each cell. Dead space is measured by 
determining with a mieroburette the volume of liquid 
required to displace the meniseus of a partially filled cell 
from the tips of the jet orifices to the most proximal 
portion of the flat chamber. In the best 0-25-mm cells 
(Fig. 1) dead spaces approximate 0-005 ml. With full 
volume flow rates of about 16 ml./sec. this corresponds to 
a dead time of 0-3 msec, an average linear velocity of 
nearly 710 cm/sec through the flat compartment. and 
roughly 1-7 msec from mixing to a level 1 em within tho 
flat chamber (that is, to a locus where electron paramag- 
netic resonance detection is efficient). This compares 
with a reported dead time of about 20 msec for another 
type of mixer*. For the commercially available Varian 
apparatus flowing at 12 ml./sec**, the equivalent dead 
time can be estimated as 7-5 msee; and 9-4 msec will pass 
between mixing and flow to 1 em within tho flat chamber. 
Results from these different cells will be given later. 

Mixing is checked by running aqueous bromphenol blue 
at pH ~2 (yellow) against dilute sodium hydroxide and 
noting by eye or by photograph the pattern of development 
of blue colour (pH>4-6) under steady-state flow 


. conditions. Good mix-and-flow cells show blue colour at 


the bottoms of their reaction chambers and have a 
homogeneous and constant blue throughout their flat 
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Fig.1. Mix-and-flow cell, The inner dimensions are 45 x 9 x 0-25 mm 
for the flat chamber and MAY . ‘55 mm, 
tively, for the diameters oi 
Similar an E ey n prre or in Booch 
-X presents a section mixing chamber 
— which is viewed at level A-A 


compartments, even at, flow rates less than one-tenth of 
maximum. 

Cells for direct observation of reactions. There has been 
evidence that some free radicals formed in rapid chemical 
reactions may decay too quickly for electron paramagnetic 
resonance spectrometry, even with the mix-and-flow cells 
described here? (Fig. 1). Hence cells have been made that. 
produce mixing of the reactant streams directly within 
the detection chambers. In principle, electron para- 

etic resonance spectra from radicals of negligible 


magn 
lifetimes could be recorded with such cells, provided that 


the generating reactions were sufficiently rapid and that 
the steady-state populations of radicals required for 
detection could be obtained from usable concentrations of 
reactants. 

One-cell configuration provides effective mixing while 
confining flow within the 0-25 mm thickness of an aqueous 
solution cell. The two inflowing streams are spread into 
parallel, thin fans before bringing them into contact 
across a knife-edge of quartz at the entrance to the flat 
chamber (Fig. 2). Tests with the bromphenol blue reaction 
discussed before reveal little turbulence of flow in the 
flat region. Nevertheless, the streams are contiguous ovor 
an area sufficient to ensure significant reaction, such that 
at high rates of flow colour change is seen about 5 mm above 
the knife edge in dye experiments, and electron para- 
magnetic resonance signal intensities approach 75 per 
cent of those obtained with mix-and-flow cells (see 


Results). 

A cell of lower detection efficiency but with much simpler 
construction also has been fabricated. This cell forgoes 
the flat aqueous solution chamber, and therefore it is 
restricted to a smaller cross-section for water solutions. 
Tt consists simply of a cylindrical bore of 1-mm diameter 


fed directly by inlet tubes joined smoothly and at an - 


E 
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Fig. 2. Quartz cells for simultaneous mixi and detection. Left, 

simple cell with cylindrical capillary and no mixing chamber. Dimen- 

sions of the flow tube are 3*5 x 65 mm, with a capillary of 1-mm 

diameter at the centre. Right, cell with quartz blade at the junction 

of the inflowing streams of solutions. Dimensions of the flat chamber 

are given in Fig. 1, A sagittal section in the region of the blade, X-X, 
and a cross-section near its base, view A-A, are shown 


acute angle (Fig. 2). Turbulent flow succeeds in mixing 
the reactant streams, but not until they have progressed 
about 5 mm beyond their union (bromphenol blue test 
measured at maximum rate of flow). 

Since the efficiency of mixing in these cells varies with 
the rate of flow and is lower than with the mix-and-flow 
cells described before, they are useful mostly to elicit 
qualitatively the electron paramagnetic resonance spectra 
of extremely labile reaction products. Furthermore, there 
is diffusion of mixing over a sizable portion of the flow 
chambers in these cells. The resultant blurring of the 
time axis of build-up or decay curves at rapid rates of 
reaction seriously restricts their application to stop-flow 
analysis. 

Recording systems. The high resolution required to 
record complex electron paramagnetic resonance spectra 
lowers the signal-to-noise ratio (S/N) below the maximum 
sensitivity of the method for the detection of unresolved 
signals from the same paramagnetic species. With labile- 
free radicals constantly regenerated by continuous flow, 
only limited enhancement of S/N is feasible through the 
increase of instrumental response times'®. However, the 
short dead times of the flow cells reported here yield 
relatively high stationary concentrations of short-lived 
free-radical products. There results sufficient S/N to 
permit rapid recording of electron paramagnetic resonance 
spectra from very unstable radicals when reactant concen- 
trations are 10-* to 10-* M (see following). 

Fast recording of spectra is readily achieved. with most 
electron paramagnetic resonance spectrometers. Inherent 
instrumental time constants commonly are less than 1 
msec, and magnetic field scan rates up to several gauss 
per second generally are available. The Varian ‘Fieldial(®Y 
provides linear field sweeps as rapid as 335 gauss/sec. 

Oscilloscope recording has proved satisfactory over à 
wide range of scan rates, and limitations of recorder 
response times are avoided. A switching box co-ordinates 
a slow time sweep and a ‘Polaroid(®)’ oscilloscope camera 
with the valving controls of the flow apparatus. 8/N can 
be adjusted with an external LC filter containing several 
switchable capacitances in parallel. Optimum filtration of 
this kind yields the same S/N as do computerized recorders 
that continually average random noise, when both 
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methods are applied to rapid seans with negligible instru- 
mental instability and of fixed total duration!" 

X-Y recording is convenient, because calibration of the 
X-axis permits magnetic field strengths to be read directly 
from the charts. ‘Fieldial(®)’ magnetic field regulators 
provide a voltage output signal that is proportional to 
field strength. This can replace a time sweep as the 
horizontal input for an oscilloscope. An electron para- 
magnetic resonance spectrum with at least 20 lines scanned 
in <3 see (at about 17 gauss/sec) has been successfully 
recorded in this way (Fig. 3a). Since then less well resolved 
spectra have been obtained from labile radicals in ~0-7 
see at scan rates five times faster’. The fastest direct- 
writing X—Y recorder available to us lost significant detail 
from the spectrum depicted in Fig. 3a, even when the 
amplitude of the tracing was reduced in an attempt not 
to exceed the inertial limits of the pen’ (Fig. 35). 

Results. The Varian liquid flow mixing chamber and 
aqueous solution sample cell“ are available commercially 
and have been utilized in published electron paramagnetic 
resonance flow experiments?45:9, In a previous section 
of this paper the estimated dead time for the Varian 
system was found to be substantially longer than those 
calculated for cells such as that in Fig. 1. The effect of 
this diffrence on the amplitude of the electron para- 
magnetic resonance signal from an unstable free-radical 
product has been tested by flowing identical reactant 
solutions through different cells while holding constant 
the gain settings of both the spectrometer and the recorder. 
The ascorbate radical is easily formed chemically. and at 
pH <2 it decays sufficiently rapidly to test the efficiency 
of flow cells. The signal obtained from the commercial 





Fig. 3. Two electron paramagnetic resonance spectra seanned with 
identical reaction and spectrometer conditions. Reactants: 107^ M 
L-tyrosine in 0-1 N sodium hydroxide and 10-* M potassium perman- 
ganate in 0-1 N sodium hydroxide, mixing in 1: 1 ratio at 22° C, Flow 
conditions: 16 ml./sec in cell No. 6. Resonance frequency; 9,502-6 mce/a. 
Field increases from left to right, with intensity at mid-point of Y-axis = 
8,380 gauss, Attenuation of microwave power: 3 db. Filtration; 
1 msec response time plus 1 zF in external filter (with orna 3a). 
(a) Photograph of oeil trace; (b) recorded with Varian F-80 
X-Y recorder. The size of Fig. 3a relative to 3b corresponds to the 
scale of the original records 
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apparatus (Fig. 4a) is much smaller than that from a 
quartz mix-and-flow cell (Fig. 4b) in these circum- 
stances. 

Several runs with the ascorbate test reaction but with 
different spectrometer settings and scanning times have 
shown the signal amplitude from mix-and-flow cell No. 6 
to average about eleven times that from the commercial 
cell, when both are run at maximum rates and corrections 
are made for recorded noise. 

Similar tests at full flow with cells designed for simul- 
taneous mixing and detection have revealed signal 
amplitudes of approximately 60 per cent for the capillary 
cell (Fig. 2, left) and about 75 per cent for the knife-edge 
cell (Fig. 2, right), when compared with cell No. 6. Flow 
cells of the capillary type have the advantage of simple 
construction, yet their sensitivity for recording electron 
paramagnetic resonance spectra of short-lived radicals 
appreciably exceeds that of the more elaborate commercial 
cell. 

Fig. 5 illustrates further the merit of flow systems with 
short dead times. Although a highly detailed spectrum of 
the tyrosyl radical in alkaline 50 per cent acetonitrile is 
obtained at full flow (Fig. 5a), the signal amplitude at 
roughly half flow is reduced more than 50 per cent (Fig. 55). 
so that some spectral lines on the high field side nearly 
merge with the background noise. Therefore, the tvrosyl 
radical must be very labile, as may be inferred from the 
previous inability to establish by electron paramagnetic 
resonance the existence of metastable free radicals of 
amino-acids** Hence it is doubtful that a spectrum could 
be resolved, using the constant-flow method with these 
concentrations of reactants, if the dead space of the cell 
were significantly greater. 






Ascorbic acid 


Varian cell 
14 ml/ssc 






Ascorbic acid 


(b) (0.05% mso) 







ell 4 
16 m] l ser 


Fig. 4. Two electron paramagnetic resonance spectra from the same 
reaction but with different cells. Reaction conditions and instrumental 
gain settings are identical. Reactants: 10 M ascorbic acid in water 
and 107 M Ce(H80,), in 0-1 N H,80,, mixing in 1 : 1 ratio at 21? C. 
Pressure differential from 300 mm mercury overpressure to 755 mm 
mercury vacuum. Resonance frequency: (a) 9:502 me/s; (b) 9,510 me/s. 
Field increases from left to right, with intensity at midpoint of X-axis; 
(a) 3,386-3 gauss; (b) 3.389-0 gauss. Attenuation of microwave power: 
6 db. Filtration: 1 msec response time plus 4:7 #F in external LC filter 
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L-Tyrosine 


(a) (50SAN ;a1k.) j 







Mod. Amp. 
0.5 gauss 








10 gause 


(0.5% sec/10g) Cell #4 


21.3 ml/sec 






-Cell # 
11.6 ml/sec 


Fig. 5. Two clectron paramagnetic resonance spectra at different rates 
of flow, Reaction and spectrometer conditions identical except for 
flow rates. Reactants: 5 x 10? M L-tyrosine (in 50 per cent aceto- 
nitrile-50 per cent 0-1 N sodium hydroxide) and 5 x 10? M (NH,),IrCl, 
in 50 per cent acetonitrile in water, mixing in 1 : 1 ratio at 20° C, Pressure 
differential: (a) 300 mm mercury overpressure, 755 mm mercury vacuum; 
(b) 300 mm mercury overpressure, Resonance frequency: 9,497 me/s. 
Field increases from left to right, with intensity at midpoint of X-axis = 
3,8850 gauss. Attenuation and filtration as in Fig. 3a 





The spectra of tyrosyl radieals in 50 per cent acetonitrile 
(Fig. 5) resemble the comparable spectrum in water (Fig. 
3a). The minor differences are consistent with the previ- 
ously reported effects of solvents on electron paramagnetic 
resonance spectra*ó??, Further data have been secured on 
radieular configurations of tyrosine and its congeners in 
acid and alkali’. Electron paramagnetic resonance spectra 
of these and other free radicals which have also been 
investigated with the aid of these improved flow systems 
will be reported elsewhere. 

This work was supported by the U.S. Atomic Energy 
Commission. 
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‘ROGENEOUS ice nucleation in the atmosphere 
. 4 À depends on the presence of solid particles which are 
. derived either from outer space! or result from events at 
the Earth's surface. It has been known for more than a 
€entury that certain meteorites (carbonaceous chondrites) 
contain organic matter, and it has been suggested recently? 
|. that interstellar grains may consist of graphite particles 
; having w'size of the order of 10-5 cm. Particles produced 
on the Earth also often consist of carbonaceous material, 
main sources of which are industrial smokes, exhaust 
fumes, and forest fires, — 
_ It is now well established that many organic substances 
. Can aet as highly efficient ice nucleators; it may even be* 
that naturally oceurring organic nuclei originating from 
Vegetation play some part in ice nucleation. 
_ Work on various types of organic nucleators has shown 
that activity above —20* C depends on the presenee of 
. hydrogen-bonding groups and their disposition*-*, on 
particle size, and on the degree of crystallinity. Accord- 
ingly, pure hydrocarbons show no activity, and this is 
true also of hydrogenated graphites. However, as soon as 
surface oxidation is allowed to occur either by exposure 
to air or by treatment with oxidizing agents, some activity 
begins to appear. Attempts were made to control these 
factors in carbonaceous materials by variations in heat 


treatment and oxidation procedure as follows: 
< (1) Heating in air or under fused sodium hydroxide at 
:8807—500* C, 

...(2) Oxidation in suspension by: hot concentrated 
H,80,; HNO,—H,80,—KMnO,; H,CrO,; acid and 
alkaline KMnO,; warm K,8,0,; H,O,+FeCl,; H,0,: 
H,O, under ultra-violet light. 

^; dn Table 1, typical results obtained in these experiments 
„are compared with those which had previously been 
observed. with some highly active powdered organic 

nucleators of well-known erystal structure. 

;,..Carbonaceous particles always show activities several 
orders lower than the best organic nucleators so far 
discovered. Oxidation, however, can often increase these 
activities by more than ten times. Although large 
particles usually exhibit greater activity than small ones, 








Table 1 
No.of — Onsettem- 
vee nuclei/g perature 
"Nucleating agent in cloud on cold Comments 
chamber stage 
at ~12°C ee) 
ome PRenazine, 10° -35 
Te Phloroglucinol dihydrate 10 -4 
s Metaldehyde ~ 10° -5 
Furnace black, WAF type 6x10 ^ Small No. of nuclei 
; f (diam. 30-40 mj) 
; | -9to —1! compensated by large 
vio R , i No. of particles 
, Furmaee black, SRF type 2x10* | Diara., 100 mj 
olorizing carbon 3x10 ! Diam.. 1# 
food Char Sx 10 ee Non-spherieal, very 
. coarse particles 
Activity stable with 
a time 
Wood thar after washing 2x 10* -7 
Wood char, boiled. and > 10 —6 90 per cent of par- 
oxidized with H,O; ticles greater than 
: 50u nucleate. Act- 
AN ivity stable with time 
Hydrogenated graphite Totally in- -6 Slight activity develops 
Vu aetive at on exposure to air 
LE -25*€ 
Acheson No, 38 graphite 2x10* ~&5 Activity stable with 
oxidized with H.0,—FeCl, time - 
Crushed sugar char (950° €). -3x10 =5 Activity drops to 10° 
"e : after 24 h and to 107. 


after 3 weeks 
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CARBON PARTICLES AND ICE NUCLEATION 


By V. A. GARTEN and R. B. HEAD 
C.S.. R.O. Chemical Research Laboratories, Melbourne 






the effect can be compensated by an increased number of 
particles per gram as indicated in Table 1. — ; 
Some highly active batches were obtained by treatm 
with KMnO,, H,O, H:O, + FeCl, and H,O, under ult 
violet light, but reproducibility was poor. W 
peroxide optimal activity eould be reached only in : 
5 per cent of the experiments owing to the fast ral 
oxidation. The difficulty in timing could not, hov 
obviated by working at lower concentrations s 











ature. The reaction was quenched by the addition of 1 : 1 
sulphuric acid and the product thoroughly washed. 
Examination of successful preparations showed that. 
although the number of nuclei per gram never exceeded 
5 x 10* about 90 per cent of the particles would nucleate 
at — 12° C with no induction period, the onset temperature 
being —6°C. Similar results were obtained with sugar. 
chars and graphites that were treated with hydrogen 
peroxide in the same way. A sharp peak of activity was 
followed by a rapid decline, which suggests that h xyla- 
tion had proceeded too far. All active samples prepared. 
by this method retained their activity for at least six 
months. es 

Oxidation with potassium permanganate proved ex- 
tremely difficult to control and high activity was only 
rarely obtained. se ee 

Crushing alone also produced increased nucleative 
activity in certain chars containing non-peripheral oxygen 
atoms such as sugar chars. With these, nucleation. 
occurred even on relatively small particles although some 
of this activity was lost after exposure to air for 24 h. 

Chars prepared by degradation of nitrogen-containing 
plastics, after crushing, consisted mainly of small particles, . 
a substantial fraction of which was found to nucleate in 
the range —12? to — 15? C. " 

In general very high activities cannot be obtained 
with graphites and chars whatever their source or treat- 
ment. Soots and smokes are even less active than graphites 
and chars. Most of them contain very few particles 
nucleating above — 14^ C whereas in chars and graphites 
there are always some particles active at — 7? C, although» 
these are usually large. ; ; 

The activities obtained with preparations made from 
graphite and so-called amorphous carbon (cokes and chars 
prepared at temperatures below 1,200? C) are very similar, 
suggesting similarity in the structure of the active sitos. 
Gibson et al.* have shown that besides the diamond and 
graphite lattices, a third possible spatial arrangement of 
carbon atoms exists which may play an important part in 
the atomic architecture of amorphous carbon (Fig. 1). 
It is based on the o-tetraphenylene unit. Although this 
is not a crystalline structure, it shows trigonal symmetry 
(based on a principal dimension of 8-5 A) which is usually 
distorted by the presence of oxygen and nitrogen atoms. 
The simply derived planes of the undistorted structure 
present a complex hexagonal array of hydrogen atoms at 
the same level, as shown in Fig. 2. The contiguous pairs 





of Naroan atoms (dots), shown to be separated by 
! 1:42 


, cannot in fact approach nearer than 2 A owing to 

steric hindrance and must undergo skew displacement. Tt 
is not possible for-oxygen (full circles) to replace bot! 
them, so that not more than half the number of hy« 
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Fig. 1 


atoms can be oxidized without being eliminated from the 
plane. The misfit between the positions of oxygen groups 
on the 0001 plane of ice (dashed circles) and the most 
favourable disposition of oxygen groups on the surface of 
the char is 7-8 per cent. 

In this model of an amorphous carbon. there arise four 
sets of planes parallel to the faces of a regular tetrahedron 
owing to alternate rings being rotated by 60° to their 
neighbours. The interplanar distance is 3-69 A, which is 
somewhat greater than that of highly disordered graphites. 
(Graphitization of the char probably proceeds by the 
breaking of interplanar bonds and the rotation of alternate 
rings.) 

Te graphites, the hydrogen-bonding groups essential for 
nucleation can occur only at the edges of the stacks, 
oxygen boing unable to replace more than half the 
hydrogen atoms on the 1210 plane owing to steric 
hindranee. This results in the formation of hydrogen 
bonding groups separated by 4-2 A along the edge of the 
graphitie layer plane. A pattern, 4-2 x 6-9 A, is thus pro- 
duced nearly!? normal to the layer planes, which fits the 
1700 plane of ice within 6:5-7 per cent. 

The relative scarcity of nucleation sites in graphites 
and chars appears to be due to the low probability of fit 
extending over appreciable areas because of the presence 
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of stacking faults in graphites and the inclusion of foreign 
atoms in chars. 

The very low activity of diamond dust, as observed on 
the cold stage, might be explained by the absence of a 
reasonable fit (that is, a misfit greater than 7-8 per cent) 
between the ice lattice and any of its close-packed planes. 
While ‘red carbon’ obtained from carbon suboxide™ also 
showed slight activity, brown coal, which is devoid even 
of the pseudoerystallinity present in chars, was found 
completely inactive down to temperatures as low as 
— 20°C. 
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PRECIPITIN REACTIONS IN FORENSIC PROBLEMS 


By BRYAN J. CULLIFORD 
Metropolitan Police Laboratory, New Scotland Yard, London, S,W.| 


A New Method for Precipitin Reactions on 
Forensic Blood, Semen and Saliva Stains 


HE precipitin test is used extensively in forensic 
examinations to determine the species origin of a body 
fluid. In the vast majority of these cases blood is the 
material under examination. Seminal fluid in cases of 
aspermia, and saliva stains, are also determined by this 
means. 
The method of performing this test in forensic labora- 
tories is usually by a single diffusion in liquids in a tube. 
Many years ago this Laboratory gave up the use of 
the ‘accepted’ precipitin tube because the volumes of 
reactants required were too large and all too frequently 


there was not enough blood available. A smaller tube 
was adopted which was made from 2 mm (internal 
diameter) glass tube. 

Recently, however, this technique came under review 
owing to the enormous increase in the number of these 
tests now performed, and an attempt was made to find a 
method which reduced the man-hours needed and also 
the cost. The cleaning and manufacture of the tubes, the 
cost of the antisera being used and the sensitivity of the 
reaction were the prime considerations. 

The method described here is a form of gel-electro- 
phoresis. A thin layer (1-2 mm) of agar gel is poured 
on to microscope slides. The gel and buffers used were 
those proposed by Hirschfeld! for Gc groups. 
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ce ny presen representation of the separation of human serum 
piece vomer using the buffer system described. 


are. 


The gel is 1 per cent agar (‘Ionagar’ was used) in the 
following buffer, pH 8-6: diethyl barbituric acid, 1-106 g; 

"i sodium veronal, 7-006 g; calcium lactate, 1-024 g; water, 
2 


The electrode vessel buffer was composed of: diethyl 
barbituric acid, 2-76 g; sodium veronal, 17-52 g; calcium 
lactate, 0-768 g; water, 2 1. 

Small wells were punched in the gel approximately 
1-5 mm diameter in pairs 5 mm apart. These should be 
accurately placed along the line of electrophoretic move- 
ment. The stain to be tested is extracted with gel 
buffer, and 5-10 ul. are placed in the cathodic well of the 
pair. The anti-serum is placed in the anodic well. 

Electrophoresis is performed at 5 V/em for 15-20 min. 

In this precipitin reaction the antigens in the blood 
extract are serum albumin, «- and f-globulins whereas 
the anti-bodies in the anti-serum are in the y-globulins. 

Under the conditions stated here, the movement of 
the y-globulins is towards the cathode, all the other 
proteins moving towards the anode. Hence, in a very 
short time, the relevant reactants meet in the area 
between the two wells and give a precipitate. 

The anti-sera used in most of these tests were standard 
commercially available rabbit precipitating anti-sera 


against species (Burroughs-Wellcome). 


og cre s wary See ceni V Par 


antrum. pony CES e 1: i * 16 000 à 


B 1 : 8,000; 
„4 16:000 and 1:20,000; bottom 


A few tests were tried with H-type anti-sera and 
worked well. These tests were few and the reliability in 
all cases of this H-type reaction cannot be assumed. 

The necessary prior preparations for this type of test 
are an appreciable reduction on for the 
single diffusion liquid phase tests when large numbers 
of tests are involved. 

The centrifugation of extraets and anti-sera to provide 
a clear background becomes unnecessary. Extracts of 
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fatty tissues (impossible to centrifuge clear at low speeds) 
have given very good and clear results. 

The sensitivity of this test was compared with the single ~ 
diffusion liquid phase tube-test and with gel diffusion. 

Dilutions of lysed whole blood were used. The volume 
of extract and of anti-serum used in the gel-diffusion 
and in this immuno-electrophoretie method was 5 pl. 

'The volume used in the tube-test was 20-25 ul. 

The results given in Table 1 show that this test is con- 
siderably more sensitive than either of the other two 
types of test, readily detecting 10-* g of serum protein. 


Table 1 
Dilution of whole blood extract 


Tube method 


An added advantage of this method is that the results 
NY be preserved by washing, drying and then staining 

gel. 

Some control reactions are necessary in this test. In 
this Laboratory this is usually performed by testing the 
extract against a number of different anti-sera. For 
example, if human blood is suspected and the most likely 
alternative source is household meat, then the extract is 
tested against anti-human, anti-cow, anti-pig and anti- 
sheep sera. If the extract contains a general or non- 
specific precipitant this is detected by a reaction on all 
tests. A cloth control (from an unstained area) may also 
be used if it is thought necessary. 

A typical layout is shown in Fig. 3. 


"Hirschfeld, I., Science Tools, 7, No. 2 (1960). 


Precipitin Sera in Forensic Problems 


Tue body fluids other than blood which are of most 
concern in forensic problems are semen and saliva. 

The species origin of semen can usually be determined 
by the morphology of the spermatozoa, but in cases of 
aspermia other means have to be sought. The ipitin 
test has been used for this for many years, until 
recently the only anti-sera available have been anti-blood 
serum sera. These will detect both seminal fluid and saliva, 
but the sensitivity is extremely low compared with the 
sensitivity of the same anti-serum to blood. 

The Burroughs-Wellcome anti-sera in general use have 
a high anti-albumin activity. The concentration of 
albumin in serum is relatively high whereas in seminal 
plasma it is low. 

Sera which will detect the globulins 
in serum react poorly to the globulins 
in seminal plasma. 

Recently I was given some anti-human 
semen serum by Dr. R. R. A. Coombs and 
comparisons between this serum and sera 
prepared against human blood serum were 
mad 


e. 
Fig. 4 shows immuno-eleetrophoretograms 
of two samples of human semen with three 
gc anti-sera. The albumin activity 
has been removed from the anti-human 
semen serum, the preparation of which for 
use was according to Coombs et al.!. 

These results show that the globulins of 
seminal plasma are antigenically different 
from those ef blood serum, and in order to 
obtain high sensitivity it is necessary to use 
an anti-serum specifically prepared against 
the body fluid which it is desired to 
detect. 
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HUMAN EMBRYONIC HÆMOGLOBINS 
By E. R. HUEHNS* and N. DANCE 


Department of Biochemistry, University College London 
G. H. BEAVEN 
Medical Research Council, London, N.W.3 
AND 


J. V. KEIL, F. HECHT t and A. G. MOTULSKY 


Departments of Medicine and Genetics, University of Washington, Seattle 


EVERAL investigators have suggested the existence 
of a distinctive ‘embryonic’ hemoglobin which pre- 
cedes the formation of foetal hemoglobin in the develop- 
ment of the human embryo. The first report was by 
Drescher and Künzer', who found that the hemoglobin 
of small human embryos had a rate of alkali denaturation 
between those of Hb-A and Hb-F. This finding was later 
confirmed’. Halbrecht et al.* and Zilliaeus* found that 
the pigment from a number of foetuses of 12-20 week 
cies migrated slightly more slowly on paper 
electrophoresis in barbiturate buffer at pH 8-6 than the 
Hb-(A + F) zone of cord or thalassemie bloods. How- 
ever, this difference could not be confirmed by other 
workers?^*, 

In a previous investigation*, starch-gel electrophoresis 
showed the presence of four distinet hæmoglobin fractions 
in the hemolysate from a young human embryo (crown- 
rump measurement [CR] — 34 mm): (1) a small fraction 
of 'fast' hemoglobin with the mobility of Hb-y,; (2) the 
main component, Hb-F (-- Hb-A); (3) a fraction migrating 
more slowly toward the &node than Hb-C, called Hb-Gower 
1; (4) a fraction migrating more slowly than Hb-G/C 
(ref. 7), called Hb-Gower 2. 

In this article, investigations of the hemoglobin of 
further human embryos and foetuses are reported. Hiemo- 
globins Gower 1 and Gower 2 occurred in all those with a 
crown-rump measurement of less than 8:5 em and the 
proportion of these pigments was highest in the smallest 
(youngest) embryos. Hb-Gower 1 and Hb-Gower 2 are 
therefore true embryonic hemoglobins. Small proportions 
of Hb-A were present in even the smallest embryos 
investigated. 

All the fetal samples examined were obtained by 
therapeutic abortion for a variety of maternal disorders. 
The red cells (about 0-1 ml. packed cells) were washed with 
isotonic saline and lysed with distilled water, and all the 
hemolysates were examined by starch-gel electrophoresis 
within 24 h from the time of operation. Two buffer 
systems were used: (1) tris-citrate/borate discontinuous 
system, pH 8-4 (ref. 8); (2) tris-EDTA-borate system, 
pH 8:4 (ref. 9). Of these, the tris-EDTA-borate system 
gave the best overall resolution for the present purpose. 
The investigation was severely limited by the small 
amount of material available. 

The starch-gel analyses are summarized in Table 1, and 
a typical electrophoretic pattern is shown in Fig. 1. 


proportions of Hb-Gower 1 and Hb-Gower 2 in embryos 
3 


and 4-6 were measured by transmission densitometry of 
transparent stained gels. It is clear that the proportions 
of these two pigments are greatest in the smallest 
(youngest) embryos and then gradually decrease. Only 
trace amounts were found after the 6-5 em CR stage and 
none was detected in all 10 specimens larger than 10 cm 
CR corresponding to approximately 90 days’ gestation. 
In some of these specimens a weak benzidine staining 
zone was seen migrating near the position of Hb-A,. In 
all the embryos examined, the proportions of Hb-Gower I 
were greater than those of Hb-Gower 2. In the 12 small 


* Beit Memorial Fellow. 
+ Postdoctoral Fellow of the U.S, National Institutes of Health, 


embryos, a ‘fast’ hemoglobin was detected migrating at 
the same rate as authentic Hb-y, in the tris-EDTA borate 
system. The proportion of this hemoglobin could not be 
measured but appeared to be greater than that in normal 
cord bloods. Some Hb-y, was also found in the samples 
from the older foetuses examined. (A second ‘fast’ 
benzidine-positive zone was detected in all the samples 
examined in the tris-EDTA borate system; this migrated 
more rapidly than Hb-H and does not correspond to any 
described human hemoglobin variant.) 


Table 1. PROPORTION OF EMBRYONIC H2MOGLOBINS AT VARIOUS STAGES 
OF DEVELOPMENT 


Crown-rump length Hb-Gower 2 ri 
(em) (per cent) (per cent) 
1 25 13 94 
2 34 16 179 
A 2 approx. 2^ , approx. mt 
5 5:0 r3 34 
: os * si 
8 6.6; twins $ + 
9 66 t - a 

10 6:8 t * 

11 70 t * 

12 85 t + 
+, Approx. 1 per cent; +, trace (visual inspection of stained starch gel). 
* By Blarch-block electrophoresis, 

t From ref. 6. 


In all samples examined by the tris-EDTA borate 
system, some hemoglobin migrating in the Hb-A position 
was detected (embryos 1, 2, 4-11). This formed approxim- 
ately 5-10 per cent of the total hemoglobin. At least a 
part of this was shown to be Hb-A by the following analy- 
sis. Starch-block electrophoresis of the pot hemo- 
lysates, using a 0-04 M sodium phosphate er pH 7-0, 
yielded three hæmoglobin zones: (1) Hb-Gower 2; (2) the 
main Hb-F zone; (3) a diffuse zone between the origin 
and the main zone. These were separately eluted, con- 
centrated and again subjected to starch-block electro- 
phoresis in barbiturate buffer, I 0-05, pH 8-6. The eluted 
Hb-Gower 2 was used for chemical analysis, but only 
traces of Hb-Gower 1 were seen in the analysis of zone 2. 
The analysis of zone 3 yielded three sub-fractions: a very 
small zone just faster than Hb-A and two zones corre- 
sponding to Hb-A and Hb-F respectively. The fast zone 
and the Hb-A zone were eluted together and appeared to 
contain approximately 70 per cent Hb-A and 30 per cent 





Ay 
A Fa 
£ Gower 1 
Gower 2 
Origin " à; 
Fig. 1. Starch-gel electrophoresis in trís-citrate borate buffer system, 


PH 86. (a) Hb-A+C marker; (b) 34 mm (CR) human 








small amount of Hb-Gower 2 was isolated from these 
cages, and its properties were examined in some detail 
(able 2). It was also shown that this hemoglobin con- 
„sisted of four polypeptide chains : two «A-chains joined 
:to two other chains; and it was suggested that the latter 
. differed from the D-, y- and 8-chains by more than a single 
amino-acid residue, and consequently these chains were 
'ealled e-chains. The structure of Hb-Gower 2 can thus be 
"written aes 
^. Dissociation and recombination of Hb-Gower 2 
isolated from case 2 by starch-block electrophoresis with 
Hb-@4 (Hb-H) resulted in the formation of Hb-A, thus 
confirming the presence of «Á-chains. 
Hb-Gower 2, isolated as already described, was digested 
with trypsin and fingerprinted’? (Fig. 2). With the 





HbA. 





chromatography 





: Fig. 2. “Com arison of tryptic tide mai 
- BOF and Hb-Go i bep ades derived f 
;, been sh 

he text. (Electrophoresis in ic aoid, water (10 : 


Q4 : 00 viv) buffer, pH 6-4, followed by ascending chromatogra 
1C.5598* C in diso-amyl alcohol, pyridine, water (35 : 85: 27 vh 


UR c Hb. 
"Absorption spectrum 













WER 2 (from ref. 14) 





rophoretie mobility arch gol, pH 7-4-8-6, between Hb-aA and Hb-G/C 
: A Migitas on agar our a sodium citrate buffer; pH 62, wit 


(a) The absorption maxima and minima (350-050 mu)oftheeyanmet ^ — 
derivative are in the same position as in Hb-F. Som 
(b) The t ophan : is just resolved at a waves i 
length: ightly less than 2900 A. hie 
Rate of alkaline denaturation 
Intermediate to those of Hb-A and Hb-F. 
Sedimentation coefficient 
Save 245 8, 


fine structure band 


small amount of material it was not possible to delineate — 
the peptide pattern in detail, but the presence of all the 
peptides known to arise from the aA-chain again con- - 
firms that these chains are present in Hb-Gower 2. ; 
The pattern of the remaining peptides can be distin- 
guished from that of the @-, y- and 8-chains by the absence. __ 
of several peptides present in good yields in digests,of 
Hb-A, Hb-F or Hb-A,: (1) while peptide 8Tp VI (identical 
with yTp VI and 3Tp VI) migrates more rapidly towards | 
the cathode than «Tp X, the peptide seen in this position 
in the Hb-Gower 2 fingerprint has the same mobility as __ 
peptide «Tp X; (2) peptide pTp XV (identical with — 
yTp XV and 8Tp XVI) appears to be absent in thepeptide  : 
pattern from Hb-Gower 2; (3) peptidesgTp VandgTp Vox, ^. 
or the corresponding 8-chain peptides, easily seen in | 
digests of Hb-A or Hb-A, respectively, are absent; (4) a- 
group of peptides found near peptide «Tp IV (ref. 12) in 
digests of Hb-F are not seen. ES AAR 
The pattern of the non-s-chain peptides is thus dis- |. 
tinguished by three peptide differences from those of the 
BÀ-chains (1, 2 and 3 here), y¥-chains (1, 2 and 4) an 
3-chains (1, 2 and 3). Peptides 8Tp III and 8Tp XIII 
were also absent. zd 
In addition, there are a number of unidentified ninhydrin 
positive spots; but at present it is not possible to be certain 
that these represent further peptide differences. ^. 
The peptide pattern already obtained from Hb-Gower | 
isolated from a ease of D, trisomy syndrome was 
essentially the same as the pattern described here. Th 
present analysis confirms the previous suggestion that 
the non-a-chains of Hb-Gower 2 differ from the f-, y- and 
§-chains by more than one amino-acid residue. Cg 
The electrophoretic mobility of Hb-Gower 2 relative to 
other human hemoglobins remains unaltered in the pH . 
range 7-4-8-6, always being located slightly nearer th 
cathode than Hb-G/C (ref. 7). When the proportion of . 
Hb-Gower 2 is very low, its mobility at pH 8-6 is altered 
and it migrates more closely to Hb-Gower 1; this behaviour 
was observed in embryos 6-11. In order to prove tha 
this hemoglobin was Hb-Gower 2, the hemolysate from 
case 8 was chromatographed on a column (0-5 em x5 em) 
of carboxymethyl ‘Sephadex, C-50’, using a 0-01 M sodium _ 
phosphate buffer, pH 7:6. At this pH, most of the Hb-y, — 
Hb.F and Hb-Gower 1 was eluted, while Hb-Gower 2 _ 
was all retained. Tho residual hemoglobins were eluted. _ 
with 0-04 M disodium hydrogen phosphate, concentrated _ 
and analysed by starch-gel electrophoresis. The relative _ 
proportion of Hb-Gower 2 in this fraction was now much 
higher (Fig. 3 (c)) and it migrated at the same raté as E 
Hb.Gower 2 in samples 1-5. This effect of one hemo- 
globin on the eleetrophoretic migration of another: . 
hemoglobin is well known?. i 
Hemoglobin Gower 1. Hb-Gower 1 has so far only been. 
found in the embryo described previously* and in those: 
reported here. Only a very small amount has therefore. — 
been available for examination. In an attempt to — 
hybridize” Hb-Gower 1 with Hb-B? no Hb-A («464) | 
formed and all the Hb-Gower 1 precipitated. No definito: 
conclusions regarding the structure of Hb-Gower l ean 
be made from this experiment, but it seems probable that 
it does not contain x&-chains, since, in our experience, thi 
reaction invariably leads to the formation of Hb: 
mt. This finding led us to specu 
onsisted solely of the non-a- 
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Gower 1 


Gower z2 


Fig. 3. Dissociation and recombination of Hb-Gower 1 with Hb-F. 

Starch-gel analysis in tris EDTA borate buffer, pH 84. (a) Mixture of 

Hb-Gower 1 with Hb-F; (5b) same mixture as (a) dissociated and 
recombined; (e) Hb-Gower | + Gower 2 marker 





(z-chains) of Hb-Gower 2. If this were so, then hybridiza- 
tion of a mixture of Hb-Gower 1 with any hemoglobin 
containing z4-chains (for example, Hb-F) should lead to 
the formation of Hb-Gower 2: 

2adys + s ae Zadte, + Wy.) 

Hb-F Hb-Gower 1 Hb-Gower 2 
Accordingly, the fraction containing Hb-(A + F) and Hb- 
Gower 1 but no Hb-Gower 2 (Fig. 3), prepared by chroma- 


tography on "CM Sephadex’ from embryo 8 as already — 


described, was hybridized. Analyses of the recombined 
sample showed that most of the Hb-Gower 1 had dis- 
appeared and a new species migrating in the position of 
Hb-Gower 2 had formed (Fig. 3 (b)). In a control 
experiment, where a foetal hemolysate containing Hb- 
(A+ F) was similarly treated, no new species were found. 
This experiment therefore suggests that Hb-Gower 1 
contains a polypeptide chain with the same net charge as 
the non-«-chain of Hb-Gower 2. 

The hemoglobins not containing any a-chains, corre- 
sponding to Hb-A, Hb-F and Hb-A,, namely, Hb-84, 
Hb-y¥ and Hb-3, migrate more rapidly toward the anode 
on eleetrophoresis than their parent species, and these 
differences are accentuated on electrophoresis at lower 
pH values. Similarly, Hb-Gower 1 migrates more rapidly 
than Hb-Gower 2. Furthermore, it migrates more slowly 
than Hb-C at pH 8:6, while at pH 7:6 it migrates between 
Hb-C and Hb-A. The two recombination experiments 
and the electrophoretic properties of Hb-Gower 1 are. 
therefore, all consistent with the hypothesis that Hb- 
Gower 1 does not contain «4-chains but consists solely 
of the non-«-chains (s-chains) of Hb-Gower 2. H:emo- 
globin Gower 1, like Hb-84, appears to be somewhat 
unstable since it had almost all precipitated when the 
combined h:emolysates were examined (vide supra). 
Thus, the amounts of Hb-Gower 1 isolated so far have 
been too small for fingerprinting or molecular weight 
determination. However, in its behaviour during dialysis. 
Hb-Gower 1 resembles the tetramer hemoglobins rather 
than the mainly monomeric species Hb-gA (ref. 16). The 
finding that Hb-Gower 1 may consist solely of z-chains 
suggests that at early stages of human development. the 
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number of a-chains is less than the combined number of 
B-, y- and e-chains synthesized. 

Two groups of authors?:* have suggested that a pigment 
with a slightly slower electrophoretic mobility than Hb-F 
is present in a proportion of fetuses from pregnancies 
between 12 and 20 weeks. However, other authors?’ have 
failed to confirm this finding. The examination of ten 
feetuses with a crown-rump measurement of 10 em or 
more failed to reveal any hemoglobins other than Hb-F 
and Hb-A (as well as traces of Hb-y,) Drescher and 
Kiinzer and Butler et al.* found that the hemoglobin of 
small human embryos had a higher alkaline denaturation 
rate than Hb-F. The finding that Hb-Gower 2 has an 
alkaline denaturation rate intermediate between those of 
Hb-F and Hb-A (ref. 15) may relate their findings with 
those reported here. 

The occurrence of Hb-Gower 1 and Hb-Gower 2 in all 
12 human embryos of less than 8:5 em erown-rump 
measurement indicates that these two hemoglobins are of 
normal developmental origin. It has been confirmed 
that Hb-Gower 2 consists of two «^-chains joined to two 
other chains which differ from the BA-, y¥- and 34:-chains 
by more than one amino-acid residue. These have been 
designated z-chains'*. The available evidence suggests 
that Hb-Gower 1 consists solely of ¢-chains. 

It is therefore concluded that ¢-chains are specific to 
embryonic development and are replaced by the y-chain 
at about the 35 mm CR stage of development. ~The 
presence of Hb-A in these small embryos indicates that 
6-chain synthesis commences at a very early stage of 
development. There appears to be no special pigment - 
besides Hb-F or Hb-A during later stages of intra-uterine 
life. 
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most of the blood samples. x 
! Drescher, H., and Künzer, W., Klin, Wschr., 32, 92 (1954). 

s ur d A., Flynn, F. V., and Huehns, E. R., Clin. Chim, Acta, 5, 971 


* Halbrecht, I., and Klibanski, Ch., Nature, 178, 704 (1956). 

* Zilliacus, H., Nature, 188, 1202 (1960). 

* Matsuda, G., Schroeder, W. A., Jones, R. T., and Weliky, N.. Blood, 16, 
984 (1960), 

* Huchns, E. R., Flynn, F, V., Butler, E. A., and Beaven, G, H., Nature, 
189. 496 (1961). 

! Raper, A. B., Gammack, D, B., Huehns, E. R., and Shooter, E. M.. Brit. 
Med, J., ii, 1257 (1960). 

* Poulik, M. D., Nature, 180, 1477 (1957). 

* Smithies, O., unpublished; cited in Winterhalter, K. H., and Huehns, 
E, R., J. Biol. Chem. (in the press). 

1$ Gratzer, W. B., and Beaven, G. H., Clin. Chim. Acta, 5, 577 (1960), 

" Kunkel, H. G., in Methods of Biochemical Analysis. edit. by Glick, D., 141 
(Interscience, New York, 1954). 

? Dance, N., Huehns, E. R., and Beaven, G. H., Biochem, J.. 87, 240 (1963). 

» Horton, B. F., Thompson, R. B., Dozy, A. M., Nechtman, C. M., Nichols, 
E., and Huisman, T. H. J., Blood, 20, 302 (1962), 

“ Huehns, E, R., Hecht, F., and Motulsky. A, G., Proe. Nat. Acad, Se. 
(Wash.), 51, 59 (1964). 

1 Gammack, D. B.. Huehns, E. R., Shooter, K. M., and Gerald, P. §., J. 
Mol. Biol.. 2, 372 (1960). 

1* Huehns, E. R., Shooter, E. M.. Dance, N., Beaven, G. H., and Shooter, 
K. V., Nature, 192, 1057 (1961). 


REGENERATION IN RELATION TO THE LYMPHOID SYSTEM 
By Dr. A. J. S. DAVIES, ELIZABETH LEUCHARS, Dr. SHEILA M. A. DOAK and A. MARJORIE CROSS 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, S.W.3 


EPLACEMENT of old and presumably worn-out 
cells in the mammal is a process which varies in 
tempo and detail from tissue to tissue. Active replacement 
is characteristic of most if not all components of the 
hæmatopoietic system and of epithelial tissues in general. 
‘Those tissues which are subjected to frictional erosion, 
such as the epidermis and the intestinal mucosa, tend to 


exhibit high mitotic rates in their germinal area. Tissues 
such as the liver have low mitotic rates and in them it is 
assumed that the replacement process is slow. 

Much work has been carried out to deseribe in detail 
the processes of replacement in individual tissues and to 
formulate hypotheses as to possible controlling mechan- 


isms*. There is, however, no generally accepted theo 
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to explain why tis ormal gro 
size, a restriction which in the adult m 
tion of the replacement system(s). Nor is i 








apparatus itself) exists. Consideration of the wasting 
syndrome observed in a variety of experimental situations 
is of importance in this context. 

Wasting is often observed as a consequence of the 
injection of foreign bone marrow into lethally irradiated 
mice. It is characterized by progressive emaciation and 
associated with a hunched posture, ruffled fur, epilation 
and commonly diarrhea all of which could directly or 
indirectly be due to imperfect tissue replacement. Though 
initially it was supposed that the wasting condition was 

= the direct result of an immunological graft-versus-host 
attack, by analogy with runt disease following injection 
of foreign spleen cells into baby mice, it has become 
clear that a similar syndrome can be observed in mice 
"where there has so far been no clear indication of any 
-immunological attack directed against the tissues of the 
wasting animal*. The demonstration by Miller!* of wast- 
ing and death in mice thymectomized at birth, and the 
observations of Loutit and his colleagues*:* on secondary 
mortality in irradiated CBA mice which had been given 
relatively low numbers of foetal liver cells, are relevant here. 
^Loutit* has emphasized that lymphopenia is common 
¿to all situations in which wasting occurs. He has suggested 
that the lymphocyte may have a trophic function and 
that decline of this function due to depletion of the 
lymphoid system may be a prime cause of wasting. The 
“inference is that. mice waste because of failure or inade- 
-quate function of the normal regenerative processes. 
-o Liver regeneration, after partial hepatectomy, has here 
» been investigated in syngeneic and allogeneic chimeras, 
"án order to determine whether a specific regenerative 
. process is upset by the potentiality for wasting. Observa- 
tions on the lymphoid systems of such chimeras are 
/. Irradiated host mice were either BALB/c males or CBA 
females, in both cases 10-12 weeks old at the time of 
= irradiation. Donor mice were 8-10 weeks of age when 
killed for their bone marrow. Both strains are inbred 
and homozygous to the extent that skin grafts between 
‘members of the same strains are accepted. Mice were 
‘irradiated in groups of 5 in a ‘Perspex’ box by means of a 
220-kV Westinghouse X-ray machine, half-value layer 
0-4 muni copper, focal distance 100 em, dose rate 60 r./min. 
OBA mice received 850 r., BALB/c, 700 r. total body dose, 
3-4 h before bone marrow therapy. Bone marrow was 
 wvulsed from the femurs of donor mice and suspended 
in medium 199. It was injected intravenously into the 
tails of host mice, each animal receiving 10" nucleated 
: ells in 0-4 ml. of medium 199. Donor and host mice were 
- always of the same sex. 
«Mice to undergo partial hepatectomy were weighed. 
placed under light ether anesthesia and approximately 
‘two-thirds of their livers (the ventral and left-lateral 
/lobes) were removed following the method of Higgins 
and Anderson*.. After the operation mice were main- 
; tained for 24h on a 5 per cent glucose solution. Operative 
"mortality was about 10 per cent. 
<o Similar series of experiments were carried out on both 
strains of mice. Animals were irradiated, injected with 
syngeneic or allogeneic bone marrow and then 28 days 
later weighed and partially hepatectomized. The weight 
“of the piece of liver removed was noted. Five, seven and 
twelve days later batches of mice were weighed and then 
‘killed before determination of the weight of the liver 
residue. (Some additional BALB/c mice were killed 24, 
30 and 41 h after hepatectomy. Their livers were fixed 
and mitotic counts made on the subsequent sections.) 
Thirty CBA mice were killed 48 h after hepatectomy. 















































<x Note added in proof. Recent evidence, however, suggests that there may 
personal communication). 


be an auto-immune component to the wasting syndrome (M. J. de Vries, - 





;elear whether _ 
an overall controlling system (apart from the genetie 


. Cl BALBI mice; 







KINDS oF CBA AND (| 


BA->OBA BALBle>CBa 0 


: CHA —— — —  Syngeneie chimeras Allogeneie chimeras) 
26-7 + 2-26* 28:3 ip 2-7 2431 (25 
BALBIe BALBjc--BALBic CBA~>BALBIe 
27.7 + 2-85 25-3 + 2-63 23-5 4+ 2-01 


* i standard deviation of the mean. 


Control mice were sham-irradiated and injected with 
bone marrow 28 days before hepatectomy. A further 
series of mice at 28 days after irradiation were bled for 
leucocyte determinations, weighed, killed and their 
thymuses, spleens and left and right inguinal lymph 
nodes weighed and then sectioned before staining with 
hematoxylin and eosin. 

The mean body-weights in grams of CBA and BALB/c 
mice and their radiation chimeras are shown in Table 1. dud 

The low mean weight (Table 1) of the allogeneic chim- —— => 
eras relative to either the syngeneic chimeras or normal > 
animals (P < 0-01) is a fair indication of their tendency 
to waste. Figs. 1 and 2 show the mean weights of the... 
various groups of animals during the experiment, related 
to their mean starting weights. In all cases there is an. 
initial drop in weight of about 10 per cent followed in the 
case of normal mice and syngeneic chimeras by aslow |. 
recovery toward normal. The allogeneie BALB/c. 
chimeras show no sign of actual recovery of body-weight = 
and from 5 days onward lose weight rapidly. This latter . 
tendency is apparent in the allogeneic CBA chimeras | 
from 7 days onward. The initial drop in weight is pro: 
bably due to laparotomy rather than specifically partial 
hepatectomy®. The failure of the allogeneic chimeras 
to recover from the operation could be a further sign of 
their tendency to waste. It has, however, been discussed. 
that the liver itself is a source of metabolites and suggested 
that the liver is particularly important in this respect. 
allogeneic chimeras‘. On this basis, removal of a large 
part of the liver could in itself affect maintenance of body- 
weight. In both cases the body-weights of allogeneic. 
chimeras at 12 days were significantly lower than those: 
of syngeneic chimeras (P < 0-05). For reasons which. 
are not clear, the CBA normal mice did not gain weight. 
so fast as did the syngeneic CBA chimeras. The differ- 
ences between the mean body-weights of the CBA— CBA... 
and normal mice and the BALB/c — CBA and normal ^ 
mice at 12 days were not, however, significant (P < 02. | 
in both eases). ut 

The liver-weights of BALB/c and CBA mice are shown. 
in Table 2. The weight of the lobes removed during : 
partial hepatectomy bears a reasonably constant relation- 
ship to the weight of the lobes remaining and it is therefore _ 
legitimate to make an estimate of the weight of the ^ 
remaining lobes from the weight of lobes removed! ^ O 
For convenience of calculation it has been assumed _ 
that the ventral and left lateral lobes constitute two- 
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Table 2, THE MEAN LIVER-WEIGHTS OF VARIOUS KINDS OF BALB|c AND 


CBA MICE 
BALB[c CBA 
Ventral and left lateral lobes (V) 0 797 + 0 061 0 920 + 0 110 
Right lateral and caudal lobes (R) 0 464 + 0 044 0 394 + 0 013 
VIR 1720 + 0 089 2 330 + 0 260 
thirds of the liver in both strains of mice Figs 3 and 4 


represent the increases m weight of the residual hver at 
various times after partial hepatectomy ‘The picture 
from BALB/c mice 1s clear, as expected the mitia! phase 
of regeneration 15 somewhat slower m the chimeric mice 
than m the unirradiated controls In contrast to the 
controls the livers of the syn- and allo-geneie chimeras 
did not gain weight after the seventh day After 12 days 
there was a significant difference between the controls 
and chimeras (P < 0001) and between the two types 
of chimera (P < 0 05) 

CBA mice gave a somewhat different result m that the 
liver weights all mereased at approximately the same 
rate until the seventh day and only after then were the 
three groups of mice separable Though the allogeneic 
chimeras were significantly different from the contro] 
mice (P < 005) the syngeneic chimeras were not Nor 
were the two sorts of chimeras significantly different 
(P = 01) 2 

In order to show that the hve: weights observed are 
not simply a reflexion of changes in body-weight (Figs 
l and 2) during the experment, hver body-weight ratios 
were calculated from the data im Figs 1-4 The mereases 
in these ratios during the course of the experiment are 
plotted m Figs 5 and 6 on a percentage basis to facilitate 
comparison between the various groups and to obviate 
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Fig 5 Laver bodv-weight ratios of various kinds of BALB/c mice 
related to time after partial hepatectomy 
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CBA allogeneic chimeras 


any effect of differences in hver body-weight ratio at the 
start of the experiment The graphs show that irradiated 
BALB/c mice do not regain ther normal liver body- 
weight ratio (200 per cent on the graph) and that this seems 
to be due largely to cessation of growth of the liver 5 
days after partial hepatectomy Further, the allogeneic 
chimeras from as early as 30 h after the operation lag 
behind the syngeneic chimeras The difference between 
them, evident and significant (P < 005) at 5 days, 1s 
maintained almost unchanged until the end of the 
experiment 

CBA mice did not show the same effect to any significant 
degree (Fig 6) Though the radiated mice as a group 
significantly failed to regam their normal hver body- 
weight ratio by 12 days after partial hepatectomy there 
was no significant difference between the syn- and allo- 
geneic chimeras 
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Table 3 THE BODY-WEIGHTS, VARIOUS ORGAN WEIGHTS AS PERCENTAGES OF BODY-WEIGHT AND PERIPHERAL LEUCOCYTE COUNTS OF VARIOUS KINDS OF 
CBA AND BALB/c MICE AGED 14-16 WEEKS 





Spleen Thymus Lymph node 
weight , 100 weight. 109 weight » 199 Total Mononuclear ^ Poly morpho- 
Mice Body-wught body- body- body- nucleated leucocytes nuclear leucocytes 
+ 5D weight weight weight cell count (per mm?) (per mm?) 
BALBje (10*) 32 20 + 2 25 035240022 009840017 0014-0 004 9,380 + 2,936 8,654 + 2,821 1,726 + 766 
CBA (10) 22 25 +3 02 037140052 021740068 001540005 9,730 + 2,021 8,193 . 2,403 1,537 + 972 
BALB/c>BALBe 22 36 +3 02 054640078 0137400389 006740003 9,671 + 3,291 7,151 + 3,208 2,520 + 540 
Syngenere chımwras (7) 
BALBle—CBA 20 79 + 3 06 0 447 + 0239 0182 +0038 0 005 0 003 8,017 + 2,688 3,629 + 1,482 1,088 + 2,111 
Allogenoie chimaias (17) 
CBA—CBA (12) 24124240 0330 +0074 012840024 0005 20 004 6,425 + 2,716 3,984 + 2,030 2,441 + 986 
CBA—BALHB]e (11) 19 50 4 2 65 078440123 00394+0011 000540001 2,800 + 1,840 909 + 834 1,891 + 1,116 


* No of mice 


Fig 7 shows the peicentage of cells in mitosis m the 
liver of BALB/c mice at various times after partial hepa- 
tectomy Each pomt represents the mean 1esult from at 
least three mice, at least 4,000 cells were scored in each 
bve. It can be seen that the mitial mitotic peak 1s 
reached sooner in the control than m the irradiated 
anmals The mitotic peak for the irradiated mice has 
probably been missed between the second and fifth days, 
but ıt seems to die away sooner than rn unii1adiated mice 
Very httle difference ıs apparent between the syn- and 
allo-geneic chimeras 

The general condition of the mice at the time of partial 
hepatectomy can be deduced fiom Table 3 taken m 
conjunction with the histological findings Only the 
allogenere CBA—BALB/c chimeras showed maiked 
peripheral and central lymphopenia, then thymuses were 
m the main devoid of cortical small lymphocytes. then 
spleens showed hitle or no orgamzation of lymphoid 
folhcles and considerable extravasation of red cells and 
focal necrosis, their lymph nodes were reduced to a capsule 
and a few reticular cells with no evidence of small lympho- 
cytes The syngeneic BALB/c > BALB/c mice, though 
having normal pe1ipheral mononuclear leucocyte counts, 
had somewhat hypoplastie spleens and lymph nodes 
showing a few foci of 1egeneration of small lymphocytes 
Then thymuses were almost normal in architecture and 
cellularity 

The two kinds of CBA chimeias were closely smilar in 
1elation to then peripheral mononuclear leucocyte counts 
and thew thymusés The allogeneic CBA chimeras 
tended to show rather moie maiked aplasia of spleon 
and lymph nodes than did the syngeneic, but in both cases 
some degree of lymphoid regeneration was evident In 
this respect the CBA chimeras wore similar to the BALB/c 
syngeneic chimeras 

In summary the syngeneic chimeras and the BALB/e —- 
CBA allogeneic chimeras had rather less than half their 
normal quota of lymphoid tissue, an effect ascribable 
mitially to radiation and latterly to failure of the thera- 
peutic bone marrow injection, actmg m conjunction with 
the imadiated host thymus, to restore normality within 
28 days The allogeneic CBA — BALB/c chmeras had 
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Fig 7 Percentage mitotic cells in the liver of various kinds of BALB/c 
muce related to tıme after pai tial hepatectomy 
O, BALBje mee, <A, BALBfo>BALB/e syngeneic climates, 
O, CB i> B 1 LDBjcallogeneic chimeras 


grossly defective lymphoid tissue asoribable mitially to the 
ladiation and secondarily to faiue of the thymus to 
function Whether failure of thymic function 1s associated 
with an immunological giaft-versus-host reaction, either 
dneetly, the thymus bemg a target organ, or indirectly, 
the 1eaction having reduced the number of cells capable 
of facihtating thyme regeneration, cannot be decided 
on the basis of the present evidence 

The differences observed in the capacity to restore 
normal liver weight after partial hepatectomy were first 
between irradiated and unuradiated mice and, secondly, 
between syngeneic and allogeneic BALB/c chimeras 

A number of delayed effects have been observed in hver 
encouraged to grow by partial hepatectomy at various 
times after radiation These melude decreased capacity 
for DNA synthesis, lowered mitotic rates and chromo- 
somal abnormalities These last defects have been shown 
to be realizable ın lage numbers many months afte. 
nradiation?, whereas mitotic delay, reduction in mitotic 
frequency and decreased capacity for DNA synthesis are 
not significant 48 days after wradiation Any or all of 
these effects could be iesponsible foi the differences 
between uradiated and unirradiated mice m the present 
experiments, with perhaps chromosomal aberration 
considered as the most significant factor It should also 
however, be considered that all the irradiated mice were 
lymphopenie at the time of hepatectomy and this may 
have affected the 1egeneration of the hver As the lympho- 
penia of the syngenere chimeras 1s far less pronounced at 
50 days than it is 28 days after irradiation, whereas the 
frequency of mitotic abnormalities would not be very 
different, hepatectomy experiments 50 days after iriadia- 
tion might permit differentiation between mitotic abnor- 
malities and lymphopenia as possible causal factors in 
alteration of regeneration rates 

Interpretation of the difference between syngeneie and 
allogeneic BALB/c chimeras 18 also fraught with difficulty 
It has been suggested that the food intake of wasting 
allogeneic chimzias 1s normal’ and therefore starvation 1s 
unlikely to be an etiological factor m the wasting syn- 
diome, but the evidence is tenuous and im any event 
normal food intake cannot be taken as a reliable criterion 
of normal ability to utihze nutrients The possibility 
that starvation 1s & factor m mnpaired hver regeneration 
in the CBA — BALB/c chimeras cannot therefore be 
1uled out - 

The experiments of van Bekkum eż al ? show that the 
extent of mmunological activity of the graft agamst the 
host varies m its mtensity and duration from one strain 
sombmation to another In the present context without 
measurement of graft-versus-host activity 1t 1s not safe 
to conclude that none existed m the allogeneic chmæras 
at the tıme that partial hepatectomy was carried out 
In consequenee 1t must be allowed that a least part of the 
failure of the CBA — BALB/c chimeras to regenerate 
their livers after partial hepatectomy could be ascribed 
to a graft-versus-host reaction 

As the allogeneic CBA > BALB/c chimeras are pro- 
foundly lymphopenie ın comparison with the syngeneic 
chimeras which received the same radiation dose, 16 must 
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also be allowed that this state could prejudice the ability 
of the hver fully to regenerate 

Coming, finally, to the difference between the two strains 
of mice, ıt could be argued that BALB/c cells mjected 
into radiated CBA mice do not precipitate so violent a 
giaft-versus-host reaction as that which is mvolved m 
the reciprocal stram combmation Laver regeneration 
could be held to be inversely proportional to the intensity 
of the graft-versus-host reaction as indeed could the 
development of the lymphoid tissue Though this latter 
contention 1s supported by the histological findings there 
remaims the possibility that the hver regeneration 1s 
inversely proportional to the degree of lymphopenia 
because the lymphoid system in some way controls at 
least the latter stages of the 1egeneration process A 
recent theory?, which proposes a relationship between 
the mamtenance of tissue size and the lymphoid system, 
1$ m no way 1efuted by the present findings 

Experments with thymectomized mice m which more 
11g010us contiol of lymphocyte-levels can be exercised?:1! 
-and m which the immunological complications of the allo- 
generc chimera are absent, have been started Pre- 
lmunary results mdicate that thymectomized nradiated 
mice, given syngeneic bone marrow after irradiation show 
somewhat slower regeneration of the hver than compar- 
able sham-thymectomized syngeneic chimeras Work 
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along these lmes 1s in progress to elucidate the relationship 
between lymphocyte level and the capacity to mamtain 
normal tissue size 
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PREDICTION OF MULTIPLE DOSE SERUM LEVELS OF ‘LINCOCIN’ FROM 
SINGLE DOSE SERUM LEVELS WHEN ‘LINCOCIN’ (AS THE 
HYDROCHLORIDE) WAS ADMINISTERED BY CONSTANT 
RATE INTRAVENOUS INFUSION 


í By Dr J G WAGNER and C D ALWAY 
Tne Upjohn Co, Kalamazoo, Michigan 


OKIPII and Turpenem! showed empirically that 

equation (1) predicted the blood-level of glucose at 

various times when glucose was administered by constant 
rate intravenous infusion 
k 

B= 7, (> 8" #) (1) 

If the mfusion were stopped at some time T, then the 

serum level would fall off according to the relationship 
expressed m equation (2) 


B = Bp e- Kt- 1) (2) 


where B is the blood level at time ¢ and £z T, ko 1s the 
constant infusion rate ın amount per unit time, Va 1s the 
apparent volume of distiibution, K 1s the first-order 1ate 
constant for loss fiom the apparent volume of distribution 
Br 1s the blood level at tame T 
These equations apply to the fundamental model 
ho K 
A +B >C 

where A 1epiesents the 1eservon of diug in the mfusion 
pump o: dup apparatus, B represents the apparent volume 
of distribution, and C 1epiesents the diug ın the urme 
plus 1ts metabolite(s) 

The foregoing model and equations (1) and (2) have 
been applied to serum levels obtained after the first dose 
of ‘Lincocin’ (as the hydiochlonde) administered by 
constant rate mtiavenous infusion over a 2-h period 
followed by an interval when no ‘Lincocin’ was admunis- 
tered These results have been used to predict, by means 
of an analogue computer, the serum levels obtained on 
multiple dose 1egimens 

The serum levels of the individual subjects from which 
the average serum levels below were calculated will be 





published by Ma, Lim and Nodine? and by Vavia, 
Sokolski and Lawson? 

Results of Ma, Lam and Nodine? The method used is 
illustrated ın detail utihzmg the average serum levels of 
five subjects obtained by these authors when 300 mg of 
Lincocin’ (as the hydrochloride) was admuniste.ed by 
constant iate intiavenous infusion over 2 h, then 10h 
were allowed to elapse before the next infusion commenced 
The total dose was 2,100 mg admunistered in seven 
infusions over a period of 74h In this mvestigation tho 
average serum levels of ‘Lincocin’ obtamed after the first 
infusion were as follows 


Time (h) Average serum level (ug/ml ) Remarks 
2 97 End of first infusion 
6 36 
12 16 Just before start of second 
mfusion 


By the method of least squares using the logarithms of 
the foregomg serum levels and the corresponding times, 
the value of K was found to be 0 177 h~ corresponding to 
a biological half-hfe of 3 91h 

Rearrangement of equation (1) yields 

ko BK 
Ya C Y— e-H (3) 
Usmg the average serum level at 2h for B and t=2, wo 
can solve for ko] Va as follows 
ke 97 x 0177 
Ya l-—e-(0175Q 
Since 300 mg of ‘Limcocm’ was given by constant rate 
IV mfusion over the 2-h period, then 
ko = 300,000/2 = 150,000 ug/h 
Va = 150,000/5 77 = 26,000 ml 


» = 577 vg/ml x hour 


1102 


Hence, the model which should predict the average sorum 
levels ın this experment 1s 


kol Va = 577 ngiml xh K = 0177h? 
——>P. -> 








then nothing fon 2to12h 

An analogue computer was programmed with this model 
and a ‘dose’ of 11 54 umts (namely 2x5 77) put into 
compartment A at time zero and every 12 h for a total of 
seven doses The concentration in compartment B (namely 
the apparent volume of distribution) was plotted as & 
function of time This plot represents the predicted'serum- 
level of *Lincoem? obtained on the multiple dose regimen 

This plot ıs the solid lme shown ın Fig 1 The sohd 
circles (@) are the average serum levels after the first 
dose (see above) from which the analogue plot was derived 
The open circles (O) are the observed average serum levels 
which Dr Nodme obtamed m the multiple dose mvestiga- 
tion It 1s obvious that the observed and predicted 
average serum levels agree very closely Hence, 15 appears 
justifiable to assume that the analogue computer plot 
represents a continuous plot of average serum-levels of 
‘Lincocin’ obtained in this work 
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Fig 1 Multiple dose investigation of Ma, Lim and Nodime The solid 
circles (6) are the average serum levels of ‘Lincocin’ 1n five subjects 
obtained after the first infusion The solid line is the plot drawn bv 
the analogue computer based on the model derived from the average 
serum levels after the first dose The open circles (O) are the observed 
average serum Jevels which were reported in the multiple dose study 
In this study 300 mg of ‘Lincocin’ (as the hydrochloride) was admunis- 
tered by constant rate 1ntravenous infusion over 2 h, then 10 h were 
allowed to elapse before the next infusion was started The total dose 
was 2,100 mg administered in seven infusions over a period of 74 h 


Intravenous Infusion, Multiple Dose, 300 mg every 
12 h reported by Vava et al® In a similar investigation 
to that here, Vavia et al * reported average serum levels 
of five subjects as follows 


Time (h) Average serum level (ug/ml ) Remarks 
2 [A 7 End of first infusion 
6 6 
12 13 Just before start of second 


infusion 


The method of least squares gave a value of K of 0 177 h-: 
co.responding to a biological half-life of 3 91 h 


ka 77 x 0177 


ko = 300,00/2 = 150,000 ug/h 
Va = 150,000/4 57 = 32,800 ml 


Hence, the model used for the analogue compute: was 


ho'Va= 457 weg ml xh K = 0177 h3 
4 ——.B C 





for 2h 
then nothmg from 2 to 12 h 


The analogue computer was programmed and a ‘dose’ 
of 914 units (namely 2x4 57) put into compartment A 
at time zero and every 12 h for a total of seven doses The 
concentration m compartment B was plotted as a function 
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Fig 2 Multiple dose mvestigation of Vavra et al (ref 3) The solid 


circles (6) are the average serum-levels of ‘Limcocm’ m five subjects 
obtained after the first infusion The solid line 1s the plot drawn by the 
analogue computer based on the model derived from the average serum- 
levels after the first dose The open circles (O) are the observed average 
serum-levels reported in the multiple dose study In this study 
300 mg of *Lincocin' (as the hydrochloride) was admmistered by constant 
rate mtravenous infusion over 2h, then 10 h were allowed to elapse 
before the next infusion was started The total dose was 2,100 mg 
administered in seven infusions over a period of 72 h 


of time This plot represents the predicted average serum 
of ‘Lincocin’ obtained on the multiple dose regimen used 
This plot is the sold lme shown m Fig 2 The sold 
circles (@) are the average serum levels after the first 
dose (see above) from which the analogue plot was derived 
The open circles (O) are the observed average serum levels 
obtained in the multiple dose investigation Again, the 
agreement between observed and predicted serum levels 
1s very good Hence, ıt appoars justifiable to assume that 
the analogue plot represents a continuous plot of average 
serum-levels of ‘Lincocin’ obtamed in this work 

Intravenous Infuswn, Mulivple Dose, 600 mg every 6 h 
reported by Vavra etal? In this mvestigation five subjects 
were administered 600 mg of ‘Lincocin’ (as the hydro- 
chloride) mtravenously by constant rate infusion over 
2 h followed by a 4-h interval when no ‘Lincocm’ 
was admuustered A total of 7,200 mg of ‘Lincocin’ was 
pi on this regimen using 600 mg every 6 h for twelve 

osos 

At the end of the first infusion the average observed 
serum-level was 15 0 pg/ml at 2h Az 6h, just before the 
start of the second infusion, the average serum level was 
63 ug/ml From these results obtamed after the first 
fusion, the following were calculated 
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Fig 8 Multiple dose investigation reported by Vavra et al (ref 3) 
The solid circles (@) are the average serum levels of ‘Lincocin’ in five 
subjects obtained after the first infusion The solid hme 18 the plot 
drawn by the analogue computer based on the model derived from the 
ayerage serum levels after the first dose The open circles (O) are the 
observed serum levels whieh were obtained 1n the multiple dose study 
In this study 600 mg of ‘Lincocin’ (as the hydrochloride) was adminis- 
tered by constant rate mtravenous infusion over 2 h, then 4 h were 
allowed to elapse before the next infusion was started The total dose 
was 7,200 mg admunisteied In twelve mfusions over a period of 68 h 
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2 303 (log 15-0 — log 6 3) 
PaSA ao Rb 
6—2 
_ 150 x 0217 
Va = Toe ek = l—e-021)) = 92 ug/ml xh 

k, = 600,000/2 = 300,000 ug/h 
Va = 300,000/9 2 = 32,600 ml 
Hence, the model for the analogue computer was 


Loi Va = 92 pgm x h E = 0217 
>B- —— C 


= 0 217 h” 





for 2h 
then notlung from 2 to 6 h 


The analogue computer was programmed and a dose of 
184 umts (namely 2x92) put mto compartment 4 at 
time zero and every 12 h for a total of 12 doses The 
concentration 1n compartment B was plotted as a function 
oftime This plot represents the predicted average serum 
level of ‘Lincocim’ obtained in the multiple dose regimen 
in this work This plot 1s the sobd hne shown in Fig 3 
The sold e:rcles (@) are the average serum levels obtained 
after the first dose (see above) from which the analogue 
plot was derived The open circles (O) are the observed 
average serum levels obtamed ım the multiple dose 
investigation The agreement between observed and 
predicted average serum levels 1s quite good. 
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The analogue compute: plots offer certam advantages 
These aro 

(1) The analogue plots represent continuous plots of 
the serum (or blood or plasma) levels as a function of 
time Hence, they provide a much more meanmgful 
representation of the multiple dose-levels than plots 
obtained by jommg the few average blood level pots 
one can measure in & multiple dose investigation 

(2) Tf a good fit 1s obtamed between actual and predicted 
serum levels on a multiple dose mvestigation usmg one 
dosage regimen, then the same model used to produce the 
predicted serum levels by the analogue computer can also 
be utilized to produce analogue patterns of predicted 
serum levels if the same subjects were administered the 
drug on other dosage regimens 

Wo thank Dı W T Sokolski, Control Division, The 
Upjohn Co , who performed some of the microbiological 
assays, and Drs Nodme, Vavra and Lawson, who 
peimutted us to use these data 
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RELATIVE HUMIDITY, INOSITOL AND THE EFFECT OF RADIATIONS 
ON AIR-DRIED MICRO-ORGANISMS 


By Pror. S. J. WEBB 
Department of Bacteriology 
AND 


D. V. CORMACK and H G. MORRISON 


Department of Physics, University of Saskatchewan, Saskatoon 


| Dodo le over the past nine years with aur-dued 
micro-organisms have shown that relative humidity, 
Aemperatureb? and chemical additives® all combine to 
determine the response of a cell to drying in air either on 
filters or m aerosols Investigations of the interactions 
between these three factors led to the suggestion that the 
death of a microbial cell resulted from a physical change 
in the structure of an essential macromolecule when the 
water, bound to this molecule, 1s removed? These ‘bound’ 
water molecules appear to occupy strategic positions in 
the molecule and only certain chemicals capable of forming 
hydrogen bonds of the correct type can replace them and 
maintain the biological mtegrity of the macromolecule** 
Of the chemicals tested mositol proved to be the most 
efficient stabihzer against desiccation damage and this 1s 
assumed to be due to its symmetry and structural simi- 
larity to water When mositol was used to stabihze 
bacterial cells the only function of the cell preserved 
durmg drying was its ability to synthesize protem": 
Thus it appeared that mositol reacted 1n some way with 
the ribonueleie acids (RNA) and this hypothesis was 
further substantiated when ıb was found that mositol 
would preserve the infectivity of dried Rous sarcoma 
virus, an RNA virus’ 

Along with the foregoing experiments, investigations on 
the offect of ultra-violet hght and visible hght on air-dried 
mucrobes were conducted Initially the mvestigations 
were concerned with the effect of various wave-lengths and 
the action of photodynamic dyes? However, ib soon 
became clear that relative humidity played an important 
part also in modifying the extent of radiation damage In 
intial expermments with Rous sarcoma virus’ and 
Serrata marcescens’, a sharp increase 1n the sensitivity of 
these two orgamsms to ultra-violet radiations was 


observed when the relative hunudiy fell below 65 per 
cent, also inomtol was able to prevent these relative 
humidity effects It is the purpose of this article to report 
further findings with Escherichia cole and Pseudomonas 
aerogenosa, irradiated with ultra-violet of 2800-3200 A 
wave-length and preliminary work with Serratia marcescens 
irradiated with 250-kV X-rays For the ultra-violet 
investigations the organisms were cultured, aerosohzed and 
assayed in the same manner as previously described*?:°, 
When X-rays were used the cells from 10 ml alquots of a 
48-h culture, grown on a rotary shaker, were washed m 
distilled water or a 5 per cent solution of inosito! One ml 
samples were then placed on a ‘Milhpore’ filter and hquid 
removed ‘The films of cells on the filters were then trans- 
ferred to a drymg eabmet and held for about 90 min at a 
set relative humidity After this tıme, the Petri dishes 
were sealed, the films irradiated, and then immediately 
resuspended in 0 85 per cent sodium chloride, and viable 
counts made The controls went through the same 
procedure but without irradiation 

Since the effect of relative humidity was the same for 
all organisms tested and assuming the survivor versus 
time relationship to be exponential?, the death rates (K) 
for irradiated cells were normalized to those of Serratia 
marcescens and the same was done for the K values of 
cells held at & set relative humidity for 5 h without 
wradiation These results are shown m Fig 1, together 
with the effect of mositol and the influence of relative 
humudity on the water content of the cells Scale A (X) 
represents the death rate of irradiated cells over a 30-mm 
period, minus the decay rate of non-mradiated cells over 
the same period of time Scale B (O) 1s for the K values of 
non-rradiated cells held over & 5-h period The sohd 
exrcles (6) represent the water content m g/100 g of cell 
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sohds and the solid tangles (A) mdicate the K values of 
imadiated or non-niadiated cells protected with 1nositol 
At first sight, Fig 1 may appear too complex, but the 
results were deliberately plotted in this way in order to 
demonstrate a constant finding Under the experumental 
conditions described’, little or no irradiation damage 
occurs above 70 per cent relative humidity, nor are there 
many deaths occurring m unirradiated aerosols At about 
65 per cent there 1s a rapid change m the sensitivity to 
both ultra-violet and drying alone, with the maximum rate 
of change taking place between 65 and 55 per cent relative 
humidity for ultra-violet, and 65 and 45 per cent 1elative 
humidity foi non-irradiated cells Some organisms showed 
an equally sharp meiease in sensitivity to diying in the 
dark between 65 and 55 per cent ielative humidity 
With ultra-violet radiation relative humidity changes 
below 55 per cent had little o1 no effect on the death rate 
and the same was truo for non-irradiated cells below 45 per 
cent relative humidity Under all the experimental condi- 
tions, with the possible exception of a relative humidity 
region around 40 pei cent, mositol completely pievented 
activation of the cells or viruses m the dark or under 
ultra-violet wradiation 
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Fig 1 Relationship between the water content of air-dried microbial 


cells held at various levels of relative humidity and their sensitivity to 
drying and ultra-violet light 
x, Scale A, decay rates over a 30-min period of ultra-violet irradiation, 
O, seale B, decay rates over a 5-h period ofau drying, @, water content 
of cells m g/100 g of cell solids, A, decay rates of irradiated and non- 
irradiated cells protected with mositol 


As has beon demonstrated eailier?, the curve obtained 
when the K values of cells dried in the dak are plotted 
against relative humidity 1s almost a mirror image of that 
obtained. when the wate: content of cells ıs expressed as 
a function of relative humidity (Fig 1) Sumiar kinds of 
relationships were found when tho K values were plotted 
agamst the function (100-relative humidity) P,/7, where 
T = temperatue (° abs ) and P, 1s the saturated vapou 
pressure at temperature T durmg examination of tem- 
peratwe effects! The most significant pomt from these 
and earlier 1esults would seem to be the dramatic change 
that occurs in the stabihty of cells when the 1elative 
humidity diops below 65 per cent and the prevention of 
this effect by mositol The wate1-content curve shown m. 
Fig lagiees favourably with the 1esults of many workers 
on the quantity of water bound to protems and nucleo- 
protems at various relative humidity values At about 
70 per cent relative humidity only the water bound to 
cell macromolecules 1emains and 1t has been shown 
that for DNA! this water 1s part of the molecule and 
is responsible for its structural integrity Also, at about 
70 per cent relative humidity, this structural water 
begins to be removed It may be argued that the same 
is true for RNA and protem molecules and 1t would 
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seem more than a comeidence that it is at this precise 
level of relative humidity that cells begin to die when 
partially dried or subjected to ultra-violet iadiation 
The fact that mositol ıs able to prevent both kinds 
of cell damage and virus mactivation stiongly supports 
the hypothesis proposed earlier? that this compound acts 
as water so fai as tho maintenance of the structural 
integrity of macromolecules 1s concerned The smularity 
of the effects of relative humidity on both dark and 
irradiated dried cells would suggest that the mechan- 
ism of ultra-violet damage, under the oxpernmental 
conditions deseibed (that is, low intensity, long wave- 
length ultra-violet), 1s partially by way of the 1upture of 
hydrogen bonds (H-bonds) between water molecules them- 
selves o1 the H-bonds between water and the cell nucleo- 
protem Presumably the mositol molecule, by vutue of 


"4 


its six-carbon img nucleus and six Seg 
4 


gioups, 15 


OH 

less easily displaced by ultra-violet radiations and this 
would seem to be particularly true if two or moie of the 
—OH groups were involved in H-bonding between the 
components of a conjugate maciomolecule such as & 
nucleoprotem 

To test the hypothesis futher 16 was decided to examme 
the effect of relative humidity and mositol on X-ray 
damage to bacterial cells For the mitial experiments 
film diymg was used, since some difficulty was exper 1enced 
with the positioning of tho aerosol apparatus and dose 
calculations Control over the relative humidity, how- 
evel, was not so accurate as with the aeiosol drum, but 
1b was sufficient to demonstrate effects of both relative 
humidity and inositol The results of those initial oxperi- 
ments with Serratia marcescens are shown in Fig 2 
Under X-uiadiation the cells were more stable at relative 
humidity values below 50 pe: cent than at higher valucs 
and once agam the region in which a pronounced change 
occwied was between 50 and 70 per cent 1clative humidity 
In most cases the points in Fig 2 are the average K values 
of thiee or more separate determmations In one par- 
ticular case, a low K value was recorded at 60 per cent 
relative humidity without inositol, and this 1s included in 
the figue because ıt does suggest a critical dependence of 
X-radiation sensitivity on relative humudity ın this 
relative humidity region The necessity of having to 
seal the Petii dishes and the low humidities in oui 
laboratories made ıt difficult to work within hmuts of 
5 per cent in relative humidity Newer mstrumentation 
1$ now overcoming these difficulties 

It i. interesting that the presence of bound water 
renders the cell more susceptible to X-1av damage, while 
its 1emoval iesults ın increased stability This ıs the 
ieverse of the effects found foi desiccation alone and 
ultra-violet nradiation, and tends to suggest that much 
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Effect of relative humidity and inositol on the sensitivity of 
Serratia marcescens to X-rays 
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Fig 3 A schematic interpretation of the possible structural role of 


water molecules in a conjugate nucleoprotem molecule and how the 
complete structure may be affected by desiccation and thc absorption 
of various radiations 


of the damage caused by X-1ay results fiom an action of 
the radiation on the water molecules themselves This 1s 
m general agreement with present ideas as to the action 
of ionizing radiations The fact that mositol can prevent 
X-ray damage and seems most effective at about 65 per 
cent relative humidity 1s taken to mean that this com- 
pound H-bonds to cell components only when bound 
water remains o1 1s removed by desiccation It could be 
aigued that inositol does not ente) the cell and the 
hypertonic solutions, produced duimg drymg. actively 
iemove wate: by osmosis This however, would not 
explain the compound’s ability to protect the cells against 
diymg and ultra-violet hght, for under these conditions 
bound wate: 1s protective It can only be assumed. 
therefore, that the protection afforded cells by inositol 
against radiations and/or drying is through some intor- 
action between 1t and components of the cell Possibly 
the other polyhydroxy compounds ieported recently to 
afford cell protection against X-18y!?!9 function m the 
same way 

Since it 19 known that hght of wave-lengths more than 
3000 Å! ıs lethal to microbes, the hypothesis proposed 
eailer?, and schematically shown m Fig 3, 1s offered as 
an explanation for both desiccation and radiation damage 
under conditions where ielative humidity has a modi- 
fying effect It is assumed (a) that the two parts of a 
conjugate nucleoprotein molecule in vwo iely on water 
molecules for them stiuctural and biological integrity, 
and (b) that the same water molecules, through watei- 
water, water-protem, and watei—nucleie acid H-bonds, 
‘help to conjugate the two moieties. 

It follows that light energy absorbed by the nucleic 
acid bases or the ammo-acids of protem, in order to 
produce damage, must first remove the bound water 
The more water molecules bound, the more difficult ths 
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becomes and the greater the energy required to kill cells 
Also. not only will the removal oi reorientation of the 
water itself be lethal because of possible structural changes 
in the nucleoprotem, but also in the absence of water 
energy mugiations along the molecular chain will become 
more easily achieved Under the latter conditions furthei 
bonds may be broken unless the water is replaced by 
other energy transfer dampeis acting also as stiuctural 
pillars, im the form of compounds with strategically 
placed —OH, NH, and possibly —SH gioups In the 
case of X-1ays and other iomzing radiations then direct 
action on the water itself will produce damage Some 
water molecules will be removed by thew 1onization 
others will be 1eorientated or removed as the various 10ns 
produced become hydrated Webb, R B 35, states that 
»mnple desiccation of Staph aw eus does not decrease the 
X-ray sensitivity by the organism, yet states that pro- 
tection of the cell by glycerol ıs because the compound 
wll bmd with cell macromolecules on sites normally 
occupied by water These two statements seem meom- 
patible unless ıt 15 assumed that the radiation products 
of water have no lethal action A more likely explanation 
would seein to be the presence in staphylococcal cells of 
unusual macromolecular complexes consisting of sugais, 
protems and nucleic acids These large conjugate mole- 
cules are considered partly responsible for the staining 
reaction of the ccls and their notorious stability to 
physical agents Desiccation, for. example, does not affect 
the viability of these organisms to any great extent? and 
it was for this reason that they were not used in the 
piesent investigation The fact that desiccation also does 
not alter the X-ray sensitivity of these cells seems to 
indicate (a) that one ‘mduect’ effect of X-ray 1s through 
its action on the stiuctwally important bound wate: and 
not free water, (b) the 10le of bound water in some of 
the macromolecules of staphylococcal cells is partially 
taken over by another moiety. possibly the sugai Fiom 
our 1esults, however, with cells sensitive to changes in 
relative humidity, 16 does appear that tbe replacement of 
bound water with the —OH groups of inositol will 
stabilize these cells to both desiccation and radiations 

This work was supported by grants from the Defence 
Research Board of Canada (project D52-18-50-04) and 
the National Cance: Institute of Canada 
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CHEMICAL STRUCTURE OF BACTERIAL CELL WALLS 


Ornithine and 2,4-Diaminobutyric Acid as 
Components of the Cell Walls of Plant 
Pathogenic Corynebacteria 


HE cell walls of bacteria contam a basal component, 
Tire mucopeptide, which consists of the ammo-sugars 
N-acetylglucosamine and N-acetylmuramuie acid and a few 
ammo-acids, among which alanme. glutamic acid and 
either lysine or diammopimelic acid have always been 
found However, 1t had been noted that the cell walls of 
Corynebactervum, triti 471 appeared to be unique in 


contaming neither lysine nor diammopimehce acid, although 
hydrolysates contamed, m addition to alanine, glutamic 
acid and glycme, another nmhydrin-positive component 
tentatively identified as B-alanme! This component has 
now been shown to be 2,4-diammobutyric acid, and 
re-examination of the cell walls of related Corynebacter:a 
has shown that they contain not lysine but'ornithme 

C tcs 471, O betae, C flaccumfaciens and C pom- 
setae were grown and cell walls prepared as previously 
deseribed! For exammation of ammo-acid components 
samples weie hydrolysed in 6 N hydrochlone acid at 105° 
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for 18 h The hydrolysates were exammed by paper 
chromatography 1n the followmg solvents: (A) n-butanol/ 
acetic acid/water, 63 10 27, (B) phenol/ammonia, (C) 
methanol/water/pyridme/cone hydrochloric acid, 32. 7- 
4 1, (D) tert-butanol/water/ethylmethylketone/diethyl- 
amine, 80.80 40 8, (E) n-butanol/ethanol/water/ 
ammonia (sp gr 0880), 40 10 49 1 The ammo-acids 
were also examined by paper electrophoresis erther at 
pH 68 im colhdine/acetic acid buffer or at pH 11-5 m 
0-025 M sodium carbonate 

For isolation of larger quantities of the ammo-acids the 
hydrolysates were appled to columns of ‘Zeo-Karb 226° 
(H* 4 per cent cross-lmked) and eluted with 125 N 
hydrochloric acid In a typical run with an authentic 
sample, the diammobutyric acid peak centred on tube 
No. 50 and lysme on tube No. 84 Ornithme appeared at 
an intermediate position 

Derivatives of the unknown ammo-acid fiom C tritico 
were prepared and compared with those of authentic 
L-2,4-diaminobutyrie acid The dipicrate was prepared 
as described by Adamson? and the bis-dinitrophenyl 
compound (bw-DNP derivative) as described by Rao and 
Sober? Tho bis-DNP derivatives were compared by 
chromatography on thm-layer plates developed in 
chloroform/methanol/acetic acid, 95 5 1 (solvent F) 

Ornithine was characterized by its specific reaction in 
acidic ninhydrin* Its optical configuration was mvesti- 
gated by use of L-ornithine transcarbamylase*. 

C tiruwa, Two-dimensional chromatograms (solvents 
A and B) of hydrolysates of the cell walls of C trit 
showed, in addition to amuno-sugars, alanine, glutamic 
acid, glycine and an unknown component which ran as 
slowly as lysine in butanol/acetic acid and about half as 
far as lysine m phenol/ammonuia (the ammonia concentra- 
tion was critical for this separation) As reported 
previously’, the hydrolysates contamed no diammopimelic 
acid and only a trace of lysme Samples of the unknown 
material isolated from chromatograms (solvent A), and 
run on paper electrophoresis at pH 6 8, moved, like lysme, 
several centimetres towards the cathode, so that the 
material was evidently basic. Further samples of the 
isolated substance were run on chromatograms in solvent 
C, which proved to be the most useful for rapid identifica- 
tion Relative Rr values and colours given with ninhydrin 
on standing at room temperature overmght are shown in 
Table 1 The unknown substance also corresponded with 
2,4-diamimobutyric acid in solvents A, B, D (Fiysme = 
0 91) and E (Riysme=2 04). Further confirmation of the 
identity of the two compounds was obtained from paper 
electrophoresis at pH 115 In a typical run at 9 V/em 
for 4 h, basic amino-acids moved towards the anode as 
follows: lysme, 25cm, ormthine, 40cm, unknown and 
2,4-diammobutyric acid, 6 1 em, diaminopropionie acid, 
9-6 cm 
Table 1 CHROMATOGRAPHY OF AMINO-AOIDS ON PAPER (WHATMAN NO 1), 


DESCENDING TECHNIQUE, OVDRNIGHT, IN METHANOL/ WATER/PYRIDINE/ 
HYDROCHLORIO ACID 


Colour given with 


Substance Riysine ninhydrin after 
standing overnight 

meso-Diaminopmmelie acid 048 Yellow 
Diaminopropionie acid 050 Grey-brown 
TLL-Diaminopimelic acid 0 65 Yellow 
2,4-Diaminobutyric acid 071 Grey 
Basic substance from C. tiifici 071 Grey 
Ornithine 0 83 Red-brown 
Basic substance from C betae 083 Red-brown 
Lysine 100 Grey-brown 
Glycine 100 Disappears 
Glutamic acid 129 Blue-purple 
B-Alanme 137 Disappears 
a-Alanirie 146 Disappears 


In a large-scale preparation of the substance from 
C. trucs now suspected to be 2,4-diammobutyric acid, 
1 g of cell walls was hydrolysed m 6 N hydrochloric acid 
overnight at 105? "The dark hydrolysate was treated with 
charcoal, filtered, and the ammo-acids separated on a 
column of cation exchange resin as described here The 
peak of diammobutyric acid, which corresponded in 
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elution position to an authentic sample, was concentrated 
wn vacuo and crystallized in the flask. After drying om 
vacuo over calcium chloride the material, presumably the 
dihydrochloride of diammobutyric acid, weighed 37 mg 
The optical rotation of this crude material was measured 
m solution in 5 N hydrochloric acid («)p?5 5-17 5°, 
corresponding to a molecular rotation of +334°. Fu 
et al *, usmg a purified synthetic sample, found a molecular 
rotation of +37 7° for L-diammobutyrie acid It appears, 
therefore, that the substance from the cell walls of C 
triti has the L-configuration. The dipicrate was prepared 
from the isolated and authentic samples and recrystallized 
from water M p and mixed m p 181? (Kofler) Adamson? 
found 1807-181? Solutions of the bw-DNP derivatives 
were also prepared by reaction with fluorodinitrobenzene, 
and behaved identically on thin-layer chromatography ın 
solvent F (Rpis-pNP-lysine = 0 49) 

An approximate estamate of the proportion of diammo- 
butyric acid ın the mucopeptide of O trie? was obtained 
as follows Quadruphcate samples of a hydrolysate 
(6 N hydrochloric acid, 105°, 18 h) were run on a chromato- 
gram in parallel with known quantities of ammo-acids 
(solvent A) The colours given with nmhydrin were eluted 
and compared’. The results given m Table 2 show that 
diammobutyric acid was present as a major component 
of the mucopeptide of this organism The percentages of 
all the ammo-acids were low presumably because the cell 
walls contamed much carbohydrate 


Table 2 QUANTITIES OF AMINO-ACIDS FOUND IN ISOLATED CELE-WALLS Ol 
Corynebacteria 
Percentage Molar 
Organism Amuno-acid asanhydro- ratio 
compound 

C tno Diaminobutyric acid 265 100 
Glycine 12 083 
Glutamic acid 18 057 
Alanine 094 0 53 

C betae Ormthine 47 100 
Glycine 26 111 
Glutamic acid 59 111 

Alanine 6 0 88 


Amuno-acids were estimated by eluting the colours given with ninhydrin 
on chromatograms, and comparmg with markers run simultaneously (ref. 7) 


C betae Hydrolysates of the cell walls of C. betae were 
prepared. Re-examination of two-dimensional chromato- 
grams (solvents A and B) showed that m addition to 
alanme, glycine and glutamue acid the cell walls contamed, 
instead of lysine as previously supposed!, an amino-acid 
which separated from added lysme m solvent B. Chroma- 
tography in solvent C showed that this component ran m 
the same position as ornithine and gave the same character- 
istic colour with nmhydrm on standing overnight (Table 1) 
Some of this compound, which ran very slowly m butanol/ 
acetic acid, was eluted from chromatograms and a sample> 
treated by paper electrophoresis at pH 11:5 Here, too, 
1t ran m the same position as ornithme, though shght 
traces of lysme and diammobutyric acid may also have 
been present Samples were also treated by an acidic 
ninhydrin reaction, and gave a chromophore with exactly 
the same absorption curve as authentic ornithme (as 
shown by Work*) A portion of the substance and a sample 
of ormthine were converted to their 6zs-DNP derivatives 
The products ran identically on a thin-layer chromatogram 
in solvent F (Rpis-pNp-tysine = 0 64) 

An estimate of the amounts of ammo-acids present m 
the cell walls of C betae was obtamed as described here 
Table 2 shows that ornithine, glyeme, glutamic acid and 
alanine were present in approximately equimolar propor- 
tions 

A larger sample of the basic component from the cell 
walls of C betae was prepared by use of a cation exchange 
column as described for the isolation of diammobutyrie 
acid from C truce Some of this material was treated 
with ornithine transcarbamylase as described by Work? 
In the same experment m which authentic r-ornithme 
was almost completely converted to citrulhine none of the 
compound from C betae was attacked, indicating that in 
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this organism the ornithme is probably in the D-con- 
figuration. 

C. flaccumfaciens and O  powisetttae Exammation of 
hydrolysates of the cell walls of these organisms showed 
that, lke C betae, they contamed not lysine but ornithine 
as shown by application of the same tests desezibed here 
Ornithine was again present m quantities commensurate 
with the other mucopeptide amino-acids At present its 
optical configuration has not been examined 

In all Gram-positive bacterial species hitherto examined 
15 has been assumed that the mucopeptide of the cell walls 
contained either diammopmnelic acid or lysme, m addition 
to alanine and glutamic acid, and sometimes other ammo- 
acids? It now appears that, in certam plant pathogenic 
Corynebacteria at least, lower homologues of lysine may 
be present m mucopeptide In the strains of C. betae, 
C flaccumfaciens and C povnsetivae exammed what had 
previously been identified as lysine 18 in fact ornithine 
while m C iris 471 the diammo-acid present 1s a still 
lower homologue of lysine, 2,4-diammobutyrie acid The 
identification of ornithine and 2,4-diaminobutyrie acid in 
these plant pathogens has been confirmed also in a re- 
examination of material grown in 1959 for earher work! 
and stored m the refrigerator smce then ‘The presence of 
these shorter cham «,-diammo-acids suggests that they 
may occupy the same place in mucopeptide structure as 
either lysine or diammopimelic acid, offermg as they do the 
same possibihty of cross-hnkmg which seems to be a 
common feature of this cell-wall component (for review, 
see Perkins?) 

Recently, ormithme has been found in the cell walls of 
other organisms Work‘ has found L-ornithme as a major 
component of a lysozyme-soluble fraction from the cell 
walls of Macrococcus sadaodurane, and Cummins (unpub- 
lished observations) has found o:nithme together with 
lysme ın the cell walls of Actmomyces species Ornithme 
also occurs m antibiotics of bacterial omgin, bacitracm 
(D-isomer) and tyrothriem (L-isomer)® 2,4-Diammobutyric 
acid has not been found previously ın bacterial cell walls 
but 1s known as & component of the antibiotic polymyxins 
elaborated by Bacillus polymyxa? 

Whenever the configuration has been exammed the 
lysme of mucopeptides has been found to be the L-somer. 
while diammopunehe acid has either the meso- or 
i1-configuration™, or raiely the pp-form In the Coryne- 
bacteria investigated here the 2,2-diammobutyne acid of 
C. irite? 18 the L-isomer, whereas the ornithine of C betae 
is apparently the p-isomer In this 1t contrasts with the 
ornithine found in Micrococcus 1 acvodurans which has been 
shown to be at least 90 per cent in the L-configuration? 

We thank Dr L Fowden for a sample of 2,4-diamimo- 
butyric acid, and Miss M F Leyland for assistance One 
of us (C S C) thanks Prof Harry Harris for originally 
directmg attention to the fact that the cell walls of 
C tri, 471 appeared to contam neither lysme nor 
diammopmmehe acid He also thanks the Medical Research 
Council for a grant for equipment and technical assistance 
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Amino-acids of Walls of Micrococcus 
radiodurans 


JMacrococcus iadiodurans ıs a radiation-resistant 
tetrad-forming coceus! which, although stammg as a 
Gram-positive bacterium, has many prope: ties atypical of 
this group For example the cell walls contain a high 
proportion of lipids, and show structural hpoprotem 
layers similar to those found m the Gram-negative organ- 
ism Spirillum serpens? 

The work deseribed here includes an investigation of 
the amino-acids of that portion of the cell wall of M 
radiodurans which 1s solubilized by lysozyme The 
lysozyme-susceptible linkage ın all bacterial cell walls so 
far investigated occurs in the structure known as muco- 
peptide—an insoluble polymer of N-acetyl glucosamine 
and N-acetyl muramic acid believed to be hnked by 
B (14) hnkages to which are attached, through the 
Turamic acid carboxyl groups, short peptides usually 
consisting of D- and L-alanine, D-glutamue acid, L-lysine o1 
x,«-diaminoprmelie acid and possibly glycme or aspartic 
acid? 

The two strains of M radiodurans, R, (ref 5) and Sark‘, 
were provided by Prof R G E Murray The walls were 
prepared from cells grown for 2 days on sohd or hqud 
media and washed twice with salne They were disinte- 
grated by shakmg a suspension (15-20 mg/ml water 
contammg octanol) for 1 h at 0° with “Ballotim’ beads 
(1 g/ml of eell suspension) m the shaker head of the 
PR-2 International Centrifuge? The mixture in the metal 
capsules was then heated to 60° for 15 min to mactivate 
autolytic enzymes The beads were removed by filtration 
and the unbroken cells were sedimented by centrifugation 
at 1,000 g for 7min The walls were sedimented at 25,000g 
for 15 min and treated with trypsm (06 per cent) and 
DNase at 37? at pH. 7 8 until the optical density had fallen 
to a constant level A pad sedimenting at 1,000g (7 min) 
was discarded and the walls from the supernatant fraction 
were sedimented at 16,000g for 20 min, washed successively 
(3 times in each) with 09 per cent sodium chloride, 
0 1 M phosphate buffer pH 7 0, and water The resulting 
walls were lyophihzed, they were rose pink in colour 
(yield 183 mg from 2 g cells) 

Lysozyme digestion was carried out at 37? for 18 h on 
walls (100 mg) shaken ın 100 ml of chloroform-saturated 
0 1 M ammonium acetate buffer pH 6 3 contamming 10 mg 
of lysozyme, the solids were centrifuged and re-treated 
with lysozyme, finally a pink residue remamed The 
supernatant solution was dialysed at 0° against 3 changes 
of distilled water The non-dialysable fraction was reduced 
in volume to 5 ml and treated at 0° with 0 5 ml of 50 per 
cent trichloroacetic acid The resulting white precipitate 
of protem was removed by centrifugation and t1chloro- 
acetic acid was removed from the liquid by 3 extractions 
with ether The dialysate was evaporated to dryness a 
vacuo and the ammonium acetate removed by subhma- 
tion 

All fractions were hydrolysed with 4 N hydrochloric 
acid at 100° for 18 h, after which hydrochloric acid was 
removed by repeated evaporation n vacuo Hydrolysates 
were examined by paper chromatography im solvents A, 
B and C*, or by paper electrophoresis at 5-8 V/em* Ion 
exchange chromatography was carried out on œ column 
(45 em x 0 9 em) of ‘Zeokarb 225° (4 per cent cross-hnked) 
in the H+ form, with 1 25 N hydrochlorie acid as eluting 
agent 

The preparation of ormthme transcarbamylase was a 
cell-free extract of Stieptococcus faecalis (NCTC 6782) 
obtained as described by Knivett®, and dialysed overnight 
against 002 M phosphate buffer pH 68 Each reaction 
tube contamed 03 ml enzyme, 03 ml 01 M tres buffer 
pH 8 4, 16 mg of earbamylphosphate dissolved in 0 5 ml 
water (added last) and 1-3 umoles of ornithine m a total 
volume of 17 ml After meubatmg for 5 mm ab 37°, 
017ml of 30 per cent TCA was added and the precipitate 


1108 


AMINO-ACIDS LDENTIFIED IN HY DROLXSATES OF WALL FRACTIONS 


Table t 
FROM Afzceiococeus yadeodurans 


Whole Lysozyme Lysozy me digest 
walls meol Non- Dialys- 
frae dialysable able Protem 

Aspartie + + tr tı + 
Glutamic + + + + + 
Glycine + + + + + 
Diaminopimelic acid íi - ir + - 
Alanine + + + + + 
Serine + + = ti + 
Threonme + + — tr + 
Vahne + + tr ti + 
Leucine + + tr ti + 
Tyrosine + + - - + 
Phenylalanme + + = - t 
Prohne + + - - 

Methionme + + = - + 
Argmune + + - tr + 
Lysine + + tr ti t 
Ornithine + + + + - 
Histidine + - — - + 
Glucosamime + = + tr tx 
Muramue acid * = + tr 
Unidentified neutral - + + 

+ Present  — Not found tr, Trace amounts No mark indicates uncei- 


tamty 


was iemoved by centiifugation 01 ml of each super- 
natant was used for ornithine estimation!?, citrulline was 
estmated on 0 2ml by the method deseribed by Knivett™, 
using 2 ml of reagent Identical tubes to which trichloro- 
acetic acid was added before carbamylphosphate provided 
figues for the starting amount of ornithine and foi the 
L-ornithine and eitrullme standards 

The two strains, P, and Sark, gave essentially similar 
results and will not be considered separately 

Two-dimensional chromatograms (solvents A and B) of 
the whole walls and of the trichloroacetic acid precipitate 
from the lysozyme digests showed all the amino-acids of 
a protem with glucosamme and muiamue acid in addition 
(fable 1) When the non-dialysable portion of the 
lysozyme digest was examined before removal of protem 
by treatment with trichloroacetic acid no clear idea as to 
its composition could be obtamed After 1emoval of 
protem, most of which originated from the walls and not 
from added lysozyme the typical mucopeptide ‘pattern’ 
of nmhydzin spots was apparent, the mam components 
were glutamic acid, glyeme, alanine, glucosamme, muramic 
acid and basic substances near lysme which streaked in 
the phenol direction There were also two minor spots 
neai diammopimelic acid? 

The unidentified substances were separated by subject- 
mg the hydrolysate to chromatography in solvent A’, 
eluting the band m the lysme-diammopimele acid area, 
and separatmg the constituents of the eluate by ion 
exchange Three nmhydrm-positive basic substances were 
obtamed, glucosamine was eluted from the column by 
75-85 ml of hydrochloric acid, lysme came off after 500 
ml, and an unidentified material emerged between 370 
and 395 ml This compound was identified as L-ornithine 
by the following tests 

(1) Paper electrophoresis at pH 7 and 11 Under these 
conditions, the substance behaved identically with 
oinibhune . 

(2) Paper chromatography In various solvents the 
substance iesembled ornithme im its mobility, im 
methanol-watei-pyridine hydrochloride it also gave the 
characteristic permanent pink-biown colour of ornithine® 

(3) Reaction with ninhydrin in acid, solution Under 
these conditions, ormthine, piohne and diammoadipic 
acid give a characteristic pink eolour!i?"* Comparison of 
the spectrum of the reaction product from euthentic 
L-ormthme with that of the basic material from M 
2adzodui ans showed that they were identical (Fig I) 

(4) Conver son to citi ulline by ornithine ti anscai bamylase 
When reacted with carbamyl phosphate and ornithine 
tiansearbamylase, the basic substance was converted to 
citruline When simultaneous tests were made on 
identical amounts (18 yvmole) of authentic L-ornithine 
and M radiodurans ornithine, both samples yielded the 
same amount of citınllme (I 7 umoles), but about 5 per 
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Fig 1 Absorption spectrum of the reaction product between acid 
ninhydrin and unknown basic substance from M iadudwans walls 
(curve A) or authentic L-ormithme (curve B) 02 umole of ornithine 1n 
05 ml water, 05 ml acetic acid and 05 ml of mnhydrin reagent 


(b) (ref. 13) were heated at 100° for 60 min, then cooled and mixed with 
351m) ofaceticacid Absorption was measured against a reagent blank 


cent of the ornithine from M 1adrodurane was left at the 
end, while none of the standard t-ornithine 1emained 
Since the enzyme 1s specific for L-ornitbune, a small amount 
(10 per cent or less) of D-ormthme may be piesenb in 
M radiodurans, but at least 90 per cent 1s the L isomer 
This contrasts with the ornithme from walls of Coryne- 
bactei «um. betae tested at the same time, which appears to 
be the D rsomer® 

Small amounts of diamunopimehe acid were also 
separated from the hydrolysate on the column The molar 
proportions of ormthme to diammopimelic acid or lysine 
were of the orde: 10 1 (estimated by acid ninhydrin 
reaction) The diemunopmmelie acid was found to be a 
mixture of LL and meso (or DD) isomers by paper chroma- 
tography ın solvent C* (Table 2) The umdentified 
substance found m the region of diammopmelhe acid on 
two-dimensional chromatograms was found to be neutral 
on electrophoresis, 1t was shown to be an «-ammo-acid by 
its reaction with copper on paper chromatograms’ It 
was stable to oxidation by performue acid and hydrogen 


Table 2  MORILITIES OF UNIDENTIFIED NEUTRAL SUBSTANCE FROM M 
radiodwans WALLS, EXPRESSED AS Rglycine (DISTANCE MOVED BY AMINO- 
ACID/DISTANCE MOVED BY GLYCINE) 


Eleetro- Paper chromatography 
phoresis Solvent Solvent Solvent 
pHi9 A B [^ 
Unknown substance 078 034 0 86 111 
a,a,-Diammopimelic acid 9086 025 061 0 44*0 637+ 
a,a,- Diammoadipie acid 0 79 0 42 0 45 0 34¢ 0 46f ' 
a,a,-Diammosuberic acid 088 0 28 085 078 
(streaks) 
a,a,-Dtamino-a,a-dimethyl- 
pumelic acid 81 033 102 — 
Glyeme 100 100 100 100 


Electrophoresis for 18 h at 5 V/em, buffer, 25 ml of acetic acid +13 mI. of 
formic aeid (25 per cent) per] water Solvent A, n-butanol-acetic acid— 
water, 63 10 27, Solvent B, phenol (ammonia atmosphere), solvent C, 
methanol-water—pyridine-10 N hydrochlorie acid, 32 4 1 


i meso OrDD-180mer — fLL-Isomer {Isomers separated but not identi- 
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peroxide, and 1s therefore unlikely to contain sulphw 
Some of its mobilities on pape: are shown m Table 2 

This communication is concerned mainly with the 
roucopeptide of M radiodurans It 1s only a small portion 
of the very complex walls of this organism Electron 
muc1ophotogiaphs of the walls prepared as described here 
show a lack of certain structural layers previously found 
m walls of M :adiodw ans not subjected to such extensive 
purification during piepaiation!®17 These layers are 
piobably lpopiotem in natwe and aie evidently easily 
stripped, nevertheless the remaiming preparations contain 
large amounts of lipid-extractable material and still show 
a definite structure In negatively stained prepaiations, 
there are regularly spaced dark holes closely distributed 
over all the walls These holes can also be seen im thin 
sections of both imtact cells and isolated walls (Murray 
private communication) 

The interest in the present work is the finding of 
L-ornithine as the main diamino-acid in the mucopeptide 
portion of walls of M iadioduwans made soluble by 
lysozyme It also shows that oinithine is not confined 
to the walls of plant pathogenic Corynebacterra® The 
significance of the mino: amounts of lysine, meso and 
LL-digmmopmnele acid and anothe: unidentified amino- 
acid in the soluble lysozvme digest has not yet been 
assessed 
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SOME VARIABLES AFFECTING SELECTIVE RESPONSE LATENCIES 
By JOHN BREBNER and IAN GORDON 


, 


RR time investigations have shown that in- 
creases in the ensemble of possible signals for response 
are accompanied by increases ın the latency of responses 
Exceptions ocew m those experiments where the response 
required is a highly over-learned one! the subject is 
intensively tramed? oi the signal to be responded to 1s 
presented to the responding member? 

Where subjects are 1equired to 1espond only to one of 
a number of stimul, these selective response times have 
been observed to lengthen as the ensemble of alternatives 
is increased, even when the highly skilled 1esponse of 
naming Arabie numerals ıs used}, and to increase by a 
constant amount as the number of alternatives 1s doubled’ 

Simply increasing the number of equiprobable alterna- 
tives 1n a selective 1esponse task, however, alters both the 
relative frequencies of signals and non-signals and the 
number of non-signal items The present investigation 
was undertaken to mvestigate the effects of signal proba- 
bihty and the number of non-signal items on selective 
1esponse times 

The apparatus was the same as that used by the authors 
m a previous experiment (1962) A system of two uni- 
selectors pioduced a sequence of digits which repeated 
only afte: 2,450 presentations Subjects sat at a table in 
a darkened 100m, facing, and 1 metre from a digital display 
unit on which 1lluminated Arabic numerals 1m m height 
appeared at regular intervals The apparatus was driven 
by an electronic metronome set at a regular 1ate the beat 
of which was audible to subjects so that 1t was possible to 
anticipate when the next digit was due to appear This 
kept the subject’s uncertainty about the time of occurrence 
of digits at a low level 

The response iequued in Exp I was to operate a 
mucroswitch with the thumb of the dommant hand 
Closmg this switch stopped a chronotron (1,000 msec, 
full-scale deflexion) which started on the appearance of 
the digit 2? Each response also operated a counter so that 
errors were detectable by the experimente: In Exp Ila 


University of St Andrews, Department of Psychology, Queen's College, Dundee 


voice key ieplaced the mueroswiteh, the appropriato 
response bemg to call ‘two’ as quickly as possible on the 
appearance of that digit 

There were four conditions m each experiment In all 
conditions responses were 1equned only to the digit ‘2’ 
Signal probability and the number of alternative digits 
were varied independently as shown in Table 1 


Table 1 DIGITS USED AND THEIR ASSOCIATLD PROBABILITIES IN EXPERI- 
MENTS I AND II 





Digit 





t 
j 
E 
x 





e 


il 
[1 


-e-i-he-] 
n uw 
ocooo 
torno 
AVON 

p 
o's 
Y dg 
oooo 
22-22 
Ao 

e 
DY 
Wa 





Digits were presented at rates of l/sec m conditions 
(2)0 25 and (4)0 25, and 1/2 5 sec m conditions (2)0 625 
and (4)0 625, the average rate of appearance of the 
signal—the digit :2"—was, therefore, one per 4 sec in all 
conditions (Bracketed numbers refer to the number of 
digits while the subsequent numbers iefer to the proba- 
bility of a signal—the digit ‘2’ ) 

Experwment I Twelve naive subjects, six men and six 
women aged 17-30 yeas, took part m the experiment 
100 reaction times were obtained fiom each subject m each 
of thee of the fou: conditions The expeinnent was 
performed by all subjects under conditions (2)0 625 and 
(4)0 25, half the subjects (three men and thiee women) 
also earned out the task unde: condition (2)0 25, the 
remainder under condition (4)0 625, so that means from 
the same six subjects were available for comparison m the 

aus of conditions (2)0 625-(2)0 25, (4)0 625-(4)0 25, 
(2)0 625-(4)0 625, and (2)0 25-(4)0-25 The orde of 
conditions differed fo. each subject, and the six possible 
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Table 2 MEAN SELECTIVE RESPONSE TIMES (MSEC) FOR ALL SUBJECTS 
Experiment I (thumb response) | Laperiment II (voice response) T 
Condition Condition 
Subject (2)0 625 | (2)0 25 (4)0 625 | (4)0 25 (20625 | (9025 (4)0 625 (4)0 25 
1 310 332 — 301 433 457 118 — 
2 331 357 ES 368 360 414 391 — 
3 443 452 — 467 502 579 485 = 
4 329 360 — 413 444 520 465 — 
5 363 414 = 449 518 598 543 — 

6 322 353 — 373 353 | 426 | 376 — 
Grand mean 350 378 = 410 | 435 [499 Doa o — 1 
7 281 — 343 395 | = | 360 338 384 
8 269 = 281 410 - 491 146 | 520 
9 318 —- 348 385 | — | $62 403 512 

10 444 vs 507 480 = | 410 432 473 
n 309 | - 362 447 — 448 467 449 
12 413 — 390 442 | — | 440 471 | 493 
Grand mean 339 | x 372 | oam | = f 437 426 472 











orders of each of the two sets of the three conditions 
(2)0 625, (2)0 25 and (4)0-25, and (2)0 625, (4)0 626 and 
(4)0 25 were covered by the twelve subjects At the start 
of each test-session subjects were informed which digits 
would be used m that particular condition and mformed 
of their relative frequencies These instructions were 
reinforced by a 2-min practice period in which subjects 
were given knowledge of results concerning the speed of 
their responses Subjects were told to respond as rapidly 
as possible to the appearance of the digit ‘2’, to respond 
to no other digit and to refram from making errors This 
last instruction appears to have been reasonably successful 
m that no subject made more than ten errors m any 
condition Each tral lasted approximately 8 mm, a 
5-min rest period being allowed between trials 

Expervment II Exp II differed from Exp 1 in that 
a vocal response was used Twelve male subjects took 
part, and the conditions common to all subjects were 
(2)0 25 and (4)0 625 

Subjects’ mean selective response times for the four 
conditions are shown in Table 2 The values from t-tests 
carried out on the differences between correlated mean 
response times ın the several conditions and their associ- 
ated levels of significance are presented 1n Table 3 

It 1s possible to imagine a subject performing a selective 
response task ın two separate ways Furst, he may simply 
discrimmate between signals and non-signals, in which 
case variations in response times should be entirely explic- 
able m terms of altered signal probabilities If this was 
so, selective response times in conditions (2)0 625 and 
(2)0 25 should not differ significantly from those ım 
conditions (4)0 625 and (4)0 25 respectively Reference to 
Table 3 shows that this ıs only partly true, m both 
experiments mean reaction times in condition (2)0 25 
differ significantly from those m condition (4)0 25, an 
effect which cannot be due to changes on signal proba- 
bihty Reaction times m conditions (2)0 625 and (4)0 625, 
however, show no significant difference in either experi- 
ment although some slowing does occur in the latter 
condition 

The differences between conditions (2)0 25 and (2)0-625, 
and between conditions (4)0 25 and (4)0 625, mdicate that 
reaction times increase as signal probability decreases 

















Table 3  {-VALUES FOR THE DIFFERENCES BETWEEN SUBJECTS’ MEAN 
SELECTIVE RESPONSE TIMES (R T) 
Conditions 
(2)0 25- (2)0 625- (2)0 25- (4)0 625- 
Exp (4)0 25 (4)0 625 (2)0 625 (4)0 25 
(D i 
Thumb R T t=39 t=24 =61 t-26 
e P«002 P005 P«001 P«00 
Voice R T t—39 £213 £272 1-26 
P«002 P005 P«000| P«00 








The second possibility 1s that subjects treat all classes 
of non-signals soparately, m which case the moreased 
difficulty of identifymg a signal from an ensemble of four 
rather than two alternatives could reasonably be expected 
to mereage reaction times so that, cete»? paribus, trials 
involving three non-signal items would give nse to longer 
mean 1esponse times than those in which there ıs only 
one non-signal item ‘Table 3, however. shows that the 
difference between reaction times m conditions (2)0-625 
and (4)0 625 fails to 1each a significant level ın either 
experiment, while that between conditions (2)0 25 and 
(4)0 25 15 significant It should be noted that m another 
expeimnent by the authors* in whieh, as in the present 
experiment, two oi four digits were presented and the 
probabihty of the signal digit was 0 25, although all 
subjects showed some increase m mean selective response 
times when four rather than two digits were used, tlus 
effect did not reach a significant level 

The conclusions to be drawn from these results ato 
(a) that selective response times shorten as signal proba- 
bility mereases, (b) that mereasmg the number ol 
non-signal items tends to lengthen selective response times 
when signal probabihty 1s low, but, at least with the small 
increase in the numbor of non-signal items investigatod 
here, there appears to be no significant slowing effect 
where signal probability 1s high The question as to 
whethe: prolonged practice would reduce the observed 
differences in selective response times remains The 
present findings, and Mowbray's observations using tho 
over-learned response of naming Arabic numerals, might 
suggest that these differences are at loast very resistant 
to practice However, m choice iathoi than selective 
tasks, Mowbray found no 1esponse slowing when the degree 
of choice was increased It 1s possible im selective responso 
tasks that the uncertamty as to when a response will bo 
required ıs an added complication as noted by Mowbray, 
which may be responsible for the apparent diserepancy 
between findmgs m choice and selective tasks But the 
fact that in choice situations the same uncertainty exists 
as to when a particular response will be called foi must 
cast doubt on this Alternatively, 1t may be that although 
the naming response 1s heavily over-learned, the task of 
naming selectively ıs nob If this were true, then, argumg 
from findmgs on the effect of mtensive practice on choice 
response times, given sufficient trammg subjects should 
be capable of responding selectively to low and high 
probability signals with equal rapidity Only further 
iesearch will show if this ıs the case or not 

This work was supported by the Nuffield Foundation 
and the Department of Scientific and Industrial Research 
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LETTERS TO 


- ASTRONOMY 


A Preliminary Measurement of the Angular 
Diameter of «Lyrae 


Ir has been shown by Hanbury Brown and 'T'wiss!-? that 
the correlation between the fluctuations in the outputs of 
two photo-electric detectors illuminated by a source 
of finite size depends on the angular distribution of 
brightness over the source Measurement of the variation 
of this correlation with separation of the two detectors 
thus provides a method of measuring the angulai diameters 
of bnght stars An experimental mterferometer in 
which the photo-electric detectors were situated at the 
foci of two searchhght mirrors was constructed at Jodrell 
Bank ın 1956 and successfully tested on Sirius Follow- 
ing this work a large instrument was designed to measure 
all the stars m the Southern Hemisphere of spectral type 
earher than FO which aie brighter than photographic 
magnitude +25 The new instrument differs chefly 
from the pilot model ın having mirrors of diameter 22 ft 
moving on a circular railway track of diameter 618 ft 
corresponding to a maximum resolution of the order of 
00005 sec This stellar mtensity mterferometer®, which 
will be deseribed ın detail elsewhere, 1s at present nearmg 
completion at the Narrabri Observatory of the Chatterton 
Department of Astronomy af the School of Physics, 
University of Sydne 

During the final assembly of the inte:ferometer a series 
of observations was carried out on the bright star a-Lyrae 
(Vega) with the primary purpose of testing the general 
performance of the mstrument These observations 
showed the instrument to be perfornung satisfactorily 
although the signal-to-noise ratio was only about a half 
of that which should be achieved on completion of the 
alignment of the optical and electronic channels The 
results of the observations on Vega represent the first 
direct measuiement of a star of spectral type as early 
as AO 

The observations were made with an optical band-width 
of 80 A, centred on 4385 A, defined by mterference filters 
The fluctuating components m the outputs of the photo- 
multiphers at the foci of the two mirror assemblies were 
amplified over a band extending from 10 to 120 Mejs and 
then multiphed together in an electionie correlator The 
correlator printed out in digital form the average value of 
correlation over a period of 100 sec together with the 
anode and cathode currents of the two photomultiphers 
averaged over the same interval The correlation recorded 
"n each interval was normalred by the product of the 
photomultiplier anode eurren:s for that mterval and by 
the measured gain of the correlator, the photomultiplier 
anode currents used m the normalization were first 
corrected by subtracting the small contribution due to the 
mght sky, which was measured separately The gains of 
the photomultiphers were maintemed constant through- 
out the observations and hence normalization of the data 
corrects for changes in the received hght flux Observa- 
tions were rejected if the product of the anode current 
fell to less than two-thirds of the value recorded with the 
star at transit This latter condition lumited the observing 
time on any one night to slightly less than 3 h since Vega 
ieaches a maximum elevation of only 21? at Narrabri 

During these preliminary observations the output of the 
correlator was not completely stable, when fed with two 
uncorrelated noise signals the output drifted slowly away 
fiom zero, thereby simulating a correlation which could 
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Table 1 OBSERVATIONS OF a-LYRAR 
Normalized Root mean 
Baselme Dates of Total correlation square uncer- 
(m) observations observation (arbitrary tainty m 
963) tame (h) units) correlation 
99 July 11, 18 56 +323 +056 
131 July 31 26 + 266 +07 
164 July 15, 23 49 + 220 +05 
197 August 9, 10 64 +110 +05 
230 July 24, 25, 30 82 — 009 404 


be eibher positive or negative As the magnitude of this 
drift was generally constant for periods of several hours a 
correction could be apphed to the observations by preced- 
mg and followmg each observing period on Vega by a 
dummy run of equal or greater duration Durmg the 
dummy runs the reflectors were left in them workmg 
posrtion on the track, the hght from the star was excluded 
by remotely controlled shutters and each photomultipher 
was Jlummated by a small lamp adjusted to give the same 
light fiux as the star The average value of the correction 
was approximately 20 per cent of the correlation observed 
at the shortest baselme Although the correction 1s 
undesirably large, the uncerteinty m its determination is 
small compared with the root mean square uncertanty 
due to the statistical fluctuations ın the correlator output. 
Observations were made at five different basehnes The 
mean values of normahzed correlation for each of the 
baselines, with their 1006 mean square uncertainties, are 
givenin Table 1 Tho variation of the normalized correla- 
tion with the baselme corresponds to the square of the 
modulus of the Fourier transform of the brightness distri- 
bution across the stellar disk Therefore, assuming a 
theoretical model for the brightness distribution, the 
corresponding angular diameter can be determined by 
scaling the associated transform to fit the observed valuas 
of correlation In fitting a transform to the data in 
Table 1, ıt has been assumed that the correlation at zero 
baseline 1s unknown, and that the star 1s limb darkened 
with a coefficient u; = 07 at 4385 A (refs 3 and 5) The 
best fit to the data, taking mto account the finite size of 
the reflectors, 1s then given by the curve m Fig L which 
corresponds to an angulai diameter 0 where 


8 = 0 0037 + 0 0002 sec (probable error) 
Assuming the monochromatic flux above the atrnosphere 
at 4400 A, for V = + 003 and B — V = 000 (ref 7), to 


5 


Normalized correlation (arbitrary units) 
I2 


0 10 20 30 
Baseline (m) 


Fig 1 Vanation of normalized correlation with baselme for a-Lvrae 
The points represent the normahzed values of observed correlation 
shown with their associated rms deviations The curve corresponds 
to a imb darkened (wz = 07) disk of angular diameter 0 0037 sec 
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be (623 + 012) x 10- ergs em? A sec- (1ef 8), the 
brightness temperature of Vega is found to be 


ÜT'pyega) = (9,600 + 300) °K at 4400 A 


The effective temperature of Vega (V = + 0 03) (1ef 7) 
can be found by comparison with the Sun (V = — 26 73) 
(ref 9) Assuming 1,919" for the angular diameter 
and 5,800° K (ref 7) for the effective temperature of the 
Sun, and — 020 for the difference in them bolometric 
corrections”, the effective temperature of Vega is 


T'vvega) = (9,200 + 300) °K 


This result 15 m good agreement with the effective tem- 
perature of Simus (V = — 1 47 (ref 11)), the only star of 
similar spectral type for which an angular diameter 
measurement 1s avadable Adopting a diameter of 0 0071 
+0 0006 sec (refs 4 and 5), and the same bolometiic 
correction as for Vega (B — V = 000) the effective 
temperature of Sums (B— V = +001) ıs 9,400? 
+ 400° K 

The result 1s also m good agieement with the effective 
temperature of 9,400? K estimated by Bless!* by relating 
the observed energy distribution m the continuous spect- 
rum of Vega to the model atmospheres computed by 
Hunger and Osawa 

If the parallax of Vega 1s taken to be (123 + 5) x 10° 
sec (ref 13) the ratio of the 1adius of Vega to the radius of 
the Sun 1s 


Rrvoga) x 
Ro ^ 32+02 

This may be compared with the value of 3 2 obtained 
by Bless}? for this 1at10 

The construction of the inteiferometei was financed 
by the Department of Scientific and Industrial Research 
m the United Kingdom, by the Nuclear Research Founda- 
tion of the School of Physics, University of Sydney, and 
the Office of Scientific Research of the US Air Force in 
Washington A contribution to the running costs has 
also been made by the U S Air Force The construction of 
the instrument was promoted jomtly by 8 supervising 
committee of the University of Manchester and by the 
School of Physics of the University of Sydney A number 
of people have helped the project at various stages, 1n 
particular, we acknowledge the assistance of Ti J G 
Davies, Dr È Q Twiss, Prof E P Ney, Mi M S Nickhn, 
the staffs of Dunford and Elhott (Sheffield) and of 
Mullards, Ltd We thank Piof H Messel for his support 
and interest m this work We thank Mi W A Smith, of 
Dunford, and Elbott (Sheffield), for his assistance with the 
observations on Vega 
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A Comparison of Intensities of the O;* (First 
Negative) Bands excited in a Hollow-cathode 
Discharge and in Aurora 


Nicolet and Dogmaux!, in their mvestigations on auroral 
spectra, found that the blend of (2,0) and (3,1) bands of the 
O,* first negative system (64D-,>a'n,) would satisfac- 
torily explam the so-called ‘second green auroral lme’, 
observed by Vegard, which extends from à 5258 A to 
^ 5289 A with a sharp edge at 3 5258 A (compare with 
ref 2) 

In view of the astrophysical importance of this band 
system, I have investigated the vibrational intensities of 
these bands exerted in different laboratory sourcos?, and 
details have been reported elsewhere? In the course of 
that work, a compaiison has been made between the 
experimental mtensities of these bands excited m the 
hollow-cathode discharge and the results of Nicolet and 
Dogmaux! This particular source was chosen since 1b 
was observed by Herzberg’ that ıt favours excitation of 
spectra which are sımılaı to auroral spectral features, 
except foi the forbidden lines 

The vibrational mtensity values (I), and the relative 
transition probabilitaes {gy p") evaluated from them for the 
(2,0), (3,1), and (4,2) bands of the Av = 2 sequence of 
this system, are 1epioduced in Table 1 


Table 1 
v',v" I y y* 
2,0 370 0 238 
3,1 270 0 381 
4,2 100 0 395 


Using these results, an expeimnental mtensity profile 
has been prepared (Fig 1), taking mto account the effect 
of overlapping of the bands in the sequence Though the 
(4 2) band was not considered by Nicolet and Dogniauxt?, 1t 
has been cluded here since it has a transition probability 
comparable with the other bands, and its intens:ty 1s not 
too small to be neglected The intensify ratio of these 
bands 1s 


int (2,0) mt (3,1) mb (42) 37 27 10 

Owmg to the close proximty of the (4,2) and (3,1) 
bands, if the mtensity of their blend 1s considered as that 
due to a single band, then the ratio becomes 


mt (2,0)e= mt (3,1 + 42) — 1 1 


4 
ob. fx —— M, Av=2 Sequence 


Experimental 
^ Bands (2,043, -4,2) 
5275 A 


Nicolet & Dogniaux 
Bands (2,073,0) 
Int (2,0) = Int (3,1) 
Amax 5255 A 








A max 


r«— Experimental 


N&D 


5200 


5250 
Fig 1 


5300 
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and this is the ratio assumed by Nicolet and Dogniaux in 
pieparme one of their profiles for this sequence, which. is ' 
also reproduced m Fig 1, to facilitate an easy comparison 
The shift of 20 A in the Ama, Values of these two curves 
may be attributed, to the Inmitations m the technique of 
photographie photometa y used in the measurement of the 
band intensities Nevertheless, m general, 15 can be said 
that there is a close agieement between these two curves, 
which imdicates that the intensity distribution of these 
bands of this system excited m the hollow-cathode dis- 
charge agree well with the aworal spectial mtensity 
distribution of the same bands 


PS R Rao’ 


Depaitment of Physics, 
University of Saugai, 
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Explorer Xil Observations of Magnetic 
Sudden Impulses in the Earth's Magnetosphere 


THE successful operation of the flux-gate magnetometer 
on board Euplore: XII (launched on August 16, 1961) 
made possible the undeitakmg of a correlation mvesbiga- 
tion of geomagnetic field observations of ground-based 
magnetometers with the satellite observations at (geo- 
cente) altitudes 1anging from about thee to thu teen 
Earth iadu (Rg) The E^ploer XII magnetometer 
recorded the field approximately three times pei second 
Satellite data (pomts) discussed here have been obtamed 
by averagmg over 10 sec Enos in the averages me 
estimated less than + "v — Presented here aro two 
examples of Explore XII magnetic records around the 
times of woild-wido sudden impulses on the ground 

A positive sudden impulse (a sudden, world-wide 
merease in the geomagnetic field intensity) has been 
attributed to a compiession of the magnetosphere, sup- 
posed, to be due to an intensification of the solar wind A 
negative sudden impulse, which 1s observed about half as 





often as an mezease, is similar ly explained by an expansion 
OB 
m) 
+10 
o 
~10 
-20 
130 40 
AUGUST 27, I96l LAT *2*, LONG +172°, DIST 
Explorer Xll. ** + esere 
Honolulu 





URE 1113 
l 2 3 (GMT) 
Fig 1 An example of the positive world-wide sudden impulse shown 


by magnetograms from San Juan (abbreviated as SJ geomagnetic 

latitude, 29 9° N , geomagnetic longitude, 8 2°) Trelew (TR 317°S 

32 Kahioka (KA 260? N, 206 1?) Toolang (TO 467° S 
220 8°) (August 27, 1961) 


, 


of the magnetosphere which results from a dimmution in 
the solai wind mtensityi? The compiession and expan- 
sion phenomena are beheved propagated through the 
magnetosphere to the surface of the Earth by hydro- 
magnetic waves? 

The fist case as shown (Fig 1) recorded by four widely 
separated middle and low-latitude magnetic observatories 
is One of a positive sudden impulse Shown is the be- 
haviour of the houzontal component of the field, for 
stations in the middle and low latitudes, the change in the 
declination 1s usually small? Plotted in Fig 2 are the 


50 200 (GMT) 210 


49XI0* KM, JC FIELD 7TOy AT 145 GMT 


LT = GMT» 1h 
LT = GMT -1h 


Fig 2 Explorer XII magnetic record at the time of the sudden impulse shown in Fig 1, as corrected for the geomagnetic main field by the 


Jensen and Cain coefficients Position of the satellite and the magni 


tude of the mam fi 


eld (abbreviated as J C Field) at the onset of the impulse 


are presented — Superposed with the same scale 1s the sunultaneous magnetie record from Honolulu 
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10-sec averages of satellite measurements for the 40-mm 
interval around the onset of the mpulse Since mterest 
here 18 m only those fields ongmating outside the Earth 
itself, the contributions to satelite measurements due to 
sources within the Earth are removed by subtracting the 





~ l4 (5 16 (GMT) I7 


Fig. 3 An example of the negative world-wide sudden impulse 
(September 22, 1981) 
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Jensen-Cain field from those measurements A trace of 
the horizontal component of the rapid-run megnetogram 
m the Honolulu station is supermmposed on that 
plot 

The second ease (Fig 3) 15 a negative sudden impulse 
The ‘corrected’ field at the satellite-level ıs illustrated in 
Fig 4, along with the rapid-run from Honolulu 

Figs 2 and 4 mdicate that world-wide sudden mnpulses 
observed on the ground appear im the satelhte records 
with a small tame discordance Simular results have been 
found m several other mstances not presented here 
Included im these are a night-time observation (at tho 
satellite local time 2h 00m, and altitude ~ 3 Rg) and a 
Ingh-altitude observation (at 4h 30m local time, and an 
altitude ~ 12 Eg) Since the sign of the impulses at the 
satellite-level ıs the same as that observed on the ground, 
the electric currents responsible for these magnetic 
variations should then be outside the magnetosphere 
This 1s consistent with the behef that positive umpulses 
are caused by an intensification of the currents, and thus a 
compression of the magnetosphere, the negative impulses, 
on the other hand, result from a dimmution of the currents, 
and thus an expansion of the magnetosphere 

The work 1s supported by National Aeronautics and 
Space Admimstration contract NASw-155 and research 
grant QP 797 from the US National Research Founda- 
tion 
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Fig 4 Evplorer XII magnetic record and Honolulu magnetogram at the tme of the sudden impulse shown m Fig 3 
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Table 1 PRESSURE DEPENDENCE OF THE GEL STRENGTH Sy OF THIAO- 
TROPIC BENTONITE SUSPENSIONS MEASURED AFTER 10 MIN AT REST AT 
SEVERAL TEMPERATURES 


Sg (dynes/em?) 


No 4924 


T Na-bentonite 4- Ca-bentonite Ca-bentonite + 
(C) {k gim? ) 50m equiv /1 NaOH (18 per cent) 5m equiv /1 
(4 per cent) * CaCl, (13 per cent) 

28 20 169 130 — 
560 32 130 — 
100 20 190 100 16 
560 74 370 11 
150 20 1,270 390 550 
560 444 £86 180 
180 20 = 540 — 
560 — 258 — 


* Measured after 30 mm at rest 


induce a gel-sol tiansition on  thixotiopie bentonite 
suspensions Measurements of the gel strength and 
non-Newtonian viscosity of such suspensions at various 
apphed pressures bear out this expectation These 
measurements were performed with & 1otational visco- 
meter of the Couette type, desciibed elsewhere’, in which 
the sample could be exposed to temperatures up to 180? C 
and pressures up to 600 kg/em? To measue the gcl 
stiength, a high rotor speed was imposed on the sample for 
several minutes to break down the gel structure Then 
the 10tor was stopped and the sample allowed to rest for 
a period. of time (10 min o1 30 min in the present exper- 
ments) Aftei the predetermined period had elapsed, tho 
iotor was started again at a speed of about 11pm The 
maximum sheanng stress at tbe point when the gel 
ruptuired was iepoited as the gel strength Homouonie 
suspensions of sodium and calcium bentonite, with and 
without added electrolyte, prepared from centiifuged 
suspensions of Wyoming bentonite contaming particles of 
0 2u-0 5p. equivalent spherical diameter, were used for 
the measurements The gel stiengths of such suspensions 
me shown in Table L for seveial temperatures and 
pressures ‘The suspensions shown here became increas- 
ingly thixotropic at higher temperatures, and the 1elative 
magnitude of the decrease in gel strength induced by 
pressure 1s correspondingly larger at the higher tempera- 
tures The break-up of the gel mduced by pressure is 
ieversible, since the original values of the gel strength 
were always obtained again afte: the piessue was 
lowered 





300 


to 
e 
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100 


Shearing stress (dynes/em?) 


0 100 200 300 100 500 600 


Pressure (kg/cm?) 
Fig 1 Pressure dependence of the shearing stress for à 4 per cent sus- 


pension of sodium bentonite with 50 m equiv /1 of Naon added @H = 
12 5) sheared at a rate of 120 sec? at T = 


The suspensions used in this work were non-Newtonian 
and followed Bingham plastic behaviow! At low shear 
rates, one would expect mcomplete breakdown of the gel 
structure by shearmg and, therefore, a comparatively 
large influence of the residual gel structure on tho resist- 
ance to flow It follows that especially at low shear 1ates 
the resistance to flow should decrease with incleasmg 
hydrostatic pressure This is shown m Fig 1 for a sodium 
bentonite suspension which was sheared at a constant rate 
of shear of 120 sect while the piessuie was continuously 
raised Apparently the pressuie-nduced breakdown of 
the gel structure is not completed at a pressure of 560 
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kg/cm, because the sheaiing stiess-piossiue curve seems 
to continue its decline beyond the highest pressure used 
m the expeimment 

In general, a deciease in the Bingham yield stress with 
mereasing hydiostatic pressure 18 observed with those 
bentonite suspensions which also show a dechne of the 
gelstrength This ıs notsurpiismg since a gel-sol transition 
will lessen the non-Newtonian character of a fluid and, in 
a Bingham plastic body, will lower the yield stiess 1athei 
than the plastic viscosity 

These results confirm the prediction that application of 
hydrostatic pressure should induce a gel-sol transition in 
thrxotiopic bentonite suspensions 

K H Hirer 
Califoinia Research Corporation, 
La Habra, Cahforma 
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Physical Properties of some Charge-transfer 
Complexes of 2,3-Dichloro-5,6-dicyanobenzo- 
quinone 
THE iemarkably high conductivity of charge-transfer 
complexes of quinones with aromatic amines and hydio- 
carbons has been examined by a number of mvestigatorst? 
Since a correlation between the electron affinity of the 
accepto: and the stiength of the complex is piedicteds, 
the large electrode potential (E,~1 0 V)! of 2,3-dichloio- 
5,6-dicyanobenzoquinone (DDQ) mdicates 1t should be a 
paiticularly good acceptor for the formation of strong 
complexes Foster and Thomson’ demonstiated the ionic 
characte: of the complex of DDQ with N,N,N’,N’- 
tetramethyl-p-phenylenediamine We wish to compare 
the physical properties of some complexes consisting of 
DDQ complexed with an aromatic amine and with two 

hydrocarbons 

Complexes of DDQ with p-phenylenediamune (I), 
perylene (II) and pyrene (IIT) were prepared by combining 
stoicmometric amounts of the dono: molecule with DDQ 
m methylene chloride The three complexes exhibited 
intense optical absorption characteristic of C-T complexes? 
(I) DDQ was obtamed as a fine black powder, while 
(II) DDQ (blue-black) and (ITI) DDQ (brown-gieen) 
appeared to be crystalime All three complexes gave 
satisfactory analyses fora 1 1 ratio of donor to acceptor 

The 1esults of measurements of several of the physical 
piopeities of these complexes are given m Table 1 
togethe: with those for DDQ recrystallized from CH.Cl, 
and from benzene Electrical properties weie determined 
from powder samples as described previously? and the 
activation eneigies fo. conductivity are given in terms of 
the expression p= po exp(He/k'F) 

The complex of p-phenylenediamine with DDQ closcly 
resembles the complex of this donor with p-chlorani* 
they both have positive Seebeck coefficients, indicating 
holes to be the majority carriers, they have strong 
election spin 1esonance signals, their values of Ec are the 
same within hmits of experimental error, and they do 
nob melt ın the norima] manner’ of a molecular complex, 
decomposing instead above 300°C In addition we find 
that the infra-red, spectra of (I) with DDQ or p-chloranil 
are significantly different from the superimposed spectra 
of the components. for example, the carbonyl absorption 
æ 1,700 cm~ disappears, which may be due to a semi- 
quinone structure or to hydrogen bonding® between the 
anune hydrogen and the qumone oxygen In the region 
A«2y there is a strong general mcrease in absorption 
stmuai to that which Keiner and Otting® attributed to 
electronic transitions m ‘1onic-complexes’ 

The complexes of DDQ with (II) and (IIT) differ in 
several iespects fiom (I) DDQ even though the con- 
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ductivities of (I) DDQ and (II) . DDQ are almost equal. 
The mfra-red spectra of (Il) DDQ and (II) DDQ 
closely approximate the superposition of the spectra of 
their components However, for (II) DDQ the carbonyl! 
band at 1,700 cm- is appreciably reduced ın intensity 
and there 1s a broad absorption from 2y into the visible 
(sundlar to that mentioned for (I) DDQ) Nerther 
(I) DDQ nor (IIl) DDQ gave an electron spin 
resonance signal, however, Hammond? reports electron 
spin resonance absorption for complexes of DDQ with 
some methylbenzenes Seebeck coefficients are negative 
for (II)-DDQ and (III) DDQ, mdicatmg majority 
carriers to be electrons rather than holes as found for 
(I) DDQ The hydrocarbon complexes have well- 
defined meltmg points well below 300? C as opposed to 
the melting behaviour of (I) DDQ The large difference 
between tho resistiviies of the DDQ complexes with 
(II) and (III) appears to be a consequence of the very 
large activation energy for (III) DDQ, smece the pre- 
exponential term, pa 13 quite sumilar for both complexes 

The resistivity of pure DDQ 1s strongly affected by the 
solvent from which ıb is last recrystallized DDQ from 
CH,Cl, yields transparent yellow needles DDQ crystal- 
hzes from benzene as deep red platelets of the (DDQ). 
(benzene), complex from which the benzene quickly 
evaporates, the resulting pure DDQ ıs m the form of 
pale yellow, opaque platelets retammg the morphology of 
the benzene complex X-ray powder diffraction mdicates 
a difference in erystal structure between the two forms of 
DDQ, which may account for the difference m con- 
ductivity 


Table 1 
11Complex mp Pas Eo Q Infra-red 
with DDQ (°C) (2-em) (eV) (mY/* C) ESR spectrum 
p-Phenylene- decom- 10" 037 380°C +024 yes A 
Qiamme poris 65°C + 086 
> 
Perylene 204 8x10 045 30°C —038 no + 
` 85°C — 053 
Pyrene 233-234 10° 09 6C —19 no * 
Pure D 
(a) from 
benzene 214-215 5 x 10° 06 300 —19 no 
60°C -19 
Q from 
HCl, 214-215 3 x 10% 06 no 


Q = Seebeck coefficient 


+ 5 Iufra-red spectrum obtainable by superposition of spectra of com- 
ponents 

A = Infra-red spectrum not obtainable by superposition of spectra of 
eomponents 

Electron spm resonance sensitivity œ 10° spins for a 1 gauss line width 


The difference between the melting behaviours of the 
amine complex and the hydrocarbon complexes 15 
indicative of a correlation between the existence of an 
electron spin resonance signa] and the melting behaviour 
of a C—T complex Complexes for which we have an 
electron spin resonance signal have not melted but have 
decomposed above 300°C We suggest that this may be 
due to the merease m the number of ion-radicals with 
mereasing temperature’ Usmg the approximate spon 
concentration and the spin activation energy? for the 
complex (I) p-chloranıl rt 1s estimated that about 10 per 
cent of the molecules exist as 10n-radieals at the mp of 
chloranil (290°C) ‘This scarcely seems sufficient to prevent 
normal meltmg behaviour However, there is a random 
fluctuation of energy distribution throughout the solid, 
and at those units where there is sufficient energy to 
expect normal melting there should also be sufficient 
energy to form 1i0n-redieals thus minbitmg normal 
melting Furthermore, m view of the great difficulty of 
obtaining absolute values of spm concentrations by means 
of electron spin resonance" it 1s quite possible that the 
actual concentration of 10n-radicals 1s significantly higher 
than 10 per cent There is also the possibilty that at the 
higher concentrations the reactivity of the 10n-radicals 
leads to reactions or polymerizations which prevent normal 
melting 
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We thank J C Clark and Dr. P E Wigen m obtaimng 
electron spm resonance data, and the help of A W 
Crowley with the infra-red data 
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3-Methoxy-4,5-methylenedioxy Amphetamine, 
a New Psychotomimetic Agent 
THE estabhshment of trimethoxyamphetamme (Ib, 
TMA) 


CH30 
ous Yona 
CH30 T 
(1) 
a: R=H (mescahne) 
b R=CH, (TMA) 
c R=CH,CH, 


as bemg of greater psychotropic potency than either 
«-ethyl mescaline (Ic) (ref 1) or mescahme itself (Ia) (ref 2) 
has led to the examination of analogues which retam the 
three carbon chain but vary in other areas of the molecule 
The presence of elemuem (3,4,5-trimethoxy allylbenzene) m 
the aromatic ether fraction of oi of nutmeg’, and the 
proposal of a possible «n vivo mechanism for 15s conversion 
to TMA (ref 4) have afforded an explanation of the psycho- 
tropic action’ of nutmeg The substance mynisticin (IT) 1s 
the major component of this fraction, and if 16 were to 
undergo a transformation parallel to that proposed for 
elemicin, a second amphetamine, 3-methoxy-4,5-methy]- 
enedioxy amphetamine (MMDA, IVa), would result 


CH,0 GH;0 


CHa, R—p 
(11) (nn 
CH40 
p CH2ÇHNH2 
R~Q CHa a =—CH,— 
(IY) b R=—CH,.CH,— 
c R=—OCH,CH,CH,— 
d: R = —CH(CH;)— 


This latter amphetamme has been synthesized from 
myristicm in viro, by a three-step process  írans-Iso- 
myristicn, obtamed from myristicom by heatmg m 
alcoholic potassium hydroxide, ıs converted by means of 
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tetranitromethane to B-nitro isomyristicm Reduction of 
this nitropropene with LIAI, led smoothly to MMDA, 
which was isolated as the hydrochloride Exammation of 
MMDA in mice and dogs displayed a behavioural and 
toxicological pattern similar to that of TMA, both quanti- 
tatively and quahtatively Preliminary human evaluation 
revealed initial intoxication at about 1 0 mg/kg (as free 
base) More extensive assay has confirmed a thoroughly 
effective hypnogogic dementia at less than 20 mg/kg. 
The psyehotomunetie syndrome was complete at this 
level- mecreased dosages (to 3 2 mg/kg) merely prolonged 
the duration ofthe episode Thus the potency of MMDA 
is somewhat greater than TMA and nearly three times 
greater than mescaline 

Substitution of either an ethylenedioxy or a trmmethyl- 
enedioxy group for the methylenedioxy moiety (com- 
pounds IVb and IVc) resulted m a marked decrease m 
psychotropic effectiveness These amphetammes were 
prepared from the aldehydes IIb and liie by condensa- 
tion with nitroethane followed by reaction with LiAJH, 
A prohibitively small yield of the ethyhdime analogue 
IId precluded further synthetic efforts 

As with TMA, the effects of MMDA are halluemogenic 
and permit complete recall They will be reported shortly, 
in full, with appropriate synthetic detail. 
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Electronic Transitions in a-, f- and 
y-Titanium Trichloride 


As there is considerable interest m the electronic 
structure of the different modifications of titanium 
trichloride, we investigated the optical properties of 
a-, B- and y-T1Cl, 

In order to throw some light on the problem, we 
observed the diffuse reflexion spectrum of Tist m lithium 
fluoride, m which the Ti?* ions are supposed to occupy 
sites of octahedral symmetry The spectrum 1s presented 
mFig 1 Next we observed the diffuse reflexion spectrum 
of «- and y-T1Cl, as well as the absorption spectrum of 


6-TiCl, The spectra are presented in Figs 2, 4 and 3, 
respectively The band maxima are summarized n 
Table 1 
Table 1 OBSERVED BAND MAXIMA 
Absorption TiCl; in H,O 20,300 
(ref 1) 
Absorption. Ti** in Al,O; 19 380 
(ref 2) 
Reflexion Tir in Lik 18,500 15,400 
Reflexion a-TiCls 27,500 19,000 14,300 (8,0007) 
Absorption 8-T101; 38,200 29,200 24,120 
Reflexion y-TiCl, 27,500 19,000 14,300 


Wave-lengths in em- 


At present we do not know whether an exciton 15 moving 
freely through the lattice or whether the observed phen- 
omena must be interpreted m terms of a more localized 
electron model 

It may be concluded, however, from the observed 
spectra of a- and y-T1Cl, that the bands at 19 000 cm 
and 14300 em- closely resemble the bands of Ti+ in 
lithrum fluoride. observed. at 18.500 em-! and 15 400 em~, 
for which the locahzed electron model willhold It appears 
from the absorption spectrum of 8-TiCl, that the positions 
of the electronic levels are different from those in «- and 
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y-TiCl,, which may be in agreement with the quite 
different chemical and crystallographic properties. We 
did not obtai reliable results from reflexion measure- 
ments of B-TiCl, 

In the crystal modifications of «-, B- and y-T1Cl,, the 
Ti+ ions occupy sites of octahedral symmetry According 
to Bjerrum's rule? the interaction with next nearer neigh- 
bour ions will, in general, be very small and can be 
neglected ın a first approximation Disregarding deforma- 
tions of the octahedron, we tentatively assign the bands 
observed at about 19,000 cm- to a *T;, — *#, transition 
Owing to the Jahn-Teller effect the excited level may now 
be spht, which gives rise to two absorption bands, as was 
found by Hartmann! and MeClure?. In fact McClure gives 
a split of 1,850 cm~} — With these facts in mind, one might 
think that the bands at about 19,000 cm- and about 
15 000 em of T+ m lithium fluoride and «- and y-TiCl, 
may be caused by the Jahn-Teller effect, but then the 
spht must be very large 

Besides the tentative assignment of the bands to the 
MD. —> 2E; transition, electron transfer can play an 
important part However, for a straghtforward and 
conclusive interpretation of the observed bands more 
experimental and theoretical work is necessary 

In this connexion additional experiments will be carried 
out with titanium tribromide, 
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Fig. 1, Reflexion spectram of Ti** in lithium fluoride 
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Fig.2  Refleuon spectrum of a-TiC, 
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Tig 3 Absorption spectium of B-T1Cla 
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Fig 4 Reflexion spectrum of y-TiCl, 


EHxperwmental The sohd solution of Ti+ in hthuum 
fluoride was prepared by pourmg an aqueous solution of 
TiC], and hthrum chlomde nto an aqueous solution of 
ammonium fluoride The coprecipitate was filtered off, 
washed with alcohol and ether, and dued at 120? C The 
a-TiCl, used was Stauffer TiCl HA The 8-T1Cl; was 
prepared. «n. situ on the wmdows of a l-om quartz cell, 
by dark electiic discharge in a titanium, tetiachlo1de— 
hydrogen atmospheie* X-ray investigations? showed 
that the resulting product was 1dentical with the 6-TiCl, 
described by Natta? The 4-T:Cl; has been prepared by 
heating a sample of 8-TiC], at about 2507-300? C 

Fo the 1eflexion measurements, the substances were 
brought unde: nitrogen on a 2-mm quartz cell The 
ieflexion of «- and y-TiCl, was observed on the pure 


i 
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substances, with magnesmmm oxide as a blank The 
measurements of the spectia were peifoimed with a 
double-beam Beckman DK 2 spectiophotometer 

I thank Di H de Vires, Di C. Bokhoven and Piof 
M P Groenewege for their advice and J P C van Heel, 
M J R Visseren and J L M van der Loos for then 
experimental assistance 
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Dependence on Temperature of the Copper(ll) 
catalysed Hydrolysis of Ethyl Glycinate 


SEVERAL Investigators!-* have exammed the rate of 
hydrolysis of amino-acid esters ın aqueous solutions using 
metal ions as catalysts, but have failed to ieporb any 
information on the temperature dependence of the rate 
constant 

We have mvestigated the iate of hydrolysis of ethyl 
&lyemate using copper(II) as the catalyst from 20 40 
to 45 4? over a 1ange of pH 2-6 m unbuffered solutions 
The hydrolysis was followed by utilizmg an automatic 
titrator (“Radiometer T'T"T-1') as a pH. stat to monitor 
generation of acid in the solution In this study we have 
found a iemarkable temperature effect The reaction 
was found to obey first-order: kinetics when the pH was 
held constant and the pseudo-first-orde: rate constants 
were obtained fiom data on the fnst 20 pex cent of the 
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hydiolysis In Fig 1, the logarithms of these pseudo- 
first-order rate constants are plotted agamst the reciprocal 
of the absolute temperature It is seen that the rate 
constant increases as the temperature 1s mereased from 
20° C, but that ıt passes through a maximum at about 
37°, then a mmimum, and ther mses quite sharply It ıs 
thus impossible to determme activation energies in the 
usual fashion It 1s known that the rates of some enzym- 
atic reactions have a temperatute dependence that mcludes 
a maxmum The explanation for this 1s generally given 
m terms of enzyme-substrate equilibrium which are 
temperature dependent (and reversible) and the denatur- 
ation of the protem (often irreversible) Smee metal 10n 
catalysed reactions of the type examined here are often 
used as models for such enzymatic reactions 15 18 important 
to note that the temperature dependence found m the 
present work indicates that such models may be kmeti- 
cally more complex than the enzymes themselves 

It was originally suspected that the high-temperature 
reaction might be a hydrolysis which had nothing to do 
with the copper 10n present However, a peculiar aspect 
of this system 1s that the bagh- and low-temperature por- 
tions of the reaction both require copper(II) In the 
absence of copper(II) the rate constant for a reaction run 
at 441° and pH 5 601s 493 x 10-5 mm-!, but 1s 3 45 
X 10-7? min-! when the copper(II) 1s 0 005 M 

These kinetic results require that at least two copper(II) 
catalysed reactions occur in such a system One has a 
low activation energy and has an equilibrium prior to 
reaction which 1s strongly dependent on temperatures 

The second has a high activation energy and becomes 
nnportant only at more elevated temperatures This 
system 18 obviously considerably more compheated than 
studies at a single temperature would indicate The com- 
plete rate law for such a system cannot be determmed 
until the equilibrium constants for the relevant complexes 
are known at each temperature, these are now bemg 
determined 

This work was supported by the U S National Institutes 
of Health 
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An Isotopic Investigation of the Mechanism 
of Permanganate Decomposition in Alkaline 
Solution 


Ir has previously been shown! that m the presence of 
barum producing msoluble barum manganate, the 
decomposition of permanganate 18 of the first order with 
respect to (a) the permanganate and (b) the hydroxide 
1on concentration In the absence of barium the initial 
rate of decomposition as determmed by means of the 
rotating disk method was found to be proportional to (a) 
the permanganate concentration, (b) the square of the 
hydroxide concentration, and (c) the reciprocal of the 
manganate concentration These findmgs are m agree- 
ment with an equilibrium and & subsequent rate determ- 
ming reaction according to the followmg scheme}, which 
has previously been proposed by Symons? 


Ay 
MnO; + OH- = MnO- + OH (a) 
Ay 
k O- + ë HO 
OH + OH-— O,H- + H (8) 


H.O; 
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leading to the kmetic equation 


da — kı kb? (a — v) 
= 7 a) 
dt kis + kb 
a—utial concentration of MnO;, b—alkal: concentia- 
tion, z—concentiation of MnO= 
Assuming the second term in the denominator of (1) 
may be neglected, this equation yields on mtegiation 








ain( ) 2 = kb (3) 
a-— g 

with k = kiks This relationship was found experimen- 
tally! The permanganate decomposition 1s very prone 


to catalysis*, the second step bemg more easily catalysed, 
We found that the solution of alkal hydroxide may be 
furthe: pwufied by means of adsorption In these solu- 
tions (2) no longer adequately describes the kmeties of 
decomposition However, ıt does follow the relationship 


kb.,b?t kir 
PGi) i is e 
NG a Ead qn (3) 


kia + kb 
which 1s obtained, by integratmg equation (1) without any 
approximation In these solutions k had decreased moie 
drastically (about 10 times) than k, (about 1 4 times) 

In the isotopic mvestigation we used oxygen-18 en- 
riched water and permanganate, respectively The isotopic 
composition of the oxygen evolved on heating a 05 M. 
(about) permanganate solution to 80° C for not more than 
5 min was determined as well as the isotopic composition 
of the barium manganate precipitated during a similar 
experiment carried out in the presence of an excess of 
barram ions The isotopic composition of the oxygen 
evolved was almost identical to that of the orignal solvent 
at all hydroxide concentrations used (1 5 M — 7 M potas- 
sium hydroxide) and by no means to that of the perman- 
ganateions A simular result was obtained by Symons! m 
very concentrated hydroxide solutions contaming oxygen- 
18 The barum manganate had an isotopre composition 
which it would have attamed if 1$ had received almost 25 
per cent of its oxygen from the solvent ‘This fiaction was 
increased to more than 80 per cent if the barium salt was 
added immediately after the heating experiment 

It was found, furthermore, that the oxygen exchange 
between ths permanganate 10n and the solvent 1s so slow 
that practically no exchange could have taken place 
during the heating experiment A more rapid exchange 15 
observed between the manganate 10n and the solvent, this 
explains the above-mentioned considerable change in 
1sotopic composition of the banum manganate if the 
addition of barrum salt 1s delayed until after the heating 
experiment The oxygen exchange between man- 
ganate (V) and the solvent 1s extremely rapid, even at 
room temperature the half-lfe time ıs of the order of 1 
seo These findings suggest that the composition of 
the barum manganate described here is due to the 
fact that manganate (V) 1s an intermediate stage of the 
reaction This view, which is contrary to an assumption 
by Symons’, ıs confirmed by our experiments on the 
reaction between sodium peroxide and potassium 
permanganate 

The oxygen produced durmg this reaction 1s 1dentical in 
composition to that of the peroxide used, from which 
it originates If a barium salt ıs imitially present, the 
barium manganate produced has an isotopic composition 
with respect to 1ts oxygen which hes approximately half- 
way between that of the water and that of the origmal 
permanganate 1on It must, therefore, be concluded 
that during the course of this reaction half the man- 
ganate (VI) produced has gone through the manganate (V) 
stage, during which complete oxygen exchange with the 
solvent has taken place The followmg scheme quanti- 
tatively agrees with the isotopic composition found 
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HOO- + MnO; — MnO; + O, + OH- (y) on 
MnO; + MnOj- — 2 MnO7 (8) R-CH-CH Ù(CH,) 
As no manganese dioxide can be observed duimg this l | 
reaction, step 8 must be faster than the decomposition O—N ~ CH—COOR’ 
of manganate (V) to manganese dioxide and permanganate, Iq R=C R’=H Ib R=Cl R' =A, 
which 1s rapid in the none too concentrated hydroxide Ile R=Br R= H Ib R =Br R =C, 
solutions used II R=NH, Rk’ =H 
In conclusion the following sequence of reactions may IVa R =H R’=H IVb R=H R=, 
be given. for the permanganate decomposition: v R = C,H,CH,CONH R’ = CH, 
MnO- + OH- = MnO= + OH VI R = CG,H,0CH,CONH R’ = CH. 
oni pos 53 DE VII R= p and 1 C,H,OCH- i 
+ > O- + H, (CH,)CONH R’ = CH, 
O- + MnO; + H,O — MnO= + H,0, VIII E = p and n 3,4-Cl,C,H,CH(OCH,)- 
H,O OH- = HO; + H,O CONH R’ = CH, 
od id IX R= (C,H,,—ONH R’ = CH, 


HO; + MnO; — MnO; + O, + OH- 
H.O + MnO; + MnO} — 2 MnOF + 2H+ 


This scheme also agrees withm expermmental error with 
the isotopic composition of the precipitated barum man- 
ganate The foregoing results will be more fully published 
m the Zewschrift fur physikalsche Chemre (Leipzig) 
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Gas Chromatography of Penicillin and 
Penicillanic Acid Esters 


WHILE preparmg and investigating the properties of 
pemeillanie acid (IVa) and its derivatives, we have found 
that ıt 1s possible to separate esters of penicillins and of 
penicillanic acids by gas chromatography 6-Chloro- (Ia) 
and 6-bromo-pemeillanic acid (IIa) were prepared by 
diazotization of 6-ammopenieillanic acid? (XII) in dilute 
hydrochloric or hydrobromic acid?. The dibenzylethylene- 
diamine salts, which were used for the isolation of these 
acids, were transformed into their potassium salts. B 
hydrogenolysis, mn the presence of 10 per cent Pd/C, of the 
potassium salt of Ila, only partial hydrogenolysis of 
Ia was observed; m 1 M phosphate buffer at pH 7 6 or m 
water at a constant pH of 8 (a constant pH was mam- 
tamed by the addition of 05 N sodium hydroxide by 
means of pH stat), penieillaruc acid (IVa) was obtained in 
80 percent yield The physical constants of the potassium 
salt of IVa were [x]j? + 344 (about 10 m water), 
infra-red bands (potassium bromide disk) at 1,780 
(B-lactam) and 1,610 em-1 (COO-), and of the cyclohexyl- 
amine salt mp 161° (dec), [«]}° + 217 (about 10 in 
water) (all substances reported in this communication gave 
satisfactory carbon, hydrogen, nitrogen, sulphur and 
halogen analyses, where appropriate) Penicilanie acid 
is the basic nucleus of all penicilins*? However, just as 
with the 6-amimo and 6-halogen-substituted derivatives, 
1t 18 devoid of significant antibacterial activity 

Different penicillanie acids were transformed into their 
methyl esters by reaction with an ethereal solution of 
diazomethane (Ib : mp 77 5°-79°, [e}p + 200 (about 1 0 
in acetone), infra-red bands (chloroform solution) at 
1,795 (B-lactam) and 1,756 cm~? (ester) IIb m p 48°-49°, 
[«]p + 185 (about 10 m acetone), infra-red bands 
(chloroform) at 1,800 and 1,765 em? IVb m p 52°-53°, 
[«]p + 300 (about 1 0 m acetone), mfra-red band (chloro- 
form) at 1,790 and mflexion at 1,771 em-!) 

The observation that these esters could be sublmed 
n vacuo was an indication that gas chromatography 
should be attempted All these esters could easily be 


separated on a conventionally packed column of ‘QF-I’, 
a fluounated silicone polymer: The methyl ester of 
benzoylglyeme-hippuric acid, a substance of sumilar 
molecular weight, was a suitable reference (Table 1). 


Table 1 GAS CHROMATOGRAPHY OF PENICILLIN AND PENICILLANIO AOLD 
METHYL ESTERS* 
N Relative retention tımes 
‘QF-1’ ‘QF-1’ 'SE-30' 'SE-52' ‘SE-52" 
Methyl ester of 30% 07595 04% 04% 04% 
200° 225° 200° 180° 240° 
Penicillanie acid (IVb) 059 — — — = 
6-Chloropenicillanic acid (Ib) 081 — — — = 
6-Bromopenicillanic acid (IIb) 104 — — — — 
Benzoylglyeme Cot — — — — 
Benzylpenieillin (V) — 1001 100$ 1009 100l 
Phenoxymethylpemeillin (VI) — 117 124 135 118 
a-Phenoxyethylpenicillin (VII) 
Side-chain D isomer — 0 864 107 108 — 
Li80mer — 0913 114 120 = 
3,4-Dichloro-a-methoxybenzyl- 
penicillin (VIII) 
Side-chain L isomer — — — — 260 
D isomer — — — 314 
6-Tritylammopenicillamie acid 
(ax) — 272 — — 6 05 


* The instrument was an argon chromatograph (Pye Instruments, Cam- 
bridge, England), modified to permit the injection of a sample dilution m 
acetone directlv on the top of the column through a silicone rubber septum 
In each case the columa wall ahead of the column paskin was kept at 300° 
and the detector cell at 250° by means of separate heat: ng mantles The 
columns were 130 cm x 4 mm mternal diameter borosilicate glass tubing, 
filled with acid-washed, silanized ‘Gas-Chrom P’, 100-120 mesh, coated 
with stationary phase at the percentage dicated in Table 1 Argon inlet 
pressure, 1 kg/em?, detector voltage, 800-1,000 V. 

t Time, 30 min 


The gas chromatography of the methyl esters of 
several penicillins was also attempted These esters 
could not be eluted from a column eontaming 30 per cent 
'QF-I', but chromatography on columns with a small 
amount of stationary phase was successful. The methyl 
esters of benzylpemieillin’ (V), of phenoxyethyl penicillin* 
(VI), of a mixture of the x and D isomers of x-phenoxy- 
ethylpemeilhn? (phenethicillin) (VIT), of a mixture of the 
L and D isomers of 3 4-dichloro-u-methoxybenzylpem- 
eil? (VIII) and of 6-tritylammo-pemeillamic acid? (TX) 
could be eluted with a satisfactory separation factor on a. 
selected column of the silicone polymer type (Table 1) 
So far the most suitable chromatography phase used was 
‘SE-52’, a methyl sthcone gum contaming phenyl groups 
(General Electric Co , Waterford, New York) Estimation 
of the relative amounts of the two epimers of ponicillins 
VII and VIII 1s possible with this column 

Laok of important thermal degradation was evidenced 
by the obtammg of a single reproducible peak for each 
compound and also by the fact that the products collected 
at the exit of the ‘Q F-I’ column presented the same thin- 
layer and gas chromatographie properties as the starting 
materials, 

These results show that these columns, introduced 
recently in gas chromatography, may be applied success- 
fully to substances which are considered very labile 

We thank Dr W L Holmes of Smith, Kline and French 
Laboratories, Philadelphia, for a gift of '"SE-52', and 
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Detector response 





0 2 4 6 8 


Min 
Fig 1 Gas chromatography on a 130 cm x 4 mm column of 04 per 
cent 'SE-52' on acid-washed silanized ‘Gas-Chrom P' 100-120 mesh 
(Applied Science Laboratories, Inc, State College, Pennsylvania) 
Flash heater, 800°, detector, 250°, column temperature, 240° Stron- 
tium detector, 800 V, argon inlet pressure, 1 kg/cm? ‘The products 
(about 10 pg) were dissolved in acetone (4 ul ) for application on the 
column Peak 1, V, 2, VI, 3, VIII with L side-chain acid, 4, VIII, 
D 1s0mer 
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(1902) 
BIOCHEMISTRY 
Identification of Thalidomide in Rabbit 
Blastocysts 


Tae embryotoxie effects of thalidomide are now well 
known and have been described by several workers? 
However the mechanism by which the drug produces its 
toxic effects on embryonic tissue is unknown Further- 
more, it is not known whether the toxicity arises from an 
interaction of the drug (or metabolite) with foetal tissue 
or whether 16 1s a secondary effect resulting from the 
influence of thalidomide on the mother The teratogenic 
effect of thalidomide m the rabbit 1s particularly marked, 
and the toxic offect of the drug appears to be mainly 
exerted durmg the seventh-twelfth day of pregnancy? 
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This eritical period occurs just after implantation and 
corresponds to the period of morphogenesis 

If the effects of thalidomide are a result of & direct 
action on the embryo, ıt becomes important to establish 
whether thalidomide or any of 1ts metabolites are able to 
cross from the mother to the fetal tissue durmg the 
critical stage of development It must also be borne m 
mund that thalidomide breaks down spontaneously to 
12 other compounds at physiological pH. values?  'To 
obtain mformation on this pomt we have investigated the 
distribution of thalidomide labelled with carbon-14 m the 
10-day blastocyst of the chinchilla rabbit following its 
oral admunistration 

4C-Thalidomide, that 13, (+ )-«-({carbonyl-“C, ]phthal- 
imido)glutarimide, was synthesized from [carbongl-MC,]- 
phthalie anhydride Female chinchilla rabbits (weight 
3-4 kg) were mated with New Zealand White bucks 
(weight 4-5 kg) “C-Thahdomide (6 mg/kg) was admin- 
istered orally by means of a stomach tube to the 10-day 
pregnant chmchuilla rabbit and 4 h later the animals were 
killed by stunning and bleedmg. Blood samples were 
withdrawn from the heart using a heparimzed syringe, 
and samples of liver, skeletal muscle (psoas muscle) and 
uterus were also removed The blastocysts were obtamed 
free from uterme tissue and blood by a technique similar 
to that described by Rogers Brambell’ The uterus con- 
taming the blastocysts was removed from the animal and 
immediately frozen m isopentane cooled to — 40° usmg 
an acetone/sohd carbon dioxide muxtuie After 2-3 min, 
the frozen uterus was removed, carefully opened and the 
frozen blastocyst peoled away from its site of :mplan- 
tation By this method ıb 15 possible to remove the com- 
plete blastocyst except for the trophoblast, which remams 
attached to the uterme tissue 

In some experments the embryo together with its yolk 
sac membrane was separated from the yolk sac flud by 
centrifuging the thawed blastocysts at 10,000 rpm for 
20 mm The yolk sac fluid was carefully removed by 
aspiration to leave the gelatinous embryo In a typical 
experiment, three pooled blastocysts were fractionated to 
give 240 mg (web weight) of embryo tissue and 28 ml 
yolk sac flud 

The radioactivity of all biological samples was estimated. 
by combustion of the “C to “CO, in oxygen using & 
Schoniger flask similar to that described by Kelly et ai ? 
The radioactive carbon dioxide was absorbed into 10 ml M. 
hyamine hydroxide solution in methanol and 3 ml 
aliquots transferred to eountmg vials contammg 17 ml. 
of hquid semtillator Samples were counted for 20 min 
in a scintillation counter (Packard scmtillation spectro- 
meter model 3214) Blanks were prepared for all tissues 
using tissue samples removed from a 10-day pregnant 
rabbit which had not received “C-thahdomide In all 
cases the tissue blanks were identical with those obtained 
by using simply 3 ml M hyamine hydroxide in the sem- 
tation solvent The efficiency of counting in this system 
was 52 per cent 

To identify the chemical nature of the radioactivity 
present in the rabbit blastocyst, the activity was extracted 
with methanol contaminy carrier thalidomide and its 
hydrolysis products The concentrated extract was 
subjected to two-dimensional paper chromatography’ to 
resolve the thalidomide and its hydrolysis products The 
areas containing thalidomide and related compounds wero 
cut out and their radioactivity determined 

Eight blastocysts (10 days old), removed from a 
pregnant rabbit 4 h after 4C-thalidomide had been given, 
were thawed and homogenized using a Potter homo- 
genizer The homogenate was freeze-dried to a pink 
powder weighing 500 mg The powder was extracted with 
10ml dry methanol contaming 10 mg each of the followmg 
carrier compounds  thahdomide. o-(0-carboxybenzemxdo)- 
glutarmade 2- and 4-phthalimidoglutaramie acids, 2- 
phthalmmidoglutaric acid, 2- and 4-(o-carboxybenzamido)- 
glutaramic acids, 2-(o-carboxybenzamido)glutane acid and 
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Table 1 DISTRIBUTION OF “CIN PREGNANT RABBITS GIVEN “C-THALIDOIIDE 
Chmcehilla rabbits recerved C-thalidomide (6 mg/kg) orally on the tenth 
day of pregnancy and were killed 4 h later 

Radioactivity present (counts/min/g wet tissue) 


Tissue exammed i anm No 3 
Blood 1,199 1,532 1,070 
Liver — ,170 4,560 
Skeletal muscle — 1,028 842 
Uterus — 1,840 1,049 
Blastocyst 437 (2)* 800 (8)* 801 (3)* 


* The figures ın parentheses are the number of individual blastocysts 
counted, the counts/min for which were averaged The figures for the 
other tissues are means of duplicate samples 


Table 2 DISTRIBUTION OF 1O IN BLASTOCiSTS AFTER ADMINISTRATION 
OF “C-THALIDOMIDE 
Blastocysts were removed from the mother 4 h after an oral dose of 1C- 
thahdomide (6 mg/kg) ‘The embryo was separated fiom the yolk sac fluid 
as described 1n the text 


Radioactivity Absolute amount of drug 


Tissue (counts/min/g present, calculated a8 
wet tissue) thahdomide (ug) 
Complete blastocyst 801* 061 
Embryo and membranes 9481 0058 
Yolk sac fluid 7700F 053 


* Mean value obtaimed from three blastocysts 
$ Value obtamed from a pool of three blastoc; sts 


Table 3 COMPOUNDS PRESENT IN THE 10-DAY RABBIT BLASTOCYST 
FOLLOWING ADMINISTRATION OF HC-THALIDOMIDE TO THE MOTHER 


Compounds present m blastocyst Radioactivity (cpm ) 


Thalidomide 134 
a-(o-Carbovy benzanudo)glutarimide 21 
2-Phthalimidoglutaramie acid 
4-Phthalimidoglutaramic acid 
2-Phthalimidoglutaric acid 


3-6 
(that 13 traces) 
Phthahe acid 


phthahe acid The extract was centiifuged and the 
methanol extiact separated and concentrated at 40° on a 
rotary evaporato: to 2 ml  Ahquots (03 ml) wee 
applied to Whatman No 1 paper and the chromatogram 
developed first with  pyirdine/m-amyl — aleohol/water 
(7 7 6) and then with n-butanol/acetie acid (10 1) 
saturated with water, at right angles to the direction of 
the fist solvent? 

The compounds were detected by viewing the pape: in 
ultra-violet hght Areas containing the spots were cut out 
and transfered to counting vials contammg 20 ml of 
seintillation solution and counted for 5mm The rest of 
the chiomatogram was also eut up into pieces approxim- 
ately 3 x 4 cm and counted 

The results obtamed from the tissue distribution of the 
MC3adioaetivity m the pregnant chinchilla rabbit follow- 
ing the admimustration of 4C-thalidomide are shown m 
Table 1 Significant amounts of radioactivity were found 
1n all the blastocysts examined, though the concentration 
was generally less than that found m the maternal tissues 
The level of carbon-14 im the blastocyst was approximately 
half that in the maternal blood The maternal tissue- 
levels were similar to those of the blood, except for the 
hver where the concentration was 3-4 times greate1 

The distribution of the carbon-14 in the blastocyst 
between the embryo and the yolk sac fluid was practically 
uniform, since the specific activities of these two tissues 
were sumilar This suggests that no specific localization 
of the radioactivity occurs m the embiyo At a maternal 
dose-level of 6 mg/kg each blastocyst contamed approxim- 
ately 06 pg of compound calculated as thalidomido 
(equivalent to 0 003 pei cent of dose) More than 90 pe 
cent of the activity in the blastocyst was present in the 
yolk sac fluid and the othe: 10 pei cent m the embryo 
and the yolk sac membrane (Table 2) 

The nature of the 1adioactivity piesent in the blastocyst 
extract was determined by isotope dilution The major 
component was thahdonude, which ieprosented about 
70 pex cent of the total activity, while «-(o-caiboxy- 
benzamido)glutarumide, one of the primary hydrolysis 
products of thahdomude, was piesent to the extent of 
about 12 pe: cent The other pimnary hydiolysis pro- 
ducts, 2- and 4-phthalmudoglutaramie acids, were only 
present m tiaces, and there were also traces of the secon- 
dery hydiolysis products, 2-phthalimidoglutame acid and 
phthahe acid The presence of these hydrolysis products of 
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thahdomude in the blastocyst ıs not surpiising im view of 
the known lability of thus drug? 

The manner by which thahdomude passes mto the 
blastocyst 1s not clear Possibly rt 1s eliminated by tho 
mother in the uterine secretion fiom where i6 is trans- 
ferred to the blastocyst 

While the results do not indicate a duect causal relation- 
ship between thalidomide and its embryotoxicity, jt 18 of 
considerable mterest that the diug and some of tts hydro- 
lysis products are present in the blastocyst at the time the 
drug 1s known to exeit 16s teratogenic effect 

This work was supported by a grant from the Distillers 
Co, Ltd One of us (H S ) thanks the Schweizerischen 
Akademie der medizmuschen und biologischen Wissen- 
schaften for a fellowship The Packard semiilation 
spectrometer used m thus work was purchased by means 
ofa US Public Health Service research grant AM 06772— 
01 from the National Institutes of Health 
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Mechanism of the Pasteur Effect . 


Tur Pasteur offect was ealy attributed to the mfluence 
on the iate of glycolysis of changes m the balance of 
morganie phosphate and of adenosine diphosphate and 
tuiphosphate following a transition from air to nitrogen!~* 
The changes m content of several phosphate compounds 
during various experimental treatments of yeast suggested 
that ‘mitochondrial’ adenosine triphosphate might not be 
freely available foi phosphorylating  fructose-6-phos- 
phates? An imerease in fructose diphosphate was 
observed in muscle under anaerobic conditions’, and this 
was attributed to the activation of phosphofructokmase 
caused by the mcreased contents of adenosine monophos- 
phate and morganie phosphate and to a decreased content 
of adenosine triphosphate? Moreover, an merease in the 
permeability of the mitochondrial membiane to adenosine 
diphosphate under anaerobic conditions has been postu- 
lated’ Finally, an acceleration in the tuin-over iate of 
phosphoenolpyruvato followed by an increase of fructose 
diphosphate and of pyruvate were observed durmg the 
large ineiease ın output of carbon dioxide in bananas 
ripening in air, an increase m the rate of glycolysis was 
postulated and this merease was attributed mainly to the 
localization of ‘glycolytic’ adenosme triphosphate (imtially 
produced in the pyiuvate kinase reaction) near to the sugar 
phosphorylating and glycolytic enzymes* 

Early results with peas showed a decrease in fructose 
diphosphate on transfer from air to nitrogen’? But in our 
work with potatoes, apples and peas, each known to show a 
Pasteur effect, fructose diphosphate either remaimed 
constant or mereased, initially im nitrogen (Fig 1), while 
glucose-6-phosphate eventually decreased, these changes 
might indicate a greater activation of phosphofructokinase 
than of hexokmase, as postulated for muscle 

A special feature of our results, which appears not to 
have been 1eported previously, was, however, a decrease in 
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Fructose-6-phosphate Glucose-6-phosphato 
3-Phosphoglycerate Dihydroxyacetone phosphate 


Fiuctoso-1,0 diphosphate 


Phosphoenolpyruvate 
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Fig 1 Changes m peas held m air (x) and ın nitrogen (O), in the 
content of a, glucose-6-phosphate, b, fructose-6-phosphate, c, fructose-1,6- 
diphosphate, d, dihwdroxyacetone phosphate, e, 3-phosphoglycerate, 
and f, phosphoenolpyruvate The change from air to nitrogen was at 
Omin The contents are expressed as pmoles/100 g fresh weight 


content of 3-phosphoglycerate and of phosphoenol- 
pyruvate in mitiogen (Fig 1) Moreover, simular iesults 
to these have recently been observed m 1hododendion 
leaves!® The Pasteur effect ın these tissues mught thus 
be indiested by an increased rate of metabolism of 
3-phosphoglyceiate and of phosphoenolpyiuvate initially 
m nitrogen, 1f the associated faster formation of glycolytic 
adenosine triphosphate were localized near the hexokmase 
and phosphofruetokimase associated with glycolysis, this 
process would be accelerated 

An important aspect of the data (Fig 1) ıs that the 
adjustment times, needed for 3-phosphoglycerate and 
phosphoenolpyiuvate to 1each new steady-state levels in 
nitrogen, were short, the adjustment time for the 1ate of 
glycolysis in peas, measured by the rates of output of carbon 
dioxide and of production of alcohol and lactate. 1s also 
Shoit!!, ın eontiast the adjustment times foi glucose-6- 
phosphate and for fiuctose-1,6-diphosphate were long, 
being at least 8h 

It is thus important to know whethoi the changes in 
3-phosphoglycerate and in phosphoenolpyiuvate m yeast 
and ın muscle under anaerobic conditions aie similar to 
those observed by us In germinating buckwheat, which 
appeai not to show a Pasteur effect™, none of the foregoing 
changes in phosphate compounds occurred Similar 
results have also been observed elsewhere m buckwheat! 

A characteristic feature of the Pasteur effect ıs that a 
faster rate of phosphorylation of sugar must occur m mitro- 
gen than ın air although the cellular content of adenosine 
tirphosphate 1s lower under anaciobiosis Thus, of the 
large amount of adenosine triphosphate produced in 
aelobiosis, assuming full oxidative phosphorylation, only 
about 6 per cent 1s needed to phosphorylate the sugar sub- 
strate Yet under anaerobic conditions, assuming alcoholic 
fermentation, 50 per cent of the much smaller quantity of 
adenosme triphosphate, produced in glycolysis, 1s required 
to phosphorylate the sugar substrate The allocation of 
this proportionately large. amount of adenosine triphos- 
phate to phosphorylation of sugar under anaerobiosis 
does not appear to have been explained hitheito, ıt would 
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be readily expheable if the bulk of the cellulaı phospho- 
fructokmase and a part of the hexokinase and phospho- 
hexoisomerase were located with the glycolytic enzymes 
in a granule permeable to ‘cytoplasmic’ adenosine dı- 
phosphate but much less permeable to adenosine ti1phos- 
phate In this way the ‘glycolytic’ adenosine triphosphate 
would be protected against consumption im the various 
‘eytoplasmic’ reactions ın which the bulk of the aerobic 
adenosine triphosphate 1s presumably used This com- 
parison between the proportionately large: amount of 
adenosme triphosphate allocated to phosphorylation of 
sugar under anaerobic than under aerobic conditions does 
not appear to have been made pieviously Indeed the 
above facts would be 1eadily explicable m terms of a 
glycolytic granule but are otherwise difficult to explam 
Moreover, in dried yeast the fermentation enzymes aie 
1eported as located in an oiganized structure, which 1s 
however, destroyed by the gridmg piocedure usual m 
preparing particulate fraetions!?:12:15 

Our interpietation of the Pastew effect thus develops 
fiom the suggestions of Lynen and Solomos, already 
mentioned We postulate that ‘mitochondrial’ adenosme 
tiiphosphate, though readily available to many ‘cyto- 
plasmic’ enzymes or systems, 1s not freely accessible to the 
sugar phosphorylating enzymes, hexokinase and phospho- 
fiuctokinase, associated with the glycolytic system, m 
contiast ‘glycolytic’ adenosine tiiphosphate 1s pictured as 
fieoly accessible to these enzymes but not freely available 
to many ‘cytoplasmic’ enzymes We also postulate an 
initial acceleration of the phosphoenolpyruvate kinase 
reaction in nitrogen, the iesultant faster production of 
‘glycolytic’ adenosine triphosphate accelerates the forma- 
tion of ‘glycolytic’ glucose-6-phosphate and of fiuctose 
diphosphate so that glycolysis 1s hastened 

The mechanism of the acceleration of the pyruvate 
kmase 1eaction in nitrogen aleady mentioned is not 
known, though adenosine diphosphate inereased m con- 
tent in nitrogen in thice experiments with peas, 1emaining 
constant m a fourth expeimment, an activation of this 
enzyme may thus be paitly 1esponsible for the postulated 
acceleration of this 1eaction in nitrogen 

One, but not the only, explanation of the greate: degree 
of activation of phosphofiuctokinase, mentioned here 
would be that ‘glycolytic’ adenosine triphosphate was more 
accessible to phosphofiuctokinase than to hexokinase 

We thank Dr H Beevors, Piof G E Briggs and Dr 
E A MacRobbie fo advice One of us (M A A K) 
thanks the Ministi y of Education, Government of Pakistan, 
the Department of Technical Co-operation of the United 
Kingdom and the Colombo Plan Authorities for granting 
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N-Terminal Amino-acids in Purified Hog 
- Thyroglobulin 


Iw an investigation of the N-terminal ammo-acıds ın hog 
thyroglobulin, purified by ammonium sulphate fraction- 
ation!, Roche et al 23 found that the wide range of ammo- 
acids which they detected by application of the Edman! 
and Sangers methods imeluded di-1odotyrosme and 
thyroxme These observations could emphasize a role 
for thyroid leueine ammopeptidase*? in the mechanism 
governing the release of the thyroid hormone from its 
stored form in the thyroid gland We have also been 
concerned with this physiological process? and have 
re investigated the N-termmal groups in the purified 
thyroid protem 

Hog thyroid saline extracts were fractionated at 20° C 
with neutralized ammonium sulphate’, the material 
soluble at 37 per cont and insoluble at 41 per cent satura- 
tion was reprocessed and the fraction within the same 
limits again collected After prolonged dialysis at 4° C and 
freeze-drying, the protem fraction (Preparation I, Table 1) 
was further treated by chromatography on DEAE cellu- 
lose The fraction eluted with phosphate buffer, pH 6 5, 
sodium chloride 0 17 M, and ionic strength 0 27 (ref 9), 
was dialysed and freeze-dried (Preparation II) This 
chromatographic procedure was repeated (Preparation III, 
which was collected at ionic strength 0 25) 

In another series a 37-41 per cent ammonium sulphate 
fraction was held at — 25° Ó for some months, a portion 
was then rapidly dialysed agamst chromatography 
starting buffer to give a concentrated solution which was 
directly applied to a DEAE cellulose column The eluate 
fraction as above (10nie strength 0 27) was collected, 
dialysed and freeze-dried (Preparation IV) On repeating 
this procedure with Preparation IV the peak at ionic 
strength 0 25 was divided into early and late fractions, of 
approximately equal protem contents, and separately 
analysed (Preparations Va and Vb) 

For preparations VI and VII two equal portions of a 
similar frozen ammonium sulphate fraction were taken— 
soon after completion of the preparation—one of which 
was dialysed for a prolonged period against distilled water 
before freeze-drying and chromatography; the other was 
dialysed agamst the chromatography starting buffer for a 
short period and then directly applied to the column Tho 
fraction eluted at ionic strength 0 27 was collected ın each 
caso Preparation VIII was from the same batch and 
was treated as VII but dialysis after chromatography was 
replaced by filtration through ‘Sephadex G-25' 

Protein samples, usually 100 or 200 mg were incubated 
with phenylsothocyanate in N-dimethyl-allylamine 
trifluoroacetic acid buffer’, pH 9 ‘The subsequent 
procedure was as described by Niall and Edman", with 
certain modifications mcludmg the use of trifluoroacetic 
acid to split off the intermediate terminal amino-acid 
derivatives! Tho final conversion to 3-phenyl-2-thio- 
hydantom (PTH) derivatives was effected with 30 per cent 
ethanol (v/v) 01 N hydrochloric acid (pH 1 6 or 1 0) or, 
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for the estimation of glycine, in view of the observations 
of Ilse and Edman, with 01 N hydrochloric acid 
Identification of the PTH derivatives of the amino-acids 
was carried out in the solvent systems A (ref 14), D, E and 
F (ref 15), with an additional system n-butanol/n-pen- 
tanol/2 N ammonium hydroxide, 1 1 2 (v/v), for the 
better definition of the PTH corresponding to thyroxme 
As a precaution agaist contamination by derivatives of 
any free amuno-acids adsorbed on the protem samples, 
the product, after coupling with phenylisothiocyanate, 
was washed with benzene, and then repeatedly treated 
with dry purified acetone prior to the trifluoroacetic acid 
step, this procedure also produced, subsequently, much 
cleaner chromatograms 

Following chromatography, the PTH derivatives of the 
N-terminal amuno-aeids, with PTH standards (Mann 
Research Laboratories Inc , New York), were eluted in a 
total volume of 3 ml 70 per cent ethanol and quanti- 
tatively estimated spectrophotometrically at 269 my, 
corrections beg applied for chromatographic losses and 
background absorption 

The results obtamed for the nme preparations, described 
here, are given m Table 1 It ıs apparent that the 
preparations associated with short dialysis periods 
(IV, Va, Vb, VII) differ from those where dialysis was 
prolonged (I, IT, IIT, VI) Thus 1s particularly noticeable 
m the values for leucine, valine, alanine, glutamic acid 
and aspartic acid, although those for aspartic acid are 
always greater than 1 mole/mole protem When dialysis 
after chromatogiaphy was replaced by filtration through 
‘Sephadex G-25’ (Preparations VII and VIII) the results 
are practically identical 

McQuillan and Trikojus'* observed that hog thyro- 
globulin, prepared by ammonium sulphate fractionation’, 
retams about half the proteolytic activity (assayed at 
pH 3 5) of the original extracts The enzyme with this pH. 
optimum has been found to be removed by passage 
through DEAE cellulose, bemg eluted at low ionic 
strength!” and, moreover, 1b is mactive (against hemo- 
globin substrate) at pH values which would be reached 
durmg dialysis against distilled water! It 1s thus possible 
that the higher values found for leucine, valine and alanine, 
particularly for preparations I-III compared. with IV-Vb, 
are a reflexion of the action by another thyroid proteinase 
during the period of prolonged dialysis associated with the 
former series It is relevant to note that incubation of 
Preparation VII for 9 h at 39° C and pH 6 5 led to ın- 
creases of 2-3-fold in the values of alanine, valine, leucine 
and glutamic acid, whereas there were only shght increases 
with glycine and aspartic acid and no change with aspara- 
gine The addition of purified thyroid acid protemase 
(optimal pH 3 5) did not increase the values further over 
those of the incubated control 

In view of these observations, 1t appears that thyro- 
globulin contains aspartic acid, asparagme and glycine 
only as free N-terminal amino-acids in the approximate 
ratios of 2 moles (aspartic acid plus asparagine) and 1 mole 
glycine per mole protem, however, our results do not 
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Table 1 N-TERMINAL AMINO-ACID ANALYSES OF HOG THYROGLOBULIN PREPARATIONS (MOLES/MOLE PROTEIN, ASSUMED MOL Wr 650,000) 











Preparation* Asp AspNH; Gly Leu Val Ala Glu 
I (NH,),S0, fractionation and prolonged dialysis 15 04 14 17 14 06 04 
II DEAE cellulose fractionation of I 18 03 08 14 06 04 02 
III DEAE cellulose retreatment of IIt 19 03 08 12 04 04 02 
IV (NH,)sSO, fractionation and short dialysis plus 
DEAE cellulose treatment t NE NE 11 02 01 01 NE 
Va DEAE cellulose retreatment of IV—early fractions 
of peak 14 04 13 02 01 01 01 
Vb As Va—late fractions of peak 18 04 14 03 01 01 01 
VI (NH4SO, fractionation and prolonged dialysis plus 
DEAE cellulose treatment 17 05 11 04 02 05 04 
VII As VI but short dialysis against buffer plus DEAE 
cellulose treatment 12 05 11 03 01 03 02 
VIII As VII, but ‘Sephadex’ filtration after chromato- i 
graphy 13 04 12 02 02 02 02 









































* For further details see text 
T Percentage 1odime = 053 (III), 054 (IV). 


Tr, Trace 
NH, not estimated 


March 14, 1964 


exclude the presence of protected N-te1mmal groups. 
Moreover, since thyroglobulin ıs a glycoprotem, contain- 
ing also sialic acid?*, steric effects of the carbohydrate 
moieties may influence the reaction with phenyhsothio- 
cyanate | Gottschalk!? has observed such effects in 
applying the Edman method to sequence determmations 
m  glyeopeptides, while Johansen, Marshall and 
Neuberger” found that a glycopeptide from egg albumin 
required special conditions for reaction with fluorodinitro- 
benzene When the sialic acid component of a DEAE 
cellulose purified preparation of thyroglobulin was 
removed by treating the protem for 18 h at 37° C with 
neuraminidase”, we found the values of N-terminal 
amino-acids to be the same as those of an meubated 
control (sialic acid, recovered from diffusate equivalent to 
0 85 mg/100 mg protein) However, the residual carbo- 
hydrate structures could be responsible for any inhibitory 
effects 

In none of the quantitative assays reported here nor m a 
series of qualitative tests could we confirm the finding?:? 
of 1odinated amino-acids as N-termmal groups This 
negative result was supported when hog thyroglobulin, 
labelled «n vwo with 10dime-131 and isolated by ammonium 
sulphate fractionation, followed by chromatography on 
DEAE cellulose, was submitted to the Edman procedure, 
no radioactive phenylthiohydantoms could be detected 

We thank Dr Pehr Edman, St Vincent’s School of 
Medical Research, for advice on his assay method, and 
Miss P Jablonski, who prepared several of the thyro- 
globulin samples The National Health and Medical 
Research Council (Commonwealth of Austraha) provided 
a personal grant to one ofus (T A A D ) and contributed 
towards tho cost of this investigation 
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V M Trixosus 
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Effect of ß-Methylaspartaze on Ornithine 
Cycle Reactions 


B-METHYLASPARTATE (B-MA) was identified! as a 
product of glutamate metabolism in cell-free extracts of 
Clostrudvum tetanomorphum B-MA 1s a strong antimeta- 
bolite toward aspartate it 1s an mhibitor of pyrimidme 
biosynthesis from aspartate? and of urea synthesis from 
citrulline + aspartate? In addition, B-MA seems to have 
certain interesting metabolic activities ıt participates m 
transamination reactions in rat and rabbit hver and 
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bram* and in Escherechia col, and i6 may also be a 
precursor m the de novo synthesis of thimme® 

The present communication deals with the n vitro 
effects of Dl-threo-B-MA (Sigma) on urea synthesis from 
earbamyl-phosphate (CP), aspartate and ornithine as well 
as from citrulline and aspartate. Evidence ıs also pre- 
sented on the mhibitory effect on the same reactions of 
B-M.A. injected «n vwo in rats 

The results are reported m Table 1 


Table 1 UREA SYNTHESIS IN RAT LIVER AFTER ADDITION OF f-MA TO 
HOMOGENATES OR INJECTION OF IT in vivo 
Extra-formed Enxtra-formed 
B-Methyl- urea from CP + urea from citrul- 
aspartate ornithine--as- Inhibition line+aspartate Inhibition 
addition partate (umoles/ (%) (umoles/200 mg (%) 
200 mg tissue) tissue) 
= 475 — 36 i 
In-wtro 
(40 umoles/ 
200 mg tissue) * 16 66 5 15 583 
In vitro 
(80 umoles/ 
200 mg tissue)* 11 768 10 722 
In mvo (3 4 
mmoles/kg) t 0 43 909 14 611 
In vwo a 4 
mmoles/kg) f 0 93 804 26 277 


The incubation mixture was the following rat hver homogenate (40 per 
cent in 01 M phosphate buffer pH 7 4) 05 ml, MgCl 10 umoles, ATP, 
fumarate and pyruvate 5 umoles each, L-ornithine, L-aspartate, L-citrul- 
hne, dilithuum carbamyl-phosphate (Calbiochem) 10 ,moles each when 
added Final volume ; pH 74, incubation at 37°C for 1 h 
in Warburg vessels in O,.—0CO, (95 5 per cent) atmosphere The reaction 
was stopped by cooling the vessels at 0° C, urea was then determined by 
urease method (Sigma, type V) following Krebs and Henseleit (ref 7) 

Non-enzymatic urea, as well as urea formed without substrates, was 
subtracted 

* 8-MA was added to the incubation mixtures in the amounts grven above 

T8-MA was injected intraperitoneally, 2 h later rats were killed and 
lrvers were removed and homogenized 


They show that B-MA added to hver homogenate 
inhibits urea synthesis from CP + ornithme + aspartate 
as well as from citrullme + aspartate The rate of mhibi- 
tion 1s of approximately the same order for both reactions 

In vwo mjection of B-MA produces inhibition of urea 
synthesis m hver removed 2 h after the mjection The 
degree of inhibition appears greater with urea from CP + 
ormthme + aspartate than from aspartate + citrulline 

Severma? claimed that B-MA had a seven-fold stronger 
inhbition on urea synthesis n vuro than «-methyl- 
aspartate («-MA) 

On the contrary, the ın vwo results (Table 1), if com- 
pared with those with «-MA obtamed in previous work’, 
show that «-MA 1s a stronger inhibitor of urea synthesis ın 
rat liver than B-MA when the compounds are injected on 
vwo In fact, the injection mto rats of 3 4 mmoles/kg of 
a-MA effects 100 per cent mhibition of urea synthesis from 
both citrulline + aspartate and CP + ornithine + aspar- 
tate, the same dose of 8-MA inhibits urea synthesis from 
CP + ornithme + aspartate by 90 per cent and from 
citruline + aspartate by 61 1 per cent 

Experiments are under way to find out the reasons for 
these differences between the action of «-MA and p-MA 

This work was carried out under the auspices of the 
Impresa Enzimologia of the Italan National Research 
Couneil 
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Role of Nucleolar Ribonucleic Acid in 
Incorporation of Ribosomal Amino-acid 


Ir is known that meorporation of amino-acids mto 
protem by ribosomes is dependent on RNA, and thus 
sensitive to RNase? It1s believed that this incorporation 
iequures a ‘messenger RNA’, which may have a nucleolar 
origin? 

To test this hypothesis we measured the effect of 
nucleolar RNA, prepared according to Állfiey et al 3, on 
1ibosomes treated with RNase (they lost 75 per cent of 
ther RNA this way) 

Table 1 gives the results of 12 experiments, which 
show that incorporation of either *C-glyeme o1 “C-vahne 
18 enhanced by the addition of nucleola: fiaction Pre- 
tieatment of this fiaction with RNase destioyed its 
activity 


Table 1 — ErTECT OF NUCLIOLAR RNA ON AMINO-ACID INCORPORATION 
Ribosome + Ribosomes + RNase- 
No tibosome Nucleolar nucleolar treated nucleolar 
fraction fraction fraction 
1 72 3 844 
E 21 100 320 
3 158 157 398 
4 20 ES! 474 
5 190 229 1 308 
6 223 246 679 
7 480 507 2 322 
38 383 448 935 383 
9 269 333 821 369 
10 321 234 652 
11 280 756 512 242 
12 26 55 121 102 


To 0 5 m] of an meubating mature contamung 2 amol of ATP, 0 25 «mol 
of GTP, 004 4mol (90,000 c p m ) of !C-glycine or HC-valme (exps 10, 11 
12), 10 umol of phosphoenolypyiuvate, 12 mol. oft1s buffer pH 7 5 and 50ug 
of ery stallme pyruvate kinase, we added 6 5 mg of ribosomal protem (ref 1) 
(in 05 ml of fies buffer pH 7 5,0045 M) 15 mg of 2H 5 enzyme (in 0 25 ml 
of sucrose D 44 M) and 0 4 mg of nucleolar RNA fraction (ref 3) (in05 ml 
of 0 44 sucrose) The mixture was incubated for 2 h at 30? C and the reaction 
stopped by adding 1 ml of cold 10 per cent TCA Precipitated proteins 
were washed by the procedure of Siekevitz (ref 8) modified by washing 
for 1 h at room temperature in N sodium hydroxide 


These results agiee with Sibatani de Kloet, Allhey and 
Musky's hypothesis? As a matte: of fact Perry’ demon- 
stiated that some nucleolar RNA migrates to ribosomes 
Recent papers*- have shown that synthetic polyribo- 
nucleotides can stimulate amino-acid meorporation into 
pie-meubated microsomes, and 1b is reasonable to assume 
that the latter are depleted of active RNA 

This woik was supported by grants fiom the US 
Public Health Service, Rockefeller. Foundation and Sao 
Paulo State Research Foundation 


M BRENTANI 
R BRewrant 
I Raw 


Department of Physiological Chemistry, 
Faculty of Medicine, 
University of São Paulo, 

Brazil 


1 Korner, A , Biochem J , 81, 168 (1961) 


*Sibatam, A de Kloet, S R Allfres, V G 
Nat Acad Ser, 48, 471 (1962) 


> Allfrey, V G,and Mirsky, A B , Proc U S Nat Acad Set , 48, 821 (1957) 

*Perry, R , Proc US Nat Acad Sci, 48, 2179 (1962) 

‘Maxwell, E S, Pioc US Nat Acad Sc, 118, 1639 (1962) 

5 Ne B , and Schechter, A N , Proc OS Nat Acad Ser , 48, 1686 

"Gardner R $, Wahba, A J, Basilio, C Muller, R S , Lengyel, P , and 
Speyer, J, Proce U S Nat Acad Ser, 48, 2087 (1962) 

®Siekevits P, J Biol Chem , 195, 549 (1952) 


and Musks, A E, Proc US 


Prekeratin 


Frsrovs keratin is formed tn the germinal or diffeien- 
tating cells of keratamizing tissues and appears ın the cyto- 
plasm as birefringent fibrils The fibrils aie rich in 
sulphydiyl gioups, and electron microscopy shows that 
they consist of long filaments with a diameter of about 
60 A (refs 1-3) The molecular structure of prekeratin as 
ievealed by X-ray diffraction appears to be smula: to that 
of keratin*5 Since the «-pattern of prekeratin 18 1eadily 
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disoiiented by concentrated urea solution, it seems that 
the molecular framework is pimmarily held together by 
hydrogen bonds, disulphide linkages aie absent 

Only a few investigators have exammed the properties 
of prekeiatin 2n vito Rudall found that the buffered 
aqueous solvents commonly used for the extraction of 
protems are unsatisfactory for the extiaction of preke1atin 
He noted, however, that copious amounts of protein can 
be removed fiom the epideimus with concentrated urea 
solution In view of this, Rudall‘ selected 6 M urea solu- 
tion for the extraction of prekeratin. (epidermim) from the 
epidermis of cow's nose, and Rogers® used 8 M urea solu- 
tion for the isolation of proteins fiom the wool root 
Analyses of the extiacts thus obtamed showed that they 
contain globular-type proteins m addition to the precursor 
of fibrous kcratın Complete separation of these globular 
proteins from prekeiatin has proved very diffieult* The 
partially puuified prekei ati preparations were commonly 
found to have a 1elatively low sulphu: content, fw ther- 
more, the bulk of the sulphur present was in the —SH 
form The average moleculai weight of the preparations 
was found to be in the 1ange of 60,000-100,000, thus 
indieating that wea splits the macromolecules of pie- 
keratin mio 1elatively small umts So far as the shape 
and molecula stiucture of the isolated prekeratin are 
concerned, it appears significant that diy films of the 
preparations prepared from the wea extiacts were aniso- 
tropic m polarized hght and showed an « pattern in X-ray 
diffraction. investigations? s 

The purpose of this communication is to 1epoit a new 
isolation technique. by which pwe prekeratin can be 
obtained from the epidermis of the cow’s nose This 
prekeratin has a high molecula weight and can be 1eadily 
spun into fibres Fo: the isolation 01 M citric acid- 
sodium citiate buffe: (CASC) of pH 2 6 and ionic strength 
of 0 6 was used 

After thorough washing of the cow’s noses m 1unmng 
tap water, the opideimis ıs removed ın sheets 0 5 mm thick 
with a keratotome (obtained fiom the Storz Instrument 
Co, St Louis, 10, Missow1) The epideimal sheets are 
collected in a beaker, and, after addition of a few mullihtres 
of CASC buffer, are cut into small pieces with scissors 
The minced epidermis is afterwards suspended in CASC 
buffer in the ratio of 1 5 and homogenized in the ‘VIR- 
TIS’ apparatus for 4mın The homogenate is then filtered 
through gauze and centuifuged fo: 10 min at 3,500 rpm 
The 1esultmg supernatant is centrifuged for 30 min at 
20,000 rpm The supernatant of this centrifugation 19 
then diluted 1 1 with CASC buffer and the pH adjusted 
to 7 by the addition of 1 N sodium hydroxido drop by diop 
and constant stnimg with a magnetic bai The first 
precipitates of pickeiatin appear at about pH 36 The 
large, sticky fibrous precipitates formed at pH 7 have a 
tendency to fuse and form an insoluble clot Itis advisable 
therefore, to decant the supernatant fluid as soon as the 
precipitates settle and immediately to add fiesh CASC 
buffer to the precipitate After adjustment of the pH to 
26 with 01 N hydiochloiie acid, the solution 1s stured 
until all the precrpitates are dissolved and the solution 
becomes clear For futher purification, piekeiatin 15 
serially reprecipitated at pH 6, pH 5 and finally at pH 4 5 
The precipitate thus obtained 1s less coherent than that 
previously obtained at pH 7 and may, therefore, be 
collected by brief centrifugation at 600 rpm The final 
preparation is dialysed against CASC buffer and cleared 
by Ingh-speed centrifugation fo: 1h By this procedure 
approximately 1 g prekeratm may be extracted fiom the 
epidermis taken from the noses of 20 cows 

The punty of prekeratin preparations was determined 
by moving-boundary electrophoresis and by sedumenta- 
tion m the Beckman-Spinco analytical ultracentrifuge 
The preparations appear monodisperse on electrophoresis 
in CASC buffer (Fig 1) and form a single component on 
ultiacentrifugation (Fig 2) The sedimentation coefficient 
of prekeratin, corrected to water and extiapolated to 
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Fig 1 Descending pattern of prekeratin obtamed by free-moving- 


boundary electrophoresis after 1 h m 0 1 M. CASC buffer 


Sedimentation pattern of prekeratin after centrifugation foi 
150 min at 56,100 r p m 


Fig 3 Fibres prepared by blowing a concentrated prekeratin solution 
ito 0 1 M sodium bicarbonate solution from a narrow pipette 


Fig 2 


zero concentiation, was found to be 53S Its molecular 
weight was 640,000 as determined by the sedimentation- 
equilibirum procedure using interference optics 

Resistant and uniform fibres can be readily prepared by 
blowing concentrated solutions of prekeratm through a 
narrow pipette into 01 M sodium bicarbonate solution 
(Fig 3) Such fibres can be easily stretched and dried and 
afterwards washed 1n distilled water to 1emove salts The 
dry fibres show an intense double refiaction ın polazized 
hight, and m X-ray diffraction investigation have a typical 
a-keratin pattern with a meridional arc at 5 14 A and an 
equatorial arc at 975 A (X-ray analysis was kindly 
cairied out by Di K J Palmer and Mrs K S Lee, at 
the U S Department of Agriculture, Agricultural Reseaich 
Service, Western Utilization Research and Development 
Division, Albany, California, ) 

Another significant piopeity of this preke1atin ıs that ıt 
1s soluble only in a 1elatively nariow 1ange of pH When 
it 1s dialysed against 01 M glycine buffer, prekeratin 
pieerpitates in the pH range between 34 and 115 Ttis 
soluble in acid buffer in the pH 1ange between 15 and 
3 3 and in alkaline buffer of pH 120 In alkalne buffer 
of pH 12, however, the prekeratin becomes degraded, in 
acid buffer of pH 15-20 on the other hand, it 1s slowly 
depolymerized and partially denatured 

These findings show that the building blocks of fibı ous 
keiatin are relatively laige and fairly insoluble molecules 
which, can be readily isolated in homogeneous form from 
keratin-synthesizing cells by the use of CASC buffer 
Smce the buildmg blocks possess a high, fibre-formung 
capacity, they appear very suitable foi ın vw? 0 investiga- 
tion of the fibrogenesis of keratin 

This investigation was supported by US Pubhe Health 
Service research giant AM 05924 from the National 
Institute of Arthirtis and Metabolic Diseases 
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Concentrations and Rates of Synthesis of 
Nicotinamide-adenine-dinucleotide Phosphate 
in Precancerous Livers and Hepatomas 
induced by Azo-dye Feeding 


In recent years considerable interest has been aroused 
in the possible role of the rate of synthesis and the-concen- 
tiation and oxidation state of NADP as regulatory factors 
m metabolism In view of the well-known fact that 
tumours have a low level of NADP, and especially of 
NADPH,!-5, 16 seemed of importance to measuro the rate 
of synthesis of NADP and its oxidation-r.eduction state in 
both the precancerous phase and in fully developed 
hepatomas, as a pielimmary step in elucidating the 10le 
of this compound in tumour metabolism Although the 
rate of synthesis of NAD has been measured in some 
tumours (see Mouton‘) there is a paucity of data on the 
rates of synthesis of NADP (see Reid*) To this end we 
have measured the concentration of NADP in the livers 
of 1iats after ielatively short periods of feedmg with 
carcinogens (between 14 and 30 days with either 
4-dimethylamino-3’-methylazobenzene (3 MeDAB) or 
4-dimethylamino-4'-fluoroazobenzene (4’ F DAB) ) as well 
as in the hepatomas developed after long periods of ticat- 
ment with azo-dyes In addition we have measured the 
acid-labile NADP 1ocently deseribed by Bwch, Lowry 
and Von Dippe* Although the physiological significance 
of this form of NADP is not entirely clear 16 seemed worth 
investigating since 1t was possible that this more labile, 
and perhaps ‘bound’ form, could be an important com- 
ponent in tumour tissue, particulaily in view of the finding 
that the glucose-6-phosphate dehydrogenase activity of 
liver tumours 1s lugh?:/?:$ 

The 1elat:ive changes of the NADP + NADPH, con- 
centrations and of NAD-kinase activities ın the piimary 
hepatomas and in the precancerous livers of rats fed 
carcinogenic azo-dyes are shown in Fig 1 

It can be scen from this figure that, even as eaily as the 
fist four weeks of treatment, there 1s a significant fall of 
the concentiation of NADP + NADPH, to a value of less 
than 60 per cent of the control level while in the primary 
tumour, developed after a period of several more months 
this value has fallen to 15 per cent of the control The 
dechne ın both these cases can be accounted foi, almost 
entirely, in terms of the NADPH, The 4’ F DAB would 
appear to be morie active in this 1espect than the 3’ Me 
denivative An interesting feature that has emerged is 
the relationship between the acid-stable and the acid- 
labile forms of NADP In precancerous lives the ratio of 
these forms ıs appioximately 1 2(13 + 11 24 + 52), 
which ıs almost the same as 16 1s in the livers of the contiol 
rats of the present series (21 + 74 51+ 54) However 
the few iesults we have obtained on the hepatomas 
appear to indicate that there ıs no additional acid-labile 
NADP (12 10) and the 1atio 1s, therefore, 1 1 

Also shown ın Fig 1 are the values for NAD-lonase in 
the same liveis The localization of this enzyme was found 
to be entuely in the supernatant fraction, obtained after 
1emoval of the mitochondiia and microsomes from homo- 
genates made either in 0 15 M. potassium chloride 01 0 25 
M sucrose There is no significant change in the activitv 
of the enzyme after 14-30 days feedmg with azo-dye 
and even in tho pimary tumours the value had onlv 
declined to 50 per cent of the control level It may be 
noted that the potential rate of NADP synthesis fiom 
NAD, as measured in this enzyme assay, that 1s, about 
2,200 ug NADP/g/h, 15 very high 1n relation to the actual 
level found in the tissue although a 1apıd turnover of 
tissue NADP might be anticipated from the finding of 
Emmelot and Biombacher® of high NADPase activity in 
tumour tissue Nevertheless, ıt appears that no close 
correlation exists between the activity of the NAD- 
kinase and the level of NADP + NADPH, in these 
precancerous and tumour tissues and since the concen- 
tration of the nucleotides falls before there 1s any detect- 
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able change m the enzyme activity, other control mechan- 
isms are bemg sought Preliminary experiments have also 
shown that there ıs a similar lack of correlation between 
the activity of the NAD-k:nase and the tissue concentra- 
tion of NADP and NADPH, 1m tho hvers of rats treated 
with another type of carcinogen, ethionme. 

It has been postulated that the quotient NADPH,/ 
NADP may exert some influence on metabole processes 
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Determination of Activity and Activity 
Coefficients of Potassium and Sodium lons in 
Frog Muscle Fibres 


For precise calculation of the potential difference on a 
cell membrane, 10n actıvıtıes rather than concentrations 
should be used If one considers the 
fact that the mam part of cytoplasm 
is a poly-electrolyte solution one can 
expect to find significant difference in 
the activity coefficients for sodium 
and potassium ions mside the cells as 
compared with that of the chloride 
solution outsde Such a difference m 
values of activity coefficient was shown 
for sodium DNA solution and some 
other polymer solutions en vitrol-?, 

No information concternmg ion 
activities as well as activity coefficients 
for living cell protoplasm was available 
until the method of cation-sensitive 
glass microelectrodes was ntroduced*5, 
The diameter of the tips of the micro- 
electrodes made by Hinke® was in the 
range of 20-30 and, therefore, the 
use of those microelectrodes for 
activity determmation was limited to 
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Fig 1 Concentrations of NADP + NADPH, (left) and the activities of NAD-kinase 
(nght) 1n the livers of normal rats and in precancerous hvers and primary hepatomas 


cancerous livers, hatched columns, hepatomas, The results'are shown as percentages of 
the values for controt livera, the vertical lines represent twice the S E M The number 
of animals in each group was more than eight, except for the concentration of NADP + 
NADPH, in the precancerous livers where the number was five Values for the differences 
of the means are shown as Fisher's P values under the appropriate columns 
ynd3eates that the P value 18 not significant, The mean value for the NADP + NADPH, 
of the control group was 224 + 18 „gig and for NAD-kinase was 2,258 + 377 ug/g/h 
The concentration of the azo-dye in the diet was 0 075 percent NADP and NADPH, 
were measured using an enzymatic recycling method employing yeast glucose-6-phos- 
phate Tehydrogenase (Boehringer and Soehne, Mannheim) in a modified form of the 
assay described by Slater and Sawyer (ref 11). Acid-labile NADP was determined 
separately and ıs not meluded in this figure  NAD-kinase was measured essentially 
according to the method of Wang and Kaplan (ref 12), using the supernatant fractions 
from homogenates made in either 0 15 M potassium chloride or 0 26 M sucrose 


cells no smaller than lohgo giant axons 
and carecmus muscle fibres. It was 
mteresting to make smılar measure- 
ments on such a classical and well- 
studied object as frog striated muscle 
fibres and determme the activity co- 
efficient for the mam intracellular 
10n8—potassrum and sodium 

As cation sensitive glasses, N.48,,.,; 
according to Eisenman, Rudm and 


{particularly the pentose phosphate pathway and hpid 
synthesis)! and it may be noted here that the very 
striking fall in this quotient (which does not melude the 
acid-labile form of NADP) from 8 m the control livers to 2 
m the hepatomas 1s not foreshadowed in the precancerous 
state where the ratio remains at approximately the control 
level 
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Casby* | and  sodium-alumo-boro- 
silicate glass (Na,O-20 À1,0,-5, B,O,-9 and S10,-66 mol. 
per cent) recommended by Shultz’? were used Improve- 
ments m our microelectrodes preparation technique made 
1t possible to obtain microelectrodes having the exposed 
cation sensitive tip with diameter between 06 — 1 5p 
and length about 3u8 It has been proved that such miero- 
electrodes may be used for measurements ın muscle fibres 
of the frog (Rana temporara). 

Muscles were mounted in a bath contaming Ringer 
solution, the latter bemg in contact with narrow tubes 
filled with 3 M. potassium chloride solution connected to 
a silver-silver chloride reference electrode First cation- 
sensitive microelectrodes were introduced m a regular 
order into the 9-15 muscle fibres usmg a Fonbrune-type 
micromanipulator. After that, resting potential ın 10-30 
fibres was measured with conventional capillary micro- 
electrodes filled with 3 M potassium chloride solution 

Having earned out the potential measurement proce- 
dure, the potassrum and sodium bulk content m the same 
muscle was determmed by flame photometry In the 
calculation of mtracellular cation concentrations, mter- 
cellular space was considered as 10 per cent of the wet 
weight of muscle taken as 100 per cent. 

The difference between mean values of potentials of 
sealed microelectrode and restmg potentials was used as 
the proper potential of glass electrode oy connected with 
cation activities by the Nicolsky® formula 


9x = Po + RT/F In(ax + Kxwatna) (1) 
where o, 1s standard potential of electrode, R, gas constant; 
F, Faraday constant, T, temperature m absolute scale; 
Kxna, selectivity constant for a given glass; ‘ag and aya, 
activities of potassium and sodium ions 

Two different methods of calculation of the cation 
activity coefficients were used 
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Table 1 INTRACELLULAR ACTIVITIES AND ACTIVITY COEFFICIENTS OF POTASSIUM AND SODIUM AND DATA FOR THEIR CALOULATION (FIRST METHOD) 
Capillary | 
Cation sensitive microelectrodes mucroelectrodes 
+ | CgiSE |Cu,tSE 
i Resting (moles/ (moles/kg YK min YEK max K min aK, max 
Kgws | qtSE |9k*tSE | SESE |No of| potential | kg H,0) B40) +SE +SE +SE + 
tS E (mV) | (nV/lga,) | cells | XS E (mV) 
025 +295 —54 | 565 311 -817 0 1256 0 0284 0751 0 795 0 094 0 099 
+0019 #11 +18 | +07 +095 +0 002 + 0 003 +0 033 +0 035 +0 004 +0 004 
































Table 2 INTRACELLULAR ACTIVITIES AND ACTIVITY COEFFICIENTS OF POTASSIUM AND SODIUM AND DATA FOR THEIR CALCULATION (SECOND METHOD) 
9K — Po | Ck SE Cy, + SE 
No of | Ex, € SE S (moles/kg (moles/kg ag YE @Na Pru 
cells tSE H40) H30) 
160 0 303 —1 002 0127 0029 0 0978 0771 0 0055 0 190 
+0022 +0 025 +0 003 +0005 
111 0175 —1016 0 124 0 028 0 0955 0 770 0 0053 0 197 
+0 002 +0024 +0003 +0 003 
[oe oe Sa Orc S PERLE Ne wa a ee 
(1) When determmmg minimal value of potassium PKI — PoI 
activity coefficient (YK,mın) we proposed that the whole Ig(@xr + Kxwal?NaJ) = Si 
intracellular sodium 1s as free as potassıum This means PKI — PoI (9) 


the activity coefficients for both ions must be roughly 
equal Substitutmg the activities ın (1) by the product 
of the concentration and the activity coefficient we obtain 


lgyg-mu = SS —lg(Ok  Kxwi7m) (2) 
where S 1s an empirical slope of calibration curve (mV per 
unit lg a; change), Cx and Cya, concentration of potassium 
and sodium in cytoplasm 

Assuming that the whole mtracellular sodium 1s bound 
and thus in equation (2) the term Kxna aya — 0 (which 
also means yg + YNa — 0) we obtam 


lEym.max = SG — lgOk (3) 
Naturally, a real yg should be between yg min and 
YK: max 
(2) In our series we used electrodes with different magni- 
tude of selectivity constant Kxya = 015 — 038 For the 
pair of glass electrodes with different selectivities (Kxna,1 


z: Kkwa,1) we obtam a syste’ 


ined = gor + Srlg (ax + Kxwa ana) (4) 
eK = Pom + Sulg (ax + Éxwa rao) 
which may be rearranged as: 
KI I 
Ig(a@x + KxwaicNa) = i: S Be ie) 
KI — OoII 
lg(ay + KxNan9Na) = mr o 


from where ag or aya can be found. 

In this work, however, only one cation-sensitive mioro- 
electrode was used at a time, but the whole series can be 
divided in two groups: one with tho lower selectivity 
(Kxwa > 02) and the second with higher selectivity 
(Kuna < 02) By usmg mean values of Kkwa and 
(ex — 9)/S for each group one can solve the system (5) 
for ag or aya Such a calculation 1s not possible where 
mean ag and ay, for each group are different As the 
change m. activities for the narrow range may be con- 
sidered proportional to the change of the concentration 
(Ay — 0) 1t 13 possible to add two equations: 


Crm 
Ox, = OKI Ogy = CRICK (7) 


Cy, 
ANa, II = @Na,I Eg aI*XNa 
" l Ona I ‘Na, 





(8) 


Inserting (7) and (8) mto (5) one obtains the system 


Ig(ax,reK + KxNa,@Na,I“Na) Sa 
This system may be solved for ax ; and @ya,1 1n the case 
of ax,1 and aya bemg not equal but only close to ay. 
and aya, respectively. 

There 1s a possible error for tho method described 
depending on uncertain change of diffusion potential of 
the capillary (reference) electrode when the latter 18 
transferred from media into fibre cytoplasm <A rough 


` estimation by Henderson’s formula for such a difference 


gives 1 9 mV on condition that the capillary filled with 3 
molar potasstum chloride solution, cation mobilities in 
cytoplasm are the same as in water solution, mean cyto- 
plasmic anion mobility = 21 and total electrolyte concen- 
tration m the fibre = 0 15 mol /kg water! If the slope 
of calibrating curve S = 56 mV/lg a4 the error 1n activity 
determination to be within the range 4-5 per cent both for 
the ax and ay, It ıs clear that the ratios ax/an, and 
also yx/yna are not subjected to that error 

The mean values for yx,mn 8nd YK,max and data for 
their calculation by the first method are given in Table 1. 
The difference between @x,mm and GK,max 19 less than 
0006 The difference between yx, mm and yx,max = 0 044 

The data and results of the calculation by the second 
method are given in Table 2 The values for ax and vx 
thus calculated are the same as those obtamed by the first 
method The values for ay, proved to be much less than 
sodium bulk concentration for the mtracellular water. 
The activity coefficient for sodium was as small as ~ 02 
Such a difference between yg and yna suggests that an 
important fraction of intracellular sodium (about 70 
per cent) becomes ın some way or other excluded from the 
cytoplasm solution m which the glass microelectrode was 
placed This fact ıs 1n agreement with the existence of 
several fractions of mtracellular sodium shown by Carey 
and Conway"? and also with the evidence of greater sodium 
concentration m the nuclei and mitochondria as compared 
with the surrounding media}*13 

In his first paper on activity measurements ın carcinus 
muscle fibres Hinke® also found that the ratio aya/Cna = 
0 25 was significantly less than ax/Cwa = 055 — Hunke 
considered this result to be prelmunary because of the 
small number of experiments In his other publication 
Hinke™ also showed that m axoplasm of loligo giant axon 
the significant part of sodium (24 per cent) 15 bound 

As the activity coefficient for potassium 10ns in the frog 
muscle fibre cytoplasm 1s close to that of chloride solution 
of the same concentration, equilibrium potentials for 
potassium-ions calculated by concentration should be 
close to those obtained by using activities Contrary to 
potassrum equilibrium potential, that for sodium ions 


1134 


ean be found only by activities so long as ıt now 
appears that activity coefficient for sodium ions imn 
cytoplasm of muscle fibres 1s considerably different, from 
that of outside chloride solutions 
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Melatonin Synthesis in the Hen Pineal Gland 
and its Control by Light 


MELATONIN (5-methoxy N-acetyltryptamine) has been 
found to be highly localized in the pineal bodies of a 
number of mammalhan species? The melatonin synthe- 
sizmg enzyme  (hydroxyindole-O-methyl transferase 
(HIOMT)) has also been found 1n all mammals examined’, 
and 1s present only in the pineal gland* Evidence has 
been presented demonstrating that melatonin 1s secreted 
by the mammahan pineal and acts on the gonads’ This 
communication describes the enzymatic synthesis of 
melatonin in a class other than the mammal birds It 
further demonstrates that the synthesis of melatonin 1s 
influenced by lighting, which also affects the bird gonads* 

Pineal glands of hens (single comb white Leghorn) were 
homogenized ın cold water with an all-glass homogenizer, 
and an aliquot was incubated with S-adenosylmethionme- 
methyl-4C and WN-actylserotonin, as previously de- 
seribed* A radioactive compound was formed which was 
extractable into chloroform ‘The chloroform extract was 
evaporated to dryness under nitrogen and cochromato- 
graphed with authentic melatonin’ A single radioactive 
peak was found, which had the identical Ry value as 
authentic melatonin The activity of HIOMT per muh- 
gram of pineal m hens was found to be twice as high as 
that of the monkey, whch had the greatest enzyme 
activity of all mammalian species examined?, and at least 
200 times that of the rat? No detectable melatonm 
synthesizing enzyme could be demonstrated in any area 
of the hen brain other than the pineal 

Constant environmental hghting has been shown to 
increase the incidence of cestrus in rats®, this effect of 
light 1s partly mhibited by melatonin admunistration® In 
addition, exposure of rats to continuous illumination 


Table 1 EFFECTS OF LIGHT ON MELATONIN SYNTHESIZING ENZYME IN THE 
HEN PINEAL GLAND 


Lighting Pineal HIOMT HIOMT MAO MAO 
conditions weight (mg) (per pineal) (per mg) (per pineal) (per mg) 
Diurnal 60+057 444+40 89408 90408 18-017 
Constant 

hght 49+0 62 569442* 114418 96415 204045 
Constant 

darkness 302034* 174+34t 58+07t 101432 38384077 


Groups of 11 hens were kept in diurnal hight (14 h per day), continuous 
hght, or total darkness for 5 days HIOMT activity 18 expressed as mmoles 
'C_melatonin formed per hour from C-S-adenosylmethionme and N-acetyl- 
serotonin Monoamine oxidase (MAO) activity 18 expressed as mymoles 
“CLindoleacetic acid formed per hour from '!*C-tryptamine 

*P<005. tP«0001 
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markedly reduces the actıvıty of the melatonin-forming 
enzyme’ Since light also has an effect on avian gonads, 
we examined the action of hght on the ability of the bird 
pineal io synthesize melatonin Groups of hens were 
kept in total darkness, continuous lighting, or diurnal 
lighting (14 h of hght a day) fo: 5 days They were then 
killed and the pineal gland was removed and immediately 
fiozen, and afterwards assayed for hydroxyindole-O- 
methyl transferase, as well as monoamine oxidase? 
activity The weight of the pmeal gland m hens kept in 
light was greater than those left m darkness (Table 1) 
This was mn contrast to the findings in the rat, where 
exposure to light 1educed the pineal weight There was a 
highly significant decrease in the activity of the melatonin- 
forming enzyme when hens were m darkness for 5 days, 
as compared with controls left 1n. diurnal hghtmg In rats, 
darkness had the opposite effect on hydroxyindole-0- 
methyl transferase activity? In hens kept 1n continuous 
hght there was a significant increase in HIOMT activity 
in the whole pineal gland Darkness or hght had no 
significant effect on monoamme oxidase activity in the 
pineal 

Melatonin has been shown to mhibit ovary growth and 
the meidence of cestrus in rats* The ability of the pineal 
glands of fowl to synthesize relatively large amounts of 
molatonm suggests that this compound may play & 
physiological part im this class of ammals Since environ- 
mental lighting mfiuences both gonad growth and 
melatonin synthesis, 1t 15 possible that some of the effects 
of lighting on bird gonads could be mediated by alterations 
in tho rate of synthesis of melatomn in the pineal gland 
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Hemolytic Effects of Steroids 


A NUMBER of neutral and acidic steroids produce fever 
and inflammation in men! Inflammation probably 
reflects the cytotoxicity of these compounds, and smee 
hemolysis 1s one expression of cellular toxicity, several 
steroids were investigated for hemolytic properties m 
viro, and ther hemolytic and pyrogenic activities 
compared 

Steroids were dissolved m 05 ml methanol and added 
to 20 ml 002 M phosphate buffered saline (pH 6-6), 
005 ml of a 50 per cent suspension of washed human 
erythrocytes were then added and gently mixed After 
imecubation at 37 0° C, the suspensions were centnfuged 
and the hemoglobin in an aliquot of supernatant determ- 
med by conversion to cyanmethemoglobin with Drabkins 
reagent and measurement of the optical density at 640 mp 
Because the absolute rate of hemolysis varied widely with 
small (0 5°-1 0° C) changes m temperature, moubations 
were performed with several concentrations of each 
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steroid for a given time and with one concentration of 
each steroid for different periods of time The resulting 
hemolytic curves permitted accurate assessment of the 
relative hemolytic potency of these compounds when 
appropriate sections of the curves were compared 

Table 1 shows the relatrve hemolytic activity of several 
neutral and acidic steroids The bile acid results confirm 
and extend the earlier work of Berliner and Schoenhermer? 
and Grodins, Berman and Ivy? Both hthochohe and 
deoxychohe acids are strongly hemolytic, while the 
primary bile acids, from which they are derived by C, 
dehydroxylation (that 1s, chenodeoxychohe and cholic 
agid, respectively), are considerably less so Lithocholic 
acid and its taurine and glycme conjugates all have equiva- 
lent hemolytic properties, m man, they also all produce 
intense inflammation, but taurolithocholic acid 1s unique 
in bemg non-pyrogenic 


Table 1. HUEMOLYTIO ACTIVITY OF NEUTRAL AND ACIDIO STEROIDS 
Steroid 40D 640 mz 
Glycolithocholic acid 0 590 
Taurolithocholic acid 0 539 
Lithocholic acid 0 533 
Deaxycholic acid 0517 
Chenodeoxycholic acid 0 225 
Progesterone 0 203 
11-Ketopregnanolone 0174 
Testosterone 0:178 
Chahe acid 0 139 
Control 0:130 


Steroid concentration 004 „Mjn Incubation 370°C for 120 min 
40.D of 0820 represents 50 per cent hemolysis 


Tateno and Kilbourne have reported that progesterone 
18 more hemolytic than testosterone, and Segaloff® has 
described hmmolytic properties of some testosterone 
derivatives ın vitro and ın vwo In the work recorded 
here, as shown in Table 1, these and other neutral steroids 
were found to be intermediate in activity, fallmg between 
chenodeoxychohe and cholic acids Their relative potency 
is shown better 1n the first column of Table 2, with litho- 
cholic acid for comparison Luithocholic acid, etiocholano- 
lone and 11-ketopregnanolone are potent fever-produemg 
agents, the thermogenic properties of progesterone and 
androsterone are less consistent and less pronounced; and 
deoxycholic acid, chenodeoxycholie acid and testosterone 
are not pyrogenic Clearly there appears to be no corre- 
lation between hemolytic and pyrogenic activities 


Table 2 INHIBITION OF STEROID HXMOLYSIS BY SERUM ALBUMIN 
Albumin concentration (mg/ml) 
Steroid 
40D 640 mz above controls 

Lithocholic acid 0 536 0 300 0148 
Progesterone 0 326 0223 0157 
Etrocholanolone 0 306 0255 0217 
Androsterone 0 242 0 158 0148 
11-Ketopregnanolone 0226 0 188 0104 


Steroid concentration 02 uM/ml! Incubation 370°C for 110 min 
4 O.D of 0 320 represents 50 per cent hemolysis 


Hemolysis produced by all the steroids examined 
was inhibited by human serum, a finding in keeping with 
most studies on hemolysis* The mhibitory cffects of 
two serum components, cholesterol and albumin, on 
steroid hemolysis were examined, although cholesterol 
caused some inhibition, particularly of bile acid hemolysis, 
albumin alone could account for most of the inhibitory 
effects of serum Table 2 shows the 1esults of mcorporat- 
ing small amounts of human serum albumin m the test 
system described 

Data in the literature indicate that the relative binding 
of steroids to human serum albumin ıs lithochohe acid 
> deoxycholie and chenodeoxycholic acids > cholic acid’, 
and progesterone > testosterone? Red cells also bind 
more progesterone than testosterone’, and adsorption of 
bile acids to red blood cells precedes their lysis? Thus the 
hemolytic potency of these steroids correlates with the 
extont of protem bmding, and it ıs possible that both 
hzmolysis and 16s inhibition may be related to the relative 
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affinity of the steroids for erythrocytes and serum protem 
The exact mechanism by which steroids effect hemolysis 
1s not clear, but m this mvestigation no methemoglobm 
formation could be demonstrated In addition, the 
extreme temperature sensitivity of the hemolytic test 
system further suggests that physical rather than enzym- 
atic processes are involved 

These investigations extend the number of neutral and 
acidic steroids shown to have hemolytic properties, and, 
together with previous observations}, indicate that the 
cytotoxic or inflammatory properties of steroids are 
independent of their pyrogenic activity 
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Effect of Copper Loading on Uptake and 
Excretion of Copper-64 by Rat Liver 


PROLONGED administration of copper to rats results in 
an inorease of liver copper eontenti-i, indicating that the 
liver 18 not able to ehminate the administered, copper com- 
pletely The mechanism of this retention of copper 18 not 
known, and 1t seemed of interest to investigate the effect 
of copper loading on the handling of tracer doses of copper- 
64 by the hver 

Sprague-Dawley rats were given 11 daily intraperitoneal 
myections of 1 5 mg copper sulphate They were injected 
subcutaneously with 31 5 pe Cu (NO), (specific activity 
63,000 me /g), 24 h after the last copper sulphate injection 
Untreated rats received the same dose of isotope Radio- 
activity was measured in 01 ml bile samples collected 
l or 18 h later After collection of bile, the animals were 
lulled and the radioactivity in 01 g liver samples was 
determined ‘The activity per ml bile and per g liver 
was calculated, corrected for decay, and expressed as a 
percentage of the mjocted dose 

At 1h, activity in both bile and liver was nearly twice 
as high ın copper-loaded rats as 1n normal rats (Table 1) 
In each ease, however, the ratio between bile and hver 
activity was sumar, activity per ml bile was 17 5 and 
193 per cent of that in 1 g liver ın normal and copper- 
pretreated rats respectively At 18 h, activity m bile and 
liver was also higher in pretreated than in normal rats, 
although the differences were not statistically significant 
Liver activity had diminished more than had bile activity, 
but the two remained roughly proportional 

The mean concentration of copper-64 m livers at 18 h 
reprosented 22 per cent of the mean concentration at 1 h, 
both ın normal and copper-pretreated animals Since the 
initial concentration of copper-64 ın liver was higher in the 
pretreated rats, the calculated amount of isotope elhmm- 
ated from the livers between 1 and 18 h was Inghor m 
these animals 

The foregomg results suggest that the excretion of 
copper-64 into bile 1s directly related to the concentration 
of copper-64 m the liver, and that the increased concen- 
tration of copper-64 1n the bile of copper-pretreated rats 
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Table 1 LIVER UPTAKE AND BILIARY EXORETION OF COPPER-64 
Activity * 

No. of Copper Hours after (percentage of injected dose) 
rats pretreatment *:0u 1ngection per ml bile per g liver 
5 none 1 099 + 024 560 + 050 
5 11 days 1 191 +077 990 + 400 
(P « 005) (P « 005) 
4 none 18 078 + 027 125 +031 
4 11 days 18 118 +041 226 + 09. 
(P < 0 20) (P < 010) 


* Figures denote means and standard deviations, 


1s a consequence of the higher liver levels The cause of 
tho latter requires further investigation Increased 
uptake of copper by the liver 1s 1n contrast to the decreased 
uptake reported m patients with Wilson’s disease® 

It appears that the capacity of the liver of copper- 
loaded rats to excrete a tracer dose of copper 18 not 
impaired A similar finding has been reported m muce$ 
When large doses of the copper are injected some 18 
retained, as shown by the increased hver copper-levels ın 
copper-poisoned rats The results recorded here suggest 
that the retention 18 not due to saturation or impairment 
of the normal excretory mechanism A possible explana- 
tion for the retention 1s that ın copper poisoning there 1s a 
diversion of part of the copper from the normal excrotory 
pathway The presence of copper-rich pigment m 
poisoned animals‘ suggests that the pigment may be the 
site of this diversion Copper in pigment would only be 
slowly elimunated from the liver, possibly by mechanisms 
other than the normal pathway, for example, by renewal 
of liver cells 

The investigation was supported by grant A-3346 from 
the National Institutes of Health, US Pubhe Health 
Service One of us (P J S):s the holder of a travelling 
fellowship from the British Postgraduate Medical Feder- 
ation 
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Dental Caries and the Fluoride Content 
of Olive Oil 


RzcENT mvestigations have shown that the fluoride 
content of Greek teeth from the cities of Athens and 
Salonika was considerably nigh?? This may explain, at 
least ın part, the low prevalence of dental caries observed 
in Greece? However, the source of fluoride intake 1s not 
known. Water alone could not have been responsible, 
since the fluoride content of the water supplies of Athens 
and Salonika has been reported to below 004ppm and 
05 ppm, respectively? For an explanation, the 
opmion was advanced that the diet of the people may 
melude some common foods, produced and consumed in 
Greece, which are rich mn fluoride?. It has been proposed 
that one such food item. which is consumed m Greece 
apparently ın considerable amounts, 1s salt produced by 
solar evaporation of sea water! The fluoride content of 
sea salt has been reported to be about 40 p pm 5 

With the exception of sea salt, however, the fluoride 
content of other foods commonly produced and consumed 
m Greece 1$ not known Consequently, ıt was thought of 
mterest to mvestigate the fluoride concentration of olive 
oil produced m Greece This food constitutes an indispen- 
sable item in the daily diet of the people of that country 
The samples of olive oil used m this work were produced 
from olives grown in two districts of Greeco, namely, the 
Island of Crete and the area of Kalama in the Peloponnese 
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Fluonde was determined by a standard method’ The 
analyses showed that the fluoride content of olive 011 from 
the Island of Crete was 0 36 p pm and that from the area 
of Kalamai 063 ppm The consumption per capita of 
olive oil m Greece 1s beheved to be about 15 kg per year 
On the basis of the foregomg, it appears that the inclusion 
of olive oil m the daily Greek diet does not make any 
significant contribution to the amount of ingested fluoride 

Thus, at present, sea salt remains an important source 
of dietary fluoride m Greece for protection against dental 
caries. This may well be the case in other countries, such 
as Taiwan, Ceylon and Lebanon, where because of local 
food customs the amount of sea salt consumed has been 
estimated to be considerable about 16-20 g per person 
per day’® 

D M HADJIMARKOS 
University of Oregon Dental School, 
Portland, Oregon. 
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PHARMACOLOGY 


Dosage - Response Curves for the Teratogenic 
Activity of Trypan Blue 


A. TERATOGENIC agent 1s one which, acting directly or 
indirectly on tho developing organism, alters ontogenesis 
with consequent production of a malformed individual In 
order to produce its characteristic effects the agent must 
be given within a specific dosage range, but this aspect of 
teratology 18 often neglected Attempts have beon made? 
to compare the teratogenic dose of certain substances with 
the adult LD,, and recently the foetal LD,, has been con- 
sidered useful? This has led workers to relate embryo- 
toxic doses of drugs with their therapeutic dose‘, and 
regression lines relating foetal resorption to dose have been 
constructed for a number of drugs’ Here, dosage-response 
curves for the teratogenic dye trypan blue are constructed, 
and certam parameters relevant to teratogenic activity 
defined, these definitions may be widely applicable* 

At 85 days of gestation (timed by vaginal smearing), 
inbred Wistar rats were myjected subcutaneously with 
5, 12 5, 25, 37 5, 50, 75, 100 or 200 mg/kg of trypan blue 
in the free acid form (control trypan blue (C)7) Controls 
recorved 5 ml/kg of isotonic saline At 20 5 days the rats 
were killed, foetuses examined for the presence of external 
malformations and foetal resorption sites counted 

Results are shown ın Table 1 and ın Fig 1 Percentage 
resorption and malformation rates given in columns 7 and 
9 of Table 1 and in Fig 1 represent the arithmetic means 
of the percentages of resorptions and malformations cal- 
culated for each mdividual htter, and are. therefore, not 
quite identical with percentages which could be calculated 
from columns 6 and 8 by reference to total mplantations 
(column 3) By this means (assuming & normal distribu- 
tion of proportionate response) the standard error of the 
mean resorptions and malformations can be introduced for 
each dose (Fig 1) 

For a given strain of ammal the ‘optimum teratogenic 
dose’ 1s defined as that dose which, given at the appropriate 
stage of pregnancy, will produce the maximum number of 
malformed young at term In the present experiment the 
optimum teratogenic dose for trypan blue is approximately 
50 mg/kg However, within the range 5-100 mg/kg. any 
dose 1s capable of produemg malformed offspring, and this 
1s defined as the ‘teratogenic dose range’ It 1s arguable 
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—Table 1. EFFECTS OF VARYING DOSES OF TRYPAN BLUE — 
(4) - (5 (6) -T 8 gy 5 0]. 
Average No.of Stan n : e AMA. VOS i 
implantations + | deviation of | Resorptions | Resorptions | Abnormal | survivors “Normal OTS |: 

standard error litter size (per cent) survivors (per cent) | survivors i (per cent) | 

9-3 + 0-46 16 3 27 | 0 | 0 ies - 

9:4 t 0-40 12 9 163 1 11i : 

10:2 + 041 l5 20 140 8 58 

84 £091 31 42 45:0 18 132 

9-2 + 036 i2 53 43-5 19 169 

8-3 + 087 3-0 51 54:5 20 < 90:6 

101 + 054 16 55 59-7 15 16-7 

8&3 17 41 46 9444 3 42 

10:4 + 0-46 13 83 100 0 o 




















































whether a true lower limit of the teratogenic dose range 
-exists here, for no threshold below which the dye is 
‘Inactive is demonstrated. 
Below the optimum teratogenic dose, the dosage- 
"response curves for both resorptions and malformations 
rise with increasing dose. Above it the resorption rate 
rises at the expense not only of the normal but also of the 
abnormal survivors. There is a distribution of embryonic 
response to trypan blue. Some offspring are unaffected, 
others mildly affected, present as foetal abnormalities, 
while yet others are more severely affected and present as 
fostal deaths. At 12-5 mg/kg there are 2-5 times as many 
deaths. as abnormal survivors; as the dose increases more 
embryos become affected severely enough to cause their 
death, but there is a corresponding increase in the number 
hily affected and consequently malformed. As a 
lt the malformation and resorption curves are roughly 
arallel until the optimum teratogenic dose is reached. 
leyond this point the vast majority of the young are 
affected severely enough to cause death, and consequently 
the malformation rate falls as the resorption rate rises. 
Table 1, column 4, illustrates the validity of using the 
'ésorption sites seen at term as a measure of foetal mor- 
tality occurring after implantation, for the disappearance 
ofa "uid proportion of such sites before term would have 
- resulted in a decrease in the average number of implanta- 
¿tion sites seen as the dosage of trypan blue inereased. 
 Bartlett’s test* shows a highly significant heterogeneity 
of the variances of litter sizes (column 5) and it is apparent 
‘that the higher standard deviations are associated with a 
lower average number of implantations. This is probably 
"because occasional rats produce very small litters inde- 
. pendently of the dosage of trypan blue they receive. 
S Levels of foetal malformation and resorption have been 
measured at term, and definitions of ‘optimum teratogenic 
_ dose’ and ‘teratogenic dose range’ imply this assumption. 
"This is of some importance, for it has been shown’ that 
the resorption rate rises and the malformation rate falls 
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significantly as pregnancy advances. | 
calculated response applies only to the particu no 
ditions of the experiment, for inevitably varying the route. 
of administration of the teratogen or the strain of rat???) 
would influence the results obtained. . E s m 
We thank Mr. C. Rossiter for calculating Bartlett's test, . 
and Profs. J. D. Lever and K. S. Dodgson for their adviee = 
and encouragement. The work was supported by a grant. 
from the Medieal Research Council. pur 
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Bronchoconstrictor Effects of Soluble Antige 
Antibody Complexes in Isolated Lung, and — 
their Inhibition by Normal Serum 
Recent investigations in this laboratory with the 
perfused guinea pig lung have shown that a broncho- — 
constriction, accompanied by histamine release, follows. 
injection into the perfusate of soluble antigen-antibody 
(Ag-Ab) complexes prepared in antigen excess... It is 
known that soluble Ag-Ab complexes produce an increase. 
in capillary permeability when. injected subcutaneously. 
in unsensitized animals', and an anaphylactic syndrome .. 
when given intravenously’. They have also been shown to: 
induce a contraction of guinea pig ileum in vitro*. — 
Crystalline bovine plasma albumen (BPA) was coupled 
to a dye by diazotization* and used as the antigen in. 
immunizing rabbits by the intravenous and subeutaneous 
routes over a 4-week period. Soluble complexes were 
prepared in 2 ways: (1) The antigen (either BPA alone or- 
BPA coupled to the dye) was added to immune serum in _ 
amounts calculated to be at a specific excess over that 
needed for equivalence. After 30 min at 37° and 2 days at 
4°, this was used as a source of soluble complex, following .- 
centrifugation to remove any precipitate which may have 
formed. (2) The required amount of excess antigen was 
added to the washed equivalence precipitate, which was 
then léft at 37° for 30 min, and on a shaker at 4° for 2 
days. The ratio of dyed BPA bound to antibody in this 
latter type of preparation eould be estimated by determ- 
ining the fraction of antigen which was precipitated by 
50 per cent saturation with ammonium sulphate. The — 
activity of the soluble complexes did not vary with th 
method of preparation used. B E 
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Fig. 1. Graded bronchoconstrictor responses on a single perfused lung 
to a solution of soluble Ag-Ab complex containing an amount of 
antigen five times in excess of that required for equivalence. At A 
an fajestion containing 1-6 kg of antibody protein; at B 125 ug 
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Für 2. Inhibition of bronchoconstrictor activity. At A, an injection 
oof soluble. Ag-Ab complex: in the same lung, at B, the same amount 
. of complex waa injected premixed with a dialysed, 50 per cent ammonium 
sulphate precipitated fraction of normal rabbit serum 


The activity of soluble Ag-Ab complexes was measured 

on the unsensitized guinea pig lung. The trachea was 
vperfused with a constant stream of air? which emerged 
from. scarifications on the pleural surface, and the pul- 
monary artery was perfused with Tyrode’s solution at 2-5 
~ gal/min and 37^ C. When the complexes were injected 
into the Tyrode’s perfusate, a temporary rise of air inflow 
pressure could be recorded. The following controls were 
inactive when injeeted in amounts eomparable with the 
soluble complexes: antigen. immune rabbit serum. normal 
rabbit serum. antigen in normal rabbit serum. equivalence 
precipitate and equivalence supernatant. Although the 
longs became increasingly responsive to injections of 
soluble complexes during the initial stages of perfusion. 
their sensitivity was approximately constant between 45 
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during terval it was generally possible 

to obtain several graded resporises to injections of soluble 
complex containing between LO and 12-5 pg of antibody 
protein (Fig. 1). The bronchoconstrictor effect usually 
began within 4 min of injection, and continued for as long 
as 80 min, depending on the dose given. Biological assay 
of the effluent perfusate showed that both histamine and 
slow-reacting substance appeared during each response. 
The bronchoconstrictor effect of soluble Ag~Ab com- 
plexes could be inhibited by mixing them prior to injection 
with an amount of normal rabbit serum approximately 
equal to 20-100 times the original volume of immune 
serum from which the complexes were derived (antibody 
protein content of the immune serum = 4:6 mg/ml.) On. 
treating the normal rabbit serum with 50 percent satura- 
tion in ammonium sulphate, it was found that the inhibi- 
tory activity was entirely present in the resolubilized and 
dialysed precipitate fraction (Fig. 2). A similar inhibi- 
tion of the activity of soluble Ag-Ab complexes in inereas- 
ing capillary permeability has been previously reported... 
In a different type of investigation, it had also been found 
earlier that normal sera inhibit passive anaphylactic 








sensitization, the postulated mechanism being competition: ce 


by non-specific y-globulin for the cellular attachment sites- 
of antibody*-7. 
The foregoing results suggest that the effects of soluble 
complexes are more akin to anaphylaxis than to the non- 
specific bronchoconstrictor 
intravenous injection of certain macromolecules*. Like: 
the anaphylactic antibody, the complexes appear. to 
require attachment to cells before they can exert their 
effects. However, while in typical anaphylaxis . the 
antigen reacts with antibody which is already cell-hound, . 
in the case of soluble complexes the antigen reacta with 
antibody before it combines with the cell and together 


they can then immediately initiate a reaction sequence. 


which at least in some respects resembles anaphylaxis. 
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H/MATOLOGY | 


Agglutinability of Red Cells by Anti-i in 
Patients with Thalassemia Major and Other 
Hematological Disorders 


SEVERAL blood group antigens are more strongly reactive 
on adult red celis than on the red cells of new-born infants, 
A notable exception is the antigen i, which is maximally. 
developed at birth and decreases in strength during the — 
first year of life’. The decrease in antigen i is associated - 
with a reciprocal inerease in antigen I, which is poorly 
developed at birth. ; SEED 

Very rarely, the red cells of normal adults behave like 
footal cells by reacting well with anti-i and poorly with 
anti-I; this characteristic is inherited. We have found — 
that red cells which are strongly agglutinated by antia,- 
without any apparent corresponding loss in agglutinability — 
by anti-l. may be present in certain disease states: such - 
red cells have not been found in healthy adults. —— 










effects which follow | the 















d year-old Seattle ros (R. W. " with 
r, whose red cells were initially tested 
jy Dr. Ruth Sanger. It occurred to us that 
ted agglutinability with anti-i might reflect 
of fotal antigen production by very early 
'ursors.. An analogous mechanism was pro- 
aglioni* to explain the increased amounts of 
* foetal hemoglobin in thalassemia. Accordingly, red cells 
from 17 additional patients with thalassemia major were 
tested with a serum containing anti-i (from donor We.); in 
-all būt one instance the titration scores were only slightly 
“lower than those obtained with umbilical cord blood. 
(Tho single exceptional case was a child who had received 

2 large transfusion of adult red cells several days 

D previously. ) The amount of ‘i antigen’ in these patients 
i05 was not correlated with the ABO group, the severity of 

< anemia or the quantity of fotal hemoglobin in their 

: eells. Furthermore. the titration scores with anti-I were 

Es et significantly different from those of normal adult red 

ER AN 

‘The same anti-i serum (We.) has been used to test the 
.. red cells from 145 normal adults, 125 patients with non- 
. hematological diseases, and 160 patients with a varioty of 
. hematological disorders. Many blood samples were 
tested in parallel with a second example of anti-i (Mc.); 
` the results were similar to those obtained with serum We. 
Our preliminary results show that the red cells of most 
patients with hypoplastic anemia and many with acute 
leukemia have increased reactivity with anti-i. The same 
is true of thalassemia minor, although this is a variable 
finding which may be correlated with the degree of anzemia 
but not with the amount of foetal hemoglobin in these 
patients. Chronic hemolysis, as in sickle-cell anemia, 
“© congenital spherocytosis and acquired hemolytic anemia, 
ig sometimes but not always accompanied by increased 
i activity. Acute blood loss does not appear to be asso- 
ciated. with increased ‘i antigen’, nor does polycythemia, 
treated and untreated megaloblastic anemia, thrombo- 
cytopenia, lupus erythematosus, or myelosclerosis. A 
moderate increase has been found in only a few cases of 
chronic myelocytic and lymphocytic leukemia and mul- 
tiple myeloma. In many hematological cases, the amount 
of alkali-resistant. hæmoglobin in the red cells was estim- 
ated by Singer’s I-min residue method. There was 
no consistent correlation between the amount of ‘hemo- 
globin F’ and ‘i antigen’. 

Dacie et al.4 reported that the red cells of patients with 
`: paroxysmal nocturnal hemoglobinuria (PNH) were more 
susceptible than normal red cells to agglutination by 
potent cold agglutinins, presumably of anti-I specificity. 

. We have found high titration scores with anti-i in testing 

- the red cells from four PNH patients. The same authors* 
found increased ‘I antigen’ on the red cells of patients with 
other hematological disorders, particularly untreated 
megaloblastic anemia, polycythemia, leukemia and 
aplastic anemia’. In this series, red cells which showed 
increased agglutinability with anti-i were usually also 
tested with anti-I; in no instance was the amount of 
‘T antigen’ less than that expected on normal adult cells. 
Cells with a normal amount of ‘i antigen’ were not regu- 
larly tested with anti-I. 

Interpretation of these preliminary results is difficult. 
The invariable finding of increased ‘i antigen’ on the red 
cells of thalassemia patients could be a consequence of the 
intense proliferative activity of the erythroid marrow. 
However, another mechanism must be invoked in patients 
“with aplastic anemia or acute leukemia. One factor 

‘common to all patients with increased ‘i antigen’ might 
be the proliferative ‘stress’ placed on early erythroid 
_ precursors, possibly mediated by erythropoietin. Further 
investigations will be concerned with possible associated 
cellular abnormalities. and with the reactivity of the cells 
en encores, of other Y epeoifteitios. 
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PATHOLOGY 


Reaction between Normal and. Leukemi 
Cells in vitro 


RECENTLY it has been shown that division of himan 
lymphocytes in tissue culture medium can. be obtained b 
antigenic stimulation. Pearman et al.! used tuberculin in ^ 
cultures of cells from tuberculin-positive patients, while 
Elves et al. used a variety of vaccines with cells from 
specifically immunized subjects. Mitogenio action has 
been produced by leucocyte antigens from animal sources. 
Grüsbeck et al. produced mitosis in vitro using antisera 
from sensitized rabbits. Bain et al.4 found a reaction 
between leucocytes in mixed peripheral blood culture from 
two healthy donors, using tritiated “thymidine as a 
differential label. In the light of these findings it was 
decided to see the effect of mixed peripheral leucocyte 
cultures, using leukemic cells and normal cells. 

20 c.c. of blood was taken from a female patient with 
chronic myeloid leukemia and placed in & sterile dry 
heparin tube; blood was collected from a normal healthy 
donor of the samo blood group in a similar manner. The 
specimens were allowed to stand at 4? C for 2 h and the 
leucocyte-rich plasma was removed. The white cell count 
of each sample was adjusted to 10,000/mm* using the 
individual's own plasma. Aliquots of 0-5 ml. from each 
white cell suspension were mixed in a sterile dry tube, 
nutrient media ‘TO 199’ was added to each tube prepared 
in this way and these were incubated for 48h at 37? C. At 
the same time two series of control tubes were set up, one 
with leukemic cells and the other with normal cells. 
Nutrient medium ‘7'C 199' was added to each tube and 
they were incubated. After 44 h coleemid was added to 
each tube. Four hours later the cells in each tube were 
exposed to hypotonic sodium citrate, fixed in ethanol- 
acetio acid mixture, spread on slides using an air-drying 
technique and stained with orcein acetic. 

In the tubes containing normal leucocytes there were no 
divisions. In the tubes containing leukemic cells there 
were occasional divisions while in the tubes containing 
the mixed leucocytes there were many mitoses. Counts 
were carried out on the leukemic cells and on the mixed 
cell population; there were 17 per cent of large ‘blast 
type’ cells, with 2-2 per cent in metaphase in the pre- 
parations of the leukemic cells. In the mixed ¢ell cultures 
there were 35 per cent of large ‘blast type’ cells with. 53 
per cent of these in metaphase. 

The normal cells were taken from a subject o the 
opposite sex who, from previous studies, was kn 
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have anormal karyotype. These cells were used so that the 
cells dividing in the mixed cultures could be recognized. 
Karyotypes from the leukemic patients’ bone marrow 
showed the presence of the Philadelphia or PA' chromo- 
some. On analysis of the chromosomes in the mixed 
eultures the karyotypes examined were found to be all 
female, some of which showed the Ph! chromosome. No 
leucocyte isoantibodies had been found in the leukemic 
patients’ serum or in the donor’s serum prior to these 
investigations. 

The findings suggest that there is a possible antigenic 
reaction between the leukemic cells and the normal 


leucocytes. 
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G. D. PEGRUM 


Comparative Functional Morphology of 
Lymphoid Tissues 

Tue elucidation of the relationship between structure 
and function in respect of lymphoid tissue has classically 
been attempted through experimental injection of par- 
ticulate or other suitable matter. However, it seems to 
me'* that, when the tissues are invaded by cancer, the 
ensuing lymph-borne patterns, which have not been 
effected by hand but by Nature herself, are of much 
greater scientifie significance. 

Despite the experience aecumulated by many from 
injeetion experiments, in the opinion of Le Gros Clark 
himself*, the functional significance of the lymphoid 
tissue developed in relation to the epithelial lining of the 
alimentary tract (the epithelio-lymphoid system) is still 
a matter for conjecture. Again, as Holman pointed out 
recently‘, there is perhaps no more perplexing problem 
than the over-all function of the lymph nodes. Indeed, 
Marshall’ goes so far as to state that our present ignorance 
of the functional dynamics of lymphoid tissue is ‘almost 
complete’. 

Three classes of lymphoid tissue concern us. At one 
end of the scale is the epithelio-lymphoid group, which is 
intimately associated with the gut and consists usually of 
solitary follicles’. At the other end. we have the lymph 
node with its organized and innumerable follicles. Ranged 
between these two extremes are the rudimentary lymph 
nodes, which possess but a few follicles’. 

I have made a comparison of the patterns of carriage 
of cancer cells to each of these lymphoid tissues. In all of 





Fig. 1. Solitary lymphoid follicle of the large bowel invaded by cancer 
cells. (Hematoxylin and eosin, x c. 23) 
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Fig. 2. Rudimentary lymph node with both cancer clumps and carbon 
particles (hmmatoxylin and eosin, x e. 53) 





Fig. 3. 


Lymph node showing topography of Lr e cancer cells 
(hematoxylin and eosin, x c. 34) 


them, the topography of the invading cells was identical. 
This observation points to the struetural and functional 
unity of them all. 

Specimens of invaded lymph nodes, dissected as de- 
scribed elsewhere, were scrutinized with special reference 
to the initial sites of lodgement of cancer cells, In the 
early stage of invasion of the solitary follicle of the large 
bowel, cancer cells are seen in the sinus bounding the 
follicle, with or without associated involvement of the 
peripheral parts of the follicle (Fig. 1). The topography of 
the more grossly involved follicles indicates that the trend 
with time is for the invading cells to advance steadily 
towards the centre of each follicle. 

With regard to the rudimentary lymph node, can- 
cerous attack also starts from the surrounding sinus 
(Fig. 2). Thereafter, it proceeds inwards. It is discernible 
that, in the particular node pictured here, there is within 
its substance—a little to the right of the superiorly located 
cancer clumps—a small collection of carbon particles 
which appear beaded and pitch-black. Apparently, these 
particles arrived initially at the sinus and were conveyed 
inwards either by the lymph stream or phagocytes or by a 
combination of both factors. What is of significance here 
is the dual demonstration, with animate and inanimate 
matter, of the existence of a physiological gradient 
between definable anatomical loci. 

Turning to the highly organized lymph node, we find 
again that there is a tendency for the invaders not only 
to position themselves in the sinuses but also to girdle 
the follicles (Fig. 3). In other words, the invading cells 
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Fig. 4. Lymphoid follicles showing grada 
v pe (hematoxylin and eosin, x c. 41) 


tions in mos Invasion process 


do not merely disperse over the length and breadth of the 
sinuses but are regimented, as it were, and lie close to the 
follicle. As in the other classes already considered, further 
spread is towards the centre of the follicle. Fig. 4 shows 
part of a lymph node in which a row of follicles is being 


invaded from the left and above; it is evident that the 


process ranges from complete replacement on the left, 
through peripheral eneroachment of varying degrees in 
the middle, to normal arrangement on the right extreme. 

The barrier function of the lymph node has been known 
for more than a century”. Tho present concept is clear: the 
reticulum mesh, which crosses the sinuses, is thought to 
serve as a mechanical barrier, while the sinuses themselves 
provide a kind of settling chamber along which phago- 
cytosis oceurs to advantage’®. At present, therefore, it is 
being emphasized that sinuses subserve the function of 
filtering off noxious matter. This is in contradistinction 
from the follicles, which reputedly produce lymphocytes 
and antibody. However, the uncological approach out- 
lined in the present communication that, in 
essence, the filtration unit consists of both the lymphoid 
follicle and its abutting sinus—the parafollicular sinus. 

WrirsoN OwviGBOo* 
Department of Pathology, 
University of Lagos Medical School, 
Nigeria. 
* Present address: Pathology Department, General Hospital, Enugu, 
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IMMUNOLOGY 


Shortening of the Period of Primary Immune 
Response by the Prior Injection of Freund's 
Adjuvant 

ANTIGENS in water-in-oil emulsions are known to be 
more effective than those dissolved or suspended in saline 
to give the specific antibodies of high titres in the cireula- 
tion of animals!-*, but the mode of action of the adjuvant 
has remained unsettled. One of the possible interpreta- 
tiona is that antigens are released slowly from the emulsion 
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and stimulate continuously the antibody forming mechan- 
ism during the course of immune response. Recently, 
Dresseré5 found that the subcutaneous injection of 
Freund’s adjuvant without the antigen enhanced the 
antibody response against bovine y-globulin given to mice 
intravenously. This suggests that the non-specific 
influence emanating from the adjuvant activates the 
immune machinery to elicit the specific antibody. The 
question arises whether such an activation by the adjuvant 
oceurs concurrently with the stimulus of a specifie antigen 
throughout the period of immune response, or i 

it can precede the specific stimulation. If the latter is the 
case, treatment of animals with the adjuvant prior to the 
antigen administration is expected to shorten the period 
of primary immune response. 

Mice of A/ Jax. strain were used. They were both sexes 
and 2-3 months old. Bovine y-globulin (BGG) (powdered 
fraction II, Armour and Co.) was uea as ay i + 
Adjuvant was prepared by mixing 3 volumes of “Drakeol’ 
marha (8 Co.) Soola niig 02 mg of powdered 
BCG vaccine (Nippon BCG Co.) per ml. with 1 volume of 
‘Arlacel A’ (Atlas Powder Co.) and 4 volumes of physio- 
logical saline. Subeutaneous injection of 0-5 ml. of the 
adjuvant without BGG (adj.-saline) was given to a mouse 
for the pre-treatment, and an 
containing 5 mg of BGG (adj.-BGG) was 
into another subcutaneous site for immunization. Mice 
were divided into seven groups; groups 1 and 2 consisted 
of 8 mice and other groups consisted of 4 mice. Mice in 
groups 1, 2 and 3 were for controls. They were injected 
with adj.-saline and adj.-BGG at the same time and bled 
after 5, 6 and 7 days, respectively. Adj.-saline was given 
1 day before the adj.-BGG injection in groups 4 and 5, and 
5 days before the adj.-BGG injection in groups 6 and 7. 
Mice were bled 5 days after immunization in 4 and 
6, and after 6 days in groups 5 and 7. Anti titres 
were measured by the hemagglutination technique using 
tanned erythrocytes of sheep. Results are shown in 
Table 1. 


Table 1. ANTI-BGG TITRE OF Mice SERA 


Adj.-saline in- B (da; 
xa (days be- after “BGO Log, titre 
Group fore immuniza- injection) 
tion) 
1 0 5 —_— e T cm 
2 0 6 o ——— 
3 0 7 8. Fae 
4 1 5 bow — 2E. EIER 
5 1 6 9, 5 & 4 
6 6 5 10, = = 
7 5 6 19, 0$ He 
* Undetectable. 


By the immunizing procedure in the present experi- 
ment, anti-BGG antibodies were detected 7 days after 
immunization. From experiences gained in many other 
experiments in our laboratory, anti-BGG usually appears 
in the circulation of mice 7 days after administration of 


the antigen and it can seldom be detected on the previous 


~ 


w* 


volume of the adju vant — 
administered 


At 


day. One mouse in group 2 in Table 1, which showed the 


presence of the antibody after 6 days, is a very rare case. 
Of course, the antibody has never been detected after 5 
days. By the contact with adj.-saline prior to immuniza- 
tion. the appearance of antibody was hastened as shown 
in Table 1. Pre-treatment for one day with adj.-saline 
made the antibody to be found 6 days after injeetion of 
adj.-BGG (group 5), the antibody being un ble 
earlier (group 4). The longer pre-treatment with adj.- 
saline for 5 days was more effective. After 6 days, 
antibody titres were satisfactorily high, surpassing those 
after 7 days in controls (compare groups 3 and 7). After 
5 days, there appeared two positive mice, one of which 
showed the high titre of antibody (group 6). These 
results suggest that the non-specific activation of the 
immune machinery oceurs in the early time of primary 
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immune response preceding the phase of spec 
against an antigen, = — 
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ae ; Japan. 
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3 Finger, H., Arch. Hyg. Bakteriol., 146, 61 (1902). 
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Measurement of Immune Cytolysis 
C IMMUNE lysis of tissue cells is more difficult to measure 
than immune hemolysis because the material lost by 
_ lysing cells is not coloured, as hemoglobin is. Greon, 
Fleischer, Barrow and Goldberg! among others have 
shown that during immune lysis of ascites tumour cells, 

eytoplasmie nucleic acid is released from the cells, mainly 
ucleoprotein. We have found it practicable to use 
this to measure coll lysis, and it is much easier than direct 
‘microscopic examination of the cells for measurement of 
damago*. Using this method it is possible to titrate both 
complement. and cytolytic antibody against guinea pig 
peritoneal exudate cells (chiefly mononuclear cells) and 
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Ehrlich ascites tumour cells with little more difficulty ^. 
than comparable titrations using hemolysin and red. 
cells involve. 2n 

The problem is that of measuring nucleic acid in the 
fluid suspending the cells, and we have chosen to do so by” 
measuring absorbance at 260 my. Protein in the .sus- 
pending fluid will contribute greatly to this absorbance: 
and of necessity the protein of the complement-containing 
serum must be present. To precipitate this protein and to 
free nucleic acid and nucleotides by hydrolysis, perchloric. 
acid was added to the cell-free supernatant and th 
mixture was heated for 30 min at 60° C. Perchlorie aei 
absorbs very little at 260 my (ref. 3). After centrifuging 
to remove the precipitate, the absorbance at 260 my was 
measured, It is necessary to use a control of sensitized 
cells and heated complement, or normal cells and fresh | 
complement, since complement still contributes to the 
absorbance. The difference between test and control 
due to material released from the damaged cells, and thi 
will be referred to as acid-soluble cellular material. 

As an example, our technique for titrating complemen’ 
using guinea pig peritoneal exudate cells and a rabbit 
produced antibody against them is at present as follows 
the diluent is Tyrode’s solution. The cells are standard 
ized by dissolving 0-1 mil. of the cell suspension in 2-9 ml 
of 0-1 N sodium hydroxide and measuring against a blank. 
of Tyrode’s and sodium hydroxide at 260 mu. An 
absorbance of 0-650 corresponds to about 60,000 cells 
mm? in the original suspension. Equal quantities of cel 
suspension and a dilution of antiserum selected on the 
basis of a prior titration are mixed and incubated fo: 
20 min at 37° C. The mixture is then centrifuged, the 
sensitized cells washed once and resuspended to the 
original volume. Doubling dilutions of complement in 
0-4 ml. volumes are made and 0-2 ml. of the sensitized — 
cell suspension is added to each. The mixtures ar 
incubated for 30 min at 37? C to allow lysis to occur. In 
the experiment shown in Fig. 1, the control consisted of | 
unsensitized cells in the same dilutions of complement. The | 
suspensions are then centrifuged and 0-5 mil. of each 
supernatant is added to 0-5 ml. of 2 N perchlorie acid 
(taking stock B.D.H. ‘AnalaR’ 60 per cent perchloric a 
as 10 N). (In some experiments, 0-5 ml. of supernatant 










































30 min at 60* C. 
30 min, the 
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ortunities to widen their interests abroad, either by increases 
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and reliability in operation, 
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during manufacture. 
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Large specimen travel 0.1 mm by automatic 
advance 

Large specimen area—cuts 3 x 4 mm if needed 
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read against distilled water. The results are shown ın the 
lower part of Fig 1. The absorbancies of the test and 
control series and the differences between them due to 
acid-soluble cellular material are shown 

The cell sediments after cytolysis were treated with 
‘cytolysis’ stein (adapted from Rei?) and differential 
counts were made of the stamed aad deformed, and of the 
normal, cells. Deformed and stamed cells were classified 
as damaged. The results are shown in the upper part of 
Fig 1 It can be seen that using both spectrophotometric 
and dye exclusion methods, damage to the cells decreases 
as complement 1s diluted 

When Ehrlich ascites tumour cells are used 16 1s easy to 
obtam much more material and the acid-soluble cellular 
material released per cell is much greater, presumably 
because these cells contam more cytoplasmic RNA Hence, 
larger amounts can be used and greater accuracy 1s more 
readily obtamable Fig 2 shows che results of a comple- 
ment titration m which the following technique was used 
The diluent was modified Dulbecco phosphate buffer 
The tumour cells were used at a concentration of 1,200/ 
mm? Antibody was again rabbit-produced Equal 
quantities of cell suspension and a dilution of antibody 
(determmed by prior titration) were mixed, incubated for 
20 min at 37°C, centrifuged, washed once and resuspended 
to one quarter of the original volume of cell suspension 
Complement and heated complement were serially diluted 
in 3 ml volumes and 1 ml. of sensitized cells added to each 
tube. After incubation for 1 h at 37? C, the tubes were 
centrifuged and the supernatant decanted. To each 
supernatant was added 1 ml. of 5 N perchloric acid After 
l h incubation at 60? C, the mixtures were centrifuged 
and the absorbancies of the supernatants measured 
agamst distilled water Tho results are shown in Fig 2 

We thank Dr Leonard Cohen, of the Department of 
Biochemistry, Medical College, University of Manitoba, for 
his advice and help This work was supported by a 
Medical Research Council (Canada) grant, M A —1261 
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BIOLOGY 


Similarity among Plant Growth Inhibitors 
produced by Penicillium thomii, P. oxalicum and 
Byssochlamys nivea 


WHEN seedlings of Phaseolus vulgaris var. Black 
Valentine were treated on one of the simple leaves with 
culture filtrates of P thomu, P oxalcum, or B nivea 
(Arachmotus tresporus), subsequent growth of the plants 
was inhibited more or less selectively on the treated side! 
As a result, the first, second, and ofven the third trifoliolate 
leaves were asymmetrical In severe cases, both sides of 
the trifoliolate leaves were inhibited ‘Asymmetrin’ has 
been proposed as a name for the growth inhibitor produced 
by these fungi?  Prehmunary mvestigations showed that 
culture filtrates of the three fungi produced a red-purple 
colour when treated with ferric chloride Because of their 
simuar effects on bean plants and coloration with ferric 
chloride, the relationship of the inhibitors to each other 
and to the ferric chloride reactive compounds was investi- 

ated, 
: Methods used to obtain culture filtrates of these fungi 
wore described earlier! Filtrates (100 ml) of 16-day-old 
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shake-flask cultures were treated with 6 g of charcoal 
(‘Darco G-60'), agitated on a shaker overnight, filtered, 
and dried at 55°C The residue was dissolved m 10 ml 
de-iomzed water When an excess of 95 per cent ethanol 
was added to the solution, a copious precipitate was 
obtained The ethanolic solutions were dried after removal 
of the precipitate by centrifugation The 1esidue was 
agam dissolved in 10 ml. de-ionized water to give a final 
concentration of ten times that of the original filtrate 
These solutions were used for paper and 10n-exchange 
ehromatography 

Strips (10 em x 40 em) of Whatman No 3 paper were 
streaked with 0 05 ml of each solution, equilibrated with 
the solvent for 12 h and developed by descending chroma- 
tography After development, a 0-5-cm strip was removed 
from the edge of each dried chromatogram, sprayed. with 
ethanolic ferric chloride (1 per cent w/v) to locate the ferric 
chloride reacting compound, and matched with the original 
chromatograms Sections of the unsprayed chromatograms 
corresponding to the ferric chloride reactrve compounds 
were removed, eluted with water, and the eluate dried 
at 55°C The residue was dissolved in water containing 
4 drops of "Tween 80'/100 ml and used to treat bean 
seedlings on one of the primary leaves as described earlior! 

For 10n-exchange chromatography, a column (0 8 cm x 
20 cm) of ‘Amberhte ZRA-400 (Cl-) was washed succes- 
sively with 100 ml 5 per cent hydrochloric acid, 100 ml 
5 per cent sodium hydroxide, and water to pH 50 
Filtrates of B nwea and P thomii were used Ten ml 
of filtrate were adsorbed on the resin (OH- form), followed 
by water to pH 50. The inhibitors were eluted with 
1 per cent sodium chloride Ten-ml. fractions were 
collected (30-32 drops/min) and adjusted to pH 5 0 with 
12 per cent hydrochloric acid An aliquot from each 
fraction was treated with ferric chloride reagent, the 
remainder of the solution was treated with one drop of 
‘Tween 80’ and used to treat bean seedlings The same 
column was used throughout the experiments 

When chromatograms were sprayed with the ferric 
chloride reagent, a purple spot was obtained with each 
filtrate The Rp values (Table 1) of the ferric chloride 
reacting compounds and the growth inhibitors were quite 
sumar When culture filtrates of B nwea were chromato- 
graphed with butanol-acetie acid-water and sprayed with 
ferric chloride, two purple compounds were detected 
Both compounds mhibited the growth of bean plants 
Filtrates from P thomu and P oxalicum produced only 
one compound, with this solvent. The spot on chromato- 
grams of P thom filtrate corresponded with one of the 
B nwea compounds, whereas the spot on chromatograms 
of P oxalscum filtrates corresponded to the other B nwea 
compound Although the difference in Rr values of these 
compounds was small, the presence of two active com- 
pounds in culture filtrates of B nivea may bo mdicated. 
Shght differences were noted in Rp values when water was 
used as a solvent When butanol-acetic acid—water was 
used to develop chromatograms of P thomw a purple 
spot was detected by spiaymg with fere chloride, but 
httle or no growth mhibitor was detected If the amount 


Table 1, Ry VALUES OF FERRIC CHLORIDE REACTING COMPOUNDS AND 
PLANT GROWTH INHIBITORS IN CULTURE FILTRATES OF P fhomu, P oxalwum 
AND B mwea 

B nwea P thomu P oxahcum 

Benzene acetic acid water(2 2 1 aqueous layer) 

073 (+ +)* 075 (+ 074 (+) 

Benzene acetic acid water(2 2° 1 organic laver) 

001 (+++) + 001 (++) 
Butanol ethanol ammonia (1 1 2) 

050 (++) + 050 (+) 
Butanol acetic acid water(4.1 5) 

024 (++) 0 23 (?) — 
028 (+++) — 028 (++) 
Ethanol (70 per cent) 

084 (+) 054 (—) 055 (-) 
Water 
096 (++) 096 (+) 088 (+) 
Isopropanol ammonia water(10 1 1) 
002 (++) 002 (+) 002 (+) 


* (4-) = Slight growth inhibition, (++) = moderate growth Inhibition, 
(+++) = severe growth inhibition, (—) = no growth inhibition 
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of sample apphed to the paper was increased, biological 
activity was observed at this position An insufficient 
sample may also explain the lack of biological activity 
when filtrates of P thom and B nwea were chromato- 
graphed with 70 per cent ethanol 

Elution of the ferric chloride reactive compound and 
the plant growth inhibitor from columns of ‘TRA-400’ 
(Table 2) supported the results obtamed by paper chroma- 
tography Thus, the ferric chloride reactive compound 
and the plant growth inhibitor were eluted simultaneously 
when culture filtrates of B nea or P. thomw were used, 
and no differences were observed in rate of elution from 
the same column when the filtrates were compared with 
each other 


Table 2 ELUTION OF PLANT GROWTH INHIBITORS AND FERRIO CHLORIDE 
REACTIVE COMPOUNDS FROM COLUMNS OF 'AMBERLITE IRA-400 (OH-)' 


B nwea 
FeCl, Growth 
reaction inhibition 


P 
FeCl, 
reaction 


Fraction Growth 
inhibition 


c o-uOogu ce 
l 
I 


++ 
++ 
++ 
++ 
++ 
+ 
+ 


For the following reasons, the plant growth mhibitors 
produced by P thomu, P oxalicum and B nwea are 
belioved to be identical or closely related compounds which 
are responsible for a red-purple coloration when their 
filtrates are treated with ferric chloride, the active com- 
pounds produced by the three fungi (1) elicit the same 
response on bean plants, (2) behave similarly when 
examined by paper and ion-exchange chromatography, 
(3) have similar physical and chemical properties (1), 
(4) filtrates of the three fung: produce a red-purple 
coloration when treated with ferric chloride In addition, 
the plant growth inhibitor produced by P thomu was 
recently isolated and reacts with ferric chloride to produce 
a red-purple complex 

This work was supported in part by a Public Health 
Service fellowship to one of us (G E Z), No GF 13,770, 
from the Division of General Medical Sciences, Public 
Health Service, National Institutes of Health. 
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Consecutive Skin Grafting in Swiss-Webster 
Mice 
Werder and Hardin! have reported that splenectomy 
prolongs the survival time of homologous skm grafts 
on CFW mice, and that -application of consecutive, 
randomly selected homografts would produce permanent 
survival of homologous skin grafts on heterozygous 
CFW mice In view of this unexpected findmg and its 
possible significance to present theories of the mechanisms 
of homograft rejection, a similar investigation was made 
in a stram of non-inbred mice 


NATURE 


March 14, 1964 


Swiss—Webste: mice of both sexes, weighing 18-20 g 
at the start of the investigation, were maintamed m 
individual cages at 70?—72? F and were fed on Staley’s 
‘Rockland R4’ rat pellets and allowed free access to 
water 

The animals were anesthetized with pentobarbital 
sodium given intraperitoneally in a dose of 005 mg/g 
body-wt Full-thickness skin graftmg was performed 
with aseptic techniques. The grafts were rotated through 
180° and held in position by a single 5-0 black silk suture 
in each of the four sides Pressure dressmgs of sterile 
petroleum jelly gauze, a sterile gauze pad, and adhesive 
tape were appled post-operatively and maimtamed 
throughout the period of observation The grafts were 
inspected 2, 7, 10, and 14 days after grafting Auto- 
grafting of skin by the above method was earned out in 
12 control mice In these animals, two areas of the skin 
of the back served as both donor and recipient sites 
In the homografted animals the mid-dorsal region served 
as the recipient site 

Splenectomy was performed through a midline upper 
abdominal incision after the animals were anesthetized 
by pentobarbital sodium administered mtraperitoneally 

The homografted ammals were divided into eight 
groups 

(1) Twenty-four females ieceived skin homografts 
from 24 females at intervals of 40, 60, 60, and 60 days for 
a total of five grafts In each instance, the seme mouse 
served as donor for the same recipient for every graft 

(2) Twenty-four females received skin grafts from 24 
females at the same time-mntervals as in group 1. In each 
instance, the same mouse served as donor for the same 
recipient for every graft In this group, however, the 
recipient mice were splenectomized 1 week before the 
applieation of the first graft 

(3) Twenty-four females received consecutive skin 
grafts from 24 females at the same time-intorvals as in 
group 1 In this group, the donors of skin were female 
mice, but a different donor was used for each graft on each 
mouse 

(4) Twenty-four females recerved consecutive grafts 
from female mice at the same time-intervals as group 1, 
but different donors of skin were used for each graft on 
each mouse and the recipient mice were splenectomized 
1 week prior to the initial graft 

(5) Twenty-four males received. consecutive skin grafts 
from 24 male mice at the same time-intervals used in 
group 1, and m each case, the same mouse served as 
dono: for the same recipient for every graft Each 
recipient mouse was splenectomized 1 week before the 
application of the first graft 

(6) Twenty-four males received consecutive skin grafts 
at the intervals described in group 1, but different male 
mice were used as the source of donor skm for each 
successive graft for each recipient 

(7) Twenty-four females received consecutive skin 
grafts at the intervals used in group 1, but male mice 
were used as the donors The same donor served for the 
same recipiont for every graft Each recipient was sub- 
jected to splenectomy 1 week before the first graft 

(8) Twenty-four females received consecutive grafts 
at the time intervals used ın group 1 The donors were 
male mice and a different mouse was used as the donor 
for each successive graft for each recipient 

All autografts of skin were successful with survival 
of the grafts during 9 months of observation 

All the homografts of skin—whether from specific 
or random donors of the same or different sex, or whether 
the recipient had been subjected to previous splenectomy 
or not—were rejected We observed no prolongation of 
survival of homografted skin after the application of 
repeated skin homografts under the conditions of this 
experiment 

The Swiss-Webster mice used in this work were a 
non-inbred stram and were expected to reject skin 
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homografts ın the standard manner ‘The operative 
techniques used were satisfactory smce the autograftng 
of slan was consistently successful 

In contrast to the observations of Werder and Hardin?^?, 
we were unable to demonstrate any beneficial effect on 
the survival of homografted skin after repeated grafting 
from erther speoifie or random donors to either splenec- 
tomized or non-splenectomized recipients 

This work was supported in part by research grant 
RQ9623 from the Division of General Medical Sciences, 
US Public Health Service 
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Group Selection and Kin Selection 


WwwE-EpwARDS'? has argued persuasively for the 
importance of behaviour m regulating the density of 
animal populations, and has suggested that since such 
behaviour favours the survival of the group and not of the 
individual 1t must have evolved by a process of group 
selection It ıs the purpose of this communication to 
consider how far this 1s likely to be true 

The strongest arguments for beheving that conven- 
tional behaviour 1s the immediate cause regulating popula- 
tion density concern cases of territorial behaviour, par- 
ticularly in birds But ıt does not follow that such 
behaviour has evolved by group selection, because terri- 
torial behaviour capable of adjusting: the population 
density to the available food supply could evolve by 
selection acting at the level of the mdrvidual rather than 
of the group ‘The appropriate degree of aggression would 
evolve if (1) mdividuals which are too aggressive raise 
fewer offspring, either because they suffer physical damage 
or because they waste in display time and energy which 
should be spent im raising their young, (2) individuals 
which are too timid either fail to establish a territory or 
establish one too small to contain an adequate food supply 
for the young Further, the degree of ‘choosmess’—that 
1s, the readiness to fight for a territory 1n one kind of area 
rather than put up with one m a less favourable area— 
will evolve by individual selection in such a way as to 
lead to an efficient distribution in space This will happen 
because if, on one hand, mdividuals are too ‘choosy’, 
territories in the favoured areas will become too small m 
relation to the food supply, so that less choosy individuals 
breeding ın the less favoured but more sparsely inhabited 
areas will leave more offsprmg, whereas if individuals 
are too little choosy, selection will act in the reverse 
direction 

Thus there is no need to mvoke group selection to 
explain the evolution of individual breeding territories, or 
the adjustment of territory size to food supply or to 
variations 'in the habitat But there are other character- 
istics of animals which are more difficult to explain by 
individual selection; sex is an obvious and important 
example, but difficulties also arise in explainmg the evolu- 
tion of ‘altruistic’ characters, such as alarm notes or 
injury-feigning in birds 

It is possible to distinguish two rather different 
processes, both of which could cause the evolution of 
characteristics which favour the survival, not of the 
individual, but of other members of the species These 
processes I will call kin selection and group selection, 
respectively Kin selection has been discussed by 
Haldane’ and by Hamiltont 
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By kin selection I mean the evolution of characteristics 
which favour the survival of close relatives of the affected 
individual, by processes which do not require any dis- 
continuities m population breeding structure In this 
sense, the evolution of placente and of parental care 
(meluding ‘self-sacrificmg’ behaviour such as mjury- 
fexgning) are due to kin selection, the favoured relatives 
bemg the children of the affected individual But km 
selection can also be effective by favourmg the siblings of 
the affected mdividuals (for example, sterility in social 
insects, mviabihty of cotton hybrids due to the ‘corky’ 
syndrome’) and presumably by favouring more distant 
relatives There will be more opportumties for kin selec- 
tion to be effective if relatives live together in family 
groups, particularly if the population is divided into 
partially isolated groups But such partial isolation 1s not 
essential In km selection, improbable events are involved 
only to the extent that they are in all evolutionary change 
—1n the origin of genetic differences by mutation 

If groups of relatives stay together, wholly or partially 
isolated from other members of the species, then the 
process of group selection can occur If all members of a 
group acquire some characteristic which, although 
individually disadvantageous, moreases the fitness of the 
group, then that group 1s more likely to split into two, and 
in this way bring about an increase in the proportion of 
individuals in the whole population with the characteristic 
m question The unit on which selection is operating 1s 
the group and not the individual The only difficulty 1s to 
explain how 1t comes about that all members of a group 
come to have the characteristic m the first place If 
genetically determmed, 1t presumably arose in a single 
individual It cannot be pictured as spreading to all 
members of a group by natural selection, because if 1b 
could do that, 1t could equally well spread in a large popu- 
lation—either by individual selection or kin selection— 
and there ıs no need to mvoke a special mechanism of 
group selection to explain ıt Hence the only way in 
which such a characteristic could spread to all members 
of a group would be by genetic drift (There 1s also the 
possibility that ıt might spread thiough a group by 
cultural transmission, but this ıs unhkely to be important 
m animals other than man ) If this were to happen at all 
often, then the groups must be small (or else commonly 
re-established, by single fertilized females or single pairs), 
the disadvantage of the characteristic to the mdividual 
slight, and the gene flow between groups small, because 
every time a group possessing the socially desirable 
characteristic is ‘infected’ by a gene for anti-social 
behaviour, that gene 1s likely to spread through the group 
These conditions are severe, although they may sometimes 
be satisfied 

The distinction between km selection and group 
selection as here defined is that for kin selection the 
division of the population mto partially isolated breeding 
groups 18 a favourable but not an essential condition, 
whereas 1t ıs an essential condition for group selection 
which depends on the spread of a characteristic to all 
members of a group by genetic drift 

Wynne-Edwards? points out that birds may return after 
migration to the precise spot where they were raised, and 
argues that this would favour the operation of group 
selection This ıs not so What ıs required for group 
selection 1s that the species should be divided into a large 
number of local populations, within which there ıs free 
interbreedmg but between which there is little gene flow 
The mere fact that many birds breed near where they were 
born does not bring about this situation, 1t would favour 
the operation of kin selection but itis difficult to see how 
kin selection could brmg about the evolution of many 
of the types of population-regulating behaviour which 
Wynne-Edwards believes he has discovered 

-Wynne-Edwards also argues that the behavioural 
mechanisms he hypothesizes would be proof agamst the 
occurrence by mutation and subsequent spread of anti- 
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social behaviour patterns because of genetic homeeostasis 
This 1s a piece of special pleading _ 1t also shows a misun- 
derstanding of the situations m which homeostasis of this 
kind 1s to be expected Both genetical theory and the 
experimental evidence suggest that ıf natural selection 
has been pushing a character m 2 given direction for a long 
tame, 1t will be difficult for selection to produce further 
change m the same direction, but comparatively easy to 
produce a change in the reverse direction Thus ıt would 
only be plausible to suggest that there are genetic reasons 
why anti-social behaviour should notmerease if ib were 
also suggested that selection had already produced an 
extreme degree of anti-social behaviour, and this 1s 
precisely what Wynne-Edwards denis In fact, ‘anti- 
social’ mutations will occur, and any plausible model of 
group selection must explain why they do not spread 

There 1s one special form of group selection which 1s 
worth considering in more detail, because 15 can, perhaps, 
explain the evolution of ‘self-sterilzimg’ behaviour; that 
18, behaviour which leads an individual not to breed m 
circumstances in which other members of the species are 
breeding successfully (This is qute different from 
behaviour which leads individuals not to breed when 
other members of the species are attempting unsuccess- 
fully to breed, or to produce fewer offsprmg when con- 
ditions are such that they would be unable to raise a 
larger number, such behaviour, although of great 
interest, presents no special difficulty to a selectionist ) 
The difficulty 1s that if the difference between breeders and 
non-breeders ıs genetically determmed, then ıt 1s the 
breeders whose genotype 1s perpetuated 

A possible explanation ıs that what 1s inherited 18 the 
level of 1esponsiveness to the presence of other breeding 
individuals Thus suppose that there are aggressive A 
individuals which contmue to breed or to attempt to 
breed at high densities, and timid a individuals, which are 
discouraged from breeding when the density of breeding 
individuals reaches a, certain level, the difference between 
A and a bemg genetically determined In a mixed group 
of A and a individuals, if the density 1s high, only A will 
breed, and a will be lost from the group In a group of A 
individuals at high density all will attempt to breed, with 
the consequence that the food supply may be exhausted 
and the group produce few progeny Ina group consisting 
entirely of a individuals, at high densities some will broed 
and some will not, the difference between breeding and 
non-breeding individuals bemg due to age, to previous 
environmental history, or even to chance Consequently 
an a group 1s less likely to outstrip its food supply, and so 
will leave more progeny The difference between A and a 
groups at high densities ıs an example of the difference 
between a scramble (A) and a contest (a) (ref 6) 

Given such a behavioural difference, the following con- 
ditions seem necessary if a ıs to mcrease under natural 
selection: 

(1) Groups must for a time be reproductively isolated, 
because a 1s elimmated from mixed groups 

(2) Groups must be started by one or a few founders, 
smee otherwise groups consisting entirely of a individuals 
would never come into existence. 

(3) When a group of A mdividuals outstrips its food 
supply, it must not immediately encroach on the food 
supply of neighbourmg a groups, for if it did so, the 
advantage of a groups would disappear This ıs a difficult 
condition to meet, and appears to rule out this mechanism 
in cases in which the population 1s divided into herds, 
flocks, troops or colonies, each group havmg a jomt 
feeding territory which borders that of neighbourmg 
groups The condition 1s most likely to be met when the 
food supply 1s discontinuous in space, each patch of food 
supporting its own group 
. A greatly oversimplified model of this type of selection 
willnow be given To fix ideas, suppose that there exists a 
species of mouse which lives entirely im haystacks. A 
single haystack 1s colonized by a single fertilized female, 
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whose offspring form a colony which lives in the haystack 
until next year, when new haystacks are available for 
colonization At this time, mice migrate, and may mate 
with members of other colonies before establishing a new 
colony The population consists of aggressive A and 
tmd a imdividuals, tumdity bemg due to a single 
Mendehan recessive, aja are timid, and Aja and AJA 
aggressive 

Only when a colony 1s started by an a/a female fertilized 
by an aja male will ıt consist finally of a individuals, all 
other colonies will lose the a gene by selection, and come 
to consist entirely of A mdividuals. Thus at the time when 
colonies are about to break up, there are only two kinds 
of colony, A and a. It ıs assumed that an a colony con- 
tributes 1 + K times as many mice to the megrating 
population as does an A colony, and has a proportionately 
greater chance of having a daughter colony 

In one summer, let the frequency of a colonies be P, 
Then, ın the nugratig population, the proportion of aja 
individuals is: 
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It 1s assumed that a proportion r of all migrating femalo 
mice mate with males from their own colony, the remain- 
ing (1 — r) mating at random. Hence the frequency of 
aja x aja mating as a fraction of all matings 1s 


rp + (l—rjp = Py 


where P, 1s the frequency of a colonies in the next summer 
Hence the condition for the evolutionary spread of 
‘timid’ behaviour—that 1s, of the a gene—á4s. 


Tp + (1 — r)p*2P, where p = DS 
This reduces to 
r(1-- K) — (1 — P,K*)>0 
Thus when P, 15 large (P, ~ 1), 
r+ K>1 
and when P, 1s small (P, ~ 0), 
r(l + K)>1 


Thus, if there ıs little or no mterbreedmg between 
colonies even at migration (r ~ 1), timid behaviour will 
evolve provided ıt ıs an advantage to the group; this 
corresponds to the case m which the population 1s divided 
into more or less permanently isolated groups, which are 
periodically reduced to very small numbers, and which 
may either become extinct or split to give rise to two 
groups However, the conclusion that timid or altruistic 
behaviour can readily evolve if there 1s no mterbreeding 
between groups means little, since ıb ıs unlikely that 
species are often divided into a large number of small and 
completely isolated groups 

If there ıs fairly free interbreedmg between colonies at 
regular intervals (that ıs, if r ıs small), selection could 
mamtain the gene for tumidity once ıt had become the 
common allele ın the population For example, if there 
were random mating, 7 = 0, between members of different 
colonies at the time of migration, then selection could 
maintam g as the common allele 1f a colonies had a two- 
fold advantage But, with random mating, selection could 
not cause a to merease 1f ıt were mitially rare ifr = 0, 
the condition r(1 + K) > 1 cannot be satisfied 

With an intermediate amount of gene flow between 
colonies, selection could both establish and maimtain 
timid or altruistic behaviour, provided that colonies with 
altruistic behaviour have a large selective advantage, 
and that colonies are founded by very few individuals 

The model 1s too artificial to be worth pursuing further 
It 1s concluded that if the admittedly severe conditions 
listed hero are satisfied, then 1t 1s possible that behaviour 
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patterns should evolve leading mdividuals not to repro- 
duce at times and in circumstances in which other members 
of the species are reprodueimg successfully Whether 
this 13 regarded as an argument for or agamst the evolution 
of altruistic behaviour by group selection will depend on a 
Judgment of how often the necessary conditions are hkely 
to be satisfied 


No, 4924 


J. MAYNARD SMITH 
Department of Zoology, 
University College, 
London 


Wynne-Edwards, V O , Ammal Dispersion in Relation to Socal Behaviour 
(Oliver and Boyd, Edinburgh and London, 1962) 


*Wynne-Edwards, V C , Nature, 200, 623 (1963) 
*Haldane, J B S8, New Bwlogy, 18, 34 (1955) 
‘Hamilton, W D, Amer Nat, 97, 354 (1963). 
ë Stephens, S G, J Genet , 50, 9 (1950) 
*Nicholson, A J, Austral J Zool., 2, 9 (1955) 


Dr MAYNARD SMITH'S communication raises a good 
many more questions than I can attempt to answer here 
The major obstacle to constructive discussion between us 
really arises from the understandable (though regrettable) 
differences in outlook and experience between a laboratory 
geneticist and a field ecologist To me his picture of 
territorial systems and other aspects of conventional 
behaviour appears scarcely true or comprehensive enough 
to provide a basis for valid deduction, my own grasp of 
the genetical theory of natural selection, on the other 
hand, no doubt looks still more halting and mept to him 
We ought to enlarge the area of common ground, but that 
1s too big a task to discharge effectively here 

It ıs not permissible to isolate ‘territory’ in Dr Smith's 
sense from the other overlapping forms of real property 
won and defended by animals, such as nest-sites of colonial 
birds, basking or resting places of, say, seals or crocodiles, 
roosting perches of starlings or Comestic fowls, display 
arenas of manakms or bower-birds, burrows of foxes or 
beach crabs, and so on Many of these have no direct 
connexion with food or with rearmg families, but all are 
indissociably bound up with the status of ther possessor 
m the social system to which he belongs, and the nights 
which this status confers What we have to explain is 
how socal systems can evolve and their conventional 
machinery be perfected What appears to be inevitably 
required 1s & process of selection discrummatmg between 
one social system and another 

Social systems are collective entities, m the higher 
animals frequently involving an element of tradition as 
well as genetic transmission as they pass down from 
generation to generation They entail codes of behaviour 
with which the individual members instinctively comply, 
even when compliance demands the resignation of rights 
to vital resources or to reproduction The hereditary 
compulsion to comply, for example, in lemmings doomed 
to emigrate or sticklebacks hibited from maturmg by the 
inescapable domination of an « male, is the real keystone 
of social adaptation Individuals submittmg to total 
deprivation are elimmated altogether, most often before 
they have produced any offspring, yet the tendency to 
comply is renewed in every subsequent generation and 1s 
not bred out One is bound to conclude that 1b 1s very 
securely buffered from 'ordmary? selection actmg egainst 
submissive individuals and at the same time promoting 
ther dominant sibs; and from the offects of simple 
Mendehan situations of the A/a type m Dr Smuth's model 
I stand corrected if ıb 1s technically wrong to thmk of 
this as genetic homeostasis; the apparent result is the 
same The situation I describe here 1s real and not, I 
think, controversial; 16 1s the explanation which presents 
difficulties 

Most ecologists would agree that the prerequisite of 
group selection that calls for & subdivided population 
structure is commonly and indeed normally found in 
animals Dr Smith says that the Ortstreue or return of 
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migrant birds to their native locality would not bring it 
about, perhaps ıb is easier to seo then in the case of the 
salmon or trout spawning in its natal tributary stream, 
where 1$ more obviously becomes a member of a partially 
isolated breeding group 

The model of the mice 1n the haystacks 1s not, perhaps, a 
sufficiently close approximation to any natural situation to 
help us far towards a solution A realistic counterpart 
might be, for example, the woodlice (Porcellzo scaber) that 
fed on the green alga Protococcus living on tree-trunks, 
studied by Brereton!, marked woodlice confined therr 
feeding to their own particular tree, and the population 
appeared to be subdivided thus into breeding units Had 
any of the latter increased too freely they could have 
extermmated their stock of this particular food plant, 
which does not regenerate easily Supposmgin Dr Smith’s 
model that all the A colonies grow so fast that they finish 
the food and die of starvation before “migration time” 
arrives; then K = œ, p = l,r = 1, and P, = 1, and 
group selection wins the trick ' 
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Survival of Young Swifts in Relation to 
Brood-size 


In a recent article in Natw e, Wynne-Edwards! said “the 
assumption, still rather widely made, [is] that unde 
natural selection there can be no alternative to promoting 
the fecundity of the mdividual, providing this results in 
lus leaving a larger contribution of progeny to posterity 
This assumption is the chef obstacle to accepting the 
principle of intergroup selection” 

Wynne-Edwards implies that this assumption 1s wrong, 
but omits to note that there are data which show that at 
least some species are producing as many survivmg 
young as possible, for example, the starhng, Sturnus 
vulgaris’, the great tit, Parus major*, end the laysan 
albatross, Diomedea «mmutabiis* The swift (Apus apus) 
1s a convenient species for a study of this kind smee, like 
the albatross but unlike the passerme species studied, 
considerable mortality, due to starvation, occurs m tho 
nest. 

In England the swift normally lays a olutch of two oi 
three eggs, clutches of four being very rare indeed (less 
than 0 25 per cent), and 1t is interesting to consider what 
would happen if a larger clutch were laid One cannot 
hope to observe a natural change (presumably a genetical 
mutation) which results m enough swifts laying clutches 
of four eggs mstead of three to provide significant samples 
However, by transferrmg young at hatching it 1s possible 
to compare the survival of young from broods of four with 
that from broods of two and three 

Swifts feed exclusively on airborne arthropods’, the 
availability of which ıs greatly affected by tho weather In 
cold, wet summers the arthropods are less active and 
therefore less available to the swifts than m fine weather 
At Oxford, Lack® showed that m fine summers the average 
number of young produced per brood was highest from 
broods of three whereas ın cold, wet summers it was 
highest from broods of two 

In the summers of 1958-61 inclusive I increased some 
broods of swift to four young by adding a newly hatched 
chick at the time that a fourth egg would have been 
expected to hatch Subsequent survival is summarized in 
Table 1 In the summers of 1958, 1960, and 1961, the 
weather, and therefore the feeding conditions for swifts, 
were fairly good, and m 1959 they were exceptionally so 
(Followig the method used by Lack5, the mean maxi- 
mum temperatures durmg the nesthng period were 68, 70, 
72 and 70° F for the four years, respectively ) 
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Table 1 
Year Brood No of No of No % No fledged/ 
81Z0 broods young lost lost brood 

1958 1 7 7 2 286 071 
2 21 42 2 47 195 
3 4 12 1 83 275 
4 2 8 4* 500 200 

1959 1 10 10 0 0 100 
2 15 30 0 0 200 
3 4 12 0 0 300 
4 4 16 5 312 275 

1960 1 6 6 0 0 100 
2 18 36 2 56 139 
3 6 18 4 222 233 
4 5 20 14 700 120 

1961 1 7 7 0 0 100 
2 18 36 1 28 195 
8 6 18 4 222 238 
4 5 20 13 650 140 


* One more apparently left the nest prematurely. 


It will be seen that, in all four years, the nesthng 
mortality was markedly higher ın larger broods, while m 
none of them did broods of four produce, on average, more 
surviving young per brood than broods of three Even m 
1959 when no nestling died in broods of 1, 2 or 3, 5 died 
out of 16 ın broods of 4 (In three supplemented broods of 
four studied earlier by Lack (wn litt ), eight young flew, but 
four of the six in the exceptionally fine summer of 1957 
apparently fledged prematurely and there ıs doubt as to 
whether any of these survived ) 

Hence, even in an unusually fine summer, swifts 
starting with 4 young raised less per brood than those with 
broods of three, so that natural selection must operate 
agamst any laymg of clutches of four As mentioned 
earlier, m some summers at Oxford broods of three have 
been the most productive and, in others broods of two 
Thus the present situation (of some individuals laymg 
three eggs and others two, but virtually none four) 1s 
piecisely what one would expect on the basis of natural 
selection This conclusion 1s 1n agreement with the results 
for the other species cited, 1n all of which broods of larger 
than average size gave rise to fewer surviving young per 
brood than those of average size This conclusion con- 
trasts with the theory of Wynne-Edwards': that animals 
might maimtain their reproductive rate below the maxi- 
mum possible in order to prevent over-exploitation of the 
food supply, a theory which has yet to be demonstrated 
for any animal 
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I poust if ıb 1s possible from Dr Perrins’s results to 
convince the sceptic that swifts are “producmng as many 
surviving young as possible", and to demonstrate 1n this 
way that natural selection has, as he believes, forced 
their fecundity up to the potential lmit of efficiency A 
second look at the figures soon puts the conclusion in 
doubt I agree that in England clutches of four tend to be 
inefficient, they constitute a relatively infrequent group, 
although they seem to have been commoner in 1958-61 
than they were m the 1946-56 period» Settmg them 
aside we cannot be far wrong m assuming (havmg com- 
bined Perrins’s samples ‘for 1958-61 with those of Lack 
and Lack’ for 1946-51) that the remaiming swifts breeding 
in the Oxford neighbourhood in recent years have pro- 
duced clutches of one, two or three chicks in & percentage 
ratio of about 24 61 15 Two-chick broods have ovi- 
dently been by far the most common ^ 
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The average productivity of each of these brood-sizes, 
1n terms of flymg young produced, 1s shown in Table 2 

It 1s clear that the most productive brood-size over the 
15 years ın question has been three, by comparison with 
these, the broods of two have averaged fewer recruits and 
broods of one less than half as many Br Perrins directs 
attention to the fact that m summers with poor weather 
the broods of three have no advantage over those of two 
1n fact, 1n the worst years like 1946-8 and 1953 they were 
fractionally (10 per cent) less productive’ * But m 
average and good years they yield a favomable margin, 
and, as Table 1 shows, overall they have averaged not far 
short of 20 per cent more flymg young than the broods of 
two Why, one 1s entitled to ask, has natural selection 
not stabilized three as the optimum clutch, instead 
of just less than two, which 1s the observed average 
figure ? Unless some additional hypothetical factor 
ıs postulated, like a differential survival of juvenile 
birds between leaving the nest and becoming adult 
breeders, Dr  Perrns's conclusion seems difficult to 


defend 
Table 2 
Young raised per brood 
Brood size Lack and Lack Laek (ref, 5) Perrms (preceding 
(ref 6) communication) 

1 083 094 093 

2 166 1604 193 

3 168 216 2 55 


In Switzerland ıt 15 known that broods of three are still 
more productive (more than 90 per cent of the chicks so 
hatched grow into flymg young), yet still only 67 per cent 
of the swifts there lay three eggs® On the hypothesis that 
selection at the individual level necessarily promotes 
maximum fecundity 15 appears a fortior, “curious that all 
the pairs there do not lay three eggs”! 

Ié 1s mstructive to compare the swift with a bud like 
the red grouse (Lagopus lagopus scoticus), m which clutch- 
sıze 1s much more variable, and production of flying young 
progressively increases with brood-size throughout the 
whole size range (Fig 1) Notwithstanding the fact that 
female grouse in suitable circumstances lay ten or 
more eggs and the more they lay the more young they 
produce, the mean clutch-size ın north-east Scotland has 
been found to be only 75 eggs (Reproductive perform- 
ance 1s subject to annual fluctuations and, in fact, the 
average clutch has varied between 5 9 and 8 2 m different 
years smco 1957) Dr Perrms’s hypothesis would not 
fit this species any better than 16 does the swift; deed, 
the situation here seems further still from being “‘precisely 
what would be expected on the basis of natural [inter- 
individual] selection” 

On my alternative hypothesis that mter-group selection 
has fixed the fecundity range around the optimum, level 
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for 1ecruitment to the population as a whole, the facts for 
both species seem reasonably intelligible 
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Spinal Pigmentomotor Tract of the Minnow 
(Phoxinus phoxinus L.) 


TEnEosrs possess both neural and humoral pigmento? 
motor contio! The neural control of teleost melanophores 
i5 known to be autonomie! A. melanophore-aggregating 
centre exists in the medulla of the minnow (Phoxinus 
phosmus L) <A spinal pigmentomotor tract passes 
caudally from the medulla and has a spinal outflow 
localized around vertebra 15 The pigmentomotor nerves 
then pass cephalically and caudally along the sympathetic 
chains and innervate the melanophores through the spinal 
and trigeminal nerves? The mvesugation recorded, here 
was concerned with the location of the spinal pigmento- 
motor tract 

Mallory’s trichrome, Mallory’s eosin and methylene 
blue and Weigert Pal preparations were used to examime 
the anatomy of the intact spinal cord Lesions were 
placed in the spinal cord with the aid of microdissection 
instruments, ground from fine steel needles by a high- 
speed ‘Carborundum’ wheel Operations were performed 
under urethane anesthesia on an operating table modified 
from that used by earher workers im this field*-* 

Ninety fish were examuned Lesions were placed at 
vertebre 3, 4 and 10 and also around the spinal outflow 
After recovery fiom anesthesia the background reversal 
colour responses were tested and compared with the 
pre-operational background reversal colour 1esponses 
Finally, the extent of each spinal lesion was ascertamed 
histologically from serial sections stained with Mallory’s 
trichrome 

At vertebre 3, 4 and 10, ventral spmal lesions, which 
destroyed up to 70 per cent of the spinal cross-sectional 
aiea, left the colour responses unaffected At the same 
spmal-levels, dorsal lesions, which destroyed as little as 
25 per cent of the spinal cross-secuonal area, resulted ın 
the ehmunation of the nervously controlled colour res- 
ponses Lateral lesions, whuch destroyed up to 30 per 
cent of the dorsal spinal cord on either side, had no 
effect on the colour responses However, lateral lesions, 
which damaged or destroyed the dorsomedial region, did 
affect the colour responses Lesions around the spinal 
outflow were varied m effect The results indicate a spinal 
outflow between vertebre 12 and 14, somewhat anterior 
to that recorded by von Frisch m his mid-European 
specimens? Several dorsal lesions in this region left the 
colour responses unaffected, whereas a number of ventral 
lesions did affect the colour responses 

T5 1s concluded that the spmal pigmentomotor tract lies 
within the dorsomedial area Anterior to the region of 
spinal outflow the pigmentomotor nerves dispeise ventral- 
wards The dorsomedial area of the spmal cord of the 
minnow includes the dorsal horns of the grey matter, 
surrounded by fine myelinated fibres, and the dorsal part 
of the corpus commune posterrus The dorsal horns of the 
mimnow, and other teleosts, show little separation and 
consist largely of substantia gelatinosa Rolandi It has 
been suggested that the cells of origin of teleost pregang- 
lomce sympathetic fibres probably lie near the base of the 
dorsal horns and, also, that the substantia gelatmosa 
Rolandi might have a sympathetic function? These 
experimental results indicate that the pigmentomotor 
tiacb of the munnow 1s located: withm the tissues 


. 
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around the base of the dorsal hoins This conclusion 
substantiates an autonomic function for the dorsal part of 
the corpus commune posteris and the substantia 
gelatinosa Rolandi 
This investigation was conducted, under the super- 
vision of Dr E G Healey, during the tenure of a Depart- 
ment of Scientific and Industrial Research studentship 
D Burton 
Department of Zoology, 
Bedford College, 
Regent’s Park, 
London, NW 1 
1 Pouchet, G, J Anat. Physiol , 12, 1, 113 (1876) 
t yon Frisch, K , Pflüg Arch ges Physiol , 188, 319 (1911) 
3 von Frisch, K , and Stetter, H , Z vergl Physwl , 17, 686 (1932) 


‘Healey, E G, m Symp Small Ammal Anesthena (Pergamon Press) 
(an the press) 


5 Kappers, C U A , Huber, G C , and Crosby, E , The Comparatvwe Anatomy 
of the Nervous System of Vertebrates (New York, 1936) 


GENETICS . 


Mutagenic Activity of I-Methyl-3-nitro-l- 
nitrosoguanidine on Arabidopsis 


Tue efficiency of mutagenic agents 1s a complex value 
It ıs not only dependent on the reactivity of the agent 
with the genetic material and on 1ts applicability to a 
certain biological system, but also on the degree to which 
chromosome aberrations and other toxic effects are duced 
in addition to mutations In oder to examine the relation- 
ship between these forms of activity and to compare the 
efficiency of different mutagens, we have started investiga- 
tions m which mutagenic agents are bemg tested for 
several biological effects under various treatment condi- 
tions ın the same test system 2 

This communication describes experiments with 1- 
methyl-3-nitro-1-mitrosoguanidme (NG) NG has already 
been proved to be mutagenic m E colz®, 15 has cancero- 
static activity ın muce? and induces chromosome aberra« 
tions m V2era faba}, although the frequency of aberrations 
1s relatively very low, even with sub-lethal doses 

Seeds of Arabidopsis thaliana were soaked for 18 h at 
24° C in 0 06-10 mM NG (dissolved 1n distilled water, pH 
42) The somatic effects were estimated by evaluating 
the percentage of germination, the speed of germmation 
the rate of growth of the primary root and the shoot, as 
well as the rate of survival As a measure of mutagenic 
activity, the frequency of recessive lethals was determined 
by the embryo test^* In every M, plant 150 embryos mn. 
five successive pods of the mam inflorescence were scored 
(For the calculation of the values given in Table 1, com- 
pare with ref 7.) The degree of semi-sterility may be 
used as an approxumate measuie of the frequency of 
chromosome aberrations 

With lower concentrations no significant somatic effects 
could be determmed At 1 mM the germunation was 
approximately slowed down by 12 h (at normal rate of 
germination) and the root and shoot growth was markedly 
mhibited The degree of survival was about 70 per cent 
(under aseptic conditions) At 2 mM 10 per cent of plants 
survived, at higher concentrations all plants died ın the 
seedling stage Since the decrease m the rate of survival 
only occurs at almost complete sterility (Table 1), NG 
ean be classified as a mutagen with an extremely low 
relative toxicity (similar to ethyl methane-sulphonate® 
and to nitrosomethyl-mea’) and clearly differs m this 
respect from mitrogen mustard and also from X-rays? 
The somatic effects can probably be traced back almost 
entirely to chromosome aberrations 

The frequency of mutations mereases with inereasing 
concentration, although only very slowly at the beginning ; 
at higher concentrations, however, there is & marked 
linear rise This form of the dose response curve 1s also 
typical for ethyl methane-sulphonate (EMS) At 1 mM 
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the frequency of mutations could not be scored because 
of the gh degree of sterihty The relation between 
frequency of mutations and the degree of ster:hty 1s, 
therefore, to be considered as favourable With X-rays, 
for example, a semi-sterility of 70 per cent can only be 
associated with a mutant frequency of about 12 per 
cent A 47 per cent frequency of mutants, as found 
with 05 mM NG, will be reached only by very few 
mutagens and is fa: above the maxumal value obtamed 
with X-rays A mutant frequency of 47 per cent means 
that on an average 2 4 lethal mutations pe: meristem cell 
have been mduced The values found indicate that NG 
can be classified as a mutagen of a very high efficiency and 
can be put on the same level as EMS, although EMS must 
be apphed m concentrations 50 times higher Under the 
same treatment conditions, therefore, NG has a much 
higher effectiveness than EMS (compared on a molarity 
basis) 


Table 1 
Concentration No of Degree of 
(mM) M; plants Ma mb Me atenhty 
0 3,419 07 04 011 0 
0 06 148 20 10 017 0 
012 164 413 152 388 1 
025 243 916 724 20 81 19 
05 192 1000 978 47 38 69 
1 110 — — — 99 


ma, Frequency of segregating plant progenies (per cent), ms, frequency 
of segregating pod progenies (per cent), me, frequency of mutants (per cent) 

Somatic effects, semi-steriliby and mutation frequency 
were found to be dependent on the temperature durmg 
treatment time 1n so far as the effectiveness of the agent 
drastically increased from 18? to 36? C The effectiveness 
1s influenced by the pH value, too With alkaline solutions 
(pH = 89, boric acid buffer) no mutagenic effects have 
been demonstrated This may be explamed by the fact 
that under alkalme conditions NG decomposes mto 
diazomethane (Under acid conditions ıt decomposes into 
nitrous acid ) Any clear-cut evidence on the nature of the 
agent mduemg mutations 1s still lackmg There are some 
arguments suggesting that the breakdown products men- 
tioned here are not responsible for the radiomimetic 
activity of NG14 According to Gichner e£ al} a similar 
mode of action for NG, N-methylphenylmtrosamune and 
‘Cupferron’ might be suggested But considermg the fact 
that diazomethane induces mutations (compare with 
ref 7) a participation of diazomethane m the mutagenesis 
by NG cannot be excluded 

ANDREAS J MOLLER 
TowÁS GICHNER 
Institut fur Kulturpflanzenforschung, 
Gatersleben, Kr Aschersleben 
(Germany, DDR), 
Institute of Experimental Botany, 
Praha 6 (CSSR) 


! Gichner, T P eese A,and Rieger, R , Biochem Biophys Res Comm, 
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iw D , and Greenberg, J , Biochem Biophys Res Comm , 3, 675 


4 Mandell, J D, Woody, P L, and Greenberg, J, J Bact , 81, 419 (1961) 
* Muller, A J, Bol Zbl , 82, 133 (1903) 


* Müller, A J, Proc Symp Induchon of Mutation and Mutation Process 
(Praha, 1964) 


? Müller, A J, Züchter, 34 (in the press) 
Müller, A J (to be published), 


PSYCHOLOGY 


Reverberatory Activity and Memory Disorder 


I wave recently demonstrated that a possible explana- 
tion to account for the gross memory disorder m some 
elderly psychiatric patients ıs a lowered energy of rover- 
beratory activity ın neural cells; a reduction in cerebral 
excitation which mitigates agamst short-term storage! 
This m turn 1s related to the pathology associated with 
senile dementia and cerebral arteriosclerosis 
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A recent report by Hebb, dealing with memory for 
digits, would seem to provide the basis for extendmg and 
elucidating this notion 

Briefly, Hebb presented to 40 university students 24 
mine-digit numbers which they were required to recall 
immediately Each of the 24 items was different with the 
exception that every third one was the same That is, 
the third, sixth, ninth 15em and so on was repeated The 
subjects were not told of this repetition 

If, m these circumstances, immediate memory for 
digits ıs mediated solely by an activity trace, with no 
structural change, then there would be no cumulative 
learnmg Hach new stimulus would set up a completely 
new pattern of activity and the non-repeated digit items 
would be as accurately recalled as the repeated digit items 
If, on the other hand, cumulative learning does occur, 
then this would provide evidence for structural modifi- 
cation It would lend support to Hebb's? theory that 
learnmzg involves, first, some form of reverberatory neural 
activity which is the basis of short-term memory, and, 
secondly, a structural alteration, resultmg from this 
activity which constitutes longer-term learning 

The results of the mvestigation showed cumulative 
learning, with the implcation that a single presentation 
of a set of digits results in a structural trace which can be 
cumulative This investigation would appear to be 
relevant to the notion that memory disorder in old age 1s 
due to a decrease in the energy of this cerebral reverbera- 
toiy activity 

The work reported bere tests this notion and 1s one of a 
series designed to facihtate diagnosis and treatment of 
this disorder 

There were two groups of subjects in this investigation 
Gioup A was composed of 20 memory-disordered psychia- 
tue patients aged 72-87 Group B consisted of 20 patients 
aged 73-85, free of memory disorder The two groups 
were matched in terms of age, verbal mtelligence and digit 
span forward 

The procedure was a dupheation of Hebb’s? as outhned 
here The only differences were a reduction m each 
sones length from 9 to 6 digits and an merease im tho 
number of items fiom 24 to 30 


Table 1 
Procedure Group A Group B 
Repeated digits 043 0 66 
Non-repeated digits 035 043 


Table 1 presents the proportion of correct responses for 
both groups for the repeated and non-repéated items 
Analysis of the results shows that there 1s no significant 
difference between the two groups for the non-repeated 
items Thereis, however, a significant difference (P <0 05) 
for the repeated 1tems In addition, there 1s,no difference 
between the two procedures for Group A, but there 1s a 
significant difference (P<0 05) between the procedures 
for Group B 

These 1esults suggest that while cumulative learning 
does occur m elderly, non-memory-disordered people, it 
does not occur m elderly memory-disordered people The 
reason 15 does not occur, it 1s suggested, 1s because this 
type of learning 1s dependent on reverberatory activity, 
and ib 1s this function which 1s operating mefficiently in 
elderly patients suffermg from gross memory deficit 

This work was supported by a Canadian National 
Mental Health grant (project No 609-5-145) 


W. K CARD 


Department of Psychology, 
University of British Columbia, 
Vancouver, B C , Canada. 


3 Card, W K., Laverty, S G , and Inglis, J , Geroni Chn , 5, 55, 62 (1963) 


* Hebb, D O , ın Brain Mechanisms and Learning, edit by Delafresnaye 
J F (Blackwell, Oxford, 1961). 


3 Hebb, D O., The Organwation of Behavior (Wiley, New York, 1049) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, March 16 


ASSOCIATION OF BRITISH MANUFACTURERS OF AGRICULTURAL CHEMICALS, 
and THE NATURE CONSERVANCY (at the Roys] Commonwealth Society, 
18 Northumberland Avenue, London, W C 2), from 945 am tob pm— 
Symposium on “Agricultural Chemicals—Progress in Safe Use” 


SOCIETY oF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 5 pm —Prof V B Wigglesworth, CBE, 
FRS “Hormones and the Control of Insect Growth" 


INSTITUTION OF ELECTRICAL ENGINEERS (Joint meeting with the LONDON 
GRADUATE AND STUDENT SECTION, at Savoy Place, London, W C2), at 
6 p m —Discussion on “An Engineer 1s as Good as his Mathematics” opened 
by Mr R C Foss 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensmcton Gore, London, S W 7), 
at 6 pm —'Canada's Polar Continental Shelf" colour film introduced 
by Dr G de Q Robin 


Monday, March 16—Thursday, March 19 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (m the Royal Horticultural 
Society’s Old and New Halls, Westminster, London, S W 1)—Sixteenth 
Technical Exhibition * 


Monday, March 16—Friday, March 20 


INSTITUTE OF METALS (at 17 Belgrave Square, London, 8 W 1, and Church 
House, Great Smith Street, London, S W 1)—Spring Meeting 


Tuesday, March 17 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 230p m and 530 p m —Diseussion 
on “Computation for Engineers" 


INSTITUTION OF ELECTRICAL ENGINEERS (jomf meeting with the Royal 
AERONAUTICAL SOCIETY, at the Institution of Electrical Engmeers, Savoy 
Place, London, W C 2), at 6 pm —Duiscussior on “Electrical Aspects in 
the Integration of Systems ın Aircraft” opened by Dr C S Hudson 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdeage Walk, Westminster, London, S W 1), at 6 p m —Duscussion on 
“Foundations for Turbo-Sets” 


PLASTIOS INSTITUTE, LONDON SECTION—ENGINEERING SUB-GROUP (at 
the Wellcome Building Euston Road, London, N W 1), at 630 pm — 
Forum—"‘Tooling for Large Moulds, (1) Casting Allovs for Moulds, (11) Use 
of Epoxy Resins for Moulds, (11) Experience of Cast Moulds”, 


Wednesday, March 18 


UNIVERSITY OF LONDON (at the Postgraduats Medical School of London, 
Du Cane Road, London, W 12), at 2 pm —Dr R C Valentine “Ideas 
about Viruses from Electron Microscopy” * 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, S W 7), 
at 5 pm—Mr G W Lennon “The Identification of Weather Conditions 
Associated with the Generation of Major Storm Surges along the West 
Coast of the British Isles", Mr J M Craddock ‘Persistent Temperature 
Regimes at Kew", Mr J A Day “Production of Droplets and Salt Nuclei 
by the Bursting of Aur-bubble Films” 


ROYAL SOCIETY OF MEDICINE, COMPARATIVE MEDICINE SECTION (at 
1 Wimpole Street, London, W 1), at 5 pm —Meeting on “Human and 
Anmal Chromosomes” 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, London, W C1), at 515 pm —Mr 
G A Dean “The Stock of Fixed Capital in the United Kingdom in 1961” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W 1), 
at 680 pm-—Mr F Hughes and Mr P. T Haydock “The Industrial 
Use of Passivated Transformer O1” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 p m — Discussion on “The Measure- 
ment EA the Amplitude and Peak Power of Pulse RF Systems" opened by 

OITIS 


INSTITUTION OF ELEOTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C2), at 530 pm —Dr A N Arman, Mr D M Cherry, 
Mr L Gosland and Mr P M Hollingsworth “Influence of Soil-Moisture 
Migration on Power Rating of Cables m High-Voltage Transmission Systems, 
Mr A G Milne and Mr K Mochlinski "'Charaeteristies of Soil Affecting 
Cable Ratings” 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, West- 
munster, Londen, S W 1), at 6 pm —Mr G A J Begg ‘Mechanical 
Engineering Design in the Chemical Industry” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (joint meeting with the GRADUATE and STUDENT SECTIONS 
of the INSTITUTIONS OF CIVIL and MECHANICAL ENGINEERS, at the institution 
of Civil Engineers, Great George Street, London, S W 1), at 6 80 pm —Mr 
L R Creasy “The London Post Office Tower" 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICEOCKEMISTRY GROUP (at “The 
Feathers”, Tudor Street, London, E C 4), at 6 30 p m —Duiseussion Meeting 
on “The Determination of Silicon in Organic and Inorganic Materials” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (Joint meeting with 
the NORTHERN POLYTFCHNIO CHEMICAL SOCIETY, at the Northern Poly- 
technic, Holloway, London, N 7), at 7 pm —Prof W Klyne “Optical 
Rotatory Dispersion" 


Thursday, March 19 


CHEMICAL SOCIETY (at the Battersea College of Technology, London, 
S W 11), at 2 p m —Symposium on “Aspects of Molecular Dissymmetry” 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W1), at 5 pm—Mr D de V. 


Oxford “Technical Computer Applications at Nehanga, Northern 
Rhodesia” 


- 


NATURE 


1151 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(omt meeting with the ELECTRONICS GROUP of the INSTITUTE OF PHYSIOS 
and the PHYSICAL SOCIETY, at the Institution of Electrical Engineers, Savoy 
Place, London, W C 2), at 530p m —Dr H A H Boot “Gaseous Lasers" 


INSTITUTE OF REFRIGERATION (at the National College'for Heating , 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
Tondon, S E 1), at 6 p m —Informal Discussion on “Safety m Refrigeration 

nstallations” 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S W 1), at 6 pm —Mr D 
McIntosh “The Measurement of Drying Shrinkage of Building Materials" 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (Joint meeting with 
the EAST ANGLIA SECTION, at the Mid-Essex Technical College and School 
of Art, Market Road, Chelmsford, Essex), at 7 pm —Dr A E A Werner 
“The Scientific Examination of Paintings and Antiquities”. 


Thursday, March [9—Friday, March 20 


ROYAL Socrety (at Burlington House, Piceadilly, London, W 1), at 
1030 am ‘daily—Discussion Meeting on ‘Continental Drift" organized 
by Prof P M § Blackett, F RS, Sir Edward Bullard, FRS, and Prof 
S K Runcorn. 


Friday, March 20 


BRITISH INSTITUTE OF RADIOLOGY, ISOTOPE STUDY SECTION (joint meet- 
ing with the SECTION OF RADIOLOGY, ROYAL SOCIETY OF MEDICINE, at 
the British Institute of Radiology, 32 Welbeck Street, London, W 1), at 
205 pm—Meeting on ‘Analytical Applications of Radioisotopes in 
Medicine and Biology" 


UNIVERSITY OF LONDON (at the National Institute of Adult Education, 
85 Queen Anne Street, London, W 1), at 2 15 p m —Dr E J King “Further, 
Higher and Adult Education" 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 1 Kensing- 
ton Gore, London, S W 7), at 3 pm —“Man or Machıine—a Technical 
1Scussion" 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 5 30 p m —Diseussion on "The Present 
Position of MH D Generation" opened by Mr F J P Crampton, Mr 
P D Dunn, Dr B C Lindley, Mr J C Ralph and Mr D T Swift-Hook 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 
6 p m —Discussion Meeting on “Thermodynamic Aspects of Cavitation” 


OccAM SOCIETY (at the Northampton College of Advanced Technology, 
$t John Street, London, EC 1), at 615 pm —Prof R O Kapp “Some 
Thoughts on Cosmological Theortes” 


ROYAL SocrrTY OF MEDICINE, RADIOLOGY SECTION (at 1 Wimpole Street, 
Tondon, WD, at 8 pm.—Meeting on “‘Radioisotopes in the Investigation 
of Tumours” 


Monday, March 23 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W 7) 
at i 15 P m —Dr D H Matthews ‘Mountains and Valleys Under the 
rabian Sea" 


Monday, March 23-- Tuesday, March 24 


BRITISH PHARMACOLOGICAL SOCIETY (with the co-operation of the NUTRI- 
TION SOCIETY, the BIOCHEMICAL SOCIETY, the PHYSIOLOGICAL SOCIETY, 
the RoYAL SOCIETY OF MEDICINE, the SOCIETY FOR ENDOORINOLOGY, the 
SOCIETY FOR THE STUDY OF FERTILITY, the SOCIETY OF CHEMICAL INDUSTRY 
and the COUNCI FOR THE INVESTIGATION OF FERTILITY CONTROI (at the 
Middlesex Hospital Medical School, London, W 1)—Symposium on “Agents 
Affecting Fertility” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF APPLILD 
MATHEMATICS AND MATHEMATICAL PHysIcs—The Registrar, University 
College of South Wales and Moumouthshire, Cardiff (March 20). 

ASSISTANT LECTURER (Grade III) IN THE DEPARTMENT OF ZOOLOGY— 
The Registrar, Umversity of Bristol, Senate House, Bristol 2 (March 21) 

CHAIR oF ZoorocY— The Secretary and Registrar, The University, 
Southampton (March 21) 

RESEARCH ASSISTANT (with a degree or equivalent, or graduating this 
summer) IN THE DEPARTMENT OF MATHEMATICS, to work on an industrial 
problem involving the optimization of functions of several variables—The 
Staff Officer, College of Advanced Technology, Gosta Green, Birmingham 4, 
quoting Ref 355/2 (March 23) 

TEMPORARY LECTURFR (with a special interest in economic geography) 
IN GEOGRAPHY— The Registrar, University College of Swansea, Singleton 
Park, Swansea (March 25) 

LECTURER (preferably with a major interest in applied mechanics, especially 
theory of machines, stress analysis and properties of materials, or applied 
thermodvnamies) IN ENGINEERING (Mechanical)—The Registrar, The 
University, Manchester 18 (March 28) 

ASSISTANT LIBRARIAN responsible for either special collections (including 
archives and manuscripts), or science collections and departmental libraries 
—tThe Secretary and Registrar, The University, Southampton (March 31) 

LECTURER or ASSISTANT LECTURER IN THE MECHANICS OF FLUIDS IN 
ain aay oF SorENCE—The Registrar, The University, Manchester 13 

Ich 31 

LECTURERS IN THE DEPARTMENT OF ZOOLOGY—The Secretary, The 
University, Edinburgh (March 31) _ 

LECTURERS or ASSISTANT LECTURERS IN CHEMISTRY, LECTURERS or 
ASSISTANT LECTURERS IN MATHEMATICS, and LECTURERS or ASSISTANT 
LEOTURERS IN PHILOSOPHY at the University of Singapore—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (March 31) 

RESEARCH ASSOCIATE or SENIOR RESEARCH ASSOCIATE (well qualified 
metallurgist with some research experience), to undertake investigations 
in the field of transformations in steels—Head of the Department of Physical 
Metallurgy, The University, Birmingham 15 (March 31) 
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TEMPORARY ASSISTANT LECTURER or LECTURER (with a good honours 
degree and experience in insect physiology or neuro-sensory physiology) 
IN THE DEPARTMENT OF ZOOLOGY AND COMPARATIVE PHYSIOLOGy—The 
Assistant Registrar (Science), The University, Birmingham 15 (March 31) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIOCHEMISTRY, 
CHEMISTRY, CHEMOTHERAPY, ENGINEERING, METALLURGY, PHARMACOLOGY, 
or PHYSICS—The Academic Registrar, University of London, Senate House, 
London, W C 1 (April 1) 

TURNER AND NEWALL RESEARCH FELLOW IN ENGINEERING, INORGANIC 
CHEMISTRY or PHYsics—The Academic Registrar, University of London, 
Senate House, London, W C1 (April 1) 

CHAIR OF MEDICAL BIOCHEMISTRY—The Registrar, 
chester, Manchester 13 (April 4) 

_ASSISTANT LECTURER or LECTURER IN PsYcHOLOGy—The Registrar, 
University College of South Wales and Monmouthshire, Cathays Park, 
Cardiff (April 9) 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF GEOGRAPHY 


University of Man- 


ASSISTANT LECTURER or LECTURER (or, 1n special cases, Sentor Lecturer) 
IN MATHEMATICS—The Registrar, Veal of Sussex, Stanmer House, 


(Apri 13) 

LECTURER IN ANIMAL PHYSIOLOGY at the Warte Agricultural Research 
Institute, University of Adelaide, Adelaide, South Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Australia, April 15) 

CARNEGIE CHAIR OF PHYSICS at Queen's College, Dundee—The Secretary, 
Wed of St Andrews, College Gate, St Andrews, Fife, Scotland 

pri 

SENIOR LECTURER or LECTURER IN PHARMACOLOGY at the University 
of Adelaide, Adelaide, South Australia— The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1) (Australia, April 30) 4 

SENIOR LECTURER (with considerable experience in mixed country practice 
In Australia and some postgraduate traiming 1n herd infertihty) IN VETER- 
INARY MEDICINE at the University of Sydney, Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Australia and London, April 30 

POST-DOCTORAL RESEARCH ASSISTANT, to investigate the surface properties 
of clean metals and semiconductors and their subsequent reactions with 
gases—Dr M W Roberts, Department of Chemistry, The Queen's Univer- 
sity, Belfast, Northern Ireland (May 1) 

BRITISH AIRCRAFT CORPORATION FELLOW (with a good degree or equiva- 
lent ın aeronautics, acoustics or vibrations) IN AERONAUTICAL ACOUSTICS 
in the Institute of Sound and Vibration Research—The Secretary and 
Registrar, The University, Southampton 

ELECTRICAL ENGINEERING or PHYSICS GRADUATE (preferably Ph D), 
for upper atmosphere research involving radio and rocket techniques— 
The Secretary, University College, Gower Street, London, W C1 

RADUATE (with an honours degree and a good background in physics, 
and preferably an interest ın lasers, spectroscopy, optics or high-power 
electrical transistors), for work with the High Power Laser Group—The 
Recruitment Officer, United Kingdom Atomic Energy Authority, AWRE, 
Aldermaston, Berkshire, quoting Ref 3260A/34 

HEAD OF THE CHEMISTRY DEPARTMENT—The Headmaster, Malvern 
College, Malvern, Worcestershire 

HEAD OF THE PHYSICS DEPARTMENT—The Rector, Glasgow Academy, 
Glasgow, W 2 

PROFESSOR OF CLIMATOLOGY—Prof Trevor Lloyd, Chairman, Depart- 
ment of Geography, McGill University, Montreal, Canada 


REPORTS and other PUBLICATIONS 


(not included «n the monthly Books Supplement) 


Great Britain and Ireland 


The Institute of Brewing National Collection of Yeast Cultures Catalogue 
of Cultures mamtamed at the Brewing Industry Research Foundation, 
Nutfleld, Surrey Pp 51 (Nutfield, Surrey Brewmg Industry Research 
Foundation, 1963 ) [11 

National Libraries Extracts from the Proceedings of the University 
and Research Section Conference held at Bangor, Apri 1963 Pp 56 
(London The Library Association, 1963 ) 10s (L.A members, 78 6d ) [11 

Titles and Dissertations approved for the Ph D » MSc, and M Litt 
Degrees in the University of Cambridge durmg the Academical Year 1962— 
1963 (Cambridge Board of Research Studies, The University, 1963 ) [11 

Wye College (University of London) Annual Report of the Department 
of Hop Research from 1 April, 1962, to 31 March, 1963 Pp vi+88 (Wye, 
near Ashford, Kent Wye College, 1963 ) [11 
I &£ E News,No.1 Pp 4 (London Institution of Electrica] Engineers, 


196 1 
BBC Engineering Monograph No 51 Radiophonics m the BBC 
(London British Broadcasting Corporation, 

1 


By F C Brooker Pp 19 
1968) 65s f 
General Register Office Census 1961 England and Wales County 
Report—Yorkshire (West Riding) Pp xxm+300 (London HM Sta- 
tionery Office, 1968 ) 54s net [11 
National Parks and Access to the Countryside Act, 1949 Fourteenth 
Report of the National Parks Commission for the year ended September 
xd T968 Pp vn-F84-F8 plates (London HM Stationery Office, 12089 
3 ne 
Ambassade de France Service de Presse et d'Information Electricite 
de France (The French National Electricity Company) Pp 11 (London 
Ambassade de France Service de Presse et d'Information, 1963 ) [151 
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Royal Observatory Bulletins No 79 Time and Latitude Service 1963, 
January—March Pp 1+B153-B172 (London HM Stationery Office, 
1963) 3s 6d net [151 

Building Research Station Digest—First Series No 128 Stone Preser- 

Jomting Plasterboard Pp 6 Revised, June 1963 (London 


vatives , 
HM Stationery Office, 1963) 4d [151 
Freshwater Biological Association Scientific Publication, No 22 A 
Guide for the Identification of British Aquatic Ohgochaeta By Dr R O. 
aoe Pp 52+1plate (Ambleside COSAS Biological Assdoration, 
s 


Other Countries 


Bulletin of the Bingham Oceanographic Collection, Peabody Museum of 
Natural History Vol 18, Article 3, (November, 1963) Studies of Two 
Skates Raja erinecea Mitchell, Raja eglanteria Bosc By Sarah W Richaids, 
Daniel Merriman, L H Calhoun, E Samuel Fitz Jr , and Franklin C Daiber. 
Pp 99 (New Haven, Conn Peabody Museum of Natural Histoiy, Yale 
University, 1963 [11 

Institut Royal Météorologique de Belgique Observations Ionospheriques— 
Station de Dourbes Octobre, 1968 Pp 26 (Uccle-Bruxelles Institut 
Royal Météorologique de Belgique, 1963 ) [11 

Instıtut des Pares Nationaux du Congo et du Rwanda Exploration du 
Pare National de la Garamba—Mission H de Saeger, en collaboration avec 
P Baert, G Demoulin, I Denisoff, J Martin, M Micha, A Noirfalise, 
P Schoemaker, G Troupin et J Verschuren, (1949-1952) Fascicule 37 
Pmophilini I (Coleoptera Polyphaga), Fam Staphylimidae Par Gaston 
Fagel Pp 325 Fascicule 42 Isoptera By W Victor Hanus Pp 43+4 
vane (Bruxelles Institut des Pares Nationaus du Congo et du sande, 

Australia Commonwealth Scientific and Industual Research Organiza- 
tion  Fifteenth Annual Report of the Division of Coal Research, 1962-68. 
Pp u1+27 (Ryde, NS W Division of Coal Research, C S I R O ,1963 )[11 

Agricultural Research Council of Rhodesia and Nyasaland Annual Report 
for 1903 Pp 24 (Salsbury Agricultural Research Council of Rhodesia 
and Nyasaland, 1963 ) 11 

United States Department of Agriculture Agricultural Research Service 
Technical Bulletin No 1287 Ecology of the Pea Aphid 1n the Blue Mountain 
Area of Eastern Washington and Oregon By Willam C Cooke Pp 48 
(Washington, DC Government Printing Office, 1963 ) 11 

Canada Department of Mines and Technical Surveys Geological Survey 
ofCanada Geological Maps—Prelmimary Series Map 7-1963 Brockville— 
Mallorytown Area, Ontario Map 29-1963 MacDonald Creek, British Colum- 
bia (Ottawa  Duectoi, Geological Survey of Canada, 1963 ) [11 

Metropolitan Life Insurance Company Statistical Bulletin, Vol 44, 
(October 1963) Metropolitan Life Awards foi Safety Research  Birthrate 
Decreases Moderately Large Accident Toll Among Pre-school Children 
The Control of Poliomyelitis Pp 12 (New York  Metropohtan Life 
Insurance Company, 1963 ) (11 

Hungary  Year-Book of the Institute of Nutrition, 1902 Pp .v+127. 
(Budapest Institute of Nutrition, 1963 ) 

l'Institut pour l’Encouragement de la Recherche Scientifique dans l'Indus- 
trie et l'Agriculture, Bruxelles Comptes Rendus de Recherche, No 31, 
(Decembre, 1963) Travaux du Comité pour l'Etude des Maladies et de 
Alimentation du Bétail (CE MA) Pp 110 (Bruxelles l'Institut pour 
V’Encouragement de la Recherche Scientifique dans l'Industrie et TAgricul- 
ture, 1963 ) 160 francs (1i 

New Zealand Department of Health National Radiation Laborator 
Quarterly Report—Fallout 1n New Zealand, July-September, 1968 Pp 1 
(Christchurch Nationa) Radiation Laboratory, 1963 ) [11 

Commonwealth of Australia Austrahan Universities 1961-1966 Second 
Report of the Australian Universities Commission Pp 1x+124+71 photo- 
graphs (Melbourne Australian Universities Commission, 1963 ) 11 

Canada Department of Mies and Technical Surveys Geological Survey 
of Canada Paper 63-22 Marine Geology, Eastern Part of Prince Gustaf 
Adolf Sea, District of Franklin (Polar Continental Shelf Project ) By J L 
Marlowe and G Vilks Pp n428 36 cents Paper 63-32 Reconnaissance 
Heavy-Mineral Study in Northern Yukon Territory By C F Gleeson 
Pp +10 35 cents (Ottawa Queen’s Printer, 1963 ) [11 

Carnegie Institution of Washington Year Book 62, 1962-63 Pp xi+ 

Carnegie Institution of Washington, 


TE 25. plates (Washington, D C 

Smithsonian Miscellaneous Collections Vol 145, No 6 Additions to 
Records of Birds Known from the Republic of Panama By Alexander 
Wetmore Pp 1-11. apne No 4523) (Washington, D C 


[151 
New Zealand Marine Department geport of Fisheries for 1962 Pp i 
1 


b 
Canada Department of Mines and Technical Surveys Geological Survey 
Stratigraphy, Petrology, and Genesis of the 
Elliot Group, Blind River, Ontario, including the Uraniferons Conglomeiate 
Paper 62-38 Wakuach Lake 
R Pp 4+map 

Mineral Industry of District of Mackenzie, 1962 
Hornbrook Pp +44 75 cents Paper 
Age Determmations and Geological Studies (including Isotopic 

H Stockwelland R K Wanless 
Queen’s Printer, 1963 ) [161 
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200 years ago life assurance as we know it began—with the permitting close stacking of 


Society that became known as the ‘Old Equitable’, the oldest CIRCUIT SOCKETS PM boards 
mutual life office in the world pockets ican has dne 

Unswervingly through the years, the ‘Old Equitable’ has can be in black, brown, red, 
stuck to its principles, of no shareholders, of paying no orange, yellow, green, blue, 
commission for the introduction of business and of sharing violet, pink, grey and white 
its profits among members Today, as helpful as ever and of 
great financial strength, the *Old Equitable' provides life 
assurance for its members at cost price 

For instance a quarterly payment of £26 7 6 secures a 
man of 34 an endowment assurance of £2,500, sharing in 
major profits and payable shortly before he 1s 60 or at his 
earlier death Those who took out such policies 25 years ago 
are receiving £4,315 this year 

For more about ‘Old Equitable’ assurances, please fill in 
this coupon 
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| 19 COLEMAN STRERT, LONDON, ECz 
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are charged at 12s for the first hine and 
6s per line thereafter Lines in capitals or 
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charged for the re-direction of replies to 
adverusements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED [O T G Scott and Son, 
Limited, 1 Clement's Inn, Strand, London, 
W C2 Telephone HOLborn 4743 Tele- 
grams Textuahst, Estrand, London 





APPOINTMENTS VACANT 


AUSTRALIAN NATIONAL 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 


Applications are invited from Chemists 
(Organic, Physical and Phystco-Organic) for ap- 
pomtment to two Research Fellowships in the 
Department of Medical Chemistry (Head of De- 
partment Professor Adrien Albert) 

The successful applicants will each be required 
to work in one of the following fields (1) Syn- 
thesis and reactions of nitrogen heterocycles , 
() Quanutauve studies of the binding of metal 
ions, 1n solution, by orgamic ligands , Gi) Kinetics 
of the reactions of heterocyclic substances , 
Gv) Ultra-violet, infra-red and Raman spectro- 
scopy of aromatic N-heterocycles and tauto- 
merizable substances 

The senior investigators concerned are, for (1) 
Professor A Albert and Dr D J Brown, for 
Qi) and Gu) Dr D D Perrin, for (i) Dr E 
Spinner — Applicants should hold the degree of 
Doctor of Philosophy or have had equivalent re- 
search experience 

The salary range for Research Fellows is 
£A1,980 to £A2,680 per annum, initial salary de- 
pends on qualifications and expenence — Appoint- 
ment is for three years in the first instance with 
a possible extension to five years Superannua- 
uon ts on the FSSU pattern Reasonable 
travel expenses are paid and assistance with hous- 
ing 1$ provided 

Further particulars are available from the Sec- 
retary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mall London, SW 1 Applications close in 
Austraba and London on May 1, 1964 


——— M á—— € € Ó 


UNIVERSITY OF MELBOURNE 
SENIOR LECTURER/ LECTURER IN 
MEDICAL MICROBIOLOGY 


Applications are invited. for the position of 
Senior Lecturer or Lecturer in Medical Micro- 
biology im the Department of  Bactenology 
Qualificauons Graduates in medicine with ap- 
propnate postgraduate qualifications or experi- 
ence Science graduates with considerable ex- 
perience m medical microbiology possessing Ph D 
07 equivalent will also be considered 

The appointee will be required to undertake 
certam supervisory and administratrve duties in 
the Microbiological Diagnostic Umit, together with 
teaching at the undergraduate and postgraduate 
level A reasonable proportion of time could be 
devoted to research in some aspect of microbio- 
logy within the general fields of medical micro- 
biology, epidemiology or immunology The 
choice of the research field will depend principally 
on the apnoimtee's interests Salary ranges are 
Senior Lecturer, £A2,700 to £A3,250 per annum 
Lecturer, £A1,850 to £42,600 per annum Addi- 
tional loadings are payable for a medically quali- 
fied appointee Reasonable travelling and re- 
moval expenses will be granted for interstate or 
Overseas appomtees 

Further information is available on request 
from the Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1, or from the Regis- 
trar Unversity of Melbourne, Parkville, N 2, 
Victoria, Austraha, with whom applications close 
on Apri 30 1964 









UNIVERSITY COLLEGE OF 
SWANSEA 
CHAIR OF PHYSICAL METALLURGY 
Applications are invited for the Chair of Physi- 
cal Metallurgy in the Department of Metallurgy, 
which wil! become vacant on September 30, 1964 
Particulars may be obtained from the Regs- 
trar, University College of Swansea, Singleton 
Park, Swansea, to whom applications must be 
sent by Wednesday, March 25, 1964 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF LAND RESEARCH AND REGIONAL SURVEY 


RESEARCH OFFICER OR 
SENIOR RESEARCH OFFICER 


Applications are invited. for appointment to the research staff of the Kimberley Research 
Station m the Ord River Valley, Western Australia, The Kimberley Research Station 
IS operated jointly by the Western Australian Department of Agriculture and the Organiza- 
tion’s Division of Land Research and Regiona! Survey 

At the Kimberley Research Station, Western Australia, a research group, at present 
consisting of three graduate officers, is investigating means of integrating the developing 
Ord River ngaton area with the surrounding beef cattle industry The group is 
concerned with the production and utilization of irrigated sown pastures and fodder crops 
and dryland sown pastures, with the uvhzation of native range in conjunction with the 
by-products of arable cropping, and with range cattle husbandry 

The appomtment of another officer 1s proposed, whose task will be to carry out research 
im the general field of beef cattle nutrition and husbandry Good facilities and ample 
technical assistance are available 

Applicants should possess a Ph D degree or have had postgraduate research experience 
of equivalent standard and duraton (preferably in the field of Veterinary Science) sup- 
Ported by satisfactory evidence of research ability 

SALARY Dependent upon qualifications and experience within the ranges £41,674 

to £A2,711 per annum (but not less than £A2,149 per annum) or £A2,845 
to £A3,205 per annum 

Pcomotton within CSIRO 1s by ment and may go beyond the upper limit of the scale 
within which the origmal appointment 1s made 

Special privileges exist with regard to recreational leave and fare concessions, and details 
of these will be supplied on request The area 1s classified as Zone A for District Allowance 
and taxation concessions — Married. accommodation 1s available on the station 

Fares paid for the appointee and ms dependent family Further particulars supphed on 
application to 
Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W C 2, 
to Yro applications (quoting Appointment No 620/36) should be addressed by Apri 

> 





AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF FOOD PRESERVATION 


POST-DOCTORAL FELLOWSHIP 
IN MUSCLE BIOCHEMISTRY 


The Organization’s Division of Food Preservation, located in Sydney, New South Wales, 
invites applications from Ph D graduates for a Post-Doctoral Fellowship in Muscle 
Biochemistry 


The Division ıs engaged in a wide range of research m the physical and biological 
sciences, as well as in various branches of food technology Basic research ın Muscle 
Biochemistry 1s concerned with the physical and chemical changes taking place in muscle 
Post-mortem The Division is housed m new laboratories provided with a wide range of 
research equipment, and the present staff includes over 50 scientists 

The research to be pursued during tenure of the Fellowship wil depend on the experi- 
ence of the selected applicant Current projects include studies of factors affecting rate 
and extent of post-mortem glycolysis and the effects of temperature on post-mortem 
changes 

Applicants should have a Ph D degree and should have demonstrated research ability in 
physiology or biochemistry The Fellowship is offered for a pernod of two years, with 
provision for renewal by mutual agreement 

SALARY Will be determined in relation to qualification and expenence and will be 

not less than £A2,149 per annum with a maximum of £A2,711 per annum 


Salary for women will be £A188 per annum less than corresponding rate for men 
Fares paid for the appointee and his dependent family and return fares to point of 


omgin will be pard for an appomtee who by arrangement, accepts appointment for a fixed 
term Further partculars supplied on application to 


Mr W Hartley, Chef Scientific Liaison Officer, Australan Scientific Liaison Office, Africa 
House, Kingsway, London, W C2, 


to whom applications (quoting Appointment No — 300/382) should be addressed by April 
1I, 1964 
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geophysies 


The United Kingdom Atomic Energy Authority 1s 
engaged on an extensive programme of geophysical research 
in the fields of earthquake and explosion seismology, geo- 
magnetism, earth currents, hydrodynamics and electro- 
magnetic wave propagation The range of activities 
extends from fundamental research to a study of techniques 
for the detection of explosions and from data analysis to 
the design, installation and operation of recording systems 


Excellent facilities are available for the development of 
original ideas, the subject matter 1s largely unclassified and 
publication of results js strongly encouraged 


Prototype recording stations are now being constructed 
and the quality of data will mark a new era 1n geophysics 
providing unique opportunities for the man with ability 


Graduates with good honours degrees are urgently 
required Salaries will be in the range of £850 to £1,900 
according to age and experience, and housing or substantial 
assistance with house purchase will be available to married 
male officers living beyond reasonable daily travelling dis- 
tance. For further details write to the Senior Recruitment 
Officer, United Kingdom Atomic Energy Authority, 
AWRE, Aldermaston, Berkshire, quoting ref 3260/34 


geophysics 





AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF PHYSICS 


RESEARCH PHYSICIST 


Applications are invited for appointment as Research Officer with the Organization’s 
Division of Physics located in the grounds of the University of Sydney, New South Wales 
The Division of Physics 1s one of the two Divisions of the National Standards Laboratory 
and is about to engage in physical research in the far inira-red region of the spectrum 
(100-500 mu) The work is amed at a study of the lattice dynamics of crystalline solids 


by combining far infra-red and paramagnetic resonance techniques, in the course of which 
it will be necessary to devise and construct suitable sources and detectors 


The appointee will be required to accept considerable responsibility for the promotion of 


this work The programme is flexible, and every encouragement will be given to the 
appointee to exploit hrs own mterests in this field 
Applicants should possess a Ph D degree in an appropriate discipline, or should have 
had postgraduate research experience of equivalent standard and duration supported by 
satisfactory evidence of research ability 
SALARY Dependent upon qualifications and experience within the ranges £A1,674 
to £A2,711 per annum (but not fess than £A2,149 per annum) or £A2,845 to 
£A3,205 per annum 
Salary for women will be £A188 per annum less than corresponding rates for men 
Promotion within CSIRO 1s by merit and may go ocyond the upper lmit of the 
scale within which the onginal appointment is made 
Fares paid for the appomtee and his dependent family 
on application to 
Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liatson Office, Aírica 
House, Kingsway, London, W C2, 
to whom applications (quoting Appointment No 
11, 1964 


Further particulars supplied 


770/267) should be addressed by Apnl 
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UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Lec- 
turer or Assistant Lecturer in the Department of 
Physics mn the Faculty of Science Preference will 
be given to applicants with_imterests 1n low tem- 
perature solid state physics Duties to commence 
as soon as possible Salary scales — Lecturer, 
£1,250 to £2,150 per annum, Assistant Lecturer, 
£1,000 to £1,150 per annum, initial salary and 
status according to qualifications and experience 
Membership of the FSSU and children's allow- 
ance scheme 

Forms of application and further particulars ın- 
cluding details of research facilities may be ob- 
tained from the Registrar, the University, Man- 
chester 13, to whom applications should be sent 
not later than March 3l, 1964 Applications by 
airmail letter im the first mstance will be re- 
ceived from overseas candidates, who should 
State the names and addresses of at least three 
persons to whom reference can be made 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF OBSTETRICS AND 
GYNAECOLOGY 


RESEARCH FELLOWSHIP 


Applications are invited from medical or sctence 
graduates, preferably with a higher degree and/ 
or postgraduate research experience, for the post 
of Research Fellow in the Department of 
Obstetrics and Gynaecology The successful 
candidate will be expected to participate in cyto- 
genetic studies in relation to congenital abnor- 
malities Salary in range £1300 to £1700 per 
annum, with placement according to qualifica- 
tions and experience, together with superannua- 
ton benefit The appointment will be for a 
period of three years in the first instance 

Applications, giving fuil particulars of qualifi- 
cations and experience and the names of two 
referees, should be lodged with the undersigned 
not later than Aprl 8, 1964 


CHARLES H STEWART, 
Secretary to the University 


KWAME NKRUMAH UNIVERSITY 


OF SCIENCE AND TECHNOLOGY 
KUMASI, GHANA 
FACULTY OF AGRICULTURE 
Applications are invited. for the under- 
mentioned posts in the Faculty of Agnculture 
(a) SENIOR LECTURER or LECTURER in 
VETERINARY SCIENCE 


(D SENIOR LECTURER or LECTURER in 
AGRICULTURAL BOTANY 


(c) SENIOR LECTURER or LECTURER in 
ANIMAL HUSBANDRY 


Qualificauons Applicants must be graduates of 
a recognized University and must have consider- 
able postgraduate experience 

Salary, FSSU _ Expatriate Senior Lecturer, 
£2,100 by £90 to £2,640 per annum, Ghanaian 
Semor Lecturer, £1,750 by £75 to £2,200 per 
annum, Expatnate Lecturer, £1,260 by £60 to 
£1,680 by £90 to £2,200, £2,280 per annum, 
Ghanaian Lecturer, £1,050 by £50 to £1,400 by 
£75 to £1,850, £1,900 per annum Entry at ap- 
propriate point with consideration given to teach- 
ing and/or research experience 

Appointments are normally for five years m the 
first instance and may be renewed, one term's 
notice of resignation or termination of appornt- 
ment is required on either side Outfit allowance 
£60 (where applicable) Car maintenance allow- 
ance £150 per annum Children’s allowances are 
paid in respect of expatrite at the rate of £50 
per annum per each child resident m Ghana 
and £100 per annum per each child in full-time 
education overseas up to a maximum of 21 years 
of age (maximum five children) — Accommoda- 
tion with basic furniture provided Rent not 
exceeding £150 per annum  FSSU policies 
maintained if already held or superannuation on 
sumilar basis 

Free passages for appomtee, his wife, and up 
to five children are provided on appointment and 
normal termination Annual leave with three 
free return passages in every four years for non- 
Ghanaians and families and one in every three 
years for Ghanatans 

Application forms and further information may 
be obtained from the Assistant Registrar, Kwame 
Nkrumah University of Science and Technology, 
15 Gordon Square, London, W C1 Completed 
application forms should reach the  above- 
mentioned address not later than Apri] 6, 1964 


PHYSIOLOGIST OR BIOCHEMIST 


Applications are invited. for the position of lec- 
turer, assistant Drofessor or associate professor 
in the Department of Physiology, University of 
Ottawa, Ottawa, Canada Teaching and inde- 
pendent research Rank and salary according to 
experience 

Address apphcations and inquiries to Professor 
M Beznak 
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KWAME NKRUMAH UNIVERSITY 


OF SCIENCE AND TECHNOLOGY 
KUMASI, GHANA 
DEPARTMENT OF PHARMACY 


Appheations are invited for the under- 
mentioned posts in the Department of Pharmacy 


(a) 1 Professor of Pharmaceutics 

2 Reader in Pharmaceutical Chemustry 

3 Professor of Pharmacognosy 

Quahfications Applicants should have either 

a PhD or MSc degree in the relevant subjects 
taken as pure science subjects or in Pharmacy, 
with at least seven years’ teaching or research ex- 
perience 


(D 1 Professor of Pharmacology 
2 Reader ın Pharmacology 
Qualifications Applicants should have ether a 
PhD or MSc (Pharmacy) in Pharmacology or 
be a Medical Officer with at least seven years’ 
practical experience 


(c 1 Semor Lecturer in Physico-chemical 
Pharmaceutics 
2 Senior Lecturer ın General Pharmaceutics 
3 Senior Lecturer ın Microbiology 
4 Senior Lecturer in Orgzamc Chermstry 
5 Semor Lecturer in. Pharmacognosy 
Qualficanons Applicants should possess a 
good degree tn the relevant subjects taken either 
in Pharmacy or in Chemustry with at least five 
years’ teaching or research experience, or in in- 
dustry 
(d) 1 Semor Lecturer m Pharmacology 
2 Senor Lecturer ın Physiology 
Quahfications  Apphcants should possess 2 de- 
gree m Medicine or Pharmacology or Pharmacy 
(with Pharmacology as one of the special sub- 
jects) and must have had at least five years’ ex- 
perience m teaching or research or hospital or 
industry 


(e) 1 Lecturer in Pharmaceutics 
2 Lecturer m Pharmaceutical Chemistry 
Qualifications Applicants should have a good 
degree in the special field 


Salary, FSSU, Expatriate Professor, £3,000 
per annum Ghanaian Professor, £2,600 per 
annum Expatriate Reader/Sentor Lecturer, 
£2,100 by £90 to £2,640 per annum Ghanaian 
Reader/Senior Lecturer, £1,750 by £75 to £2,200 
per annum Expatnate Lecturer, £1,260 by £60 
to £1,680 by £90 to £2,200, £2,280 per annum 
Ghanaian Lecturer, £1,050 by £50 to £1,400 by 
£75 to £1,850, £1,900 per annum Entry at ap- 
propriate point with consideration given for teach- 
ing and/or research experience 

Appointments are normally for five years in the 
first instance and may be renewed, one term's 
notice of resignation or termination of appoint- 
ment is required on either side Outfit allow- 
ance, £60 (where applicable) Car maintenance 
allowance, £150 per annum Children’s allow- 
ances are paid in respect of expatriate at the 
rate of £50 per annum per each chud resident 
in Ghana and £100 per annum per each child in 
full-ume education overseas up to a maximum 
of 21 years of age (maximum five children) 
Accommodation with basic furniture provided 
Rent not exceeding £150 per annum FSSU 
policies maintamed if already held or Superannua- 
uon on similar basis 


Free passages for appointee, tus wife and up 
to five children are provided on appointment and 
normal termination Annual leave with three free 
return passages in every four years for non- 
Ghanaians and families and one in every three 
years for Ghanaians 

Application forms and further information may 
be obtained from the Assistant Registrar, Kwame 
Nkrumah University of Science. and Technology, 
15 Gordon Square, London, WC1 Completed 
application forms should reach the above- 
mentioned address not later than April 6, 1964 


UNIVERSITY OF MANCHESTER 


Applications are invited for the posts of Tem- 
porary Lecturer m Anatomy with a special in- 
terest ın Experimental Neurology, and of Assist- 
ant Lecturer m Anatomy Candidates should be 
medically quahfied (with qualifications registrable 
in this country), should have had experience in 
teaching anatomy, and for the first post should 
possess a good knowledge of neuro-anatomy 
Good research facihties are available Salary 
scales per annum Lecturer, £1,770 to £2,550, 
Assistant Lecturer, £1,200 to £1,670 Member- 
ship of FSSU and Children’s Allowance 
Scheme, inmmial salary according to qualifications 
and experience Duties to commence on Octo- 
ber 1, 1964 

Applications should be sent not later than 
March 31, 1964, to the Registrar, the University, 
Manchester, 13, from whom further particulars 
and forms of application may be obtamed Over- 
seas applicants should send letters of application 
in the first instance, giving full detarls of qualifi- 
cations and experience, and should submut the 
names of at least three persons to whom refer- 
ence may be made 





1 FSSU benefits 


'" NATURE 


WESTERN REGIONAL 
HOSPITAL BOARD 


REGIONAL PHYSICS 
DEPARTMENT 


Physicists with good academic qualifica- 
trons and an interest in the application of 
scientific ideas to medical research are m- 
vited to apply for a number of interesting 
appointments in the Regional Physics De- 
partment, Glasgow 


PRINCIPAL PHYSICIST for duties con- 

cemed with the control of hazards from 

X-rays and radioactive substances Appli- 

cants should have several years’ expenence 

in work associated with ionizing radiations 
Salary, £1,925 to £2,520 


SENIOR PHYSICISTS Applicants should 
have several years’ experience in one or 
more of the following fields 


(a) measurement and control of 1omzing 
radiations 

(b) radio-isotope applications 

(c) electronic computing 

(d) design of scientific wstruments 

(e) X-ray engineering 

Salary, £1,520 to £1,880 


The followig posts are open also to 
applicants who expect to graduate this year 


PHYSICIST The successful candidate will, 
if without previous experience m the hos- 
pital service, receive training im several sec- 
tions of the department's work, including 
isotope studies, electronics, radiotherapeutic 


physics and electromic computing, and will 
then be attached to a group providing 
scientific assistance in a large radtotherapy 
department 


PHYSICIST for duties at Killearn. Hospital, 
which is situated in pleasant countryside 
about 15 mules from Glasgow, and in the 
Regional Physics Department The work 1s 
concerned with specialized electronic and 
isotope techniques used im neurosurgery and 
Offers considerable scope to an enterprising 
physicist with some experience in research 
Or scientific instrument development Single 
Teardentral accommodation may be avail- 
able 

Commencing salary for these two ap- 
pomtments wil] be up to £1,050, according 
to qualifications and expertence 


RESEARCH ASSISTANT for dutes in a 
project to help thalidomide babies Appli- 
cants should be graduates in physics or 
electrical engineermg and should preferably 
have some experience in the design of 
scientific apparatus 

Commenc:ng salary up to £1,050, accord- 
ing to qualifications and experience 


RESEARCH. ASSISTANT for work on the 
physical nature and properties of bronchial 
secretions This work calls for a sound 
knowledge of classical physics, with a 
keen interest in expenmental work A 
suitably-qualified candidate will be en- 
couraged to read for a higher degree 
Initial salary up to £750, accordmg to 
qualfications and expenence 


Applications should be seat before Aprl 
10, 1964, to the Regional Physicist, 9-13 
West Graham Street, Glasgow, C4, from 
whom further information may be obtarned 





SEISMOLOGIST 


A Gassiot Research Fellowship 15 
available in the Meteorological Office, 
for a seismologist Salary scale £2,144 
by four annual increments to £2,479 
Normally tenable 


for seven years 


Details from 
'The Secretary, 
Meteorological Office, 
London Road, 
BRACKNELL, 
Berks 





t 


March 14, 1964 





BOROUGH POLYTECHNIC 


BOROUGH ROAD, LONDON, SEi 
Principal James E Garside, M Sc Tech, PhD, 
FRIC, FIM, FInst F 


Ansıng from the contmued very rapid growth 
of the advanced work of the Polytechnic, the 
Governors invite applications for the following 
appointments to the academic staff 


DEPARTMENT OF MATHEMATICS 
Head of Department E A Baggott, MSc, 
PhD, ARCS, DIC 

Semor Lecturer ın Mathematics Applicants 
Should be University graduates ın Mathematics, 
a higher degree is desirable, and have had ade- 
quate teaching and/or research experience It 
13 essential that candidates should have a special- 
ized knowledge of at least one of the following 
branches of mathematics, eg, Statistics, Opera- 
tional Research Techniques, the Mathematics of 
Control Systems, or Hydrodynamics The suc- 
cessful candidate will be required, in addition to 
normal teaching duties, to develop new courses in 
his specialist subject, and to initiate, conduct and 
supervise research for which there are excellent 
facilities 


DEPARTMENT OF PHYSICS 
Head of Department A J L Colhnson, BSc, 
AMIEE, F Inst P 

Principal Lecturer in Physics Apphicants should 
be of high academic standing and have had sub- 
stantial experience in industry and/or research, 
and m a semor teaching establishment In addi- 
tion to teaching duties appropriate for a Principal 
Lecturer, the successful candidate will be expected 
to assist the Head of Department 1n the organiza- 
tion of undergraduate and postgraduate courses, 
particularly in regard to larson with industry 
The candidate appointed will also be expected to 
play a significant part in the research work of the 
Department s 


DIVISION OF FOOD SCIENCE AND 


TECHNOLOGY 
Head of Division D B Smith, BSc, PhD 
ARIC 


Lecturer in Food Science Applicants should 
be University graduates in. Chemistry or Biochem- 
istry, a higher degree would be a strong recom- 
mendation Research and/or teaching experience 
m Food Science would be an added qualification 
The successful candidate will be required to teach 
chem:cal and biochemical aspects of food science 
and the scientific principles of food processing to 
students taking the four-year Associateship course 
in Food Science, Higher National Certificate and 
similar courses Research work 1s encouraged 
and both tme and facilities will be made avail- 
able ın appropnate cases 

Salary scales Principal Lecturer, £2,115 per 
annum, by annual increments of £65 to a maxi- 
mum of £2,310 per annum, plus London Allow- 
ance of £45 or £60 according to age Semor 
Lecturer, £1,895 per annum by annual increments 
of £55 to a maximum of £2,115 per annum, plus 
London Allowance of £45 or £60 according to 
age Lecturer, £1,670 per annum by annual in- 
crements of £45 to a maximum of £1,895 per 
annum, plus London allowance of £45 or £60 
according to age 

The candidates appointed to any of the above 
posts may be offered a salary above the minimum 
of the scale where they have had expenence with 
work of a comparable standard 

Further particulars and application forms, which 
Should be returned as soon as possible, obtain- 
able from the undersigned 

FREDK J PACKER, 
Clerk to the Governing Body 





MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 


GRADUATE STUDIES IN GEOPHYSICS 


Applications are invited for admission to a 
geophysical programme leading to the MSc 
degree in physics — University Teaching Assis- 
tantships and Research Assistantships valued up 
to $3,000 per annum are available to successful 
applicants Overseas students are eligible for 
travel expenses up to $200 

For full details including geophysics research, 
financial assistance and fees write to Head, De- 
partment of Physics, Memoral University of 
Newfoundland, St John’s, Newfoundland, 
Canada 


UNIVERSITY OF TORONTO 
DEPARTMENT OF CHEMISTRY 


A post-doctoral Fellowship 1s available for re- 
search on chemical reactions, 10mization processes 
or energy transfer m shock waves and detona- 
tions 10 gases Tax-free stipend not less than 
$4,000 for unmarried Fellows or $5,000 for mar- 
ried Fellows plus assıstance towards the cost of 
trave 

Applications should be sent to Professor J E 
Dove, Department of Chemistry, University of 
Toronto, Toronto 5, Ontario, Canada 
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THE MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 


(Faculty of Technology in the University of 
Manchester) 

Applcatons are invited for the following posts 
in the Department of Chemical Engineering 

Semor Lecturer The continuing expansion of 
the Department has created this additional post 
The successful apphcant will be responsible for 
teaching and research in the engineering design 
section of the department's work Applicants 
should be qualified in chemical or mechanical 
engineering, have had recent and extensive experi- 
ence in plant design and installation, and if 
possible some experence in teaching Excellent 
facihues for research exist within the department 

Lecturer and Assistant Lecturer required for 
general duties within the department Experience 
or an interest in the fields of process develop- 
ment and design would be an especial recommen- 
dation Applicants should be qualified chemical 
engineers 1f possible, with some relevant industrial 
or academic experience 

Salary scales Senior Lecturer, £2,175 by £85 
to £2,600 Lecturer, £1,250 by £60 to £1,670 by 
£80 to £2,150 (merit barline at £1,830) — Assistant 
Lecturer, £1,000 by £50 to £1,150 Superannua- 
uon under the FSSU Family allowances 

Conditions of appointment and forms of appli- 
cation may be obtamed from the Registrar of 
the College, Sackville Street, Manchester, 1, to 
whom completed application forms must be re- 
turned by Saturday, April 11 1964 


NJALA UNIVERSITY COLLEGE 
NJALA, SIERRA LEONE 


Applications are myrted for the following aca- 
demic posts on the Faculty of Science of this 
new institution which will promote research and 
carry on both honours and pass degree level 
work in four-year courses in Education, Agricul- 
ture and Home Economics Certificate level m- 
struction will also be provided 1n two-year courses 
in Ágnculture, Home Economics and Trade and 
Industry 

1 Lecturer in Botany 

2 Lecturer in Chemistry 

3 Lecturer in Mathematics 

4 Lecturer in. Zoology 

These staff members will be initially involved in 
building up the departments of the Faculty With 
this aim in view candidates with some experience 
will receive preference, other factors being equal 
Salary scale £1,200 by £75 to £1,950 per annum 
entry point according to qualifications and experi- 
ence Gratuity of 15 per cent of salary payable 
m lieu of pension Family allowance £100 per 
annum per child (maximum £300), car allowance 
£150 per annum, outfit allowance £60 Paid pas- 
sages on appointment, on biennial leave and 
normal termination Car purchase loans negoti- 
ated — Part-furnsshed accommodation at reason- 
able rent 

Detailed applications (six copies), naming tnree 
referees, by April 30, 1964, to Secretary, Inter- 
University Councu for Higher Education Over- 
seas, 33 Bedford Place, London, WC1, from 
whom further particulars may be obta:ned 


SIR JOHN CASS COLLEGE 
JEWRY STREET, LONDON, EC 3 
DEPARTMENT OF MATHEMATICS 


The Governors invite applications for the ap- 
pomtument of l Lecturer in Mathematics 
2 Assistant Lecturer, Grade B, in Mathematics 
Applicants should have a good honours degree 
The salary wil be on the scale for Lecturer, 
£1,670 by £45 to £1,895, for Assistant Lecturer 
Grade B, £1,050 by £30 to £1,670 Both posts 
carry a London allowance of £45 or £60 

Details and form of application may be ob- 
tained from the Secretary 
————————— 

THE ELECTRICITY COUNCIL INVITE 
applications from suitably quahfied persons for 
the post of Librarian in the Intelligence Section 
The Librarian will be responsible to the Head 
of the Section for the day-to-day running of the 
Library, which 1s at present on a small scale 
mainly concerned with the administrative and 
commercial aspects of electricity supply The 
work will involve reorganizing the existing servicc 
and expanding it ın particular im the fields of 
economic and market research, electricity tariffs, 
new applications of electricity and similar ques- 
uons, in close co-operation with the specialist 
departments concerned Applicants should des:r- 
ably have a librananship qualification. and have 
had suitable professional experience as a special 
Librarian m industry A University degree pre- 
ferably mn economics, or equivalent qualification, 
would be an advantage The salary will be with- 
in the scale £1,400 to £1,795 per annum inclusive 
Applications, stating age, present position, salary 
qualifications and experience should be forwarded 
to the Assistant Secretary (Establishments) the 
Electricity Council 30 Millbank, London, S W 1 
by April 30, 1964 Quote Ref N/316 
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y Research Association 


Applications are invited for a  post- 
doctoral Fellowship for research on certam 
physico-chemical and biochemical properties 
of wheat proteins The Fellowship, under 
the auspices of the Agricultural Research 
Councu, will be for one year in the first 
instance, and may be renewed for a further 
two years 

Initial salary will be £1,000 to £1,200 
accordmg io age, qualifications and experi- 
ence FSSU 


Send details of age, qualificauons and ex- 
perience and the names of two referees to 
the Secretary, Baking Research Station, 
Chorleywood, Rickmansworth, Herts 





SOIL SURVEYORS 


MALAYSIA 


Required to act as two-man teams con- 
sisting of a Semor Sotl Surveyor and a 
Soil Surveyor for a reconnaissance soil sur- 
vey largely in jungle country 


Candidates should possess a degree in 
agricultural chemistry, chemistry, or agri- 
culture with soil science The semor men 
should have about 10 years field experi- 
ence Age limits for senior posts 30 to 40 
and for junior posts 30 


Appointment on contract for two to 
three years 


Salary Senior posts, £1,500 to £2,250 
a year (subject to British income tax), plus 
a tax-free foreign service allowance of £445 
to £485 (single), £830 to £900 (married un- 
accompamed), or £1,330 to £1,440 (married 
accompamed) a year 

Junior posts, £1,100 to £1,500 a year (sub- 
Ject to British tücome tax), plus a tax-free 
foreign service allowance of either £430 to 
£445 (single), £795 to £830 (marned un- 
accompanied), or £1,275 to £1,330 (married 
unaccompanied) a year 

Education allowances, free passages, fur- 
mished accommodation usually available 

Applicants should be nationals of the 
United Kingdom or the Republic of Ire- 
land and should send their full name and 
brief particulars of their qualifications and 
eaperience, quoting RC 213/106/01, to 

ROOM 301, 
DEPARTMENT OF TECHNICAL 
CO-OPERATION, 
ELAND HOUSE, 

STAG PLACE, 
LONDON, S WI 





ANALYST 


A vacancy exists for a Senior Technician 
to carry out laboratory service work for a 
team engaged on research in the fields of 
poultry nutrition and product development 
Applicants should be fully conversant with 
the technique of feeding stuffs analysis and 
should be able to draw up specifications 
for raw materials A knowledge of micro- 
scopy would be an advantage 


The person appointed will probably be 
between 25 and 30 years of age and should 
be educated to HNC levels 


The starting salary for this positron will 
depend on qualifications and experience 
the prospects are good for a person who 
can pursue objectives with knowledge and 
enthusiasm Write, giving an outline of 
career to date, to 


Cherry Valley Farms, Linuted, 


Rothwell, 
Lincoln 
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NEW ZEALAND 
AGRICULTURAL DEPARTMENT 


Applications are invited for the under- 
mentioned vacancy 

Vacancy  B13/2/29/519 Scientific Officer, 
Ruakura Agriculture Research Centre Salary 
Un to £1,475 a year depending on qualifications 
and experience Qualifications desired <A degree 
in Science, Veterinary Science, or Agriculture with 
Postgraduate research qualifications A doctorate 
1S desirable but not essential Duties The ap- 
Pointee would be engaged on pig research work 
The piggery at Ruakura is the only research 
piggery within the New Zealand Department of 
Agriculture and covers a wide range of research 
topics The present programme 1s concentrated 
on various aspects of carcass quality improvement 
under local conditions of liquid. dairy by-product 
feeding The appointee would be encouraged to 
develop his own programme Housing Housing 
IS available at the Centre from time to time and 
the appointee would be eligible for consideration 
for housing accommodation Passages Fares for 
appointee and his wife and family, i£ marmed, 
wil be paid Incidental expenses Up to £35 for 
a single man and £100 for a married man can be 
claimed to cover the cost of taking personal 
effects to New Zealand 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S Wt, with whom applications will close 
on April 14, 1964 Please quote reference B13/ 
2/29/519 when inquiring 


MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 


FIELD OFFICERS 


25 PENSIONABLE posts for men or women 
at least 21 with good background knowledge of 
agriculture, including experience of farm and 
country hfe, and (normaily) GCE in at least 
five subjects, including two at “A” level, or 
Diploma in Agriculture, or equivalent Car 
driving necessary 


DUTIES include inspecting farms to check ap- 
plications for grants and subsidies, advising 
farmers about pest destruction and farm safety 
and ensuring compliance with safety regulations 


SALARY (national rate) £641 to £1,053 Pro- 
motion to Grade II (national scale £780 to £1,236) 
after completion of traimng 


WRITE (preferably by postcard) to Civil Ser- 
vice Commission, Savile Row, London, W 1, for 
application form quoting 5828/64 Closing date 
April 6, 1964 (18) 


CENTRAL ELECTRICITY 


GENERATING BOARD 
SOUTH-EASTERN REGION 


REGIONAL ‘RESEARCH AND 
DEVELOPMENT DEPARTMENT 


ASSISTANT CHEMIST 


Applications are invited for an appointment as 
a Phystcal Chemist in the Research and Develop 
ment Department located at Cockfosters, Barnet, 
Hertfordshire The Regional Research and De- 
velopment Officer ıs looking for a young, self- 
rehant, Physical Chemist, to carry out research 
m  electro-chemistry, metallic corrosion and 
chemical instrumentation He will possess an 
honours degree and preferably will have been 
engaged in research for a few years since graduat- 
ing The appointment will involve frequent dis- 
cussions with other scientists and visits to generat- 
ing Stations and other research laboratories The 
salary for this appointment will be within the 
range £965 to £1,610/£1,725 per annum, or for 
an exceptional candidate £1,550 to £1,970/£2,105 
per annum 

Applications on standard forms obtainable from 
the Regional Personnel Officer, Ergon House 
Horseferry Road, London, SW 1, should be 
completed and returned to arrive not later than 
March 23, 1964 Please quote vacancy number 
SE3N/64 


COLLEGE OF ADVANCED 


TECHNOLOGY, BIRMINGHAM 
RESEARCH ASSISTANT IN DEPARTMENT 
OF MATHEMATICS 
Applications are invited. for the post of Re- 
search Assistant to work on an industrial problem 
involving the optimisation of functions of several 
vanables An Elliott 803 15 available, and it may 
be possible to arrange access to a much larger 
and faster machine, should this prove necessary 
Candidates should have a degree or equivalent 

Persons graduating m the Summer may apply 
Salary scale £680 to £740 per annum 
Further particulars and forms of applications 

from the Staff Officer, College of Advanced Tech- 
nology, Gosta Green, Birmingham 4, to whom 
applications should be forwarded within fourteen 

days of this advertisement Please quote 355/6 
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GOVERNMENT OF KENYA 


Biochemist required for general routine work in 
well equipped Medical Research Laboratory, 
Narrobi, in connection with 1,000-bed hospital 
and as a reference Laboratory for Kenya Candi- 
dates must possess an honours degree in chem- 
istry and have at least two years’ postgraduate 
experience in medical biochemistry They should 
also be nationals of and permanently resident tn 
the United Kingdom or the Republic of Ireland 
Appointment on contract for one or two tours 
of 24 months each Salary within the scale 
£1,266 to £2,448 a year according to qualifications 
and experience Gratuity (taxable) of 25 per cent 
of total emoluments on satisfactory completion 
of service Candidates in NHS Superannuation 
would have existing mghts frozen Candidates 
may remain in contmnuous NHS superannuation 
by pavment of contributions during service over- 
seas but rate of gratuity would be 20 per cent 
of total emoluments Free return passages for 
officer and family up to cost of three adult fares 
Taxation at local rates Local leave permissible 
Generous home leave on satisfactory completion 
of contract Education facilities for children 
Government quarters at low rental if available, 
otherwise an allowance equal to the difference 
between rent actually paid and the rental for 
approprite government quarters, subject to cer- 
tam Inmits 

Application forms from Room 404, Department 
of Technical Co-operation, Eland House, Stag 
Place, Victoria, London, S'W 1 (Please state 
ful name and quote RC 205/80/015) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF TRANSPORTATION 


Applicauoms are invited. for appointment to a 
Research Fellowship from graduates with relevant 
qualifications and postgraduate experience, pre- 
ferably ın control systems or data processing, to 
work on a common research project in the De- 
partments of Transportation and Electronic and 
Electrical Engineering on problems arising m the 
field of traffic control The salary offered will be 
ip the range £1,000 to £1,100 per annum together 
with FSS U_ and family allowances and will be 
fixed according to qualifications and experience 
Applicants without adequate postgraduate experi- 
ee mught be considered for a research student- 
ship 

Applications (two copies), naming two referees, 
should be sent to the Assistant Registrar 
(Science), The Unversity, Birmingham, 15, by 
March 31, 1964 


KING’S COLLEGE HOSPITAL AND 


MEDICAL SCHOOL 
DENMARK HILL, LONDON, SE5 

DEPARTMENT OF MEDICAL PHYSICS 

Apphcauons are invited from physicists with 
wide experience m the medical field for the post 
of Princtpal Physicist which has unexpectedly 
fallen vacant The work of the Department in- 
cludes the application. of physics not only to 
radiotherapy, radiation protection and radioiso- 
topes, but also to physical medicine, neurology, 
cardiology and respiratory physiology Further 
expansion is taking place, and patient monitoring 
wil be included In addition there ıs scope for 
research :n collaboranon with many departments 
of the hospital and medical school, as well as 
1ndependently The successful applicant will 
deputize for the Director of the Department, and 
arrangements may be made for ium to have par- 
ticular responsibilities in those fields of the De- 
partment’s work which most interest him The 
salary will be on the scale £1,980 to £2,575 Qn- 
cluding London Weighting) 

Applications should include the names and 
addresses of three persons to whom reference may 
be made, and should reach the House Governor 
by March 30, 1964 


VICTORIA UNIVERSITY OF 


WELLINGTON 
NEW ZEALAND 
SENIOR LECTURER IN GEOGRAPHY 


Applications are invited. for the above- 
mentioned appointment Candidates should have 
special qualificauons im some branch of physical 
geography Field experience in either the humid 
or the arid tropics would be an advantage An 
opportunity will be given for the appointee to 
undertake research The salary will be £1,750 per 
annum, fising to £2,000 per annum, inital salary 
being determined according to qualifications and 
experience Approved fares to Wellington will 
be allowed for the apporntee, his wife and his de- 
pendent children ; in addition, actual removal ex- 
penses will be allowed within specified limits 

Further particulars and information as to the 
method of application should be obtained from 
the Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall 
Mall, London, S W1 Apphcauons close, in New 
Zealand and London, on Apri! 10, 1964 
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NATURE 


CITY OF LEICESTER 
COLLEGE OF TECHNOLOGY 


Require 


SENIOR LECTURER 


IN PHARMACOLOGY 


To teach BPharm Honours standard 


and participate in research Applicants 
should be Honours graduates, preferably 
with research degree or experience 


SALARY £1,895 to £2,115 per annum 


Apply to Registrar for further details and 
application form 





LIBRARIAN 


required by the 


BRITISH COAL UTILIZATION 
RESEARCH ASSOCIATION 


to take charge of medium-sized research 


library (staff of three) Duties include 
cataloguing, classification and general 
library organization, hterature searches, 


bibliography preparation, etc ALA with 
science degree or equivalent , experience in 
a scientific library essential 

Starung salary according to qualifications 
and experience, in the scale £730 by £35 
to £1,290, five-day week Pension fund and 
life assurance scheme 

Apply in writme to the Assistant Secre- 
tary, Ref L29, British Coal Utilization Re- 
search Association, Randalls Road, Leather- 
ea 





CITY of BELFAST 
COLLEGE of TECHNOLOGY 


Principal D H Alexander, OBE, FCGI, 
MSc, WhSch, M I Mech E 


APPLICATIONS are invited for the followmg 
positions in the College of Technology, Belfast 


DEPARTMENT of CHEMISTRY 


SENIOR LECTURER m ORGANIC 
CHEMISTRY 
Applicants should hold an Honours Degree 
Salary £1,895 to £2,115 


DEPARTMENT of PHARMACY 


SENIOR LECTURER ın PHARMACY 
Applicants should hold an Honours Degree 
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Further particulars and form of application 
may be obtamed from the Pnncipal, College of 
Technology, Belfast 1, with whom applications 
ane be lodged not later than Monday, April 6, 
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Director of Education 





UNIVERSITY OF DURHAM 


Applications are invited for the post of Lec- 
turer in Education in the Institute of Education 
from October 1, 1964 Candidates should be 
suitably qualified with an interest in the teaching 
of Mathemaucs and/or Science, throughout the 
school range 

Apphcations (eight copies), together with the 
names of three referees, should be sent not Jater 
than March 24, 1964, to the Registrar and Sec- 
retary, Old Shire Hall, Durham, from whom 
further particulars may be obtained 





RESEARCH ASSISTANT REQUIRED 
shortly for various types of biological research, 
mainly biochemical in character, together with 
some preparation of material for advanced 
classes Principal qualifications are competence 
in quantitative chemical analysis and interest in 
ammal ‘physiology May suit holder of a general 
degree in subjects including chemistry but this 
is not essential —Apply i own handwriting, 
stating age, education, qualifications, and expen- 
ence, to Administrator, University Laboratory of 
Physiology, Oxford 
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THE UNIVERSITY OF NEW SOUTH WALES 
SYDNEY 

Invites applications from scientists. or engineers 

for appomtment to the posiuon of 


SENIOR PROJECT SCIENTIST/PROJECT 
SCIENTIST 
INSTITUTE OF HIGHWAY AND TRAFFIC 
RESEARCH 


Salary — Sentor Project Scientist, Grade I, 
£A2,755 range £42,955 per annum, Grade JI, 
£A3,055 range £A3,255 per annum, Project 
Scientist, Grade I, £A1,905 range £A2,205 per 
annum, Grade II, £A2,305 range £A2,605 per 
annum Commencing salary according to qual- 
fications and experience 

Applicants must hold an honours degree in 
engineering or science or equivalent qualifications 
and have had research expenence For appoint- 
ment as Senior Project Scienust a higher degree 
ts essential The position is primarily for re- 
search into the propertics and uses of bitumens 
alhed substances, and bitumen-aggregate combin- 
ations, and experience in chemical and physical 
testing and research in this field 1s therefore 
essential Experience in the field use of bitumen 
and bituminous mixture would be advantageous 

The successful applicant will be eligible subject 
to satsfactory medical examination, to contribute 
to the New South Wales State Superannuauon 
Scheme 

Four „omes of applications and names of two 
teferees, should be lodged before May 18, 1964, 
with the Agent-General for New South Wales, 56- 
57 Strand, London, W C 2 (please quote 44/251), 
and a copy, together with a recent photograph 
Should be forwarded, by air mail, to the Appoint- 
meatments Section, The University of New South 
Wales, Box 1, Post Office, Kensington, New 
South Wales 
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AUSTRALIAN INSTITUTE OF 
ABORIGINAL STUDIES 


APPOINTMENT OF PRINCIPAL 


Applications are invited for the position of 
Principal of the Australian Institute of Aboriginal 
Studies which 1s now functioning in Canberra 
under the control of an Interim Council The 
Institute 1s intended primarily to sponsor, through 
relevant university departments and museums, a 
wide range of scholarly rescarch on the indigen- 
ous society, culture, habitat and mental and 
physical characteristics of the Austrahan Abor- 
ignes — It is intended that the Institute will have 
associated with it about 100 members from all 
parts of Australia, and will be governed by a 
Council with à small Executive. Committee For 
the position of Principal the Interim Council 2s 
seeking a scholar eminent in some discipline rele- 
vant to Abonginal studies The position will 
carry a salary in the range £A4,000 to £A5,000 
per annum according to qualifications and experi- 
ence Provision will be made for removal, travel 
and expenses when on official duty, suitable 
arrangements wil be made for superannuation 
and study leave 

Information ıs avaable from the Executive 
Member, Australian Institute of Aboriginal 
Studies, Box 553, City PO, Canberra, ACT 
Applications, supported by the names of~‘three 
referees, should be received by the Executive 
Member by Apnl 30, 1964 





TOBACCO RESEARCH COUNCIL 


ASSISTANT DIRECTOR 

Applications are invited. for the post of Assıst- 
ant Director of the Tobacco Research Council, 
London The object of the Tobacco Research 
CouncH 18 to assist research into smoking and 
health The research projects are carned out 
enher at the Council’s laboratories at Harrogate 
or by outside research workers The Assistant 
Director’s duties will be primanly administrative 
and include liaison with the research workers 
concerned Applicants should be qualified scien- 
usts, preferably biochemists or biologists, aged 35 
to 45, with administrative experience Starting 
salary according to experience and qualifications 
but not less than £3,500 Pension arranged with 
FSSN 

Letters of application, giving detas of age 
qualifications, experience and other relevant par- 
ticulars, should be addressed under * Personal ' 
cover to the Secretary, Tobacco Research Council 
6-10 Bruton Street, London, W 1 





ENTERIC REFERENCE LABORATORY 
Technician wanted to assist in MR C supported 
research project, mainly concerned with bacterial 
polysaccharides Experience in chromatographic 
techniques an advantage NHS scales of pay 
according to qualifications and experience Junior 
graduates would alsa be considered —Appltca- 
tions from U K residents only to The Director, 
Central Public Health Laboratory, Colindale 
Avenue, London, N W 9 
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APPLICATION OF SCIENCE TO SOCIAL AND ECONOMIC DEVELOPMENT 


LMOST simultaneously with Dr S Dedijer's article 
on ''"Underdeveloped Science m Underdeveloped 
Countries" m the Autumn 1963 issue of Minerva (see 
Nature, 201, 327; 1964), Impact of Scrence on Socrety 
devotes a whole issue to the application of science to 
social and economic development (13, No 3; 1963) 
Although one of the articles, by Prof J Malecki, Some 
Problems Concernmg Orgamization of Scientific Research 
in the Developmg Countries", essentially deseribes Polish 
experience m buildmg up an organization for scientific 
research smece the Second World War, virtually the whole 
issue 18 concerned with science m the underdeveloped 
countries Prof M S Thacker, m a short mtroductory 
paper, reiterates much that Dr Dedijer urged in his paper 
in Minerva and suggests that the United Nations Develop- 
ment Decade could simultaneously be a Dedication 
Decade. Prof Malecki’s paper is followed by one by 
Prof C Chagas on the trammeg of scientists and tech- 
nicians m Latin America, Dr F T Sai discusses the 
health and nutrition problems of the less-developed areas, 
and finally Mr. G de Hemptimne reviews the science 
policy of States ın course of independent development 
It may be recalled that Dr. Dedijer observed that, at 
the conference in Geneva last February on ‘“The Apph- 
cation of Science and Technology for the Benefit of the 
Less Developed Areas", msufficient emphasis was laid on 
the fact that neglect of a planned and vigorous develop- 
ment of indigenous research m the physical life and social 
Sciences endangers the whole process of development 
To some extent the balance ıs redressed in the account 
of the conference that 1s now bemg published Although 
only one of the eight volumes deals with science and 
planning (Nature, 201, 766, 1964), m the mtroductory 
volume, which expands the summary report of the 
Director-General of the Umted Nations, the critical 
importance of policy ıs duly emphasized and even the 
space given to this factor 1s not out of keeping with its 
importance The numerous warnings given at the con- 
ference are well brought together and this volume alone 
supphes ample support for Dr Dediyer’s argument 
Writing in 1957 im International Affaws on ‘Science as 
a Factor m International Affairs’, Dr. B K. Blount 
asserted that the hmitmg factor to a country's scientific 
progress 18 the rate at which ıt can produce outstanding 
scientific mmds. Such scientists occur at random m the 
world’s population, so that the number m any country 
is proportional to its population There in essence 18 one 
of the main goals of scientific policy and of educational 
poley No country on that premise can afford to have 
an educational system which does not provide sufficient 
opportunities to ensure that such ability finds its place m. 
higher education, or, havimg tramed such minds, does not 
also ensure that they have the resources, equipment and 
opportunity for full development As Prof Thacker 
observes, each country has to work out certam strategies 
for scientific development based on general principles 
which are clearly understood by Governments and leaders 
Ths 18 a national task and in this sense there :s no sub- 
stitute for national science and technology, financial aid 


and technical assistance are mtended to help the less- 
developed areas to acquire the requisite skills and abilities 
to solve these problems for themselves, and the real 
impact of science on national development 1s noticeable 
only when the national scientific and technological 
potential reaches a certam critical stage 

There ıs a refreshing realism and sanity about the 
papers contributed to Impact and no attempt ıs made to 
suggest that there are ready-made solutions or, mdeed, 
that the lesser-developed countries can escape the ultimate 
responsibility for finding their own solutions If national- 
ism or any other factor 1s allowed to obstruct the develop- 
ment of realistic scientific policies, the more advanced 
nations can do little to help Moreover, as Prof Malecki 
notes, the conference at Geneva m February 1963 demon- 
strated that transfer of experience concerning the organ- 
ization of scientific research from one country to another 
must be treated with the utmost caution, systematic 
generalizations not based on a knowledge of local con- 
ditions are likely to lead to serious mistakes and mis- 
understandings 

This 1s well illustrated m Prof Chagas's account of the 
trammg of scientists and technicians m Latm America, 
where even ilhteracy has stil to be ehmunated, and, apart 
from deficiencies m primary and secondary education, a 
fresh look 1s required at the cost of equipment in teaching 
science Even more important, however, a change 1s 
needed both in the philosophy and zn the structure of the 
universities so as to provide the flexibility necessary to 
cope with the mter-disciplmary character of modèrn 
science Such changes would also bring the students mto 
closer touch with modern research and the whole criticism 
of the existing situation in Prof Chagas's article mdicates 
the soundness of the policy which the Rockefeller Founda- 
tion is now pursumg m its grants to universities m the 
developmg countries (Nature, 200, 97, 1963). 

That such constructive criticism should come from 
mside ıs as welcome as 1t 13 encouragmg Further, while 
Prof Chagas accepts that for the present Latin America 
must send some of sts scientists, and perhaps an increasing 
number, abroad for tramung, he beheves that no such 
tramee should be sent abroad without having received 
the best possible trammg m his or her own country, and 
also that the mstitution sending the tramee must ensure 
that appropnate and adequate working conditions are 
available for the tramee on return International co- 
operation 1s mmportant and essential 1f an adequate supply 
of scientists and technologists 1s to be achieved. How- 
ever, only the internal pohey of the Government can 
ensure that sufficient men and women come forward for 
trammg and that, when trained, they are used effectively 
for the development and welfare of their country 

There are some sober warnings m Dr Ses discussion 
of health and nutrition problems, especially m Afneca 
south of the Sahara generally and West Africa m par- 
ticular. The very fragmentation of territory mto small 
countries, which has been a consequence of mdependence, 
has created new obstacles m the shape of political boun- 
dares, where co-operation 1s allamportant m tackling 
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common diseases Often financial and other resources 
have diminished and Governments may have hitle under- 
standing of what 1s mvolved ın the control and eradication 
of diseases like malaria Apart from the needs of research, 
in which the new universities must play their part and 
which many developmg countries tend to overlook, there 
is need of more surveys in nutrition as well as an acute 
problem of training personnel The vital mportance of 
overseas research 1s unmistakable from this paper, as 18 
the responsibility of Britain for maimtammg assistance 
there at a high, and ever-imcreasing level until the emerging 
countries are able to organize their own resources. 

Health and nutrition problems, however, are closely 
Inked with social problems and policy, and are not to be 
solved by health agencies alone They are dependent on 
adequate supphes of water, sewerage and on transport as 
well as food production, processmg and marketing, and 
Dr Dedyer's argument for mtegral national poheies for 
science could not be better illustrated Here Mr G de 
Hemptinne’s article on the science policy of States m the 
course of independent development links the discussion 
with the science poliev programme of the United Nations 
Educational, Scientific and Cultural Organization 

He, too, begins with the axiom that each country must 
frame its own science policy without trying to enforce 
ready-made schemes from abroad. While he lists seven 
mterdependent functions which countries with long 
scientific traditions have at their disposal through a 
complex structure of organizations and institutions, this 
1s intended to demonstrate that scientific policy 1s the art 
of organizing and integrating this network to the greatest 
benefit of the nation as a whole Such a structure is at 
best fragmentary and sometimes non-existent in the 
newly mdependent countries, which have accordingly to 
set up mechanisms for planning their own national 
science policy without waiting for a fully fledged opera- 
tional network of research to be functionmg efficiently 
In this difficult task he beheves that technical assistance 
can make an important contribution 

The developmg countries, he suggests, have an option 
of three types of organizations for plannmg a scrence 
pohey, accordmg to whether ther sphere of competence 
extends to (a) the natural (mcludmg the applied) 
sciences, (b) the natural and the social sciences, (c) all 
branches of learnmg The choice will depend, above all, 
on political, linguistic and religious homogeneity, and the 
greater this homogeneity the greater the advantage of a 
mechanism competent to cover all branches of learnmg 
Then there ıs the problem of determinmg the level of 
Government to which the national council responsible for 
such plannmg should be assigned, and here care must be 
taken to avoid making the council responsible for control- 
Ing any element of the operational network of seentafic 
and technical research. 

In the remaining part of his paper, Mr de Hempimne 
analyses the various features of mstitutions which make 
up a nation’s scientific structure and contribute to its 
scientific potential, and the problems of finanemg smentific 
and technical research, before finally considermg the 
objectives of scientific pohey and the options which a 
country with lmuited resources may need to exercise 
The Department of Natural Sciences of the United 
Nations Educational, Scientific and Cultural Organization 
has already undertaken pilot mvestigations on science 
pohey and the organization of research m certam Member 
States according to the criteria of origmality, methods 
used, range of experience achieved, population and 
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economic development, and with due regard to geo- 
graphical distribution These mvestigations will be 
extended progressively to other countries, and the experi- 
ence and information so far gained m this field have 
aleady enabled the Organization to assist Member States 
in setting up an operational network of scientific research 
and frammg a national science polhey This issue of 
Impact can scarcely fail m assisting that effort and the task 
of education at the highest Government-level to which 
Dr Dedyer more particularly addressed himself 
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IMMUNOELECTROPHORESIS 


The Agar Prectpitation Technique and Its Application 
as a Diagnostic and Analytical Method 

By Dr F Peetoom Pp vit114 (Edmburgh and London 

Ohver and Boyd, Ltd, 1963) 358 


HE gel-diffusion precipitm techniques, which are 
now ten years old, have contributed greatly to our 

knowledge of plasma protems and, in this and other 
complex protem mixtures, this contribution is not yet 
fully reahzed Possible uses range over so many diverse 
disciphnes that there is still a need for an accessible 
account of the theory, technique and applications of the 
various methods, which can be used m the laboratory, 
since Ouchterlony’s masterly review is available only in 
the large and expensive Progress in Allergy (Basle Karger, 
1962) From the title of Dr Peetoom’s book one had hoped 
that ıt would fill this need, but unfortunately, for many 
reasons both of omission and commission, 1b does not 

The treatment of the experimental and theoretical basis 
for the development of precipitin Imes is extremely 
cursory, with no references to the several critical accounts 
in the literature Though the title clams to cover the 
whole range of gel-diffusion techniques, practical details 
and appheations are described only for mmunoelectro- 
phoresis and, very briefly, for the double-diffusion method, 
The account of antiserum production gives httle real help 
to the new-comer, and there is no guidance on methods 
of absorption to produce the specific antisera required for 
more precise and quantitative work Indeed, there 1s no 
mention of the many quantitative methods now available, 
and no consideration of the quantitative limitations of the 
methods which are described, a fact which makes non- 
sense of the followmg remarkable series of assertions 
(p. 47) "the B;-M lmes 1s only found m Just over half the 
number of normal sera examined", (p 50) “B,-M globuhn 
18 absent from the serum of the new-born” (p. 51) *8.-M 
globuhn, too, may be partly or wholly absent" from the 
serum of patients with “agammaglobulmemia”’ 

Nomenclature 1s not discussed critically, and the style 
18 diffuse and difficult to read A translation which makes 
no better attempt at English style than ''After the eleven 
each lasting one mmute meubations the serum hardly 
contamed ..”, ete (p 88). the strange punctuation, and 
the various misprints should not have appeared from a 
British publshmg house ‘The figures are reasonably 
clear, though a comprehensively labelled large-scale pıc- 
ture of mmunoelectrophoresis of normal human serum 
1s, surprisingly, omitted 

There 1s little discussion of the relation of the concen- 
tration of the serum proteins to their metabolism, and the 
effects of disease states are superficially handled No 
mention 1s made of applications to plant, bacterial or virus 
protems, but ibis good to see a brief section on analysis 
of tissue antigens, all these fields should provide many 
future applheations for gel-diffusion ummunochemistry 

Quahtative analyses are of only muted value m bio- 
logical systems, and 1963 ıs far too late for a purely 
qualitative handling of a field of work which has been on 
a quantitative basis for some years, important though 
such work was ten years ago J F Sooman 
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UNDERGRADUATE REACTION 
KINETICS 


Reaction Kinetics 

By Keith J Laidler. Vol 1 Homogeneous Gas Reac- 
tions Pp x+232 21s net Vol 2 Reactions in Solu- 
tion Pp x+136 17s 6d net (The Commonwealth 
and International Library of Science, Technology and 
Liberal Studies Chemistry Division, Volumes 1 and 2) 
(London and New York Pergamon Press, 1963 } 


"dod two volumes together comprise & text-book 
on the kmmetics of homogeneous reactions appropriate 
to honours chemists in their final or penultimate year of 
study Chapter 1 of Volume 1 1s concerned with the tıme- 
dependence of the concentration of the product for various 
types of isothermal situation ineludmg ieversible and 
consecutive reactions, and plug-flow systems, and its 
use m evaluating rate constants Chapter 21s an exposi- 
tion of the collision and transition state theomes, and 
Chapter 3 deals with the application of these, or modifica- 
tions thereof, to homogeneous, gaseous, unimolecular 
and bimolecular, reactions of molecules, free radicals and 
atoms The final chapter deals with the properties of 
selected multi-stage reactions with considerable emphasis 
on the decomposition of single organic molecules and very 
cursory mention of mechanisms of hydrocarbon omdation 
and polymerization Volume 2 contains only two chap- 
ters ‘General Principles’ and ‘Reaction Mechanisms” 
The approach ıs almost entirely on the basis of the transi- 
tion state theory which 1s used to unify the diverse effects 
on the rate of reactions im. solution of changes of :0nie 
strength, dielectric constant, external pressure and 
molecular structure (the Hammett, Bronsted and Taft 
relations) General acid and enzyme catalysis are also 
discussed in this chapter The second chapter 18 a series 
of brief essays on the kinetics and mechanisms of processes 
such as proton-transfer, eleetron-transfer, organic substitu- 
tion, hydrolytic, enzyme catalysed, and ionic polymeriza- 
tion reactions 

The books are the first to appear m the series to be 
published in the Chemustry Division of the Commonwealth 
and International Library of Science, Technology, Engu- 
eermg and Liberal Studies In each volume there is 
placed between the preface and the first chapter “A. Note 
to the Student”, which explains that the books have been 
written particularly for undergraduates who have studied 
the elementary prmeiples of physics and chemistry, melud- 
ing some thermodynamics, and it 1s against this back- 
ground that ther utihty must be assessed 

Let 16 be said at once that there are many good features, 
not least of which ıs the price For just under two pounds 
sterling the purchaser acquires a set of lucid notes complete 
withuseful bibliographies, selected references and numerical 
problems The careful study of the 360 pages should give 
him 8 good understanding at undergraduate-level of some 
of the basic prmeiples and concepts necessary for the 
interpretation of homogeneous reactions If he 1s stimu- 
lated to go further and read some of the other books which 
are recommended in the bibliographies, then all will be 
well indeed If he does not do so and relies entirely on 
these two volumes for his perspective in this branch of 
reaction kmeties, then his view of some aspects will be 
seriously distorted Thus, while he will understand the 
relation between relaxation time, 7, and k,, k-, and the 
equilibrium concentration for the ionic dissociation of a 
monobasic acid he will not appreciate how «18 determined 
He will not understand quantum mechanical tunnelling, 
though the term 1s mentioned (Volume 1, p 78), and will 
gem the impression that, pace Bell, Johnston e£ al, ıb 
plays no part m proton, or hydrogen atom, transfer 
reactions The reader may also be confused by the fact 
that ın the discussion on p 133 e£ seq 16 18 noz made clear 
that methylene can be formed in either a triplet ground 
state or an excited singlet state and that ıt 1s only the 
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latter which efficiently undergoes both ‘insertion’ and 
double bond addition reaction to produce excited ‘mole- 
cules’ while the former produces either two radicals or a 
diradical adduct Figs 30 and 31, Volume 1, are so 
inaccurate m important details as to perpetuate dangerous 
mythology, and Fig 16 of Volume 2 has the labels to the 
curves interchanged The treatment of polymerization 
reactions with the logical allocation of polycondensation 
reactions to Volume 1, which 1s concerned with homogene- 
ous gas reactions, and the exemplification at the end of 
Volume 2 of iome polymerization with an outmoded 
mechanism of cationic polymerization of isobutene and 
styrene, are, to say the least, unfortunate 

Most of the criticisms arise from the fact that Prof 
Laidler, & distinguished figure m the field of reaction 
kmeties and a writer of great experience, perception and 
clarity, has attempted too much and ignored Francis 
Bacon’s warmng that "the lame in the path outstrip 
the swift who wander from it" If he had omitted com- 
plex gas and solution reactions and utilized some of the 
space thereby gained to fill the gaps m hus treatment of 
elementary reactions what a splendid beginning to this 
series we should have had As 1t 15, the first three chapters 
of Volume 1 and most of Volume 2 mdicate what might 
have been and alone would justify the purchase of these 
books by any chemistry honours undergraduate, to whom, 
despite these criticisms, I strongly recommend it. 

F S Darton 


SOLUBILITY TABLES 


Solubilities of [norganic and Organic Compounds 

Edited by Prof H Stephen and Dr T Stephen Vol 1 
Binary Systems, Part 1 Translated from the Russian 
(London and New York Pergamon Press, 1963 ) 200s net 


CIENCE ıs largely concerned with the measurement of 
physical and chemical properties and 1b 18, therefore, 
not surprising to find that collections of quantitative data 
have always been among the most valuable and frequently 
consulted of all reference books The collection and 
selection of such data are arduous but invaluable tasks 
and the appearance of a new work must always be wel- 
comed by the scientafic worker. 

A reference work of this nature, which consists entirely 
of tabulated numerical data, can only be reviewed in a 
restricted fashion When such a book 1s exammed—it can 
scarcely be said to be read—3át ıs only possible to make 
comparatively few checks on the correctness of data, and, 
unless the work contains many errors, these tests will m 
general be negative The reviewer's main task, therefore, 
is to assess the scope of the work, the arrangement of data 
and the ease of retrieval of mformation 

Solubwwws of Inorganic and Organic Compounds 18 the 
first English edition of an extensive Russian collection of 
data on the solubilities of elements and compounds m 
binary, ternary and multi-component systems The data 
were compiled. and selected from the mternationa] htera- 
ture by a specially constituted panel appomted by the 
USSR Academy of Sciences and 16 may be reasonably 
supposed that this is an authoritatrve work The English 
edition 18 contamed in two volumes Volume 1, bound ın 
two separate parts, contains data on bmary systems, and 
Volume 2, bound in three separate parts, covers other 
multi-component systems Altogether there will be 6 540 
tables contamed m some 5,500 pages, which represents a 
very considerable collection of data, 

This present published section of the work, Part 1 of 
Volume 1, which includes the whole of the maternal on 
aqueous binary systems, is organized into three mam 
sections There is a compact collection (Table 1) of 
concise data on the solubilities of some 2,000 morganic, 
organic and organo-metallic compounds m water, a useful 
table for easy reference, which would have been of even 
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greater value if ıb had been somewhat more comprehen- 
sive More- detailed information on aqueous bmary 
systems, at various temperatures, ıs given in Tables 
2-1694 The remamder of the book ıs devoted to some 
other bmary systems (Tables 1,895-3,750) Material is 
classified according to the Periodic Table for morgame 
compounds and m order of mcreasmg number of carbon 
atoms for organic compounds No difficulty was experi- 
enced m the retmeval of mformation, but complete 
assessment of this factor will have to await the publica- 
tion of Part 2, which contains the index and references for 
the whole of Volume 1 The editors state that there 18 a 
two-part index which is generally simular to the familar 
one contamed in Chemical Abstracts, so 16 appears that the 
work 1s fully indexed The nomenclature used for mor- 
ganic and organic compounds 1s that recommended by the 
Nomenclature Commission of the International Union. of 
Pure and Applied Chemistry, and this will facilitate 
reference by avoiding ambiguities In the index of 
formule, a periodic classification 1s adopted for morganie 
compounds and organic compounds are arranged m order 
of mereasing number of carbon atoms 

Tt 1s of some importance that a reference work of quanti- 
tative data should be free from error so that a chemist 
1s able to consult 15 with complete confidence, but this 1s 
rarely achieved in a first edition Unfortunately, a few 
errors have crept into the text of this work, which is to 
some extent a first edition, and although a hst of errata 
has been included some errors remain uncorrected In 
Table 1, galhe aldehyde, phosphonopropanoie acid, 
eytisine and methyl propanate are misplaced in the 
classification The m- and p-nitrophenyldimothyl-sul- 
phonium picrates appear twice and the formula given for 
methyl butonate 19 not quite correct 

The book ıs well bound, which 1s essential for a reference 
work which will be consulted frequently, and, although 
large, this volume 1s not too bulky for convement handhng 

The wide scope of this work no doubt makes it an 
essential acquisition for any hbrary, but unfortunately, m 
common with nearly all translations from the Russian, 
its cost 1s somewhat high, being £10 for this part alone 

A D WirnsoN 


EGYPTIAN GEOLOGY 


The Geology of Egypt 
By Rushdi Said Pp xv+377 (Amsterdam and New 
York Elsevier Pubhshmg Company, 1962) 160s 


O the European geologist, so often starved of outcrops 
of rock, Egypt 1s the field-worker’s paradise In the 

south of that desert country the relationship between the 
igneous and the metamorphic rocks of the basement can 
be studied in all its intrmate detal In the Gulf of Suez, 
the pattern of Tertiary faulting 15 probably more clearly 
exposed than in any other sector of the great African 
Rift In the north, and especially across the isthmus of 
Sinai, the bare rock anticlines of the Alpine ‘Syrian are’ 
rise, ın great whale backs, out of the plain 

The most recent chapter 1n the geological exploration of 
Egypt began shortly before the discovery of oil at Ras 
Gharib m 1938, and for the past 25 years geologists from 
the Egyptian Survey, the Egyptian universities and from 
the international petroleum companios have greatly 
expanded our knowledge of this important region of the 
Earth's crust 

In lus book, The Geology of Egypt, Prof Rushdi Said 
has summarized this new information, hnked 16 to the 
groundwork provided by Egypt’s earher workers and bas 
presented a well-:llustrated and highly readable account 
This, together with rts appendixes of measured sections and 
well-logs, ita hist of formation names and 1ts long columns 
of selected references, will prove a most valuable guide to 
any geologist who wishes to study the rocks of Egypt 
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After outlmung the topography, geomorphology, strati- 
graphy and structure of the country, the author considers 
in detail the four mam geological divisions of Egypt, 
namely, the Arabo-Nubian Massif, the Stable Shelf, the 
Gulf of Suez Taphrogeosynchne and the Unstable Shelf 
Of these four divisions the igneous and metamorphic 
rocks of the Arabo-Nubian Massif are least well known, 
whereas those of the Gulf of Suez region, and certain areas 
of the Unstable and the Stable Shelves, have been exten- 
sively surveyed. 

Among all the many aspects of Egyptian geology, per- 
haps the rift faulting ın the Gulf of Suez region 1s the most 
fasomatmg Any summary of its structural history would 
emphasize the great post-Eocone block-faultmg move- 
ments which occurred before, during and after Miocene 
times. But, ın addition, Prof Said has directed attention to 
new evidence, mamly from oil wells, showing that move- 
ments of some of these blocks must have begun at a much 
earher date What still seems uncertain, however, 1s the 
extent of ther movement in pre-Miocene times In 
Gebel Zeit, for example, were the Cenomanian, Turonian, 
Santonian, Senoman and Eocene beds laid down and 
afterwards eroded away? Alternatively, was the Zex 
block an elevated area of non-deposition during these 
periods, to smk only in Oligocene times, thus permitting 
the Mioceno transgression over ‘Nubia’ sandstone ? 

Ina chapter on oil, Prof Said suggests that the prospects 
m Egypt are not altogether unfavourable Though the 
Gulf of Suez region with its small group of established 
oilfields 13 unhkely ever to rival that of the Persian Gulf, 
nevortheless there are areas, especially beneath the waters 
of the Gulf itself, which are as yet unexplored Further- 
more, the discoveries m Libya might well be repeated 
m the Western Desert, which still remains substantially 
untouched by the dril 

In this comprehensive account of the geology of Egypt, 
one would hke to have read more detailed survey of the 
facies changes in the Miocene of the Gulf of Suez and some 
description of ther relation to the taphrogenic movements 
along the rift faults More information about the dia- 
chroneity of the ‘Nubia’ sandstone would also have been 
welcome; and a volume with such a good standard of 
printmg and lne-ustration 1s surely worthy of more 
and better photographic reproductions However, these 
are minor criticisms of a book which will long reman a 
valuable source of mformation 

Indeed, Prof Said's work once more underhnes the value 
of Egypt as à trammg ground for geologists Might not 
this facb afford umversity departments ın Europe an 
opportunity for mternational co-operation with then 
colleagues m the Middle East ? Even im the more accessible 
areas of the Egyptian deserts, students can gain enormous 
practical experience of mmeial deposits, igneous and 
metamorphic rocks, facies changes and structural patterns 
Carefully arranged winter or spring vacation courses, with 
the co-operation of the Egyptian Government, the 
universities and mdustry, would surely be of benefit to all 
concerned. D A Rossow 


FUNDAMENTALS OF ISOTOPE 
GEOLOGY 


Progress tn Isotope Geology 
By Prof Kalervo Rankama Pp xvu+705 (New York 
and London Interscience Publishers, a Division of John 
Wiley and Sons, 1963) 150s 


IROGRESS m Isotope Geology is a sequel to Prof 

Rankame's book Isotope Geology, published m 1954 
The first pubhestion successfully presented to the geol- 
omst a source-book which contamed an introduction to 
mstrumental methods, a detailed deseripàion of the 
advances made m isotope abundance investigations, and 
ther application to problems of geology and cosmology 
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The stimulating effect of this book was felt by geologists, 
physicists and chemists The appearance of Progress n 
Isotope Geology has been eagerly awaited, but as a sequel 
to Isotope Geology there are several disappomtments, 
primarily caused by the lapse of four years between Prof 
Rankama’s completion of the book and its pubhcation 
The accelerating stream of literature covered by the scope 
of isotope geology has become so enormous that 16 cannot 
be contained or covered in a single book While Prof 
Rankama was able to achieve thus ın 1954, the passage of 
the years 1954-57 has proved too much Thus could 
have beon partly overcome by the publication of two 
volumes, one dealing with methods and stable isotopes, 
and the other devoted to a description of radioactive 
wotopes; but perhaps the practical answer would have 
been to produce an annual supplement to Isotope 
Geology 

The book ıs divided into two parts ‘The first part 
‘comprises a concise account of the appheation of physical 
chemical principles, particularly radioactivity to geo- 
science, the second, a systematic desemption of the 
nuchdes from hydrogen to nobehum, serving as a com- 
pilation and guide to hterature 

In Part 1 unnecessary space has been devoted to a fringe 
topic, that 1s, the disposal of radioactive waste at the 
expense of an introduction to instrumental methods, par- 
ticularly that of mass spectrometry, which was so ably 
discussed ın Isotope Geology The distribution of radio- 
activity in rocks and minerals is described and clearly 
shows that, while much information exists concerning acid 
rocks and radioactive minerals, similar results are sadly 
lacking for more basic metamorphic and sedimentary 
rocks and mmerals Cosrmue abundances and the formation 
of the elements are well described The sections related 
to geochronology in Part 1 are best understood after 
reading the relevant sections in Part 2 

The emphasis ın Part 2 is placed on variations in stable 
and radioactive nuchdes with particular sttention to 
natural geological processes. When occasion permits, the 
geological sigmifieanee ıs discussed and fature items 
1equiring research are indicated Few books are written 
im which so many opportunities for productive research 
are freely presented 

Prof Rankama’s intention of only presentmg the indi- 
vidual authors’ results and conclusions 1 admirably 
described and ıt 1s left to the reader to decide the 1mport- 
ance and interpretation of such results His active interest 
in the mvestigation of carbon isotopes is reflected by a 
well-presented chapter The chapter describing the dis- 
tribution of oxygen isotopes ıs comprehensrve, but the 
reader must be aware that the 180/160 ratios of earher 
workers using the carbon reduction method gave low 
oxygen yields, and were accompamed by large 
isotopic fractionations Errors m earlier work have 
also been associated with errors m the calculation of 
standards 

The text describes in some detail methods for dating 
rocks by radiometric methods, but the layman must 
reahze that great strides have been made in this direction 
since 1954 In fact, they have been so extensive that this 
section is largely of historical interest 

The description of the potassium-argon method creates 
a general impression that the method should be treated 
with great caution, while this 18 true, to a hruted degree, 
the present evaluation of the method shows that, when 
considered together with geological and other evidence, 
it will give useful ages marking either a primary magmatic 
event or the time of the last metamorphism With present 
analytical procedures the potassrum-argon method can be 
applied to the total span of geological time The determ- 
ination of potassium 1s equally as important as that of 
argon, while the author has described pyrochemical 
techmques which are seldom used, no space is given to 
flame photometric procedures by which most laboratories 
determine potassium 
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Similarly, advances smce 1957 in the method of 
rubidium-strontrum dating seriously reduce the value of 
this chapter The use of isochron methods 18 now well 
established, particularly for examunmg metamorphic 
events The method has also been extended to examune 
the origin of various rocks by means of variations ın the 
abundance of strontrum-87 Unnecessary prominence of 
the isotopic constitution of strontium extracted from a 
synthetic silcate 1s given in place of the more acceptable 
values of Bainbridge and Nier 

The significance of the isotopie constitution of lead n 
dating and the origin of ores are well covered, but the 
inclusion of twelve pages of isotope analyses of lead ores 
can be of little use to the general reader 

The book, as a whole, hves up to its title and will be 
found especially valuable as a reference book for all those 
mterested ın isotope geology It may be used to obtain a 
short and concise survey of & problem and also as a guide 
to references from which full details may be obtained 
However, the tendency to give prominence to isotopic 
abundances determined during the period 1954-57, to 
the exclusion of previously, and still, accepted values, 
may confuse newcomers to isotope geology (for example, 
rubidium, strontium and molybdenum) 

Prof Rankama has presented facts m a handsome 
manner, the type 1s clear, and the bieakdown into chapters 
and sub-chapters is clearly headed While the text 1s 
well written the clarity of some passages 1s sometimes 
confused by the misuse of tense In my opinion the balance 
of the book would have been improved by the use of more 
photographs and diagrams In several instances the 
deseription of a particular topic 1s distributed m both 
Part 1 and Part 2, causing unnecessary searching through- 
out the book The bibliography consists of papers pub- 
hshed durmg the interval 1958-57 and consequently 
pre-1953 papers are not given This is @ pity, as the 
reader will have to have recourse to the bibhography con- 
tamed ın Isotope Geology for a complete coverage of a 
topic 

Progress in Isotope Geology 1s essentially s reference 
book, and ıs probably the last single work which will 
attempt to describe the whole field of isotope investiga- 
tions m one book Tt forms a well-placed stepping-stone 
and will be much appreciated for many decades by 
geologists, physicists and chemists In the future, 
advances m isotope geology will, of necessity be followed 
by reference to one of the several monthly abstract 
journals, supplemented by the occasional review article 
I have found it necessary to criticize the hmnted scope 
of the book caused by the delay ın publication, and 
not in any way Prof Rankama’s ability to present a 
lucid account of progress 1n isotope geology 

Finally, I would pay tribute to Prof Rankama for 
providing this unique book dealing with a subject which 1s 
now so vast that no single person can be master of ıt all 


E. Y. HAMILTON 


ADVANCES IN PHYSIOLOGY 


Recent Advances in Physiology 
Edited by Richard Creese Eighth Edition Pp vin+ 
471 (London J and A Churchill, Ltd, 1963) 55s 


Annual Review of Physiology 

Vol 25 Edited by Victor E Hall Pp vu+724 
Alto, Cahforma Annual Reviews, Inc, 1963) 
dollars 
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HE eighth edition of Recent Advances in Physiology, 
published fourteen years after the seventh edition, 1s 
welcome, and forms a useful addition to the books designed 
to allow the physiologist to keep abreast of a large number 
of fields ın his subject Dr Creese describes the book in 
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his preface as chiefly designed to assist im the transition 
from text-book to original papers, and, as such, 16 will be of 
use to advanced students and teachers. The Annual 
Renew of Physvology 18, by contrast, clearly for the special- 
ist and a complete compilation of the most recent 1nforma- 
tion can be found 

Recent Advances in Physiology, unlike the early editions, 
has a number of contributors, and consequently there 15 
considerable variation in the scope of individual chapters 
Some authors havo reviewed a wide number of topics in 
their field and 1t ıs mevitable that some of the material 
can. be found in the latest editions of standard text-books, 
but this does not detract from ther value Others have 
preferred to limit themselves to a nairow field and have 
explamed their subject with detail and clarity There are 
120 illustrations of good quality The chorce of subject 
matter has clearly been difficult and the topics have been 
limited to produce a volume of useful size Permeabihty 
and related phenomena have received extensive treatment 
Widdas has dealt with permeabihty generally and the 
permeability of red cells to sugars in detail. Smythe 
gives a clear account of methods used in investigating 
intestinal transport of amino-acids and sugars, and Creese 
has dealt with the electrophysiology and ion movements 
of a large number of tissues The nervous system has 
been dealt with by Buller, who has lmuted himself to a 
concise account of the motor unit and the problem of 
stretch reflexes An outstandmgly clear account of the 
organization of the retina, visual pigments and electro- 
physiology of the retina has been contributed by Rushton 
Campbell has desciibed extensively and clearly the role 
of the central nervous system in endocrine control, and 
Schofield has brought us up to date on the oleetrophysiology 
and hormonal mfuences on the myometrium. A very 
complete review of renal function and blood volume 
control is given by Mills Linden has contributed critical 
chapters on tho cardiovascular system, which include 
methods, control of cardiac output and the nervous 
control of the peripheral circulation Respiratory 
physiclogy 1s comprehensively covered by Cotes with 
special emphasis on lung compliance, pulmonary ventila- 
tion and the control of respiration 

Dr Creese and his co-authors are to bo congratulated 
on the high standard mamtamed in each chapter and it 
is hoped we will be kept as wellanformed by future 
editions 

The twenty-fifth edition of the Annual Review of 
Physiology lives up well to tho reputation of 1ts predeces- 
sors The coverage of individual chapters ıs vast (there 
are more than 400 references in some) and each review 
covers a large number of relevant topics The authorship 
18 international but the style of each review similar The 
writing 18 very concise and little attempt is made to 
evaluate individual papers 

The profatory chapter has been wiitten by © Heymans, 
who has reviewed the history and present-day concepts of 
respiratory physiology m a most readable and reflective 
style Developments in the structure of the cell are dealt 
with by Siekevitz and m the connective tissue by Asboe- 
Hansen An extremely useful chapter on smooth muscle 
and its autonomie innervation 1s contributed by 
Burnstock and Holman Ullrich and Marsh deal with the 
kidney, water and electrolytes with a useful section on 
recent concepts of aldosterone contro] Respiratory 
mechanisms and the control of respiration are described 
by Wyss, and Grossman has dealt with most aspects of the 
alimentary tract from hunger and thirst to absorption 
and motor activity Interesting data on the maturation 
and fate of leucocytes have been collected by Athens The 
control of the systemic circulation has been dealt with by 
Alexander and ius review contains useful reflexions on 
auto-regulation, the control of the venous system and 
shock Control of cardiac performance, the coronary 
circulation and myocardial oxygen consumption are 
adequately reviewed by Whitehorn 
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In addition to these topios, a large part of the Annual 
Review 1s concerned with. endoormes and nervous physio- 
logy There are mdividual reviews on reproduction, endo- 
erme control of metabolism, the parathyroid, the thyroid 
and the neurohypophysis The nervous system contains 
chapters on somatosensory mechanisms, conduction and 
transmission (Stampfl), mtegrative action, and the 
orientating reflex Retmal structure and pigments are 
covered by Dartnall and Tansley Three chapters are 
devoted to comparative physiology Drurnal rhythms 
are examined by Aschoff, transport through biological 
membranes by Wilbrant, and Schmidt-Nielsen and Laws 
contribute extensive information about mechanisms 
concerned in the concentration and dilution of urme m 
mvertebrates 

In a space of some 658 pages of text and references the 
authors have accumulated an outstandmg amount of 
mfoimation, extending m most cases up to mid-1962 
The editors modestly state that “we have come to feel 
that our publication has become a stable and mature 
part of the physiological estabhshment” — Ib 1s difficult 
to disagree with this contention D MENDEL 
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PERSONALITY, LEARNING THEORY 
AND DRUG ACTION 


Experiments with Drugs 

Studies ın the Relation between Personality, Learnmg 
Theory and Drug Action Edited by Prof H J Eysenck 
Pp xu+421 (London and New York Pergamon Press, 
1963) 1008 


HIS book, edited by Prof Eysenck, contains fifteen 
chapters. The first introductory chapter 1s by 

Eysenek himself and presents the theoretical background 
of the relationship between the personality dimension of 
mtroversion/extraversion and the effect of stimulant and 
depressant drugs 

Each of the next thirteen chapters gives an account of 
experments on the effect of drugs on cross-masking, 
visual afteramage, apparent movement, and so on The 
last chapter is an account of the mfluence of stim- 
ulant and depressant drugs on the central nervous 
system 

In his introductory chapter, Eysenck states that he has 
postulated that thero ıs a close relationship between the 
personahty dimension of extraversion/introversion and 
mhibrüon/exertatron m the central nervous system 
Extraversion/mtroversion probably needs no definition 
here, but by excitatzon Eysenck means & process within 
the central nervous system which facilitates the ongomg 
perceptual, cognitive and motor activities of the organism 
By mbibition, on the other hand, 1s meant a process within 
the central nervous system which mterferes with such 
activities High degrees of extraversion, Eysenck says, 
are found im people im whom minbitory processes occur 
quickly, strongly and persistently, hugh degrees of mtro- 
version ın whom the reverse is true 

Eysenck postulates that stimulant drugs merease 
excitation of the central nervous system and therefore 
have an mtroverting effect, while depressant drugs morease 
mhubition of the central nervous system and therefore 
have an extraverting effect on the mdividual’s behaviour. 
This postulate suggests various types of experiment, for 
example, depressant drugs should shorten after-mmage 
duration, mcrease visual-maskmg effects and lower 
apparent movement threshold, whereas stimulant drugs 
should have an opposite effect It ıs with such experi- 
ments that Chapters 2-14 are concerned The results 
obtained support Eysenck's drug postulate and are good 
examples of the application of the hypothetico-deductive 
method 

This book 1s of value because 16 presents a number of 
useful experiments and also because 15 presents a number 






k in this respect that one is surprised to come 
liowing statement (Chapter 5, p. 154): “Tt is 
ere is no difference between dysthymics, 
normals in sleeping pulse, the group means 
‘tually identical. This seems to be an important 
. finding, since it indicates that only during the waking 
|. state do individuals differ in their level of autonomic 
< arousal, the differences disappearing during sleep". 
< Now the groups referred to number only 10 in each of the 
neurotic groups and 20 in the normal group. Thus the 
conclusion that there is in general no difference between 
the groups so far as sleeping pulse rate, and therefore 
levels of autonomic arousal during sleep, is clearly unwar- 
“ranted. The null hypothesis cannot be proved. The 
&uthors should have ascertained whether the differences 
. of the waking group were significantly greater than the 
-differences of the sleeping group; this was not done. 
~ ; In general, this book is a valuable contribution to the 
application of experimental method in the study of 
personality. R. F. GARSDE 








ASPECTS OF PHARMACOLOGY 


: Annual Review of Pharmacology 

Vol. 3. Edited by Windsor C. Cutting, in association with 
Robert H. Dreisbach and Henry W. Elliott. Pp. vi+ 486. 
as vee Alto, Calif: Annual Reviews, Inc., 1963.) 8.50 
^: dollars. 


OLUME 3 of Annual Review of Pharmacology, the 
V youngest member of the Annual Reviews Inc. group 
of publications, continues in the traditions they have 
established. 

The first article is Sir Henry Dale's account of his 
‘accidental’ entry into pharmacology 60 years ago. It 
provides a striking contrast to the conditions of present- 
_-day students in Britain, on whom early specialization 

is forced by rigid curricula and the demands of those who 

administer their grants. Pharmacologists of about the 
same age as, or younger than, me must be a little puzzled 
by Sir Henry’s account of his entry into pharmacology: 
from our point of view he did not so much enter pharma- 
cology as play an instrumental part in establishing it. 
Most of the remaining eighteen reviews in this volume 
are on various aspects of pharmacology, but the especially 
‘significant fact is that many of the reviews are orientated 
towards & discipline other than pharmacology. 
¿co Biochemical orientation is seen in the review on 
- “Enzymes as Primary Targets of Drugs" by Zeller and 
Fouts, which stresses ‘enzymological aspects’. It is 
».unfortunately limited to the enzymes cholinesterase and 
\ monoamine oxidase. Perhaps this is due to influences 
“derived from Sir Henry Dale, and his influence is seen 
again in the review by Volle on the “Pharmacology of the 

Autonomie Nervous System". The orientation in Volle's 

review is to the borderland between physiology and 

pharmacology where the study of drugs and the study of 
physiological mechanisms become one. The review by 

Shideman and Mannering on “Metabolic Fate” also con- 

tains & biochemical themo. 

Toxicology is well represented, with one review on 
. radioactive metals, another on organic compounds, and a 
third with the intriguing title of “The Pharmacology and 
“Toxicology of the Environment", which deals with the 
effects of contaminants of food, water and air. 
As might be expected, the physiological orientation 
“occurs most often; drugs considered in relation to their 
ts on the cardio-vascular,- endocrine and nervous 
v systems, or to some sub-section of these systems. The 
= ghort review by Weeks on “Physiological Techniques in 
"Pharmacology" diseusses novel and original methods for 
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measuring many of the physiological functions whicl 
of particular interest to pharmacologists. == = 
The final review is again the “Review of Reviews" by 
Chauncey D. Leake. This contribution also appeared in the 
first two volumes of Annual Review of Pharmacology and 
now seems to be an established feature; it is succinct and 
useful. I hope it will continue in future volumes together 
with the other custom, if that is the way to deseribe an : 
event occurring three times, of devoting the first article to ^. 
the reminiscences of an eminent pharmaeologist. ^. 








PORTRAIT OF A LIBRARIAN | 
Edward Edwards 1812-1886 CONSO. 
Portrait of a Librarian. By W. A. Munford. Pp. 240.9 
plates. (London: The Library Association, 1963.) 48a. 


W Greenwood published his life of T. E. Edwards |. 
more than sixty years ago, Edwards had been dead 
for only sixteen years and Greenwood perforce omitted . 
much of interest regarding this controversial pioneer of . ^ 
public libraries. These shortcomings Dr. Munford, who | 
acknowledges his debt to Greenwood, both in respeet of the: : 
earlier biography and also of the letters, papers and manu- 
scripts which Greenwood collected and which are now 
deposited with the Manchester Central Library in the 
Greenwood Library for Librarians, seoks to rectify. He. 
has, however, given us a scholar's book copiously referenced 
which the student of the early development of the publie 
library system in Great Britain will value. This and the 
high price, however, may limit the effectiveness of the 
book in bringing home to some of the many thousands of... 
users of publie libraries to-day the immense debt they owe 
to Edwards and his Parliamentary associate, William 
Ewart, to whose life Dr. Munford devoted an earlier book. 
This is unfortunate, for the career and achievements of 
this self-educated son of a bricklayer tiler, who, at the age | 
of twenty-one, so impressed a Select Committee of the . 
House of Commons by a pamphlet he submitted comment- 
ing on their Minutes of Evidence that, when later in the 
same year this Select Committee on the British Museum 
was reappointed, Edwards was summoned to give evid- 
ence, deserve to be widely known. Dr. Munford has, in 
fact, given a balanced and readable portrait of Edwards; 
his lack of self-discipline, which made it impossible for him 
to control the length of his books or to regulate his private 
finance; his impatience, as well as his vision; his quick- 
ness to take offence; his lack of tact, as well as his many 
lovable and human traits, are displayed as clearly as the 
vicissitudes of his career, the meanness with which he was 
treated as the first librarian of Manchester, the wide range . 
of his reading, and the soundness of much of his thought 
on the practice of librarianship. 
Above all, Dr. Munford indicates the soundness of 
Edwards’s claim to be one of the pioneers of the publie 
library in Britain, and while it is improbable that, how» 
ever reasonably and generously he had been treated 
by the Manchester Public Free Libraries Committee, or 
had he not fallen out with Panizzi at the British Museum, 
his career would have been other than stormy, it is at 
least possible that in happier circumstances Edwards's 
constructive contribution to the development of the publie 
library might have been even greater. Certainly his 
energies would scarcely have been so widely dispersed in 
voluminous writings, of which comparatively few, except 
perhaps Memoirs of Libraries, Libraries and Founders of 
Libraries, or Lives of the Founders of the British Museum 
are of any value to-day. As it is, Dr. Munford does justice . 
to the real achievements of a self-made, self-opinionated s 
pioneer whose real worth few of his contemporaries ^. 
appreciated, partly no doubt because he was an uneasy - 
colleague, and partly because much of his tho | 
shead of his time. ee B. Bah 
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INVESTIGATIONS OF 


COMPLEMENTARY RNA 


By Dr- KEN-ICHI TOMITA and Pror. ALEXANDER RICH 


Department of Biology, Massachusetts Institute of Technology, 
Cambridge, Mass. 


ANGRIDGE and Gomatos! have recently presented 
the results of an X-ray diffraetion analysis of reo 
virus RNA showing that it has a diffraction pattern 
which, although somewhat similar to that seen in the A 
form of DNA, is nevertheless characteristieally different. 
Here we report on the results of an X-ray diffraction 
investigation of the RNA obtained from wound tumour 
virus which yield results similar to those reported for reo 
virus RNA. 

The X-ray diffraction investigations initiated on RNA 
ten years ago produced diffuse diffraction patterns which 
suggested a helical DNA-like form for the molecule, even 
though it was clear that these preparations were 
not complementary in that the amount of 
adenine did not equal uracil, or guanine equal 
eytosine*?, At a later date, diffraction investiga- 
tions of synthetic complementary polyribonucleo- 
tides such as polyadenylie acid plus polyuridylic 
acid showed that it was possible for the RNA 
backbone to form a DNA-like configuration*. In 
1962, Spencer et al.* reported an X-ray diffraction 
investigation of crystalline material derived from 
transfer or soluble RNA. Their investigation 
indicated that the molecule has two-stranded 
helical regions with a form similar to that which 
is seen in the A form of DNA. However, the 
evidence regarding its complementarity is not 
clear at the present time*, 

Gomatos and Tamm’ have recently analysed 
the RNA obtained from the reo virus and the 
wound tumour virus. They pointed out that the 
base ratio analysis of these RNA preparations is 
complementary and that many of their physical 
properties suggested that the molecules are 
double-stranded. Black and Markham? also 
found complementary base ratios in wound 
tumour RNA. Thus it is of interest to compare 
the structures of these two types of RNA. 

Wound tumour virus preparations from sweet 
clover were kindly provided by Prof. Lindsay M. 
Black, of the University of Illinois, whom we 
thank. Chopped tumours were extracted in 
glycine buffer and the virus isolated by centrifuga- 
tion in a sucrose density gradient, and pellets 
were stored at —15° C (ref. 8). To isolate the 
RNA, the virus pellets were resuspended in 0-01 
M sodium acetate, 0-05 M sodium chloride, at 
pH 5. Sodium dodecyl sulphate was then added 
to a final concentration of 0-05 per cent to serve 
as & protein denaturing agent as well as to 
inhibit the action of ribonuclease. Three phenol 
extractions were carried out to isolate the RNA. 
The phenol was removed with ether and the 
RNA solution was centrifuged in the model 
L ultracentrifuge at 150,000g for 16 h. The 
RNA formed a clear translucent pellet and 
the bottom of the plastic centrifuge tube was cut 





away so that fibres could be drawn directly from the 
pellet. The fibres obtained in this fashion were clear, had 
a high negative birefringence and extinguished sharply 
in the polarizing microscope. The fibres were mounted 
in an X-ray diffraction camera and the relative humidity 
was fixed by bubbling helium gas through various 
saturated salt solutions. Copper Ka radiation was 
ponerent by a Hilger microfocus high-intensity X-ray 
tube. 

An X-ray diffraction pattern of wound tumour virus 
RNA is shown in Fig. 1. The fibre axis is tilted somewhat 
so that the weak meridional reflexion can be seen at a 


Fig. 1. X-ray diffraction photograph of wound tumour virus RNA at 75 per cent relative 
humidity. The bre axis is tilted approximately 10° from the vertical, The arrow points 


to the meridional reflexion at 3-03 À 


le 
A. 
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Fig. 2. A comparison of diffraction patterns produced by sodium salts of 
s 


wound tumour virus RNA and salmon DNA at 75 per cent 

cog Y humidity, The arrows indicate the meridional reflexion at 

3-03 A in RNA and a near meridional reflexion at 309 A in DNA. 
Both fibres are tilted approximately 10° from the vertical 


spacing of 3-03 A. The diffraction pattern is character- 
istic of a helix. The first layer line spacing of 30-1 + 
0-3 A indicates the pitch of the helix. The diffraction 
intensity is strong on the first and second layer lines and 
weak on the third, fourth and fifth. There are 10 residues 
per turn of the helix as shown by the fact that a meridional 
reflexion occurs on the tenth layer line. The seventh, 
eighth and ninth layer lines have strong off-meridional 
components. On the whole this pattern is somewhat 
similar to that exhibited by the A form of DNA. It is 
quite similar to the patterns observed by Langridge 
and Gomatos for reo virus RNA (ref. 1), and the patterns 
seen by Spencer et al. from the soluble RNA fragment'-*, 
Fig. 2 shows a comparison of diffraction patterns obtained 
from the sodium salt of DNA (lower left) and the sodium 
salt of RNA (upper right) at the same relative humidity. 
Although these patterns are similar, they are not identical. 
DNA in the 4 form has eleven residues per turn and a 
near-meridional reflexion occurs at 3-09 A as indicated 
by the arrow in the bottom of Fig. 2. Wound tumour 
virus RNA is a helix with ten residues per turn and 
has a meridional reflexion at 3:03 A as shown by the 
arrow at the top of Fig. 2. In the RNA, layer lines 
7, 8 and 9 have strong off-meridional components, whereas 
in DNA, layer lines 6, 7 and 8 have strong off-meridional 
contributions. The intense layer lines in this region 
of the diffraetion pattern are derived largely from the 
stacking of the purine and pyrimidine bases. These 
bases are tilted from the horizontal in both molecules. 
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However, raising the humidity transforms DNA into 
the B form* in which the purine-pyrimidine base pairs 
are normal to the helix axis, whereas alterations in 
the humidity of the wound tumour virus RNA have 
very little effect on the diffraction pattern. The i 

of six reflexions on layer lines one through three, plus 
three reflexions on the equator, were carefully measured 
while the relative humidity was changed from 50 to 
nearly 100 per cent. No change in spacing was observed. 
In addition, there is little change in the somewhat more 
diffuse off-meridional reflexions on the seventh, eighth 
and ninth layer lines of wound tumour virus when the 
relative humidity is altered. This shows that the 
sodium salt of wound tumour virus RNA has crystal- 
lized in a well-defined lattice and that the distance 
between molecules as well as the orientation of the 
bases do not change as the vapour pressure of water is 
altered. 

The diffraction pattern from wound tumour virus RNA 
yields thirty-eight independent reflexions at the present 
stage of the investigation. These have been tentatively 
indexed in a hexagonal lattice as shown in Fig. 3, in which 
a = 43-5 A and the fibre axis c = 30:1 A. It is quite 
likely that even more highly oriented diffraction patterns 
will be obtained from wound tumour virus RNA, and this 
should make it possible to index even more reflexions 
since many of the observed reflexions, especially in the 
higher layer lines, are broad and cover more than one lattice 
point. 

A disoriented wound tumour virus RNA diffraction 
pattern is very similar to the diffraction pattern obtained 
from ribosomal RNA, tobacco mosaic virus RNA or a 
synthetic polynucleotide which is a copolymer of adenine 
and uracil residues’. Fig. 4 shows a comparison between 
the diffraction pattern obtained from disoriented wound 
tumour virus RNA and a diffraction pattern of the 
adenylate-uridylate (A-U) copolymer. These are very 
similar and this supports the comparison which was first 
illustrated with the transfer RNA diffraction photo- 
graphs*. In Fig. 4, the A-U copolymer shows a first 
layer line near 29 À which is close to that seen in the 
wound tumour virus RNA. The two meridional ares 
at 3-3 and 4-0 À are more diffuse in the A-U copolymer, 
perhaps due to diffraction broadening as the size of the 
double helical domain is small. The synthetic A-U 
copolymer has a random sequence of bases!! and what 
internal structure it has is probably derived by folding 
back on itself at random intervals to form short double- 
stranded regions. In these regions the polynucleotide 
chains would be anti-parallel as they are in DNA as well 
as in the complementary RNA from the wound, tumour 
virus. The similarity of the diffraction pattern produced 
by synthetic A-U copolymer and single-stranded ribosomal 
or tobacco mosaic virus RNA implies that they too have 
internal folds, but it is important to recognize that this 
internal folding does not necessarily result from a specific 
sequence of bases. Rather it is an indication of the stabil- 
ity of short stretches of anti-parallel helical strands 
which can form systematic hydrogen bonds between the 
bases, and these arise in polynucleotides which have 
random as well as non-random sequences. 


Relation of DNA Structure to Complementary RNA 
Structure 


The similarity between the diffraction patterns of native 
DNA, especially in the A form, and native complementary 
RNA. suggests that they are both obtained from similar 
structures, two-stranded helical polynucleotide chains of 
opposite polarity, held together by hydrogen bonds 
between the bases in the centre. Further work will be 
required to determine the detailed structure of comple- 
mentary RNA, and the nature of its close relation to the 
structure of DNA. It is likely that the hydrogen bonding 
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between the two strands is the same as that 
which has been postulated for DNA by Watson 
and. Crick". However, several investigations of 
eo-erystallized adenine and thymine or uracil 
derivatives!*-!* reveal a different type of hydrogen 
bonding involving the imidazole N, of adenine 
rather than the N, atom as in the usual DNA 
formulation. Accordingly, at the present time 
we cannot be completely certain about the type 
of hydrogen bonding found in complementary 
RNA. 

It is important to emphasize that the two 
structures, DNA and complementary RNA, are 
far from identical. It is perhaps somewhat more 
precise to describe them both as members of the 
polynucleotide family of helical structures which 
now include a large number of molecules some 
of which are found in Nature and others which 
have been produced synthetically. An outline 
of the helical and geometrical parameters of vari- 
ous polynucleotides is presented in Table 1. They 
are listed in two major headings as deoxynucleo- 
tide polymers and ribonucleotide polymers. All 
of them, with the exception of polyinosinic acid, 
are two-stranded helices, and they have a 
helical pitch which ranges from about 25 A to 
just less than 40 A. In some cases, the exact 
pitch is strongly dependent on the relative 
humidity. This is most marked in the deoxy- 
nucleotide helices in which a series of distinctly 
different configurations of the bases is seen; 
however, this change in helical pitch has also 
been seen in ribonucleotide helices such as the 
synthetic poly A + poly U, in which the pitch 
varies from 31 A to 37 A depending on the relative 
humidity". As the pitch changes, the number of 
base pairs per turn also changes. 

The molecules listed in Table 1 are all rather 
similar, especially when looking at the rotation 
angle per residue. This similarity arises from 
the geometry of the common sugar—phosphate 
backbone. However, it is important to note that 
the configurations, while similar in general, are 
nevertheless distinct from each other. This arises 
from the differences in the types of hydrogen 
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Fig. 3. A comparison of diffraction photographs produced by disordered wound tumour 
virus RNA (upper) and synthetic poly (adenylate-uridylate) copolymer (lower). Both 
Abres are vertical, and relative humidity is 70 per cent 


bonding between the bases as well as from the fact thatan nucleotide helices compared to the ribonucleotide helices 
additional hydroxyl group is found in the ribonucleotide under conditions of varying relative humidity. Deoxy- 
polymers. The latter factor is probably responsible for nucleotide polymers can form structures with quite 
an important difference in the behaviour of the deoxy- different tilts of the bases relative to the helix axis. 


Table 1, GEOMETRY OF HELICAL POLYNUCLEOTIDES* 


No. of residues Translation 


Polynucleotide molecule Pitch (A) 


eaaa polymers 
DNA, Form A (75 per cent) 
92 per cent) 
(Li) 
— zona A (75 per cent) 
(NH) C (66 per cent) 


dABU, Form B 
Li 


8S szg 


Ribonucleotide polymers 
Complemen RNA 
Wound tumour virus RNA 
Reo virus RNA 


Syn 





0 
slightly tilted 
PONE 0 


10-20 
10-15 


5-10 
near 0 
7 


Se 





eacee wee 
— 0 


A DM Dud- OF 


5 
slightly tilted 
dn 


* These are all the sodfum salts unless specified, The exact geometry of these molecules often depends on the relative humidity. Percentage 
figures in parentheses represent relative humidity, Abbreviations: dAT, deoxyadenylic-thymidylic acid; dABU, deoxyadenylic-bromouridylic acid; Poly 
A, polyriboadenylic acid; Poly U, polyribouridylic acid; Poly I, polyriboinosinic acid; Poly C, polyribocytidylic acid. 


















































1e ribonucleotide helices 
1 they have been investi- 
over the same full range of 
a "humidity. This probably 
‘reflects the faet that the backbone 
is less flexible due to the additional 
hydroxyl group whieh may stabilize 8 
the chain by internal hydrogen bond- 

ing. This isi accord with the 

elevated melting temperature which 

-has been reported for complementary ? 
reo. virus RNA’, It is possible 
that. such a difference in backbone 

.. flexibility has an important biological 





0-3 9 





| sgonsequence in the mechanism where- 02 6 
: by messenger RNA is made on DNA 

and then released into the cyto- 

plasm. 
Two viruses have now been shown 5 


oto contain two-stranded comple- 
“mentary RNA molecules and they 
both produce essentially identical 
diffraction. patterns, which are also 4 
similar to the diffraction patterns 
| produced by . material derived from 
transfer RNA. This supports the 
Suggestion that there is a single 01 3 
configuration adopted by all com- 
. plementary RNA molecules!, in the 
samo way that all complementary 
DNA molecules have the same 
,ewonfiguration. This is an important 
generalization, and it probably re- 
: fleets the fact that the viral RNA 
' molecules as well as the two-stranded 
"^ DNA molecules use these configura- 
^c tions for genetie replication. DNA 
molecules pass through a biological 
eyele in which they are alternately 
-double stranded and then become ~ 
single stranded during replication. = 
In most cases, the stable form in cells = 
-oand viruses is two stranded, al- 
though there are occasional in- 
.St&nees such as the ọX virus in 
which the stable form is single 
| stranded**, RNA in viruses contains 
genetic information and passes 
through the same biological cycle of 
alternate single- and double-stranded 
¿forms as it replicates. The commonest stable form of 
 genetie RNA in viruses is single stranded, but there are 
also the exceptions such as reo or wound tumour virus 
_ in which the stable form is double-stranded. It would be 
interesting if this contrast between the stable forms of 
. genetic DNA and genetic RNA were derived from 
structural differences associated with the flexibility of 
-the backbone. Further investigation of these differences 
"^ wil be necessary before it will be possible to draw con- 
clusions of this type. | 
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Fig. 4. Reciprocal lattice diagram of wound tumour virus RNA, The reflexions have been’ 
index nal lattice and are qualitatively marked, S (strong), M (medium) and W (weak), 

n labelled VS* occurs in a streak of 
rtain, The black rectangles represent the width of the reflexion in reci space 


diffracting intensity, therefore it is- 
procal space 
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"CHARGE SEPARATION FROM SALINE DROPS ON HOT SURFACES 
| By Dr. DUNCAN C. BLANCHARD 9e 
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 


N 1782 Volta! was attempting to prove that there was 

Å a separation of charge by the evaporation of water. 

` Ono of his experiments, and the only one which produced 

.. @ significant charge separation, consisted simply of throw- 
_ ing a small amount of water on some hot coals that were 

-ina metallic dish. The dish was connected to his electro- 
: meter. When the water struck the coals he noted a marked 

. signal on the electrometer and concluded that this experi- 

ment proved that the evaporation of water was accom- 

panied by a separation of charge. Volta apparently did 

. mot stop to ask himself if the charge separation was really 

? the result of the evaporation or if it was due to some 

<- = explosive, mechanical tearing apart of the water as it 
‘struck the hot coals. 

Others*-^ who came after Volta agreed with his con- 
clusion in spite of the fact that some of them? appeared 
to have an awareness that an experiment of this type was 
not evaporation pure and simple. Faraday? and Freeman? 
are the only ones who clearly differentiated between charge 
from evaporation and charge from other effects that 

‘occurred simultaneously with the evaporation. They 
both concluded that the evaporation of water per se is 
Mob agcompanied by charge separation, and that the 
charge separation that had been associated with evapora- 
tion really arose from some unknown frictional effects of 
ater on. hot surfaces. 
work of Freeman in 1882, just 100 years after 
8 work, was the last work, so far as I am aware, on 
separation associated with liquids on hot surfaces. 
‘act, all this work appears to be ignored by present-day 
investigators, for I have seen no mention of it in recent 
review papers and books on various aspects of static 
electrification’-". I feel, however, that this chargo 
separation mechanism is worthy of much further investiga- 
fion. An understanding of it may give information con- 
cerning other charge separation mechanisms, and there is a 
. possibility that this mechanism may have, under some 
_ conditions, played a significant part in the electrification 
_of the atmosphere. 

_ The basic experiment carried out by me was a simple 
.. one (Fig. 1). A cylindrical metal block of about 5 em 
. diameter and 3 em long was placed on a tripod which was 

; electrically insulated from ground by small ‘Teflon’ cups. 

~The block was heated for several minutes by à Bunsen 
burner, and when it was sufficiently hot the burner was 

^^; turned off and a given quantity of water was allowed to 
fall on to the block. A Keithley electrometer (model 
6004, Keithley Instruments, Cleveland, Ohio) was used 

: to measure any current which flowed between tho block 
and ground. On a number of occasions the output of the 
electrometer was recorded on a Brush Mark II strip chart 
recorder: (Brush Instruments, Clevelan » Ohio). "Thus, 
having the current-time curves it was an easy matter to 

;. obtain the quantity of electric charge which flowed from 
_ block to ground. The equal and opposite charge had, of 

_ course, been given off to the atmosphere. 

, Basieally there are three different modes of behaviour 
of the water on the hot block, and these are a funetion of 


orature: If the temperature is less than, say, 200° C 
(this is only an estimate, for the temperature was not 

-< measured) a drop of sea-water which is placed on the block 
.. Will spread out and evaporate within about a second and 



















. only the salt residue is left. During this rapid evaporation -..- 


. process no current has ever been observed. The second /.— 


mode of behaviour occurs when the bloek is hotter than 


say, 400° C (at about 500? C the block should appear à 
dull red in eolour). At this temperature the drop, instead: 

of evaporating rapidly, remains intact, déés not wot the ^ 
surface of the block, appears quiescent to the eye, and = 
moves slowly, if at all, over the surface of the block. In © 
short, the drop is apparently suspended above the hot ^ ^ 
metal surface by a thin vapour film. Consequently, ib 
takes many minutes to evaporate, and during the process |. 
no current is observed. The third mode of behaviour E 
occurs at a temperature estimated to be between 200^ and — 
400° C, when the vapour film appears to form and break 
down in a rapid and repetitive manner. The drop is 
observed to vibrate rapidly, and a sizzling sound can be . 
heard. Minute drops of water can be seen being ejected . . 
from the block. At the end of several seconda the drop 
has disappeared and a eloud can be seen above the block. 
Coneurrent with the rapid vibrations of the drop and the  . 
noise, à negative current is observed to flow from theo o) 
block. This is reproducible and I have found no exception | — 
to it. Hus 

















tegration of the current-time curve gave a charge separá- 
tion of about 50 g.s.U. As about 0-4 g of sea-water was ` 
used, this represents a charge separation of 125 ESU gh 
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‘omputer Programming 
ed Language Approach 
By arvin L. Stein and William D. Munro 
Spring 1964, about 450 pp. 92s. 
|; Computer Programming is a textbook designed to give a 
: complete course in the three languages of computers— basic 
; machine, symbolic machine, and problem-oriented. A unique 
i. feature is that. it. not only treats these three languages, but 
-shows how they are interrelated and may be mixed in writing 
. programs for a computer. It uses a real computer instead of a 
hypothetical example thereby giving a more comprehensive 
verage that enables the student at the earliest opportunity 
_ to use a computer, yet have an understanding of both what he 
-and it are doing. 
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Algol 60 Implementation 
Tke Translation and Use of Algol 69 Programs 

on a Computer 
By B. Randell and L. J. Russell 
-With a Foreword by E. W. Dijkstra 

January 1964, 418 pp., 84s. 
This work is the first extensive treatment of the problems of 
implementing the internationally accepted programming 
language Algol 60 on present-day computers. The main part 
of the book is a detailed description of an Algol 60 Compiler 
developed originally for the English Electric KDF9 Computer. 


The Direct Observation of 


* 2 
Dislocations 
: By S. Amelinckx 
; Supplement 6 to Solid State Physics 
Edited by Frederick Seitz and David Turnbull 
Spring 1964, about 5C0 pp., approx. 107s. 6d. 


This monograph presents the first complete review of all 
Known methods for detecting individual dislocations in solids 
-under study. Among the techniques discussed are crystal 
growth and evaporation, etching, decoration, decoration- 
etching, birefringence, x-ray diffraction, electron microscopy 
and diffraction. 


Electron Paramagnetic 


Resonance 
-By S. A. Altshuler and B. M. Kozyrev 
Translated by Scripta Technica 

April 1964, 372 pp., 96s. 6d. 
This book isa comprehensive treatise on the field of electron 
paramagnetic resonance, covering both the theoretical back- 


ground and the results of experiment. The text includes dis- 
cussions of much Russian work that has never before been 


. available in English. 
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Digital Computer Design 


Logic, Circuitry, and Synthesis 
By Edward L. Braun 


Digital Computer Design providesan introduc 
of the logical structure, electronic realization, : 
of digital information processors. The extent to whic 
topic is covered also makes the book invaluab! 
and reference text for persons experienced in the field. 


Introduction to 
System Programming © 
A London School of Economics Symposium 


Edited by Peter Wegner SEDAN 
February 1964, 316 p 
Lecturers for this symposium were drawn from t 
cipal British. programming research groups, and repress 
current thought in this field in Britain. The volume as a whole — 
is experimental, seeking to develop a nucleus of ma 
might in the future become the basis of a science of 
ing. It will be useful as a textbook for students of 
programming who wish to gain an overall picture ofthe ject 


Theory oi Superconduetivity : 


By J. M. Blatt 
Volume 17 of Pure and Applied Physics 


Edited by H. S. W. Massey VOUS 
January 1964, 486 PP» 89s. 6d. e 


Emphasis is on the fundamental properties © 
conductors (the nearly complete expulsion of magne 
from superconducting materials, and the persistent cur 
superconducting rings). Thermodynamic properties, especially — 
the nature of the thermodynamic transition between the . 
normal and superconducting states and the exponentially | 
decreasing specific heat at low temperatures, are given send 
attention. E 


Scientific Uneertainty 


and Information 


By Léon Brillouin iz 
Spring 1964, about 185 pp., 52s. 


This extremely interesting. book presents a complete 
reappraisal of the philosophical foundations of science. Pro- 
fessor Brillouin describes the dramatic expansion undergone by — 
physics and other experimental sciences in this century, and 
shows how new discoveries have led to a profound transforma- 
tion of scientific theories. 


















5 - ^ 


dxlviii NATURE ' March: 21, 1964 


A standardized 
easy-to-use 
system 

for ... 











using 
your existing 
electrophoresis tank 


Here is a complete range of special accessories 
designed to streamline the comparatively new 
micro-immunoelectrophoresis techniques. Tailor- 
made for the Shandon Universal Electrophoresis 
Apparatus after Kohn, Mk. Il (Fig. 3), the acces- 
sories will also fit any other tank, providing the 
electrode compartments are at least 94 in. long. 


Fig. 2 


The accessories include a special Levelling Table, 
Fig. | (carrying, incidentally, a starch gel slicing 
attachment) ; a Slide Tray, Figs. | and 3, holding 
eight standard 3 in. x | in. microscope slides : 
a Gel Scraper, Fig. |, for levelling off the surface 
of the agar gel ; and a versatile Pattern Cutter, 
Fig. 2, which enables you to cut five basic hole 
and slot patterns, each with six variations in 
length and width of slot—total 30 patterns. The 
Slide Tray is inverted in the tank for electro- 
phoresis and connected to the buffer by paper 
wicks (or special Gel Contact Troughs in the 
case of the Universal Electrophoresis Apparatus). 
A stainless steel Humidity Cabinet, Fig. 4, [holds 
64 slides during diffusion. Finally, there's a 
Cold Light Viewer, Fig. 4, enabling you to evaluate Fig, 3 
the slides in shadowless transmitted light. Every- 
thing you need—neat, convenient, easy-to-use. 





Write today or phone for our fully descriptive 
illustrated leaflet. 





SHANDON SCIENTIFIC COMPANY LTD. 
65 Pound Lane, Willesden, London, N.W.10. 
Telephone : WiLlesden 8671 
GD 373 Fig. 4 
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Fig. 2. An example of the current flow to the airand audio sound 
that were obtained with the apparatus shown in Fig. 1 


In other experiments the mass of water has been varied 
through the range of 4 x 10-? g to 5 g and the charge separ- 
ation was observed to be of a similar nature to that shown 
in Fig. 2; a positive charge was always carried away by 
the cloud. The charge separation per gram of sea-water 
was found to vary inversely with about the one-half power 
of the water mass, ranging from about 400 to 40 g.s.v. g-! 
for the limits mentioned above. On the assumption that 
the charge separation mechanism is dependent on the 
creation of a new water surface this inverse relation might 
be explainable by the fact that the greater the water mass 
the less efficient was the atomization process on the hot 
block. When several grams of water were put on the 
block much of it was thrown off in drops of a millimetre 
or more in diameter. 

There appeared to be no significant difference in these 
values when an aqueous solution of 3-5 per cent sodium 
ehloride was substituted for sea-water. Though the 
magnitude of the charge separation changed slightly 
when a copper block was substituted for the aluminium 
block the sign was still the same; positive charge was given 
off to the atmosphere. 

If a positive charge is carried off to the air when sea- 
water strikes a hot metal surface, then might one expect 
to find a similar positive charge when other surfaces than 
metal are used ? In particular, would one expect a positive 
charge to be carried by the massive clouds that are 
observed to form when molten lava from volcanic erup- 
tions flows into the sea??? In an effort to answer this 
question drops of sea-water were allowed to fall on to a 
section of Pahoehoe-type lava that had been heated until 
it had melted. As it was found difficult to make a good 
electrical connexion with the lave an indication of the 
sign and magnitude of the charge separation was obtained 
by placing the electrometer probe about 25 cm above and 
10 em to the side of the spot of molten lava. As the cloud 
that resulted from the impact of the drops moved upward 
and approached the probe a positive induction current was 
recorded by the electrometer. This indicated that the 
_ sign of the charge on the cloud was positive. The amount 
of charge separated was estimated by comparing the peak 
induction eurrent to the same current that was obtained 
when the aluminium block was substituted for the lava. 
This latter current was, of course, easily related to the 
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total charge separated by the aluminium block. In this 
manner it was found that the total charge separation at 
the hot lava surface was about an order of magnitude 
greater than that from the metal surface. -In addition 
to the lava a number of rocks found outside the laboratory 
were tested in the same way. Again the cloud was positivo 
but the magnitude of the charge was much less, being 
little more than that which was obtained from tho metal 
blocks. In future experiments of this type the measure- 
ment of the charge would be facilitated by letting the 
charged cloud pass through a Faraday cage. o ccas 

A number of experiments have been performed to 
determine the magnitude of the charge separation that. 
occurs in the presence of a potential gradient. In other 
words, how significant is inductive charging ? The experi- 
ment that answered this was performed by taking two 
metal plates (each about 10 em x 10 em and with a l-em 
diameter hole in the centre) and placing them in a hori- 
zontal position and centred above the block. A d.c. 
potential was applied to the lower plate, which was 2:5 om 
above the block. The upper plate, which was grounded, 
was mounted about 10 em above the block. This. plate 
provided eleetrostatio shielding from the lower plate for 
the drops which were released a few centimetres above the 
hole. The drops fell through the holes, struck the hot 
plate, and caused a charge separation. This was investi- 
gated as a function of potential gradient through the 
range of + 300 V cm~. I found, as indeed was expected, 
that the charge separation varied linearly and inversely 
with the potential gradient; that is, a negative gradient 
caused an increase in charge separation and & positive 
gradient a decrease. Thus there existed a certain positive 
gradient which reduced the charge to zero, and gradients 
in excess of this value caused the charge to the air to go 
negative. The rate of change of charge with gradient 
appeared to be independent of the temperature of the 
block (at least with the 4-2-mm diameter drops that. were 
used) and so the potential gradient necessary to nullify 
the non-inductive charge separation (the charge. that 
appears in the absence of any gradient) is direetly propor- 
tional to this charge. In order to nullify the maximum 
non-inductive charge a positive potential gradient of 
about 120 V cm- was required. A similar relationship 
between charge separation and applied gradient is common 
to a number of other charge separation mechanisms", 

The charge separation that occurs when salt water is 
splashed on to a hot surface should be investigated further, 
for it appears to have both fundamental and geophysical 
significance. Although the mechanism by which the 
charge is separated is unknown it does not appear likely 
that it can be explained by the existing theories on charge 
separation’. One of these theories, that of thermionic 
emission, has been suggested to me by a number of my 
colleagues. Thermionic emission, however, cannot explain 
this charge separation, for such emission is usually nega- 
tive in sign. In addition, the charge is separated at such a 
low temperature that thermionic emission is of no conse- 
quence; no significant difference eould be seen in the 
current flow from the block whether it was hot or eold. Nor 
was any current detected when either sea-salt or sodium 
chloride was placed on the hot metal surface. The 
charge was separated only when the salts were in solution 
and only when the solution was undergoing a rapid and 
intermittent contact with the hot surface. This results, 
of course, in evaporation, but I would like to suggest that 
it is not the evaporation per se that is of importance here 
but an aecompanying mechanical pulverization of the 
water. Such a pulverization is suggested by the finding 
of my colleagues! that the sea-salt particle production 
from sea-water on a molten lava surface is of the order of 
10* particles em~*s-'. I believe that these particles are 
the residue of small droplets of water that are, in & manner 
not yet known, torn or sheared from the bulk water. 
During this process the drops became positively charged. 
The eharging mechanism may be akin to the charging 


7 ge can ar at e d : 
a shearing of the electrical double jm that is assumed 


to exist at the surface of the bubble just prior to breaking. 
Whether such a process could operate in the present case 
will remain questionable until one understands the details 
of the mechanism by which the drops are produced. From 
` this point of view it would be well worth while to carry 
out investigations of the mechanism with the aid of high- 
speed motion pietures. 
The potential geophysical significance of this charge lies 
*in the fact that under certain conditions it might play a 
icant part in the electrification of the atmosphere, at 
n the local scale. When a 4-2-mm diameter drop 
ater is dropped on to a molten lava surface it 
-produces a cloud above the surface that has a volume of 
m o.c. Since the charge carried by the cloud is 


"s this is about two million times as great as 

ve space charge that is normally found in the 

mosphe If we assume that this charge density 
holds for the sea-salt particle and water clouds that are 
observed to form (see the photographs in the paper by 
Woodcock and Spencer") above the regions where vol- 
canic lava flows into the sea, we can predict the existence 
of extremoly high potential gradients. At the surface of 
such & cloud of a radius of 100 m the gradient would be 
about 10° V cm~, and, on the assumption that the 
gradient. decreases with the inverse square of the distance, 
it would still be 10* V em-! at a distance of 1 km. These 
gradients are far in excess of the Earth's positive, fair- 
‘weather potential gradient of about 1 V cm~. Such high 
cloud potential gradients could not exist, for spark 
harge and lightning to the ground would tend to 

: ralize the charge on the cloud. But even if the charge 
separation were 10* times less than that assumed here, 


You. 20 201 


obtain the potential sidien i 

he vicinity of these clouds. . D 
Woodcock and Spencer’ have suggested that extensive 

voleanic activity in past geological epochs may: have, by 


lava flowing into the sea, significantly increased the 
aerosol content of the air to the point of influencing long- 


hanges. Under these conditions there is 


term weather c! : 
also the possibility that the positive charge carried by . 


these particles may have significantly increased the . 
normal positive space charge of the atmosphere on other . 
But data are needed on the electrical 
and other parameters of actual lava steam clouds before - 


than a local scale. 


any reasonable estimates of such space charge can be - 
made. us 
I plan to continue with this work and hope that oth m 
will be stimulated to pursue this interesting problem. 
charge separation. It does not appear to have any 
answer in the theories at present accepted of charge 3 
separation, and the solution may have some relevance 
to the problem of charge production by bursti 
bubbles at the surface of the sea". 

I gratefully acknowledge the support of this work by 
Office of Naval Research under contract Nonr-4035. 
(N R-082—124). 
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THE CURIOUS EYE OF COPILIA 


By R. L. GREGORY and HELEN E. ROSS 
Psy chological Laboratory, Camb ‘idge 
AND 
Dr’ N. MORAY 
Department of Psychology, Sheffield 


ER! described the visual apparatus of the copepod 
Jopilia, which he examined at Naples in the 1880s. 
account is discussed by Wilkie*, which directed 


According to Exner, each of the lateral eyes of Copilia 
has a pair of lenses. The anterior lenses are large, and 
exceptionally widely separated. The posterior lens of 
each eye lies a great distance behind the anterior lens— 
half-way along the extraordinarily transparent body of 


onnexion with the eye. The most striking feature 

d by Exner is that this second posterior lens was 

tinuous and lively movement", apparently moving 

image plane of the anterior lens. From his 

C : it appears that there is no retina but rather a 

8 gle functional receptor unit, transmitting its informa- 
the central brain down a single pathway. 

what we now know about transmitting spatial 

information by conversion into a time-series by scanning, 

as in television, it seemed possible that Exner was de- 

scribing an organism the eye of which works on a principle 

now very familiar to the engineer. We decided to try to 

find and examine this animal. This was a made é 


through the kindness and enthusiasm of Prof, J. Z. Yo 
and the generous co-operation of the Director and Staff 
of the Stazione Zoologica di Napoli. 

The animals were collected from hauls made a 
depth of about 200 m in the Bay of Naples. We succeeded 
in finding 9 living specimens of Copilia, in the course of 
examining some 14 plankton hauls. Of the nine, eight 4 
were female and one male. 

Exner’s description we found to be accurate wit 
regard to the female specimens, the males being ver 
different. Using high-quality optical microscopes (bright. 
ground, dark-ground and phase contrast Leitz equipment) 
we found that the internal structure, muscles, ligamen 
and the nervous system could easily be observed in 
living unstained specimen. In particular, the oscilla 
movement of the posterior lens and receptor, as repo 
by Exner, was readily observable. .. 

The following remarks apply only to the femalo. 





March 21, 1964 


the two being joined by a delicate cone-shaped membrane. 
The posterior lens, lying deep in the animal, is clearly 
seen in Fig. 1, which shows the whole of the body but not 
the tail. The lens is attached to a heavily pigmented 
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uadrata showing the whole of the 


Fig. 1. Photomicrograph of Copilia 
he anterior lenses are seen some- 


body, from above, but not the tail. 

what out of focus; the posterior lenses and the opaque pigment (orange) 

of the photoreceptors are seen in sharp focus. These ‘scan’, apparently 

across the image planes of the anterior lenses, The specimen is living 
and unstained 


Posterior 
scanning 
lens j 





Fig. 2. 
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A series of eight consecutive ciné-frames of the living animal, during one scan. 
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bow-shaped, orange-coloured structure which contains 
the photosensitive elements. The optic nerve is clearly 
seen in the living animal leaving the medial side of this 
bow-shaped structure, passing thence to the supra- 
cesophageal ganglion. It seems that the whole structure 
is essentially the same as a single ommatidium of & con- 
ventional compound eye, except that the distance between 
the corneal lens and the crystalline cone is vastly increased. 
The detailed structure of the ‘rhabdom’ of this ‘ommati- 
dium’ has been described by Vaissiére*, whose observations 
both with optical and electron microscopy show the micro- 
structure to be very similar to the conventional compound 
eye. There seem to be the usual cluster of receptor cells, 
generally believed to function as a single unit. 

The anterior (‘corneal’) lens is rigidly fixed in the strong 
transparent carapace of the animal. The posterior lens 
(‘the crystalline cone’) is suspended in a dynamic system 
of ligaments and muscles which produce movements of 
the crystalline cone and its attached photoreceptor 
across what we assume to be the image plane of the corneal 
lens, but we were unable to get direct optical evidence for 
this. The oscillatory movement is ‘sawtooth’ in form, 
the receptors moving rapidly towards each other, separat- 
ing comparatively slowly. The resting state (particularly 
noticeable in dying animals) is with the receptors farthest 
apart, when the optical axes of the two eyes are parallel. 
The axes never converge, and so the ‘scanning’ (as we are 
inclined to regard it) can scarcely be associated with 
range-finder distance vision. The maximum amplitude 
of the scan is about four times the diameter of the crystal- 
line cone. The scan appeared unrelated to movements of 
other body structures, which were easy to observe simul- 
taneously. We were able to confirm the independence 
of the movement of the eye parts by examination of 
cinematograph film of living specimens. This autonomy 
seems strong evidence for regarding the movement as 
scanning. We found the frequency to be very variable 
(though Exner reports it as constant), but the variability 
may have been related to the condition of the specimens, 
which we were unable to keep alive for more than about 





Photographed at 16 ft./sec. 
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12h. The maximum observed frequency was about 

scans per sec in Copilia quadrata, though there appear to be 

species differences, which will be described in a subsequent 

report. A single scan is shown in the series of consecutive 

ciné frames in Fig. 2. We were unable to produce system- 

atic variations in the scan by subjecting the animals 

to visual stimuli, although there were frequent spon- 

taneous variations in amplitude and in frequency. Even 

violent: changes in illumination (occluding the micro- 

scope lamp) produced no related changes in scanning, 

though the animals would try to avoid too bright a light. 

We regret that we did not use a red filter while examining 

: them, as the animals are probably insensitive to red light. 

"^^ s The maximum intensity they would encounter at the 

depth we found them is about that of moonlight, but we 
-examined them with many times this intensity. 
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Royal Society Leverhulme Visiting Professor to Poland 

Ix 1962 the Royal Society and the Leverhulme Trust 
announced the establishment of a scheme for the appoint- 
ment of two Visiting Professors to India each year. The 
Society and the Trust have now announced the establish- 
ment of a somewhat similar scheme by which a Royal 
Society Leverhulme Visiting Professor will visit Poland 
each, year for the next seven years to lecture and carry 
out research, preferably for an academic year, at a 
a university in Poland in a subject field suggested by the 
_. higher education authorities in Poland. Dr. J. W. Boag, 
who is on the staff of the British Empire Cancer Cam. 

.. paign Research Unit in Radiobiology at the Mount Vernon 
_ Hospital and the Radium Institute, Northwood, Middle- 
Sex, has been appointed to be the first Royal Society 
ned ‘hulme Visiting Professor to Poland in the field of 
-. biophysics. Dr. Boag will visit Poland from October until 















December 1964 and will lecture at tho University of 
Warsaw. 


London : 
ae ; . Prof. W. R. Dean 
Pror. W. R. Dean, who was elected to the Goldsmid 
chair « athematics in University College, London, in 
1952, retires in October 1964. He was educated at Christ's 
Hospital and entered Trinity College, Cambridge, as a 
scholar in 1919; he was elected to a fellowship four years 
later. Afterwards he was an instructor in mathematics 
at the Royal Naval College, Greenwich, during 1922-33 
and an assistant professor of mathematics at the Imperial 
College of Science and Technology, London, during 1924— 
29. Then he returned to Trinity College as a lecturer in 
“mathematics from 1929 until he was elected to his present 
. position. Prof. Dean served in the First World War as a 
lieutenant in the Royal Fusiliers, and during 1940-45 as 
<a senior experimental officer in the Ministry of Supply. 
He has published many papers on elasticity and on the 
. motion of viscous fluids; he was awarded an Adams Prize 
by the University of Cambridge in 1951. He helped to 
.found the journal Mathematika and has served as editor 
-since its foundation in 1954. 


Mathematics at University College, 





OT Prof. K. Stewartson 

Prov. K. SrEwAnTSON, who has been appointed to 
‘succeed Prof. W. R. Dean, has been professor of applied 
mathematics at the University of Durham since 1958. 
He was born in 1925 at Barnsley and educated at Stockton 
Secondary School and at St. Catharine's College, Cambridge. 
He was a Wrangler in 1944 and, after National Service, 
passed Part 3 of the Mathematical Tripos with distinction 
and was awarded the Mayhew Prize, This he followed up 
in 1949 by gaining a Rayleigh Prize after his first year's 








Oxford to graduate and 
but shortly resigned his position to 





: At this stage we can only: speculate as to the place of 


this eye in the evolutionary sequence. Is it an unsuccoss- 


ful ‘experiment’? Is it a precursor of the compound 
eye—multiple ommatidia developing to overcome the 
limited information channel capacity of a neural path ? i 
This most curious of eyes seems an ideal target for a 
microelectrode. 
One of us (N. M.) received financial assistance from the: 
University of Sheffield Research Fund. The others 
(R. L. G. and H. E. R.) received suppport from the U.S. 
Air Force grant No. AF-EOAR 63-93, monitored by 
the European Office, Office of Aerospace Research. : 
1 Exner, 8., Die Physiologie der Facettirten Augen von Krebsen und Insekten — 
(Leipzig und Wien: Fr. Deuticke, 1891). 


* Wilkie, J. S., The Science of Mind and Brain, 29 (Hutchinson's Unive. 
Library, 1953). 


* Vaissière, R., Arch, Zool, Exp, et Générale, 100, Fasc. 1 (1961), 
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research. In the same year he was appointed lecturer at 
the University of Bristol, where he was, in 1954, promoted 


to reader, a post which he held until his appointment to © 


the chair at Durham. Prof. Stewartson has held visiting 
appointments at the California Institute of Technology 


and the University of Wisconsin. He has a wide range of o 
research interests within the field of fluid dynamics; ^. 


boundary layer theory (including the intricacies of Sépara- 


tion and the interaction between a boundarylayerandthe 


external flow), compressible flow, rotating fluids and 
magneto-hydrodynamies are the general headings under 
which these interests may be grouped and to all of which 
he has made significant contributions. In addition to a 
review article on unsteady boundary layers in Advances 


in Applied Mechanics (1960), he is the author of a stimulat- 
ing book recently published by the Oxford University < 


Press on the Theory 
Compressible Fluids. 


Applied Physics at the National Physical Laboratory: | 
Dr. B. W. Robinson 


Dr. B. W. Rosryson retires from his post as supers © 
intendent of the Applied Physies Division at the National 
Physical Laboratory at the end of October. Dr. Robinson à 
was educated at Oundle School and at Trinity 


of Laminar Boundary Layers im — 


Cavendish Laboratory; and then at the Davy-Faraday 
Laboratory, assisting Sir William Bragg, particularly in — 


the field of intensity measurements in X-ray crystal * 


analysis. He was for four years senior lecturer in physics 
at the Royal Military College of Science, 
During the Second World War he worked 
Aircraft Establishment, Farnborough, and 
Aircraft Production, latterly 


at the Royal : 


carried out in his Division on acousties and radiology. ' 


Dr. P. J. Campion cr 


Dr. P. J. Campion has been appointed to sueceed 
Dr. B. W. Robinson as superintendent of the Applied - 
Physics Division at the National Physical Laboratory. 
After serving with the Royal Navy during the Second 
World War, Dr. Campion returned to the University of 

; and then to complete his D.Phil. — 
Afterwards he was appointed a Nuffield Research Fellow 
take up a National 








College, 
Cambridge. As Coutts-Trotter student, he worked in the 





Shrivenham, a 


the Ministry of 
as assistant director in ^ 
armament development. After three years as head of the — 
Instrument Section at the National Institute for Médical pum 
Research, he joined the National Physical Laboratory as . - 
superintendent of the then Physies Division in the auturan RS 
of 1947. Dr. Robinson was appointed superintendent of  . 
the newly formed Applied Physies Division in 1958, and  . - 
since then has greatly expanded the scope of the work 
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Research Council fellowship at the Chalk River Labora- 
tories of Atomic Energy of Canada, Ltd., where he later 
joined the permanent staff He was for a time head of the 
radionuchde standardization group and has become 
known internationally for his contributions to the tech- 
nique of absolute activity measurements. He also carried 
out investigations on reactions involving radiative neutron 
capture ın various elements as well as making precision 
determinations of some neutron cross-sections In 1960 
he returned to the United Kingdom as head of the Radio- 
logy Section, Apphed Physics Division, at the National 
Physical Laboratory. He is a member of the Comité 
Consultatif pour les Etalons de Mesure des Raduations 
Iomsantes of the Bureau International des Poids et 
Mesures at Sévres. 


Applied Magnetism at the University of Liverpool . 
Dr. H Edels 


Dr. H. Epzrs, at present reader m electric power 
engmeermg m the University, has been appointed to the 
newly established chaw of apphed electromagnetism 
Dr. Edels 1s forty-two and was educated at Manchester 
Central High School and the College of Technology of the 
University of Manchester, where he was awarded a B.Sc. 
Tech. m 1943 From 1943 until 1947 he was a research 
engmeer m industry, engaged on researches into circuit 
breaking, fuses and welding From 1947 until 1949 he 
held a research fellowship m the University, and m 
1949 was appomted a lecturer m the Department of 
Electronics. He was awarded a Ph D m 1950 Dr 
Edels was promoted to a senior lectureship m 1955 and 
to a readership m electric power engmeering m 1958 
He served on the Senate from 1961 until 1963 as the repre- 
sentative of the non-professorial teaching staff m the 
Faculty of Engmeermg Smce 1961 he has been the 
representative of the Council of the University on the 
Northern Universities Jomt Matriculation Board In 
1963 he was awarded the Snell Premium of the Institution 
of Electrical Engmeers. His main research mterest 1s the 
mvestigation of properties and theory of are discharges. 


Nuclear Propulsion for Merchant Ships 


Iw reply to & question m the House of Loids on 
February 26, the Earl of Bessborough said that the £3 
mulhon allocated for research cto nuclear propulsion for 
merchant ships was spent by the begmning of this year 
The programme mceluded the jomt Vulcan project under- 
taken with Belgonucleaire, as well as research into and 
investigations of other water-moderated reactor systems 
and their variants The results had been given to the 
Working Group on Marine Reactor Research and, pending 
the Group's report, work was contimuing this year on the 
scale of about £2 milion per annum He thought that 
most of the systems used would be water-moderated 


Royal Society Research Professorships 


In a written answer in the House of Commons on 
February 21, the Chief Secietary to the Treasury, Mr J 
Boyd-Carpenter, announced that ho proposed, subject to 
Parhamentary approval, to provide the Royal Society 
with additional funds in 1ts grant-m-aid for 1964-65 for 
the establishment of a further three research professor- 
ships at a cost, cluding supporting staff and research 
equipment, of some £45,000 ın 1964-65 and £75,000 in a 
full year of operation 


Research in Education 


In a written answei in the House of Commons on 
February 24 the Mister of Education, Sir Edward Boyle, 
listed five research projects directly relevant to the 
Newsom Report and sponsored by the research fund of 
lus Department, with the estamated cost and date of 
completion a study by the Institute of Education, 
University of London, of the relation between language, 
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social class and learning abihty (£32,000, 1968), an 
mvestigation by the Institute of Education and Depart- 
ment of Sociology, University of Liverpool, of the 
relation between educational achievement and environ- 
mental factors (£14,000, 1967), a study by the National 
Foundation for Educational Research of the effgcts of 
abihty-streamung in primary schools, with reference to 
socio-economic variables, achievement and attitudes 
(£58,000, 1968), an mvestigation by the University of 
Durham of the relation between behavioural, emotional 
and cognitive components of morality, with special 
reference to the mfluence of socio-economic factors on 
moral development (£5,000, 1965-66); and a study by 
the University of Manchester of attamment m primary 
schools in the Manchester area, related to school and 
socio-economic variables (£2,500, 1965) The Central 
Advisory Council for Education (England), which com- 
mussioned the last-mentioned study, had also asked the 
Social Survey of the Central Office of Information to 
mvestigate the relation between home and school, with 
special reference to socio-economic factors He was 
considering whether establishment of an experimental 
school m. co-operation with a teachers’ traning college, 
as recommended in the Newsom Report, was the best 
way of helpmg people whose abilities were artificially 
depressed by mental and linguistic handicaps He was 
also taking mto consideration the place of such a project 
1n the general research and development to be undertaken 
mn consequence of the decision to raise the school-leaving 
age He stated that he would be consulting departments 
concerned on the establishment, also recommended 1n the 
Newsom Repoit, of an inter-departmental working party 
to deal with geneial social problems, including education 
mn slum areas, and particularly with the need for stability 
of staffing and the design and function of school buildings 
as part of the general community provision The need 
for closer co-operation was agreed and he hoped to mako 
an announcement shortly as to its form 


University Places in Britain 

In reply to a question about university places m the 
House of Lords on February 27, the Parliamentary 
Secretary to the Minister for Science, the Earl of Bess- 
borough, said that about 35,100 full-time students for 
first degree or comparable courses entered universities m 
Great Britam in October 1963 According to provisional 
information from the Universities Central Council on 
Admissions, 51,600 students apphed for admission but 
about 11 per cent failed to obtain the mmmum academic 
quahfications Of the remeander, 26,500 obtained admus- 
sion to universities other than Oxford and Cambridge and 
an unknown number obtamed admission to Oxford and 
Cambridge It 1s beheved that 60 per cent of the remainder 
continued in full-time education 


Technological Awards in Britain 

A STATEMENT issued by the National Council for Tech- 
nological Awards warmly welcomes the Robbms Report 
and regards the Robbms Commnttee's guidmg prineiple— 
that equal academic awards should be for equal perform- 
ance—as representing a major change m the chmate of 
opinion since the Council began 1ts work 1n. 1956 (Statement 
on the Report of the Committee on Hagher Education Pp 4 
London National Council for Technological Awards, 
1964) It believes that the work of all concerned with 
the establishment of Diploma m Technology courses, 
mncludmg the students themselves, has demonstrated that 
the prmeiple can be applied In particular, rb 18 glad to 
have had the opportunity of workmg with the colleges of 
advanced technology m attammg university status The 
Council strongly recommends that if awards m a new 
style of title are granted ether by the Council for National 
Academic Awards or by colleges of advanced technology, 
such awards should be granted retrospectively to holders of 
the Diploma m Technology and the awaid of Membership 
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of the College of Technologists and to those at presont 
studying for these awards The statement reaffirms the 
Couneil's belief in the value of the sandwich course leading 
to the Diploma m Technology, and urges that all possible 
steps should be taken to ensure the further development of 
sandwich courses It also believes that action should be 
taken to make certam that academic resources, the supply 
of industrial trammg places, and the standard of mdus- 
iral trammg together meet the nation’s needs. For this 
purpose the Council considers that consultations should 
be held as early as possible between the various organ- 
vations mterested in sandwich courses, and m this con- 
nexion ıt refers to the colleges of technology, the technical 
colleges, industry, the Council for National Academic 
Awards and the industrial trammg boards proposed in 
the Bill now before Parliament The Council also urges 
the Council for National Academic Awards and the 
colleges to contmue to develop the concept of programmes 
of research work 1n collaboration with colleges and mndus- 
trial organizations embodied in the award of Membership 
of the College of Technologists. 


Assembly-line Inspection in Industry 

Woe differences m judgments of quahty are often 
made about the same batch of articles commg off an 
assembly lme, not only by different inspectors, but by 
the same man at different trmes In a booklet issued by 
the Department of Scientific and Industrial Research 
entitled Inspection and Human Efficwncy, R. M. Belbin 
suggests steps which might be taken to mnprove inspection 
methods (No 4 in the series Ergonomacs for Industry 
Obtainable free of charge from the Library, Department 
of Scientific and Industrial Research, State House, High 
Holborn, London, WC.1). Inadequate ilumimaton or 
poor layout are usually at the root of the problem. Often 
the visual acuity of the mspector 1s not even considered 
and the assembly hne moves at such a speed that 16 18 
impossible for him to do his job thoroughly Inspectors 
have special problems and ther integrity and human 
relationships are often stramed to the hmrt and ther 
status uncertam. It 1s understandable for them to feel 
that if they find too few faults ıt will endanger ther 
own jobs Similarly, where piece-rate work 1s bemg 
carried out, 1f they set too stringent a standard they get 
complaints from their colleagues They tend, therefore, 
to maintam a constant rejection rate, items of an accept- 
able standard beimg rejected when the plant 1s running 
well, some items of a low quality bemg passed when 1f 15 
not Standards are often low because there 18 no satıs- 
factory criterion for assessing the efficiency of mspection 
Control of inspection tends to look hke a form of ‘spying’ 
and it 1s not unnaturally resented as such The booklet 
outhnes a seven-pomt plan for improvmg mspection 
methods m British industry and calls for the application 
of ergonomic data to the problem of raismg the standard 
of industrial products 


The British Hat and Allied Feltmakers Research Associa- 

tion 

Tre srxteenth annual report of the Director of Research 
of the British Hat and Alied Feltmakers Research 
Association for the year ended August 1963 includes the 
usual lst of pubhcations, staff and members of Council 
and Committees (Pp 22 Audenshaw, Manchester 
British Hat and Alhed Feltmakers Research Association, 
1963) An outstandmg feature of the year was the dis- 
covery of a new carrotmg agent which confines reaction 
to the disulphide linkages, retaimmg the mtrinsic strength 
of the fibre and giving felt of higher quahty. Use of 
dimethyl sulphoxide as an aid to felting was examined in 
groater detail, and work on the technology of forming 
started with a survey of the operating conditions of the 
forming machines used by fur-felt firms Considerable 
progress was achieved m applymg the faster types of 
dyes to both wool and fur-felt by a selective choice of 
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levelling agents at appropriate concentrations m conjuno- 
tion with a controlled temperature-trme cycle of dyeing. 
An mvestigation of hat finishing procedures 1s bemg made 
on Doran machmes to determine the effect of choice of 
paper, and a review of the felt quality mdexes (T.D.M.) 
based on quality tests for 1961 has been completed. 


The United States National Museum 


Tue director of the U S National Museum im his report 
for the year ending June 30, 1963, mentions the especially 
noteworthy accomplishments of the reopening of the three 
large halls of modernized exhibits im the Museum of 
Natural History and the start of the metalation of 
exhibits ın the new Museum of History and Technology 
(Pp. vin--226. Washington, DC.- Government Printing 
Office, 1964). In the Department of Archaeology a section 
of sıx umts explains the objects and dating methods now 
used, and other exhibits show characteristic weapon 
points and other artefacts of the Folsom, Agate Basin 
and other big-game hunters of 7,000-10,000 years ago 
Withm each region, cultural variations through time are 
revealed m representative artefacts and art work A hfe- 
sized model of æ blue whale has been installed m the 
Zoology Department The construction of a desert hfe 
group in the Botany Department has been based on field 
work carried out by the Museum staff In the Geology 
Department the central figure 1s a gigantic Deplodocus and 
a unique specimen of the skeleton of T'hescelosaurus, which 
was a small, agile, plant-eatmg dinosaur Special exhibits 
show methods of classifying the dinosaurs and the various 
ways mn which they adapted themselves to their environ- 
ment The dmosaurian remams in this Museum are of 
historic as well as scientific mterest, for many were 
collected between 1870 and 1895 The report 1s profusely 
illustrated 


The National Museum of Wales, Cardiff 

THE outstanding item of interest m the report of the 
National Museum of Wales for 1962-63 is that the 
buildmg of the West Wing has proceeded throughout the 
year (Pp. 9146 plates Cardiff: National Museum of 
Wales, 1963). Although preparations for its occupation 
are being made, ıt will be a considerable timo after the 
building 1s handed over before 1t can be opened to the 
pubhe In the Department of Geology the reorganization 
of the reserve and study collections has been continued, 
while m the Department of Botany the emphasis has been 
on modernization and expansion. Building operations 
have interfered with normal exhibition work in the 
Department of Zoology, and m the Department of 
Archeology modernization of exhibns has continued in 
the later Prehustoric gallery. Several loan exhibitions 
have been staged by the Department of Art The South- 
gate Toll-house (buit 1771) at Penparcau, Aberystwyth, 
was accepted by the Welsh Folk Museum at St Fagans. 
Another recent and important acquisition consists of the 
old cockpit from Denbigh 


The American Academy of Arts and Sciences 


A BROCHURE recently issued by the American Academy 
of Arts and Sciences describes the origms of the Academy, 
which was incorporated on December 15, 1779, 1ts mem- 
bership and publications, its research funds and medals 
(which include the Rumford Fund, the Emerson—Thoreau 
Medal and the Francis Amory Prizes) as well as the 
Academy’s contribution to the contemporary world (The 
American Academy of Arts and Sciences Descriptive 
Brochure Pp 19 (8 plates) Boston The Amencan 
Academy of Arts and Sciences, 1963) The latter section 
emphasizes that the Academy 1s not departmentabzed, 
that ıt does not hold meetmgs for the several branches of 
learnmg, and that its policy 18 based on the conviction 
that fruitful intercourse between the branches of learning, 
rather than the advancement of the separate disciplmes, 
1s an increasingly acute need of the times 
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The US. National Academy of Sciences 


Tar National Academy of Sciences has recently issued 
a booklet reviewmg the relations of the Academy with 
the Federal Government durmg its first hundred years 
1863-1963 (The National Academy of Scrences, 1863-1963 
Pp. 15. Washington,DC National Academy of Sciences, 
1963). The booklet indicates the contribution that the 
Academy has made to the organization of scientific 
departments under the United States Government, m- 
cludmg the establishment of the National Research 
Council and subsequent developments durmg the Second 
World War and after. 
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National Libraries 


UNDER the title Natonal Lxbrarves, the Library Asso- 
ciation has issued a booklet contammg extracts from the 
proceedings of the conference of the University and 
Research Section at Bangor m April 1963 (Pp 56 
London The Library Association, 1963 10s; LA. 
members, 7s 6d) At that conference Dr Ib Magnussen 
discussed the functions and planning of a national hbrary, 
and Mr A. H Chaphn introduced a discussion on a 
national reference and formation service, m which E D 
Jones, S. P L. Filon, J A Chaldecott and Dr. D J 
Urquhart particrpated Mr. Chaphn mdicated briefly the 
organization needed at the national level, and his plea 
for national support, and finance, for a co-ordmated 
1eference and information service was warmly endorsed 
by Mr. Filon and Mr. Chaldecott, and to some extent by 
Dr Urquhart, who emphasized that a reference service 
could be operated by a lendmg hbrary Dr Magnussen 
distinguished seven functions of a national library and 
commented that the problem of centrahzation versus 
decentralization was one of the most acute and required 
reflexion There was a general tendency to develop 
national hbranes, but their relations to special fields 
require careful consideration and although much informa- 
tion service and bibliographical activity must be left to 
special libraries ıt would be mjudicious and dangerous if 
national hbraries did not consider such work He referred 
particularly to the place of university hbraries and urged 
more national plannmg of the library system Dr JN L 
Myres, Dr W Beattie, Mr E Ansell and Mr R A 
Wilson contributed to the discussion 


Derwent Patents Manual 


THE second edition of Derwent Patents Manual (the 
first edition was issued ın March 1962) contams brief 
articles on patent law and procedure in Australia, Belgium, 
France, Germany, India, Japan, the Netherlands, South 
Africa, the United Kingdom, the United States and Russia 
(Derwent Publications, Ltd Derwent Patents Manual, 
1964 Pp 68 London Derwent Publications, Ltd, 
1963 12s 6d; 2 dollars) There ıs a summary of 
progress with the proposal for a Huropean patent and the 
Derwent International Patents Chart ıs also included. It 
is proposed to issue new editions annually in future 


The British Journal for the Philosophy of Science 


The British Journal for the Philosophy of Scwnce for 
November 1963 contains two articles, which, while entirely 
distinct, yet have a profound factor m common, namely, 
that of comparing present-day theoretical concepts with 
those set up by former generations of physicists and 
mathematicians The first, by S J. Prokhovnik, 1s ‘The 
Case for an ZEther", which 1s a hark-back to G. F 
FitzGerald (not Fitzgerald, as the author writes 1t) and 
lis well-known contraction The revised version needs 
only a “basic inertial system”, which has the ether for its 
space, and which need not possess the wholly abnormal 
properties originally ascribed to ıt AJl ıt has to do ıs to 
permit isotropic electromagnetic propagation relative to 
it with velocity c Reasons are given for supporting such 
arevival The second paper is by Prof R L Goodstem, 
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“The Significance of Incompleteness Theorems”. and 
compares the type of mcompleteness charactenstic of 
Pappus’s theorem-on account of the underivabihty of 
Desargues’s perspective triangles—with that of the much 
more powerful theorems of Skolem and Gödel, of modern 
times. It 1s noted that, m 1934, without prior knowledge 
of Skolem’s work, Wittgenstem must have been aware of 
the lmmtations of free variables and whole’ numbers 

Yet, no hint of this prescience appears m the posthumous 
volume, Reflections on the Foundations of Mathematics. 


Textile Research in Poland 


Srwcm 1954 the Pohtechnika Lód£ka (Łódz Technical 
University) has published Scientific Bulletins (Zeszyty 
Naukowe) m five editions covermg chemistry, food 
chemistry, electrical engineering, mechanical engmeermg, 
and textiles The textiles edition (Widkvennectwo) appears 
at irregular intervals approximating to one issue each 
year, and comprises, in the mam, papers in Polish on 
original work carried out within the departments of the 
Politechnika Lédzka. Issue No 10 (pubhshed m 1963) 
contains contributions from the Department of Mathe- 
matics of the Faculty of Chemistry on statistical analysis, 
from the Department of Bast Fibre Technology on the 
processing of wool fibres, and from the Department of 
Textile Raw Materials and Metrology on the character- 
ization of cross-sections of man-made fibres, the quahty 
and spinnability of wool fibres, and changes ın flax, hemp 
and jute roving due to environmental conditions. An 
article on flax yarns is contmbuted by the Kostromsknu 
Textile Institute of the USSR 


Deterioration of Leather Fibres 


A REPORT, by Dr Joane H Bowes, entitled A Funda- 
mental Study of the Mechanrsm of the Deterioration of 
Leather Fobres, covers a five-year study sponsored by the 
US Department of Agneulture-Agrieultural Research 
Service (Pp 118 Egham, Surrey British Leather 
Manufacturers’ Research Association, 1963) In making 
leather, as in many ‘traditional’ mdustries, empiricism has 
led to diversity in the agents used to stabilize the native 
collagen of hides and skms Polyphenolies, transition 
metal complexes and polyfunctional organe cross-lnking 
agents may be used smgly or in combination as tanning 
agents Investigations mto the stability of leather are 
therefore complicated by the many bond-types which may 
be present Over the past decade there have been many 
publeations covermg specific aspects of this problem 
although most of them drew speculative conclusions The 
present report hes a much broader basis After a prelim- 
mary study of some commercial leathers, the authors 
investigated the combined action of heat and moisture 
on collagen From this foundation comparable studies 
were made on the action of heat and moisture on particular 
leathers, and extended to melude the effects of other 
factors such as pH, perspiration solutes, particularly 
lactates, and atmospheric oxygen The author and her 
colleagues have made use of many specialist techniques, 
includmg measurements of stress-strain relationships on 
both intact and damaged fibres, isotope exchange studies 
and shrinkage temperature measurements ‘New methods 
for fractionating partially degraded protems prior to 
amuno-acid analysis have also been developed It would 
appear that the most rmmportant cause of deterioration of 
leather is a degree of moist heat sufficient to bring about 
hydrolytic scission of the main polypeptide chams with 
consequent disorganization of the molecular structure 
Those tannmg agents which function by introduemg 
covalent cross-links minimize this disorganization Rela- 
tively few of the commercially used tanning agents act ın 
such a manner, although there 1s interest ın glutaraldehyde 
—one of the materials mentioned m this report. The 
present work 1s undoubtedly a useful foundation on which 
to base further developments in our understanding of the 


stability of leather, and for a reassessment of present-day 
industrial practice 


Soils of North Borneo 


Colonial Research Studies No 36 presents the results of 
a survey, financed from Colomal and Development 
Welfare funds, designed to assess the agrieultural potential 
of an area of a million acres of high jungle m the south-east 
of North Borneo (A Reconnaissance Sow Survey of the 
Semporna Peninsula, North Borneo By T. R Paton 
Pp v-4111419 plates--8 maps London HMSO, 
1963 28s) The Semporna Penmsula ıs mountainous 
and hilly, a site of extmct volcanoes, the maximum 
elevation being 4,200 ft, but there are also large flat 
areas of alluvium laid down through obstruction of rivers 
by basalt flows ın Quaternary times There is also a 
coastal level platform at 50-100 ft above sea-level— 
possibly the 1esult of a recent uphft—and a raised coral 
platform at 8-10 ft above sea-level The limited meteor- 
ological data show that rainfall is variable, mostly as 
intense downpours, and averages about 80 m per annum, 
and that the temperature fluctuates between 70° and 
90° F The geology 1s characterized by several volcanic 
periods, from early Miocene to recent times, responsible 
for adjustments in drainage systems and unusual soil 
distributions. The vegetation includes mangrove swamp, 
“coastal padang” (canopy 60 ft), and “mossy forest" on 
the poor souls at altitudes over 2,000 ft A large variety 
of tropical crops 1s grown, particularly rubber, Mania 
hemp and coconut, while oil palm and cocoa are promising. 
The fishmg communities also grow some maize on the 
coral platform and cassava on the hillsides The greatest 
development 3s in mechanized logging which may acceler- 
ate erosion In general, the soil groups are confined to 
cet tam parent materials, the age of which is related to the 
topography, and could be characterized by chemical 
analysis They are compared with the sails of other 
tropical areas and are discussed with relation to suscep- 
tibihty to erosion and possible future land use There are 
19 plates dlustrating the terram, parent materials, soil 
profiles and vegetation, tables of analytical data for 38 
profiles and 8 soil maps 1 50,000 


Air Pollution and Pharmaceutical Reagents 


Tar World Health Organization has published a survey 
of existing legislation relating to Aw Pollution, the ım- 
portance of which in our modern civilization needs no 
emphasis (Pp 45 Geneva World Health Organization, 
London HMSO,1963 2Sw franes, 3s. 6d , 60 cents) 
Equally mportant, or perhaps more sọ, 1s the need to 
subject all drugs to rigorous clmcal and pharmacological 
tests before they are marketed, and this can scarcely be 
done unless the reagents used for these tests are them- 
selves standardized and unified As a step towards the 
achievement of this standardization, the World Health 
Orgamzation has published a useful volume entitled 
Specification for Reagents Mentioned wm the International 
Pharmacopoewa, which proposes specifications for the 
reagents required for tests and assays apphed to the 
preparations described in the International Pharmaco- 
poew (Pp 267 Geneva World Health Organization, 
London H MS O., 1963 18Sw francs, 30s , 6 dollars) 


Friction and Transfer of Polytetrafluoroethylene 


Ix the article “Friction and Transfer of Polytetra- 
fluoroethylene", by Mrs K R Makinson and Dr. D 
Tabor (Nature, 201, 464, 1964), Fig 26 should have been 
mounted at nght angles to the direction shown The 
PTFE chains aro, in fact, omented parallel to the direction 
of shding and not normal to the direction of shdmg as 
stated im the article The error ıs due to a mistaken 
calibration of the rotation of the electron diffraction 
pattern relative to the electron micrograph The authors 
have written to the Editor pomtmg out this error and 
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thank Mr. N. K J. Symons for brmgmg tius to then 
attention. These corrected results are consistent with the 
earlier observation of Tabor and Wynne-Wilhams (Wear, 
4, 391, 1961) that friction on oriented PTFE 1s lower 
along the direction of the polymer chains than across 
them 


The Society for Developmental Biology 


Tue Society for Developmental Biology has been 
founded 1n order to bring together scientists from as many 
fields as possible who may be interested 1n. problems con- 
nected with the development of organisms It 1s hoped 
to hold three scientific meetings per annum, at a variety 
of centres m Britam and also to sponsor such other 
activities as may serve the interests of developmental 
biology in Britam The Society’s inaugural meeting will 
be held m Oxford on June 20 Further information can 
be obtamed from the acting secretary, Dr E M Deuchar, 
Department of Anatomy and Embryology, Unrversity 
College, London, WC 1 


The National Institute for Research in Nuclear Science 


Tum Electron Laboratory of the National Institute for 
Research m Nuclear Science has now moved to rts per- 
manent site at Daresbury m Cheshire, and will in future 
be known as the Daresbury Nuclear Physics Laboratory. 
The construction of the Daresbury Laboratory, which will 
house a 4-GeV electron synchrotron, 1s proceeding 
rapidly and ıt 1s expected that the first permanent 
buildings will be ready for occupation m the autumn 


Announcements 


Dr J Bronowski, formerly director-general of the 
Process Devolopment Department of the National Coal 
Board, has been appointed deputy director of the Salk 
Institute for Biological Studies, San Diego, California 


Tus first open days of the Laboratory of the Govern- 
ment Chemist will be held durmg April 22-23 Further 
information can be obtamed from the Government 
Chemist, Cornwall House, Stanford Street, London, S.E I 


Ta International Starch Conference, arranged by the 
Cereal Research Association, will be held m Detmold 
during April 22-24 Further mformation can be obtained. 
from Mr G Tegge, Arbertsgememschefit Getreideforsehung 
E V , Detmold 


A SYMPOSIUM on “The Structure and Function of Lipid- 
contammg Systems", organized by the British Biophysical 
Society in association with the Biochemical Society, will 
be held m the University of Birmmgham durmg April 
20-21. Further xnformation can be obtamed from Dr 
T Galhard, Department of Biochemistry and Pharma- 
cology, New Biology Block, Birmmgham 15 


Tue forty-fifth annual meeting of the American Geo- 
Physical Union will be held m Washmgton durmg April 
21-94 The programme will include sessions on  geodesy, 
seismology; meteorology, geomagnetism and aeronomy ; 
oceanography; voleanology; geochemistry and petro- 
logy, hydrology; tectonophysies; planetary sciences 
Further information can be obtamed from the executive 
secretary of the American Geophysical Union, Waldo E. 
Smith, 1515 Massachusetts Avenue, N W., Washington, 
DC 


Erratum Jn the communication entitled “Phantasies 
on & Natural Unity of Mass", by Prof C Egich, which 
appeared on p. 61 of the October 5, 1963, 1ssue of Nature, 
the fifth lme of the seventh paragraph should read 
* — three times the cubic root (= 3 YK)”. The nmth 
line of the ninth paragraph should reed “instead of ‘kg 
by Prof Polvam, now president of the > Tn the last 
hne of the final paragraph '///" should be substituted 
for “mm? 
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INDUSTRIAL AUTOMATION 


HE fifty-two 1industiial iesearch associations im 
Britain have long been an integrated network of 
research organizations stretching across more than 60 
per cent of the country’s productive industry. The first 
formal step m this integration was the agreement, some 
years ago, that as a matter of policy all research associa- 
tions should be encouraged to assist one another and, 
thiough each other, their industrial members with advice 
and guidance on technological problems Each associa- 
tion 1s thus able to draw on a wide range of technological 
skills beyond its own This integration has been fostered, 
too, by the formation of gioups of research associations 
having simular or related technologies Thus we have a 
Committee of Directors of Textile Research Associations 
and similar groups for the metal and food industries 
These groups meet for the exchange of views, for mutual 
assistance and for the avoidance of unnecessary duplica- 
tion of research work Among the textile research associa- 
tions, collaboration has now reached a pomt where each 
association allocates a small proportion of its annual 
budget to collaborative work of mterest to more than one 
industry Collaborative enterprises at present melude 
mvestigations into flame-proofing and mto the purifiea- 
tion and disposal of effluents and the conservation of water 
A further step was announced on February 6 with the 
formation by the Committee of Directors of Research 
Associations of an Industrial Automation Group This 
new step has been taken because 16 1s believed that, since 
rapid progress in the application of automation depends 
laigely on the exchange of mformation and co-operation 
between those with expert knowledge of control engineering 
and those with expert knowledge of particular production 
technologies and problems, the research associations have 
a unique part to play They are already aware of the 
manufacturing problems of the industmes they serve and 
know of the trends of development takmg place in them 
The great diversity of problems that exists m different 
mdustries makes ıt especially appropriate that the research 
associations, integrated as they are and ım partnership 
with Government through the Department of Scientific 
and Industrial Research, should be expected to play a 
major part ın the future application of automation to 
mdustiy Some research associations have already made 
valuable contributions to the general application of auto- 
mation procedures both by developing improved machin- 
ery and automatic control devices, and by encouraging and 
assisting their members to apply automation concepts 
The objectives of the new Industrial Automation 
Gioup may be summed up as the acceleration of the mtro- 
duction of automation techniques To this end 1t proposes 
to assist all research associations to set up automation 
sections, to formulate automation projects or their com- 
ponents that are of common interest to a number of re- 
search associations and that would benefit from joint 
action; to assist in utilizing each research association’s 
specialist facihties related to automation, and to provide 
a mechanism through which collaborative activities with 
a bearing on automation can be fostered It 1s hoped, too, 


that the Group will be able to negotiate special financial 
support from the Government foi the promotion of auto- 
mation projects. It 1s expected that the Group will be 
able to encourage the development of specialist automa- 
tion projects ın the research associations and, through 
them, ın their respective mdustries by providing & channel 
of communication between the associations, by conferences 
and special lectures or demonstrations, and by forging 
links with professional and technical organizations with 
similar objectives 

It ıs intended, muitially at least, that the mterests of the 
Industrial Automation Group shall be confined to techni- 
eal and economic problems The Committee sponsoring 
the Group 1s, of course, aware of the fears that have been 
expressed about the social consequences that may follow 
m the wake of the widespread application of automation 
but 1s satisfied that such questions are already the concern 
of other bodies better able to deal with them 

The first meeting of the Industrial Automation Group 
was held m December when & start was made on the 
formulation of projects, based on present-day work m the 
research associations, suitable for collaborative efforts 
For example, two years of prelimmary research and 
development at the British Launderers’ Research Associa- 
tion have proved the feasibihty of auto-rackmg and 
packing of customers’ bundles of finished laundry With 
the addition of a markmg system suitable for automatic 
reading and identification, simplified magnetic data- 
storage devices for customer mformation and automatic 
pricing of bundles on the basis of weight and number of 
articles (all of which 1s now under active development), 
visual identification and manual sorting will be unneces- 
sary It ıs easy to see the possible extension of such a 
development, if successful, into the fields of central engm- 
eering stores, mail-order houses, parcel sorting, many 
forms of packaging, warehousmg and dispatching 

At the Warren Spring Laboratory of the Department of 
Scientific and Industrial Research, which 1s also repre- 
sented on the Group, a considerable amount of work 1s 
now in progress to apply computers to the control and 
optimization of chemical and other plant Provided 
the problems associated with the provision of suitable 
measuring devices can be solved ıt will be possible to 
apply the technique to a wide variety of processes, the 
only additional work in each instance bemg the establish- 
ment of a suitable sample technique The generalization 
of techniques ın thus way and the cross-fertihzation of 
technologies, as illustrated by the laundry project, will 
be an essential function of the Industrial Automation 
Group 

The chairman of the Group ıs S S Carhsle of the British 
Scientific Instrument Research Association, and the 
Machme Tool, Hosiery, Baking, Launderers’ and Cotton 
Silk and Man-made Fibres Research Associations are all 
represented on it, together with the Warren Spring 
Laboratory, the United Kingdom Automation Council 1s 
represented by J F Coales, 1ts chairman 

D W Hu 


TRADE UNIONS: THE SECOND CALL TO REFORM 


A a complement to an egre: Broadsheet Trade Unions 
«n a Changing Socrety (Nature, 200, 817, 1963), 
which discussed the scope for trade union activity to-day 
and m the future, Political and Economic Plannmg has 
continued its study of Trade Unions with a further Broad- 
sheet entitled The Structure and Organization of British 


Trade Umons* In this latest Broadsheet, B Donoughue, 
A Oakley and Janet Alker seek to establish in what ways 
"Union structure and organization are not working effioi- 


* Planning, 29, No 477, December 2, 1903 The Structure and Organiza- 
ton of Brush Trade Unions Pp 431-186 (London Political and Economic 
Planning, 1963 ) 5s 
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ently to-day and are madequate to carry out both tradi- 
tional Union. functions and the newer functions which will 
become increasingly umportant Secondly, they set out 
to consider practical steps by which reforms and umprove- 
ments might be mtroduced 

Three main groups of problems are distinguished 
Furst, those concerning the structure of the British 
Trade Union movement, such as the imefficiencies and 
difficulties arismg from the existence of hundreds of 
autonomous Unions. Secondly, those concerning com- 
mumeation and control within individual Unions, and, 
thirdly, those concerning the Trades Union Congress 
itself, such as its weaknesses as a central co-ordmating 
body of the movement The Broadsheot emphasizes that 
most of the problems examined do not exist everywhere, 
affecting some mdustnes and some Unions much more 
than others the whole Trade Unions movement 18 not to be 
condemned for the shortcomings of certam parts of 1t 

While the approach and discussion are thoroughly 
realistic and moelude numerous constructive suggestions, 
it 1s pomted out that the final answers must come from 
those with direct expenenee and responsibility the 
Broadsheet does not pretend to offer more than some 
contribution to a better understandmg of the present 
issues and of some possible ways of reform and the hkely 
obstacles Nevertheless, ıt leaves no room for doubt 
that somethmg more than tinkering with organization 1s 
requred A different economic system 1s already in the 
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making and the real question is whether the present 
structure and practice of British Trade Uniomam are 
such as to help or hinder the growth of a planned economie 
system None of those concerned can foresee how the pro- 
cess will develop, but that does not exempt any of them— 
Government, mdustry, workers, financiers and econonusts 
—from the necessity of showing some foresight in guiding 
the particular steps with mtelligence and purpose towards 
the common goal In particular, 16 does not exempt the 
Tirade Union movement from direeting any changes 1n its 
present structure and practice into ways that would meet 
the evident needs of a planned system, so that m the 
process the movement may acquire its mghtful and 
responsible part m shapmg that new system This 
maphes that the Trade Union movement must take early 
steps to aequamt itself with the real facts of modern 
economic life and to dissemmate that knowledge from 
the point of view of its own members’ mterests Nor 18 a 
national planned policy possible with hundreds of Unions 
pulling different strings m different directions to carry 
the weight and mfluence m national affairs to which 1t 15 
entitled the movement must find ways of weaving those 
many stimgs mto one powerful rope 

The Broadsheet is written with sympathy as well as 
insight and 1s a contribution to the informed discussion of 
current affairs which strengthens the hands of those 
Trade Union leaders who are already workmg for reform, 
and one for which the whole movement should be grateful 
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FUTURE OF TOWN GAS 


gau gas first o11gimated fiom coal and 15 1s now one 
hundred and fifty years ago that the first British 
commercial gas enterprise, the London and Westminster 
Gas Company, was founded This concern estabhshed 
thiee gas-producing stations, laid mutually fifteen miles of 
mams, was responsible for the fist gas lamps on West- 
minster Bridge, and later, durmg the Victorian age, 
exercised much influence on the 1apid expansion of the 
gas mdustry throughout Britain The famous mvention 
of the Welsbach incandescent gas mantle ın 1887 revolu- 
taonized the efficiency of gas hghtmg everywhere, but this 
mnovation came a little too late The advent of electric 
hghting m 1882 sponsored a challenge to coal-gas as a 
source of hghtimg and heating which, although not fully 
appreciated at that tume, was destined to wm the battle 
for lighting, but certeinly not for heating, for which purpose 
the use of gas has progressively increased Between tho 
First and Second World Wars the inereasing competition 
from electricity determmed radical changes m the gas 
industry which, by 1939, had become mainly a supplier 
for heating and cookmg Then came the Gas Act of 1948 
which nationahzed the entire mdustry, the basic pattern 
now clearly discernible, much as 1s the case with national- 
lized electricity as experienced to-day The central con- 
trolling body ıs the Gas Council, appointed by the Ministry 
of Power, and m its annual report, surveying recent 
advances and new techniques of gas production, 1t states 
of the latter “The most striking of these has been the 
rapid development and commercial application of the 
industry’s research mto the production of gaseous hydro- 
caibons by the hydrogenation and the reforming of 
petroleum oils” 

The early process for makmg gas was by heating coal 
1n won or fire-clay retorts, and subject to many refinements 
evolved over the years this principle was followed fo1 
more than a century The residual coke posed a problem 
until a process was developed whereby ‘water gas’ was 
manufactured, this depended on the chemical reaction 
set up by passmg steam through beds of hot coke, resulting 
in decomposition of the steam mto hydiogen and carbon 
monoxide, as the temperature fell, air was introduced 


mto the system and more heat thus raised Weter gas 
produced by this cyclic action does not possess a high 
calorific value (about 300 B Th U per cubic foot), 1t has 
to be enriched and this 1s achieved by the use of gas oil 
derived from petroleum Gas oil ıs similar to Diesel oil 
ın characteristics; 16 was origmelly called ‘gas o1 because 
of its use in gas production. This form of enrichment 
resulted ın a gas having about 500 B Th U per cubic foot, 
much, the same calorific value as gas manufactured direct 
from coal 

Further research on the complete gasification of coal, 
leaving nothing but ash, was commercially developed on 
the Contment after the end of the Second World War 
According to an article m a recent issue of Esso Magazine 
(13, No. 1, Winter 1963-64), entitled ''Gas from Oi" 
“One of the most successful methods of completo gasifica- 
tion is the Lurgi process m which coal is reacted with 
steam and oxygen This process 1s attractive becauso 
relatively poor quality coal can be gasified But, agam, 
the gas produced by the Lurg: method 1s not suitable for 
feeding directly into town gas distzibution systems 
It. too, has to be enriched by oul. The real revolution 
m gas-making 18 not primarily a result of advances in 
making gas from coal but m makmg gas from o" 
Herein hes the crux of the present situation in the gas 
industry its dependence more and more on the petroleum 
industry Whereas m. the past the only orl feedstock used 
im the gas industry was gas oil, nowadays feeding stocks 
include propane, butane, refinery gas, naphtha, and heavy 
fuel oils 

Since 1955 the gas industry has constructed some fifty 
plants for convertmg fuel oils mto town gas Although 
different types of plant are mvolved the basic processes 
used are sumiler and consist of passmg steam and hydro- 
carbon vapours through a bed of hot catalyst whereby 
gas is produced Further developments have resulted in 
the buildmg of what are known as continuous catalytic 
conversion plants that designed by Imperial Chemical 
Industnes, Ltd , 1s stated i» Esso Magazine to be among 
the most efficient But gas made from this process still has 
to be ennched To give effect to this economically, a 
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the Southern Gas Board's new installa- 
uous catalytic conversion plant at Hythe, 
This is next door to the Esso Petroleum 
finery at Fawley. '... when it is commis- 
964 it will, in fact, draw all the materials 
roduce about 35 million cubic feet of gas a 
the refinery. Using the LC.I. type of plant it 
wi m-reform naphtha and enrich it with refinery 
` gas Each year the Hythe works will take eee e. 000 
: tona of naphtha and 23 million therms of refinery gas.” 
cot Substantial quantities of naphtha and liquefied 4 paul: 
'.' eum gases are being supplied for the same purpose to other 
_ Gas Boards in Britain. In the case of the Seottish Gas 
<. Board's new works at Provan, Glasgow, the plant when 

fully in commission will have a capacity of about 50 
million eubie feet of gas per day, involving supplies of 





THE TWO 


Y N his inaugural lecture before the University of Oxford 
"A on October 24, 1963, now published under the title 
‘The Two Biologies*, Prof. J. W. S. Pringle distinguishes 
‘between the consideration of how organisms came to be 
oo wheat. they are and what functions their parts have in 
| relation to the whole, and the analysis of what existing 
| organisms are and how what they and their parts do can be 
deseribed in terms of chemistry and physics. These are 
‘his two biologies, and while he- thinks much of the present 
-excitement derives from the promise which the second, 
s. Analytical biology, is thought to hold for a fuller under- 
standing of the nature of life, he examines the relation of 
biology to the rest of natural science and its present 
status in the intellectual endeavour of mankind. He 
argues that we have now to consider not only the philosophy 
of biology, but also the biology of philosophy. We are 
approaching the point when it is possible to investigate the 
“types of thought process which go on in the human mind 
and determine the way in which we think and reason. He 
suggests that it is only by accepting a relativistic philoso- 












* The Two Biologies. (An Inaugural a delivered before the Univer- 
sity of Oxford on 24 October, 1963.) Pp. 28. By Prof. J. W. 8. Pringle. 
Sound: Clarendon Press; London: O ord University Press, 1963.) 3s. 6d. 
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SINCE. January 1960 routine analyses of the radio- 
activity of samples of milk have been included in the 
: programme of the environmental monitoring group of the 
: Euratom Nuclear Research Centre at Ispra, Italy. 
_ Samples are taken monthly from four local dairies; in 
addition, regular checks are made of milk produced in an 
“extensive zone of irrigated pastures east of Milano and 
sold in this city. 

All samples are controlled for y-activity with a multi- 
channel y-spectrometer and analysed for radiostron- 
tium. 

CU: We shall limit ourselves in this article to report the 
"resulte obtained and to-make some comments with inis 
to the so-called ‘observed ratio’ (S.U. milk/S.U. diet), the 
ratio 8. E E U [that is is, RE 2d and the relative 
E direct md indirect contamination of 
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more than 100,000 tons of naphtha and 80, 000 tons of eus 
liquefied petroleum gases a year. 

Thus until comparatively recently the oil. industry 
supplied less than one-tenth of the feed.stock required = 
for the production of town gas. To-day it supplies more — 
than one-quarter of the raw material necessary. It is 
calculated that by 1967 the petroleum industry will be 
responsible for more than half the raw materials needed 
for Britain's entire gas supply. It may even be more if 
natural gas is included, for example, from the Sahara. 
Should success attend present explorations of the North- 
Sea bed for oil or natural gas or both, especially within 
British territorial waters, then looking ahead to, o 
1975, . it seems highly probable that, + 
and natural gas will be indirectly supplying : about nine- 
tenths of the nation's town gas”. . B. MILNER 








BIOLOGIES 


phy, in which man surrenders the vantage. point from 
which he has claimed to be able to look out on the world, 
that he will achieve real consistency. 

Prof. Pringle does not suggest that the new. era in 
biology is to be identified as a replacement. of the evolu- 
tionary biology by the new molecular biology: they are 
complementary within a host of branches of biology. 
This he illustrates by examples of the procedure of both 
biologies. After stressing that the dynamic equilibria in 
biology are not identical with the dynamical equilibria 
of statistical mechanics, he points out that organization 
of living organisms can preserve a fixed hierarchy. Hence 
the dynamically stable systems at one level survive to 
form the units which generate the next level, and so à 
progressive development can occur over a long period. . 
'This fixation depends on the existence of à particular ty 
of chemical molecule in the cell—desoxyribon leie 
acid. In the study of animal behaviour there has also 
to be a hierarchy of explanation, and from this he goes on 
to argue that biology must be extended to include. ue 
study of understanding and explanation. — 
philosophical point of view he finds that biology pro vic 
both a magnificent framework for intellectual endeavour UE 
and a most satisfying way of life. ; 











STRONTIUM-90 AND CÆSIUM-137 IN MILK AT ISPRA, ITALY, 
DURING 1960—62 


By M. De BORTOLI, P. GAGLIONE, Dr. A. MALVICINI and E. Van Der STRICHT 


Service de Protection, Section Site et Météorologie, C.C.R., Euratom, Ispra, Italy 


grass to the radioactivity of milk by means of the “ge Se 
Sr ratio. Details concerning the ‘methods of analysis 
and of measurement are described in Huratom Report 
EUR 294i together with the complete set of experimental 
results. 

Figs. 1 and 2 show the fluctuations of the radioactivity 
due to strontium-90 and cxsium-137 in milk both for the 
Milano zone and the villages surrounding the Centre. 
Results are given as pe. *Sr/g Ca and pe. !*'Cs/g K. 


It is at once evident that, although the trend is quite E 


similar, the activity in the immediate vicinity of the 
Centre is more than twice that of the Milano area. The 
reason for this should be sought in the difference in geo- 
graphical and meteorological conditions between the two 
arens. Precipitation i is nearly double at Ispra (1, 900 mm/ 
year against 900 mm/year) and the penu of the area 
have a low productivity. 




















106 
: 90 
2; 8052 
"EA A ae 
$5 » 708 
222 gue sof 
2245 : 222 L 50g 
AE EA. AE o Hr s 
"222227 E MEE 
EHAE AME - 
EEEE EE WEEET ET 
WEEET E 24249425971 
AREE AMMERMM o 
2322354 4422522 3 7| 
JPMAMIIASOND SFMAMIT ASOND FFMAMITASOND 
1960 1961 1962 


Fig. 1. 


Strontium-90 and casium-137 in milk (Milano) 


Black, strontium-90; hatched, cesium-137 
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Fig. 2. 
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Strontium-90 and e»sium-137 in milk (zone of Ispra) 
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Black, strontium-90; hatched, cesium-137 


"Table 1 gives the yearly averages of the observed ratio 
pe. "Sr/g Ca milk 
o R. = "pe. MRC Ca diet for the period May 1960- 
; December 1962.. The choice of time-intervals (May- 
April) was deeided by the peculiar feeding habits of the 
-cattle in the Ispra zone. They graze only for a few weeks 
^a year in October and November and are fed in winter on 
hay collected during the preceding season, the grass being 
_ gut three times in May, July and September. 
` These values are in good agreement with similar results 
given in the literature. The two higher values are due to a 
dow strontium-00 content of the hay samples. 

The knowledge of the observed ratio enables us cach 
year to predict the level of contamination due to nuclear 
testing which will be reached in milk, up to the next 








Of great importance also is the ratio S.U. JR. U. beeause 


its seems to be related, for rather extended. areas and for 


long periods of time, to the general trend of the rate of- 
fall-out, low values of the latter being associated with - 
high values of the former and vice versa, This can be 
interpreted as a confirmation of the fact that, while the 
mechanism of direct contamination acts in the same way. 
for both strontium and cesium, indirect contamination 


brings a minor amount of cæsium to the plant. - Cesium A 


is indeed strongly retained in the soil. 
Our values, reported in Table 2 


nuclear tests. 
On the other hand, the S 


Schulert!, to estimate the strontium-90 contamination 
of milk by means of a ewsium-137 determination. which — 





. agree fairly well with um 
those found by. Kulp and Schulert! and Mattern and —— 
Strackee* and illustrate how this ratio decreased again 
in the period May 1982-December 1962 owing to the large — 
amount of fall-out which was deposited after the 1961. 


U.K U. ratio makes it po : : 
sible, as has already been pointed out by Kulp and. 
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Table 1 YEARLY AVERAGE VALUES OF THE Ratio FC_“SR/G CA MILK (9g) 
Fo ™Sr/e CA DIET 

Period May 1960—Apri] 1961 May 1961—April 1962 May 1962-December 1062 

pe *"Sr/g Ca | pe ”Sr/g Ca OR pe *"Sr/g Ca | pe “Sr/g Ca OR pe *"Sr/g Ca | pe “Sr/g Ca OR 

Sampling site milk herbage* milk herbage* milk herbage* 

Barza 359 263 0 137 175 140 0125 23 2 210 0110 
Brebbia 167 134 0 124 230 180 0128 
Ispra 156 90 0 178 242 182 0133 
Osmate 174 80 0 218 247 170 0 145 





* These are average values of the measurements performed on three herbage collections 


Pe 9SR/G CA 


Table 2 AVERAGE VALUES OF THE RATIO —— — — —— 
? po Uv'Oslo K 











Period May 1960-April 1962 May 1902-December 1962 
pe *?S$r/g Ca pe ?Sr/g Ca 

Sampling site pe ™"Cs/g K s% pc !?"Cs/gK S96 
Milano 0300 + 0018 30 0192 + 0010 15 
Barza *0 345 + 0 037 41 0288 + 0019 18 
Brebbia *0291 + 0014 19 0197 + 0017 25 
Ispra *0 242 +0013 21 0165 + 0014 23 
Osmate *0337 + 0028 24 0198 + 0022 32 





* Values concerning the period January 1961—April 1962 
S%, relative standard deviation of a single determination 


can be done rapidly either by direct spectrometry or, 
which is far better m the case of a nuclear disaster, after 
a one-step chemical separation on ammonium phospho- 
molybdate?. 

These authors estumated a standard deviation of 44 
per cent for the ratio, which means that a simple cesium 
determination will give the strontium-90 activity within 
a factor of two at the 95 per cent confidence-level 

One should reahze, however, that the mean value of 
0 17 reported by Kulp and Schulert refers to a rather long 
period (1957-60) durmg which the character of the fall-out 
was essentially constant, direct contammation largely 
prevailing 

Our results, togethei with those of Mattern and 
Strackee®, show how the ratio has assumed higher values 
when the fall-out rate was low, hence 1t follows that for 
monitormg purposes one must have up-to-date values of 
the ratio at hand 

It appears from our data that, as Kulp and Schulert! 
have already suggested, the accuracy of the strontium-90 
evaluation 1s markedly improved when the sampling zone 
issmali The unceitamty of the strontium determmation 
18 reduced to about 40 per cent at the 95 per cent confidence- 
level 

The inference of the strontrum activity by means of 
the S U /K U ratio 1s therefore a valuable aid to the health 


physicist for evaluating the radiological condition around 
a nuclear establishment Its precision remains well 
within the hrmts required by emergency situations 

The strontium-89-strontium-90 ratio m milk and m 
fall-out allows one to get valuable mformation regarding 
the relative contributions of the direct and mdurect 
contamination of grass? 

The total quantity of strontium-90 m milk and its 
percentage not hnked with strontrum-89 (indicated as 
%Sr+) that ıs due to fall-out anterior to the period con- 
sidered (January—August 1962) are reported m Table 3 


Table 3 CONCENTRATION OF STRONTIUM-90 IN THE MILK AND ITS PER- 
CENTAGE NOT LINKED WITH STRONTIUM: 89 (INDIOATED AS "'SR*) IN THE 
EAR 1962 




















Sampling site Isprat "Milano 
Samplmngperiod| Sr pe /1 s0Sr* (%) Sr pejl 9082 * (%) 
January 169 99 58 90 
February 157 97 49 96 
March 165 94 73 90 
April 164 94 97 59 

ay 200 65 13 2 27 
June 480 28 165 10 
July 342 - 33 124 17 
August 239 11 84 negligible 











t In these columns are listed the average values of the following four 
sampling sites Barza, Brebbia, Ispra, Osma! 


If one considers that, as from June, the cattle are fed 
exclusively on freshly cut herbage one can ascertam that 
the percentage of strontium-90 m milk due to the fall-out 
deposited prior to January 1962, that is the strontrum-90 
taken up from soil contributed less than 25 per cent to 
the total strontium content of milk 

This value 1s of the same magnitude as those previously 
exited ın the literature for periods with simular fall-out rates 


1 Kulp, J L , and Schulert, A R , Setence, 133, 1768 (1961) 
‘Mattern, F C M , and Strackee, L S , Nature, 193, 647 (1962) 
3 Van der Stricht, E , Rapport Euratom, EUR 438f 


STRONTIUM-90 AND C/ESIUM-137 IN ARCTIC VEGETATION 
DURING 1961 


By ANNELI SALO and JORMA K. MIETTINEN 


Department of Radiochemistry, University of Helsinki 


ECENT investigations of environmental radioactivity 

in the arctic regions of Scandinavia and Alaska have 
revealed radionuchde food chains which end up m high 
body burdens of strontium-90 and cesrum-137 m animals!-5 
and man‘-*-? The most remarkable of these food chains 
leads from lichen through remdeer or caribou to man and 
causes 1n those who consume large quantities of remdeer 
or caribou meat (the Scandimavian Lapps** and the 
Alaskan Eskimmos?) 30-100 times the average body-burden 
of cæsıum-137 in the northern hemisphere Knowledge of 
radionuchde accumulation in arctic forage plants 1s neces- 
sary for the elucidation of these food chains The key 
role of remdeer hehens m this respect 1s already understood 


to be due to its slow growth and great efficiency in 
collecting nutrients fiom the air and from ram or snow, 
and to the fact that ıb is the main forage of remdeer m 
winter However, relatively few analyses of hehens, and 
most of them without identification of species, and even 
fewer analyses of other arctic forage plants, have been 
published so far’*1° In this article we report the 
results of strontium-90 and cxsium-137 analyses of 
plant samples collected from Fmnish Lapland m the 
summer of 1961 

The samples, 2-5 kg fresh weight, were collected from 
the western part of Inari County (Fig 1) durmg June 29- 
July 5 1961 To ensure that the samples were representa- 





Fig 1 Mam villages (1, P and the p samping places of che work recorded here (3-7) 1n 


Inarı County, Finland 3, Tirro, 4, Vaskojoki, 


"Morgam Bu 


tive, 10-20 small samples (about 200 g each) were taken 
from separate places or patches withm the same ecological 
habitat, bulked and pre-dried m the field at 80°-90° C 
Drying was completed i the laboratory at 105? C The 
dried samples were carefully charred in an open oven m 
such a way that they did not glow Final meineration 
occurred at 400°C m a muffle furnace Durmg the 
spring of 1962 samples of different plant species were 
qualitatively analysed by a multi-channel y-spectrometer 
The spectra contamed in the energy-range 0-2 MeV 
noticeable photopeaks of czs1um-137 and potassrum-40 
only For this reason the casium-137 determmations 
were performed by measurmg the ash burned at 400? C 
in the well-type crystal (sodium 10dide (Tl), Harshaw) of 
a Model 1810 Nuclear Chicago one-channol analyse. ‘The 
apparatus was calibrated with a preparation made of 
mactive calcium carbonate and a cesium-137 absolute 
standard obtaimed from the BRadiochemical Centre, 
Amersham, England The preparation corresponded to 
the average donsity of the ashes, 08 g/em*® Proper 
corrections for potassrum-40 counts were mado 
Strontium-90 determinations were made according to 
the method for plant ash of Bryant et al *, except that 
the samples were, after complete dissolution, treated with 
oxalic acid because of the high iron content of the plant 
species investigated This 1s described in a method for 
treating soul samples presented in the same publication?! 
From the ash solutions made for strontrum-90 determina- 
tions aliquots were also taken for calcium determinations, 
which, were made by titration with permanganate Potas- 
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sium was determined by flame spectrophoto- 
metry 

The results of nuchde analyses of hchen 
samples are presented in Table 1. The 
variations are great, especially those of the 
cesium-137 values The strontium-90 con- 
tents vary from 42 to 10 4 (mean 6 5 + 2) 
ne /kg or 1-7-7 2 (mean 3 2) ne /g calerum 
Three samples from the same region in 
1960 contamed 5, 12 and 16 (mean 11 + 4) 
no/kg or 28+ 1 ne/g caloum*. The 
ezssrum-137 content, 40 ne /kg, 1s the same 
as in 1960 (ref 5) The low value (8 ne /kg) 
of a sample from southern Finland 1s excep- 
tional because twe other samples of Cl 
alpestris taken at the same time gave 12 
and 28 ne/kg* Sample No 26 was cut into 
two parts, the ‘top’ contammg the upper 3 
em of green, living tissue, and the lower part 
containmg about 8 cm of slimy, greyish, 
dead tissue, rich in artefacts The ‘top’ 
gave values about twice as high as the 
lower part The great variations are 
evidently due partly to species differences 
and partly to differences m soil and habitat 

The analyses of forage plants other than lichens are 
presented in Table 2 Grasses, horsetails and sedges are 
important forage for the cow throughout the year and for 
the remdeer in summer Reindeer also graze Vaceywwm 
leaves and young stalks The grass plants contamed m 
1961 02-03 ne strontium-90 per kg dry weight, the 
corresponding 1960 values having been 02-26 (mean 
09) (ref 5) Thus, the activity-level seems to have 
decreased to about 30 per cent from the previous yeai 
The average essirum-137 content, however, was the samo 
in both years, 3 no /kg Comparison on a high confidence 
level 1s not possible because of the many variabilities and 
the small number of samples The great difference 1n the 
activities of the two Vaccinewm species 18 probably mainly 
due to the greatly different habitat Cereals are not 
generally cultrvated m Lapland since they do not rmen 
However, samples of rye from the 1960 and 1961 harvests 
were obtamed from trials of a very early variety of rye 
(‘Ensi’) grown at the experimental faim of the University 
of Helsmk: at Muddusniem: (691°N, 271°E) and 
analysed to get values which eventually could be compared 
with those obtamed in the other parts of the world No 
significant difference is noticeable between the two har- 
vests  Cesium-137 content m the seed is about half 
that m the straw in both cases A grass sample from 
southern Fmland (No 35) from a simular type of cottage 
yard lawn as the Lapland sample (No 9) gave about 
similar results Young grass and clover gave lower values, 
as 18 reasonable 


VoL 201 


Table 1 STRONTEUM-90 AND C.ESIUM-137 ANALYSES OF 5 LICHEN SAMPLES COLLECTED rarest INARI (26 5° E , 69° N ) IN SUMMER 1001 (SAMPLE 29 IS FROM 
SOUTHERN FINLAND, 26° E , 0605? N) 














ot | hor | eof (posis vole pelke | pejeah pele pol 
h Q o_O o €: pe ig po/;g  pCj/xg | pcjgash  po/g o [kg 
Sample Sample Place and habitat dry ash) ash) ash Ca dry (+20) K Pary 
No wt) wt wt 
11 Lichen 3 em top (Cladoma vasko] ok: (pine forest, " 
alpestris) 3 108 12 782 7,220 4,900 | 7,200+60 63,000 45,000 
50 | Lichen (CI alpestris) (Aug Vaskopla (pine forest) 
1961) 148 — 315 2,140 3,500 920125 — 10,000 
18 Tachen (Nephroma arcticum) Kaamanen, Seisaari 
(pine forest, sandy 
soul) 171 85 93 61 1,800 10,000 35846 3,900 61,000 
25 Ol alpestris 80% + Cl must | Morgam hill (regio 
Cetraria wlandica + Cl subalpina) 
uncal 28 65 41 150 2,300 4,200 | 1,210410 30,000 34,000 
a26 Cl alpestris 50% 4- CI. maltis Morgam lake (dense 
30% 4- Cl. amarocraea 20% spruce forest) 
(top) 30 56 37 152 2,700 4,500 6464+8 18,000 19,000 
626 Cl alpestris 50% +Cl mins Morgam lake (dense 
30% 4- Cl. amarocraca 20% spruce forest) 
(lower part, dead tissue) 85 25 — 39 16,00 2,500 11823 — 7,600 
29 Cl unwals+Cl rangyferma+ | Porvoo (spruce forest, 
Cl sylvatica (Aug 1961) rock) — — — — — 65-22  — 8,400 














*pe = picocuries = 10-* euries, statistical error of counting (+ 2e) varied from 0 5 to 2 per cent 
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Table 2 RESULTS OF STRONTIUM-00 AND C ESIUM-137 ANALYSES OT FORAGE PLANTS OTHER THAN LICHENS COLLECTED FROM INARI, FINLAND, IN JULY 1061 
(SAMPLES 85-37 FROM SOUTHERN FINLAND) 














































































T 7 - 
Oe | or | eror | peje pele vel lc pele ve lk 
0j o (96 of cjg C pe jk: c lg c [E pe kg 
Sample Sample Place and habitat dry as ash) ont pele l d gs Pk y 
No wt) (+20) we 
9 | Cultivated grass Tirro (sandy lawn) 61 48 22 41 98 250 2942 130 1,700 
1 d eM gn 5 Bi) Turo (wot med 50 37 29 53 150 260 7742 270 T d 
ursetum palustre ‘askojoki (river ba: 65 78 — 31 41 200 ashed at 700°-850° 
20 Horsetail (Equiwetum flurviatile) Kaanani sone (aenea A90 ) 
Jarvi (lake 118 62 30 2 3i 2 1142 36 1,300 
53 Horsetail(Equisetum fluviatile) | Kaamanen, Vastus s : id t 
(Sept 1961) Jàrvi (lake) — 62 66 850 7i x2 — 1,100 
12 | Sedge (Carez sps ) Vaskojoki (wet river 
bank) 63 43 19 49 110 310 2843 140 1,700 
19 | Sedge (Carex 3uncella) Kaamanen (pond) 57 43 30 96 220 550 110 +3 380 8,400 
21 Sedge (Carex agquatilıs) Kaamasjoki (river) 54 49 22 47 98 260 42+3 190 2,300 
17 Cowberry (Vaccinium ntis- Kaamanen (sparse pine 
ad leaves and young forest) 
sta) 31 187 iL 235 126 730 18443 1,200 4,200 
16 | Bog bilberry (Vacernwum Vaskojoki (river bank) : 
uliginosum) 07 136 — 55 40 36 (ashed at 700°-850° C) 
91 | Rye, seeds (1960 harvest) Muddusnienn 18 — 25 75406 30 130 
32 $5 » (1961 harvest) i 22 — 20 61-06 30 130 
33 » — » Straws (1960 harvest) is 46 — 19 57307 30 240 
34 B »* »» (1961 harvest) Ke 41 — 17 52:107 30 210 
3 Grass perennial) Porvoo (lawn) 63 — 17 2041 120 1,300 
young » » 141 — 2 44x06 18 6 
37 Clover (Trifolzum pratense and 72 » à $ 
T repens) 111 — 27 75405 28 830 
Table 3 STRONTIUM-90 AND CÆSIUM-137 IN BIRCH AND WILLOW LEAVES IN INARI (LAPLAND) AND PORVOO (SOUTHERN FINLAND) IN 1961 
Gor | ctor | Gor SE po fk je pede Ik 
oj 0! 0 c pe c c pc /g pe /KE 
Sample ‘Sample Place and habitat dry ash) ash) ro [e I ois Far pate K ry 
No wt) wt (+20) 
13 Birch (Heluld pubescens), Vaskos on (rıver bank, á 00 
aves valley 2 169 20 61 36 190 8522 180 1,1 
23 -— birch (Betula foriuosa), | Morgam (hilltop) : 
aves 36 135 20 191 142 690 4643 230 1,700 
22 ue birch (Betula nana), Morgam (hill top) j 
eaves 24 137 18 854 258 840 80+ 440 1,900 
24 | Willow (Sahz lapponum+S Morgam (hillside) - 
glauca), leaves 46 121 24 98 81 440 38122 130 1,400 
| geaued), heaves dM a E 
39 | Birch (Betula sps ) leaves Porvoo (seashore) 
(Aug 1901 39 22 2541 120 980 
38 | Willow (Saiz sps ) leaves Porvoo (seashore) 55 22 16-06 72 870 
(Aug 1961) 








Leaves of birch and willow are eagerly eaten by the 
reindeer m summer and young branches of birch are 
sometimes given to the cows on Lapp farms as an 
‘additional fodder’ Results of analyses of typical samples, 
collected from the 1emdeer area in Lapland, and, for 
comparison, from the southern coast of Fimland, are 
presented m Table 3 Leaves of arctic birch, dwarf birch 
and two willow species gave about two times higher 
activities than corresponding samples from southern 
Finland, or birch leaves fiom a river valley m Lapland 
This 1s probably mainly due to the different habitat, the 
aictic species growing on mountain. tops 

In the hterature only one case of radionuchde analyses 
of an arctic plant sample 1s known to us from the summer 
1961 average values for 6 nuchdes m Carex from the 
viemtty of Ogotoruk creek, Alaska? One of these nuclides 
is cesium-137, for which 874075 ne [kg dry weight 1s 
reported This is somewhat higher than our highest 
value for sedges, 64 nc/kg Comparson is difficult 
because of the small number of samples The number of 
samples from the grazing areas of reindeer 1s limited by 
the difficulties in obtaming them, these areas bemg amid 
1oadless deserts In spite of such difficulties, detailed 
investigations of radioactivity in the arctic are desirable 
while the activity-level ıs still gh, because valuable 
information about environmental radioactivity can be 
obtained through investigations of the special food chams 
prevailing m the arctic and leading to high body-burdens 
of radionuchdes m. anmals and man In addition to the 
terrestrial food chains leading from lichens and sedges to 
the remdeer and cow, hydrospheric food chams evidently 





exist in the arctic lakes, because high cxsium-137 burdens 
were observed in freshwater fish caught from Finnish 
Lapland during 1962 (ief 12) 

This investigation was supported by a grant from the 
Finnish Atome Energy Commission Most of the analyses 
were performed by one of us (A S) at the laboratory of 
the International Atomic Energy Agency, Seibersdorf, 
Austra, dunng an TA E A fellowship period We thank 
Dr O Susehny (IAEA ) for advice durmg that fellow- 
ship period, and Dr D Merten (I AEA) for help in the 
collection of the samples Dr T Ahti fiom the Botany 
Dopaitment of this University kindly checked the identity 
of the species 
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VALIDITY OF THE ENERGY CHARACTERISTICS OF SOIL WATER 
DETERMINED WITH PRESSURIZED APPARATUS 


By Dr R. S. CHAHAL and Pror R N YONG 
Department of Civ | Engineering and Applied Mechanics, McGill University, Montreal 


HE most widely used technique to determme the so1l- 
water characteristic curve is that of Ruchards's! 
pressure apparatus In this apparatus the soi sample is 
Placed on a poious membrane the air entry value of 
which is greater than the workmg pressure range Water 
beneath the membrane is kept at atmospheric pressure 
while the air pressure acting on the sample is increased 
The characteristic curve 1s obtamed by measurmg the 
water content of samples equilibrated under various 
pressures It is assumed that after the sample ıs removed 
from the apparatus, the energy with which the water 
remammg m the sample is held 1s equal to the pressure 
under which ıt had been equilibrated In other words, 
on 1elease of air pressure the water remaiming m the 
sample goes mto equivalent amount of tension 
If, however, aw bubbles were nucleated m the water 
after the release of air pressure, then the tension m the 
water may be less than the tension assumed to be apphed 
m the pressure apparatus That 1s, if the sample equih- 
brated in the pressure apparatus were imstantaneously 
tested (on the release of air pressure) m the Hames? 
apparatus at suction which was equal to that apphed m 
the pressure apparatus, more water would be removed 
from the sample According to the Haines method, the 
air pressure acting on the sample 1s maintained at atmo- 
spheric pressure while the water beneath the membrane 1s 
kept at lower pressure Usefulness of the Hames method 1s 
obviously limited to a pressure difference of less than one 
atmosphere because of nucleation of air bubbles from the 
ar dissolved in the water 
The pertinent experiments have not been carried out to 
check the validity of the characteristic curve determined 
with the pressurized apparatus The results obtamed m 
this investigation have shown that the characteristic 
curve determmed with the pressure apparatus may not 
represent the actual condition of soil water as determmed 
with the Hames method It was found that the magnitude 
of discrepancy between the results obtained by the two 
methods may be related to the air content of the samples 
A schematic diagram of the experimental cell ıs given 
m Fig 1 It consisted of 150-ml Buchner type funnel 
with glass filter of ultra-fine porosity and was mounted m 
a temperature bath mamtammg the temperature at 
25° + 02°C. Water beneath the filter was replaced with 
freshly de-aired water afte: each test to avoid nucleation 
of bubbles Soil sample (approximately 25 g) was put 
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Fig 1 Schematic diagram of the expenmental cell 
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Fig 2 Suction measurements accordmg to the Haines method on 
samples equiltbrated in the Richards pressure apparatus 


gently on the filter and allowed to soak water from beneath 
unde: a small pressure difference until a clear film of water 
was formed on the surface of the sample It took about 
25-30mm The sample was allowed to stand for about 1h 
before the start of the experiment 

The cell could be used as pressure apparatus by applying 
air pressure on the sample above the filter while leaving 
the outflow end open to the atmosphere Tt could also be 
converted mto the Haines apparatus This was done by 
closing the stopcock beneath the filter to prevent m- or 
out-flow of wate: An piessuie was 1eleased by opening 
the top vent The out-flow end was then connected to the 
vacuum lme and the stopcock opened Equilibrium was 
established when no futher change ın water content of the 
sample took place and the flow of water in the capillary 
ceased Pressure and suction were mamtamed and 
measured to within a milhmetie of mercury by means of 
adjustable manometers 

The results obtamed for the two souls are given in Fig 2 
Along the abscissa is plotted the pressure at which the 
samples were equlibiated in the pressure apparatus The 
corresponding suction measured with the Hames method, 
at which there was no change in water content of the 
sample, 1s plotted along the ordinate The theoretical ine 
indicates one to one correspondence between the tension 
measured by the two methods The expermental points 
for the two soils fell below the theoretical hme The 
difference between the theoretical and experimental 
values was maximum before the air entry and decreased 
with increagng dryness of the samples 

In certam experiments suction was apphed equal to the 
pressure under which the sample had been equilibrated 
More water was removed from the sample The amount of 
water thus removed nvazably fell short of the amount 
indicated by the displacement of the characteristic curve 
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ed by the Haines method from that obtained with 
sure a pparatus and at the same water content. 
characteristic curve thus determined did not 
vith that obtained by the water content as 
d with the pressure apparatus and suction 
by the Haines method (at the same water 
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oes ther set of experiments, samples were packed 
_ from a dilute slurry in order to eliminate air bubbles. 
< In this ease the two methods gave identical results until 
the air entry, and thereafter the Haines method measured 
systematically less tension às compared with the Richards 
pressure apparatus at a given water content. 

The results, therefore, show that the soil-water charac- 
teristics determined with the pressurized apparatus may 
not represent the true condition of soil water as encoun- 
tered by the growing plant in that soil. There is a certain 
amount of air present in partially saturated systems as 
indicated by the hysteresis effect. Air bubbles would also 
be nucleated from the dissolved air. Water saturated with 
air at higher pressure in the pressure apparatus would be 
super-saturated at reduced pressures. It is possible that 


SIGNIFICANCE OF THE DISCONTINUITY IN S/N FATIGUE CURVES | 
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mineral surface would provide nuclei for the formation of. 
air bubbles from the dissolved air. Increase in the volume - 
of trapped or nucleated air bubbles on release of pressure ^ 
from the pressure apparatus would displace water. IP- 
flow of water across the membrane is not permitted, the 
sample would find a new equilibrium at suction lower than 
When. 


the pressure under which it had been equilibrated. 
suetion is applied equal to the pressure under whi 
sample had been equilibrated and the flow’ across: the 
membrane permitted, then the sample would find equilib- ^. 
rium at a lower water content than that prevailing at the — 
moment the pressure was released. Some of the bubbles 
would burst open into the atmosphere: during expansion 
and consequently may not displace any water. The new : 
equilibrium will be the result of such interactions. |: 
Results of this investigation suggest a critical examina- 
tion of the pressurized technique as a means of evaluating 
soil-water characteristics. Work on this project is in . 
progress at the present time. More detailed discussion of 
the results will be published at a later date. 
! Richards, L. A., Soil Sci., 68, 95 (1949). 
! Haines, W, B., J. Agr. Sei., 20, 97 (1930), 
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EVERAL investigators have reported a discontinuity in 
the S/N curves of widely different materials: Shabalin!, 
Williams? and Gill? on the duralumin type age-hardening 
aluminium alloys, Porter and Levy* in copper, and 
Benham and Ford? in mild steel. 
"Frost* has discussed the significance of the phenomenon 
.and suggests that the mechanism of fatigue damage 
changes from cracking at sub-grain boundaries above the 
discontinuity to slip band cracking below it. He suggests 
that the discontinuity represents the true fatigue limit 
in eontradistinetion to the conventional fatigue limit. 
Recent fatigue testing in whieh comparative S/N curves 
were obtained in 18/8 stainless steel under constant load 
(Kr) and constant strain (Ks) conditions has revealed 
further information concerning fatigue damage above and 
below the diseontinuity. These results are shown in Fig. 1 
and were obtained on plain fatigue specimens in a rotating 
cantilever fatigue machine. Fig. 2 shows a statistical 
plot of the results, obtained at the Kz conditions. It is 
seen that a large increase in the scatter of results was 
obtained at stresses in the range 31-0-34-0 tons/in.?. 
A significant difference was also noted in the fractographic 
characteristics of the fatigue cracks obtained in compara- 
tive tests under Ks and K; conditions. The Ks fracture 
markings remained unchanged throughout the range of 
test loads, and revealed crack propagation striations on 
surfaces irregular in contour due to pronounced 'river 
markings’, that is, type 1 fractures (Fig. 3). Similar 
markings were seen on the Kj, test fractures fatigued at 
stresses above 32 tons/in.?, but below this stress-level the 
cleavage ‘river markings’ formed only a small proportion 
of the fracture surface, that is, type 2 fractures (Fig. 4). 
The fatigue mechanism thus appears to remain unchanged 
in Ks whereas fatigue damage changes character below 
32 tons/in.' in Kz. The increase in the scatter of the 
results in Kz at stress ranges of 31-34 tons/in.* therefore 
involves the overlap of two different mechanisms of fatigue 
damage. 
The fatigue limit is coincidental in both types of loading 
and is approximately 7 tons/in.? above the elastic yield 
point of 15 tons/in.* in the stainless steel. Intermittent 
eleetropolishing of the- surface during fatigue testing at 
stress-levels up to 20 tons/in.* showed multiple slip in the 


initial stages of fatigue, but re-electropolishing of the — 
surface revealed no new slip lines during the subsequent. 


fatigue life. Observations of re-polishing test pieces 
stressed above the fatigue limit, however, reveal per- 
sistent slip lines in the surface grains of Kg test pieces 


which ultimately became the locus of the propagating 
fatigue crack. 

In the Kz tests multiple slip persisted at all stress-levels 
above the fatigue limit during fatigue life. 

The principal differences between the Ks and Ky are: ^ 

(1) The area of erack propagation is greater in. Ks! because | 
the fatigue crack traverses the full cross-section of the 
test piece without becoming a fast tensile fracture. : 

(2) During the crack growth stage in Ky the stress-level 
in the test piece increases as the cross-sectional area of the 
test piece is reduced. 

(3) Strain hardening effects which involve the © raising of * 
the yield point can reduce the deflexion under load in 
the Kz test whereas the combined elastic and plastic strain 
remains constant in Ks. 

The first difference would tend to make fatigue lives 
in Ks longer than those of Kz. Nevertheless, when fatigue 
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lives of Ky are corrected for this effect they are still 
substantially longer than the corresponding Kz tests for 
stresses between the fatigue limit and the discontinuity, 
for example, at a stress-level of 27 tons/in.? the fatigue 
fracture occurs in Kz after 5 x 10° cycles (Fig. 1), with 
a fatigue crack traversing three-quarters of the cross- 
sectional area of the test piece, whereas the equivalent 
life in Ks would therefore be 0-75 x 2-5 x 10 = 1:87 x 
-` 10t cycles, that is, nearly four times as long. 
- The second difference in the fatigue conditions would 
also tend to make lives under Ks longer than Kr, but as 
it would only apply during the later stages of crack propa- 
gation its anticipated effect in the unnotched fatigue 
conditions would be small. 
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Fig. 4. Type 2 fracture showing parallel striation bands. (x e. 390) 
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The third difference due to strain hardening would 
probably aecount for the remaining variation between 
the two tests, especially in an alloy of pronounced strain 
hardening characteristics such as stainless steel. The 
cancellation of the differences Ks and Kz at the dis- 
eontinuity does, therefore, imply the exhaustion of the 
general strain hardening effect, and the onset of a change 
in fatigue mechanism to a general yielding and flow of 
the type described by Benham and Ford* as “eyclic creep”. 

What, therefore, is the intermediate stage between the 
raised elastic limit due to work hardening involved in the 
conventional fatigue limit, and the exhaustion of work 
hardening associated with the discontinuity? The per- 
sistent slip observed at the surface grains at stresses in 
this intermediate stress range indicates that the weakly 
supported surface grains have reached the cyclic creep 
stage substantially before the aggregate grains in the body 
of the test pieces, thus providing the crystallographic 
notch for slip band cracking. 

The S/N curve of this stainless steel can therefore be 
divided into 3 regions: above 31 tons/in.* a region of 
general flow due to the exhaustion of strain hardening ; 
between 22 and 31 tons/in.* a region of persistent slip in 
the weakly supported surface grains; below 22 tons/in.* 

. a region of complete strain hardening with su ion 
iliis re acr rins i 23 RE 
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Investigations carried out here’ to compare fatigue life 
under constant and vanable amplitude loadings of the 
same rms of peak stresses have indicated a change m 
the rate of fatigue damage when peak stresses attam the 
level of the discontmuity. Fig 5 shows these results in 
L 73 age-hardenmg alummium sheet material which 
exhibits a discontmuity in its S/N curve at 16 tons/in ? 
It 1s significant that the mflexion m the graph of fatigue 
life under random loading conditions starts at about 
6 tons? when peak stresses attam the level of the 
discontinuity for a stress pattern characterized by the 
ratio 


28 
1 


Maxmmum peak stress 
rms peaks 
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The exhaustion of work hardenmg, and the resultmg 

macro-plastic flow involved, reduce the rate of fatigue 

deterioration, and the random loading curve crosses the 

constant load curve at anr m s of stress equal to 9 tons/1n ê. 
The discontmuity in a metal or alloy is therefore of 

importance m both studies of the basie S/N curves and 

the response of the material to the variable loading 

patterns typical of service conditions 

1 Shababn, V I, Metal Industry, 94, 11 (1959) 

* Willams, T R G , Metal Industry, 99, 182 (1961) 
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5 Benham, P P,and Ford, H , J. Mech Eng Sc , 3, 119 (1961) 

ë Frost, N E, Nature, 192, 446 (1901) 
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PHOTO-INDUCED ELECTRON TRANSFER IN DYE-SULPHYDRYL 
PROTEIN COMPLEX 


By Dn. ElJI FUJIMORI 


Photobiology Section, Energetics Branch, Space Physics Laboratory, 
Air Force Cambridge Research Laboratories, Bedford, Mass 


EM 


IX a previous papet!, the photobleaching and dark- 
regeneration of complexes contammg sulphydryl 
compounds and a fluorescent dye were reported Protems 
were included m the sulphydryl compounds investigated 
The dye 1s a derivative of 3’,6’-dichlorofluoran It was 
proposed that photobleaching 1s due to an electron transfer 
withm the complex from the sulphur to the excited con- 
jugated dye molecule. A triplet state was considered to 
play some part in this electron transfer This article 
presents experimental evidence confirming triplet forma- 
tion and an electron transfer mechanism Triplet forma- 
tion of the dye 1s shown to be enhanced when complexed 
to the sulphur of a protem The protem-dye complex 
shows greater photosensitivity than the simple dye -5-H 
complex The phenomenon reported in this paper may 
shed hght on the function of sulphydryl groups in proteins 
contaming visual pigments? and the phycobilm pigments? 
which are present m photosynthetic organisms 

The dye (Fig 1) was prepared by heating 3’,6’-dichloro- 
fluoran (Eastman Org Chem) with anhydrous zine 
chloride m a crucible until a yellow melt : obtamed 
The yellow dye ıs obtamed by dissolving the melt im 
dilute hydrochlone acid The dye was recrystallized 
from carbon tetrachloride A dilute sodium hydroxide 
solution of the dye was prepared by extracting the dye 
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Eig 1 Dye-protem complex and dye -S-H comple. 
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Tig 2 Formation of dye-protein complex followed by the change of 

absorption spectra 1 per cent bovine serum albumin, 3 1 x 10-* M dye 

andO1N NaOH (1) 20 mm after mung, (22? 1 h, (3 2h, (4) 3h, 
and (5) 21h 


from carbon tetrachloride solution Bovme serum 
albumm (Cahforma Corp Biochem Research) and 
sodium hydrosulphide (Matheson, Coleman and Bell) 
were used All absorption spectra were measured on & 
Cary spectrophotometer, model 14 Phosphorescence 
and action spectra were determmed with solutions con- 
taining 50 per cent glycerol at liquid nitrogen temperature 
on an Ammeco-Keirs spectrophosphorimeter Solutions 
were irradiated at a distance of 10 em by a 1-kW tungsten 
projection lamp A 2 per cent copper sulphate solution. 
was used as a heat filter Photovoltaic changes were 
measured by means of a Kintel digital voltmeter, model 
456B, with readout, model 4734 The cell consisted of a 
platinum electrode with a saturated calomel as reference 
Electron spin resonance absorptions were determmed by 
a Varian V-4502 equipped with 100-ke/s field modulation 

The change of absorption spectra accompanying the 
formation of the complex between the dye (D*) and bovme 
serum albumm (P—S-) 15 shown 1n Fig 2 The absorption 
maximum at 453 my. of the dye (see 1 m Fig 4) shifted to 
520 mp with a shoulder at 490 mp m the complex 
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Fig 3 Photobleaching of dye-protein comple. 1 per cent bovine 

serumalbumin,3 1x10-'Mdye,and0 1N NaOH (1) before irradiation , 

(2) 10 min irradiation , (3) 20 min irradiation » (4) 30 min irradiation , 
(5) 40 mun irradiation \ 


Optical density 





4 (mp) 
Fig 4 Formation of dye -S-H complex followed by the change of 


absorption spectra 01M NaSH and 16 x 10° M dye (1) dye, 
(2) 0 5 h after mixing, (8) 1h, (4)15h, (5)2h, and (6) 24 h 


(D'—S-P) The visible absorption of the complex de- 
creases when irradiated with hght (Fig 3) A photo- 
produet 1s formed which absorbs m the ultra-violet region 
at approximately 320 my. The red colour 1s partly regener- 
ated in darkness The regeneration reaction followmg a 
10-mm irradiation period was followed by the change m 
optical density at 520 my Thuis result is shown m Fig 8 
with the photo-mduced rise and decay of the electron spin 
resonance signal This signal will be discussed here 
Regeneration 1s completed within 3 mm at room tempera- 
ture 

The absorption spectrum of the complex (D*—S-H) is 
identical to the protem complex (D*—S—P) (Fig 4) The 
(D'—S-H) complex exhibits less photosensitivity The 
complex shows no noticeable photobleachmg m dilute 
solutions In concentrated solutions, only 2-3 per cent 
bleaching occurs, and this 1s followed by a slow regenera- 
tion 

The yellow fluorescence of the dye is considerably 
quenched when complexed to -S-P or -S-H Both 
complexes give a new phosphorescence band at 650 my 
at liquid nitrogen temperature (Fig 5) The action 
spectra of these phosphoreseences give a peak at 520 my 
with a shoulder at 490 mp which corresponds to the 
absorption spectra of the complexes 

The photovoltaic changes accompanymg irradiation 
and regeneration of these complexes show a greater 
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potential change with the protem complex than with 
(D'—S-H) (Fig 6) This would be expected since the 
protem complex is photobleached to a much greater 
extent Saturation is comparatively slow on the first 
uradiation, but mereases with subsequent illummations 
Thus same effect ıs shown by the photo-induced electron 
Spi» resonance signals for the protem complex The 
electron spin resonance absorption of the protem complex 
1s typical of an organie free radical with a width of about 
10 gauss Fig 7a 1s the electron spm resonance signals 
as a function of time with the first irradiation, while 
Figs 7c or 8 show the fast response on subsequent lumina- 
tions It 1s suspected that this type of phenomenon may 
be due to a surface effect on the electrode or cell The 
decay of the electron spm resonance signal as shown in 
Fig 8 1s exponential as well as the iegeneration of the 
colour 

The negative change of the redox-potential on 1rradia- 
tion of the complex (D+—-S-P) mdicates that the dye 1s 
undergomg photoreduction The couple responsible foi 
this change 1s D/D*, where D 1s the reduced form of the 
dye and D* the oxidized 


hu 
D'—S-P = DS-P 


dark 
Photoreduction of the dye molecule is responsible for 
photobleachnmg In daikness, the reduced form of the 
dye 1s oxidized with the coloured primary complex bemg 
regenerated The D species is shown by electron spin 
resonance measurements to be a free radical of the semi- 
quinone type Since no reduction occurs without excita- 
tion, the redox-potential of the ground state of the dye 
molecule ıs lower than that of -S-P On excitation, the 
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Fig 5 Phosphorescence spectra (excitation at 520 my) (1, 2) and action 
spectra (phosphorescence’at 650 my) (3,4) Spectra are not corrected for 
variation 1n photomultiplier sensitivity and spectral intensity of xenon 


lamp 
——, 1 per cent bovine serum albumin, 6 3 x 10-5 M dye and 1 N 
NaOH, ----,01M NaSH and 6 3 x 10-5 dye 
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Fig 6 Photovoltaic change of the complexes On, light on, off, 
light off ©, 1 per cent bovine serum albumin, 5 x 10-5 M dye and 
0 1N NaOH, x,01M NaSHandi3 x 10-4 dye 
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Fig 7 Hleetronspin resonance absorption of the dye-protein rn complex 
a, the first irradiation , c, the second irradiation, b and d, ın darkness 
2 per cent bovine serum albumin, 3 5 x 10-* M. dye and 0 1 N NaOH. 


dye will acquire a more positive redox-potential resultmg 
m an electron transfer from -S-P to D* The protem 
sulphydryl 10n 1s a better electron donor to the excited 
dye than the —S—H 10n 

The dramatic quenching of the fluorescence of the dye 
by complexation may be the result of two possible mechan- 
isms an electron transfer to the excited singlet state 
(*D+—-S-P) formmg D S-P and the radiationless transi- 
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Fig 8 Change of the electron spm resonance signal (I, YI) and optical 
density (III) I, imlght, II and III, ın darkness 


tion of the excited singlet to t1:plet mduced by sulphur 

These two possibilities have been discussed m recent 
reports The exponential decay of the electron spin 
resonance signal and first order regeneration indicate the 
presence of a weak complex between the two free radicals 
(D and S-P) This complex has characteristics of the 
triplet state This complex may either undergo a transi- 
tion to the ground state (D*--S-P) or to the triplet 
( D +—S-P) 

ts omn 9 


D-S-P 





The 1esult of these transitions ıs a perturbation of spin 
orbital coupling of the dye with an enhancement of the 
triplet state 

It should be pointed. out that the glutathione complex 
shows the same absorption and phosphorescence spectra 
as the above complex with its photosensitivity greater 
than the dye -S-H complex but less than the protein 
complex 
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DIRECT DETERMINATION OF THE STRUCTURE BY 


THE METHOD OF ISOMORPHOUS REPLACEMENT 
By K. K CHEUNG and Dr. G A SIM 


Department of Chemistry, University of Glasgow 


FLATOXIN, the highly toxie mixture of structurally 
A related metabolites of the mould Aspergillus flavus, 
has been investigated mtensively in several countries}. 
The mixture 1s now known to compiise four substances, 
aflatoxins Bı, G,, and their dihydio-derivatives B, and 
G, (ref. 2) On the basis of chemical and spectroscopic (mm 
particular nuclear magnetic resonance) investigations 
Buchi e£ al? have proposed structures (I) and (II) for 
aflatoxins B, and G,, while van der Merwe, Fourie and 
Scott have proposed the alternative formule (III) and (IV) 
for these compounds! 

In October 1962, when little was known about the 
chemical constitutions of the aflatoxms, we began an 
X-ray examimetion of aflatoxm G, This substance 
crystallizes from benzene as well-formed prismatic crystals 
contaming benzene of solvation The cell dimensions and 
space group (see Table 1) are such that the asymmetric 
crystal unit consists of two molecules of aflatoxm G, 
(molecular formula C,,H,,0,) and one molecule of benzene 
The complexity of the structural problem posed by this 


crystal is so great that we did not feel that an attack on 
the crystal structure by means of Patterson or trial-and- 
error methods would be fruitful The main hope of advance 
appeared to he ın the application of the heavy-atom® or 
isomorphous-replacement* method and we therefore had 
to devise some method of introducing an atom or atoms of 
sufficient seattermg power to effect at least partial phase 
determination The simplest procedure seemed to us to 
be the replacement of the benzene of solvation by a 
solvent molecule containing a heavy atom, and Dr B F 
Nesbitt of the Tropical Products Institute, London, there- 
fore kindly prepared for us crystals of the bromobenzene 
and bromothiophen solvates These proved to be 1somor- 
phous with the benzene solvate, the cell dimensions and 
other pertinent data are shown in Table 1 

The appheation of the isomorphous-replacement method 
to & non-centrosymmetrical crystal structure entails the 
use of at least three derivatives with replacement of atoms 
at two separate sites The procedure has been discussed 
elsewhere’? and has achieved outstandmg success in tho 
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field of protem structures®, but has not yet been 
applied to other non-protein crystal structures, 
presumably because of the difficulty with 
‘small’ molecules of introduemg substituent 
atoms at two distmct sites ın the unit cell yet 
leaving the crystal structure more or less 
unchanged Indeed, exammation of the cell 
dimensions shown in Table 1 demonstrates that 
the solvates are not ideally 1somorphous, there 
must be significant differences ın atomic co- 
ordinates between the various crystals 

The position of the bromme atom in the 
bromobenzene solvate was determined from a 
sharpened Patterson projection along the b axis 
and confirmed by exammation of the Harker 
section P(UiW) of the three-dimensional 
Patterson synthesis This section 1s shown m 
Fig 1 The co-ordmates deduced for the 
bromine atom were æ = 0 012,z = 0176 there 
18 no fixed origm ın P2, and the y-co-ordmate 
was arbitiarily assigned the value 0 250 

The x- and z-co-ordmates of the bromme 
atom in the bromothiophen solvate were first 
determmed from the sharpened Harker section 
P(U$w) The signs of the AOI structure 
factors of the bromothiophen and bromo- 
benzene solvates were then obtamed by comparing values 
of Fobs (bromothiophen solvate) —.Fobs (bromobenzene 
solvate) with values of Peale (Br in bromothiophen 
solvate) — fle (Br m bromobenzene solvate) These 
signs were verified by comparmg values of obs (bromo- 
thiophen solvate) — P'obs (benzene solvate) with values 
of Fek (Br m bromothrophen solvate) and values of 
Fobs (bromobenzene solvate} — Fobs (benzene solvate) 
with the values of #cale (Br in bromobenzene solvate) 
A measure of the lack of isomorphism of the solvates was 
obtained from these calculations, we found 


2 jeer = FD] —|pgle (Br) = Fele (Bi) | | 
>| quee =, gone 
=31 4 per cent 
|| ri^ — PIE (Br) || 


= 306 t 
S] obs = IT per cen 


ZirS — Fg*|-| F2" (Br) || 
>) ee uA P| 





= 25 8 per cent 


where the subscripts 1, 2 and 31efer to the bromothiophen. 
bromobenzene and benzene solvates, respectively 

The signs derived for the kOl structure factors allowed 
the evaluation of the electron density as seen in projection 
along the b axis the distribution eorrespondmg to the 
bromobenzene solvate ıs shown m Fig 2 This projection 
shows that the aflatoxin molecules are largely planar 
(cf Fig 6) 

In order to apply the method of isomorphous 
replacement to the determination of the phases of the 


Table 1 ORYSTALLOGRAPHIC DATA FOR THE SOLVATES OF AFLATOXIN G, 


Bromo- Bromo- 
Benzene benzene thiophen 
Solvate solvate solvate 
a 1575 Å 1627 Å 1573 Å 
b 10 47 10 48 10 53 
e 10 96 1135 10 88 
B 109° 29 110? 27’ 107° 57° 
No of | Fobs | evaluated 2,843 3,057 3,035 
Composition of asymmetric crystal C,H, + €,H;Br+ C,H,SBr+ 
unit 2(C,H,,0;)  2(0,H,40;) 2(0,49,:0;) 
Position of the replaceable 
atom (Br) g — 0012 0 298 
y — 0 250 0125 
z — 0176 0 306 
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three-dimensional F(hkl) data 16 was necessary to ensure 
that the same origm of co-ordinates m the unit cell was 
employed for all the solvates The origin assigned earlier 
to the bromobenzene solvate was chosen as the common 
origi and the y-co-ordinate of the bromine atom in the 
bromothiophen solvate was referred to this ongm by 
evaluating two- and three-dimensional Patterson syntheses 
with coefficients (|Fo5$ (bromothiophen solvate)|-— |2bs 
(bromobenzene solvate)|? the c-axis projection is shown 
in Fig 3 This type of function? displays large negative 
peaks corresponding to vectors between the replaceable 
atoms (that is, Br) m the two crystals The co-ordinates 
adopted for the bromme atom m the bromothophen 
solvate are x= 0 298, y —0 125, z= 0 306 

Values of |Fobs| for all three solvates were combined 
graphically? with the calculated contributions (Fene) 





Fig !1 Section af V = $ through the three-dimensional Patterson 
syntliesis for aflatoxm G, bromobenzene solvate Contour scale arbitrary 
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big 2  Hlectron-density projection along the b axis for afiatoxin 7G, 
,bromobenzene solvate Contour scale arbitrary 
a[2 
0 
bi2 
Fig 3 Difference Patterson projection along the c axis derived with 


data for the bromobenzene and bromothiophen solvates Contour scale 
arbitrary ,The posit‘ons of the Br-Br vectors are indicated by crosses 


of the bromme atoms ın the bromobenzene and bromo- 
thiophen solvates to yield phase constants «(hkl) for the 
bromobenzene solvate These phase constants were then 
used to derive a three-dimensional electron-density 
distribution which was displayed as contoured sections 
drawn on sheets of glass and stacked m a metal frame 
The sections at z= 12/40, 13/40 and 14/40 are shown in 
Fig 4 Examination of the three-dimensional electron 
density clearly revealed for aflatoxin G the part structure 
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(V), though without distinction. between carbon and 
oxygen atoms The benzene rmg of the bromobenzene 
solvate molecule was indistinct 

Forty-two atoms (all weighted as carbon) were moluded 
with the bromme atom m the calculation of a set of 
structure factors (| lc] and «cale) for the bromobenzene 
solvate The value of R, the average discrepancy between 
calculated and observed structure amphtudes, was 
35 6 per cent 

The revised values of «(hkl) were used in the computa- 
tion of a second three-dimensional electron-density 
distribution This established structure (II) for aflatoxm 
G,, the oxygen atoms showmg up as significantly higher 
peaks than the carbon atoms, and revealed tho positions 
of the carbon atoms of the bromobenzene molecule On 





Fig 5a 




















Fig. 4c 


Fig 4 ‘Three-dimensional electron-density distribution for aflatoxin 

G, bromobenzene solvate derived by the method of isomorphous replace- 

ment The sections shown are (a) at z = 12/40, (b) at z = 13/40, 
(c) atz = 14/40 Contour mterval 1eÀ^* 


Fig 5c 


Fig 5 The fourth electron-density distribution calculated for aflatoxin 
G, bromobenzene solvate The sections shown are (a) at z = 12/40, 
(b) at z = 13/40, (c) atz = 14/40 Contour interval 1eÀ^ 
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Fig 6 Superimposed contour sections drawn parallel to (001) showing 

that part of the fourth electron-density distribution which covers the 

region of one of the aflatoxin molecules m the bromobenzene solvate 
crystal Contour interval 1eÅ— 


calculating a set of structure factors the value of R fell 
to 286 per cent Two more rounds of Fourier and 
structure-factor calculations then further reduced the 
value of R to 18 6 per cent 

The sections at z= 12/40, 13/40 and 14/40 through the 
fourth electron-density distribution are shown m Fig 5, 
comparison with Fig 4 demonstrates the maprovement 
obtamed during the refinement  Supermmposed contour 
sections taken from the fourth electron-density distribu- 
tion and covermg the 1egion of one of the aflatoxm 
molecules ın the asymmetric crystal unit are shown m 
Fig 6, while Fig 7 shows the packing of the molecules 
in the crystal as seen m projection along the b-axis 

Refinement of the atomic co-ordmates of all three 
solvates is contmuing 1n ordei to obtain accurate values 
for the bond lengths and valency angles m the aflatoxin 
molecule 

The extensive calculations were performed on the 
University of Glasgow Deuce computer with programmes 
devised by Dr J S Rollett and Dr J G Sime We thank 
Dr B F Nesbitt and her colleagues at the Tropical 
Products Institute, London, fo: supphes of material and 
for helpful correspondence 
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Fig 7 ‘The arrangement of molecules in the crystal of aflatoum G, 
bromobenzene solvate as viewed along the b axis 
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SOME VARIATIONS IN THE AMOUNT OF VITAMIN B, IN THE SERUM 
OF THE RHESUS MONKEY 


By Dr. CHARLES E OXNARD 


Department of Anatomy, University of Birmingham 


“HE amount of vitamm B,, m the serum of many 
animals 1$ usually greater than 150 uug/ml as meas- 
ured by the growth response of the organism Euglena 
gracils}? Exceptionally, values of the order of several 
thousand uug occur m those species where mechanısms 
such as coprophagy allow the absorption of vitamm 
produced by the flora of the gut?-5 Values below 150 
uug/ml of serum have been found ın men suffermg from 
pernicious anemia? and in strict vegetarians® 
Deficiency of vitamm B,, m experimental animals, 
leadmg to wide-rangmg and gross pathological effects, is 
not easi produced and can often only be achieved by 
breeding from a generation which has itself been fed a 
diet deficient ın the vitamin, by suppressing intestinal 
absorption of the vitamm or by increasing the require- 
ments of the animal for the vitamm?- But the low levels 
of vitamin B,, m the serum in strict vegetarians occur 
readily and usually without oveit signs of deficiency, 
although pernicious anemia and sub-acute combmed 


degeneration of the cord are somewhat commoner than 
m other people? Similar low levels of vitamm B, have 
been found in the serum of ihesus monkeys kept in 
captivity on a vegetarian diet for three months! 
In these animals as m strict vegetarians there are no 
obvious signs of deficiency of vitamin B,, 

A number of recent reports have associated the meta- 
bohsm of vitamm B, with various facets of reproductive 
physiology Thus, m the rabbit, the local concentration 
of the vitamm in the early pregnant uterus and the 
mplantmg blastocyst ıs high compared with that m the 
uterus of the non-pregnant or cestrogen-treated rabbit, 
while the concentration in the uterine secretion m the cow 
18 greater than that ın the Fallopian and follicular flurds™ 
Deficiency of the vitamm m the female has been associated 
with mereased frequency of abortion and fewer and smaller 
hitters ın both the rat!? and the pig? It has also been 
suggested that there is a reduced amount of vitamm Bi 
m the semen m the majority of mfertile men with abnormal 
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sperm“ Certainly the administration of vitamm B, to 
the bull and its addition to bovine semen «n vito have 
been shown to improve the motility and viability of 
spermatozoa foi artificial msemimation Such possible 
effects on the 1eproduetive processes could be manifested 
as the relative sterihty that seems to occu in patients 
with pernicious anemia and which appears to be relieved 
on treatment of the anemia with vitamin B,, (refs 16-18) 

Apparently healthy animals in the Bummgham colony 
of rhesus monkeys have proved ielatively infertile 
Random routine investigations such as foi the presence 
of actively motile spermatozoa in the vagina afte: copula- 
tion. and for evidence at laparotomy of normal ovulation 
have failed to 1eveal any obvious local conditions prevent- 
mg conception As a pielmmary, therefore, to a long-term 
investigation—suggested by the foregoing reports—of the 
effects of supplements of vitamin B,, on fertility m rhesus 
monkeys, the amounts of the vitamin in the serum have 
been determined ın relation to pregnancy and the foetus, 
comparing (a) recently captive animals and (b) animals 
maintained on the usual vegetarian dict in the Birmmgham 
colony 

The amounts of vitamin B,, in the serum were estimated 
m 62 rhesus monkeys which had been m the Birmingham 
colony for from two to ten years, 28 monkeys which had 
been m the colony foi up to 2 yeais and 81 monkeys 
examined directly on arrival in Britain fiom India 
Serial determinations were obtamed in seven monkeys 
during the early months of then captivity Some of the 
estimations were on blood samples 1emoved duung pieg- 
nancy (in 18 of the recently captive monkeys and in 8 
of the monkeys ın the colony) and others were on samples 
1emoved after the termination of pregnancy (in 10 recently 
captive monkeys after hysterotomy near full term, and in 
12 animals in the colony after normal parturition) 

In addition, the amounts of the vitamin in the serum 
were determined ın 10 full-term foetuses of recently captive 
mothers, and in 8 new-born babies of mothers mamtamed 
m the colony Serum levels were also determmed m 
animals maintamed m the colony (a) in four non-pregnant 
mature females immediately before and approximately 
one month after injection with 1,000 uug of cyanocobala- 
min, and (b) 1mmediately before a similar mjection m 
three pregnant animals, and again approximately one 
month later at paiturition m mothers and infants Estima- 
tions of vitamin. B,, m the serum were also made m a 
number of other primates of which twelve had only 
1ecently entered captivity and seven had been in captivity 
for long periods of time (foi details of species see Table 4) 

The group of recently captive monkeys imoeluded six 
mdependent shipments at various times of the year 
Then diet for 7-10 days after capture in India and for 
2-3 days in England prior to the removal of blood samples 
was corn, fiut and vegetables and did not contam any 
supplements of vitamm B,, 01 any foods known to 
contain large amounts of the vitamm The routine 
tieatment (80 mg of terramycin daily) of newly arrived 
monkeys was withheld until the blood samples had been 
taken In all cases samples of blood were withdrawn 
before the animals were used for any other purpose 

The diet fed to monkeys ın the Birmmgham colony 
consists of bread with a little dried milk, vegetables and 
fiuit, and 1s supplemented with 'Bemax', ascorbic acid 
and hahbut hver od Although some of these monkeys 
had received antibiotic drugs and had been used in experi- 
ments, blood samples were removed not earlier than one 
month following such treatments 

The amounts of vitamin B,, 1n the serum were estimated 
by a bioassay technique with Euglena gracilis as Yeported 
by Shimnton? The activity of the vitamin to the o1ganism 
was distinguished as ‘readily available’, that 1s, the activity 
of untreated serum, and as ‘total’, that 1s, the activity of 
heat-tieated serum! 

Because of the well-known association m man of low 
levels of vitamin B,, 1n the serum and macrocytic anemia, 
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routine hematological exammations were carried out on 
66 monkeys These showed no evidence of macrocytosis 
and no significant anemia (as judged by the amount of 
hemoglobin ın the blood—mean 12 g per cent) 

The initial finding that recently captive rhesus monkeys 
have levels of vitamin B,, m the serum which are high 
compared with those of the animals maintamed in the 
colony! has been confirmed—the mean level in 43 
recently captive monkeys bemg 233 uug/ml (range 110- 
680), and m 34 anımals kept m the colony, 35 uug/ml 
(range 20-70) But the observations already reported, 
that the levels of the vitamun 1n the serum fall rapidly 
within the first thiee months!*, have now been shown by 
a cross-sectional examination (Fig 1) to be the first rapid 
phase of a process which continues for 18 months-2 years 
after captivity A longitudmal investigation confirms 
that in each animal the level does indeed fall and that the 
changing 1ate of the fall ıs similar in the different mdivi- 
duals (Fig 2) It 1s within this context that the levels 
m the serum ın pregnant, puerperal and perinatal monkeys 
must be discussed 

It 1s known that the levels of vitamin B,, in the serum 
of pregnant women are somewhat 1educed®, although 
they do not approach those found in pernicious anemia 
or m true vegetarians The 1esults here (Table 1) indicate 
not only that there 1s less vitamm B,, m the serum in tho 
iecently captive monkeys when pregnant, but also that 
the reduced amounts are close to those found m monkeys 
captive on a vegetarian diet for longer than 2 years In 
the monkeys maintamed m the colony, however, the levels 
in the pregnant animals are, significantly, situated at the 
upper end of the range of values for the colony as a whole 
In particular, the levels in the pregnant animals in the 
colony are significantly higher (Table 1) than those of 
the breeding females that were mated without success 
(P = 001-0001) In both gioups of monkeys the amount 
of the vitamm m the serum after the termmation of preg- 
nancy was lower even than during pregnancy (Table 1) 

One possible interpretation of such results 1s that, 
although the amounts of vitamin in the serum fall pro- 
gressively throughout pregnancy and into the puerpernmm 
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Fig 1 Relationship between amount of vitamin By, in serum and time 
spent in captivity 
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Fig 2 Change in amount of vitamin Bis in serum with time spent in 
captivity ——, recently captive animals , — ——, animals captive more 
than two years 


m both groups of animals, a certam mimumum level of 
vitamun B,, m the serum is necessary for conception 
This mmimum level appears to be such as to prevent 
those animals ın the colony with the lowest amounts from 
becoming pregnant at all. - 

Although ıt can be seen that the pregnant animals m 
both groups have somewhat simular low levels of vitamin 
Biz m the serum, the mdividuals ın these groups could 
presumably be differentiated m terms of ther past, that 
18, pre-pregnancy, levels of the vitamm. The two groups 
can certamly be separated on the basis of the levels m the 
serum of their own progeny. Thus, m the recently captive 
animals the reduced levels m the serum of the mothers 
accompanies very high levels in the serum of the full- 
term foetuses—an exaggeration of a slight trend that 1s 
known to occur in man? and the rat#4, In contrast, m 
the animals mamtamed m the colony, the new-born 
have serum levels which are as low as those of the already 
deficient mothers (Table 2). 

It thus appears the foetus concentrates vitamm B; at 
the expense of the mother and that m the animals in the 
colony the foetus may be ‘starved’ of the vitamm This 1s 
supported by the prelimmary findmg in the animals kept 
in the colony, that the parenteral administration of 
vitamin B,, durmg pregnancy has little effect on the 
amount m the mother but is afterwards found to have 
raised the level in the baby to the very hugh value found 
in the babies of recently captive animals (Table 3) Cer- 


Table 1 VARIATIONS IN VITAMIN Byiy-LEVELS IN PREGNANOY AND THD 
PUERPERIUM (upg/ml of serum) 


Recently captive monkeys Monkeys ın the colony 


No of Vitamin B,rlevel No of Vitamin B,3-level 

Status anmals Mean Range animals Mean Range 
Mature 15 271 110-680 19 43 «20—70 

Pregnant 18 105 50-240 8 79 50-120 
Puerperal 10 62 « 20-90 12 86 20-60 


Table 2 VITAMIN Biy-LEVELS IN MOTHERS AND INFANTS (uug/ml of serum) 


Recently captive monkeys Monkeys in the colony 


No of Mean vitamin B,s-level No of Mean vitamin Bys-level 
pairs pairs 
Mothers Fotuses Mothers Babies 
10 122 579 8 38 47 
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Table 3 EFFEOT OF INJECTIONS OF THE VITAMIN ON THE AMOUNT IN THE 
SERUM (upglml ) 


Non-pregnant monkeys 
in the colony Pregnant monkeys in the colony 
Before After Before After injection 
injection injection injection Mother Baby 
25 310 70 80 800 
25 330 25 100 640 
60 880 60 130 570 


tamly babies born ın the colony show marked spurts of 
growth after the administration of vitamin B, parenter- 
ally (unpublished results) 

These findings would suggest m addition that the 
serum levels of vitamm B,, do not necessarily provide an 
unequivocal index of the nutritional state of the anumal 
For while the pregnant monkeys m both groups have low 
levels of the vitamm in the serum, the recently captive 
group appears to be able to mobihze body stores of the 
vitamm for transfer to the foetus ın a way denied to the 
animals kept in the colony 

Normally m man very httle of the vitamin B,, m the 
serum ıs in the ‘readily available’ form, whereas in many 
animals as much as 50 per cent of the ‘total’ vitamin 1s 
‘freely available’ (for example, as measured by Kato* 
using Lactobacillus lerchmanns as the bioassay organism) 
All the adult rhesus monkeys were comparable with man 1n 
thus respect, the ‘readily available’ vitamm bemg usually 
less than 20 uug/ml of serum as estimated by our tech- 
mque In sx full-term foetuses of recently captive mon- 
keys, however, the ‘readily available’ vitamm m the 
serum was very high (mean 334 pyg/ml ), whereas the 
new-born of the animals m the colony resembled the 
adult Because the significance of the terms ‘total’ and 
‘readily available’, as applied to the experimental animal, 
are not clear, ıt 1s difficult to comment further on this 
findmg. It 1s nevertheless tempting to suppose that m 
some way the passage of large amounts of the vitamin 
across the maternal-foetal barrier ın the normal rhesus 
monkey 1s associated with this shift from one form of the 
vitamin to the other, and that in the abnormal anımal 
this mechanism ıs upset 

Preliminary findings (Table 4) suggest that smular 
reductions m the amounts of vitamin B,, m the serum 
may also occur during captivity m some other primates. 
Thus ın a single patas monkey, a single baboon, and a 
single douroucouh, all of which had been m captivity for 
many years on a vegetarian diet, the amounts of vitamin 
Bi, m the serum were found to be 100 pyg/ml. or less. 
This figure, contrasting with a mean of 382 m four recently 
captive patas monkeys, 1s below the range of normal man, 
other omnivorous animals or recently captive rhesus 
monkeys, and ıs well within the range of the rhesus 
monkeys kept m the Birmmgham colony (The finding 
that the amount of vitamm B,, did not fall ın talapoin 
monkeys durmg captivity may reflect the fact that these 
animals receive a diet which meludes anımal foods— 
mealworms and locusts—and which m this respect prob- 
ably resembles ther natural diet, while the findmg of 
very high levels in captive bushbabies and pottos suggests 
that some additional mechanism, such as coprophagy, may 
occur m these prosimuans ) 


Table 4 VITAMIN Bj,-LEVELS IN SOME OTHER PRIMATES (uug|ml of serum) 


Recently captive . Captive for long periods 
Vitamin Bie Vitamin B:s- 
Species level Species level 

Erythrocebus patas 450 E patas 100 
E patas 470 Aotes tremrgatus 100 
E patas 310 Pago anubis 50 
E patas 320 
Cercopithecus talapoun 360 C talapow 240 
C talapoin 800 C talapow 280 
C talapow 700 C talapon 340 
C talapan 1,100 C talapon 870 
Perodichreus potio 4,000 + 
Galago crassvcaudatus 4,000+ 
G crassicaudatus 4,000 + 
G., crasswaudatus 2.000 + 
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since low levels of vitamin B,, in rhesus 
ar to be associated with reduced fertility 
de that the well-known difficulties of breed- 


(iain many biologically critical reactions of vitamin 
13 (for example, deoxyribose synthesis, or the reactiva- 
|, tion of —SH enzymes'**) might well be expected to affect 

` the production of viable gametes, the nature of the uterine 
ninent, and the differentiation and growth of the 
o and fotus. 
_ I thank Mrs. 8. M. Collyer and Miss M. Preston of the 
Départment of Clinical. Pathology, Queen Elizabeth 
Hospital, Birmingham, for carrying out the microbiologi- 
_ eal assays. l 
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TE past fifteen years has seen the growth of an 
A enormous literature devoted to the biochemistry of 
isolated mitochondria, but the genesis of these organelles 
remains a controversial topic among cell biologists. 
‘Several mechanisms have been suggested for their forma- 
tion, that mitochondria arise de novo'-*, that they are 
‘formed from pre-existing mitochondria?:5:1*, or that they 
‘are derived from other precursor structures such as the 
cell membrane’, the nuclear membrane!-”", the endoplas- 
mic reticulum?, or the Golgi apparatus", Evidence in 
support of these theories is limited, and precursor relation- 
ships have often been inferred from isolated and rare 
instances of intimate contact. between neighbouring 
‘structures in the cell and mature mitochondria. As the 
‘formation of mitochondria can scarcely be an instan- 
“taneous process, to establish conclusively the origin of 
mitochondria it is necessary to have a detailed record of 
“ithe progressive development of intermediate forms giving 
rise to mature organelles. It has proved difficult to obtain 
''gueh data from a study of animal and plant cells, perhaps 
largely due to their cytological complexity and the rela- 
tively static nature of their mitochondrial population. 
The half-life of mature rat liver mitochondria has recently 
' been estimated at 10 days*. 
. "The yeast cell offers a new approach to the study of the 
origin and synthesis of mitochondria. We have previously 
_ shown that yeast grown aerobically contains typical mito- 
chondria with classical morphology and enzymatic proper- 
tioata, We have reported also that both Torulopsis 
dis (Candida utilis) and Saccharomyces cerevisiae are 
devoid of mitochondria when grown anaerobically, and 
that on aeration both organisms form mitochondria. The 
^" mechanism at that time was not known in detail for either 
coll type. In this article we describe the pathway of the 
| oxygen-induced synthesis of mitochondria by anaerobically 
grown cells of S. cerevisiae. In these cells the formation of 
"mitochondria from cytoplasmic vesicles can be readily 
followed as a continuous process. It is uncertain whether 
mitochondrial synthesis in T. utilis follows a similar 
= pathway; experimentation with this organism has proved 
“difficult, in that its cytological characteristics have varied 
= greatly from one experiment to another. 
< Conditions of growth and induction. The strain of yeast 
used in the experiments was locally isolated and we have 
- designated it Saccharomyces cerevisiae strain M. All 
grown at 28? C and the stock strains are main- 
‘slopes of a 
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OXYGEN-INDUCED SYNTHESIS OF YEAST MITOCHONDRIA | 


By PATRICIA G. WALLACE and Dr. ANTHONY W. LINNANE 
Department of Biochemistry, Monash University, Clayton, Victoria, Australia 


from an aerobic shake culture in the early stationary phase, 
grown on a yeast extract-glucose-salts medium!*, and 
transferred to 15 litres of the same medium in an air-tight 
eontainer. After inoculation the medium was thoroughly 
flushed with oxygen-free nitrogen for 20 min; gas was 
allowed to escape through a water trap: which prevented 
any back flow or exchange with air. The cells were kept in 
suspension throughout the growth period with a magnetic 
stirrer. After about 20 h, cells, still in their logarithmi 
growth phase, were collected anaerobically using th: 
Gyórgyi continuous-flow attachment of the RC: 
centrifuge. Tho cells were then resuspended in water and 
promptly added to a medium at 28° C made up of sucrose. 
(5 per cent), ‘Difco’ yeast extract (0-5 per cent), potassium 
dihydrogen phosphate. (0-4 per cent) and “Tween 80’ | 
per cent) to yield an initial cell density of 0- 

weight of cells/ml. A sample of the suspension ' 
diately withdrawn and poured on to an equal 
ice to lower the temperature to 0° C within half a 
These cells represented the zero-time control 


1S ug 
properties describe the characteristics of the anaerobic cell. 
Air was then pumped through the remaining bulk of the 
suspension at the rate of 11 1. air/rain/15 1. liquid. Aliquots 
were withdrawn at regular intervals up to a total elapsed 
time of 14 h, and immediately cooled to 0° C with ice, and 
then collected and washed at 0° C. These aliquots were 
used to determine the ultrastructure of the cells, their 
cytochrome content, and to follow cell replication. 
The aeration medium did not support sustained growth; 
the cells divided twice during the first 8 h of incubation 
and then ceased to replicate. — ae 
Electron microscopy. ‘The cells were fixed in 10 volumes 
of potassium permanganate (2 per cent) for 2 h at 0° C and 
then in 10 volumes of fresh permanganate solution for a 
further 4 h at room temperature. The preparation was 
washed with water and then post-fixed in a solution of 
uranyl nitrate (1 per cent)-potassium dichromate (1 per 
cent) for 1 h at 0? C to increase contrast in the specimens. 
The fixed cells were afterwards washed with water 
and dehydrated as described previously!*, The dehydrated 
material was suspended for a total of 3 h in three changes 
of a mixture of 7 parts n-butyl methacrylate and 3 parts 
methyl methacrylate. The cells were then resuspended for 
2 hin a partially polymerized methacrylate mixture of the 
game coraposition. After sedimentation by centrifugation 
small pieces of the pellet were transferred to gelatin 
capsules which were then filled with fresh partially poly- 
merized methacrylate. mixture. The capsules were left 
















minute. 
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overnight at room temperature and the embedding was 
completed by incubation of the capsules at 50* C for 24 h. 

Thin sections were cut with an LKB microtome using 
a diamond knife (45° or 52° angle), and only those exhibit- 





Fig. 3. Section through an anaerobic cell of 5, cerevisiae which has beeu 
: ps aerated for 30 min. Note that the vesicles (V) are still clustered near the 
nucleus (N) and are commencing to fill with amorphous electron dense 

material, One vesicle appears to be surrounded by the nucleus 


Fig. 1. Section through an anaerobic cell of 5. cerevisiae showing the 
nucleus (N), the cell-wall (CW), the plasma membrane (PM), and an 


electron transparent vesicle (ETF) ing silver or gold interference colours were examined. 
The sections were picked up on copper grids coated with 
‘Parlodian’ film, stabilized with a carbon layer. Electron 
micrographs were taken with a Siemens Elmiskop I 
electron microscope. 

The fine strueture of the anaerobic cell prior to aeration 
is shown in Fig. 1. The cytoplasm of the cell is largely 
featureless; the nucleus, cell-wall, and plasma membrane 
are evident, but the cell is devoid of mitochondria and 
cytoplasmie membrane. Occasionally one or two electron 
transparent bodies bounded by a single membrane are 
present. 

After short periods of aeration (0-25-0-5 h), there is a 
sharp inerease in the number of the electron transparent 
vesicles in the cytoplasm, and in the same period some 
cytoplasmic membrane is synthesized (Fig. 2, 15 min). 
The vesicles predominantly appear in clusters close by the 
nucleus (Fig. 2 and especially Fig. 3), and the common 
occurrence of this phenomenon suggests an intimate 
relationship. However, we have not as yet found more 
direct evidence of an interaction between the vesicles and 
the nucleus. 

As the aeration proceeds, the main eytological changes 
take place within the clear vesicles, which progressively 
fill with amorphous electron dense material (Fig. 3, 30 min), 
until after some 60 min they have become electron opaque 
(Fig. 4). The dense granules, which cannot be clearly 
resolved in the microscope, do not occur in close proximity 
to the nucleus. At this time there is also some increase in 
cytoplasmic membrane. 

Under the continued influence of oxygen the granules 
become noticeably less dense; after 2-3 h, an enclosing 
double membrane becomes apparent, and suggestions of 
internal raembrane can be recognized. The contents of 
Fig. 2, Section through an anaerobic cell of S. cerevisiae which has been the dense vesicles continue iod undergo change until, after 
aerated for 15 min. Note the increased number of electron transparent 6-8 h aeration, mitochondria appear in the cytoplasm, and 
vesicles (ET V) and their close association with the nucleus (N). Some it ean be seen that some of these organelles have arisen 


cytoplasmic membrane (CM) is apparent, Other labelling as indicated A . 
in Fig. 1 from the dense vesicles. Fig. 5 shows an advanced stage 
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in the conversion of one of the dense granules to a mito- 
chondrion. This organelle is clearly partly mitochondrial 
and partly granular in form. Close examination shows 
internal membranes reminiscent of criste within the dense 
area. Even after 14 h aeration, when numerous mito- 
chondria are present in the cell, a few dense vesicles ean 
still be seen. Indeed, aerobically grown cells also contain 
an occasional granule of this type. 

Cytochrome synthesis. Cytochrome synthesis was 
followed by reflectance spectroscopy of yeast cell pastes 
using the RA3 reflectance attachment of the Zeiss spectro- 
photometer PMQII. The technique is most convenient 
for rapidly following the time course of cytochrome 
synthesis. The results can be roughly quantitated by 
determining the areas under the reflectance peaks corre- 
sponding to the cytochromes. The method has proved to be 
a reliable indicator of the cytochrome content of all but 
the anaerobic cells. These appear to show the presence of 
small amounts of cytochrome as judged by the Soret 
region. However, we have been unable to detect the 
presence of cytochromes afterwards in isolated sub- 
cellular fractions, and therefore doubt the significance of 
the absorption. 
x-band absorption can be detected in the reflectance 
spectra, we have found it to be a reliable index of the 
cytochrome content of the cell as confirmed by the study 
of isolated particle fractions. The cytochromes (a — as), b, 
and (c + ¢,) can be recognized by their absorption maxima 
at 605, 564, and 552 mu, respectively, in the reflectance 
spectra. 

The reflectance spectra of the anaerobic cells, and cells 
aerated for 1 and 8 hare shown in Fig. 6. In the first hour 
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there was a sharp increase in the cytochrome content of 


the cells, as indicated by the appearance of the «- and 
8-cytochrome peaks and the increased Soret absorption. 
At this stage the cytochrome concentration had reached 
half that of the aerobic cell. Thereafter the cytochrome 
content increased more slowly until the levels of the 
aerobic cell were reached after 6-8 h. 





Fig. 4. Section through an anaerobic cell of S. cerevisiae which has been 


aerated for 60 min, The vesicles are filled with electron opaque material 
and have become dense granules (DG) 
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On the other hand, once the presence of 





Fig. 5. Section through part cf an anaerobic cell of 5. cerevisiae which 

has been aerated for 8h. An advanced stage in the conversion of one of 

the dense granules to a mitochondrion i» shown. The organelle (0) is 

clearly partly mitichondrial and partly granular in form. Close exam- 

ination shows Internal momhinse (1 M), reminiscent of cristae within the 
dense area 
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Fig. 6. Reflectance spectra of anaerobic cells of S. cerevisiae, and cells 

aerated for 1 and 8 h. , Anaerobic cells; — — — 

anaerobic cells aerated for 1h; anaerobic cells aerated for 

sh. The presence of the cytochromes (d — a). b and (c + ¢) ls indicated 
by the absorption maxima at 605, 564 and 552 my, respectively 








The results are consistent with the view that cytochrome 
synthesis and vesicle formation and evolution are inti- 
mately related. The burst of cytochrome formation in 
the first hour parallels the sharp increase in the number of 
vesicles in the cells and the appearance of amorphous 
material within them. The subsequent gradual increase 
in the cytochromes reflects the time taken for the evolution 
of the vesicles into mitochondria and the accompanying 
organization of the cytochromes into the mitochondrial 
membranes. Enzyme analyses now in progress on isolated 
sub-cellular fractions further support this view. 
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: y | MESSENGER RIBONUCLEIC ACID OF RAT LIVER CYTOPLASM 
: By A. J. MUNRO and Dr. A. KORNER 


Department of Biochemistry, University of Cambridge 


‘HE central feature of the theory proposed by Jacob 
"i and Monod? to explain the genetic control of protein 
biosynthesis in bacteria is that messenger RNA molecules 
are synthesized on the gene and carry information to the 
sites of protein synthesis. The rapidly labelled RNA 


found in most cells has been assumed to be messenger 
RNA molecules? since it has sedimentation characteristics 
and base composition different from the bulk of the RNA 





-eytoplasm of rat liver although such a fraction was 
present in the nucleus of the cells. This article confirms 
our earlier findings and deseribes some of the properties 
of the rapidly labelled RNA found in rat liver cytoplasm. 
- Albino rats, starved overnight to deplete the liver of 

„glycogen, were injected intravenously with 1-2 me. of 

7. 9P.phosphate or with 1 mo. of *H-orotie acid and were 
killed at various times afterwards. Microsomes and ribo- 
somes were separated from a liver homogenate in 0-25 M 
sucrose containing 0:02 M tris buffer at pH 7-6, 0-1 M 
potassium chloride, 0-04 M sodium chloride, 0:01 M mag- 
nesium acetate and 0-006 M mercaptoethanol (medium 
M) by methods described elsewhere®*. 

-RNA was extracted from the subcellular fractions by a 
slight modification of the phenol-dodecyl sulphate method 
of Hall and Doty’. Since potassium precipitates dodecyl 
sulphate, tissue fractions used for RNA preparation were 
suspended in 0-02 M tris buffer at pH 7-6 containing 
sodium dodecyl sulphate rather than in medium M. The 
final concentration of sodium. dodecyl sulphate was 1 per 
cent unless nuclei were present when the concentration of 
sodium dodecyl was kept below 0-1 per cent so that 
DNA was not removed?*. A suspension of bentonite in 
0:02 M tris buffer at pH 7-6 was added so that the final 
concentration was approximately 5 mg/ml. of solution. 
RNA was extracted from this suspension by shaking at 
room temperature with an equal volume of freshly re- 
distilled phenol saturated with glass-distilled water. (If 
the phenol had not been redistilled marked degradation 

of the RNA was observed.) After centrifugation the 
aqueous layer was removed, the phenol layer washed 

with buffer and the combined washings treated again with 
phenol. The aqueous layer was made 2 per cent with 





respect to sodium acetate (at pH 5:2), and 2-5 vol. of . 
96 per cent alcohol were added to precipitate the RNA, — 


which was washed repeatedly with aleohol to remove. 
phenol, dissolved in 0-01 M acetate buffer pH 52 
containing 0-1 


acetate buffer. 


The RNA was analysed by suerose density gradient Sus 
The linear sucrose density gradients. _ 


centrifugation. 
(20-5 per cent sucrose containing acetate buffer) were c 
prepared in 5-ml. centrifuge tubes for the SW 39 rotor of.. 
the ‘Spinco’ model L centrifuge, using a mixing device ` 
similar to that described by Britten and Roberts’, After 


centrifugation the contents of the tube were fractionated 


by collecting drops from a hole made in the bottom of the 
tube. The material was diluted with cold glass-distilled 
water and its extinction at 260 my determined. The 
radioactivity of each sample was assayed by collecting: 
the ice-cold 0-5 N perchloric acid insoluble material on 2 
membrane filter and measuring the radioactivity on each 
membrane with a Nuclear Chicago gas-fiow counter or in 
a Packard liquid seintillated counter after washing the 


precipitate with 2 per cent acetic acid and drying at: mue 


60° C for 13 h. = 

Fig. 1 shows the results of sucrose density gradient 
centrifugation analysis for RNA prepared from micro- 
somes isolated 1 h and 48 h after an injection of **P-. 
phosphate. The RNA prepared 48 h after injection of- 
radioactivity has almost identical optical density and — 
radioactivity profiles, but RNA prepared 1h after injection _ 
has little radioactivity in the major extinction peaks but _ 





high counts in a region of low extinction sedimentating > 


between 4 S and 18 S. Treatment of the material, before _ 
or after sucrose density gradient centrifugation, with 
ribonuclease renders almost all the radioactivity acid- 
soluble, but treatment before analysis with DNase had 
no effect on the profiles of optical density and radio- — 
activity obtained. It appears that the rapidly labelled — 





material is RNA. Similar results were obtained if 3H- 
orotic acid was used as RNA precursor in place of the | 


phosphorus-32. 


It could be argued that the appearance of rapidly 


labelled material at this position on the sucrose density. 


gradient is not indicative of the presence of RNA material 


Gf high molecular weight but that acid-insoluble, low — ^. 
molecular weight material could be carried .a false dis- 


tance into the sucrose density gradient by becoming- 
loosely associated with high-molecular-weight RNA. This - 
has been shown not to be the case. Low molecular weight 
material (less than 5,000) present in RNA prepared 30 min 
after *H-orotic acid injection was separated from high- 


molecular-weight RNA by passing the preparation — Um 


through a ‘Sephadex’ column. This low molecular weight | 
material which had a high specific activity was added to 


M sodium chloride and reprocipitated um ; 
with alcohol. Finally, the RNA was dissolved in the: 
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eR 1 Sedimentation patterns of RNA prepared from mierosomes 
isolated 48 h (A) and 1 h (B) after mjection of 1 mc-of **P-phosphate 
01ml of each of the RNA preparation was centrifuged 1n a 5-ml Imear 
sucrose gradient (5-20 per cent) for 4 h at 37,000 r p m. and 2°-5°C using 
a ‘Spinco’ SW 39 rotor The gradients contained 0 1 M sodium chloride 
and 001 M sodium acetate at pH 52. After centrifugation, the tube 
bottom was punctured and samples collected to measuring 260 

absorption (O) and radioactivity m 0 5 N perchloric acid precipitates 

(6) The material was moving from right to left 


a preparation of unlabelled microsomal RNA and the 
mixture analysed by sucrose density-gradient centri- 
fugation No acid-soluble radioactivity appeared on 
any part of the gradient 

Thatt* was unable to find a rapidly labelled RNA in 
rat liver cytoplasm but did detect such material ın nuclei 
His technique of separating cytoplasm from nuclei differs 
from ours He used the crude supernatant after centri- 
fugation at 600g to prepare cytoplasmic RNA, without 
the further separation to which we subject 1t by centri- 
fugation at 10,000g and 105,000g Furthermore, calerum 
was present in Hiatt's homogenizing medium When 
RNA was extracted from 600g supernatant by Hiatt’s 
procedure, no rapidly labelled RNA was detected, in 
agreement with his report When, however, the micro- 
somes were first isolated from the same 600g supernatant, 
rapidly labelled RNA was found (Fig 2) It 1s possible 
that extraction of RNA from the total 600g supernatant, 
especially m the presence of calcium, may activate lyso- 
somal RNase), which could destroy the messenger 
RNA which is extremely sensitive to RNase activity 

A rapidly labelled RNA has been detected m cyto- 
plasm of mouse liver" and this material forms hybrids with 
single-stranded mouse liver DNA 

Table 1 shows the base composition of the newly 
synthesized RNA prepared from rat-liver microsomes 
isolated 0 5 and 48 h after an injection of ??P-phosphate 
The RNA was fractionated by sucrose density gradient 
centrifugation and all the material sedumenting faster than 
the s-RNA was pooled and used for the base composition 
determination? This method of using counts m nucleo- 
tides after alkaline hydrolysis as the basis of determming 
base composition 1s open to some error, but the results 
obtained show that the base composition of rapidly 
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labelled RNA 1s between that of the ribosomal strüctural 
RNA and the DNA of the cell and represents a mixture 
of about 40 per cent ribosomal structural RNA and 60 
per cent of RNA with a base composition like ‘the 
DNA This result ıs m agreement with the work of 
Georgiev eż al 38, who have shown the presence m rat- 
liver cytoplasm of a fraction of RNA with a base com- 
position like the DNA. of the cell in animals treated with 
low concentrations of ‘Aurantm’ (crude actinomyom) 


Table 1 Bask COMPOSITION OF RAT-LIVER MIOROSOMAL RNA 


Time after 
*1P-phosphate Moles percentage of base Ota" 
injection (h) G A e U(T) A U(T) 
05 257 25 6 246 241 101 
48 327 190 203 186 1602 
Ribosomal RNA 320 197 291 192 157 
Rat-hver DNA? 213 291 201 295 071 


The RNA fractions were washed with ice-cold 0 5 M HCIO, and hydrolysed 
with 1 N KOH for 16 h at room temperature and the 2’,3’ nucleotides were 
separated by paper electrophoresis (ref 12) Spots were excised, eluted 
andcounted ‘The figures represent the mean of four separate determinations 


The rapidly labelled RNA can be extracted from ribo- 
somes by using 2 M. hthium chlonde“ s-RNA can be 
recovered from the hthium chloride-soluble material by 
alcohol precipitation and phenol extraction s-RNA 
extracted from ribosomes in this manner coniams:no 
messenger-hke material while the 2 M lithium chloride 
insoluble material contains the rapidly labelled RNA 





200 





Optical density (260 my) 








Tube No 


Tig 2. Sedimentation patterns of pulse-labelled RNA extracted fiom a 
crude cytoplasmic fraction (A) and from microsomes (B) isolated from 
the same crude cytoplasmic fraction The fractions were prepared from 
the same animal killed 0 5 h after receiving an interperitoneal injection 
of 1 me of *H-orotic acid The material was centrifuged as in Fig 1 
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Fig 3 Sedimentation patterns of pulse-labelled RNA extracted from 

microsomes (A), ribosomes (B) and cell sap (C) The RNA was pulse- 

labelled by injection of 1 mc of *?P-phosphate 90 min previously 

The material was centrifuged as in Fig 1 

The profiles of RNA are not affected by the presence of 
1 mM EDTA at pH 75 but the RNA sediments morc 
slowly The presence of 1 mM Mg++ has a marked effect 
on the RNA profiles partial aggregation occurs and 
much more of the total radioactiviby is sedimented to 
the bottom of the tube This sediment contains both 
newly synthesized structural RNA and rapidly labelled 
messenger-hke RNA the latter is most prone to aggre- 
gation s-RNA is not aggregated to any extent by the 
presence of 1 mM magnesium 

Fig 3 shows the profiles of radioactive microsomal, 
ribosomal and s-RNA isolated from the subcellular frac- 
tions prepared fiom the same rat liver Messenger-hke 
RNA was found, in om experiments, to be present in 
miciosomes, 11bosomes and polysomes, but not ın cell sap 
from which all the RNP particles have been removed 
Messenger-ike RNA could be absent fiom cell Sap 
because this 1s its tiue distribution m the cell or because 
1t has become artefactually attached to ribosomes durmg 
homogenization Henshaw et al!5 have shown that the 
site of protem synthesis, in rat-liver cytoplasm, 1s the 
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ribosomes associated with the endoplasmic reticulum, and 
not the free ribosomes Ribosomes, detached from the 
endoplasmic reticulum by lowermg the magnesium 10n 
concentration, are meapable of amino-acid incorporation 
unless provided with messenger RNA This suggests that 
the messenger RNA is normally closely associated with the 
endoplasmic reticulum and could not be expected free m 
the cell sap 

This view 1s supported by the following experiments 
Large doses of actmomyem, known to block all RNA 
synthesis m rat hver!é, lead to a decrease m the total 
number of polysomes present®-!” and to a fall ın the abihty 
of an an viro system to incorporate amimo-acids into 
protem’® These results mdicate that there ıs a shortage 
of messenger RNA in the cytoplasm afte: actinomyem 
treatment Fig 4, which analyses microsomes and free 
RNA particles from normal and actinomycin-treated rat 
liver, shows that actinomyem treatment has also increased 
greatly the number of free ribosomes m the cytoplasm 
These iesults, together with those described’ here on 
the labelled RNA in cytoplasm, lead to the conclusion 
that, usually, the rapidly labelled messenger RNA ıs 
closely associated with the endoplasmic ieticulum and 
the ribosomes attached to it, and appears, 1f at all, only 
briefly in the cell sap 

The strand which holds 11bosomes in polysome aggie- 
gates ın a number of tissues”? is RNA9* We have found 
that this RNA in rat liver 1s identical with the rapidly 
labelled RNA detected in the cytoplasm, for 1t was found 
to be associated with isolated polysomes and became acid- 
soluble when the polysomes were treated with small 
amounts of RNase, which broke the polysome structures to 
monomeric ribosomes* Since polysomes are held together 
by messenger RNA, this material must bo a normal 
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Fig 4 Sedimentation analysis of microsomes prepared from normal (O) 


and actinomycin-treated (300 ug, 12h earlier)rats(@) The microsomes 
were resuspended in 002 M tms pH 75 buffer contammg 01 M 
potassium chloride, 0 04 M. sodium chloride and 0005 M magnesium 
acetate 10 ml of each preparation was centrifuged through a 20-ml 
linear sucrose gradient (5-20 per cent), which had been formed on top 
ofa 5 ml of 2M sucrose All the solution m the gradient contained 
the tris salts buffer The tubes were centrifuged for 175 h at 22 500 
rpm and at 2°-5° C using a ‘Spinco’ SW 25 rotor 
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constituent of the cytoplasm but is not necessarily free, 
to any great extent, in cell sap 

In summary, we present evidence for the existence m 
rat-liver cytoplasm of a rapidly labelled fraction of RNA, 
which is closely associated with microsomes and the 
RNP paiticles derived from them It has a base com- 
position different from the structural RNA of ribosomes 
and nearer that of the DNA of liver and 1s identified as the 
RNase sensitive template m the polysome structure This 
RNA issumilai to the rapidly labelled messenger RNA found 
in other tissues We conclude that the messenger hypothesis 
for the control of protem biosynthesis can be extended 
to protem synthesis occurimg in cytoplasm of rat liver 

We thank the Medical Research Council, the Buiitish 
Empire Cancer Campaign and the Royal Society for 
financial assistance, Miss C Mannmg for able assistance 
and Prof. F G Young for advice 
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MULTIPLE PROTEOLYTIC ENZYMES IN THE HUMAN MAST CELLS 
By Dre NORMAN ENDE, Cr. YUTAKA KATAYAMA and Dr. JOSEPH V. AUDITORE 


Clinical. Laboratory, Veterans Administration Hospital, Department of Pathology, Vanderbilt University School of Medicine, 
and Department of Pharmacology, Meharry Medical College, Nashville, Tennessee 


N several 1ecent publications’? we have reported the 
existence of a very active proteolytic enzyme m a 
human spleen which contamed an excessive numbei of 
mast cells Proteolytic activity was first discovered 
using bovine fibrin as substrate, and subsequent exper- 
mentation revealed that mast-cell homogenates hydrolysed 
the ester lmkage of p-toluene-sulphonyl arginme methyl 
ester (TAMe) and acetyltyrosme ethyl este. (ATEe) at 
appreciable 1ates?:* 

These observations and related data repoited by other 
mvestigators*-? on mast cells from other species of animals 
suggested the presence of multiple enzymes in these unique 
cells The purpose of this investigation was to obtain 
further information on this point Experimental evidence 
usmg ammonium sulphate fractionation and column 
ehiomatographie techniques ıs presented which strongly 
suggests that more than one proteolytic-esteiolytic 
enzyme 1s 1esponsible for the earlier observed human mast- 
cell enzyme activity 

A human spleen with an excessive population of mast 
cells was used as the source of human mast cells This 
spleen was removed from a patient ın 1957 suffering from 
splenic mastocytosis The history of the patient and the 
chemical composition of this spleen have been deseribed® 
It has been stored at —20°C Aged normal human spleens 
stored at —20° C which contamed few o1 no mast cells, 
served as contiol 

Spleens were homogenized in an all-glass Potter-Elveh- 
jem hand-operated homogenize: m cold 001 M sodium 
chloride The homogenate was centrifuged at 7,000g for 
20 min and the supeinatant flud was fractionated with 
saturated ammonium sulphate Several fractions were 


piepared Most of the esterase activity was found m the 
Table 1 
Protein Casein 
Fiaction recovery digestion Per cent 
(per cent) (per cent) in units 1ecovery 
30 56 6 240 23 3 
40 15 80 78 
50 72 130 126 
60 65 205 19 9 
70 37 250 24 3 
supern 214 125 121 
Original sample 100 0 1,030 


50-70 pei cent saturated fractions These fiactions were 
pooled, dialysed agamst phosphate buffer (pH 80) fo: 
20 h and fractionated fwthe by utilizing column 
chromatography The enzyme preparation was readily 
absorbed on DEAE-cellulose at weak alkalme pH 
Column size was 1 4 em x 7 cm and equilibrated initially 
at room temperature with 001 M potassium phosphate 
buffer (pH. 8 0) followed by gradient elution from 0 05 M. 
to 04 M and from 04 M to 10 M of the same buffer 
(pH. 8 0) 

The column effluent was assayed foi esteiolytie activity 
using TAMe and ATEe as substrates The final sub- 
strate concentrations were 0 004 M dissolved m a potas- 
sium phosphate buffer (pH 78-79) The hydrolysis of 
each substrate was followed usmg a pH-Stat after the 
addition of 10 ml of the test sample at 100m tempera- 
ture The pH was held constant at 7 9 by the continuous 
addition of 01 N sodium hydroxide foi a 10-mun period 
A unit of enzyme 1s defined as that amount of enzyme 
which, hydrolysed 1 0 umole of the substrate m 1 min 

The effluent was also assayed for casemolytic activity 
utuhazmg the casein digestion method deseribed bv 
Kunitz’ at pH 76 One unit of casem digestion was 
defined as that quantity of enzyme which produced an 
increase in trichloroacetic acid-soluble products of 10-* 
optical density units in digestion for 30 min by 10 ml 
of the sample 

Protein concentration was estimated by measuring 
the absorption of the enzyme preparation at 280 my. 
using a spectrophotometer (Beckman, model DB) 

The post low-speed sediment supernatant fluid prepared 
fiom the human mast cell spleen was fractionated at 
room temperatwe with saturated ammonium sulphate 


AMMONIUM SULPHATE FRACTIONATION OF HUMAN MASTOCYTOTIC SPLEEN EXTRACT 


Sp act TAMe Sp act 
(units/mg esterase Pei cent (units/mg 
pr) in units 1ecovery pr ) 
115 480 119 28 9 
615 80 2 615 
618 260 65 125 8 
108 0 1,780 43 3 938 0 
227 0 860 214 781 0 
199 560 13 9 88 8 
34 6 4,020 137 0 
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and the results of these experiments are given m Table 1. 
Most of the protem sedimented at the 30 per cent level 
Although the bulk of easemolytie activity resided ın the 
30, 60 and 70 per cent sediments, the highest specific 
activity was found in the 70 per cent sediment. The 60 per 
cent fraction not only contamed the greatest amount of 
TAMe esterase activity but also the highest specific activity 

The chromatographic separation of esterolytic and 
caseinolytic activities in & normal spleen 1s described in 
Fig. 1. A simular profile was obtamed on two additional 
normal spleens. A smgle obvious peak of esterase activity 
emerging very late from the column was noted TAMe 
and ATEe esterase activities comeided. Several low-level 
insignificant peaks were also noticeable Casemolytic 
activity was found widespread among all fractions, but 
most of this activity emerged very late from the column 
Many low-level peaks are apparent. 

The complex chromatographic profile of the human 
spléen with elevated mast cells is shown m Fig 2. The 
original esterase activity of the pooled sediments was 
resolved into several activity peaks Most of the activity 
emerged from the column much later than the early 
appearmg major protem breakthrough peak, indicating 
that a partial purification was achieved Several 
distinct TAMe and ATEe activity peaks, however, are 
recognizable. Three major fairly symmetrical TAMe 
esterase peaks and three high-level and one low-level 
ATEe esterase peaks were found. The first towermg 
ATEe peak was accompanied by much talmg. One 
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broad major unsymmetrical casemolytic peak which 
followed closely the major protem breakthrough peak was 
found The bulk of the casemolytic activity appeared 
concomitantly with early emerging high-level TAMe 
esterase peak 

Although our early results and those recently reported 
by Glenner and Cohen® using several histochemical sub- 
strates suggest that the human and canme mast cells 
contam at least two distinot proteases, conclusive data 
on this pomt are lackmg — Leueme ammopeptidase has 
also been reported to occur m a variety of mammahan 
mast cells. To our knowledge there are no reports 
deahng with the resolution of protease activity ın mast 
cells. This article emphasizes the complexity of the mast- 
cell enzymes and presents evidence for the existence of 
several uncharacterized proteolytic-esterolytic enzymes 
or the existence of multiple molecular forms of ATEe- and 
TAMe-esterases m the human mast cell. 

This work was supported by grant HE 06567 from the 
US. National Institutes of Health, Division of Research 
Grants 
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EFFECT OF INDUCED ŒSTRUS ON EMOTIONAL BEHAVIOUR IN 
SELECTED STRAINS OF RATS 


By J. A. GRAY 


Institute of Psychiatry, University of London 
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S. LEVINE* 
Department of Psychiatry, Stanford University 


Se differences m emotional behaviour m the open 
field have often been reported!-* One obvious source 
of such differences 1s variation m endocrine status durmg 
the cestrous cycle Anderson and Anderson? m 1940 


* Fellow, Foundations Fund for Research in Psychiatry This research 


was partially supported by research grant GB 355 from the US National 
Science Foundation. 


reported that the mduction of œstrus reduced open field 
defecation Systematic mvestigations of sex differences m 
non-sexual behaviour have been lackmg smee Anderson’s 
work Confirmation of hus results is an important first step 
m re-opening this problem. In addition, m the work 
recorded here, an attempt was made vo delimit the parts 
played by cestrogen and progesterone ın this phenomenon 
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Another object of the expermnent was to determme 
whether the effects of induced. cestrus are the same m two 
strains of rats which have been selectively bred for high 
and low scores on the open field test, namely, the Maudsley 
reactive and non-reactive strains’ (163f and 163g (ref 7)) 
respectively 

Subjects of the experiments were 56 female rats, 103-114 
days old, equally divided among eighteenth-generation 
reactive and non-reactive strams The standardized 
methods of breeding and animal care have been described 
elsewhere®, all animals were expermmentally nave Sub- 
cutaneous injections commenced three days prior to the 
first day of behavioural testmg The mjection régime was 
based on the doses and spacmg of hormones reported to 
mduee sexual behaviour m the castrated animal? They 
are presented for each of the experimental groups m Table 
1 These treatments would be expected to brmg Group 
E, mto behavioural cestrus on the first day of behavioural 
testing and Group E, mto cestrus on the second day of 
testing. A comparison between these two groups on the 
first day of testing enables us to determme whether 
progesterone has effects additional to those of cestrogen 
Apart from the non-mjeeted controls, all subjects were 
injected daily, placebo bemg grven when hormones were 
not appropriate Injections were carried out at about 
10am daily, behavioural testmg began at about 4pm, 
at least 6 h after the completion of that day’s mjections 
Of the fourteen subjects m each group, half were reactive 
and half non-reactive 


Table 1 SCHEDULE OF INJECTION 
Grou a 
* 1 2 s" 4 5 
Exp 1 (Hy 0 Pl [^] P} Pl 
Exp 2 (E Pl ce) P 0 P 
: ep 2t : Pi Pl Pl Pl Pl 
Non-njected — — — — -— 


O, QEstradiol benzoate ('OWstroform', supplied by British Drug Houses) 
02 mg in 01 ml arachis oil 

P, Progesterone ('Progestin', supplied by Organon Laboratories, Lid ) 
10 mginOI1ml arachis oil 


Pl, Placebo, 01 ml arachis oil 


Open-field testing was carried out on days 4 and 5 


Two measures of behaviour were taken—defecation 
(D) and ambulation (A)—both ın the open-field situation 
described by Broadhurst* Briefly, this consisted of 
exposing each subject for 2 min per day, on two successive 
days, to uniform sound (78 db ) and hght (165 ft candles) 
fields within & circular arena (The particular problem 
mvestigated dictated the choice of two days’ testing, as 
standardized by Broadhurst‘, four days’ testing 1s used ) 
The number of fecal boluses deposited durmg each trial, 
together with the number of compartments marked on 
the floor, and roughly equal ın size, through which the 
rat passes, provide the basis for the D and A scores, 
respectively Non-reactive animals yielded zero defeca- 
tion scores, as 19 normal for this stram, regardless of 
treatment, the D scores are therefore analysed only for 
the reactive strain 

As a check on the efficacy of the treatments ın producing 
estrus, the Æ, animals were placed with males for the night 
after the final day of the experiment and the cages were 
examined next day for the presence of vagmal plugs 
Plugs were found m the case of thirteen of the fourteen 
animals 

The analysis of variance of the D scores (reactive stram 
only) showed the treatment effect to be significant at 
between the 0 1 and the 0 05 levels (F = 2 49,d f 3and 48) 
The t-tests based on the analysis of variance showed that 
neither the two control groups nor the two experimental 
groups differed significantly from one another When the 
mean for the two control groups combmed was compared 
to the mean for the two expermmental groups combined, a 
significant difference appeared, defecation being lower in 
the experimental groups (mean for controls—4-71 boluses 
per day, S D 115, mean for expermmentals—3 43, S D 
999,2 = 2 67, with 48 d f) This result confirms that of 
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Fig 1 Distribution of D-scores 1n experimental and control subjects 


Non-injected + placebo 


Anderson and Anderson}. However, there were also 
changes 1n variance as 8 result of hormone administration. 
These changes are presented in Fig 1, from which it can 
be seen that, whereas some subjects exhibit greatly 
depressed D scores, others remain at the level of the control 
animals 

There was no evidence that the administration of 
progesterone had any effect on the D score over and above 
that of cestrogen the mean for group E, on the first day 
of open-field testing (3 57, S D 2 51) did not differ sigmfi- 
cantly from the mean for group E, (271, S D 281) 

Analysis of the A scores showed the usual‘ stram differ- 
ence (F = 31 96, d f land 96, P < 0 001), non-reactives 
(mean 45 20,8 D 1415) ambulating more than reactives 
(mean 3316, SD 11:13) The effect of the treatments 
was also significant (F = 11 54, d f 3and 96, P < 0 001) 
Means and standard deviations for the four groups are 
presented in Table 2 The t-tests, based on the analysis of 
variance, showed that the increase m A scores mduced 
by the placebo was significant at the 5 per cent level, that 
the two expermental groups did not differ from one 
another, and that both expermnental groups ambulated 
more than either of the control groups at levels of signifi- 
cance better than P = 002 Both strams were affected 
equally by the treatments There were no differences 
between the two experimental groups on either day of 
testing. 


Table 2 MEAN A SCORES AND STANDARD DEVIATIONS FOR FOUR TREAT- 
MENT GROUPS 


Control Placebo Ei E, 
Mean SD Mean SD Mean SD Mean SD 
3007 1146 3675 1044 4582 1402 4407 1412 


Tt ıs generally assumed? that a decrease m defecation 
and an increase in ambulation ın the open field test both 
represent a decrease m ‘emotionality’, that 1s, m fear- 
responsiveness Thus, on both measures, mduced cestrus 
results in a decrease in emotionality It ıs known that 
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general activity increases during the cestious phase of 
the cycle’, so ıt could be argued that increases 1n ambula- 
tion simply reflect increases ın activity However, there 
is evidence that changes ın open-field ambulation are 
independent of changes in general level of activity?! 

Although these results tend to indicate that progesterone 
plays no part in the observed reduction in emotionality, 16 
should be noted that the doses of cestrogen used were 
quite high and could possibly have masked any progeste: - 
one effects Young and Fish" have shown a similar lack 
of effect of progesterone on cycle activity patterns 1e- 
stored by cestiogen in ovariectomized 1ats The mportance 
of cestiogen for physiological responses to stress has 
already been demonstrated!?:4 The experiment described 
here demonstrates that this hormone 1s also important m 
behavioural responses to mild stress 

This work was supported m part by a research grant, 
M6014 from the National Institutes of Mental Health, 
US Pubhe Health Service, and in part by a grant from 
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OPTICO-GEOMETRIC ILLUSIONS 


By Cr. R T GREEN and E M HOYLE 


Department of Psychology, University College, London 


Rea attempts by Tausch!, von Holst?, Gregory?, 
and Green and Hoyle? to bring the optico-geometi11e 
illusions into the main stream of perceptual theory by the 
misapplied constancy hypothesis have leaned heavily on 
a particular type of constancy, that associated with depth 
perception There are, in fact, other constancy principles 
that may be pressed into service in pursuit of the same 
objective By applying these other principles and com- 
bining them with adaptation-level theory ıt seems likely 
that all the standard optico-geometrie illusions will finally 
fall into place within a common theoretical framework 

One of the displays used as a control m a 
previously reported experiment by Green 
and Hoyle‘ consisted simply of a straight 
line with a gap m the middle Four forms 
of this display were used with the two 
halves of the display slightly out of align- 
ment, but remaining parallel, the two halves 
of the display being displaced laterally 
with regard to one another two or four 
muhmetres up o1 down Each subject 
made eight judgements, two for each 
form, saying whether the continuation of 
one line would pass above or below the 
othe: half of the display A forced two- 
choice 1esponse was required Fo 50 
subjects the display was presented with the 
hne iunning at 45° to the honzontal 
Another 50 subjects made theu judgements 
with the hne honizontal In Group I, 21 
subjects made at least one error, the other 
29 subjects making no errors For Group 
II the corresponding figures were 7 and 43 
A 2 x 2 contingency analysis shows that 
the difference between the two groups 1s 
significant well beyond the 1 per cent level 
of confidence 

The relative accuracy with which judge- 
ments of rectilinearity are made when the 
lme hes in the honzontal suggests that 
there 1s a kind of conceptual vertical- 
horizontal grid facilitatmg such judge- 
ments This idea was first put forward by 
Hofmann and Buelschovsky*, but its 
relevance to the optico-geometric illusions 
has never been fully appreciated 





That such stable frameworks exist 1s evident from the 
work, with distorting spectacles, reviewed by Boring® 
and Teuber” If the vertical and horizontal aie rotated or 
reversed by an optical device there 1s a period of adjust- 
ment or adaptation during which the subject acquires 
new noims for the vertical and horizontal At the end of 
this period the world again looks the 11ght way up, but 1s 
distorted in the opposite direction when the spectacles 
are removed  Rectilineaiity follows the same pattern, so 
that a straight line that 1s made to look curved by distort- 
ing spectacles gradually comes to look straight again 


A à 
x x 
(a) (v) Nu 
B B 
I Y 


Fig 1 Judd’s illusion as an adaptation process 


& b 
Fig ? Orbison s illusions 
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with corresponding reversal after-effects 
when the spectacles are 1emoved 
This adaptation piocess goes on all the 
time unde: natural conditions Gubson® 
underhnes this everyday aspect of the 
process by demonstrating that there 1s no 
need to use distorting devices to produce 
these effects Prolonged mspection of a 
curved lne reduces its apparent curvature, 
and a straight line examined immediately 
afterwards appears curved ın the opposite 
duection 
These data have considerable relevance 
to any account of the optico-geometiic 
illusions Ow interpretation of retinal 
stimulation depends on past commerce 
with the world There is a process of 
assumulating a present stimulus to some 
weighted norm derived fiom experience 
the present stimulus itself affecting the 
weighting in & manner analogous to 
psychophysical judgments This ıs Helson’s® concept 
of adaptation-level applied to the visual world 
To take a simple example, there ıs an illusion of Judd’s 
ieferred to by Gibson® in which a straight hne appears 
shghtly curved in the presence of a curved line In Fig la 
this effect ıs only slight, but 1f we were obliged to inspect 
this figure «n vacuo for any length of time we would have 
no means of knowing whether AB is stiaight and XY 
curved or vice versa, except by drawing on some stored 
form of what straight looks hike According to Gibson? 
10 mm is quite sufficient for a new norm to become 
established when all the old 1etinal cues are 1eplaced by 
“new ones In Fig 1b the effect 1s enhanced by increasing 
the number of curved lines to produce greater ‘weighting’ 
m this direction Fig 2 shows standard forms of this 
effect in Orbison’s illusions It 1s as if the display were 
diawn on rubber which 1s bemg distorted to make the 
euved hnes in Fig 2a appear more rectilinear and the 
converging lines close to the horizontal in Fig 2b appear 
more horizontal It may be objected that this process 
mvolves a non-Euchdian view of space, where straight 
lines may be re-entrant, but there is no indication that our 
perceptual processes were designed by Euclid, or are even 
melmed to favour his postulates This account of Orbison’s 
illusions also differs from that recently put forward by 
Gregory?, which is derived fiom his piimary constancy 
scaling process Guiegory’s technique of using self-luminous 
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Fig 3 Zollner's illusion as an adaptation process 
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a b 
Zollnex’s illusion a, Normal orientation, b, modified orientation 


figues under 1educed cue conditions may piove to be 
useful in determining to what extent these illusions aie 
triggered off by perspective cues 1athe: than by other 
properties of the display 

When the adaptation-level argument is applied to 
Fig 2b and the Zollner illusion, it 1s not rectilinea1ity that 
is bemg challenged by the display, but our norm of the 
vertical or horizontal In Fig 3a ow weighted noim tells 
us that AB is closer to the vertical than XY, but given 
time there would seem less to choose between them By 
repeating XY in Fig 3b we accelerate this re-weighting 
process and thow AB slightly out of the vertical almost 
immediately In Fig 3c the two vertical limes are tilted 
in opposite directions by this process and we have the 
man effect of the Zollner illusion The incidental nomus 
displacement of the short diagonal lines ıs the original 
instance of the Poggendorff illusion 

It follows that the mam illusion should bo stronger 
when the longer hnes are not in the true vertical oi 
horizontal, since the short hnes have then only to under- 
mune the paiallel appearance of the long lines, the 
houzontal and vertical framework no longer providing a 
restiaming influence The nonus displacement, on the 
other hand, should be weakened when the short diagonals 
are close to the horizontal or vertical "Thus prediction 1s 
easily confirmed by reference to Fig 4, where the Zolner 
display 1s presented in these alternative orientations The 
effect of orientation on the Zóllne: illusion was originally 
noted by Judd and Courten!?, but only recently has the 
relevance of this observation to adaptation-level and the 
misapplied constancy principle become apparent Now it 
seems possible to explam not only the illusion itself, but 
also the effect of orientation on 1t, by & common set of 
prinerples 

It 1s now becommg clear that more than one type of 
constancy process 1s bemg musapplied Depth perception 
mvolves one set of constancy principles, but the perception 
of onientation and 1ectilmearity mtroduces other constancy 
puneiples to play ther part ın the distortion of visual 
space under certam conditions In combination with 
adaptation-level theoiy, these more general constancy 
principles would seem to be sufficiently broad in scope to 
cover all the standaid optico-geometric illusions 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Possibility of an Accelerated Process of 
Collapse of Stars in a Very Dense Centre of 
a Cluster or a Galaxy 


THE recent discoveries of extremely luminous and very 
distant objects, mdicatmg a collapse of vast masses of 
dimensions of galaxies, suggested to one of the authors a 
re-examimation of the problem of collisions ın a multiple 
star system The recently accumulating evidence of the 
association of the nove phenomena with bmary or 
multiple star systems also revived this question Some 
of the ideas were then discussed with G and M Burbidge 

According to G. Burbidge, the possibility 1s not to be 
excluded that the density of stars m the centre regions of 
certain galaxies may attain the value of 10" and 109 per 
cubic parseo Assume then the assemblage of such stars 
to be m conditions satisfying the virial theorem The 
question arises whether after some collisions between a few 
stars the process of encounters may become accelerated, 
more and more collisions will occur mereasingly fast 
so that a large proportion of the stars 1n the central region 
of such a condensation will coagulate and, so to say, the 
‘gas’ of stars will, as ıt were, change phase and become 
something of a ‘liquid’ of these objects. 

Very crude, purely dimensional estimates would 
give for the times involved, and the energies berated by 
collisions between stars the following figures- 

Assume a galaxy with ~ 10" stars, and a central region 
of the dimension of a cubic parsec with 109 stars. 

In this region the average distance between nearest 
neighbours 1s then d=5 x 1015 em 

We take a total mass of the galaxy as = 10" g 

The mass M of the central region 1s M = 104 g 

At a distance of ~1 hght year from the centre the 
orbital velocities of the stars may have an average value 
of 6=2 x 108 cm/sec 

If a collision between the stars 1s central, the loss of a 
large fraction of kinetic energy will hberate an amount 
of energy 1n a different form of the order of e=2 x 10% ergs 
per star 

The collisions between most of the 109 stars would yield 
E 2:105! ergs 

If the process of collisions should become accelerated, 
as suggested here, the tıme T for the eventually complete 
collapse of the central region would be of the order of 


2x 101? em 
2 x 10? cm/sec 


The energy production due to conversion of kinetic 
1057 ergs _ ot 
71019 sec =] ergs/sec 


T= = 101? sec = 300 years 


energy would be then at a rate of 


Thus we see that the total energy obtamed from the 
Iunetic energy of the motions of stars would be of the 
order 1057 ergs m a period of, say, 300 years 

It ıs also conceivable that in certam multiple star 
systems consisting, say, of two massive stars m a bmary 
system, plus a third smaller body or plus several smaller 
stars, there would be periodic collisions of the smaller 
masses with one or the other of the bmary systems, 
giving rise to flare-ups or large explosions producing a 
nova-like behaviour 

In order to begm testing quantitatively such a possib- 
ilty, we have considered a number of problems which 
were studied numerically on computimg machines These 
problems involved four or five stars, mitially m quasi- 


stable configuration, illustrating the virial theorem, and 
we followed by computation the development of such 
systems A typical problem was to take, say, four stars of 
approximately equal masses, consisting of two rather close 
pairs, and revolving around each other with the distance 
between the pairs taken to be four to six times larger than 
the distance between members of each pair. The size of 
each star was taken as 1/20th to 1/50th of the distance 
between the close par The motion of such a system was 
followed on the computing machine with a view to observe 
whether, after some two of the multiple star systems have 
collapsed, the next collapse will occur rather sooner 
afterwards One might perhaps suspect that this 
could be the case, on general grounds, since, if one con- 
siders such a system as a ‘gas’, the inelastic collision 
between two stars (which, in order to make the calcula- 
tions practicable, we assume to lead to a single object of 
double mass moving so that the momentum 1s conserved) 
wil lead to a ‘cooling’ of this system and shrmking 
of a part of it. Also, since the total energy after loss of 
some kinetic energy (which 1s assumed, to be transformed 
into mternal energy of the composite stars or dissipated 
1n form of radiation or ejection) will become more negative, 
further collisions may seem more likely 

In most of our cases, examined numerically on the 
computer, this was indeed the case—after a first collision, 
the next collision occurred m a shorter mterval of time 
and the fourth star then proceeded to go out farther, 
formmg with a triple star mass a larger double star 
system In subsequent problems we have considered five 
stars and then eight stars, and a sumer behaviour was 
observed Most of the problems were studied mm the 
plane. A few truly three-drmensional mitial conditions 
were considered, mostly m the followmg form a set of two 
binaries, each performmg Keplerian motions as a binary 
in the same plane, were superimposed on & motion of the 
two bmary systems around each other m a plane per- 
pendicular to the plane of the motions of each binary 
This was, of course, only the imtial condition After 
periods of several revolutions, the motion became 
eomplieated in three dimensions—it seemed that m 
this non-plane case, also, the process of further collapse 
became accelerated We plan to perform many more 
calculations of this sort, with somewhat more realistic 
initial conditions, to try to strengthen the evidence for the 
statistical likelihood of such an accelerated process of 
collapse The calculations were performed m intervals 
of what would be one part ın several hundred of a single 
full period of revolution between two close stars The 
numerical work used the Runge-Kutta method and the 
usual checks of energy and momentum, were satisfactorily 
observed These quantities were preserved, after periods 
of dozens or more of full revolutions, to better than 1 per 
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The Sun’s Electrical Charge 


Iw a recent communication to Náture! I have shown that 
the interplanetary magnetic fields measured by means of 
the space probes Pioneer 5, Explorer 10, Marmer 2 and 
Explorer 12 all verify the predictions about these fields 
which were published m. 19607? as tests of the hypothesis 
that the Sun carries a large net negative electric charge 





















hich accounts for those observed fields 
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ir belief in the orthodox hypothesis 
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official neglect by his own university 
orthodox astronomical theories and 
ity shown towards the pioneering 
he theory of gases, of Thomas Young 
light and of Heaviside in the theory 
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veu 
si question. — 
0o ooo Such a crucial. experiment will now be described in 
¿© sufficient detail to show that it is both practicable with 
; modern available techniques of space science and also 
-simple enough to require only an elementary mathematical 
theory. It was in principle indicated in 19602. 
“ Two magnetometers on satellites are launched nearly 
oo: @imultaneously with known different Earth-free velocities 
u; and u, relative to the Earth and, while they are within 
distances of each other small compared with their dis- 
tances from the Sun, the respective magnetic field vectors 
F, and F, measured by them are recorded at the Earth. 
Then if, in the Sun's inertial frame, A is the local 
magnetie field vector due to electric currents anywhere, 
E is the local electric field vector due to the solar charge 
=Q, v, and, v, are the velocity vectors of the magneto- 
"meters, the following relations hold true with errors less 
‘than 1 part in 108: 





F, = A+ E x vje (1) 
F,= A+ Ex vic (2) 


These relations follow from application of the Lorentz 
Transformation, and from the fact that v,?/c* and v,7/c? 
are each of an order of magnitude about 10-*. 

From equations (1) and (2) and the relation: 


va coU, = HQ ~ Uy 
we. obtain: 


F; — F, = E x (u, — u,)/e (3) 


E = ( — {Q/r)i (4) 


- <> where iis a unit vector along the radius vector r from the 
Sun and f is a positive fraction less than 1 which represents 
the polarizing effect of a surrounding plasma. 

Equations (3) and (4) and the known quantities F,, F,, 
aj, u, can be used to verify that the charge Q lies in the 
direetion of the Sun and then to yield the value of the 
quantity fQ- 

In the event that F, and F, are always found to be 
indistinguishable we would conclude that E and therefore 
also fQ are zero. Otherwise the formulz (3) and (4) would 
yield a lower limit fQ to the absolute value Q of the solar 
charge. This shows that our experiment with two 
differently moving magnetometers on satellites is, in 
prineiple, capable of proving definitely the truth or false- 
hood of our hypothesis on the solar charge. 

As a possible concrete example of this procedure we 

‘shall consider two magnetometers which are launched in 
such a way that: 


dcm u, = u, whereu = 5 km/sec 


This is feasible with present facilities since it would - 








require launch velocities of only 12-3 km/sec, that is, 
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27,500 miles/h. Corresponding to the assumed charge 
Q = 3 x 107 z.s.v. we then obtain from equation (3). 
the relation: ` : 


F, — F, = 


where j is the unit vector parallel to u. x 
Under the conditions in which Pioneer b and Mariner 2 
operated f varies between the value 0:02 during quiet 
times and the value 0-35 during storm ti Then by 
equation (b) the absolute magnitude of measured 
quantity F, — F, could vary between | 
quiet times and 15 gammas at storm 1 
easily measurable quantities. . o = 
Similar experiments could also be carri b in whic 
one or both of the artificial solar satellites are replaced b 
artificial terrestrial satellites with highly elo | or 
extending well beyond the Earth's magnetic field. — ` 
These considerations taken together emphasize the 
importance of including the suggested ex; intl 
programmes of the National Aeronautics and Space 
Administration and other national space science organiza- 
Ng ; DE E 


— 44-4 fi x jgommas | (B) 
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PHYSICS 


Fecha and Enlarging of Fission Fragment 
racks by Atmospheric Moisture _ 

Fission fragments in their passage through crystals 
often produce a disarray of lattice atoms, and frequently 
this damage is seen in the electron microscope as a track 
which may show either light or dark contrast. Assuming 
that the observations are made at positions far removed 
from a Bragg extinction contour, then the light track 
usually indicates removal of material while the dark track 
indicates rearrangement or disturbance of the crystal 
lattice in the vicinity of the fission fragment path. 

Dark tracks have been observed in many substances by 
different investigators, and mention is made of one only, 
namely, mica. Silk and Barnes! first observed fission 
fragment tracks, in this material, in the electron micro- 
scope and they also showed that they were of the dark 
contrast variety, in which the passage of the fission frag- 
ment had left the mica disordered and strained... Price 
and Walker? demonstrated that the tracks in mica could 
be readily etched by aqua regia or hydrofluoric acid to 
leave a tunnel which was initially about 26 À in diameter 
and which increased in size as the etching continued. ‘The 
etched track showed light contrast, indieating chemical 
removal of material. Bowden and Chadderton? and 
Chadderton and Montagu-Pollock* have shown that the 
diameter of the fission fragment track in crystals is fre- 
quently about 120 À although light tracks of larger 
diameter have been observed in erystals which have been 
stored for a long time after irradiation. 

Investigations have been made of fission fragment tracks 
in nickel chloride and bromide. Both these substances are 
very deliquescent and all operations were conducted, so 
far as possible, in dry air or vacuum. With careful manipu- 
lation giving minimum exposure to the atmosphere, the 
tracks observed were of the normal dark contrast variety 
and consisted of straight lines which were usually con- 
tinuous. If, however, the crystals were exposed to the 
atmosphere for a few minutes, the tracks became light, 
indicating that the material had been preferentially 
etched away by atmospheric water vapour. Fig. 1 shows 
two dark contrast tracks. in nickel chloride and Fig. 2 
shows the same tracks after exposure for 10 min to the 


1204 





Fig. 1. Tracks in nickel chloride 





Fig. 2. Tracks in nickel chloride (see Fig. 1) after exposure to the 


atmosphere 


atmosphere when the relative humidity was 40 per cent. 
Tt will be seen that the tracks have changed contrast and 
have apparently been etched; the resulting release of 
strain has led to a reduction in the strain contours. A 
progressive inerease in the diameter of the tracks up to a 
maximum of 300 À is observed with longer exposure to the 
atmosphere. Eventually the erystal as a whole is attacked, 
the attack being initiated at the entry and exit points of 
the fission fragment, and also at the erystal edges. In 
this second stage the track width is not affected. Nickel 
bromide behaves in a similar manner. 

Nickel chloride and bromide have hexagonal layer 
structures and crystallize in the (00.1) orientation. 
Unirradiated crystals show much greater resistance to 
attack by water vapour, and when it does occur it begins 
at the edges of the crystal. For this reason and because 
of the absence of faults ending on the basal planes, it is 
probable that the etch occurs preferentially in a direction 
parallel to these planes. It is interesting to note that in 
these experiments the etchant was a vapour: previous 
etchings of fission fragment tracks were made by liquids. 

I thank Dr. F. P. Bowden for his advice and the Depart- 
ment of Scientific and Industrial Research for a student- 
ship. 
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Enhancement of the Response of the Hydrogen 
Flame lonization Detector to Compounds 
containing Halogens and Phosphorus 


A PROCEDURE has been developed for selectively increas- 
ing the responsiveness of a hydrogen flame ionization 
detector! to compounds which contain chlorine, bromine, 
iodine or phosphorus. The basis of operation of this 
detector is the increase in the electrical conductivity of a 
hydrogen flame which occurs when organic compounds are 
burned in the flame. It has been observed that if a wire, 
glass or ceramic probe which contains sodium is heated in 
the flame, the products of combustion of compounds which 
contain halogens or phosphorus increase the rate of 
release of sodium vapour from the heated probe. The 
sodium is then ionized by the flame. The relatively large 
inerease in the eleetrical conductivity of the flame which 
results supplements the increase that is observed in the 
absence of the heated probe. Compounds containing these 
halogens or phosphorus may thus be distinguished from 
other compounds which may be present. 

The analyses shown in Figs. 1, 2, and 3 were performed 
as follows: hydrogen gas was added to the effluent of a 
gas chromatography column and the mixture was burned 
at a jet consisting of a 22-gauge (A.W.G.) stainless steel 
hypodermic needle. A removable circular electrode, 8 mm 
in diameter, was constructed by threading 20-gauge 
platinum wire through four, 1-mm long sections of 2-mm 
diameter small bore, unglazed alumina tubing. The 
vleetrode was dipped into a dilute (1 N) solution of sodium 
hydroxide and then dried in the flame of a Bunsen burner. 
Any loose particles of sodium hydroxide were removed by 
seraping. The electrode was then suspended approxim- 
ately 5 mm above the flame jet, and concentrie with it. 
It was supported by a stainless-steel rod which was 
electrically insulated from the body of the detector. 
Ninety volts were impressed between this electrode and the 
body of the detector, and the current flowing between 
them was monitored and recorded. 

The analysis in the upper graph of each figure was per- 
formed with a hydrogen flow of 50 c.c./min. An identical 
sample was analysed to obtain the lower graph, but the 
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Fig. 1. Analyses of 2-4], aliquots of a petroleum ether solution con- 
ning 1 per cent v/v of: (1) ethyl acetate; (2) acetone; (3) trifluoro- 
toluene; (4) fluorobenzene; (5) chloroform; (6) monoc! i 
The hydrogen flame detector was operated in the usual manner to obtain 


the upper record; its response was modified as described to obtain the 
lower record 
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Fig 2 Analyses of 2-4] aliquots of a petroleum other solution contain- 
ing 1 per cent v/v each of (1) carbon tetrachloride, (2) ethylene di- 
chloride, (3) methyl ethyl ketone, (4) toluene, (5) 2-mtropropane 
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Conditions as m Fig 1 


4 X 1079 AMP 


75X 1077 AMP ——> 


Fig 3 Analyses of 2-u] samples of a petroleum ether solution con- 
taming 1 per centv/v (1) N-butvlehloride, (2) N. -butyl bromide, (3) 2- 


10dobutane 


2 3 


Conditions as 1n Fig 1 
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hydrogen flow was increased to 200 c c hnm The resulting 
merease in the size of the flame caused the electrode to 
glow red The electrometer sensitivity was attenuated 
25 times to obtain the lower 1ecords 

The analyses shown m the upper records (Figs 1 and 2) 
were the same as those usually obtamed with a hydrogen 
flame ionization detector When the flow of hydrogen was 
increased and the electrode was heated, the 1esponse of the 
detector to the compounds that contamed chlorine was 
enhanced The response of the detector to the other com- 
pounds was moderately decreased because the flow of 
hydrogen was greater than optimal Enhancement of the 
iesponse of the detector to butyl bromide was greater 
e. ER enhancement to butyl chloride or butyl 10dide 

1g 

The enhanced responses of the detector to carbon 
tetrachlo1ide, chloroform, and ethylene dichloride were 
lmearly related to the quantity of each compound that was 
analysed The relative 1esponses of the detector to these 
compounds were 1elated to the quantity of chloime in each 

Under the conditions required to enhance the response 
to the chlormated insecticide, lindane, approximately 15 
times, the response to malthion and parathion, which 
ae phosphorus, was incieased approximately 300 
umes 

With prolonged heating of the electrode the increased 
iesponsiveness of the detector to compounds contaimng 
halogens and phosphorus diminished and disappeared 
The effect was restored by agam immersing the electrode 
1n a solution of sodium hydroxide Since the enhanced 
iesponse diminished gradually over a period of several 
days of contmuous operation, 1t was found desirable to 
recalibrate the detector response frequently 

Heatmg the probe in the flame caused the baseline 
current to be increased to as high as 10-8 amp The noise- 
level increases as well The sensitivity of the detector 
to halogenated compounds, ın terms of the smallest 
amount that can be distinguished from noise, was, there- 
fore, less when the response was enhanced, as described 
here, than the ultimate sensitivity of the hydrogen flame 
ionization detector operated in the usual way The 
sensitivity 1s, however, adequate to peimit detection of 
submicrogram quantities of these compounds 

This work was begun in the Laboratory of Technical 
Development, National Heart Institute, National Insti- 
tutes of Health, Bethesda, Maryland 
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Flow generated by Cone rotating in a Liquid 


D B Cox! has 18i1sed the question of secondary circu- 
lation of Newtonian liquids in a standard small-angled 
cone-plate viscometer On the basis of research which was 
under way at that time at the Rensselaer Polytechnic 
Institute, there was presented to the US Society of 
Rheology at the Johns Hopkms University in October 
1963 a technical paper? which disclosed considerable 
evidence about the nature of the flow induced by a 1otating 
cone immersed in a liquid contamed m a cylindrical 
contamer It constituted a complete clarification of the 
speculation by Cox The experiments included cones of 
different-sized angles between the generator of the cone 
and the flat bottom of the container The angles were 1? 
10°, 35°, 45°, and 67° The flow was steady-state and was 
characterized by a single stable vortex with a definite 
location of vortex centre that did not change with velocity 
of 1otation of the cone However, ıt was demonstrated 
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Fig.1 Vortices generated by a rotating cone immersed in 7 5 per cent 
solution of polyisobutylene in cetane at 23° C 


that the co-ordmates of the centre were functions of the 
cone angle The centre approached the cylindrical wall 
of the container as the angle approached zero and 
approached the axis of rotation as the angle approached 
90? 


Since that tıme a precise and accurate thrust transducer 
has been developed and thrust on the rotating cone has 
been measured both for Newtonian and non-Newtonian 
liquids At the same time observations were made on tho 
nature of the flow lmes usmg hght dye as a means of 
observing the fow The results turn out to be so interest- 
ing that ıt was considered to be of some importance to 
report them at the present time The Newtonian liquids 
examined were castor oil, water, and decalin, the non- 
Newtonian liquids were sweetened condensed milk and 
solutions of polyisobutylene m cetane It can now be 
reported that whereas ın the past a smgle vortex was 
observed for the case of the cone rotating in a cylindrical 
contamer, 16 now turns out that for certam. cone angles 
and certam concentrations of polyisobutylene m cetane 
two distinct vortices occur m the hquid^ The particles 
of the lower vortex near the surface move up the cone 
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Fig 2 Total axial thrust developed on a rotating 10? angle cone as a 
function of the angular velocity 
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surface and then down the vertical wall of the con- 
tamer, the particles of the upper vortex move m the 
Opposite direction about the vortex centre. A sketch 
illustrating the flow is shown m Fig 1 The flow pheno- 
mena are now much more complicated than in the case 
of the Newtonian hquds For example, the centres of 
the vortices move to new locations if the rotational 
velocity of the cone is changed In other words, the 
position of the vortex centre is now a function of 
speed of rotation Also, the velocity field m the liquid 
1$ sharply dependent on the concentration of the solution 
This 15 so much the case that for a 10 per cent solution of 
polyisobutylene m cetane only a single vortex 18 observed, 
but the direction of flow of the liquid. particles 1s opposite 
to that for Newtonian hquds A 5 per cent solution 
behaves much the same as a Newtonian hquid, even hav- 
ing the same direction of flow around the vortex centre 

In addition to the various flow patterns observed by 
means of the dye visualization techniques, the thrusts 
were measured on the cone as functions of velocity. The 
nature of the curves relating thrust to angular velocity is 
clearly related to the type ofliqud underexammation Ex- 
perimental results for three Newtonian and two non-New- 
tonian liquids are shown in Fig 2. It may be observed that 
Newtoman liquids all show negative thrust which creases 
m magnitude with velocity The shape of these curves 1s 
approximately parabolic with vortex at origm The non- 
Newtonian liquids show positive thrust which increases in 
magnitude with the velocity until a definite maximum is 
reached and then the thrust decreases The curves again 
are approximately parabohe with the vortices at the 
stationary points or points of maximum thrust Tt 1s 
considered that the well-defined maxima obtained with the 
non-Newtonian liquids demonstrate an important charac- 
teristie of these liquids which should and do correspond 
to pecuharities m the flow patterns 

W H Horrwaww II 
CLIFFORD N BARONET 
Department of Mechanics, 
Rensselaer Polytechnic Institute, 
Troy, New York 
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Relations between Weather, Winds and 
Pressures in Low Latitudes 


Iw recent years, problems of meteorological analysis and 
forecasting m low latitudes have received increased 
attention Although wind speeds through most of the 
troposphere are generally low and air masses are extensive 
and horizontally homogeneous, both local and macro-scale 
changes m the sign and intensity of vertical ar motion 
give rise to significant and occasionally violent changes 
in weather Consequently, successful short-range weather 
forecasting 1s an end worth achieving 

Obviously, success can be realized only through first 
relating and accounting for existing fields of vertical 
motion and weather Methods of measuring represen- 
tativo large-scale vertical motion duectly have not yet 
been devised However, 15 might be determmed indirectly 
from the equation of continuity (assuming compression 
is not favoured) 

Ou dv — dw 

às t oy sie 
where u and v are the horizontal components and w 1s the 
vertical component of the wind in a Cartesian system of 
co-ordinates z, y, z Although horizontal winds (hence- 
forth referred to as winds) can be determined with sufficient 
accuracy from radar tracking of sounding balloons! the 
density of sounding stations in low latitudes nowhere 
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approaches that needed for adequate dehneation of vertical 
motion on the synoptic scale 

In middle and high latitudes, where the geostrophic 
approximation is 1easonable, orientation and spaemg of 
isobars (or pressure-height contours) are fairly closely 
related to the winds, and certam isobaric patterns are 
almost always associated with, the same weather situations. 
Understandably, for many years meteorologists have tried 
to apply these useful relationships m low latitudes 

Recent reports?:? state that daily contour analyses made 
over Africa and Europe for standard pressure-levels from 
the surface to 100 mb “are giving an msight mto mechan- 
isms governing equatorial weather which has not been 
provided by conventional streamline analyses of the 
upper winds" 

In order to evaluate this mnphed claim that vertical 
motion (weather distribution) can be determined from 
contour analysis mn very low latitudes, one must first 
discover whether winds can be deducod from the pressure 
distribution For this purpose, the results reported by 
Worthley* may be used He computed geostrophie winds 
from pairs of 500 mb pressure-herght differences measured 
at 300 nautical mile mtervals along fixed reconnaissance 
tracks flown by US Aur Force aircraft He then com- 
pared each geostrophic wind thus determined with the 
component of the Doppler-measured fiying-level wind 
perpendicular to the track and midway between the 
pomts at which the pressure-heights were determined. 
The measurements were as accurate as those made by 
high-quality rawinsondes, and mter-instrumental, varı- 
ability was ehmimated Thus the values of median devia- 
tion of geostrophic from measured winds (Fig 1) probably 
represent the lowest attamable ın rout'no contour analysis 
of data from different stations which often use different 
makes of equipment One must conclude, then, that in 
low latitudes, winds and consequently vertical motion and 
weather cannot be deduced from the pzossure distribution 

Despite this, sufficiently accurate measurements of 
both pressures and winds could reveal details of the all- 
mportant ageostrophie or accelerational components of 
atmospheric motion, without which true understanding 
of weather and weather changes 1s uhpossible Fig 1 
shows that the median ageostrophic components of the 
winds in Worthley’s results ranged from 5 knots at 40° N. 
to 12 6 knots at 10° N In the erudest sense, some idea of 
the accelerational components might be obtained if the 
pressure distribution at 500 mb could be delineated so 
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Fig 1. 
wads at 500 mb (ref 4) (O—O) Median deviation in knots of 


geostrophic from measured winds at 500 mb (ref 4) (O - O) Errors 

in knots produced in the determination of geostrophic winds by an 

error of 7 m in pressure-height gradient between two stetions 150 
nautical miles apart (x —— x) 
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as to determine the geostiophic wind with an error of less 
than half the magnitude of the ageostroplue component, 
using a network of observing stations having & and 
mterval equal to the average radius of low-latitude dis- 
turbanees (say 150 nautical miles) 

The international comparison of radiosondes at Payerne® 
determined that the probable error in pressure-heighis at 
500 mb resulting from differences among various makes 
of radiosonde 1s likely to exceed 7m Fig 1 demonstrates 
that this error, when apphed to measurements made at 
150 nautical mile intervals, results ın errors m computing 
the geostrophic wind exceeding the median ageostrophic 
components 

The results presented here apply to the 500-mb level 
and to latitudes above 10° However, we may safely 
assume that at lower latitudes and at higher levels 
relations between observed pressure distributions and 
winds are even more tenuous, while at lower levels effects 
of surface friction will ensure scarcely more meaningful 
relationships 

Radar methods of measurmg upper wmds are now 
accurate enough to encourage the hope that a sufficiently 
dense network of rawin stations m low latitudes mught 
provide data adequate for meteorologists to compute large- 
scale vertical motions and to relate them quantitatively to 
the simultaneous weather distribution On the other hand, 
severe instrumental shortcommgs, the impossibihty of 
evaluating ageostrophic components, and the iereased 
errors in pressure gradient determinations accompanying 
increased station network density all underhne the 
futility of expecting any consistent relation between 
pressure distribution and concomitant weather to be 
established for low latitudes 

A final word of warnmg should be given, Although 
direct analysis of the horzontal wind field m tho tropics 
promises to lead to a better understanding of motion/ 
weather mterconnexion, the goal on the synoptio scale 
may be unattamable, for as the network density 18 in- 
creased, the ‘noise’ generated by meso-scale cloud systems 
will also merease relatively and may well blot out tho 
large-scale motions we seek to measure and explain. 
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. Thickness of Coral at Midway Atoll 


On May 25 and 26, 1963, with the aid of staff members 
of the Scripps Instrtution of Oceanography and the 
University of Hawau, I made a very brief refraction 
survey at Midway Atoll m the Hawauan Islands The 
primary purpose of the survey was to measure the thick- 
ness of the coral under the Island 

Conventional land equipment was used (high-resolution 
portable seismic set) A Ime of recording stations was 
laid out along the south side of the mam runway of the 
airstrip on Sand Island (Fig 1) A reversed profile was 
made from Frigate Pomt, at the west side of the Island, 
to the dump area somewhat east of the middle of the 
southcoast Two additional shots were fired at the eastern 
extremity of the Island for & check on the basement 
velocity. All shots were placed under water in shallow 
depths: the shots at Frigate Pomt were placed in about 
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the profile was mimoi, the maximum 
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SHOT POINT 


-- 


deviation of observed pomts from the 
stiaight hnes drawn was 22 msec, which 
would correspond to a vaiation m depth, 
of the deepest laye: of 65m Shots fired at 
the east end of the Island and recorded. 
l near the centre of the spread showed an 
I &nomalous veloeity, not recoided m the 
] other two hnes, of 3-20 km/sec This 
might come from an additional layer 
masked on the other recordings, or it 
might be the result of local delays caused 
by variation m thickness of the shallowest 
layer If an additional layer ıs present 
' between the 2 32 and 411 km/sec layers, 
the depth to the deepest layer would be 
increased by 80 m Results are shown m 


28° 12 





24 
Fig 1 Location of profile 
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Frigate Dump 
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Fig 2 Travel times Equations of lines are 
&/2 33, (3) 0277 4 æ]4 15, (4) 0271 + 2/4 08 
(7) 0100 + 2/320 All 


Thousands of feet 


(1) 0000 + 2/1 40 
» (5) 0022 + 2/2 32, 
velocities in km/sec 


from 0 5 to 9 Ib 
shallow water 


out because of the 
led by steel tape 
elsewhere the geophone 
e edge of the runway, 
t with a total error of 


plotted m Fig 2, shows three 
es of 1 31, 2 32, and 4 11 km/sec 
data recorded at the two ends of 


Table 1 
Layer thickness 
Layer Velocity Frigate Pomt Dump 
(km/sec) (m) (m) 
1 131 20 17 
2 232 349 3 
8 411 i: 





(6) 0 000 + 2/1 22, 


Table 1 

The velocities found here match very 
closely those found by Raitt} at Enrwetok 
The shallowest material 1s the coral sand, 
fill, and loose coral that form the surface 
of the Island It probably grades mto the 
next layer, consolidated coral The deepest 
layer corresponds withm the accuracy of 
determination with the velocity (4 15 km/ 
sec) of the volcanic rock cored at Eniwetok, 
1t 18 shghtly lower than velocities found for 
voleanie islands elsewhere in the Pacific 
The: depth of coral 1s much loss than that 
found at Eniwetok (1 5 km) and compares 
with depths at Gardner Pmnacles of 200— 
950 m? Before the present survey was 
made, we believed that the thickness of the 
coral at islands m the Hawanan cham should 
mncrease to the north-west on the assump- 
tion that the north-western islands are the 
oldest Apparently this 1s not the case 

I thank Alan C Jones, Dwight D Pol. 
lard, and Dale A Newhouse, of the Scripps 
Institution of Oceanography, and Augustine 
Furumoto, of the University of Hawan 
Institute of Geophysics, for ther help I 
also thank the commanding officer and 
staff of the Naval Station at Midway and 
Mr Harry Walters, of Bendix Radio Co 
for then assistance This woik was sup- 
ported by the Office of Naval Reseai ch 
under contract Nonr 2216(05) and the 
US National Science Foundation under 
grant NSF-GP910 
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GEOLOGY 


Hamilton, 
and metamo 
atigraphic, 
structural and petrological evidence A vast thickness, 
probably more than 15 km, of Precambuan to Lowe 
Paleozoic sediments (Hecla Hoek) are consistent with a 
picture of a geosyncline? Less than 20 mules to the east 
the adjacent island of North-East Land (Nordauslandet) 
consists of undeformed crystallme basement overlain by 
only 4-5 km of Hecla Hoek sediments In some areas 
deeper parts of the basement: are exposed in antıclınes, 


No. 4925 March 21, 1964 


West Spitsbergen 


HECLA HOEK 
5. i$km&— 


400 











+ 
$. 4. ie 
o + n 


* E ^ 


NATURE 


~~s 






1209 


North East Lond 

















LOWER HOEK 
[C] Devonion Sediments ‘ SCHISTS 
Pre Devonian CHecla Hoek) Deformed GNEISSES — Undeformed 
t3 Metamorphics Igneous Rocks GRANITE 
Fig 1 
` 
à Table 1 RFSULT OF RUBIDIUM - STRONTIUM DATING 
I 1 
i - - Sr radiogenic ; 
Sample No Sample Locality Rock tv pe | SrN (ppm) (ppm) Rb(ppm) Apparent age | 
37 Biotite Isis Point (Isispynten) | Gneiss | 240 101 588 411+ 7 
7 Biotite Isis Point (Isispynten) Gneiss x 38 3 0 83 553 358 + 8 
3 Biotite Dove Bay (Duvefjorden) Gneiss 74 110 699 374 + 6 
20 Biotite Isis Point (Isispy nten) Gneiss 30 4 104 646 415 + 10 
42 Muscovite Southern Land Gi inte aplite «01 217 1,370 378 + 7 
(north of Isis Pomt) i | 
48 Muscovito Southern Land Granite pegmatite 06 164 1,047 373 + 10 
(north of Isis Pomt) 
51 Feldspat North Cape (Nordhapp) Granite pegmatite 512 019 84 537 + 31 
106 Biotite Rups Valle (Ripdalen) Schist 33 6 177 681 618 + 11 
Muscovy ite 905 0 62 234 636 + 20 
Whole rock | 99 0 0 75 306 581 + 19 














(^ Rb 7 


while the.adjacent synehnes contain folded sediments 
Sandford? concluded from stiatigraphical and structural 
evidence that an unconformity 1s present between the 
sediments and the basement, and that intiusive giano- 
diorites occur m the lower part of the sediments Ether 
an unconformity exists between the Hecla Hoek sedi- 
ments and the crystalline basement or there has been con- 
tinuous deposition to the Lower Paleozoic (compare with 
ief 5), m which igneous activity 1s only related to the 
deeper part of the sedimentary pile 

Preluminary iubidium-stiontium ages are given in 
Table 1, but as the samples are very small and were 
collected fiom inaccessible 1egions fringing, the extensive 
16e caps they cannot be taken as iepiesenting the com- 
plete age pattern of North-East Land, and this must 
await the collection of more material with more extensive 
opportunities for sustained field work 

The age results indicate the eastern spread—more than 
100 mules—of Caledonian ages from the main geosyncline 
of West Spitsbegen but samples Nos 106 and 51 were 
obtained from antichnal areas in the basement structure 
and give pre-Caledonian ages, although the schists (106), 
in turn, are cut by Caledoman gramte The intersection 
(biotite-muscovite) ago of the schists of-613 million yeais 
represents a mmimum age of the metamoiphism. 

From this biief survey ıb ıs concluded that the Cale- 
donan type ages aie present in North-East Land as 
represented by both metamorphic and granitic rocks, 
while older ages ale preserved in @ few structmally 
favourable areas Older ages ae undoubtedly prosent, 
but the widespread Caledonian event has so saturated the 
area that greater ages may have been obliterated or 
smeared’ by subsequent metamorphism 

The accompanying diagrammatic section (Fig 1) 
across West Spitsbergen and North-East Land-(about 200 
mules) 1s based on iefs 2 and 4 

E I HawILTON 
Geological Age Isotope Gioup, 
University of Oxford 
K S SANDFORD 
Department of Geology and Mineralogy, 
Univeisity Museum, Oxford 
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Conodonts and Foraminifera from the Triassic 
of Israel 


A COLLECTION of platy lunestone of either latest 
Ladiman or earhest Carnian ago, as determmed by mega- 
fossils fiom Makhtesh Ramon, southern Isiael, on treat- 
ment with acetic acid for ostracode investigations’, 
yielded both conodonts and Foraminifera Prelummary 
examination disclosed one genus each in the conodont 
famihes Polygnathidae and Coleodontidae, and represen- 
tatives of the foraminiferal famuhes Reophacidae and 
Nodosarndae This 1s the fist record of Triassic conodonts 
and Foraminifera in Israel 3 

Maal collected by Dr N Schulman (Hebrew Umversity), 
about 3 km to the east of our localıty and about 2 m 
higher stratigraphically, yielded, on washing, the same 
conodont faunule but no foraminifers Sımılaı conodonts 
and foraminifera are present m cuttings of a well about 
40 km distant from the outcrop samples 

The conodonts are well preserved and amber coloured 
Some have hghter coloured teeth which appear to be 
inserted ın an amber base but which have the lamellar 
structure diagnostic of conodonts 

One of the foiamuniferal genera resembles Reophax 
The second genus is calcitic, apparently lamellar and 
uniserial, with faint, mner longitudinal rib-lke projections 
The imtercameral foramima are suriounded by thick, 
hugh, collai-hke necks about 4/5 the diameter of the 
chambers The structure of this genus iesembles that 
of some Paleozoic Nodosarudae (fo. example, Wanga- 
nella) 

This find is meidental to work sponsored by the 
Smithsonian Institution unde: National Science Founda- 
tion grant G-42305 Publication 1s authorized by the 
Directors, U 8 Geological Survey and Geological Survey 
of Is1ael 


I G Sonn 
US Geological Survey, 
Washington, D C 


ZEEV REISS 


Geological Survey of Israel, 
Jeiusalem, 
Israel 


Sohn, I G, US Geol Surv Prof Pape: 475-C, 98 (1963) 
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CRYSTALLOGRAPHY 


Molecular Geometry of Bromomircestrol 


THe crystal and molecular structures of bromo- 
murcstrol, C,,H,,0,Br, were determmed by Taylor, 
Hodgkin and Rollett m 19591 by means of single crystal 
X-ray diffraction analysis The present communication 
deals with their type I erystal, which has a monoclinic 
unit cell, space group P2,, cell constants of @ = 723 Å, 
bo = 5 98 Å, c, = 20 33 Å, B = 924°, Z = 2, and a calcu- 
lated density of 1-65 g/om? 

The cell constants have been changed to the Donnay 
setting (a) = 2033 A, b, = 598 Å, c, = 723 A) The 
fractional atomic co-ordinates in this setting (x, y, z) have 
been converted to Cartesian co-ordinates (p, q, r) n A using 
the equations: p = wa, + ze, cos B,g = yb, and r = zco 
sin B The Cartesian co-ordinates thus obtamed were 
afterwards used in calculations to determmo various 
aspects of the molecular geometry of bromomurcestrol 
(Fig 1) A seres of ‘best’ plane equations (Table 1) has 
been calculated for the entire molecule and its various 
sub-portions using the method of Schomaker et al 2. The 
root mean square distances of the atoms from these planes 
are listed ın Table 2 

The ‘best’ plane through the entire molecule (hydrogens 
excluded) has the equation — 0 08x + 0 92y + 0402 = 
764 The atoms have a root mean square (rm s.) dis- 
tance of 093 A from this plane The plane computed 
from C, through C,, and O, (exclusive of hydroxy-, keto-, 
and bromo-side groups) has the equation — 0-12z + 0 88y 
+ 0462 = 791 In this case, the atoms have arms 
distance of 075 A The rms distance is decreased 
shghtly to 0 67 A, if we consider the best plane for C, 
through Cy) (— 021x + 0 78y + 0582 = 7-75) exclusive 
of the angular methyl groups at C,, and C5 (O, meluded) 
The atoms C, through C,, (Os included) define a ‘best? 
plane with the equation — 0 20z + 0 75y + 0 642 = 7 82, 
and have arms distance of 0 56 Å from it 

Smaller molecular subdivisions (planes BC, CD, CH, DE) 
are similar ın their degree of non-planarity (rms dıs- 
tances = 051 A, 055 A, 0 58 Å, 0 60 4. respectively) As 
would bo expected as a result of the double bonds in rmgs 
A and B, AB 1s the most planar (rms distance = 0 14 A) 
of this type of subdivision 

Ring A, with three double bonds, 1s planar (rms 
distance = 001 A) Ring B with double bonds between 
Cs-C,) and C,-C, 1s less so with arms distance of 0 14 A, 
while rings C, D and E show approximately the same non- 
planarity with rms distances of 0 24 A, 0 28 A, 026 A, 
respectively 

In the four-carbon atom subdivisions (B301, C3D1, 
C3E1 (E, = O,,0,0,,)), which have two carbon atoms in 
common, the rms distances are again approximately 
equal (030 A, 024 A, 022 A, respectively) However, 
A3B1 with a double bond between the two common 
carbons (C, and Co) 1s planar (rm s distance = 0 01 A) 
while in B3C1 with a double bond between two carbons, 


OH 





Fig 1 Bromomurestrol 
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Table 1. VALUES OP a, B, y, d IN THE EQUATIONS at + By +yz=d 
OF THE ‘BEST’ PLANES OF BROMOMIRESTROL 
a B y d 

Entire molecule —008 092 0 40 7 64 
C, through C,,* -012 088 046 791 
C; through C;,* —0 21 078 058 7 75 
C; through Ci” —020 0 75 0 64 782 
A —0 28 050 082 7 23 
B —010 0 52 0 85 821 
C 027 0 95 016 7 46 
D 0 74 —0 66 -017 0 86 
E —0 06 —0 40 091 615 
Al -027 0 49 083 722 
42 —0 27 050 0 82 7 23 
A8 —0 29 051 081 718 
B1 —031 051 080 7 06 
B2 —0 10 052 0 84 821 
B3 012 0 53 084 932 
C1 —038 093 —010 240 
C2 0 35 0 91 021 827 
C3 0 66 071 0 26 9 63 
Dı 0 63 -077 —0 05 0 38 
D2 —0 63 0 70 0 33 143 
D3 0 94 —0 13 031 981 
El 048 -0 45 76 773 
E2 —0 27 —0 41 087 404 
43B1 —0 30 051 081 714 
-B3C1 081 —0 55 021 242 
C3D1 0 69 —0 59 041 521 
C3E1 0 82 —0 38 042 707 


E, = CisCisCro, E, = CisC17018C19 
* Oxygen at 6 position 


Table 2 Roor MEAN SQUARE DISTANCES (RMS) OF THE ATOMS oF 
BROMOMIR(CSTROL FROM THE ‘BEST’ PLANES 
‘Beat’ planes RM 8. distances (A) 

Entire molecule 0 93 
C; through C,,* 075 
pu pm p 
1 ‘OU! 
AB H 014 
BC 061 
CD 0 55 
CE 0 58 
DE 0 60 
A 001 
B 014 
C 024 
D 0 28 
E 0 26 
A42 001 
B2 015 
C2 016 
D2 027 
E2 019 
A3B1 0 01 
B301 0 30 
C3D1 024 
O3E1 022 


SS oe, 


Table3 DIHEDRAL ANGLES OF BROMOMIR(CSTROL 


Plane Angle (deg ) Plane Angle (deg ) 
AAB 170 B2 ^ B3 166 
BAC 127 B3 A Cl 112 
CAD 117 Cl A C2 134 
CAE 105 C2 ^ C3 158 
DAE 94 C3 A Di 98 
ALA A42 177 D1 A D2 163 
42 ^ A3 177 D2 ^ D3 126 
43 A Bl 176 C3 ABEL 101 
B1 A B2 167 El ^ E2 136 


E= CaCi Cis, E, = 01:010, 01.. 


one of which 1s not common (C, and C,), ther m s distance 
3 030A 

The dihedral angles between the various planes have 
been calculated and are listed in Table 3 The most 
significant fact here 1s that plane C makes angles of 117° 
and 105° respectively with planes D and E, while planes 
D and E are approximately perpendieular to each othor 
(DAE = 94°) The angles 43 A B1 and B3ACI aro equa] 
to 176? and 112? respectively, again illustratang the 
differences m ring-jom planarity imposed by (1) a double 
bond between carbons common to the two rings, or (2) a 
double bond between carbons not common to the two 
rings 

Table 4 lists the perpendicular distances of various 
atoms from one or more of the ‘best’ planes Those atoms 
lymg between the origm of the unit cell and the plane are 
considered as having a negative value, whereas those 
lying on the opposite side of the plane from the origm have 
9 positive value The following conclusions may be 
drawn from Table 4 
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Table 4 PERPENDICULAR DISTANCE (A) OF ATOMS FROM ONE OR MORE OF THE ‘BEST’ PLANES OF BROMOMIRESTROL 
All carbons d 
Entire (oxygen at 
molecule — 6 position) A A2 B B2 e C2 D D2 E E2* 
Cl —078 —086 0 00 —001 
C2 —0 46 —0 58 -001 —001 
C8 033 013 001 
C4 089 062 0 00 001 
C5 053 0 29 -001 —001 —008 
C7 0 38 009 -O11 —016 
C8 —035 —0 56 —0 09 038 0 16 
C9 —048 —0 59 020 016 —034 
C10 —0 29 —0 44 001 —011 —014 
C11 028 026 004 —016 
S Eo E ipo "s E 
- - —020 —0 28 25 -03 - 
C14 —114 -133 —0 08 —016 —005 s oe cic 
C15 —034 —061 021 —0 27 
S mu 4p 5 
—030 —011 —0 23 
C18 —055 —0 62 051 —027 030 023 
C19 146 140 —0 06 018 
C20 002 010 —0 76 
C21 1 62 158 123 
03 0 60 0 38 008 
06 118 087 018 014 
014 —2 44 —2 66 —114 
015 —0 75 —111 71 
017 149 140 —014 055 
018 —078 —074 072 173 
Br -011 —114 008 


* By = Cs 0508s: 


(1) The C,, methyl group hes 0 02 A from tho plane of 
the C rmg, hence 1s equatorial. The C,, methyl group 1s 
at a perpendicular distance of 1 23 A from the plane of 
the C rng, hence 1s axial The C,, methyl group 1s 1 62 A 
from the plane of the entire molecule and almast perpen- 
dicular to ıt as mdicated by the near correspondence to 
1 62 A of the sum of the perpendicular distance of Cj, 
(028 A) and the C,,C,,; bond length (142 A) The 
angular separation of the two methyl groups 1s 100° 

(2) The bromine attached to C, 1s at a distance of 0 08 A 
from the plane of the A ring, hence lés almost in this 
plane 

(3) The oxygen attached to C, also les nearly ın the 
plane of rmg A with a perpendicular distance of 0 03 A 
The oxygen substituted at C,, 1s axial with a perpendicular 
distance of 114 A from the plane of the C rng The 
oxygen attached to C,, 1s at a perpendicular distance of 
0 14 A from the plane of the D ring, hence close to this 
plane Those at C,, and C,, are approximately equidistant 
from the plane of rmg D (0 71 A and 0-72 A, respectively) 

This work was supported in part by US Public Health 
Service grant CA-06183 from the National Cancer 
Institute ` 


JEAN M. OnnT 
DonrrA A Norton 


Biophysics Department, 
Roswell Park Memorial Institute, 
Buffalo, 

New York 


! Taylor, Noel E , Hodgkim, Dorothy C , and Rollett, J S, J Chem Soc, 
3685 (1960) 

?Schomaker, W , Waser, J , Marsh, R E , and Bergman, G , Acta Cryst , 
12, 600 (1959) 


Crystal Structure of Silicon Oxynitride, Si;N;O 


A SICON oxynitride has been identified as Si;NO by 
Forgeng and Decker!. Schrumb and Lefever? reported a 
silicon oxynitride with a formula (81,0, soN1 esClo os)z We 
have worked out a method of producmg pure powder 
and single crystals of a silicon oxynitride — Siieon. and 
quartz powder were heated m nitrogen atmosphere at 
1,450° C The purified product was analysed and the 
composition was found to correspond to the formula 
81,N,0 


Table 1 PARAMETER VALUES FOR 8HnN,0. SPACE GROUP Cmc2, 


Position 
{ref 3) Atom z y z 
8b Si 0 176 0150 289 
8b N 0 218 0121 0641 
4a [t 0 0214 0 230 


The crystals have an orthorhombic symmetry, corre- 
sponding to the space group Cmc2, (No 36)? The cell 
dimensions are a = 8843 + 0005 A, b = 5473 + 
0005 A, c = 4835 + 0005 A, cell volume = 234 Å? 
This corresponds to four formula units per elementary 
cell Parameter values for all atoms have been determ- 
med by three-dimensional Fourier synthesis (Table 1) 

The siheon atom is tetrahedrally surrounded by one 
oxygen atom and three nitrogen atoms The S$1—0—& 
angle ıs 147? The bond distances Si—O and Si—N are 
162 A and 171 A, respectively 

CYRILL BnossET 
INGVAR IDRESTEDT 


Swedish Institute for Silicate Research, 
Gothenburg, Sweden 


1 Forgeng, W D , and Decker, B F , Trans Met Amer Inst Mech Eng, 
212, 343 (1958) 
2 Schrumb, W C , and Lefever, R A , J Amer Chem Soc , 76, 5882 (1954) 


3 Inlernatonal Tables for X-ray Crystallography, 1 (Kynoch Press, Birming- 
ham, 1952) 


CHEMISTRY 


Photolysis of Methyl Acetate 


Previous work in this laboratory^? on the photo- 
oxidation of methyl iodide has shown that the main 
products, methanol and formaldehyde, are formed by 


CH,0, — CH,0 + OH 

CH,0, + OH — CH,0H + O; 
However, Johnston? has suggested the reaction scheme 

2CH,0, — 2CH,0 + O, 

20H40 — CH,O + CH,OH 


to account for these products 

The mechanism mvolving reactions (1) and (2) was 
postulated on evidence obtamed from the addition of 
hydrogen 10dide, deuterrum iodide and hydrogen bromide 
to the system However, the results also show the presence 
of small amounts of methoxy radicals and dimethyl 
peroxide The dimethyl peroxide could be formed by 


2CH,0 — CH,OOCH, 
CH,00 + CH, > CH,00CH, (6) 
2CH,0, > CH,OOCH, + O, (7) 


Addition of either HI or DI completely suppressed the 
formation of dimethyl peroxide, but ıt was unaffected by 


(1) 
(2) 


(3) 
(4) 


(5) 
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addition of HBi The methyl-peroxy radical was shown 
to abstract hydiogen from HI and DI but not from HBr, 
thus indicating that dimethyl peroxide was formed by 
reaction (7) It was, therefore, essential to show that the 
methoxy radical could abstract hydrogen from both HI 
and HBr, under the conditions of the o1ginal oxperiment, 
to confirm the mechamism (1), (2) and (7) 

The methoxy 1adicals were produced by the gas phase 
photolysis of methyl acetate m a flow system The 
products were sampled from the reaction zone through a 
pinhole (30u in diameter} in a platmum disk and were 
analysed with an A E I MS2/R mass spectrometer*® 

At pressures of 90-100 mm and flow rates of 8-9 1 /mmn 
(giving contact times of the order of 1 sec) the mam 
products were obseived at m/e 118, 86, and 62 These 
peaks were asciibed to (CH,COO),, (CH,CO), and (CH,0), 
indicating that rupture occured at two bonds m the 
molecule 


hi 
(A) CH400:0CH, -> CH,CO + CH,O (8) 
followed by 


20H,CO — CH,COCOCH, (m/e = 86) (9) 
20H40 — CH,OOCH, (m/e = 62) (10) 
and 
hy 
(B) CH,}COOCH, > CH, + COOCH, a1) 
followed by 
2COOCH, — (COOCH,).(m/e = 118) (12) 
OL 
hv 
(0) CH,COO|CH, -> CH,C00 + CH, (13) 


followed by 
o o 


I I 
2CH,COO —- CH;C—-O—O—C—CH, (mje = 118) (14) 


Our results show that 80-90 pex cent of the reaction occurs 
by step (8) This ıs m agreement with the work of 
Lossmg and Pottie on the mercury photosensitized photo- 
lysis of methyl acetate These workers found that 82 per 
cent of the reaction occurs via step (8), the remainder 
proceeding through reaction (11) and not (13) 

On addition of small quantities of either HI or HBi 
(~ 025 mm) the formation of products at masses 118, 
86 and 62 was completely suppressed This indicates that 
the radicals formed 1n reactions (8) and (11) are completely 
scavenged by the reactions 


CH4,0 + HX — CH,OH + X (15) 

CH,CO + HX — CH,CHO + X (16) 
and 

COOCH, + HX —- HCOOCH, + X (17) 


X-IoHB, 


thus confirming the ongmal postulates made in thc 
earher work"? 


J W LiNNETT 
J R GILBERT 
I A Reap 


TInoigame Chemistry Laboratory, 
University of Oxford 
1 Barbon, d ; Warren, J, and Limnett, J W , Pioc Roy Soe, A, 274, 306 
? Farren, J , Gilbert, J R., Linnett, J W , and Read, I A (to be published) 
*Heieklen, J , and Johnston, H S, J Amer Chem Soc , 84,4030 (1962) 
1 Barber, M , Cuthbert, J , Farren, J , and Linnett,J W , Proc Roy Soc 
A, 274, 285 (1963) 


E Md. , Farren, J, and Lmnett, J W Pree Roy Soc , A, 274, 993 


*Lossing, V P, and Pottie, R F, Canad J Chem 39, 1961 (1900) 
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A New Fuel Cell Cathode Catalyst 


Tue use of metal phthalocyanines as catalysts for the 
oxidation of organe compounds has been deseribed ın the 
literature A number of papers by C Paquot have 
ieported the catalytic activity of the nickel phthalo- 
cyanine m the oxidation of long-chain fatty acids and thew 
esters}, saturated ketones?, benzene hydrocarbons such as 
toluene and ethylbenzene’, cyclohexane hydrocarbons‘, 
and pmene® In addition, M. Baldwin reported the 
oxidation of olefins, principally isobutylene, by coppei 
phthalocyanine supported on pumice® A Cook? deseribed 
the activity of iron phthalocyanme for the catalytic 
decomposition of hydrogen peroxide A slow degradation 
of the catalyst was observed which was ascribed to a 
complex formed between the peroxide and the phthalo- 
cyanme On the basis of these reports, a number of phtha- 
locyanines were tested as cathode catalysts in fuel cells 

The phthalocyanmes possess the desirable properties 
of chemical stability and insolubility in water and alkal 
R Linstead? has described the structure of these com- 
pounds in some detal The molecule ıs planar with the 
metal symmetrically surrounded by four nitrogen atoms 
The overall configuration is quite simila: to thet of the 
porphyiins 

The activity of cobalt phthalocyanine (CoPe) as a fuel 
cell cathode catalyst was investigated Comparable tests 
were also run on the nickel, platinum and copper phthalo- 
cyanines The catalyst was mixed with a nickel powder 
binder (1 pa1t cobalt phthalocyanine to 10 parts nickel) 
and pressed into the bore of a stainless steel tube which 
served as the gas delivery tube and also as the olectiical 
connexion to the catalyst plug The die for piessing the 
plug was so constiucted that the base of the plug was 
formed into a cone of approximately 0 5 em? geometrical 
mea This design prevented the accumulation of large 
gas pockets beneath the plug which would clectrically 
isolate the catalyst from the electrolyte 

In the test cell, a strip of platinum-on-mekel was used 
as the counter clectiode A salt bridge-Luggin capillary 
provided electrical connexion to a satmated calomel 
reference electrode The electrolyte used was 25 per cent 
potassium hydroxide Oxygen was brought to the catalyst 
plug at such a pressure (50 psig) that gas bubbles were 
visible at the plug-electrolyte interface The cell was 
driven with a commutator for short-term tests For bfe 
tests, a simple constant current circuit formed from two 
batteries in series with a variable resistor was used, It 
was found with this cnewt that at a load of 30 m amp the 
current needed readjustment only once per 24-h period 
Cathode half-cell voltage measurements versus standard 
calomel electrode (SCE) were made with a vacuum tube 
voltmeter m both types of test All tests were earned 
out at ambient temperature 

The voltage-current results for a nickel powder blank 
(probably having a surface coating of N10) and the nickel 
powder plus catalyst are given ın Table 1 Although there 
1s & substantial blank it 1s readily apparent that cobalt 
phthalocyanine will activate oxygen ın a fuel cell, even at 
ioom temperature This electrode was put on life teat and 
the resulting data are summarized in Table 2 

To determine the effect of hydiogen peroxide on the 
catalyst, 25 ce of 30 per cent hydrogen peroxide were 
added to the electrolyte after 96 h of hfe testing No dıs- 
coloration of the electrolyte was apparent, nor was there 
any substantial change m the cathode voltage (+ 0 01 V) 
This effect has a number of implications iegaiding the 
reaction mechanism at the cathode Fuwther experimen- 
tation 1s necessary before any dofinite conclusions ean be 
made 

A second series of experiments was performed with a 
3 in x 3 m nickel plaque impregnated with cobalt 
phthalocyanme The electrode was prepared by immersing 
the nickel plaque m a cobalt phthalocyanme-pyridine 
slurry and then drying ıt in air The remamuing cobalt 
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Table 1 CATHODE HALF-CELL VOLTAGE FOR A COBALT PHTHALOCYANINE 
PLUG ANODE 

Half-cell voltage (vs SCE) 

Current density Ni powder blank CoPe 
(amp/sq ft ) (Y) (V) 

0 —020 —0 20 

18 —035 —033 

36 —0 53 —0 43 

92 —0 63 —0 50 

108 —078 -057 

Table 2 LIFE-TEST OF A COBALT PHTHALOCYANINE CATHODE 
Time (h) Cathode voltage (V) Current density 
(vs SCE) (amp/sq ft ) 
0 —033 18 
14 —033 18 
20 —0 40 36 
25 —047 54 
51 —0 49 54 
95 —0 56 54 
96 —037 36 
148 -041 L 36 
245 —040 36 
246 ^ —049 54 
269 —0 48 54 
435 —047 54 
461 —0 45 64 
519 —0 45 54 
591 —0 44 54 
615 —0 45 54 
Table 3 CATHODE HALF-CELL VOLTAGES OF COBALT PHTHALOCYANINE 


ON A NICKEL PLAQUE 


Current density Half-cell voltage (V) 
(v8 SCE) 


(amp/sq ft ) S 
0 —0 21 
1 —0 28 
10 —038 
20 —0 42 
100 —0 48 
110 —0 50 


phthalocyanine-pyridine shury was slowly poured on to 
the plaque while evaporating off the pyridme The 
electrode was finally dried ın air at 120°C A total of 0 123 
g of cobalt phthalocyanine was applied to the plaque 
in this manner ‘The half-cell data obtained with this 
electrode are shown in Table 3 

Similar experiments were carried out with other metal 
phthalocyanines, that 1s, copper, nickel and platinum 
The results obtained were inferior to those presented for 
the cobalt compound 


RAYMOND JASINSKI 


Catalysis Research, 
Research Division, 
Alhs-Cbalmers Manufacturmg Co, 
Milwaukee, Wisconsin. 
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2 Paquot, C , Bull Soc Chum , 12, 450 (1945) 
3 Paquot, C, CR Acad Se Pans, 214, 173 (1942) 
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»Paquot, C, CR Acad Sc, Paris, 209, 171 (1939) 
*Baldwin, M, US Patent 2,688,603 (Sept 7, 1954) 
7Cook, A, J Chem Soc , 1761 (1938) 
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Hysteresis of Rubbers loaded with Carbon 
Black 


Recent work}? has shown the sigmoidal nature of the 
change of the dynamic shear modulus with the amplitude 
of oscillation of carbon black loaded rubber vulcanizates 
Fig 118 a typical shear modulus dynamic strain amplitude 
eurve for 37 per cent by volume of hugh-abrasion furnace 
black in polyehloroprene rubber Also plotted m Fig 1 
1s the out-of-phase component of the dynamic shear 
modulus G” The curve relating G” to amplitude shows a 
maximum at the point of inflexion of the G^ curve As the 
G' curve 1s sigmoidal, values of G, and G œ can be de1rved}/?, 
where G, 1s the real part of the shear modulus G” at very 
low dynamic strain amplitudes and G ; the shear modulus 
at very high strains, 80 Gy-G œ 15 the total modulus change 
between low- and high-stram oscillations 
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Fig 2 plots a maximum value, Gm”, of G” agamst GoGo 
for a wide range of polymers and caibon black composi- 
tions As the results covered a wide range of both G” and 
G,-G., values, the data are plotted on logarithmic paper 
It ıs clear that all the results ın Fig 2 fall very close to the 
line, which has a slope of unity The mean overall value 
of G,"[(G,-G ,) for the 32 vulcanizates examined is 0 17 
and therefore 

Gn” = 017 (Go-Go) 

The conclusions to be drawn from this work are 

(1) The viscous contribution to the complex shear 
modulus 1s almost entirely due to the amount of ‘structure’, 
that 1s (Go-Go), that can be broken down on oscillation 

(2) The region of maximum G” coincides with the strains 
normally expected in tyre and antivibration mounting 
deformations As Qm” repiesents a value proportional to 
the damping, then a knowledge of this value 1s of direct 
practical interest 

(3) The nature of the G” stran amplitude curve 1s 
intimately associated with the G” strain amplitude curve; 
mdeed, a plot of G” against G” shows the experimental 
points to he on the are of a circle ın a manner reminiscent 
of the *Cole-Cole' plot’ for the electrical complex permit- 
tivities 
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Fig 1. In-phase shear modulus, G", versus strain amplitude of oscilla- 
tion and out-of-phase shear modulus, G^, versus strain amplitude of 
oscillation Frequency, 01 c/s 
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Fig 2 Maximum out-of-phase modulus Gm” versus Ga — Go; for 32 
different rubber-carbon black vulcanizates Rubbers studied include 
natural rubber, styrene butadiene rubber, butadiene acrylonitrile, 
butyl, cvs-polybutadiene and 'Adiprene C’, eontaimng HAF (hgh 
abrasion furnace), MPC (medium processing channel),SAF (super abrasion 
furnace) carbon blacks 1n volume concentrations from 13 to 39 per cent 
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(4) There appears to be little mfluence of polymer or 
carbon black type on the lmearity of the relationship 
between Gm” and G,-G a 

Our understandimg of the mechanism of hysteresis of 
carbon black loaded rubbers, such as tyre tread stocks, 
must now take into consideration the nature and mechan- 
ism of the black—black structures which has recently been 


shown to exist independently of any rubber phase? This 
black—black structure breakdown 1s completely reversible 
after a period of time afte: cessation of oscillation! 
A R Payne 

Rubber and Plastics Research Association of Great Britain, 

Shawbury, 

Shrewsbury, 

Shropshire. 
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lonization Potentials of Polycyclic Aromatic 
Hydrocarbons 


DrRxoT determination of ionization potential by means 
of the photo-iomzation! or the electron impact? has been 
carried out with only a few polycyche aromatic hydro- 
carbons According to a simple molecular orbital theory 
the 1on1zation potential bears a hmear relationship to the 
frequency of the absorption band corresponding to the 
excitation of a m-eleetron from the highest occupied 
orbital to the lowest vacant orbital On this theoretical 
base, Matsen? proposed an empirical formula 


Ip = 489 + 0 857 hy (oV) (1) 


where the constante were determuned so as to give the 
known ionization potential of graphite, 4 39 eV (ref 4), and 
that of naphthalene, 8 12 eV}, at v = 0 and 4 53 eV, ro- 
spectively. He estimated the ionization potential for a 
number of polycyelie aromatic hydrocarbons using the 
observed frequencies of the p-band These values have 
been used often when the ionization potential of a rela- 
tively large aromatic hydrocarbon was required 

It has been known that the frequency of the charge- 
transfer band of a molecular complex can be described as a 
simple function of the vertical 1onization potential of the 
donor and the electron affinity of the acceptor This 
relation can be used for the estimation of the ionization 
potential Briegleb and Czekalla* have given the empirical 
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1 2 3 4 b 6 
hv (eV) 
Fig 1 Relation between 10nzatlon potential and absorption spectrum 


(1) Benzene, (2) naphthalene, (3) phenanthrene, 
pyrene, (6) coronene, (7) 1,2-benzanthracene, 
anthrene, (10) perylene, (11) tetracene (6G, Photo-ionization, x, 
electron impact, O, charge-transfer spectrum) 
——, Ip = 610 + 0700 hv, --—,1p = 439 + 0 857 Ay 


(4) ehrysene, (5) 
(8) anthracene, (9) anth- 


formule to deseribe the relation between tho charge- 
transfer band and the 1on1zation potential, for molecular 
complexes involvmg iodine, 1,3,5-brimtrobenzene and 
chloranil as the acceptors and estimated 10nization poten- 
tials of various donors including several polycyche aro- 
matic hydrocarbons Such empirical formule for mole- 
cular complexes where tetracyanoethylene or bromanil 
are the acceptor have been known also?" The iomzation 
potentials of polycyclic aromatic hydrocarbons estimated 
from the charge-transfer spectra are summarized in 
Table 1, together with the values determined directly by 
the photo-ronization and by the electron impact 

An appreciable discrepancy can be found between the 
observed value and the value calculated by Matsen for 
hydrocarbons of lower ionization potential In Fig, 1 
the observed ionization potential is plotted against hy 
There ıs an excellent lmear relationship between them, 
which can be described well by the following equation 

Ip = 510 + 0700 hy (eV) (2) 

The values recalculated from equation 2 are given in the 
fourth column of Table 1 

A lmear extrapolation from the observed ionization 


potentials to hy = 0 gives 5 10 eV, that is, larger by 0 7 eV 
than the ionization potential of graphite assumed by 
































Table 1 
l 
* Absorption | Ionization potential (eV) 
spectrum — 
(ref 3) Calculated Photo- Electron Charge-transfer spectra 
Àv ionization | impact — 
(eV) (a) (b) (ref 1) (ref 2) (d) (e) (f) (9) Mean value 
Benzene 5 94 9 48 926 924 938 
Naphthalene 435 812 815 812 8 26 8 20 — 808 811 814 
Phenanthrene 424 802 807 803 815 81 822 894 811 
Chrysene 3 88 772 7 82 7 62 78 7 68 — 771 
Pyrene 372 758 770 751 7 55 7 48 7 45 7 50 
Coronene 3 03 750 764 — 76 — — 76 
1,2,5,6-Dibenzanthracene 3 53 742 757 
1,2-Benzanthracene 3 45 735 752 748 76 7 56 — 7 55 
Anthracene 331 723 742 755 745 74 740 — 7 42 
Anthanthrene 286 684 710 6 95 = 701 792 7 06 
Perylene 285 685 710 710 716 7 06 719 718 
Ovalene 278 673 701 
Pyranthrene 268 6 69 6 98 
Tetracene 2 63 6 64 6 94 6 94 70 70 — 6 98 
Violanthrene 2 52 6 55 6 86 
180-Violanthrene 237 642 676 
Pentacene 215 623 601 
Mesonaphthodianthrene 188 600 642 











Values given by Matsen (ref 3) 

Values caleulated by equation 2 

From the charge-transfer (C T ) 

From the C.T spectra of 1,3,5-trinitrobenzene complexes 
and Akamatu, H , Bull Chem Soc , Japan, 35, 1604 (19 

From the C T spectra of chloranil complexes (ref 5) 

From the C T spectra of bromanil complexes (ref 7) 

From the C T spectra of tetracyanoethylene complexes (ref 6) 


2) 












spectra of 10dine complexes (ref 5) 
e frequencies of C T bands are taken from the paper Kuroda, H , Yoshihara, K 
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Matsen*. According to Taft and Apker*, however, the 
iomzation potential of graphite determmed from the 
photoelectric emission 1s 448-488 eV Thus the extra- 
polated value seems to be not unreasonable In con- 
clusion, we consider that a fairly reliable value of ionization 
potential can be estimated by means of equation 2 for 
most polycyche aromatic hydrocarbons It ıs interesting 
to note that, if we substitute for hv m equation 2 the 
corresponding value for ethylene, 7 52 eV, and that for 
butadiene, 5 63 eV, we obtain as Ip 10 37 and 9 05 eV, 
respectively, which comeide approximately with the 
observed iomzation potentials, 10 45 eV (ref 9) for 
ethylene and 9 07 eV (ref 10) for butadiene 
Harvo KURODA 


No 4925 


Department of Chemuistiy, 
Faculty of Science, 

University of Tokyo 
1 Watanabe, K , J Chem Phys , 26, 542 (1957) 
2 Wacks, M E „and Dibeler, V H ,J Chem Phys , 81,1557 (1959) _ 
3 Matsen, F A, J Chem Phys , 24, 602 (1956) 
«Braun, A , and Bush, G , Helv Phys Acta, 20, 33 (1947) 
£ Briegleb, G , and Czekalla, J, Z Electrochem , 68, 6 (1959) 
€ Kuroda, H , Kobayashi, M , Kinoshita, M , and Takemoto, 8, J Chem 

Phys , 96, 457 (1962) 

7 Kinoshita, M , Bull Chem Soc Japan, 35, 1609 (1962) 
* Taft, E , and Apker, L, Phys Rev, 99, 1831 (1955) 
*Pree, W C, and Tuttle, W T, Proc Roy Soc A,174, 207 (1940) 
1° Price, W. C , and Walsh, A D, Proc Roy Soc , A, 174, 220 (1940) 


Concentration Effects in Measurements of 
Sedimentation Velocity and Viscosity of 
Deoxyribonucleic Acid Solutions 


Tue dependence on concentration of the hydrodynamic 
properties of DNA solutions has been the subject of some 
recent pubheations!-* It has been shown in particular’, 
that under specified conditions the dependence on concen- 
tration of the reduced viscosity and the sedimentation 
coefficient of aqueous DNA. solutions may be expressed 
by empirical formule that are formally analogous to 
those found to apply for most uncharged polymer solutions, 


namely: 
1/s = 1/s, (1+ o[n]e) a) 


Asp/¢=[y] (1 + kyle) (2) 


In these equations the symbols s and s, iepresent the 
sedimentation coefficients at concentration c and zero 
respectively ‘sp/¢ and [n] are the corresponding reduced 
viscosity values and « and k are dimensionless constants 

These equations determined empirically for DNA 
solutions are useful for the estimation of the values [n] 
and s, and hence for the characterization of various DNA 
samples from single measurements of s and nsp The 
suggestion has also been made? that the coefficients « 
and k 1n the above two equations should be regarded as 
interaction coefficients reflecting, m effect, the concen- 
tration dependence of the frictional coefficient in all 
transport processes involving the migration of macro- 
molecules thiough viscous media The purpose of this 
communication is to pomt out that the complexity of the 
physical situation m dilute polyelectrolyte and hence 
DNA solutions would not seem to justify such a generalized 
interpretation of the concentration dependence of the 
transport properties of their solutions 

The dependence of the sedimentation coefficient on 
solute concentration has been discussed im detail by 
Schachman®, who emphasized the importance of the 
effects of density and backward flow m addition to the 
effective viscosity of the medium It would seem, 
accordingly, that identification of the coefficient « m 
equation 1 with an mteraction parameter 1s controversial 
even for uncharged polymers For charged macromolecules 
such as DNA, in addition to the foregomg factors the 
primary charge effect 1s also expected to influence the 
concentration dependence of the sedimentation velocity? 
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and to increase the difficulty of an exact mterpretation of 
the coefficient « 

The magnitude of the coefficient k in equation 2 has 
been related successfully to solute-solute and solute— 
solvent mteractions in uncharged polymer solutions’, 
assuming that the configuration of the polymer molecules 
1s independent of their concentration 1n sufficiently dilute 
solutions A similar interpretation of the coefficient k 1n 
dilute solutions of polyelectrolytes proves to be more 
difficult The presence of charges on the macroions leads 
to mereased hydrodynamic interactions between the 
solute particles, and this secondary electioviscous effect? 
was shown to result m an increase m the value of & 
compared with solutions of corresponding uncharged 
molecules However, in some polyelectrolyte solutions 
the magnitude of k was found to be several orders of 
magnitude greater? than the k values usually encountered 
in uncharged polymer solutions Such an imcrease in k 
with charge cannot be attributed to the secondary 
electroviscous effect alone, and attempts to explain these 
results generally contain a series of assumptions such as 
the inclusion of the volume of the electrical double layer 
in the effective hydrodynamic volume of the polyions 

More recently we have shown! by considermg the 
changes m counterion distribution with concentration of 
polyion that at high dilutions the polyions may contract 
with dilution, thus explainmg the anomalously high values 
obtained for the gradient of the mutial linear range of the 
concentration dependence of the reduced viscosity 
Accordingly k, obtained experimentally from such data, 
cannot be regarded as an interaction parameter since the 
necessary condition for such an interpretation that the 
solute configuration 1s constant 1s not fulfilled It should 
be pomted out that this interpretation of the coefficient A 
in dilute polyelectrolyte solutions is supported by the 
fact that the extremely high & values are generally 
associated with polyelectrolyte chams of highly flexible 
nature, while m similar circumstances polyelectro- 
lytes of less flexibility, such as sodium carboxymethyl 
cellulose!? and native, double helical DNA‘, exhibit much 
lower values of k 
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Effect of Nitrous Oxide and Carbon Dioxide 
on the Sensitivity of a ‘Small’? Argon 
Detector for use in Gas Chromatography 


Previous work! has shown that the combmation of a 
Golay capillary column and a Lovelock ‘small’ argon 
detector? provides a convement method for the rapid 
estimation of volatile anesthetic agents The resulting 
chromatogram can be displayed on a long-persistence 
cathode-ray tube, or, and preferably, on a surtable 
moving-coil pen recorder The instrument described by 
Hill et al! used a disk-type samphng valve having an 
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PURGE-ANODE SEPARATION INCHES 
LENGTH FROM FIXED ANODE TO PURGE END OF CHAMBER 
=0 455 INCHES 


Fig 1 Variation of sensitivity factors pehi paih diluent gas) 


for nitrous owde and carbon dioxide, with purge-anode separation 
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additional port which acted as a control over the volume 
of sample injected on to the gas flow splitting arrangement 
which preceded the capillary column The action of this 
additional port tended to broaden the peaks of the 
chromatogram Moving the purge flow mlet pipe of the 
detector towards the anode had the effect of sharpening the 
peaks The cathode-ray tube mstrument worked well n 
practice, but ıt was found that the sensitivity was 
markedly changed when measurmg substances such as 
di-ethyl ether oi halothane (2-bromo-2.chloro-1,1,1-tri- 
fluoroethane), depending whether nitrous oxide o1 carbon 
dioxide was imcluded m the mixture bemg analysed 
Argon, straight from the cylmder, was used as the carrier 
gas for the capillary column 

The effect of nitrous oxide and carbon dioxide is very 
sumuar The increase m sensitivity 1s a hnnear function 
of the proportion of nitrous oxide present in the mixture 
Fig 1 shows a plot of the sensitivity facto: against the 
distance of the purge flow pipe tip from the anode The 
sensitivity factor 1s defined as the ratio of the chromato- 
gram peak heights, for a constant sample of 3 per cent v/v 
halothane myected mto the flow-splitting device, obtamed 
with nitrous oxide or oxygen as the diluent gas for the 
halothane vapour ‘The 3 per cent v/v halothane mixture 
was obtamed from a precision vaporizer? For each 
position of the purge flow pipe, there was a purge flow rate 
which gave a maximum value of the sensitivity factor At 
small anode-purge pipe spacings, the sensitivity was 
markedly dependent on the volume flow of the purge 
stream, as described by Lovelock? In Fig 1, the sensi- 
tivity factors quoted are the maximum values obtamed 
by varying the purge flow for each position of the purge 
flow pipe At the furthest separation of the anode and 
purge flow pipe, the pipe was flush with the wall of the 
detector chamber as illustrated by Lovelock? Placmg 
three layers of 80-mesh gauze over the end of the purge 
pipe did not affect the flow conditions or sensitivity of the 
detector The peak height for a constant volume sample 
of halothane vapour increased by a factor of some eleven 
times when the purge flow pipe was flush with the end of 
the chamber, as compared with the value obtained when 
the purge pipe was close to the anode 

The results given in Fig 1 were obtamed with a small 
tritiated zirconium foil source having a saturation current 
of 38 x 10- amp When a larger tritium source, having a 
saturation current m ar of 4 4 x 10-5 amp, was used, the 
mdividual peak heights for halothane were increased bya 
factor of some 100 times, but the sensitivity factors for 
nitrous oxide and carbon dioxide were the same 
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When a similar sample of 2 per cent v/v di-ethyl ether 
was fed into the chromatograph, 1t was found that the 
sensitivity usmg eithe: nitrous oxide or carbon dioxide 
was reduced, compared with the values obtamed using 
oxygen or air as the diluent The sensitivity factors were 
relatively independent of the value of the volume flow of 
the purge gas, the strength of the tritium source, and the 
anode to purge pipe spacmg For example, the ether peak 
height was only 50 per cent, usmg nitrous oxide, of the 
height obtamed usmg oxygen For carbon dioxide it was 
90 per cent of the height obtamed using oxygen 

It 1s hard to see why nitrous oxide and carbon dioxide 
should have an effect on the peaks for di-ethyl ether and 
halothane, smee the capillary column resolution was 
adequate to give a good separation of the gas peak from 
the ether or halothane peaks A sensitivity factor 1s still 
present, even when the purge flow pipe 1s flush with the 
chamber wall, and the 1esponse of the detector should be 
lnear over this sample range If the detector were grossly 
non-hnear, the effect could be explained if the peak shapes 
for halothane were markedly different depending on 
whethe: the diluent gas was oxygen, nitrous oxide or 
carbon dioxide However, in all three cases, the peak 
width was virtually the same Halothane is a strong 
electron-capturing substance, of the type deseribed by 
Lovelock and Lipskys 

We wish to acknowledge the financial support and 
encouragement of the Sir Halley Stewart Trust m this 
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Electron Spin Resonance Spectrum of the 
Pentacyanonitrosylferrate (I) Anion 


Bernal and Hockings! have recently deduced fiom 
electron spin resonance data that the pentacyanonitro- 
sylferrate (I) anion should be considered as a molecular 
species with the unpaired electron delocalized between 
the metal and the nitrogen atom of the NO* group This 
work has now been extended, and results presented here 
show to what extent the electron 1s delocalized 

The electron spin resonance spectrum of the anion in 
solution (prepared by polarographic reduction of sodrum 
nitroprusside in NN-dimethylformamide) gave three 


Ho 


Fig 1 Electron spm resonance spectrum of a frozen solution of 


[Fe(CN)NOT- at 9,405 Me/s 
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sorption lines of equal width with a separation, Aiso, 
of 14-8 gauss and a g-value of 2-026, in close agreement 
with the results of Bernal and Hockings. On freezing 
this solution to —196°, the spectrum illustrated was 
obtained, from which the axially symmetric hyperfine and 
g-tensors, Ay=14-75 gauss, Ay=17-1 gauss, gy =2-0313 
and g,=2-0059, were derived. Thus gay=2-0231 and 
Asc = 1553 gauss in good agreement with the solution 
results. The ratio of the p- to s-character of the molecular 
orbital centred on nitrogen equals 1-64 and the total 
amount of unpaired electron on the nitrosyl nitrogen is 
7:43 cont. Thus the electron seems to be localized 

inly on the metal in an orbital which overlaps an 
approximately sp* nitrogen orbital. The iron, nitrogen 
and oxygen atoms are colinear, and the anion thus has 
C,» symmetry. 
A detailed molecular orbital energy-level scheme for 
[Fe(CN),NO}*- together with results from a single crystal 
investigation of the anion is to be published shortly. 
|. I thank Prof. M. €. R. Symons for valuable discus- 
sions. 
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BIOCHEMISTRY 


Electrophoretic Properties of the 
Non-micellular Proteins of Buffalo Milk as 
compared with those of Cow Milk 


Tue non-micellular proteins of both cow milk and 
buffalo milk were obtained by ultracentrifugation of the 
respective raw skim milks and were followed by paper 
electrophoresis with veronal buffer pH 8:6 and ionic 
strength 0-1 at room temperature for approximately 18 h. 
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not named ( 
a-lactalbumin of buffalo milk; 4C, a- 
5, B-lactoglobulin; 6, serum alb 


A current density of 2-5 m.amp at 110 V was used in an 
Elphor Eleetrophoretie apparatus of Dr. Bender and 
Dr. Hobein. The air-dried paper strips were further dried 
at 105? C for 10 min and were stained with amido black 
10 B (5 g amido black 10 B, Merck, dissolved in 1 l. solvent 
mixture of methanol-acetic acid-water as 4 : 1 : 5) for 
10 min and then washed with a solution of methanol- 
acetic acid (9 : 1) until a clear background was obtained. - 

The patterns obtained (Figs. 1 and 2) indicated that the 
ultracentrifugate of both cow skim milk and buffalo 
skim milk contained six components as indicated by 
the resolution of the electrophoretic pattern into Wiede- 
mann curves. These components are indicated in the 
order of increasing mobility: the immune globulins, some 
unknown components, «-lactalbumin, $-lactoglobulin and 
serum albumin. ‘The heterogeneity of the curve before 
that of «-lactalbumin possibly indicates the presence of 
8- and y-casein'*. Separation of the pure components and 
comparison with the patterns obtained may. indicate the 
other serum protein factors also like 3, 5 and 8. 

A pertinent observation is that the 8-lactoglobulin com- 
ponent of both buffalo and cow milks so far tested has 
apparently the same mobility (buffalo milk is said to 
contain only one type of 8-lactoglobulin ae 
to that of 8-lactoglobulin B of cow milk’, thereby indi- 
cating that the mixed milks of the cows at the Institute 
contain &-laetoglobulin B); but there is a distinct differ- 
ence in the mobility of «-lactalbumin component of the 
two milks. The «lactalbumin of buffalo milk has a 
greater mobility than that of the corresponding one of cow 
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“Table 1, PERCENTAGE OF THE SERUM PROTEIN CONTENTS 


o Patterns numbered . i ] TET 
from the origin Cow milk -Bufalo milk - 

can N : 43 61 
2 128 55 
US : $3 - 5:5 
<40 a-Lastalbumin 237 267 
5^ B-Lactoglobulin 487 50-0 
6 Serum albumin 42 62 
Total 1000 100-0 


milk?4, The distance between the medians of the peaks 
corresponding to «-lactalbumin and -lactoglobulin of cow 
milk and that obtained for the corresponding com- 
` ponents of buffalo milk bear nearly the same ratio 1 : 1-8. 
- "The percentage of the components as calculated from the 
: area under the respective curves is indicated in Table 1. 
_ The: difference between the mobilities of the two 
x-laetalbumins, namely that of cow and buffalo, is further 
confirmed by the appearance of three prominent bands 
when a 1 : 1 mixture of the ultracentrifugate of cow and 
* buffalo milk was subjected to electrophoresis. The fastest 
of the three bands, which is also of greater concentration, 
indicates the overlapping B-lactoglobulin of the two milks. 
"| The middle slower band corresponds to «-lactalbumin of 
5 buffalo milk, while the next slowest corresponds to 
&-lactalbumin of cow milk. The mobilities of these also 
“eorrespond to the mobilities of the respective bands of the 
same components of the two milks subjected to simul- 
taneous electrophoresis in separate sheets (Figs. 1 and 2). 
The difference in the behaviour of some of the serum 
proteins is also manifest when skim milk of both cow and 
buffalo is subjected to electrophoresis. The buffalo skim 
. milk shows two prominent fast moving bands of whey 
; proteins beyond the trailing band of casein whereas these 
< eomponents are masked to a great extent by casein in the 
ease of cow milk (Fig. 1). Further work is in progress. 
“A> distinct difference in the mobilities of the non- 
. micellular proteins of cow milk and buffalo milk obtained 
by ultracentrifugation can thus be observed. This is 
especially marked between «-lactalbumin of cow and 
buffalo milk. This difference is noticed even in the 
'ophoretie pattern of the skim milk of cows and 


uffaloes. 

à Meier De 8 Murry BHIMASENA Rao 
^. National Dairy Research Institute, 

se 2 Bangalore, India. 

X Hansen, P. M. T., Rao, M. B., and Whitney, R. McL., J. Dairy Sci., 45, 

coo 850 (1902). 
513 Mhatre, N. 8., and Leeder, J. G., J. Dairy Sci., 45, 649 (1902). 

| * Report of the Bose Institute (Caleutta) for 1960-61, p. 30. 

^ * Blumberg, B. S., and Tombs, M. P., Nature, 181, 683 (1958). 




























oe “Isolation of a 46 S-postalbumin from 
us Human Serum 


<- By means of starch-gel electrophoresis the «,-glyco- 
protein (easily precipitable}, the Gc-globulins**, the 
a,-HS-glycoproteint and «,X-globulin* could be classified 
: as postalbumins*. Recently in the course of our work 
concerning the preparation of Ge-globulin we obtained 
evidence for a further postalbumin. The isolation of this 
«hitherto unknown human serum protein was accomplished 
X aeeording to the scheme in Fig. 1. As starting material 
owe used the albumin containing fraction of the rivanol 
- fractionation procedure’. 
This corresponds to the fraction N IV + V of our 
ammonium sulphate fractionation method’. 
The resulting protein appeared homogeneous in the 
ultracentrifuge (Fig. 2), paper and starch-gel electro- 
phoresis (Fig. 3). Its sedimentation constant Soo was 
6 S. It migrated in paper electrophoresis between the 
: albumin and the «,-position. . In the starch-gel electro- 
-phoresis it could be characterized as à postalbumin taking 











position in zone 4 (Fig. 3). The four postalbumins are 
demonstrated with particular clarity in the crude post- 


albumin fraction designated with an asterisk. (Scheme 










respect from the e,X-glycoprotein, which is soluble in 
- trichloroacetic and perchloric acid, and which has a much — 





“protein 3% ; rivanol 0°84% ; 
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pH 5:2; removal of 
rivanol with 595 NaCl 
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pH 86 


Ge-Globulin 





apalbumin-zone |. 
‘Sephadex G-200° 


4°6 S-Fraction | 
4-6 S-Postalbumin 


Fig. 1. Sehemefor the isolation of 4-6 S-postalbumin 










Fig. 1.) This fraction does not comprise the «,X-* and - 
x3-HS-glycoprotein?. p 

The 4-6 S-postalbumin, as it may be called, is a glyco- 
protein with the following characteristics : p 


Protein moiety 90% 
weet om albumin = 100) : 

exoses 4-0 (referred to gal. : rye 
Acetylhexosamine (25) $8 E ciu E Nm i, 
Sialie acid (95) $0 
Fucose (96) 9:2 
El. 80 mu 8-0 


The 4-6 S-postalbumin (1 per cent aqueous solution) is 
precipitabie in 5 per cent trichloroacetic acid, in 0/2 M 
perehlorie acid and in ammonium sulphate of 50-60 per 
cent saturation (2-24 M; pH 7-0). It differs in this | 


rbohydrate content. — 
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Fig. 2. Paper electrophoresis and ultracen' 
Sant 


trifuge Left, 
human serum and 4:6 S-postalbumin ; ight, Spinco model E, 59,780 r.p.m. 
Exposure after 4 


, 


uM: horesis of normal serum (4), crude 
Uu and 4 HEER eii C). O); T= apaiycopro 


3= prap A and ay- HS = 46 S- 


The localization of the 4:6 S-postalbumin in the immuno- 
electrophoresis diagram of human serum was not yet 
possible because we had found no appropriate antiserum 
despite the great number tested. This protein seems to 
be a weak antigen. The elucidation of the physiological 

and the determination of the content of the 
4:6 S-postalbumin in serum, which is present, only in very 
small amounts, is the aim of further investigations. 
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Inhibition by Atractyloside of the Binding. 


of Adenine-nucleotides to Rat-liver —— 


Mitochondria 


Ir has been shown'!-? that atractyloside, like oligomyein*, 
acts as inhibitor of oxidative phosphorylation by a 
interference with energy-transfer reactions. The 
competition between atractyloside and ADP on oxygen 
and phosphate uptake by mitochondria* would seem to 
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indicate that the effect of atractyloside is 
due to inhibition of the ADP utilizing process 
in the coupling system. 

The experiments described here show that 
atractyloside, as distinct from other inhibi- 
tors of oxidative phosphorylation, is a potent 
inhibitor of the binding of ATP and ADP 
to rat-liver mitochondria. 

The binding of ATP and ADP was tested 
by addition of freshly prepared mitochondria 
(isolated in 0-25 M sucrose from rat-liver, 
according to Hogeboom‘) to a tris-sucrose 
medium containing nucleotides labelled with 
phosphorus-32; EDTA was also added to 
inhibit the adenylate kinase activity*. Inou- 
bations were carried out in air at 0° C for 5 
min; after centrifugation at 15,000g for 10 
min, the number of counts was measured in 
the tant and in the sediment. ADP 
eds was prepared as described by Cooper 
and Lehninger’. ATP (**P) was lo 
incubating tightly-coupled mitochondria 
with ADP and P, (**P) in presence of sub- 
strate, tris buffer, Mg** and EDTA. ATP 
was purified on ‘Dowex’*. 

In Table 1 it is seen that mitochondria 
poor ci | yy a large amount of the 
added ATP and ADP. The binding of ADP 
was not affected by addition or by pre- 
treatment of mitochondria with rotenone, 
oligomycin, antimycin as well as with 2,4- 
dinitrophenol. 2,4-dinitrophenol decreased 
the binding of ATP, whereas rotenone, 
oligomycin and antimycin were without 
effect. Since the 2,4-dinitrophenol-induced 
inhibition of ATP binding was partially 
reversed by oligomycin, it is likely that the 
2,4-dinitrophenol effect was due to a stimula- 
tion of the activity of ATPase, which was 
inhibited by oligomycin. Atractyloside 
produced a drastic decrease of both ATP and 
ADP binding. 

In Fig. 1 it is seen that the concentrations of atractylo- 
side required to inhibit the ADP binding co ded 
to those needed to inhibit the P; and P;-acce 
dependent respiration of liver- mitochondria. tion 
of atractyloside after ADP prevented further binding but 
it was without effect on the ‘bound’ ADP (Fig. 2); thus, 
the addition of atractyloside can be considered a means of 
measuring the time course of the binding of the nucleotides 
to mitochondria. 

The parallelism between the effect of atractyloside on 
the energy-transfer system and on the ADP bindi 
strongly suggests that inhibition of the binding of the 
adenine-nucleotides is the means by which atractyloside 
interferes with mitochondrial energy-transfer. 

That mitochondria are able to bind ADP also after 
treatment with 2,4-dinitrophenol or other respiratory 
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Fig. 1. Effect of varying concentrations of atractyloside on oxygen 


uptake and on ADP binding. Oxygen uptake: each Warburg vessel 
sontained 15 mM í potassium phosphate buffer, pH 7-4, 30 mM íris-HCl 
buffer, pH 7:5, 5 MgS30,, 1 mM EDTA, 1-4, 10 mM r-glutamate, 
30 mM glucose, 0-5 mg yeast hexokinase (Sigma, type III), 1 mM ATP, 
90 mM sucrose, 6 mg mitochondrial protein. Final volume, 2-0 mi.: 
incubation in air at 25? C for 20 min; 0-2 ml. 1-8 M KOH and filter paper 
in the centre well. ADP binding: conditions described in Table 1 


100 


40 


ADP binding (percentage of control) 


20 


0 60 120 300 


Time (sec) of addition of 
atractyloside after ADP 


Fig. 2; Effect of a pretreatment with ADP on the inhibition induced 
“by: atractyloside on ADP binding. Experimental conditions as in 
Table 1. 0-05. mM atraetyloside added after ADP at the time indicated 


hain and energy-transfer inhibitors would indicate 
that the binding of adenine-nucleotides is independent of 
their utilization by mitochondria. 

On the basis of these results and in accordance with 
earlier observations on the. effect of oligomycin and 
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atractyloside on the Mg*+-stimulated ATPase‘, it appears 








— that the mechanism of aetion of these two compounds on 


energy-transfer reactions is completely different. 
-This work has been supported by a grant from the 
Consiglio Nazionale delle Ricerche. 
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Mucopolysaccharides of the Gastric Secretion _ 
EanLrER communications from this laboratory reported | 
the results of my work on the carbohydrate components 
of tho gastric mucopolysaccharides!*, Methods developed _ 
for the quantitative estimation of glucosamine, galactos- 
amine, galactose and glucose have enabled me to obtain 
further details relating to the composition of the carbo- 
hydrate moieties of tho gastric muoeopolysaecharides. 
The procedure of fractional gastric aspirations has be 
previously described?. Aliquot quantities were taken | 
from each specimen for the estimation of pepsin, acid and. 
N-acetyl neuraminic acid. The remaining secretion (15 
of gastric juice are needed) was acidified with 5 N hydro- 
ehlorie acid to 0-5 N, hydrolysed for 18 h and filtered. | 
Four ml. of the filtrate were taken for the estimation of 
sulphate and 10 ml. were passed slowly through a 'De- . 
acidite G° column, carbonate form (80 x 15 mm), at arate — 
of 2-3 drops/min. The carbohydrate components were. 
completely eluted with 10 ml. distilled water. The eluate | 
was made up to known volume and used for the estima- | 
tion of glucosamine, galactosamine, glucose, galactose and 
fucose. nu 
Estimation of glucosamine and, galactosamine: Harpur | 
and Quastel reported that glucosamine can be phosphory- . 
lated by hexokinase in the presence of ATP*. The phos- 
phorylation of glucosamine under these conditions has . 
been confirmed’. Slein showed that glucosamine but | 
not galactosamine was phosphorylated by hexokinase at - 
the expense of ATP and that it is thus possible to differen- - 
tiate between these two amino sugars. He phosphorylated . 
glucosamine. Glucosamine-6-phosphate was then removed . 
by precipitation with barium hydroxide and zine sulphate - 
and galaetosamine estimated in the supernatant?. 2 
The following method was adopted: (1) One mi. of | 
eluate, 0-2 ml. of tris buffer and 0-5 ml. of ATP (sol 500 . 
mg per cent) pipetted into a centrifuge tube. (2) The tube - 
is placed into a refrigerator until cooled and 0-2 ml. of - 
hexokinase (solution of 150 mg per cent) is added. Ttis . 
left overnight in the cold room, 0-2 ml. of hexokinase is - 
then added and left at room temperature for 2h. (38) Add - 
0-5 ml. of barium hydroxide (solution 0-15 M) and 0-5 ml. _ 
zinc sulphate (0-15 M), mix, stir well and centrifuge. . 
The galactosamine content of supernatant is estimated | 
using Boas modification of Elson-Morgan reaction. The 
total hexosamine content of the eluate before phosphory- - 
lation is also estimated and the glucosamine content 
calculated. ; ws Bim icem 
Estimation of galactose. Reagents used: 0-1 M irs o 
buffer pH 8; 1 per cent tolidine in absolute alcohol; 20 mg 
: galactose oxidase . 
reagent. To 80 ml. of tris buffer add 5 mg of galactose. 
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oxidase, add 5 ml peroxidase solution, mix and add 1 ml 
of o-toluidine Make up to 100 ml with buffer Method 
Blank 1ml trus buffer and 3 ml galactose oxidase 1eagent 
Test 05 ml £s buffer, 05 ml eluate, 3 ml galactose 
oxidase reagent Standard 05 ml 25 mg per cent 
galactose, 05 ml £r: buffer, 3 ml galactose oxidase 
reagent Incubate at 37° C for 1 h and read the resulting 
colom at 420p. 

Glucose estimation The procedure 1s exactly as that for 
galactose, except that Huggett and Nixon’s o-diamisidine 
reagent 1s used It contams 125 mg glucose oxidase per 
cent’? 

Fucose ‘The method of Dische and Shettles* as modified 
by Gibbons? was used Fucose standards (10-50 ug) 
were included ın each determination 

Salic acid The total sialc acid was determmed by 
the thiobarbituric acid method (Warren, 1959) after the 
sialomucopolysaccharide had been heated at 80? in 
0 1 NH,SÓ, fot 1 h to liberate the sialic acid 
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Sulphate estumation The method previ- 
ously reported? has been modified Luke’s 
reduction mixture! has been 1etamed and 
the methylene blue method of James K 
Fogo imtroduced? The sulphate is dı- 
gested with a reducing mixtwe composed 
of hypophosphoious and hydriodie acid 
The resulting hydrogen sulphide 1s absorbed 
with zine acetate sodium solution, which 1s 
treated with an acid solution of p-amino- 
dimethyl anahne, followed by the addition 
of ferric sulphate solution The developed 
methylene blue colour 1s measured spectro- 
photometiically In our hands this method 
appears to be superior to that of Luke? 
The margin of error 1s within 5 per cent 

One hundred fractional gastric analyses 
were carried out Each consisted of two fast- 
ing aspirations at 10-mm intervals (F1, P2) 
followed by intramuscular mjectaon of hist- 
amme, three aspirations at 20-min intervals, 


40 60mm intravenous injection of insulin and three 
aspirations also at 20-min intervals 
25 25 The data provided by this mvestigation 


confirm my previous findings? The 
hydrolysates of all gastııc aspirations con- 
tamed glucosamine, galactosamine, galac- 
tose, fucose, glucose, mannose, sulphate 
and siahe acid (Figs 1 and 2) Sialc acid 
was found to be N-acetyl neuramuinic acid 
chromatographically A use m acid and 
pepsin is always accompanied by a simul- 
taneous fall m all the carbohydrate com- 
ponents as well as sulphate 

The classification of the carbohydrate 
constituents of the hydrolysates accordmg 
to their molar 1atios reveals two groups 

(A) The first group consists of glucos- 
amine, galactose, fucose and sulphate It 
comprises 60-80 per cent of the total 
carbohydrate content of the hydrolysates 
The ratio of glucosamine to sulphate varies 
from 1 1to3 2 Patients with hyper- 
secretion of acid and pepsm show a 
glucosamine sulphate ratio varying from 
6 1to 10 1 It 1s suggested that the 
sulphate content 1s regulated by the sul- 
phatase enzyme The activity of the 
enzyme 1s depressed with a rismg H+ con- 
centration” 

(B) The second group contains galactos- 
amine, galactose, glucose, mannose and N- 
acetyl-neuraminic acid Chromatographic 
studies show that the mannose content 
of the samples approximates that of 
. glucose 

The assumption that both groups include galactose 15 
based on previous observations that galactose 18 invariably 
present in sulphated mucopolysaccharide and is often 
found m sialomucopolysaccharide 

The apportioning of the molar 1atio of glucosamme 
galactose = 1 1 leaves sufficient galactose to form a 
reasonably constant mola ratio with galactosamme Tt 
should be noted that some gastric hydrolysates contained 
only enough galactose to form a molar 1atio with glucos- 
amme ofl 1 

The results of this investigation suggest that the gastric 
mucosa secretes two acidic mucopolysaccharides 

(1) A sulphated mucopolysaccharide contammg the 
carbohydrate components of group A and sulphate 

(2) A sialomucopolysacchaiide contaming the carbo- 
hydrate components of group B This suggestion awaits 
direct evidence and fuitber verification 

Attempts are being made to isolate and identify the 
gastric mucopolysaccharides The analysis of these 
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substances, once isolated, will reveal their exact com- 
position as well as their relationship to one another, 
whether they are dependent components oi not 

I thank Dr C O Rupe, Ames Research Laboratory, 
Elkhart, Indiana, for generous gifts of galactose oxidase 
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Formation and Enterohepatic Circulation of 
Water-soluble Metabolites of Retinol 
(Vitamin A) in the Rat 


BioroercALnLY active metabohtes of retmoic acid are 
apparently formed 1n the stomach! and colon? and water- 
soluble metabolites of retmol or retmoic acid appear m 
the plasma, urme, and fæces of chickens and rats within 
24 h after admmustration*-* The organs involved in 
these transformations, the chemical nature of the products, 
and the route of excretion have not been defined m detail 
This report concerns the conversion in rat liver of 1C- 
retmol and “C-retmnoie acid to water-soluble metabolites, 
which are afterwards excreted m the bile, are largely 
absorbed from the gut, and are re-excreted in the bile 
Preliminary observations on the properties of these 
metabolites are presented 

Twenty-six ug of 6,7-4C-retinol (7 6 x 10? pm per py) 
or 10 ug of O-retmoic acid (19 9 x 103 cpm per ug) 
were rendered soluble with ‘Tween-80’ m 10 ml of 
Krebs-Ringer bicarbonate buffer, pH 74, and were 
injected either mto the portal vem or mto a sac of the 
upper intestine of fasted male rats with cannulated bile 
ducts 

Appropriate aliquots (0 2-03 ml) of the bile were 
diluted with methanol and either were chi omatographed 
on an anion exchange resin or were extracted with hexane 
or acid ether Aliquots of each fraction were plated, 
dried, and counted for a total of 10,000 counts in a 
window-less gas-flow Geiger-Mullei counter 

Within 4 h after the mtravenous injection of 1C- 
retinoic acid, more than 40 per cent of the injected dose 
appeared ın the bile as water-soluble metabolites (Fig 1) 
At 24 h the liver contamed <1 per cent of the adminis- 
tered radioactivity In the case of injected !*C-retinol, 
10-15 per cent of the orginal dose appeared in water- 
soluble metabohtes withm 4 h, and 15-20 per cent within 
24h (Fig. 1) At 24h, 30 per cent of the injected retinol 
was present m liver as retinol ester and 15 per cent as 
free retmol The same distribution of metabohtes of 
retmol in the bile and liver was found with doses of 
26-2,500 ug 

The isolated perfused liver technique" was used to 
demonstrate unequivocally that retmol was transformed 
m the liver nto water-soluble metabolites of bile at a rate 
similar to that found ın vwo After 1 h of perfusion, 10 
per cent of the radioactivity origmally admmustered as 
*C-retinol was found m the bile as water-soluble metabol- 
ites which possessed the same chromatographic properties 
as those formed ın vwo Smmuarly, the hver contamed 
20-25 per cent of the orginal radioactivity as “C-retmol 
ester after 1 h of perfusion 

Radioactive metabolites also appeared m bile when 
4C-retmol or “C-retimoic acid was placed mto duodenal 
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Fig 1 Appearance m bile of water-soluble metabolites of intravenously 
admmuistered (via the portal vem) retinol (@) and retinoic acid (A) 
and of intraduodenally administered retinol (©) and retinoic acid ( A) 


sacs on vwo (Fig 1) Under these conditions, the rate of 
appearance and ultimate amount of radioactivity recov- 
ered in the bile were the same whether retmol or retmoic 
acid was administered When bile contaimmg the carbon- 
14-labelled metabohtes of ™C-retmol was placed in an 
intestinal loop of another rat, 30 per cent of this radio- 
activity was agam excreted m the bile within 24 h. 

The radioactivity 1n bile could be separated mto several 
components by chromatography on ‘Bio-Rad (4G2-X8y 
anionie exchange resm m the acetate form (Table 1) 
The initial methanohe fraction comprised approximately 
20 per cent of the bile radioactivity from animals given 
HC-retmol, but only about 10 per cent m animals receiving 
4C-retimoic acid or the !40-bile from an animal previously 
given “C-retinol Free retmol, which would be eluted by 
methanol, could not be detected ın this fraction, either 
before or after basic hydrolysis In addition, the spectrum 
of the methanol fraction ıs not characteristic of retinol, 
but 1s shifted well below 300 mp. 

The fraction eluted by 1 per cent acetic acid was larger 
with administered retinoic acid than with retinol Whether 
or not retinoic acid, which would be eluted ın this fraction, 
1$ actually present here has not been determmed 

Twenty to 30 per cent of the bile radioactivity was 
eluted by 10 per cent acetic acid, and 45-60 per cent by 
100 per cent acetic acid These fractions, which contain 
more polar and acidic products of retmol, have not been 
characterized as yet Virtually no radioactivity of bile 
was retained on cationic exchange columns 

If 4C-rotinol were extensively metabohzed m the hver 
mto C, or C, moieties, radioactive sterols, bile Salts, and 
other hpids should be present in rat bile? This possı- 
bility 1s unhkely smce the radioactivity m the bile was 
neither precipitated by digitonin nor locahzed m tauro- 
cholate on chromatography. 

Apparently, retmol and retinoic acid are readily trans- 
formed by the liver to water-soluble metabohtes, which 
are excreted in appreciable amounts m the bile These 


Table 1 CHROMATOGRAPHY OF “C-BILE METABOLITES ON ANIONIC 
EXCHANGE RESIN 
Percentage of total radioactivity recovered 
Node of Methanol 1% 10% 100% 
Compound admunistra- acetic acetic acetic 
used tion acid in acid in acid 
methanol methanol 
“C-Retinol Intravenous* 21 7 23 19 
Perfusion 21 6 31 42 
14C-Retinoic 
acl Intravenous* 10 12 21 57 
HC-Bile of 
mtravenously 
administered Intra- 
HC-retinol duodenal* 11 16 24 49 


* Average of 2-5 experimente 
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metabohtes may be absorbed by the mtestme and re- 
excreted in the bile Whether this enterohepatic creu- 
lation of retinol derivatives has functional significance m 
the control of retinol catabolism 1s bemg explored The 
major portion of the metabolites formed are polar and 
acidic, and most hkely are hydroxylated derivatives of 
retinoic acid Characterization of these compounds 1s m 
progress 

We thank Prof O. Wiss, of Hoffman-La Roche and Co , 
Basle, for providing the labelled retmol and retmone acid, 
and Miss Marta B Singer for her assistance This work 
was supported by the US National Institutes of Health 
(grant .4—1278) 
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Carbonyl Compounds in Toasted Oat Flakes 


THE nut-like flavour of properly toasted oat flakes 1s 
associated with volatile and non-volatile compounds 
developmg mostly durmg the toastmg process The 
volatile compounds are represented primarily by carbonyl 
compounds ‘Then amount, and m some cases even the 
content, are much higher after processmg In the original 
oat flakes, only shghtly steamed, we established the 
presence of the following compounds furfural, formalde- 
hyde, propanal, acetone and two unidentified carbonyl 
compounds In toasted oats a certam decrease of form- 
aldehyde was observed, but a number of other aldehydes 
and ketones appeared In laboratory tests we found 
acetaldehyde, butanal, 2-methylpropanal, 2-methylbut- 
anal («-methylbutanal), 3-methylbutanal (g-methylbut- 
anal), hexanal, octanal and 2-butanal 

Of the ketones present, 2-pentanone (methylpropyl- 
ketone), 2-hexanone (methylbutylketone), 2-octanone 
(methylhexylketone) and diacetyl (2,3-butadione) were 
estabhshed with certainty Tho carbonyl compounds 
were separated by paper chromatography and their 
identification carried out by transferrmg them to 2,4- 
dinitrophenylhydiazone 

Furfural bemg present ın considerable quantities, but 
not exceedmg other compounds m amount, cannot be 
assumed to be the main cause of the specific flavour of 
toasted oat flakes It seems to contribute to the aroma m 
the same way as hydroxymethylfurfural The two 
methylbutanals as well as butenal, hexanal and octanal 
and propanal show a characteristic flavour We suppose 
that even the presence of methylketones, which them- 
selves possess a clear-cut aroma, support the characteristic 
flavour of the oat-meal The presence of a comparatively 
large amount of 2-hexanone confirms our assumption 

A thorough knowledge, not only of the number of com- 
ponents developmg durmg the toasting process, but also 
therr amount and their proportions may help us to foretell 
the flavour of toasted oat flakes 

The earbonyl compounds cannot be regarded as the 
sole source of flavour, smnee there 1s a number of other 
volatile amines, the presence of which has been recorded. 
elsewhere 

Considering the problem of flavour we must also 
mention the developed non-volatile compounds, primarily 
the melanoidins and sımılar substances, which are doubt- 
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Fig 1 Carbonyl compounds in toasted oat flakes For the separation 
of mixtures of 2,4-dimitrophenylhydrazones, descending paper chromato- 
phy was used Whatman paper No 1 impregnated with 30 per cent 
V,.V’-dimethylformamudein ether. Developing system hexane saturated 
with N,N’-dimethylformamide ^ After the detection by potassium 
hydroxide solution 4, Untoasted oat flakes Spot from the start 
1, umdentified, 2, furfural, 3, formaldehyde, 4, unidentified, 
5, acetone + propanal B, Toasted oat flakes at a lower temperature 
and for a longer time C, Toasted oat flakes at a higher temperature 
andforashortertime Spotfrom the start 1, Unidentified, 2, hydroxy- 
methylfurfural, 3, furfural, 4, formaldehyde, 5, diacetyl, 6, acet- 
aldehyde, 7, 2-butanal, 8, acetone + propanal, 9, n-butanal, 10, 2- 
methylpropanal, 11, 3-methylbutanal, 12, 2-pentanone, 13, n-hexanal 
--2-methylbütanal, 14, 2-hexanone, 15, n-octanal, 16, 2-octanone 


less also responsible for the unique flavour of oatmeal, 

according to earlier findmgs 
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Cation-fluxes in Galactosemic Erythrocytes 


Wrru the proved cation-permeability of erythrocytes, 
the constancy of sodium and potassium concentrations in 
plasma and red blood cells 1s maintained by an equilibrium 
between the electro-osmotic forces and the active transport 
The maim source of the reqwred energy 1s glucose In 
normal individuals galactose can be utilized for that 
purpose by a series of enzymatic processes converting 
galactose to glucose, the main pathway being that of 
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galaetose-l-phosphate umdyl transferase The galacto- 
sæmıc patient lacks one of the essential enzymes, namely, 
galactose-1-phosphate uridyl transferase!-4 As a result, 
galaetose-l-phosphate accumulates m the erythrocytes 
when the patient 1s on a diet contaming lactose 

Red blood cells of an untreated galactosemic infant 
contained 0 3-0-4 mg galactose-l-phosphate per ml® It 
was, therefore, suspected that this would interfere with 
the active transport, and an abnormal flux of 1ons could 
be found if galactosemic erythrocytes were meubated 
with galactose in the medium 

The technique was the same as described previously, 
this bemg midway between short-term and long-term 
investigation To the heparmuzed blood, 50 or 100 mg 
per cent of either glucose or galactose were added Fig 1 
shows the potassium, fluxes in normal controls There is 
an influx of potassium (and sodium) i the first hours of 
incubation at 37° and the efflux begms later than without 
addition of either glucose or galactose There was no 
difference between the results of 10 experiments in which 
glucose was added and 10 m which galactose was used 
However, if blood of a galactosemic patient was used 
(Fig 2, three experiments on the same patient) there 
was a strikmg difference between experiments with 
glucose added and those ın which the added sugar was 
galactose While potassium (and sodium) fluxes were 
identical with normal controls, when glucose was added 
to the medium there was a considerably increased and 
earher efflux of potassium (and mflux of sodium) im 
experiments with galactose added The potassium 
effluxes were even higher than those m normal whole 
blood without any addition This suggested that there 
was not only a failure ın utilzing galactose for actrve 
transport but also an imhibition by the accumulated 
galactose-l-phosphate of the energy-yielding effect of 
ATPase 

Inhibition of phosphoglucomutase was described by 
Schwarz?, Sidbury? and Woolf* and that of glucose-6- 
phosphatase by Kalckar® and Lerman!” We have 
investigated the alkaline phosphatase activity at pH 8 4 
using serum of children and an intestinal bovine phos- 
phatase as enzymes and ATP as substrate without and 
with addition of glueose-l-phosphate or galactose-1- 
phosphate Under the conditions of the investigations 
there was no non-enzymatic hydrolysis of ATP With 
serum as the source of enzyme there was only an insignt- 
ficant inhibition by glucose-1-phosphate, but a 20 per cent 
inhibition by 50 mg per cent galaetose-l-phosphate With 
the use of purified oalf's intestinal phosphatase, inhibition 
was seen with both glucose-I-phosphate and galactose- 
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Figs land 2 Potassium concentrations in plasma after incubation of heparin- 
— —, Addition of 50 mg per cent glucose (dextrose Merck), 
— — — , addition of 50 mg per cent galactose (d-galactose Sigma) Fig 1 (left), 
Fig 2 (right), average of three experiments 


ized whole blood 


average of 10 normal individuals 
on the same galactosemie patient 
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l-phosphate, but the inhibition was approximately 30 per 
cent higher by the latter 
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Formation of Ammonia from Glutamate by 
Mitochondria 


AMMONIA 1s required for the synthesis of carbamyl 
phosphate and hence of urea, but rts origin has remamed 
obscure It has been generally suggested}? that ıt could 
arise from various amimo-acids by trans-de-ammation 
through glutamate 
amino-acid + «-oxoglutarate —> «-keto acid + glutamate 
glutamate + NAD(P) + H,O — a-oxoglutarate + 

NH, + NAD(P)H, 

Evidence has accumulated?-5 that m spite of the 
presence of an active glutamate dehydrogenase in liver 
mitochondria the oxidation of glutamate may not be per- 
formed by this enzyme but rather by a transammation 
1eaction which 1s self-sustammg 


glutamate + oxaloacetate —- «-oxoglutarate + aspartate 
succinate 
/ 
zt 
x 
fumarate 


malate 
K, 


Metabolism of glutamate by this pathway should 
produce stoichiometric amounts of aspartate, and such a 
stoichiometric relation has been demonstrated by Boisté 
Thus when 10 mM glutamate 1s oxidized by mitochondiia, 
from liver tissue, and final glutamate and aspartate con- 
centrations are measured, transamination would appear 
to be the preferred pathway under the conditions used. 
by Borst However, investigations by Hird 
and Morton? and Papa et al’? show quite 
clearly that durmg the oxidation of glutamate 
by mitochondria some ammonia 1s formed 
This amount 1s decreased in the presence of 
fumarate, creased m the presence of malon- 
ate® and on the addition of NAD to the med- 
ium? In these investigations ammonia was 
estimated by Nesslerization This method 
lacks the sensitivity required to estimate the 
small amounts of ammonia formed when the 
concentrations of glutamate found in 185 liver 
are used (2-3 mM on a per g frest wt basis?) 
Conway distillation followed by the sensitive 
phenate-hypochlorite method? have overcome 
this difficulty , 

Fig 1 shows that mitochondrial prepara- 
tions from hver and kidney form ammonia 
?! — from glutamate and that the amount formed 

responds markedly to increases m glutamate 
concentration up to about 2mM Above this 
level there 1s little fui ther increase m ammonia. 
formation Fig 2 shows the oxygen con- 
sumption which parallels this production 
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Fig 1 Ammonia formed from glutamate by mitochondrial preparations 

from liver and kidney Preparations by the method previously described 

(ref 2) ‘Mitochondria’ equivalent to 03 g hver and 06 g kidney per 
flask Incubated for 40 min at 38° 


of ammonia by hver mitochondria In these experi- 
ments, glutamate disappearance has not been measured 
directly, but bas been calculated from the oxygen 
consumption Three gram-atoms of oxygen should 
be requred to oxidize one mole of glutamate to 
aspartate and carbon dioxide via the transamunation 
pathway, four atoms if oxaloacetate, carbon dioxide and 
ammonia are produced It has been assumed, therefore, 
that uptake of oxygen will be m the range of 3-4 gram- 
atoms oxygen/mole glutamate oxidized These propor- 
tions accord with the results of Borst’ 

The percentage conversion of glutamate to ammonia 
calculated m this way 1s shown in Table 1 


Table 1 

Glutamate concentration % conversion of glutamate to ammonia 

(mM) 3 g atoms O/mole 4 g atoms O/mole 
0 125 63 &5 
025 54 72 
050 49 66 
10 36 48 
20 26 34 
30 28 30 
50 22 29 
100 21 27 


It 1s apparent that a full balance sheet volving not 
only glutamate and aspartate but also ammonia and, 
perhaps, other amino-acids would be necessary to evaluate 
the full sigmficance of the de-ammation pathway In 
addition, results obtained at hugher and perhaps unphysio- 
logical concentrations will underestimate the impoitance 
of the de-amination pathway 
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Oxygen cope of liver mitochondna Results obtained 


Fig 2 
rom the experiment of Fig 1 
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Fig 3 shows results consistent with the view that there 
are two pathways for the oxidation of glutamate The 
addition of malonate mhibits the transamination pathway 
by blocking the metabolism of sucemate This prevents 
the formation of oxaloacetate, which acts as the acceptor 
in the transamination pathway The addition of fumarate 
re-establishes the transamination pathway by restormg 
the oxaloacetate concentrationi-* 
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Fig 3 Ammonia formed from glutamate by a mitochondrial Paddles 

tion from liver m the presence of malonate (20 mM) and_ fumarate 

(10 mM) ‘Mitochondria’ equivalent to 0 6 g liver per fask Incubated 
for 45 min at 38? 


Ib is of considerable interest that malonate greatly 
increases ammonia formation from glutamate and fum- 
arate abolishes 15, that 1s, that metabolism of succinate to 
oxaloacetate as such affects de-amunation The two 
competing pathways are, therefore, subject to control 
The mechanism of this effect 1s explicable in terms of the 
NAD/NADH, ratio, which has been shown by Tager and 
Slater’? to be a major determmant in the synthesis by 
mutochondria of glutamate from «-oxoglutarate and 
ammonia ‘This observation by Tager and Slater suggests 
the possibilty that some of the ammonia formed is re- 
incorporated into glutamate from the «-oxoglutarate 
produced by the transamination pathway 

The work recorded here shows that mutochondnal 
preparations from rat hver and kidney oxidize glutamate 
at physiological concentrations by a pathway producing & 
considerable proportion of ammoma This pathway 1s 
presumably mediated by glutamate dehydrogenase It 
seems likely that, m the whole cell, reactions determuung 
the concentrations of oxaloacetate and ammonia and the 
NAD(P)/NAD(P)H, ratio will also determine the amount 
of glutamate being oxidized by the transamination or the 
de-amination pathway 
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Kininase Activity of Human Saliva 


Durme investigations on a substrate-plasma for plasma- 
lunin-formmg enzymes!, human saliva was used as one 
source of such enzymes It has previously been well 
established that human saliva contains plasma-kmm- 
formmg enzymes? We found that, when 0 2ml saliva was 
added to 1 ml substrate-plasma which was free from 
lunmase activity, considerable amounts of plasma-kinin 
were formed, but ıt was eventually broken down This 
finding seemed to indicate that human saliva contamed 
kinmase activity. To mvestigate if that was really the 
case, synthetic bradykinin (Sandoz, Ltd ) 500 ng/ml was 
added to the saliva and the mixture repeatedly tested for 
bradykinin activity on a rat uterus suspended in aerogen- 
ated de Jalons solution The bradykmm activity dis- 
appeared rapidly from the mixture (Fig 1) The kinase 
activity was not equally intense m all salivas tested 


Biadykinm activity ın percentage 
of amount added 





10 20 30 40 50 60 
Time (min) 


Fig 1 Kininase activity of saliva A, Total saliva, 6, resuspended 
sediment (phosphate buffer of pH 7 3, original volume) after centri- 
fugation at 2,550g for 30 min, O, supernatant after same centrifugation 


Centrifugation of saliva at 2,550g for 30 mm yielded a 
sediment which exhibited marked kinmase activity when 
suspended m phosphate buffer of pH. 73 and a super- 
natant with less pronounced kmunase activity (Fig 1) 
Ultracentrifugation at 59,310g for 1 h also yielded a 
supernatant with some kinmase activity and a sediment 
with more pronounced activity 

It has previously been demonstrated that acid treat- 
ment accordmg to Horton? destroys all the kmmase 
activity of dog plasma and of human plasma! With this 
treatment the pH 1s lowered to 2 and kept there for 10 
mm at 37°C The pH of human saliva was lowered to 2 
with 2 N hydrochloric acid and kept at this level for 10, 
20 or 60 mm, after which it was brought to 73 with 2 N 
sodium hydroxide. It was then found that only part of 
the kminase activity had disappeared durmg the acid 
treatment When saliva that had been exposed to pH 2 
for 60 mm was centrifuged at 2,550g for 30 mm, con- 
siderable kinmase activity could still be demonstrated 
both 1n the supernatant and m the resuspended sediment 
(Figs 2 and 3) 

The kininase activity of human plasma will diminish 
when the plasma 1s heated to 56? C for 1h! When this 
treatment was apphed to human saliva, however, its 
luninase activity diminished only slightly (Figs 2and 3) 

When human saliva was first heated to 56? C for 1 h 
and then had its pH. lowered to 2 for 60 mm, subsequent 
centrifugation revealed that all the kmmase activity had 
disappeared both from the supernatant and from the 
sediment (Figs 1 and 3). 

When the saliva was first centrifuged at 2,550g for 
30 mm, and the supernatant and the sediment (suspended 
m phosphate buffer of pH 7 3) were acid treated separately, 
exposure for 10 mm to pH. 2 rendered the supernatant free 
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Bradykinin activity in percentage 
of amount added 


10 20 30 40 60 60 

Time (min) 
Fig. 2 Kininase activity of supernatant obtained from variously 
treated saliva Treatment of saliva O, heating for 1 h to 56°C and 
centrifugation at 2,550g for 30 mm, x, acid treatment for 10 mun 


and centrifugation, A, acid treatment for 1 h and centrifugation, 
@, heating for 1 h to 56° C, acid treatment for 10 min and centrifugation 


100 -~ 








Bradykinin activity in percentage 
of amount added 





Fig 3 


Kinmase activity of resuspended sediment obtained from 
variously treated saliva ‘Treatment of saliva ©, heatmg for 1 h to 
56° C and centrifugation at 2,550g for 30 mm, x, acid treatment for 
10 min and centrifugation, A, acid treatment for 1 h and centrifugation, 
€, heating for 1 h to 56°C, acid treatment for 1 h and centrifugation 
All sediments resuspended as in Fig 1 


from kmmase activity. The kinmase activity of the 
sediment, however, was only shghtly affected by such a 
treatment The sediment, obtamed after centrifugation 
of saliva at 2,550g for 30 mm, was shown by light micro- 
scopy of stamed smears to consist mainly of squamous 
epithelial cells Some mucus was also present ın between 
the cells This mucus component disappeared almost 
completely, however, after 2-3 washings of a sediment 
Our investigations seemed to indicate that some physical 
barriers protected the kmmase activity of saliva from 
bemg destroyed by the acid treatment, and an attempt was 
made to break down the cellular elements of salva The 
sediment obtamed after centrifugation at 2,550g for 30 
min was washed several times and suspended m phosphate 
buffer of pH 73 — Different portions of the suspension 
were exposed to ultrasonic treatment with an MSE 
ultrasonie dismtegrator at 20,000 c/s for 4, 8, 12 and 
16 min. All the four portions showed an increase m the 
kmuinase activity The highest kmmase activity was found 
m the portion having been exposed to ultrasonic treatment 
for 8 min (Fig 4) After ultrasome treatment each portion 
was also centrifuged The supernatants were exposed 
to pH 2 for 10 mm and the sediments were stained and 
examined by light microscopy A marked decrease in the 
number of intact epithelial cells could be observed after 
the ultrasonic treatments However, to obtam destruc- 
tion of all cells, a combination of ultrasonie treatments 
and repeated freezings and thawings was necessary. The 
acid treatment of the supernatants markedly decreased, 
but did not completely elimmate, the kinase activity 
The supernatant obtained by centrifugation of the portion 
that had been exposed to ultrasonic treatmont as well as 


March 2], 1964 


No. 4925 








caa 


> 
e 
= 


Bradykının activity ın percentage 
of amount added 
w 
© 





ra 
cs 
Oo 

r — 
. 








a — | iiss ——À—— — ————— 
10 20 30 40 50 60 
Time (min) 
Fig 4 Effect of cell destruction on kinmase activity of washed 


resuspended sediment of saliva Treatment of sediment suspensions 
X, untreated suspension, 6, 4, 12 and 16 nun ultrasonic treatment, 
O, 8 mm ultrasonic treatment, Q, 8 min ultrasonic treatment, three 
times freezing and thawing and another 8 min of ultrasonic treatment, 
A, 8 mm ultrasonic treatment of suspension, centrifugation at 2,550g 
for 30 min and 10 min acid treatment of remaining supernatant, 
A, 16 mm ultrasonic treatment of suspension, centrifugation and 10 min 
acid treatment of remaining supernatant, E, combined ultrasonic 
treatment, freezing-thawing and centrifugation as above, followed by 
10 min acid treatment of remaining supernatant (Sediment 
resuspended as in Fig 1) 


to iepeated freezings and thawmgs was, however, made 
completely free from kmmase activity by such aod 
treatment (Fig 4) 
These investigations have established the presence in 
human saliva of kinase activity, which 1s closely related 
to the epithehal cells present Most of the activity, 
possibly all of 1t, may origmate from these cells. Further 
investigations concerning this problem arein progress We 
are also at present looking for kinase activity m epithelial 
cells from other parts of the gastromtestmal tract 
E. AMUNDSEN 
K NusTAD 
Institute of Physiology, 
University of Oslo, 
Norway 
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Effect of Electrode Dimensions on Tissue pO, 
Measurement in vivo 


THE measurement of tissue oxygen tensions en vwo by a 
polarographic technique using platinum electrodes was 
described by Davies and Brink? Since then many 
different types of electrodes have been used, including 
membrane-covered electrodes which are unaffected by 
flow and give good calibration characteristics but are 
fragile and very large 1n comparison with cellular dimen- 
sions Such electrodes and their characteristics have been 
described by Charlton’, Evans and Naylor?* and Naylor 
and Evans* Open-ended electrodes are afected by 
fluid movement at the‘ exposed tip but they are easy to 
construct and use and can be made very small and more 
suitable for insertion into solid tissues The usual electrode 
used for tissue pO, measurements has been bare-ended or 
collodion-covered gold or platmum electrodes, approxim- 
ately 200-3002 diameter?" Cater has also used rigid 
needle electrodes, with fine tips!! However, the tissue 
trauma caused by the physical act of msertion of such 
electrodes could probably cause fairly large quantitative 
errors ın pO, measurements?2-4, and thus ıt was consid- 
ered of mterest to compare tissue pO's registered by 
electrodes of different dimensions We had previously 
used 330p insulated gold wire to record tissue and tumour 
pO, at ambient and raised oxygen tensions 1n animals?2:14 
In the present work, pO, registered by these electrodes 
were compared with those registered by electrodes made 
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from 60y. gold wire, while animals breathe an or oxygen 
at 4 or 5 atmospheres 

The 60u electrodes consisted of diamel-coated gold 
wire, further insulated with 2 coats of ‘Posyn’ (kindly 
supphed by Phihps Electre Co) The 330 electrodes 
consisted of gold wire insulated with 5-6 coats of ‘Posyn’ 
Gold was used as 1t has proved stable over hours of experi- 
mentation and apparently free from ‘poisoning’ in tissues 
A silver/silver chloride anode was used and 0 6 V apphed 
to the anode Female Canberra blàck rats, 150-200 g wb, 
were used, anesthetized with urethane (12 g/kg), and 
2 electrodes were mserted mto the test tissue m each rat 
Recordings from 2 rats were carried out simultaneously 
Electrodes were mserted 1-2 h before recordings were 
taken, except m the case of the bram, where electrodes 
were inserted into the cortex 24 h before exposure of the 
animal to pressurization m oxygen The conditions and 
apparatus used for makmg and eahbratmg electrodes, 
pressurization of animals, insertion of electiodes and 
recording of pO, have been previously deseribed!?.14 


Table 1 TISSUE pO, IN THE RAT (MM MERCURY + SE ) BREATHING AIR 
AT AMBIENT PRESSURE OR OXYGEN AT RAISED PRESSURES  FIGURES IN 
PARENTHESES INDIOATE NO OF ELECTRODES 


Breathing air Breathing oxygen at 


4 atmospheres absolute 


60 mz 330 mu 60 mu 330 my 
electrodes electrodes electrodes electrodes 
liver 13-2 (24) 17:3 (37) 249441 (24) 299428 aa 
Kidney 1743 ga 2745 (18) 2534+34 (15) 430467 (18 
Brain 3444 (20 33:2 (45) 740444 (19) 646462 (28) 
Breathing oxygen at 
5 atmospheres absolute 
Spleen 17£2* (35) 23%1* (92) 344+40* (85) 8074123" (18) 
*P«005 


In Table l results of earher experiments with kidney, 
biam and liver usmg 330p electrodes are pooled together 
with additional results obtained with these electrodes m 
the present series of experiments In the present experi- 
ments, two 60u electrodes were used im each tissue except 
m some cases where one 60u and one 330y electrode were 
inserted into a single tissue Table 1 shows that the 
electrode size does affect tissue pO, values recorded in 
certain tissues This was most apparent m tho spleen 
although the initial pO; breathing air was not much less 
with the smaller electrodes, the pO, at 5 atmospheres 
absolute of oxygen was less than half that recorded by 
larger electrodes Similarly Indney showed somewhat 
lower readings for pO; with smaller electrodes, both in 
air-bieathmg rats and when rats were compressed to 4 
atmospheres In liver less difference was seen between 
different-sized electrodes, and there was virtually no 
difference in the bram pO, 1ecordings In the latter case 
this may have been due to the 24 h mterval between 
electrode insertion and measurement of oxygen tension 
allowing some tissue trauma to resolve The large dif- 
ference m pO, recorded by 60u and 330p electrodes m. the 
spleen 1s considered due largely to the anatomical structure 
of the spleen, namely, its vascularity and deheate blood 
vessels, which are easily ruptured and allow considerable 
pooling of blood to occur at the electrode tip Such pooled 
blood would tend to be protected from metabolic removal 
of oxygen and give rise to erroneously high reading This 
effect would be exaggerated when animals are exposed to 
raised oxygen pressures Macroscopic bruising of the 
spleen was always seen when 330p electrodes were inserted 
Thus it 1s obvious that electrode size 1s an important 
factor in determmung true tissue pO,-levels, and we con- 
sider that tissue trauma is a most important factor m 
producing maccuracies in quantitative tissue pO, measure- 
ments Since 60y electrodes are much more flexible and 
ean be fairly readily mserted mto most tissues without 
causing macroscopic damage such electrodes are con- 
sidered more suitable for tissue pO, measurements Their 
calibration characteristics and stability are the same as 
found for 330p. electrodes and they are not difficult to 
handle in routine animal experiments An attempt was 
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made to insert 20u platmum wire coated with ‘Posyn’, 
however, the extreme fragility and lack of ngidity of these 
electrodes precluded satisfactory msertion 
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Manganese in Melanin 


AQUEOUS systems were reported earher in which a 
manganese-phenothiazine auto-oxidation led to the 
emergence of semiquinone free-radicals of the drugs! The 
muldness of the required. conditions permitted the postu- 
lation that this interaction might be relevant to the 
pharmacological action of these agents? However, a 
direct biological demonstration of this specific pheno- 
menon might requue extensive technical development 
Therefore, a pilot expermment was designed to discover 
whether manganese offered promise as a generator of free 
radicals m some other system of obvious biological signi- 
ficance It was assumed that manganese must abound 
within an anatomical locus which 1s rich in free radicals, 
if this metal is indeed a biological generator of such 
radicals 

Melanin 18 deseirbed in three iecent reports as bemg 
rich m free radicals Hair, selected on the basis of its 
colour, was found to contain Increasing concentrations of 
free radicals with increasing darkness of the specimens? 
Even more striking was the finding that melanin granules 
from ocular tissues contamed free radicals, the concentra- 
tion of which was sensitive to light* Melanin emerged, 
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differences were sought between the concentration of 
manganese ın some pigmented structures as compared 
with non-pigmented controls 

The samples were analysed by neutron activation’ The 
mam virtue of this technique 1s 1ts mherent guarantee 
against contamunation Therefore, isolation of the pig- 
ment granules had to be avoided, since reagents contam 
significant amounts of manganese?" The work recorded 
here was controlled by the appropriate choice of tissues 
rather than by means of extracting various pigments for 
analysis only neighbourmg samples from the same 
individual or even from the same structure were com- 
pared with each other 

Two different samples of hair were shampooed with the 
detergent ‘Igepal’ and 1msed with triple distilled demin- 
eralized water prior to neutron activation analysis? One- 
fourth of the manganese was lost immediately Five 
additional washings with (1), the detergent, (2) a 1 pe 
cent 8-hydroxyquinolme solution in carbon tetrachloride, 
or (3) ın acetone, as well as two combinations thereof, 
showed no further loss or gain in this element The mean 
and range of these analyses were 0 465 + 0 008 ug 55Mn/g 
dry hair Washings with detergent, demineralized water 
and 8-hydroxyquinoline (1 pei cent w/v m acetone) were 
practised routinely thereafter 

For the first set of tests, individuals were selected who 
had at least two colours of hair Adjacent areas of the 
scalp were sampled While in five persons white hair 
was due to agemg, samples were obtained also from a young 
person (A M.) with a congenital white area of the scalp 
More than two shades of darkness could not be separated 
visually among human hair However, we found one dog 
and two cows with white, brown and black hair growmg 
from contiguous areas of the skm The results are 
shown in Table 1 

Since each hair grows fiom its own follicle, 16 was con- 
ceivable that, m addition to differences m colour, a local 
facto. was reflected m tho results It was, therefore, 
desirable to test multi-colomed cutaneous appendages 
growing on a common shaft Hence we sampled um- 
coloured barbs of multicoloured feathers from chicken, 
turkey and pheasant These wore located on opposite 
sides but at the same level of the shafts 

The experiments summaiized in Table 1 show that the 
dark structures of every individual exammed contained 
much higher concentiations of manganese than did ethor 
the corresponding light-coloured o: white ones Indeed, 
the manganese concentration of a dark structure was 
always at least twice that of any lighter-coloured control 

The pigments themselves constitute a minor and var- 
1able fraction of these keratmous structures? To get a 
1ough idea of how rich in manganese the pigment granules 
































therefore, as a suitable system for the present study themselves might be without resorting to chemical iso- 
Table 1 NUMBERS INDICATE HG OF MANGANESE-55 PER G DRY WEIGHT 
x Feather C " 
ait onjunctiva 
Subject Nail Barb Shaft ss 
White Brown Black P White Black White White Dark 
Human d G C 0 85 43 16 083 | 
9 HS 4 65 1294 
2 BR 740 33 10 021 
9 MH 0 50 023 
9*A M 024 047 
91M R 101 209 
Dog 037 1 09 377 037 
Cow 1 027 202 
2 269 15 02 
0 48 218 
4" 037 128 
5 026 0 60 
Chicken 1 174 37 07 015 
ł 191 39 90 016 
2 317 75 70 
Pheasant 19 96 33 84 
Turkey | 173 125 20 





* Mean of two samples 











T Autopsy specimen patient treated with ‘Prednisone’ (160 mg/day x 3) 


t Same chicken, different feather 
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ble to measure the concentration of this 
mented keratinous structures. There- 
human fingernails and toenails, dog’s 
thers. Table 1 shows that the con- 
anese in these structures was of the 
4 found in white hair and white 
ig indicates that keratinous matrices 
weight to the computation of the 
tion in the structures tested. There- 
| that isolated but uncontaminated 
prove to be loci of exceedingly high 
ü)ganese. 
that these observations pertain only to 
Therefore, a living tissue was sought 
> probability of meaningful control 
ts already discussed. Such a tissue is 
unctiva, adjacent portions of which are 
either dark or colourless. Tt is evident from Table 1 that 
-= the pigmentation in this structure is clearly reflected in 
‘the concentration of manganese. The conjunctival 
(pigments were located in the immediate vicinity of the 
cornea. “Hence, the concentration of manganese in the 
cornea appeared to constitute an additional control for 
: these experiments. The cornea of cow No. 3 contained 
» 0-083 ug °*Mn/g dry weight, namely, the smallest concen- 
. tration of manganese of any tissue analysed in this series. 
Pigmented structures from various sources are known 
already to be rich in zinc’, copper!*, cobalt? and iron’. 
"The functional roles of most of these metals remain open 
for investigation. In keeping with the phenothiazine 
experience’? it is convenient for the present time to assign 
.Óanganese to the final, auto-oxidative steps of melano- 
genesist*. 
` This work was supported by the U.S. Atomic Energy 
Commission. 
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Relation of Renal Glutamine Transam inase-o- 
Amidase Activity to Ammonia Excretion in the 
Rat 

INVESTIGATIONS of the relation of renal glutaminase 
activity to ammonia excretion during metabolic aeidosis!.? 
and potassium deficiency? indicate that glutaminase is 
involved in the regulation of urinary ammonia production 
inthe rat. The increase in renal glutamine transaminase- 
@amidase (GTA) activity following administration of 
ammonium chloride to rats for 2-3 weeks* suggests. that 
t nzyme system, which catalyses the transamination- 
deamination of glutamine’, might also play a part in the 
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Fig. 1. Relation of renal glutamine transaminase-o-amidase activit 

to ammonia excretion during metabolic acidosis. Metabolic i 
was induced by intragastric administration of 20 m.moles NH,CI/k 

twice daily for 1-8 days. All rats were given 20 m.moles eu g and 

TA 






: a 
iheir urines were collected for 4 h prior to killing. Each p jl is. 
mean value + S.E. derived from assay of five kidney extracts (G 

activity) or six urine samples (ammonia excretion) | 


regulation of urinary ammonia produetion. Evidence is 
given here which supports this hypothesis. ns 

Asshown in Fig. 1, inistration of ammonium chloride 
to rats for 1 to 3 days produced a progressive increase in 
both rate of ammonia excretion and renal GTA, activity. 
The rise in renal GTA activity paralleled, approximately, 
the rise in ammonia excretion. The activity of a-amidase 
(assayed with «-ketoglutaramic acid’) was approximately 
5 times that of the GTA system in untreated rats and was 
not altered by administration of ammonium chloride for 
3 days. Therefore, the rise in activity of the GTA system 
was the result of an increase in activity of the rate-limiting - 
enzyme, glutamine transaminase. As shown in Table 1, 
the rise in ammonia excretion in potassium-deficient rats is 
accompanied by a similar increase in renal GTA. activity. 

The approximately parallel increase in renal GTA 
activity and ammonia exeretion during metabolic acidosis 
suggests that this enzyme system is involved along with 
glutaminase in the regulation of urinary ammonia pro- 
duction in the rat. This conclusion is supported by the 
observation that the rise in ammonia excretion during 
potassium deficiency was accompanied by a similar rise in 
the GTA system. The activity of renal glutaminase is 
approximately 5 times that of the GTA system, as 


‘Table 1. EFFECT OF POTASSIUM DEFICIENOY ON RENAL GLUTAMINE TRANS- 
AMINASE-o-AMIDASE ACTIVITY AND AMMONIA EXCRETION 


Group Glutamine transaminase-o- ^ Ammonia excretion 
amidase aetivity (umoles NH;£100 g/h). 
(«moles NH ,/g protein/min) 
Control 13+1 841 
Potassium deficient 30 + 2 25 54 


ections of 1 mg deoxycort: 
days, Poni d 
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measured in vitro*. If this relation were the same in the cally by a general firmness of the fixed tissue and under a 
kidney, in vivo, one might expect that the reaction cata-  dissecti mi by a lack of blood in vessels on the 


lysed by the former enzyme would be the quantitatively 

i It is difficult, however, 
to extrapolate from activities measured in vitro, where 
conditions are optimal, to the cell, where local differences 
in substrate concentration and pH 
reaction over another. i 


nitrogen-15, would be helpful in evaluating the relative 
importance of the two pathways in the production of 
urinary ammonia. 

This work was supported by Publie Health Service 
research grant AM 06511-01 from the National Institute 
of Arthritis and Metabolic Diseases. 
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Plasma Membrane Apposition in the Central 
Nervous System after Aldehyde Perfusion 


By using glutaraldehyde and formaldehyde as primary 
in vivo fixatives for electron microscopy, we have found in 
this investigation a tightly apposed plasma-membrane 
relationship within grey matter of the adult mammalian 
central nervous system. The previously reported and 
widely accepted extracellular compartment of more than 
100 rd in width'* has been questioned by Sjöstrand’, In 
the work reported here it was completely absent in most 
vey and when present measured less than 100 A in 


Our material consisted of cortex cerebralis, cortex 
cerebellaris and corpus geniculatum laterale, which was 
obtained from rats and cats perfused in much the same 
manner as the technique used by Palay et al.* but with 

ifications. In addition to respirating with a 5 per 
cent carbon dioxide-95 per cent oxygen mixture, we also 
used dry air and our own exhaled air (partial rebreathing) 
but we could discern no difference in fine structure. 
Furthermore, injection of sodium nitrite was found 
with aldehyde perfusion. Preperfusicn of 
salt solution or buffer solution was utilized in quite a 
few instances, but was found not to alter the results as 
compared to direct aldehyde perfusion. 

The primary fixatives used were 2-5 per cont glutar- 
aldehyde or 4 per cent formaldehyde, both phosphate- 
buffered to pH 7-2-7-4. These were perfused 15-45 min 
into live ‘Nembutal’-anesthetized animals, following which 
blocks of tissue were dissected out and immersed in 1 per 
cent osmie acid, also phosphate-buffered, for secondary 
fixation. We also perfused with 1 per cent phosphate- 
buffered or veronal-acetate buffered osmic acid with 
added calcium chloridet. 

*Vestopal was the embedding medium of choice, but 
y 812' and ‘Araldite 502’ were also used. 

ion staining was done with uranyl acetate and lead 
xide, mostly in combination but also separately. 

A consistent observation is that using the afore- 
mentioned primary aldehyde fixatives with good perfusion 
technique, an excellent fixation of the in: i areas 
of the brain is achieved. This is estimated macroscopi- 


surface and inside the brain. 


As pointed out by Sabatini e£ al.5, glutaraldehyde-fixed 
material can be stored for long periods of time in buffer 
solution without destroying some of its enzymatic activity 
or fine structure. We have confirmed this with respect to 
fine structure. 

Apart from the advantages of using inexpensive and 
relatively less-dangerous aldehydes, as compared with 
osmic tetroxide, the dissection after fixation is facilitated 
because colour differences between grey and white matter 
are retained and because the meninges are easier to remove, 

We agree with Palay et al.* concerning the criteria for 
judging fine structure preservation and also that every- 
where cellular components fit closely together. However, 
Palay* did find a constant interspace of a few hundred A, 
while we observed mainly a fusion of adjacent plasma 
membranes, that is, no intervening space. 

Tn every animal so far investigated with to the 
aforementioned regions of the brain, a very close relation- 
ship between plasma membranes has been found. This is 
true whether one considers run pegar in or 
interglial relationships. The usually repo space more 
than 100 A in width has decreased considerably with the 
technique used. It is necessary to mention that we have 
applied as a criterion for membrane separation the resolu- 
tion of the outer lamelle of two adjacent triple-layered 
plasma membranes. Triple-layered plasma membranes, 
first shown by Robertson’, are at present considered to 
reflect a truer representation of the cell membrane than 
the single dense line formerly resolved. We believe that 
this eriterion should be fulfilled if one is to judge the 
degree of separation between membranous elements. With 
this restriction it was found that by far the most common 
situation is that a five-layered membrane complex is 
formed by fusion of the outer membrane lamellæ or less 
frequently that a small (less than 100 À) intervening space 
is visible. The distance between the two inner lamelle - 
compares to the period of myelin, for example, 130-140 A 
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(ref. 8). The terms outer and inner are here used relative 
to the cell body. In contrast to this, all intracellular 
vesieular compartments bound by membranous elements 
always remained patent. The five-layered membrane 
complex has been previously reported to exist in the 
nervous system?-*-!°, but these investigators found it to be 
an exception rather than the rule. However, Elfvin™ 
has found that true intervening space y does 
not exist after fixation by freeze-drying of peripheral 


At some places there exists a consistent extracellular 
co t in our material. At synaptic endings, the 
triple-layered plasma membranes can be seen to be 

by à mass of opaque material about 100 A wide 

l and 2). Extracellular material, also basement 

membranes, are found delimiting blood vessels from ner- 

vous elements, and whenever larger vessels are present in 

the grey matter, collagen fibrils with subsequent extra- 
cellular space can be expected. 

Occasionally, however, some apparently empty extra- 
cellular space is found at junctions between three or more 
cell processes. These compartments are usually wider 
than 200 A and are seen infrequently and at random. 

Why has this membrane relationship not been shown 
previously in the central nervous system to the same 
extent ? We believe that several factors are responsible 
and that the most important is fixation by aldehyde per- 
fusion. Sabatini e£ al.* note that double fixation (form- 
aldehyde or glutaraldehyde followed by osmium tetroxide) 
reveals some details of fine structure better than either 
fixative alone. The value of arterial perfusion for demon- 
strating central nervous system morphology need not be 
stressed heret.-13, The tonicity of the perfusate has been 
found to play the following part: hypotonic solutions give 
poor fixation (washed-out appearance of the cytoplasm, 
swollen mitochondria, broken membranes, etc.) com- 
bined with some plasma membrane separation, while 
isotonic buffered solutions with wares pon" in appro 

riate amounts repeatedly give a ‘lack’ o ri n ular 
Lec A more detailed account concerning tonic qm 
be published elsewhere. The embedding might also be 
factor as ‘Vestopal’ has been cited for its ability to show 
clearly membranous elements!*. Staining probably also is 
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of importance, and while either uranyl acetate or lead 
hydroxide alone will readily differentiate the layers of the 
plasma membrane, the combined stain shows it best, a 


The difficulty of believing such a hypothesis has been due 
to the observed sin c 
ular space 
does not exist within the central nervous system, as the 
result of this investigation implies, one of the obstacles for 
the validity of the afore-mentioned concept is removed. 
This statement is also strengthened by the occasional 

observations of fused membranes*;/*-1? and i by 

the five-la; membrane relationship found to be the , 
usual situation by Elfvin? in frozen-dried peripheral 


nerves, 

A general lack of extracellular space in the adult 
mammalian central nervous system naturally restricts 
possible metabolic transport channels to those within __ 
cells. This ion is compatible with the modern 
concept of glial funetion as not only one of support but 
also metabolic interaction, as expressed by Glees", and 
the observation described here should, therefore, have 
important functional implications. 

This work was supported by grant NB-02889 from the 
U.S. Public Health Service, 
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Lymphatic Transport of Beta-glucuronidase 
during Hæmorrhagic Shock 


PROGRESSIVE autolysis of visceral cells is a feature of 
experimentally produced shock in animals, This death 
of individual cells is associated with disruption of sub- 
cellular cytoplasmic particles (lysosomes) with release and 
activation of degradative enzymes^?, Intra- and extra- 
cellular components may become substrates for these 
circulating enzymes as metabolic acidosis and hypoxia 
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iioleoalos whioh. gaina access to the blood d heap dymp 
= atic channelst. 
was denigned tò examine transport of one lysosomal 


è, B-glucuronidase, in the thoracic duct lymph of- 


dogs in which hemorrhagic shock was produced. As 
. lymph from the liver and bowel normally comprises about 
7:80 per cent of thoracic duct lymph flow, lysosomal enzymes 
released should be in high concentration in this lymph. 

Seven healthy adult mongrel dogs were anxsthetized 
with intravenous. pentobarbital (1 mg/kg) and operated 
on through a right thoracotomy incision. In four experi- 

. mental and three control dogs the femoral arteries and 
"veins were cannulated bilaterally. In the control dogs 
the chest was then closed. In the experimental animals 
(uo the thoracic duct was dissected in the lower third of the 
-right side of the mediastinum and cannulated with a 

. polyethylene tube. Following this the chest was closed 
and the free end of the cannula, brought out through a 
‘stab wound, was allowed to drain freely. Mean femoral 
" arterial blood pressure was recorded continuously. 
Control samples of lymph and arterial and venous blood 
"ere collected at the end of two consecutive 15-min 
periods. Following this the dogs were allowed to bleed 
from: a femoral artery cannula until 45 c.c./kg were 
collected. In each instance severe hypotension developed 
30-40 min after the onset of bleeding, and death ensued 
in. 75-90 min. Consecutive samples of arterial and 
venous blood were collected every 15 min and 15-min 
lymph volumes were recorded. The total 15-min lymph 
“sample was then centrifuged for 10 min at 800g. The 
< B-glucuronidase activity of the fibrin-free lymph super- 
natant and sera was determined by Fishman’s method}. 
Results are shown in Fig. 1. Lymph flow increased 
from a mean of 0-1 ml. [min to 0:5m shortly before death. 
‘Total 8-glucuronidase activity in thoracic duct lymph 

` TOSO: significantly. Serum-levels of this enzyme progres- 
“sively increased in the three animals serving as controls, 
although no significant elevation occurred in the sera of 
"the experimental dogs in which thoracic duet lymph was 

‘diverted from entry into the blood. 

v. The results indicate that B-glucuronidase gains access 
to the circulation by a lymphatic route. Precise origin of 
















Percentage of control values 





: Hie. 1, 
Sand JD, venous. f-glueuro activity of serum following geute 
hemorrhage at time 0 in dogs, Values are means of three 
are expressed as percentage of values Pa npn in peal gene samp! ing periods 
before hemorr! 5 and E, venous B-glucuroni 
ivity 0 of serum: n fol owing ‘acute hemor? ae at time 0 in dogs the fone 
lymph of which had been diverted. C, Total lymphatic: Eglucuronidase 
aotivity for each 15-min period following hemorrhage. Values ate means 
of four dogs, and are expressed as percentage of values obtained i in. 
two samping periods before e E 


f-Glucuronidase activity we hemorrhage in dogs. B, Arterial, 


On these considerations, an experiment 
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mph horae: enzyme was not determined in these - 


studies. Some of this enzyme in liver cells is not bound ` 


to cytoplasmic particles’, and release of the unbound 


‘eomponent could also account for the rise in lymph 


enzyme activity. Samples of hepatic and mesenteric vein 
blood were not obtained, and it is possible that some 
enzyme may enter the circulation by this route. In view 
of the fact that the expected rise in serum enzyme-level 
did not occur when thoracic duct lymph was diverted, 
transport to the general circulation via venous blood 
seems limited. 

8-Glucuronidase is only one example of a number of . 
lysosomal enzymes; DNase, RNase, cathepsins, sulpha- 
tases and acid lipases are also present in lysosomes 
and together are capable of digesting most of the con- 
stituents of living matter. It is possible that recirculation 
of these enzymes to tissues rendered anoxic or acidotic 
during hemorrhagic shock may contribute to progressive _ 
deterioration of the organisms. Additional studies sre . 
needed in order to determine whether or not diversion of | 
thoracic duct lymph influences the metabolic alterations 
associated with acute hemorrhagic shock. d 

This work was supported in part by research grants ae 
A-2785 and AM-5316 from the U.S. National Institutes 
of Health. : 
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PHARMACOLOGY 


Mammalian Blastopathies due to Drugs. 


To determine the phenocritical phases for the anlagen 2 
of various external organs in domestic rabbits, I injeeted T 
cyclophosphamide or nitrogen mustard intravenously in 
pregnant females at specifie times after mating, from 19 h: 
(post-eoitum) (stage of zygote formation) at intervals of 12h * 
for 9 days p.c. A single injection was given to each 
female in a dose of 40 mg/kg body-weight or 10 mg/kg 
body-weight cyclophosphamide or 0-1 mg/kg body-weight — 
nitrogen mustard. j 

In a second set of experiments pregnant females were 
given 10 mg/kg body-weight thalidomide intraperitoneally 
daily, from a specific moment after mating until the  . 
inspection of the foetuses. These substances penetrate - 
into the blastocysts even before placentation and echange. 
the normal development. The feetuses, obtained from 
the treated females by Cresarean section, were inspected 
on day 11, 17 or 30 p.c. Approximately 535 foetuses 
had been alive, a high percentage of these with deformities. - 
It could be shown that the dose has an influence on — 
quantity but not on quality of the abnormalities. The | 
time of injection and the kind of malformations were 
correlated. The results obtained are given in Table 1. ` 

A detailed review of all results, including. measurements | 
of body-size?*, shows that the embryonic development 
in. rabbits "up to day 9 has two phases: (a) the first one, — 

not before day 4, with the embryo existing only ^. 
eral ‘dowry’ = proicogenic phase; (b) the <- 








— mne, beginning not later than day 9, with the- 


ux 
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Table 1 


Time of injection Effect 


` 

Prior to day 3 A new organization in the anterior region (head 
and region of the branchial arches) 

On day 3-4 Abnormal cranium (size and structure) 

On day 3-8 ‘Abnormal facial portion of the skull (including eyes, 
nose and ears) and branchial arches 

On day 6-7 Botation of the causal end of the embryo and de- 
formed allantois 

On day 7-8 Abnormal somites and extremities 

On day 8 and Modified cauda, abnormalities distributed over the 

afterwards body, on day 9 chiefly abnormal somites 


embryo existing from his own genotype = 1diogemic phase 
The mean time, from day 5 to day 8, 1s perhaps a transi- 
tional stage, or the two phases may overlap 

The phenocritical phases precede the morphological and 
histological differentiation of the respective parts of the 
organ or the organ complexes They not only differ 
specifically ın influencing different characteristics, but also 
there are different phenoer:tical phases for partial anlagen 
of one and the same organ complex to be found for the 
differentiation sequence im every single organ system A 
sensitive period of development will precede the formation 
of the morphogenetic field for a specific anlage This 
determmation phase, m which the plastic, morphological 
fields are formed, may be termed as ‘early phase’. There- 
upon, sensitive periods for the following steps in the 
developmental process can be found, m which the defined 
histogenetic centres are organized m the morphogenetic 
field. Finally, organ-specific sensitive periods exist, which 
are prior to the formation of the final patterns 

Every organization m a new pattern and every bilateral 
symmetrical transformation must precede the histological 
and morphological differentiation of the organ anlage, 
whether hypo- or hyper-plastic, or m the extreme cases, 
missing organs or twins Atrophic formations may occur 
at any later stage. Among these, for example, are missing 
distal parts of organs and also acephaha These form- 
ations may, however, also be caused at an earher stage, 
than bemg a phenocopy in the orginal sense of 
R Goldschmidt 

During these phases all embryonic anlagen pass through 
a physiological bottleneck dependent on heredity and 
environment This bottleneck leads to certam organ 
patterns and renders various substances organ-specific 
at this stage . The fundamental biochemical processes 
durmg these stages can be disturbed by mformation given 
by the mother to the ovum (predetermination) and by 
information from the organism’s own genotype, as well as 
by respiratory poisons, X-ray treatment, drugs or other 
environmental influences 

Taking this mto account, these results may be inter- 
preted as follows 

(1) Actions of the mjected drugs are phase-specific but 
not organ-specific, which means each organ can be 
influenced, 1f 16 18 only in the sensitive phase for its own 
development. 

(2) All resultmg malformations are reactions on 
influences in 8 developmental phase, which hes before the 
placentation of the embryo The foetus itself 1s first recog- 
nizable after day 9 Therefore ıt ıs necessary to term the 
abnormalities ‘blastopathies’ instead of ‘foetopathies’. 
Their appearance m connexion with the time of injection 
mdieates tho phenocritical phases for the different organs 

(3) Since drugs, administered prior to separation m two 
blastomeres, that 1s, durmg the zygote stage, led to a new 
organized pattern in the anterior region, 1t may be con- 
cluded that in thus time they cause a defect m the syn- 
thesis of the organ-specific protem enzymes Attempts 
are bemg made to solve this problem with the aid of 
isotope-tagged drugs 

(4) Injection later than 4-5 days pc occasionally leads 
to organs inhibited in therr development, sometimes to 
dwarf foetuses We cannot exclude that these phenomena 
are secondary effects due to a damage of another organ- 
anlage, for example, the brain 
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(5) Comparison of human embryos up to day 9 with 
rabbit embryos shows that at this time both human and 
rabbit embryonic anlagen have reached about the same 
stage of development. Therefore ıb can be concluded 
undoubtedly that human dysmehas, such as those 
attributable to the abuse of drugs ın early pregnancy, 
ongmate durmg a period of development which our 
mvestigations showed to be earher than the commence- 
ment of placentation 
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Uptake and Metabolism of Noradrenaline in 
Acute Inflammation of Rabbit Skin induced 
by Ultra-violet Light 


Tur origin of normally occurrmg catecholamines m the 
skin! 1s unknown. Possibilities for uptake in the skm of 
circulating ammes? as well as a local synthesis in that 
tissues seem to exist. Furthermore, enzymatic break- 
down «n vitro of noradrenahne m the skin has recently been 
demonstrateds. In view of the well-known vasoactive ~ 
properties of noradrenalme, 1t was thought of mterest to 
study its uptake and metabolism m relation to the vascular 
reactions of inflamed skin 

One side of the trunk of male rabbits, weighing 1:5-25 
kg, was wradiated with ultra-violet hght*. Determunations 
were made 48 h later, when the rmradiated skin showed 
signs of acute inflammation (erythema, cedema, increase 
m wet weight). The non-irradiated side of the trunk 
served as control The uptake «n vwo of noradrenaline in 
the skm was studied 30 min after an mtravenous injection 
of the carbon-14-labelled compound? The catechol- 
amume-forming capacity of the skim m vtro was studied 
by incubating skin tissue with 40-DOPA? The catabohsm 
«n vitro of noradrenahne m the skm was recorded by 
measuring the activity of catechol-O-methyl transferase 
and monoamme oxidase after mcubating skin with 1C- 
noradrenalhne*. 

The mean uptake (n=5) m the skin of circulating 
1(.noradrenahme was 181 + 46 ep m /g dry weight in 
control skin, and 391 + 45 c.p m /g dry weight in 1nflamed 
skm. The difference was highly significant (P < 0 001). 
This increased uptake of noradrenalme m mflamed skin 
may be explamed by the enhanced blood flow im the 
damaged tissue. It must, however, be emphasized that 
values were correlated to the dry weight of skin samples 
in order to correct for the mereased tissue fluid of m- 
flammatory skin. Furthermore, the skin samples were 
removed when the blood concentration of 1C-noradren- 
alme had become neghgible? The values given thus repre- 
sent the rapid uptake and bmdmg m tissues during the first 
few mimutes after injection, which seems to be an m- 
portant way of mactivatmg circulatmg catecholamimes? 
As the total amount of catecholammes in the skin does 
not change m this type of acute mflammation®, 1b 18 
unhkely that the increased uptake m inflamed skin reflects 
a real need for replacmg a local amune loss. An exchange 
of stored amines might rather be considered? 

The mean activity en vuro of 3,4-dihydroxyphenyl 
elamne (DOPA) decarboxylase (n = 7) was 587 + 113 
c p m /100 mg dry weight m control skin, and 449 + 157 
cpm /100 mg dry weight m inflamed skin There was 
no significant difference Thus there was no evidence of 
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@ change m the rate of formation of noradrenaline m the 
inflamed skin. 

When skin tissue was tested for activity of catechol- 
O-methyl transferase, normetanephrin was formed 1n both 
control and inflamed skm. With the semi-quantitative 
method used, roughly the same ratio normetanephrin/ 
noradrenaline was obtamed with control and mflamed skin. 
The mean activity «n vitro of monoamine oxidase (n = 10) 
was 2,261 + 263 c p m /100 mg dry weight m control skm, 
and 2,584+ 291 ep m /100 mg dry weight m mflamed 
skm There was no significant difference No evidence 
of an increased enzymatic breakdown of noradrenaline m 
inflammatory skm was obtamed from these experments. 
Thus, the present results are not in accordance with 
reports?!? on activation of monoamme oxidase in acute 
inflammation of rat skin 

This work was supported by a grant from the Edvard 
Welander Foundation. 
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H/EMATOLOGY 


Assay of Factor V Activity 


COAGULATION factor V 18 involved in the production of 
both extrmsic and intrmsic thromboplastin 1n the blood. 
It deteriorates rapidly during blood storage and the one- 
stage prothrombin time of stored plasma is prolonged 
because of factor V deficiency The factor V concentra- 
tion of test material may be determmed by adding 
dilutions to aged plasma and comparmg the degree of 
shortening of the prothrombin time with that achieved by 
the addition of varying concentrations of normal plasma 

Factor V 1s consumed during blood coagulation in vitro 
and normal human serum cannot correct appreciably the 
prothrombin time of aged plasma On the other hand, 
rabbit and bovine serum have considerable factor V 
activity when assayed by thismethod The concentration 
of plasma factor V 1s unaffected by the addition of adsorb- 
ing reagents. However, much of the activity m rabbit 
serum 18 removed by adsorption with barium sulphate. 
For example, in one such experiment, the factor V activity 
of rabbit serum was 600 per cent greater than that of 
human plasma before adsorption, and only 45 per cent 
after adsorption It seems probable, therefore, that the 
prothrombin time assay 1s not specific for factor V and 
may be mfluenced by intermediate products of mtrinsic 
thromboplastin production which remain m serum after 
clotting has occurred 

To test this hypothesis, factor V was assayed m a 
system which depended on the ability of the test material 
to supply factor V for mtrmsic thromboplastm production 
Modified thromboplastin generation tests! were performed, 
by incorporatmg 1n the incubation mixture a concentrate 
of factor VIII, the test preparation, normal human serum, 
phosphohpid and ealerum In these mixtures, tho test 
preparation provided factor V activity The factor VIII 
concentrate (fraction 1-0) (ref 2) was prepared from 
normal human plasma by ethanol precipitation followed 
by extraction with a glyeme-buffer solution This prepa- 
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ration, when reconstituted, has up to sıx times the facto: 
VIII concentration of normal human plasma but 18 
deficient m factor V. It 1s unable to correct the prolonged 
one-stage prothrombin time of aged plasma Without 
added factor V, a mixture of factor VIII concentrate, 
normal serum, phosphohpid and calcrum is unable to 
generate thromboplastin normally The factor VIII 
preparation cannot correct the abnormal thromboplastin 
generation shown in a mixture of aged plasma, normal 
serum, phospholipid and calerum 

The following materials were tested (1) Adsorbed 
hemophiha A plasma Its factor V content, judged by 1ts 
ability to correct the prothrombin time of aged plasma, 
was 50 per cent of that of normal whole plasma. (2) A 
lyophihzed fraction prepared from hemophila A plasma 
by poohng Cohn's fractions II and III and adsorbing 
with barium sulphate before freeze drymg When recon- 
stituted, the factor V activity of this preparation was 50 
per cent of that of normal whole plasma (3) A factor V 
preparation from oxalated rabbit plasma produced by 
differential ammonrum sulphate fractionation after prior 
adsorption with barrum sulphate Its factor V activity 
was 20 per cent of that of normal whole plasma (4) 
Rabbit serum prepared from rabbit blood held at 37° C 
for 4 h after clotting and then overnight at 4? C Its 
factor V activity was 120 per cent of that of normal 
whole plasma (5) Adsorbed, precipitated beef serum? 
Its factor V activity was 40 per cent of that of normal 
whole plasma These five reagents contained neghgible 
amounts of factor VIII since they were unable to correct 
the coagulation defect of hemophile plasma. 

Thromboplastin generation tests were carried out by 
incubating at 37° C a mixture of equal volumes of (a) 1/20 
dilution of reconstituted fraction 1-0 m veronal buffer 
pH 7-35, (b) 1/5 dilution of the appropriate test material 
or & buffer blank, (c) 1/10 dilution of normal human 
serum, (d) 1/50 dilution of phosphohpid prepared from 
human bram‘, and (e) M/40 calcium chloride 0-1 mi. 
of this mixture plus 0-1 ml M/40 calcium chloride were 
added to 0-1 ml normal human plasma at 1-min mtervals 
and the clotting times of the substrate plasma recorded. 
(see Table 1) Although beef and rabbit serum contain. 
appreciable factor V activity as judged by their abthty to 
correct the prothrombin tıme of aged plasma, they are 
only partly effective 1n intrinsic. thromboplastin produc- 
tion Their lower potency in the latter case does not 
appear to be a species effect since factor V m rabbit plasma. 
has activity simular to human plasma A factor V assay 
method based on the thromboplastin generation test and 
using factor V deficient reagents might be more suitable 
than assays based on the correction of the prothrombm 
time of aged plasma when material other then plasma 1s 
to be assayed. 

Table 1 


Test reagent added Incubation tiing (min) 


5 
Substrate clotting time (sec) 


Buffer > 60 60 50 37 28 26 
Adsorbed tæmophikia A plasma >60 60 41 16 12 12 
Cohn’s fractions II and IH from 


hemophilia A plasma 60 22 10 10 10 10 
Adsorbed precipitated rabbit 

plasma 32 
Whole rabbit serum 60 23 18 19 19 20 
Adsorbed precipitated bovine serum 22 20 19 19 19 20 


Mr M.R Hinton, Commonwealth Serum Laboratories, 
Victoria, provided the fraction 1-0 and lyophihzed human 
factor V samples 
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Sex Differences in Renal Toxicity of Mercury 
in the Rat 


A PRONOUNCED sex difference was found to exist ın the 
renal tubules of rats mjected intravenously with muni- 
mally toxic doses of bichloride of mercury Mercury, ın 
toxie doses, produces an acute tubular necrosis m a wide 
variety of experimental animals and man? Histologi- 
cally, when mmumally toxic doses are given to rats, the 
lesions are confined to the straight portions of the proximal 
tubules 

Eighty-five male and female Sprague-Dawley rats 
weighing 125-200 g were used Water and food were 
given ad libitum Eight control rats, 4 male and 4 female, 
received an intravenous injection of 02 ml of isotonic 
salme. Of the remaining 77 rats, 6 were excluded from 
the results because at the time of the mercury injection, 
some was administered subcutaneously mstead of mtra- 
venously The experimental group consisted of 71 rats, 
40 males and 31 females Each received 0 4 mg mercury 
(as the bichloride salt m water) per kg body-weight 
injected intravenously mto a tail vein The concentration 
of mercury was 0 4 mg/ml of water and the total injected 
volume never exceeded 0 2ml Therats were anesthetized 
with ether, bled, and killed 24 h after the mercury injec- 
tion Autopsy was performed immediately The kidneys 
were examined macroscopically Thin mudlmne sections 
were taken and placed in 10 per cent formalin buffered to 
pH 7 with phosphate Tho specimens were embedded m 
paraffin, sectioned at 5y and stained with hematoxylin 
and eosin 

The results are summarized ın Table 1 The male rats 
developed a rather severe coagulative necrosis of the 
straight portion of the proximal tubules ın the mner zone 
of the renal cortex Females, receiving the identical dose 
of mercury, showed little or no tubular necrosis 

When lower doses of mercury were injected n a similar 
manner (0 3 mg/kg), 70 per cent of the males developed 
some degree of necrosis of the proximal tubule, while 
females given the same dose showed no necrosis. 


Table 1 INCIDENCE OF PROXIMAL TUBULAR NECROSIS, STRAIGHT PORTION 
AFTER INTRAVENOUS INJECTION OF 04 MG/KG MEROURY 


Amount of necrosis * Males Females 
0 (controls) 4 4 
0 2 18 
1+ 11 13 
2+ 12 ` 0 
38+ 9 0 
4+ 6 0 
Total 44 35 


*0, No necrosis, 1+, occasional cells necrotic, 2+, 2-4 cells [nec- 
rotic, 3+, 4-2 cells necrotic, 4+, nearly all cells necrotic 


Eschenbrenner and Miller noted a sex difference in the 
response of kidneys of mice to oral admunistration of 
chloroform’. Male mice developed renal necrosis and 
kidneys of female mice were spared This has been well 
documented by others*-* Sex differences m the effects of 
mercury on the renal tubules of rats have not, to our 
knowledge, been previously described Morphological 
differences between the kidneys of male and female rats 
do not seem to exist as they do between male and female 
mice? However, it 15 well known that significantly more 
protem 1s excreted by the kidneys of male than female 
rats The differences m the morphology of the mouse 
kidney and protem excretion in the rat may be either 
directly or mduirectly related to sex hormone effects 

Sex differences exist ın the amounts of proximal tubular 
necrosis produced by minimally toxic doses of mercury m 
the albino rat of the Sprague-Dawley stram For a given 
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dose mjected intravenously, the male 1s much more 
susceptible 
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Human Breast Carcinoma examined by the 
Fluorescent Antibody Technique 


ANTIBODIES to mahgnant tumours have been demons- 
trated by various means including the Schultz Dale tech- 
niquel, the mtradermal moculation of patients with 
extracts of their own caremomas?, complement fixation 
tests’, and the agar-precrpitin diffusion plate technique of 
Ouchterlony! Heterologous systems have usually been 
used The main use of fluorescent antibodies m cancer 
research has been to compare the antigenic structure of 
normal and mahgnant cells, but recently Nearn et al € have 
detected globulin on the surface of cancer cells followmg 
procedures designed to raise the antibody titre We 
describe here an attempt to demonstrate autologous 
antibodies to human breast caremomas, of varying 
degrees of malignancy, by Coons’s fluorescent antibody 
technique using a double layer staining method 

The procedures used are those described by Coons et al § 
and Nairn et al? Sections were cut m a cryostat from 
blocks of cancer tissue snap-frozen immediately after 
operation and stored at — 20° C The sections were 
fixed by immersion in 95 per cent ethanol for 30 min at 
room temperature, rmsed in phosphate-buffered saline at 
pH 71, and meubated with the patient’s serum for 
30mm After washing m buffered saline the sections were 
stained for 30 min with anti-human globulin labelled with 
fluorescem isothiocyanate which had been absorbed with 
liver powder to reduce non-specific staining Some, but 
not all, of the labelled anti-human globulin was passed 
through a ‘Sephadex G 25’ column to remove unbound 
fluorescent material. After staming the sections were 
washed in buffered salme and mounted in glycerol-saline 
and examined with a Reichert Zetopan microscope with 
Bmolux fluorescent equipment This apparatus permitted 
the easy identification of tumour by its phase contrast 
image and its subsequent exanunation by fluorescent 
hght This was very important because non-specific 
stainng of the tumour stroma produced a variety of 
artefacts easily mistaken for positive staming of tumour 
cells 

Control sections were treated with unconjugated anti- 
human globulin serum before stainmg. Two preparations 
of conjugated anti-human globulin were used, one of 
rabbit anti-human globulin conjugated with fluorescem 
isothiocyanate accordmg to the method described by 
Chadwick and Fothergill® and a second preparation 
supplied by Stayne Laboratories of goat anti-human 
globuhn also conjugated with fluorescem isothiocyanate 
These conjugated antisera agglutmated red blood cells 
sensitized to mcomplete anti-D serum at dilutions up to 
1 - 50 and stamed nucle: of sections of rat liver treated 
with serum contammg anti-nuclear factor No precise 
titration was attempted 

No specific fluorescence of tumour cells was observed ın 
24 breast caremomas The addition of complement, 
mereasing the incubation times or temperature, or using 
unfixed sections of tissue did not affect the results. Its 
concluded that specific antibodies fixed to tumour cells or 
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free in the serum, were either absent or were of too weak & 
titre to be demonstrated 
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IMMUNOLOGY 


Quantity and Quality of Antibody produced 
following the Termination of Tolerance 
in C57BL/6 Mice 


THE mechanisms involved in the termination of ım- 
munological tolerance are still obscure ‘Basic to the 
understanding of this phenomenon 1s an evaluation of the 
degree to which the immune capacity of the previously 
tolerant animal has returned to normal. Such mformation 
would also be necessary in comparing the results obtained 
m the termmation of the tolerant state produced under a 
diversity of experimental situations 

Previous investigations in mice m which the tolerant 
state termmated spontaneously suggested that the 
immune response in these animals may differ from that of 
normal mice since no precipitating antibody could be 
observed ın the previously tolerant group! The expor- 
ments to be reported were performed ın order to determine 
the amount of antibody produced in C57BL/6 mice in 
which tolerance to bovine serum albumin (BSA) was lost 
spontaneously 8-10 weeks after the neonatal mjection of 
antigen Also, a parameter of the quality of antibody 
produced in normal and previously tolerant animals was 
studied, namely, the dissociation rate of antigen-antibody 
complexes made ın antigen excess. A modifieation of the 
Farr ammonium sulphate saltmg-out technique? was used 
both for quantitatmg® the immune response and for the 
estimation of the bond-strength of antigen-antibody com- 
plexes by means of dissociation rate measurements! 
C57BL/6 mice were made tolerant to BSA by neonatal 
subcutaneous injection of 20 mg BSA At 10 weeks of 
age these animals and a group of controls of the same age 
were immunized with 0 1 mg BSA m incomplete Freund’s 
adjuvant Table 1 compares the anti-BSA activity of the 
previously tolerant group to the normal controls 25 and 
74 days following the immunizing dose of BSA The 
figures under the ABC-33 column refer to the ug BSA 
nitrogen bound per ml of undiluted serum when tested at 
an antigen concentration of 0 02 ug I-BSA N/ml On 
day 25 the sera of the control group contained slightly 
more antibody than the tolerant group, but by day 74 the 
amount of antibody ın the sera of both groups was the 
same The figures under the T, column represent the 
half-dissociation time of antigen-antibody complexes, 
which 1s & function of the rate at which the complexes 
dissociated On day 25 the antibodies of the tolerant 
group had a somewhat faster rate of dissociation than the 
antibody of the control group, but by day 74 the dissocia- 
tion rates were the same The slight differences observed 
in quantity and quality of antibody present on day 25 
were not statistically significant but might represent some 
residual tolerance in a few animals at the time of the early 
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bleeding These results demonstiate that, as judged by 
the amount and quahty of antibody produced, there 1s a 
complete return of immunologieal competence when 
tolerance 1s terminated spontaneously in the mouse It 
remams to be shown whether the same findings can be 
obtained mm other species and under different conditions of 
tolerance 
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Table 1 QUANTITY AND QUALITY OF ANTIBODY FOLLOWING TERMINATION 
OF TOLERANCE 


Days after challenge * 


ABC-33 ^ Tila AB0-33 Tih 
Tolerant 16417 ant 38+25 (9) 85+50 (17) 360484 (15) 
Control 25+10 (5 76+39 (5) 88+40 (5) 3858421 (5) 
* Challenged at the age of 10 weeks 
t No of mice 


This woik was performed at the Division of Experi- 
mental Pathology, Scripps Clinic and Research Founda- 
tion, La Jolla, Cahfornia, and was supported by a US 
Public Health Service grant 
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Activity of Homologous and Heterologous 
Antisera prepared against the Same Antigen 


TEHE type of antibody activity present m antisera from 
different species directed towards the same antigen has 
important mapheations for the selection of the most 
effective antibody-produemg animal for any given antigen- 
antibody system In preparmg antisera agamst mouse 
histocompatibihty antigens, the use of mice of different 
histocompatibilty types as antibody producers has 
proved. very effective m differentiating these antigens}. 

It has been suggested? that the effective antigenicity of a 
given antigen 1s influenced by the taxonomic relationship 
the antigen bears to the antibody producmg animal 

In previous work? we reported that rabbit anti-19-day 
chick embryo red blood cell serum after absorption with 
adult chicken red blood cells had no residual activity fer 
other pools of adult red blood cells, but retamed excellent 
activity agamst 12-day chick red blood cells, as assayed by 
hemagglutmation 

It 1s the purpose of this communication to indicate that 
rabbit antiserum and chicken antiserum, both against the 
same antigen—embryonie chick red blood cells—have 
strikingly different properties 

Twelve-day-old New Hampshire chick embryos were 
bled from the chorioallantoic vessels Four parts of blood 
were mixed with one part of ACD solution The blood 
was centrifuged and the cells washed three times with 
cold 0 9 per cent sodium chloride, after which they were 
packed and made up to a final concentration of 50 per cent 
in 0 9 per cent saline 

Adult New Hampshire chickens and adult New Zealand 
rabbits were mjected mtravenously every other day with 
the followmg amounts (e c ) 0 25, 0 50, 0 75, 1 00, 1 25 and 
150 After a 7-day mterval these animals were given an 
intravenous booster injeetion of 2 50 ec and bled for 
serum 7 days subsequent to this last injection The cells 
from 148 embryos were used for the injection of adult 
chickens and 142 for the mjection of rabbits. The antisera 
obtamed were heated to 56° C for 30 mm and stored 
frozen until used Normal rabbit serum and normal 
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Introduces the various functions found useful in the treatment of thermodynamic data for solutions, and develops. the mathe- 
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properties of solutions and the theoretical treatments of statistical mechanics and molecular physics. 
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as ‘controls ‘were. treated similarly. 
on titres of the antisera were ascer- 
by the following method. Two-fold 
the antisera were made in 0-9 per cent 
2 ec. of each antiserum dilution 
€.0. of a 2 per cent red blood cell 
was mixed and incubated for 30 min at 
15 sec at 800 r.p.m. and read for 
greatest dilution giving hemagglut- 
as the titre. 

it antiserum. against adult red blood 
,000 and 1/10,000; against embryo 
en 1/10,000 and 1/150,000. The 
isera against both adult and embryo 
"between 1/10,000 and 1/50, 000. 
ormal rabbit serum and normal chicken 
not agglutinate red blood cells. 

: “Aliquots of adult rabbit anti-chick red blood cell serum 
and adult chicken anti-chiek red blood cell serum were 
each absorbed with packed adult red cells from 1, 2, 4, 8, 67 
and 96 adult birds. In addition, other samples of these 

sera were absorbed with embryonic red cells from 26 and 
: 110 embryos. 
. The rabbit anti-chick. embryo sera were frequently 
absorbed to completion with the cells of one adult bird 
and aiways with pools of no more than 4 adult birds, after 
‘which these antisera gave negative hemagglutination 
tests for all adult pools tested. However, these ‘adult 
absorbed’ sera always retained their hemagglutination 
activity for the various pools of embryonic cells, some- 

times to antiserum dilutions of 1 : 1,024. 

On the other hand, adult chicken anti-chick embryo 
: red blood. cell sera after absorption with one pool of adult 
“eells regularly and without exception retained their 
hemagglutinating activity against all other adult red 
blood cell pools and all embryonic red blood cell pools. 

These results are summarized in Table 1. 





















































































Table 1 
Y Activity Activity Activity Activity 
Versus versus versus versus 
Antiserum Absorbed absorbing other absorbing other 
ues ABC i BO pools RBC po 1 REG ool 
C poo! pools poo! pools 
Rabbit anti- Adult 
thick embryo chicken 
RBC serum RBC - + 
A » Embryonic 
: chick RBE 0 0 0 
Chicken anti- Adult 
chick embryo chicken 
RBC serum RBC - + 0 + 
B apy Embryonic 


chick RBC 0 
RBC, Red blood cells, - ant nob pert rnin: +, Positive. 0, Nissive: 


» The regularity with which rabbit anti-chick embryo red 
blood cell serum could be absorbed to completion for all 
other adult red blood cells while still retaining activity 
against all embryonic red blood cell pools indicates that 
the major activity of these heterologous antisera is not 
directed at the individual specific antigens of the iso- 
hemagglutinogen type found in such abundance in this 
Species. Rather, these antisera have their greatest 
 Aetivities against antigens found in all red blood cells and 
ean further differentiate adult from embryonic antigens. 

-On the other hand, the failure to absorb the homologous 
chicken anti-chick embryo red blood cell sera with pools 
containing cells from as many as 96 adult donors would 
indicate that the majority of the activity of these antisera 
was towards antigens of the isohemagglutinogen type. 
The antigenic differences between adult and embryonic 
ped blood cells so clearly demonstrated using antisera 
produced in the rabbit either do not cause an antibody 
response in the adult chieken, or the antibody response is 

slight a: | not to be demonstrated, at least, by the tech- 


, the demonstration of antibodies appar- 
t oe red blood celis by the use of 
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‘per cent agar on 7-5 





rabbit antiserum, this work has implications for. other 
antigen-antibody systems. This is underscored by the 
work of Garrison and Nungesteri, who found that even - 
within & species—the rabbit—the ability to produce 
certain types of antibodies varied with the strain of rabbit 
used. The Dutch rabbit produced about 4l times as 
much cytotoxic antibody against the Ehrlich ascites 
tumour as did either the New Zealand or Ginger rabbit. 
Observations such as ours and those of Garrison and 
Nungester may, in part, explain the difficulties encountered, 
in most cases, in obtaining isologous and homologous 


protective anti-tumour sera direeted against tumour a 


specifie antigens. Such difficulties have not been encoun- 
tered by a number of workers*-? using heterologous anti- : 
tumour sera prepared in animals tolerant to normal tissues 
of the strain in which the tumour is indigenous. 

It would seem important to continue the charanteriza- 
tion of antisera prepared in different, animals towards the: 
same cellular antigens, in order to understand better the. 
nature of antigen recognition and antibody production. 
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Absence of Lipoprotein in Pulmonary CEdema 
Fluid produced by Cytotoxic Antibody 


AccuTE pulmonary oedema occurs in pertussis inoeu- ~ 
lated mice injected with rabbit antisera to. various mouse- 
tumours!. The rabbit antibodies to mouse tumour antigens 
likely react with antigens present in mouse alveolar 
capillary endothelium: to initiate a sequence of events 
leading to pulmonary cdema. Sections of edematous 
lungs reveal a necrotizing alveolitis with a hyaline-like 
material lining the alveolar spaces. 

Our present work is concerned with an analysis of the 
proteins of pulmonary œdema fluid (PEF) by. eloetro- 
phoretic techniques. 

Swiss Webster 17-20 g female mice were inoculated with 
5 billion killed Bordetella pertussis organisms, since this 
vaccine increases the susceptibility of mice to the lethal 
effects of anaphylaxis, endotoxin, histamine, serotonin, 
ete.?, Five days later the animals were injected intra- 
venously with 0-5 ml. of a rabbit antiserum to mouse L 

cells, a fibroblast tumour grown in tissue culture. ‘The 
mice died within 20 min, and the edema fluid which 
exuded from the noses of 2-3 mice just prior to death was 
pooled, Some of the pools of PEF were used immediately. 
Others were frozen at — 10° C for various lengths of time 
up to two weeks. At least 20 different pools of PEF were 
studied and the results obtained were remarkably eon- 
sistent. Recently we have obtained a good yield of PEF: 
by injecting normal uninoculated mies instead of per- 
tussis inoculated mice with rabbit antiserum to L cells. - 
Electrophoresis of PEF and serum was performed in 1-5 
x 2-5 em slides. Veronal buffer pH - 
8-6 was used and the duration of electrophoresis was 2-5 h. 
The current was 5 V/em. Each slide was doubly stained. 
for proteins with azocarmine and for lipoproteins with 
sudan black’. 





If the protein. concentration of PES se 
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less than that of serum (although this was not usually the 
case) the normal mouse serum was diluted before electro- 
phoresis to equal the protein concentration of PEF. Fig. 1 
ilustrates the results obtained. Normal mouse serum 
(NMS) shows bands of lipoprotein (dark areas) in the c 
protein (pre-albumin) and «- and f-globulin regions. 
The lighter areas are stained for protein. In contrast, 
PEF (Fig. 1, bottom) stains only for protein. Black 
bands of lipoprotein were invariably absent. It should be 
mentioned, however, that the absence of lipoprotein in the 
edema fluid of animals injected with cytotoxic antibody 
was not due to the absence of lipoprotein in the sera of the 
same animals. 





n 1. Agar-gel eleobropherssts of normal mouse serum (NMS) and 
edema fluid (PEF), Proteins (light areas) are stained with 
azocarmine and lipoproteins (dark areas) are stained with sudan black 


It seemed probable to us that the exclusion of lipo- 
protein from PEF was largely on the basis of the size of 
such Pps however, it was conceivable that cells 

j cytotoxic antibody might release an enzyme 
ch would split lipid from protein. A chemical analysis 
of the lipids of normal mouse serum (NMS) and PEF 
provided evidence in support of the first hypothesis. The 
measurements obtained were as follows: NMS (mg per 
cent)—total cholesterol 78, free cholesterol 22, phospho- 


i des 1-5. The coloration of serum lipids with 
black is due to the stainability of phospholipids and 
triglycerides rather than cholesterol‘, 
lipid concentration in NMS and PEF was fairly similar 
(122 versus 100 mg per cent), the absence of li protein 
in PEF by staining me was likely duo to the almost 
complete absence of triglycerides in PEF (1-5 mg per cent 
as compared with 75 mg per cent in serum). Triglycerides 
are associated with the low-density lipoproteins of high 
molecular weight’ and probably cannot pass through the 
capillary endothelium because of their size. 

We thank Dr. R. Havel, Department of Medicine, 
University of California School of Medicine, for the lipid 
determinations. This work was supported in part by 
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RADIOBIOLOGY 


Excretion of Phosphorus-32 in the Urine of 

Rats following the Application of Extracts 

from the Posterior Lobe of the pe fe 
and of Synthetic Vasopressin 


Iw previous experiments we were able to determine how 
extracts from the posterior lobe of the hypophysis affect 
the course of imental inflammation!; moreover, we 
directed attention to the mechanism combined with it*. 
Since we assumed that these compounds could play an 
active part in the excretion mechanism of some ions, we 
investigated especially the excretion of pom er cca 
in the urine. 


phorus-32, which was administered intraperitoneally to 
the experimental and controlled animals (rats of Wistar 
strain weighing 150 g) in a dose of 0-05 ue, per g of the 
live-weight of the animals. The rats were allowed to 
become acclimatized to their surroundings before the 
experiment was started, and in the course of the i- 
ment they were kept in all-glass metabolic cages, and th 
urine taken separately. The results are expressed in pe. 
phosphorus-32 per g of dry substance of the rat urine. 
In the first part of our experiment, we endeavoured to 
ine how the extract from the posterior lobe of the 
hypophysis affects the excretion of phosphorus-32 in 
time-intervals of 6, 12 and 24 h after the application of 
radiophosphorus. The extract from the posterior lobe of 
the hypophysis was obtained by acid extraction with 0-25 
per cent ice-cold acetic acid*. "This extract was oe 
tered subcutaneously in a dose of 3 mg twice within 1 
Radiophosphorus was administered 


phosphorus occurred in the urine of treated rats as com- 
pared with controls. This effect hpr Lage after about 
12 h and, in the following intervals ( 24, 48 and 72 h), 
radiophosphorus was not noted (Table 1). 

Since it has been shown 
posterior lobe of the hypo; 


ch a 707 
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were obtained and dried by freeze-drying. In this state 
the samples were kept at temperatures of 0°-2° C. The 
individual fractions were dissolved in a physiological 
solution before administration and they were applied 
subcutaneously so that the solution was divided into two 
‘halves; the first part of the solution was applied 1 h and 
the second part 15 min before the administration of radio- 
-phosphorus. It has been shown that fraction 3 exerts 
the maximum effect, greatly exceeding that of the other 
fractions. so far as its influence on radiophosphorus 
excretion is concerned. This increased excretion of radio- 
‘phosphorus after application of fraction 3 is statistically 
significant as compared with the controls and other 
fractions.. We demonstrated in our previous communi- 
eations* that fraction 3 contains predominantly vaso- 
pressin.. Therefore we consider that the increased excre- 
tion of radiophosphorus is caused by vasopressin. 

2 Xn order to verify our theory, we utilized in another 
experiment lysin-vasopressin synthetically prepared (we 
thank Dr. M. Zaoral, of the Institute of Organic Chemistry 
and Biochemistry, Czechoslovak Academy of Sciences, 
Prague, for the synthetic preparation of lysin-vasopressin). 
We were able to show that the administration of lysin- 
vasopressin in doses of 5 L.u., twice in the same time- 
interval as in the previous experiments, caused increased 
‘excretion of radiophosphorus compared with the norm 
(see Table 1). 

While 5 1.v. of synthetic lysin-vasopressin to 100 g of 
the live-weight applied twice represents a relatively high 
dose, in spite of the fact that according to our experience 
even much higher doses applied over longer periods of 
time did not result in the death of animals, we applied 
minimum doses in the next experiment. Hence lysin- 
‘Vasopressin was administered to rats in doses of 1 r.v. 
(that is, 5 x 10-* g) to 100 g live-weight. Thus we 
approached the physiologically effective values for vaso- 
pressin by degrees. Since even after this small dose a high 
exeretion of radiophosphorus oceurred in the urine (see 
Table 1), we deduce that this effect is due to the physio- 
logical properties of vasopressin. 

_. We carried out the next experiments in order to clarify 
the mechanism of the described effect of vasopressin. We 
followed the. level of radiophosphorus in the blood and 
urine in 1 h intervals in intact rats, in rats with extirpated 
kidneys, and in rats 24 h after epinephrectomy. In this 
connexion we found that the level of radiophosphorus in 
the blood in the experimental animals was no higher than 
in the control animals used. After taking urine by means 
of a catheter from the bladder at 1-h intervals, and at the 
Jlleeting samples of the blood, we found that a 

retion of phosphorus-32 occurred within the 
urrently a decrease in the level of 
the blood was observed. During the 

























P « 0-001 P «05 (6) 041 + 01 P995 E 
| n: 12 | (6) 646 + 0-09 n= 12 (6) 0-25 + 0-07 "nemo o. 
P « 0-001 | (6) 6-009 + 0-001 | differences are not (8) 0-082 + 0:007 | differences are not — | — 
n. 12 | (6) 0022 + 0-01 | statistically significant | (6) 0-038 + 0-02 | statistically significant | . 
| P«001 | (9) 663 + 013 P < 001 (10) 0-76 £ 015 P«00 | 
| n=19 |(9169 503 | n= 18 | (10) 1-97 + 0-5 n= 20 
(8) 008 = 005 | P< 002 | (6) 010 + 0-09 Peoi (6) 0-011 + 0-004 P< 02, 
| smali jose 1LU. | (8) 2981 + 0-8 n= 13 (8) 0-89 + 0-09 n = 14 (8) 0-006: 0-0006 nei 
to 100 g of live wt. . B 








Average values are given (No. of animals used in parentheses) with mean quadratic error; evaluated statistically by t-test. a = Total No. of the » 
animals {controls + experimental animals) Time intervals, 48 and 72 h, are not mentioned in the table as no significant differences were found, DAR m 


fourth and fifth hours, when. the phosphate diuresis 
started to drop to normal values, the level of radiophos- 
phorus in the blood increased. to normal values, No differ- 

ences were found between the level of radiophosphorus in 
the blood of the controls and experimental rats with 
extirpated kidneys. Finally, in the animals with extir- 
pated adrenal glands as well as in healthy animals a 
remarkable increase of phosphate diuresis was noted. |. 


From the foregoing it follows that vasopressin has & : 
limited effect on the function of kidneys. The phosphate ' 


diuresis is so significant that it causes a decrease of radio- 


phosphorus in the blood. 'The extirpation of the adrenal . 


gland does not affect the excretion of radiophosphorus in 
the urine of rats. 

In order to eliminate the possible influence of para- 
thyroid hormones, which could be stimulated by certain 
compounds from the posterior lobe of the hypophysis, we 
investigated the level of alkaline and acid phosphatase 
after the application of a corresponding dose of an 
extract from the posterior lobe of hypophysis. In hyper- 


parathyroidism an increased level of alkaline phosphatase ' 


in the serum was observed*. On the other hand, we found 
that a statistically signifieant drop of alkaline as well as 
acid phosphatase occurred in the serum, 

We deduce from the experiments that the hypothalamus 
probably basically affects the metabolism of phosphates 
by means of its neuro-secretory fluids, which are trans- 
ported by hypothalamo-hypophysial tract into the 
posterior lobe of the hypophysis. The compound respon- 
sible for the effect was found to be vasopressin. It seems 
probable that vasopressin acts directly on the kidney, and 
that it may change oxidative phosphorylation into 
so-called ‘free-breathing’. 
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_ Turnover of Radioactive Stront 
ee . New-born Rats SIUS 
CONSIDERABLE interest has been shown recently in the 

turnover of strontium in the new-born!?, stimulated by 
the pattern of deposition of strontium-90 in young 










decreasing the uptake of ‘radioactive strontium in the new- 


X 


K. Kosriau 
N. GRUNDEN 


Institute for Medical Research, 


children*. It has been postulated that in the very young Zagreb, 

the turnover of body stores of calcium and strontium Yugoslavia. : 

must be relatively rapid compared with that in adults, G. E. Harrison 
that is, the calcium and strontium are much more labile. Medieal Research Council, i 


The following experiments on new-born rats lend consider- 


able support to this hypothesis. 


Pregnant female rats were divided into two groups 


and radioactive calcium and strontium (Ca and 858p) 


added to the drinking water immediately after mating. 
One group was maintained on a dies containing 0-5 g per 


< cent phosphorus and the other on an exactly similar diet 
except that the phosphorus content was 1-2 g per cent. 
. t has already been established that an inerease in the 
phosphorus content of the diet produces a reduction in 
the uptake of dietary strontium‘. 


_At delivery, the rats and their young were further 


.. divided into 3 groups : (1) for immediate killing ; (2) for 


killing 14 days later; (3) for killing at 14 days after ex- 
change of litters, whereby new-born rats from mothers on 
the lower phosphorus diet were fostered by mothers on the 


; higher phosphorus diet and vice versa. Radioactive assays 


were made on the skeletal content of *5Ca and "Sr in the 
mothers and of the body content of the young. The 
results of this assay are shown in Table 1 in which the 


» contents of either tracer is expressed as the percentage 
of the dose given to the mother. 


"The protection against the uptake of radioactive 


strontium in the pregnant mothers on the higher phos- 


phorus diet is shown by a smaller ratio of *5Sr/45C8, in 


- the skeleton compared with rats on the lower phosphorus 
. diet. "The main interest from the present consideration 
is, however, in the lower section of Table 1. 


It will be seen that for litters born and reared by the 


Š ; mothers on the lower phosphorus intake (a4) the value 


for the ratio **Sr/*5Ca is 0-25 while for those reared through- 


, out by mothers on the higher phosphorus intake (cC) the 
"value is appreciably lower. When the litters are inter- 


changed at birth, the value of the ratio *'Sr [Ca changes 
in 14 days to that appropriate to the new mother. This 
must mean that the body stores of caleium and strontium 
are extremely labile in the very young. In fact, it might 
well be that an increase in the phosphate intake of 


nursing mothers could provide am effective means of 
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BIOLOGY 


A Method for Differentiating between 
Noradrenaline- and Adrenaline-storing Cells _ 
in the Light and Electron Microscope ° 


Ir is now a well-established fact that adrenal chromaffin 
cells of many vertebrates store substantial quantities of . 
both adrenaline and noradrenaline. The relative propor- 
tions of the two catecholamines in the normal adult animal Cu 
is species specific. i A SHES eng 2 

The investigations of Hillarp and Hókfelt!, since con 
firmed on many occasions, have demonstrated that whe 
substantial quantities of both adrenaline and nora: 
aline can be extracted from the adrenal, the two an 
are stored in separate cells. Present methods for dift 
tiating between noradrenaline-storing cells and those 
storing adrenaline include the iodate reaction!, fluorescent 
reaction’, staining acetate-buffered (pH 6) formol-diehrom 
ate-fixed sections with Giemsa? and the staining of di 
chromate-fixed material with buffered eosin-aniline blu: 
So far no satisfactory technique has been published whic 
allows the differentiation of adrenaline- and noradrenaline- 
storing granules in the electron microscope, ^—— > oo 

Recent work carried out in this laboratory on the effects 
of a variety of aldehyde complexes on adrenal chromaffin _ 
cells has shown that if fresh adrenal tissue is fixed by __ 
immersion in cold (0°-4° C) 5-6 per cent glutaraldehyde _ 
buffered to pH 7:3 with 0-1 M cacodylate or phosphate for 
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«Mable 1, SKELETAL RETENTION OF “SR AND “CA IN MOTHERS AND LITTER EXPRESSED AS PER CENT OF DOSE TO THE RESPECTIVE MOTHERS 
AGIS Mothers 
OM Pin diet 0 day after birth Bone 14days after birth Bone 
(296) Ld y Ca 358r Hó(a Sr Ca Sip 
QE 4-15 + 0.185 “98 4 0-80 (4) 0-492 £ 0-022 277 + 0181 7l 4 0-34 (12) 0-390 + 0-018 
r2 : 2:32 + 03152 9-8 + 0-39 (4) 0-236 + 0-007 1:52 + 0-072 5:9 + 0-20 (11) 9:2 
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Results are expressed as arithmetic means + standard error of the mean, 
Figures in brackets indicate the number of animals in a group. 


s : 0 day.after birth Bone 14 days after birth Bone ue 
: Group 86S “Ca 558p [Cn Sr Ca i Rra. BED 
E ad 90-0677 + 0-0021 0271 + 0-008 (63) 0:250 + 0-05 0-166 + 0-010 0-657 + 00277 (24) | 0:253 + 0-008 | 
ee BGS 0-0441 + 0-005090 E235 + 0- (67) 0-188 + 0-037 0:115 + 00088 0-660 + 0-020(14) | 0474 + 0008 . | 
LOU ed a — = 0129 £ 00064 . 0-534 X 0-012 (25) | 0-242 X 0-00 
Po ae — — = 0-134 + 0-0054 — 0752 £ 0-088 (18) - 78 X 0-004 













gA mother and litter on diet of 05 g% phosphorus throughout the experiment. 
eC mother and litter on diet of 1-2 g% phosphorus throughout the experiment. : 
_ ed litter from mother C (1-2 g% phosphorus) fed after birth by mother A. 
aC litter from mother A (0:5 g% phosphorus) fed after birth by mother C. 
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a period of more than 2 h, and the tissues afterwards 
transferred to cold buffered 1 per cent osmium tetroxide 
(pH 7-3), aconsiderable quantity of osmium is bound to the 
cell groups which store noradrenaline, while the adrenalino- 
storing elements are no more osmiophilic than many other 
tissue components. 

The most satisfactory preparations for electron micro- 
scopy are obtained by immersing 2 mm-thick slices of 
adrenal medulla in buffered glutaraldehyde solution for 
0-5-1-0 h after they are bisected in the long axis in order 
to produce slices of not more than 1 mm in thickness. 
These are returned to the glutaraldehyde for a further 
period so as to achieve a total fixation time of 2 h or more. 
Very satisfactory preparations are produced by fixing in 
glutaraldehyde for 4 h, though the tissues may be left for 
some days. Tissue slices are finally removed from glut- 
araldehyde, cut into small blocks of approximately 1 mm‘, 
washed in cold buffer solution and transferred to 1 per cent 
veronal acetate-buffered osmium tetroxide (pH 7:3) for a 
period of 1 h. 

The osmicated blocks are then dehydrated, embedded 
in ‘Araldite’ and sectioned. Sections are stained on the grid 
with 1 per cent aqueous potassium permanganate for 
20 min, and differentiated in 2-5 per cent aqueous citric 
acid for 20 sec, prior to examination in the electron micro- 
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Fig. 1. a, Section through rat adrenal medulla fixed and stained by 
glutaraldehyde-osmium tetroxide. Os ilic neredteneline-sioring 
chromaffin cell left and less osmophilic naline-storing cells ( 
and bottom) He adjacent to a blood vessel (x 4,000). b, Chromaffin 
nules of noradrenaline-storing (left) and adrenaline-storing cells 
Fight and bottom) of mouse adrenal medulla after glutaraldehyde- 
osmium tetroxide ( x 10,000) 
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Frozen section of glutaraldehyde-osmium tetroxide treated rat 


Fig. 2. 
adrenal medulla, Noradrenaline-storing cells appear black, adrenaline- 
storing elements colourless; cortex grey ( x 60) 


scope. Using this technique, adrenaline- and noradren- 
aline-storing elements have been identified in the rat, cat 
and mouse adrenal medulla since, in all these forms, 
noradrenaline-storing granules are intensely osmophilic 
and hence electron dense, while adrenaline-storing granules 
are only moderately electron dense (Figs. 1 a and b and 2). 
In the rat, the cytoplasmic ground substance of the nor- 
adrenaline-storing cells is sometimes more electron dense 
than that of the adrenaline-storing elements; this feature 
is not apparent in cat and mouse. A detailed account 
of the cytology of the two cell types will be published 
elsewhere. 

For light microscopy, adrenal slices, which have been 
fixed in glutaraldehyde for at least 2 h, are either trans- 
ferred directly to a solution of 1 per cent buffered osmium 
tetroxide and afterwards sectioned (frozen or after 
embedding in paraffin) or are cut on the freezing microtome 
at 10-40 prior to osmication. The latter is the more 
satisfactory method if frozen sections are desired. Nor- 
adrenaline-storing islands become dark brown or black 
within a few minutes of immersion in osmium tetroxide 
and after some 30 min are washed in water and after- 
wards mounted in glycerine or glycerine jelly, or are 
dehydrated and mounted in polystyrene. The nor- 
adrenaline-storing elements are coloured dark brown, 
while the adrenaline-storing cells are colourless. The 
method is simple and readily reproducible and unlike 
other techniques permits the identification of the two cell- 
types in either thin or thick sections. 

Using the glutaraldehyde-osmium tetroxide technique 
noradrenaline-storing cells have been identified, with the 
light mieroscope, in the adrenal glands of the rat (Fig. 2), 
mouse, cat, ox and domestic fowl; in all instances the 
pattern of distribution corresponds to that observed after 
the application of the iodate or fluorescent methods. 
Noradrenaline-storing elements have not been identified 
in sections through the adrenal medulla of the rabbit or 
guinea pig. 

Adrenal slices have also been fixed in a variety of other 
aldehydes prior to osmication. These include various 
concentrations of buffered formaldehyde, propionalde- 
hyde, N-butyraldehyde, iso-butyraldehyde, glyoxal and 
a-hydroxyadipaldehyde. The noradrenaline-storing ele- 
ments are not selectively stained by osmium after fixation 
by any of these aldehydes. After acrolein fixation a 
moderate reaction occurs. The mechanism of the glutar- 
aldehyde-osmium tetroxide reaction is now being investi- 
gated. 
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Toxicity of Cell Culture Medium due to 
Filtration through Asbestos Pads 
Durina investigations of tissue culture cells under 
various conditions of storage, i& was observed that the 
viability of a single-eell batch varied when tested with 


.. different batches of the same medium. This variation was 


found to be related to the order in which the medium 
batch was collected during filtration using standard 
“asbestos pads. 
. . The cells used were a hamster fibroblast clone (C 13) line 
from the cell line BHK21 (ref. 1). They were propagated for 
10 days from a frozen cell stock and the comparative tests 
were all made with the same cell suspension. The growth 
4, Medium was Eagle’s basal medium with two-fold amino- 
` acids and vitamins, plus Difco tryptose broth 10 per cent 
and uninactivated calf serum 10 per cent. The tryptose 
; broth was autoclaved. Eagle’s medium and calf serum 
were sterilized separately by filtration through standard 


. asbestos compound pads. Each sample of medium was 


tested in eight 60 mm ‘Pyrex’ Petri plate cultures, each 
< Petri plate containing 1,000 cells in 5 ml. of medium. 
Viability was expressed as cloning efficiency, that is, the 
percentage of cells which formed colonies after 7 days in 
culture. 

Table 1 shows the cloning efficiency of a batch of cells in 
media made up with a common batch of serum and tryp- 
‘tose broth, but with samples of Eagle's medium taken 
successively during filtration. It will be seen that the 
first 500 ml. (or 5 per cent) of the medium filtered led to a 
marked reduction of cell cloning efficiency, the effect 
decreasing over the next 1,000 ml. (or 15 per cent) filtered. 
Thereafter the cell cloning efficiency remained constant. 

This effect could be due either to the addition of a 
_ toxic factor from the pads, or to the removal of an essential 
_ nutrient from the medium by the pad. To distinguish 
between these possibilities, samples of the first and sixth 
medium samples were mixed and tested (Table 2). Tt will 
be seen that the sixth medium sample was affected by 
addition of medium from Sample 1 but not by equivalent 
dilution with 0-9 per cent sodium chloride. This indicates 


Table 1. . CLONING EFFICIENCY OF BHK21 CELLS IN EAGLE'S MEDIUM 
COLLECTED. AT SUCCESSIVE INTERVALS DURING FILTRATION THROUGH 
. ASBESTOS PADS 


h Proportion of Cloning 
Filtrate Sample volume total filtrate No. of colonies ^ efficiency 
sample (ml.) (96) 18,000 cells plated) (96) 
First 500 5 161 2-0 

; Seeond 1,000 10 600 75 
Third 1,000 10 1,306 163 
Fourth 2,500 25 1,440 18-0 
Fifth 2,500 25 1,425 178 
Sixth ,500 25 1,594 19-0 


Tablé 2.. Erveor OF MIXING EARLY AND LATE FILTRATE SAMPLES OF 
EAGLE's MEDIUM ON THE CLONING EFFICIENCY OR BHK21 CELLS 


-Cloning 
Filtrate sample No. of colonies efficiency 
: L. $ (5,000 cella plated) CO 
-First : 144 T8 
Sixth. n > 1,547 1938 
Sixth with 10 percent NaCl 0-9 per cent 1,458 18-2 
Sixth with 10 per cent first sample 621 T8 
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that a toxic factor from the asbestos pad was responsible. 
for the reduction in cell cloning efficiency. 

Similar results were obtained when calf serum was 
filtered. No change in pH was observed in the medium 
during filtration, and the nature of the toxic factor is 
unknown, 

The phenomenon has obvious practical consequences 
for cell culture. Asbestos compound pads from three’ 
different manufacturers have been tested, and all show 
toxic activity. Attempts have been made to remove this 
toxic material by washing with buffered saline and 
1 : 20,000 solution of ‘Versene’; but these are less efficient 
than medium itself. It is, therefore, necessary to discard 
the first part of the filtrate in an amount proportional to 
the size of the pad, involving, for example, the first 1,000 
ml. of fluid from a 14-cm diameter pad. 

Unlike asbestos compound pads, cellulose membrane 
filters (Millipore Filter Corporation, Bedford, Mass.) do 
not affect the properties of the early filtrates. Ten litres | 
from the batch of Eagle's medium used for the experiment . 
shown in Table 1 were sterilized by filtration through a 
cellulose membrane instead of asbestos pads. Samples of ^. 
the filtrate were taken at various stages and tested as 
previously described. Each sample, including the first 
200 ml. of filtrate, gave a cell cloning efficiency of between 
18 and 19 per cent. Me nt 

It is obviously proferable to omit asbestos type filters 
from all stages of preparation of tissue culture medium 
and, where possible, to substitute cellulose membrane . 
filters. A 

W. HovsE > 
Medical Research Council, AS 
Experimental Virus Research Unit, 
Institute of Virology, 
University of Glasgow. 
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A New Method for Dispersing the Cells of _ 
Mammalian Tissues os 
In 1916 Rous and Jones! used trypsin to disperse avian. 
and mammalian cells. Since then some relatively specific 
proteases, for example, elastase? and collagenase’, have . 
been used, but trypsinization has remained the standard © 
method for this purpose. Trypsin has many drawbacks. _ 
Digestion is slow and incomplete, the cells tend to remain |. 
in clumps and there is a viscous residue. 
Recently, a new protease with unique properties was 
isolated from the actinomycete, Streptomyces griseus. This | 
new enzyme has the broadest substrate specificity of any 
known protease’, Commercially available in a partially 
purified form under the name ‘Pronase’ (California. 





Corporation for Biochemical Research, 3625 Medford St. © 


Los Angeles 63, California), it is expected to have a 
number of applications in the food and drug industries. _ 
These applications should soon make it competitive in 


price with crude trypsin. In basie research, ‘Pronese — 
has already been used for determining the structure of 


proteins’ and in experiments with mammalian ovat?. To _ 
these applications this communication adds the successful 


use of ‘Pronase’ to disperse the cells of mammalian tissues. ^. 


In our laboratory ‘Pronase’ has been found to have none . 
of the defects of trypsin. Digestion of both adult and . 
embryonic mouse tissues is rapid and complete, yielding 
truly monodisperse cell suspensions. IBN 
A comparison was made of the relative effectiveness of 


trypsin (1 : 250, Microbiological Associates) and "Pronase' __ 


for dispersing the cells of 13-day-old Swiss mouse embryos. 
Both enzymes were prepared as 0-25 per cent (wy) 
solutions in phosphate-buffered saline®, sterilized by 


‘Millipore’ filtration and kept frozen until used. To50ml 


of each enzyme solution the fragments of 12 embryos _ 


were added. Fragmentation of the embryos was achieved : 


by forcing them through a 10 e.c. hypodermic syringe. - 
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During the digestion, which was at room temperature, 
the tissue ions were stirred magnetically. After 
of the tissue e to ‘Pronase’ was already 
digested, while there remained discrete, clearly defined 
tissue fragments in the trypsin solution. After 2 h, when 
*Pronase' digestion was complete, but fragments still 
remained in the trypsin solution, calf serum (5 per cent) 
to stop enzyme action and the cells were 
centrifuged down at 900 r.p.m. When resuspended in 
Eagle's basal medium’ with 10 per cent calf serum the 
cells as in Fig. 1. No clumps of cells were 
found *Pronase' treatment, while cell clumps were 
Monolayer 


| 


abundant after treatment with trypsin. 





Cells rokani after digestion of 13-day-old mouse embryo tissue for 2 h with: 


Cell suspensions were also prepared from fragments of 
adult mouse lung and kidney. Digestion was rapid and 
mee suspensions obtained were composed entirely of single 
cells. 

We are now using mouse embryo cultures prepared with 
*Pronase' for the routine assay of Mengo encephalitis virus 
by a plaque method. Although trials with the tissues of 
other species are called for, ‘Pronase’ appears to be the 
best enzyme so far discovered for general use in tissue 
culture and should prove particularly valuable for analys- 
ing tissues and organs into their component cell types. 

This work was supported in part by grant GB-617 from 
the U.S. National Science Foundation and grant CA- 
06638-02 from the National Cancer Institute. 
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Relation of Potassium to Fusarium Wilt 
of Flax 


PorassruM has been shown by several investigators to 
reduce the severity of Fusarium wilts and certain other 
diseases'*, In our work on the uptake of nutrients 
by the flax plant it was found that H—469, a wilt-resistant 
variety, contained more potassium than a wilt-susceptible 
variety, IPI-6*. In pursuing this lead, several experiments 
were carried out to investigate the relationship between 
potassium content and wilt susceptibility. 

Four susceptible varieties: (1) IPI-6; (2) Mahoba ; 
(3) IOR-6; (4) NP-1l, and five resistant varieties: 
(1) H-32 ; (2) H-620-2 ; (3) H-551; (4) H-469 ; (5) H—524, 
were grown in a wilt-free field and the experiment was 
replicated four times. After the plants were 30 days old, 
samples were taken at 15-day intervals until the crop was 
ready for harvesting. All the estimations were made in 
duplicate samples‘. 

The potassium content of the leaves 
and stems of resistant varieties remained 
0-5 and 0-2 per cent higher respectively 
than that of the susceptible varieties almost 
throughout their life. There were no 
marked differences in the potassium con- 
tent of the flowering parts of these varieties. 

In the present investigation 7PI-6 is a 
variety developed locally; JOR-6 and 
Mahoba are from Uttar Pradesh; and 
NP-11 is from the Indian Agricultural 
Research Institute at New Delhi. Though 
the wilt-susceptible varieties were taken 
from different places, the wilt-resistant 
varieties were from the same source. It 
seemed necessary to confirm these findings 
by analysing a number of susceptible and 
resistant varieties from different places. 
Accordingly, two resistant and two sus- 
ceptible varieties were obtained from each 
of the following sources: Indian Agrieul- 
tural Research Institute at New Delhi, 
Uttar Pradesh and West Bengal. They 
were grown in a wilt-free field and analysed 
for their potassium content when one month 
old. Leaves were separately analysed while 
stem and root portions were combined. 

It was found that, irrespective of their source, the wilt- 
resistant flax varieties showed a higher potassium content 
than the susceptible types, thus confirming the previous 
findings. A similar trend was again observed when these 
varieties were analysed for their potassium content in the 
seedling stage. 


Table 1. MEAN POTASSIUM CONTENT AS PER CENT OF DRY MATTER IN 
DAYS AFTER SOWING 
80 45 60 75 90 — 105 120 
Susceptible varieties (mean of four) 
Leaf 2:48 2-75 2-42 2:21 1:02 1:66 1:02 
Stem 1:63 1:69 159 1-49 116 1-06 112 
Flowering parts - - 183 184 093 O85 076 
Resistant varieties (mean of five) 
Leaf 3-01 3:19 2-06 2°67 244 2-12 2-19 
Stem 1:89 1-92 1:85 1-74 1:29 1:22 1:18 
Flowering parts - - 197 197 100 0903 77 
Table 2. POTASSIUM CONTENT AS PER CENT OF DRY MATTER 
Resistant varieties. Susceptible varieties. 
From the Indian Agricultural Research Institute 
NP-495 NP-500 NP-498 NP-489 
Leaf 3-078 3:047 2-330 2-546 
Stem and root 2-107 1:070 . 1:308 1314 
From U.P, 
H-81 H-437:2 H-421 H-425:1 
Leaf 3-283 2-085 2377 2-193 
Stem and root 2-105 1:685 1:233 1:248 
From West Bengal 
WB-31 WB-37 WB-95 
Leaf 3-035 3-052 2-497 2-509 
Stem and root 1:005 2:106 1:205 1:310 

















ie 
It will be seen that all tho wilt-resistant 


mentioned that the soil was not deficient in potassium or 
any other nutrient where these varieties were grown. 
"These differences in potassium content therefore suggest 
that potassium is a factor in resistance to Fusarium wilt 
of flax. 

This work was supported by the Indian Central Oilseeds 
Committee. 


[The late] R. H. DASTUR 
J. G. Buarr* 


Institute of Plant Industry, 
1 Indore, India. 


b Present address: Regional Research Centre, PIRRCOM, Hoshangabad, 
Pi, India, 


* Anderson, E. J., Phytopath,, 41 (1955). 
zh Bingham, F. T., Zentmyer, G. A., and Martin, J. P., Phytopath., 48, 144 


2 Last, F. T., Symp. Potash, Intern. Potash Institute, Berne, 179 (1956). 
*Dastur, R. H., and Bhatt, J. G., Indian J. Agri. Sei. (in the press). 
‘Albanese, A. H., and Wagner, D. L., J. Lab. Clin. Med., 30, 280 (1945) 


Germination and Seedling Growth of Winter 
Rye in Deuterium Oxide 


Wue investigating environmental stress factors in 
seed germination and seedling growth, winter rye (Secale 


f ag, cereale) was found to be exceptionally resistant to a wide 


. variety of ordinarily harmful conditions: (a) Germination 
is anaerobic, and proceeds well in the presence of carbon 
monoxide, nitrous oxide! and hydrogen? (b) Rye grains 
germinate readily at constant low temperatures (5° C, for 
example) and some can germinate on a cycle of 16 h at 

. —=80°C/8 h at +20°C over periods of 7 days; liquid 
. nitrogen temperatures can also be endured by dry seeds. 


> (e) Insea water and similar media, 100 per cent germination 


“ean be effected in 10 days’. 
_ Additional observations indicate tolerance toward 
centrifugation (up to 105g), and toward mannitol and 
glycerol solutions, metabolic poisons, and volatile organic 
solvent atmospheres. Exceptional performance is also 
observed when factors such as low temperature and low 
oxygen are combined. The only common environmental 
condition that rye cannot tolerate is elevated temperature 
(307-40? C). 

Resistance to so many varied conditions seems more 
likely to be the expression of & eommon tolerance- 
determining cellular characteristie than of the coincidence 
of several independent tolerance factors. 

Deuterium oxide (D,O) was selected for additional tests 
for several reasons: (a) the work of Katz et al.55 has 
:..Fevived interest in D,O and has shown it to be a physio- 
-logical tool of great value; (b) tho responses of higher 
plants to D,O have been examined‘, but only by cursory 
screening procedures without general direction; (c) the 
significance attached to the kinetic isotope effect in 
deuterated systems’ suggests that organisms with good 


us low-temperature performance should be relatively tolerant 


of extensive deuteration. 

|. Comparisons between winter rye and ten other species 
show strikingly that winter rye is uniquely D,O-resistant 
(Table 1). Rice, a high-temperature cereal, differs markedly 

. in its sensitivity to D,O. Germination was carried out in 
_ Petri dishes, which were further enclosed in large sealed 
: containers to avoid any exchange between the D,O 
"provided and atmospheric water. 

Contamination of 99-5 per cent D,O media was moni- 
tored by the infra-red method, which can detect 2 per cent 
water in D,O (ref. 7). Although this method is not highly 
sensitive, it provides a sufficient check against gross 
contamination. In our experiments. no-contamination of 
99-5 per cent D,O by water was observed in any event. 






it varieties of flax 
are characterized with higher uptake of potassium as com- — 
pared with the wilt-susceptible varieties. It may be — 
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Table 1. COMPARATIVE GERMINATION OF Suns TO VARIOUS CONCENTRA- 


TIONS OF Dy 
Germination percentage after 4 days at 20° C* 
% DO 


o 


Species 0 50 90 99-5 
Ageratum 88 ~ 75 25 0 
Cabbage 96 77 12 0 
Celosia 100 4 4 0 
Cucumber 96 80 4 0 
Dianthus 7i 68 21 0 
Lettuce 96 60 4 0 
Marigold 87 67 16 0 
Portulaca 18 0 0 0 
Rice 50 4 0 0 
Rye 99 98 88 85 
Turnip 96 100 18 0 


* Based on triplicates totalling 100 seeds or more, 


Table 2. GROWTH OF RYE SEEDLINGS IN I40 


Growth measurement * 


D40 content of water (96) 
after 3 weeks 90 99:5 


Root m 
Length (em) 1r6 + 2:10 29 + OF T0 £04 
rns weight (g) 0:30 0-09 O04 
od $ : 
Keka (cm) 112 + 1-7 58x07 TEOG 
Fresh weight (g) 0-87 05 0318. — 
Width of first leaf (mm) 1 2-4 2295 
Leaves/plant ra T8 P0 5 
Colour green green mainly bronze 
(some bronze) WAS 
* Average values based on at least 25 seedlings; 
Table 3. EFFECT OP TEMPERATURE ON GERMINATION AND GROWTH OF 
BYE IN WATER AND D40 ung 
Incubation temperature (^C)... 
Exp, Medium 20 30 AO ee 
1 Germination * (%) after H,0 — 96 84 
18 h, dark D,0 _ 36 72 
2 Germination} (%) after H,0 20 96 88 
18 h, dark D,0 4 44 68 
3 Root growth (em)t H,0 — 54 TTC 
after 3 days, dark D,0 — 03 05 
4 Coleoptile growth (cm)t H,0 -— 33 r9: 
after 8 days, dark 140 = 01 04 





* Based on single populations of 40-50 seeds, 
1 Based on duplicate populations of 25-30 seeds each, 
1 Averages based on at least 25 seedlings, : 


Longer-term growth investigations were carried out in. a 
potting soil dried to constant weight in a vacuum oven ato 
80° C and then reconstituted with water or D,O. Trans- 


planted. rye seedlings in polyethylene containers were 


covered with clear plastic film to minimize contamination _ 
of D,O with water. Growth even in 99-5 per cent D,O is 
appreciable (Table 2). The effects of D,O on roots were 


similar whether based on linear measurement or weight, 
less inhibited than linear 
extension. 'The shoot is less inhibited in length than tho 


although weight increase is 


root, and is actually higher in fresh weight at 90 per cont - 


D.O. Leaf morphology is changed: the leaf in D,O is 


broader relative to its length and the typical chlorophyll _ 
colour masked, possibly by an anthocyanine. EMT 
Growth was diseontinued after about 4 weeks because 
of the spread of Botrytis through control and D,O cultures. 
alike. E ong 
Having established the relative tolerance of rye to 
D,O at 20° C, attention was directed to the effects of 


temperature variation (Table 3). Both germination and —.. 


seedling growth are inhibited in water at 30°C and. 

severely inhibited at 40? C. The data are insufficient for - 
precise determination of an optimum, but it evidently 
lies at about 20°C for water-ineubation and at about 
30° C for D,O-ineubation. In both germination tests, and ^. 
in independent growth trials, performance at 40° C was. 
superior in D,O. Thus, although D,O could not prevent __ 
the adverse effects of higher ineubation temperatures, i 
reduced them markedly. d 


These results confirm the value of D,O in experimental x 
biology. They demonstrate a high degree of selectivity in 


species sensitivity to D,O: differential organ response; —- 
and other morphogenetic effects. < ue 
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The modification of the effects of D,O by elevated 
temperature (or of the effects of elevated temperature by 
D.O) offers, on one hand, a useful technique for improving 
biological performance in heavy water and, on the other, à 
new approach to temperature as a biological factor. 


S. M. SIEGEL 
L. A. HALPERN 
C. GIUMARRO 


Union Carbide Research Institute, 
Tarrytown, New York. 
A Siegal, S. M., Rosen, L. A., and Giumarro, C., Proc, U.S. Nat. Acad. Sei., 
, 725 (1962). 

= , G., and Siegel, S. M., Meeting Abstracts, Amer. Soc. Plant 
Physiol, Northeastern Section, Brandeis Univ., Waltham, Mass. 
(March 1963). 
2 Siegel, 8. M., Renwick, G., Daly, O., Giumarro, C., Davis, G., and Hal* 

pern, L. Å., in Current A of Exobiology, edit. by Briggs, M., and 

G. (MeGraw-Hill) (in the press). 

* Katz, J. J., Ann, New York Acad. Sci., 84, 648 (1960). 
* Katz, J. J., Amer. Sci., 48, 544 (1960). 
e mw H., and Brown, L. M., Nat. Bur, Stand, Rep. 2179 (Washington, 


* Crespi, J., and Katz. J. J., Anal, Biochem., 2, 274 (1961). 


ENTOMOLOGY 


Puparium Formation in Diptera 

Tue chemical processes involved in hardening and 
darkening of insect cuticle have been the objects of increas- 
ing attention during recent years'- Hardening and 
darkening of the cuticle have been attributed to a tanning 
involving the proteins of the cuticle^9**, But 
Malek’, Jones and Sinclair", Dennell?, and Kawase 
have produced biochemical evidence that hardening and 
darkening of the insect cuticle are independent processes. 
The biochemical problems involved have been reviewed 
by Gilmour", Dennell'* noted that in the larva of 
Sarcophaga the first sign of darkening of the cuticle is seen 
before contraction begins and presumably before harden- 
ing has commenced, and the object of this note is to direct 
attention to additional visual evidence indieating that 
hardening, darkening, and contraction are all separate 


processes. 

In the better-known higher Diptera, such as Musca 
domestica, the soft, white cuticle of the mature larva first 
contracts to form the barrel shape of the puparium, and 
this is followed by darkening and hardening (Fig. 1B). 
Loss of mobility occurs with contraction. But in Musca 
autumnalis, after formation of the barrel-shaped puparium, 
the cuticle hardens but does not darken; it remains white 
and semi-transparent (Fig. L4). 

In the families Cuterebridae and Oestridae, the sequence 
of events is different; here darkening occurs first, followed 
by contraction and hardening. In Cuterebra and Hypo- 
derma, the final larval moult, producing a white larva. 
occurs within a cyst under the skin of the host. When the 
mature larva emerges from the cyst, the cuticle of the 
larva appears dark brown or black. The dark larva drops 
to the ground and will move about or burrow into the 
ground (for example, H. bovis) before forming the pupar- 
ium. The time taken to form the puparium depends on 
the prevailing temperatures and at 20° C is just under 18 h 
for H. lineatum and 2-3 days for H. bovis. The puparium 
becomes extremely hard and tough and, to the naked eye, 
appears to be jet black but, when fragments of the puparial 
wall are examined under the microscope, it is seen to be a 
dark ruby red. 

Formation of the puparium involves contraction of 
the larval cuticle believed to be caused by muscular 
eontraetion!i* and to be accompanied by re-orientation 
and closer packing of the moleoules of the cuticle and loss 
of water!74, In most of the higher Diptera, the contrac- 
tion of the larva is uniform dorsally and ventrally resulting 
in the symmetrical barrel shape of the puparium (Fig. 
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Musca autumnalis 
bovis (x e, 1-7); 


1A, B). But the puparia of Hypoderma and Cuterebra are 
neither barrel shaped nor symmetrical, and their character- 
istic appearance (Fig. 1C, D) indicates that in Hypoderma 
the contraction involves only the tergites of the abdomen, 
and only the sternites in Cuterebra. 

Variations in transformation of the cuticle are not 
restricted to the Diptera, for hardening of the cuticle 
without darkening has been reported for Dixippus!* 
(Phasmidae, Orthoptera); there is an albino strain of 
Schistocerca gregaria” (Acrididae, Orthoptera); in the 
shore crab, Carcinus maenas (Decapoda, Crustacea), darken- 
ing follows hardening”; and there are probably other 
examples. 

I thank Mr. C. Pitts, Kansas State University, Man- 
hattan, Kansas, for providing me with specimens of the 
puparia of M. autumnalis. 
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|... VETERINARY SCIENCE - 
Effect of High-level Copper on the Depot Fat 
EE of Bacon Pigs 
‘Tue supplementation of feed fer fattening pigs with 
-copper in the form of CuSO,, CuO and CuS has been 
shown by several workers to improve the rate of gain and 
^C feed eonversion!-*. . Our main interest has been iñ the 


determination of the quality and properties of depot fat 
“and the level of copper in the livers of pigs fed high-level 


^. "eopper. 


50. Three rations were compared: (1) basal; (2) basal plus 
citric acid (1 per cent); (3) basal plus CuSO, (250 p.p.m. 
| o copper). 


—. Swedish Landrace pigs were allotted at random to 


treatments on the basis of litter outcome groups and 

‘balanced for sex and initial weight within treatments. 

"^. The feeding was ad lib. from self-feed hoppers with 
“unrestricted. water. The basal rations were of standard 
formulation fed from 20-90 kg. 

Growth rate and feed consumption were recorded as 
well as the usual carcass measurements at slaughter 
according to the Swedish progeny-testing system. In 
addition, the following determinations were made on the 
samples of backfat: Iodine number according to the 
Hanus method; consistency measured by a method 
developed at this Institute. A 1-ml. sample of liquid- 
rendered fat was introduced, by means of a syringe, into a 
glass tube, 8 cm long and 6 mm inner diameter, which was 
ground on the inside. The tubes were held upright in a 
rack with the bottom end dipping into mercury contained 
in a glass tray. The liquid fat builds a plug at the level 
of the mercury. After solidifying the fat is kept for 6 

. days at a constant temperature of 20? C. By means of a 
manometer the amount of vacuum required to extract the 
fat from the tubes is measured. 

Oxidative rancidity (‘keepability’ at 55° C) was meas- 

-ured by daily determination of the peroxide number by 
the Lea method to fix the point at which oxidation begins. 
‘The fat samples used for the foregoing determinations 
were obtained by removing a l-in. wide strip of backfat 
down to the longissimus dorsi muscle from between the 
neck and the tail. The strip of fat was then sampled, 
rendered and filtered. 

The amount of copper in the liver and longissimus 

~, dorsi muscle was determined by the carbamate method. 

Analysis of variance revealed that there was no signifi- 
eant difference between the citric acid and control treat- 

“ments for any of the depet.fat factors examined. The 
results for these two treatments were therefore pooled 
and tested against the copper treatment. 

The more important results are presented in Table 1. 

Of particular interest was the highly significant differ- 
ence in iodine number of the backfat between copper-fed 
pigs and controls. 

The measurement of consistency also revealed a highly 
significant difference between copper and controls, showing 


"Table i RESULTS OF IODINE NUMBER, CONSISTENCY AND 'KEEPABILITY' 
OF DEPOT FAT AND THE COPPER CONTENT (P.P.M.) OF LIVERS 


Depot fat 
Contrels Copper 
pooled 
No, of pigs 85 i7 
lodine No. 
Mean 8LF 64-0* 
S.D. 2:30 3-54 
-Consistency (mm Hg) 117-6 81-0* 
: x spability’ dave) 288 39-0 
Keepa ays 
Mean 4°83 B55 
S.D. Q 0-89 
Livers 
Contrels Copper 
pook 
No. of pigs 16 8 
ae (p.p.m./DM) 
ean 8€ 164-0* 
Range 531-210 


* Significant at the 1 per cent level. 






that much less vacuum was required to extract the fatgin ^ 
the ease of copper-fed pigs compared with the controls. - 













This result is an indication that a softer backfat results _ 
from the feeding of copper additives and is in agreement - 
with the iodine values. ID 
Rather surprisingly there was no clear difference in the 
‘keepability’ of the fat between the copper-fed pigs and - 
controls. In view of the difference in iodine number and 
consistency values the result for ‘keepability’ calls for 
some explanation but, as this was a preliminary experi. 
ment, the copper content of the fat was not determined 
and further research is planned to elucidate this somewhat 
contradictory result. ; 
. The level of copper in the livers has clearly been . 
influenced by dietary eopper, but the variation within the 
copper-treated pigs was extremely wide, ranging from 
24 p.p.m. to 400 p.p.m. copper which is of the same order 
reported by Barber? The variation within the control 
pigs was much less. There was no difference in the level _ 
of copper in the longissimus dorsi muscle between treat-. 
ments, all values falling within the range 0:3-0-6 p.p.m. 
copper. UAR SES 
_ The average backfat thickness was not influenced | 
significantly by treatment: the mean for copper was 31-0 
mm and for controls 32-0 mm. As the baekfat thickness is 
known to be highly correlated with the iodine number, an 
analysis of covariance was carried out with backfat as 
the independent variable. "The adjusted iodine number 
mean differences were still highly significant, but the mean 
difference decreased from 2-9 unadjusted (compare with. 
Table 1) to 2-6 for the adjusted iodine number means. ^ =- 
A possible explanation of the results obtained for fat . 
properties may be that high levels of die ary copper > 
influence the absorption of dietary fat and also influence 
the transport of depot fat which has resulted in- 
deviation from the normal composition of depot fat 
also possible that the high levels of copper found in 
livers interfere with the normal liver functions wit 
respect to fat metabolism. mm T 
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PSYCHIATRY 


Psychiatrist as a Variable in the Process - 
of Interview and Treatment 


Tur doctor-patient relationship is fundamental to the _ 
practice of medicine and psychotherapy. The psychiatrist's | 
attitudes and feelings in the interview were examined in . 
an experimental design at the Lafayette Clinic, a psychia; 
trie training and research centre. A Likert-type question. . 
naire with 39 items which explored the conscioussubjeotive 
reactions of the therapist to the patient was utilized with .. 
16 resident physicians immediately following each doctors — 
initial psychiatrie interview on 19-consecutive and random 
patients. 

A factor analysis of the data on 300 patients showed. — 
eight factors: communication-ego strength, therapist. 
discomfort, patient dependency and acceptance of the - 
therapist, patient aggression and acting out, physical . 
attractiveness, -acceptability for — treatment, patient- - 
therapist similarity, and. therapist liking of the patient. 
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Enght factor scores for each patient were obtamed. Several 
characteristics of the patients showed relationship to the 
factors at less than the 5 per cent level 

The analysis of variance of the factor scores for five 
diagnostic groups offers suppoit for the validity of the 
factor scores All diagnoses represented an agreement 
between at least two psychiatrists ^ Psychoneurotic 
patients were high on physical attractiveness, patient- 
therapist similarity, acceptability for treatment and com- 
munication-ego strength, while they were low on the 
patient aggression factor Patients with manic-depressive 
and mvolutional depressions were low on physical attrac- 
tiveness, but were high on acceptability for tieatment 
Personality disorders were high on the communication-ego 
strength factor and on aggression Schizophrenics were 
low on the communication-ego strength factor, patient- 
therapist similarity and acceptability for treatment The 
organic brain syndrome patients were low on aggression, 
physical attractiveness, acceptability for treatment, and 
patient-therapist sımılarıty Despite these consistencies 
related to major diagnostic groups, a comparison of two 
initial interview questionnaires completed by two psychia- 
trists on the same 14 patients showed no significant corre- 
lations on the eight factor scores There are common 
elements in the responsos of the 16 psychiatrists, but there 
1s a significant variation in attitude as a function of the 
personality of the doctor 

The number of visits of 117 out-patients who did not 

_ receive hospital care was related to the attitude scores by 

an analysis of variance The attitude factors of physical 
attractiveness, acceptability for treatment, and patient- 
therapist similarity were correlated positively with a 
greater number of chmic visits The data on a separate 
group of 59 patients who had only hospital care showed 
that the younger, unmarried patients remam in the 
hospital for longer periods 

The social class of patients measured by the 
Holhngshead? occupational and educational criteria corre- 
lates positively with the communication-ego strength 
factor and the patient-therapist similarity factor How- 
ever, the social class of the patients had no direct effect on 
the number of out-patient appomtments or the length of 
in-patient stay m contrast to the Hollingshead studies! 

There was positive correlation between the physical 
attractiveness factor and Catholic patients, while there 
was a negative correlation between this factor and Jewish 
patients significant at the 5 per cent level Protestant 
patients were in between 

The White patients were given a significantly lower score 
for dependency than the Negro patients The Negro 
patients recerved a higher score on physical attractiveness 
than the White patients The 276 White patients were 
essentially identical to the Negro patients in diagnosis 
and other characteristics X 

The scores of the Edwards Personal Preference Schedule, 
Strong Vocational Interest Inventory, attitude factors and 
supervisors’ ratings of the 16 psychiatrie residents were 
imntereorrelated Two senior psychiatric supervisors rate 
each of the psychiatrie resident physicians yearly on 18 
items such as psychotherapeutic relationships, person- 
ality, physical health and leadership ability on a 5-pomt 
scale 

A summary of the intercorrelation shows two different 
kinds of psychiatrists there was a psychiatrist character- 
ized, by aggressiveness and ambition who 1s more hkely to 
see aggressivity ın his patients He shows a high score on 
the Psychiatiist, Psychologist and Printer Scales of tho 
Strong Inventory This psychiatrist 1s uncomfortable in 
the interview but communicates well with his patient 
He scores high on supervisor’s rating of general psychiatric 
competence 

In contrast, there 1s the psychiatrist who likes his 
patients, finds similarity between himself and his patients, 
feels more dependency in his patients and 1s comfortable 
with his patients This psychiatrist 1s inhibited, passive, 
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guilt-ridden, deferential, compulsive, and does not feel 
able to support or help people He 1s less likely to find 
patients acceptable for treatment or of good ego strength. 
He scores high on the Banker Scale of the Strong 
Inventory Ths psychiatrist had a low ratmg from 
supervisors for competence - 

A screen of 23 Strong Inventory questions permitted 
Whitehorn?’ to identify a type A psychiatrist who pro- 
duced a 75 per cent improvement rate m hospitalized 
schizophrenic patients by psychotherapy as well as a type 
B psychiatrist who was only 27 per cent effective Three 
of our group of five physicians rated highest by our super- 
visors resembled this A type physician using the same 
23-question screen Four of our group of five physicians 
rated lowest by our supervisors resembled the B physicians 
in their responses on these Strong items Correlation 
between our supervisors’ ratings and the A/B score from 
the Strong for our residents 1s 0 69 

The results indicate that psychiatrist’s attitudes m the 
imitial interview can be reported by a questionnaire and 
that attitude factors and scores can be derrved The 
relationship of the patient’s diagnosis, age, marital status, 
social class, race and religion to the psychiatrist’s attitudes 
in patient selection and treatment is clarified The role 
of the personality characteristics of the doctor, including a 
high competence/low competence dimension, was shown 
to influence attitudes ın the mutial interview? 5 
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Contingent Alpha Blocking and Sensitization 


THE term ‘conditioned’ was used by Pavlov to describe 
changes involving effector organs This definition should 
not be loosely used to characterize alterations m bram 
mechanisms Therefore, following the lead of W Grey 
Walter! and Visser?, the term ‘contingent’ or ‘contingent 
response’ (CR) will be used to replace ‘conditioned’ m 
this communication Several mvestigators*-4 have recently 
raised the question of whether contingent alpha blocking 
requires pairmg of stimul This problem was mutually 
posed by Knott and Henry5, who thought that this CR 
might also represent a sensitization phenomenon  Sensi- 
tization may be defined as the process by which serial 
repetitions of the unconditioned stimulus followmg neutral 
stimuh can produce responses to the neutial stimul 
resembling those following pairing of the two*? Martm- 
son's unpublished work cited by Knott? demonstrated 
that sensitization was obtained by presentmg two 
intensities of tone stimuli randomly mterspersed with two 
mtensities of hght stumuh This work, while indicating 
that sensitization can occur, in no way negates the existence 
of a ‘true’ CR In order to obtam this CR, Knott and 
Henry’ recommended a specific temporal separation of 
the paired stimuli to minimize the occurrence of sensitiza- 
tion 

Work of Wells and Wolff’, Visser? and Mustem has 
renewed interest in this problem Stern e£ al? followmg 
Wells and Wolff's procedure concluded, on the basis of a 
comparison between the contingency curve and the curve 
of E to the complex stimul (tone --hght), that the CR 
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demonstrates a “return of the adapted out 100r ADAPTATION CONTINGENCY "EXTINCTION" 
response when ib 1s paired with the new =. git so a UD oe ; 
stimulus”. Stern etal also cite recent G S R 90 
conditioning investigations? supporting this 
conclusion Miulstem4, investigating alpha 80 
blockmg, concluded that neither the presence 2 LIGHT (N= 8) 
of obvious alpha rhythm nor the parmg of Q&Q 70 
stunuli was required for the CR to occur pi 

In view of all this, the work recorded here A 80 TONE & LIGHT 
proposes to determme whether seral pre- 4 50 
sentations of a light stimulus alone can 2 (N= 8) 
produce alpha blocking Rs to an adapted out 3 40 
tone stimulus that are analogous to those § 
followmg paired presentations of tone+ S 30 TONE ESL RM 


hght 


Out of a group of 55 volunteer Ss, 33 Ss, 20 
mostly males with median age of 23, were 
selected on the basis of absence of clinical 10 
symptoms (psychiatric mterview) and 50 per 0 


cent or more alpha m ther resting EEG’s 
Ss were randomly assigned to one of three 
procedures All Ss first recerved 10 tone 
adaptation trials Seven Ss who did not 
meet a criterion of adaptation of no blocks m 
2 of the last 3 trials were excluded Eight Ss then recerved 
20 trials of tone+hght, 8 Ss recerved 20 trials of light 
alone, and a control group of 10 Ss received no stamuh, 
but the EEG record was marked as 1f 20 hght stimuli had 
been given All 26 Ss then were given 10 tone-extinction 
trials There was a 2-min rest period given after the 
adaptation trials and a similar period before the extinction 
trials 

The investigation was carried out m a darkened room 
with the Ss awake and lymg m a rechning position with 
eyes closed, A 500 c/s tone set to approximately 40 db 
above the Ss’ threshold was presented through earphones. 
A 150-W steady meandescent light source was placed 
1 ft from the subject’s faco Tone and hght were each 
of 4-sec duration In the combined tone and hght presenta- 
tion, tone preceded light by 1 sec, with both stimuh then 
continuing together for 3 sec The simulated signals of 
the control group appeared on the EEG record as if 4 sec 
hight stimul had been given. The stimul were given 
randomly when alpha rhythm was present Left and right 
fronto-occipital and left central-occipital EEG’s were 
recorded on a Sanborn polygraph Alpha blockmg was 
evaluated by an electroencephalographer (R, T ), who was 
kept uninformed of the groupings and the use of simulated 
signals A block was defined as a 50 per cent reduction 
m alpha amplitude in any one of the three leads during 
the 0 8 sec immediately following the onset of stimuli as 
compared to the 0 8 sec preceding onset of the stimult 

Fig 1 shows that the tone adaptation curve starts at 
25 per cent and drops to 12 per cent In the first trial 
12 out of 26 Ss blocked and only 1 S blocked m the 10th 
trial mdicatmg almost perfection adaptation A compan- 
son of blocking Es to the tone + hight and to the hght 
alone indicates their similarity The two curves follow 
one another 4 times out of 4, both droppmg consistently 
from 80 to 60 per cent m the first 15 trials, and then rising 
10 per cent ın the last 5 trials Stern et al had assumed 
that the two types of Rs were equivalent, but failed to 
demonstrate the pomt 

The total number of blocks in the 1 sec of tone preceding 
the tone--hght was compared to Spontaneous blocks of 
the alpha rhythm m the control group in the 1 sec 
preceding the onset of the simulated hght signals Follow- 
ing square root transformation of the scores, a two-tailed 
t test indicated that the contingency group gave 
significantly more blocking Rs than those attributed to 
spontaneous blocks m alpha activity—(t = 2 35,d f = 16, 
P<005) The difference between tho 1 sec preceding the 
simulated hght signal and 1 sec followmg its onset was 
small and non-significant The use of this kind of control 
takes mto account the uncertainty mtioduced by 
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Fig 1 Effect of tone, 


(N-26) 


a, 
ROE nc NN asta (N=10) 
TONE ALONE CONTROL TONE 


ALONE , 


6-10 6-10 


1-5 6-10 11-15 


Blocks of five trials 
light and pairing of tone and hight stimuli on alpha activity 


16-20 1-5 


Spontaneous variations m alpha amplitude mdistinguish- 
able from blocking elicited by experimentally controlled 
stimul The control curve ıs almost a perfect straight 
Ime at 10 per cent Showmg no evidence of either 
adaptation or recovery as do the other curves The curvo 
of contmgency (tone curve 1n contingency portion of the 
graph) does not follow the curves of light or that of the 
tone+hght stimuli as Stern contends On the contrary, 
it shows a rise of 10 per cent and then drops 
The rate of ‘extinction’ of the blockmg R is simular for 
the hght and tone+hght groups, with drops of about 
5 and 2 5 per cent respectively. In contrast, the curve of 
the control group drops sharply by 12 per cent and is 
almost identical to the onginal adaptation curve This 
curve represents spontaneous recovery of the previously 
adapted out R to tone 
On the basis of this work, one can infer that sensitization 
occurs and that this effect 1s mdistinguishable from that 
attributed to parng of tone+lght Since the effects of 
contingency and sensitization have undoubtedly been 
confounded m this and other investigations, 1t remains a 
task for future research to distinguish the relative contn- 
bution of these two phenomena Work 1s now m progress 
to test the effectiveness of Knott and Henry's* suggestion 
to mmumuze sensitization The separation of these two 
phenomena is one prerequisite to an adequate evaluation 
of the work of Wells and Wolff? and Visser? distinguishing 
between normal and abnormal populations 
This work was supported in part by US Publice Health 
grant MH-01665 
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FORTHCOMING EVENTS 


Monday, March 23 


(ANGLO-ISRAEL ASSOCIATION (in Room 14, The House of Commons, 
Westminster, London, S W 1), at 6 pm —Prof Ritchie Calder, CB E 
Science in a State of Siege” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
x oie pi RE D H Matthews ''Mountains and Valleys Under the 


Monday, March 23— Tuesday, March 24 


BRITISH PHARMACOLOGIOAL SOCIETY (with the co-operation of the 
NUTRITION SOCIETY, the BIOCHEMICAL SOCIETY, the PHYSIOLOGICAL 
SOCIETY, the ROYAL SOCIETY OF MEDICINE, the SOCIETY FOR ENDOCRINO- 
LOGY, the SOOIETY FOR THE STUDY OF FERTILITY, the SOCIETY OF CHEMIOAT 
INDUSTRY and the COUNCIL FOR THE INVESTIGATION OF FERTILITY CONTROL 
(at the Middlesex Hospital Medical School, London, W 1)—Symposium 
on “Agents Affecting Fertility” 


Tuesday, March 24 


ROYAL SOOIETY OF MEDIOINE, EXPERIMENTAL MEDICINE AND THEBA- 
PEUTICS SECTION (at the Wolfson Institute, Postgraduate Medical School 
of London, London, W 12), at 3 30 p m —Symposium on “The Measurement 
of Organ Blood Flow” 


INSTITUTION OF CIVIL ENGINEERS (Joint meeting with the INSTITUTIONS 
OF MECHANICAL and of ELECTRICAL ENGINEERS, at the Institution of Civil 
Engineers, Great George Street, Westminster, London, S W 1), at 530 pm 
—Sır Edward Appleton, FRS ‘The Science of Near Space" (Graham 
Clark Lecture) 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C 2), at 5 30p m —Mr V Easton “Excitation of Large 
Turbo-generator"*. 


INSTITUTION OF ELECTRIOAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C2), at 5 30 p m —Duiscussion on ‘‘Carbon 


Brushes" opened by Dr Haydn Ward. 


PARLIAMENTARY AND SOIENTIFIC COMMITTEE, GENERAL COMMITTEE (in 
Committee Room 12, House of Commons, Westminster, London, 8 W 1), 
at 530 p m —Diseussion on "Automation" mitiated by Mr J F Coales 
and Mr J Cooper 


PHOTOBIOLOGY GROUP (in No 1 Lecture Theatre of the Physics Depart- 
ment, impos College of Science and Technology, Prince Consort Road, 
London, W 7) at 6 pm —Prof George Wald (Harvard University) 
Single and Multiple Visual Systems in Arthropods” 


Or, AND COLOUR CHEMISTS’ ASSOCIATION (joint meeting with the 
PLASTIOS AND POLYMER GROUP of the SOCIETY OF CHEMICAL INDUSTRY, 
at the Society of Chemical Industry, 14 Belgrave Square, London, S W 1), 
at 630 pm—Dr L Valentine ‘“‘Cross-Links Between Plastics, Paint and 
Textile Polymers”. 


SocrETY FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP (at the 
Chemical Society, Burlington House, Piccadilly, London, W 1), at 6 30 pm 
—Meeting on “Physical Methods Applied to the Examination of Archxo- 
logical Remains” 


Soorety OF INSTRUMENT TECHNOLOGY, SYSTEMS ENGINEERING SECTION 
(at Manson House, 26 Portland Place, London, W 1), at 7 p m —Mr J B.A 
Harrison and Mr R J Chase “A Data Handling System for a Radar 

natallation 


Tuesday, March 24— Thursday, March 26 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (in the Weir Lecture Hall, 
10 Upper Belgrave Street, London, S W 1)—Spring Meeting 


Wednesday, March 25 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP (joint meeting with the 
OILS AND FATS GROUP, at Imperial College, London, S W 7), at 10 15 a m — 
Symposium, on “The Chemical and Nutritional Aspects of Oxidized and 

eate ats" 


INSTITUTE OF INFORMATION SOIENTISTS (in the Conference Hall of the 
A EI Research Laboratory, Trafford Park, Manchester) at 230 pm — 
Mr J. E L Farradane "History, Aims and Progress of the Institute", 
530pm- —Mr T N Shaw “Some Machine-Oriented Indexes and Informa- 
tion Systems" 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SEOTION (at the Royal 
Overseas League, Overseas House, Park Place, London, S W 1), at 6 p m — 
Mr M R E Ashenden ‘Patent Matters in the Rubber Industry” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 

LECTURER (graduate) IN APPLIED MATHEMATIOS—(continuum mechanics 
and fluid dynamics are two of the subjects in which the Department 1s 
particularly interested)—The Registrar, The University, Newcastle upon 
Tyne 2 (March 26) 

ASSISTANT LECTURER/LECTURER IN THE DEPARTMENT OF STATISTICS 
The Registrar, University College of Wales, Aberystwyth (March 31) 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER (with & 
degree in engineering or an equivalent qualification. and preferably ex- 
perience of engineering laboratory techniques) IN THE DEPARTMENT OF 


^ 
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CIVIL ENGINEERING— The Secretary to the Academic Council, The Univer- 
sity, Belfast, Northern Ireland (March 31) 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY 
—The Secretary, The University, Edinburgh (March 31) 

LECTURER or ASSISTANT LECTURER (preferably with interests in low 
temperature solid state physics) IN THE DEPARTMENT OF PHYSICS—The 
Registrar, The University, Manchester 13 (March 31) 

LECTURER (with research experience m nuclear physics preferably with 
emphasis on electronics and data handhng) IN PHYSICS— The Registrar, 
hier College (University of London), Mile End Road, London, E 1 

arc. 

LECTURER or ASSISTANT LECTURER (with an interest in the whole field 
of palaontology and research experience mm micropalzontology) IN GEOLOGY 
—tThe Secretary and Registrar, The University, Southampton (Apri 1) 

Posr-DOCTORAL RESEARCH ASSISTANT IN THE DEPARTMENT OF CHEM- 
ISTRY, for work on fluorocarbon-organometallic compounds 1n collaboration 
with Dr R D CGhambers—The Registrar and Secretary, University of 
Durham, Old Shire Hall, Durham (April 3 

TEMPORARY LECTURER (with a special mterest in genetics) IN BOTANY 
—The Registrar and Secretary, University of Durham, Old Shire Hall, 
Durham (April 3) 

ASSISTANT LECTURER IN Puysics—The Registrar, The University, 
Sheffield (April 4) 

HEAD (man or woman graduate with good qualifications and experience) 
OF THE EDUCATION DEPARTMENT, Brighton Tramung College—The Director 
of Education, Bnghton Education Committee, 54 Old Stee, Brighton, 
Sussex (April 4) 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF BIO- 
LOGICAL CHEMISTRY—The Secretary, The University, Aberdeen (April 4) 

LECTURER IN PURE MATHEMATICS, and an ASSISTANT LECTURER IN 
PURT Or AEENSD MATHEMATICS —The Registrar, The University, Nottingham 

prr 

LECTURER or ASSISTANT LECTURER IN THEORETICAL PHysics—The 
Registrar, The University, Manchester 13 (April 4) 

LECTURER IN CHFMISTRY, to assist in the teachmg of organic chemistry 
and to collaborate with other members of a group engaged im research on 
fluormated organic compounds—The Registrar and Secretary, University 
of Durham, Old Shire Hall, Durham (April 6) 

LECTURER IN THE ANATOMY DEPARTMENT—The Secretary, Royal Free 
Hospital School of Medicine (University of London), Hunter Street, London, 
W C1 (April 6) 

LECTURERS (2) (one with special interests and qualifications in soi] 
mineralogy, and the other with special interests and qualifications m 
biochemistry) IN THD DEPARTMENT OF BIOCHEMISTRY AND SOIL SCIENCF— 
us HC DES University College of North Wales, Bangor, North Wales 

pri 

RESEARCH FELLOW IN PURE SOIENCE— The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (April 8) 

SENIOR LECTURER (with special qualifications 1n some branch of physical 
geography and preferably field experience in either the humid or the arid 
tropics) IN GEOGRAPHY at Victoria University of Wellington, New Zealand 
—The Secretary, Association of Commonwealth Universities (Branch Office), 
M ai House, Pall Mall, London, S W 1 (New Zealand and London, 

pri 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF 
P Fue Registrar (Room 22, ORB), The University, Reading 

pr 

‘LECTURER (with a good honours degree and a wide rani 
experience and field work) IN BioLoay—The Principal, Furze 
College, Welham Road, London, S W 17 (April 18) 

JUNIOR LECTURER (with special qualifications in either pure or applied 
mathematics) IN MATHEMATICS— Ihe Secretary, Trinity College, Dublin 2, 
Republic of Ireland (April 15) 

DEMONSTRATOR (preferably with a good honours degree m an appro- 
priate subject followed by some postgraduate experience) IN SOIL SCIENOE 
—The Registrar, The University, Newcastle upon Tyne 2 (April 20) 

CHAIR OF VETERINARY MICROBIOLOGY AND PARASITOLOGY at the Royal 
Veterinary College—The Academic Registrar, University of London, Senate 
House, London, W C1 (April 30) 

ROSCOE CHAIR OF CHEMISTRY at Queen's College, Dundee—The Secretary, 
Cun 30 of St Andrews, College Gate, St Andrews, Fife, Scotland 

pril 30 

ORGANIC CHEMIST (graduate or student about to graduate), for synthetic 
work on fungicides and systemic fungicides, and a BIOCHEMIST or PLANT 
PHYSIOLOGIST (graduate or student about to graduate), to study the effects 
of plant hormones on enzyme activity 1n plants—Prof R L Wam, FRS, 
Wye College, near Ashford, Kent (May 30) 

NUFFIELD CHAIR OF CHILD HEALTH at the Institute of Child Health— 
The Academic Registrar, University of London, Senate House, London, 
W C1 (June 1) 

ASSISTANT LECTURER, Grade “B” (with a good honours degree in physics, 
and preferably experience in spectroscopic and/or vacuum techniques) 
IN THE DEPARTMENT OF PHysics—Clerk to the Governing Body, Northern 
Polytechnic, Holloway, London, N 7 

GASSIOT RESEARCH FELLOW (seimologlst)—The Secretary, Meteoro- 
logical Office, London Road, Bracknell, Berkshire 
See OF THE SOIENCE DEPARTMENT—Tho Headmaster, Clifton College, 

ristol 

HEAD (well-qualified mathematician, man or woman) OF THE MATHE- 
acca Headmistress, Queen Anne’s School, Caversham, 

en 
LECTURER (with a good honours degree) IN MATHEMATICS, and an 
ASSISTANT LECTURER, Grade B (with a good honours degree), IN MATHE- 
MATICS—The Secretary, Sir John Cass College, Jewry Street, London, E C 3 

MASTER TO TEACH BIOLOGY up to University scholarship standard—The 
Headmaster, The Haberdashers’ Aske's School, Elstree, Hertfordshire 

PosT-DOCTORAL FELLOW IN THE DEPARTMENT OF CHEMISTRY, for research 
on chemical reactions, ionization processes or energy transfer m shock 
waves and detonation m gases—Prof J E Dove, Department of Chemistry, 
University of Toronto, Toronto 5, Canada 

READER IN STATISTICS and a LECTURER IN STATISTIOS— The Secretary, 
Northampton College of Advanced Technology, St John Street, London, 


e of teaching 
own 'Traming 


C1 

RESEARCH ASSISTANT (with a degree or Dip Tech in engineering, 
mathematics or physics) IN THE DEPARTMENT OF AERONAUTICS AND ASTRO- 
NAUTIOCS, to carry out fundamental and theoretical work on the properties 
of turbulent boundary layers at hypersonic speeds—The Secretary and 
Registrar, The University, Southampton 

RESPIRATORY LABORATORY TECHNICIAN, to undertake blood-gas and 
other analysis for physicians and cardiac surgeons, supervised by staff of 
M RC research umt—The House Governor, King’s College Hospital, 
Denmark Hill, London, SE 5 
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REPORTS and other PUBLICATIONS 


(not sncluded sn the monthly Books Supplement) 


Great Britain and Ireland 


Department of Scientific and Industrial Research Automation at Low 
Cost—6 onirol of Processes Pp 16 (London Information Division, 
Department of Scientific and. Industrial Research, 1963 ) [15 

Research Defence Society Memorandum Prepared for the Departmental 
Committee of Inquiry into Experiments on Animals 1 Recommendations 
and Appendix 2 Submissions Concerning Medical and Veterinary Progress 
1n Relation to Animal Experimentation Pp. 16 (London Research 
Defence Society, 1964 ) 1s [151 

Imperial College of Science and Technology (University of London) 
Shorter Postgraduate Courses, Spring Term, Session 1963-64 Pp 17. 
(London Imperial College of Science and Technology, 1963 ) [151 

Brissh Medical Bulletin, Vol 20, No 1, (January 1964) Symposium 

R 1504 Porimental Psychology" Pp 1-86 (London The British Count 
3 

Bulletin of the British Museum (Natural History) Entomology Vol 14, 
No 5 A Revision of the Genus Candalides and Allied Genera, (Lepidoptera 
Lycaenidae) By G E Tite Pp 197-259--4 plates 27s Vol 14, No 6 
On the Leptocerinae of the Indian Sub-Continent and North East Burma, 

Pp 261-316 20s Vol 14, No 7 
Some Tipulidae from Tibet and Upper Burma ım the British Museum (Natural 
Alexander Pp 317-340 8s Vol 15, 
ynoptic Revisions of I londingaspws and II Andaspzs with Two 
Coccoidea) By D J Williams Pp. 
No 5 The Swmbladder in African Notop- 
teridae (Pisces) and Its Bearmg on the Taxonomy of the Family ByP H 
Pp 377-412--4 plates (London British Museum (Natural 
History), 1963 ) 
Papers from the Department of Geology, University of Glasgow Vol 25, 
(Octavo and Small Quarto Papers of 1957-60) 21 papers (Glasgow 
Jackson, Son and Company, 1963 ) [151 
The British Council and The Royal Society of Medicine Select List of 
British Medical Periodicals an Annotated Guide Pp iu+100 (London 
que British Council and The Royal Society of Medicine, 1963) 5s ü E 
T 
Ministry of Agriculture, Fisheries and Food Technical Bulletin No 2 
Laboratory Methods for Work with Plant and Soil Nematodes By Dr J 
Basil Goodey Fourth edition Pp 1v+72+12 plates (London HM 
Stationery Office, 1963 ) 8s 6d net [15 
Scottish Marine Biological Association Annual Report for the year 
ended b April1963 Pp 43 (Millport, Isle of Cumbrae Scottish Marime 
Advisary Notes No 7 Building 


Biological Association, 1963 ) 48 

Cement and Concrete Association 

nu Qonorete Blocks Pp 23 (London Cement and Concrete Association, 
National Council for Technological Awards 

of the Committee on Higher Education Pp 4 

for Technological Awards, 1964 ) 
Building Research Station Digest, (Second 

Daylight m Buildings—2 Pp 6 


Derwent Publications, Ltd 


Statement on the Report 
(London National Council 


161 
Series) No 42 Estimating 
(London HM Stationery Office, qap ) 


5 
E 


Derwent Patents Manual, 1904 Pp 
(London  Derwent Publications, Ltd , 1963 ) 12s 6d , 2 dollars 151 
The State of Nursery Education (The Report of a Survey conducted by 


the National Unton of Teachers ) Pp 28 (London National Union of 
Teachers, 1964) 9s 6d . [221 
National Museum of Wales Fifty-sixth Annual Report, 1962-63 Pp 
914-6 plates (Cardiff National Museum of Wales, 1963 ) 22 
University of Cambridge School of Agriculture Memoir No 35 
summary of the papers published by the Members of the Staff of the School 
of Agriculture and its Associated Research Organizations during the period 
Oct 1st, 1902— Sept 30th, 1963 Review Senes No 18 Agricultural 
Meteorology m Cambridge Pp. 30. (Cambridge The University School 
of Agriculture, 1963 ) 35 221 
Department of Scientific and Industrial Research Forest Products 
Research Laboratory Home-Grown Timbers Douglas Fir Pp iv+12 
(London HM Stationery Office, 1964 ) 28 net [22 
Building Research Station Digest, (First Series) No 38 Painting 
Asbestos Cement Pp 5 (London M Stationery Office, 1963 ) 4d [227 
Commonwealth Mycological Institute C M I. Descriptions of Pathogenic 
Fungi and Bacteria, Set Tiere Pp 20 (Kew, Surrey Corimonweslth 


Mycological Institute, 1964 ) ‘5s [22 
Industrial Research National Physical 


Department of Scientific and 
Laboratory Notes on Applied Science, No 32 Rounding Errors in 
ukinson Pp vi+161 (London 


Algebraic Processes By Dr JH W 
HM Stationery Office, 1963 ) 218 net [2 
University of Oxford Further Report on the Closer Integration of Univer- 
sity Teaching and Research with the College System Pp 13 (Supplement 
15 7 4) to the Unwersuy Gazette, January, 1964 ) (Oxford The University, 
The Coal Tar Research Association Revrew of Coal Tar Technology, 
January-June 1963, (Vol 15, Part 1) Pp 77 (Gomersal, Leeds The 
Coal Tar Research Association, 1903 ) 30s per volume [221 
Ministry of Housimg and Local Government and Scottish Office The 
Surface Water Year-Book of Great Britain 1901-02 Hydrometric Statistics 
for British Rivers, together with Related Raunfalls, for the year ended 30th 
September, 1962 Pp xiv+135 (London HM Stationery Office, 1963 ) 
27s 6d net [221 


Other Countries 


Indian Science Congress Association, Fifty Years of Science in India— 
Progress of Mathematics By Prof B R Seth Pp 1444 (Calcutta 
Indian Science Congress Association, 1963 ) Rs 150, [151 

Special Relativity Theory Selected Reprints Pp 108 (New York 
American Institute of Physics,1963 Published for the American Association 
of Physics Teachers.) [151 

Bulletin of the American Museum of Natural History Vol 126, Article 1 
The Poecilud Fishes (Cyprinodontoformes), Their Structure, Zoogeography, 
and Systematics By Donn Eric Rosen and Reeve M Bailey Pp 1-1764- 
plates 1 and 2 (New York American Museum of Natural History, 1903 ) 


4 dollars [151 
Population Reference Bureau, Ine Populaton Bulletin, Vol 19, No 8, 
(Washington, Dier 


(December 1963) Invasion of an Idea Pp 197-228 

Population Reference Bureau, Inc , 1963 ) 50 cents. 5 
The American Academy of Arts and Sciences—Descriptive Brochure 

Tesi? (8 plates) Boston The American Academy of Arts and Sciences, 
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Centro de Investigaciones Pesqueras, Playa Habana, Bauta, Habana, 
Cuba, Contribución No 17 Afloramıento y Corrientes Cercanas a Cuba (1) 
Por Juan J Tapanes Pp 29 (Habana, Cuba Centro de Tuae 
rwr] GODS to the Australian Atomie Energy Commission Research 

I18: 
Establishment Pp 12 (Coogee Australian Atomic Energy Comms 
71963 ) 


Publications of the Observatory of the University of Michigan Vol 9, 
No 4 Micrometer Measurements of Southern Double Stars made m 
the 27-ınch Refractor of the Lamont-Hussey Observatory Pp 7 ua 
(Ann Arbor, Michigan University of Michigan, 1963 ) 18 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Geological Maps—Prelıminary Series Map 32-1963 Benjamin 
Lake, District of Mackenzie Map 35-1963 Munroe Lake, Man ol M 
Map 42-1963 Squamish, (Vancouver, West Half), British Mr " 
Index Sheet 11 Nova Scotia—Newfoundland—Prince Edward Is md 
Index Sheet 21 New Brunswick—Quebec—Nova Scotia—Prince pawar 
Island Geological Maps Map 1134A Kaskawulsh, (Mount St as 
East Half), Yukon Territory (Ottawa Director, Geological Burvoy. Ri 
Canada, 1963.) Naked 

United Nations Educational, Scientific and Cultural Organization Na ion 
Resources Research, 2 Bibliography of African Hydrology, (Bibliograp 1e 
Hydrologique Africaine) By J Rodier Pp 166. (Paris Unesco, Lon on 
H.M Stationery Office, 1963 ) 23 francs, 32s 6d , 6.50 dollars [ i 

Canada National Research Council and Medical Research Connell 
Annual Report on University Support, 1962-63 (N R C No 7645) Tn 3) 
(Ottawa National Research Council and Medical Research Council, 1 RIA 
50 cents 

Australia Department of National Development Bureau of Mineral 
Resources, Geology and Geophysics 1 250,000 Geological Series- Ea plona- 
tory Notes Pine Creek, N T (Sheet DTP: Australian National Gnd) 
Pp 16 Mount Evelyn, NT (Sheet D/53-5, Australian National Grid) 
Pp 22 Geological Maps—1 Mile Geological Series Sheet 54, Zone 
Batchelor Sheet 61, Zone 4 Burnside Sheet 87, Zone 4 Lewin Springs 
(Canberra, ACT Bureau of Minera! Resources, Geology and Geophys 

62 


National Center for Atmospheric Research, Boulder, Colorado Proceedings 
of the Conference on the Climate of the Eleventh and Sixteenth Centuries, 
Aspen, Colorado, June 16-24, 1962 (NCAR Technical Notes 03-1) Pp 
1v--103 (Boulder, Colorado National Center for Atmospheric Research, 
1963 Available from U A apie of Commerce, Office of Techmoal 
Services, Washington, 25, 5 

Indian Central J ute Committee Annual Report of the Jute Agricultural 
Research Institute for the year 1961-62 Pp 103 (Calcutta Jute Agr 
cultural Research Institute, 1963 ) i 

Indian Council for Scientific and Industrial Research Central Food 
Technological Research Institute Industrial Monograph No 2 Papaya 
Pp yo (Mysore Central Food Technological Research Tnstıtute, 
1963 


United States Department of Commerce National Bureau of Standards 
Handbook No 86  Radloactivity—Recommendations of the International 
Commussion on Radiological Units and Measurements (1962), (ICRU Report 
10c) Pp vii4-53 (Washington,DC Government Printing Office, 1963 ) 
40 cents 221 

The National Academy of Sciences, 1863-1963 Pp 15 (Washington, 
DO National Academy of Sciences, 1963 ) [221 

South African Council for Scientific and Industrial Research Register of 
Current Scientific Research at South African Universities, 1963 Pp v14-197 
(Pretoria South African Council for Scientific and Industrial ian 
1963 


Institutt for Atomenergi Kjeller Research Establishment Kjeller 
Report No 60 Quarterly Progress Report, July-August-September 1963 
Pp 27+11 figures (Kjeller, Norway  Institutt for Atomenergi, Kjeller 
Research Establishment, 1963 ) 2 

Anuario del Observatorio Astronémico de Madrid para 1964 Pp 378 
(Madrid Observatorio Astronémico, 1963 ) 221 

Smithsonian Miscellaneous Collections Vol 145,No 7 A Phytophysiog- 
nomic Reconnaissance of Barro Colorado Island, Canal Zone By Charles F 
Bennett, Jr Pp 8 (Pubheation 4527 ) (Washington, D C Smithsonian 
Institution, 1963 ) [221 

Institute of Mathematical Sciences, Madras, (Matscience) Annual Report, 
1963 ul vi+18+14 plates (Madras Institute of Mathematical ce 
1963 

Republic of the Sudan Ministry of Agriculture Forests Department 
Report for the period July 1961 to June 1962 Pp v+121 (Khartoum 
Forests Department, 1963 ) [221 

Metropolitan Infe Insurance Company Statistical Bulletin, Vol 44 
(November, 1963) Population at the Main Productive Ages Current 
Status of the Tuberculosis Problem Premature Deathsin Canada Accidents 
a Major Cause of Death Among Women Pp 12 (New York Metropolitan 
Life Insurance Company, 1963 ) [221 

Proceedings of the California Academy of Sciences, Fourth Series Vol 31, 
No 17 (December 20,1963) Two New Genera of Leptodactylid Frogs from 
Columbia By Coleman J Goin and Doris M Cochran Pp 499-505 (San 
Francisco Califorma Academy of Sciences, 1963 ) 221 

United States Department of the Interior Geological Survey Geo- 
physical Abstracts, No 203, December 1963 By James W Clarke, Dorothy 
B Vitaliano, Virginia S Neuschel, and others Pp 114-1019-1103 35 cents 
ProfessionalPaper No 407 Geology and Ore Deposits of the Cuyuna North 
Range, Minnesota By Robert Gordon Schmidt Pp v--96--11 plates 
(Washington, DC Government Printing Office, 1968 ) [221 

Annuaire pour l'An 1964 publié par Le Bureau des Longitudes Pp 834 
(Paris Gauíhier-Villars, 1964 ) 46 francs [301 
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FOR PRECISION IN MINIATURISATION 


Evanohm 1s specially recom- 
mended in the manufacture of 
Potentiometers, high ohmic 
Resistors, and precision instru- 
ments, where high stability 
over a wide temperature range 
1s essential 

Evanohm possesses a vey low 
thermal EMF against copper 
—less than 2-5 mucrovolts per 
degree C between 0 and 100 C 
It has a high tensile strength 
in fine sizes, high specific 
resistance, and IS non- 
magnetic 

Evanohm ıs supplied ın wire 
form either bare or insulated 
with enamel, silk, nylon, cotton 
or glass 


GILBY-BRUNTON LTD 


Head Office & Works 
SEAMILL, MUSSELBURGH, SCOTLAN 
Telephone Musselburgh 2369 


London Office 47 WHITEHALL, SW I 


Telephone WHitehal! 6058 





D * For complete data on all 
our resistance alloys and 
stainless steel wire, write for 
a copy of our Resistance 
Handbook 


ULES 


Back Numbers 
of Periodicals 
or Sale 


ACUSTICA 

Vols 2-13 (lacks 2 issues) With all corresponding 
parts of Akustische Bethefte Stuttgart, 1952-1963. 
Unbound £40 


AMERICAN CHEMICAL SOCIETY. JOURNAL 
Vols 1-84, 1879-1962, with G.I to vols 1-20 and 
Proceedings vols 1-2, 1876/77-1878 Partly bound 





£585 
CHEMICAL ABSTRACTS 
Vols. 38-57 With all annual indexes. Easton, 
1944-1962. Unbound. £720 
CHEMICAL SOCIETY, LONDON JOURNAL 
Years 1899-1962 (lacks 1901, 1903, 1920) Partly 
bound £620 


JOURNAL OF AGRICULTURAL RESEARCH 
Vols 23-75 Washington, 1923-1949 Bound £125 


JOURNAL OF HEREDITY 


Vols 6-45 (lacks vol 36) Washington, 1915-1954 
Mostly bound £150 


JOURNAL OF POLYMER SCIENCE 

Vols 1-62 New York, 1946-1962 Partly bound. 
: £535 

JOURNAL OF RESEARCH OF THE NATIONAL 

BUREAU OF STANDARDS 

Vols 1-62 Washington, 1928-1929 Bound £296 


JOURNAL OF SOCIAL PSYCHOLOGY 
Vols 23-58 Provincetown, 1946-1962 Bound £185 


ROYAL AERONAUTICAL SOCIETY JOURNAL 
Vols 30-67 London, 1926-1963 Partly bound 
£155 


ZOOLOGICAL SOCIETY, LONDON PROCEEDINGS 
Vols 131-141 London, 1958-1963 Unbound £52 


ROBERT MAXWELL & CO LTD 


WAYNFLETE BUILDINGS, 1-8 ST CLEMENTS, 
OXFORD 


Tel 64481 Cables LEXICOM Telex 83177 
Offices also at 

1305, 44th Avenue, Long Island City, 1 

Kaiserstrasse 75, Frankfurt am Main Tel 33 74 61 


24 rue des Ecoles, Paris Ve Tel ODEon 30-00 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first hne and 
6s per hne thereafter Lines in capitals or 
containing words in caprtals 12s per hne 
Semr-displayed £4 16s per single column 
inch Colour (orange) z15 extra is is 


charged for the re-direcaon of replies to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son 
Lumited, 1 Clements inn Strand London 
WC2 Telephone HOLborn 4743 Tele- 
grams  Textualist, Estrand London 


APPOINTMENTS VACANT 


COCONUT RESEARCH BOARD 
(CEYLON) 
POST OF DIRECTOR 


COCONUT RESEARCH INSTITUTE OF 
CEYLON 


The Coconut Research Board of Ceylon, mvite 
applications for appointment as Director of the 
Coconut Research Institute of Ceylon 

1 Salary Scale (a) Non national applicants of 
Ceylon, India and Pakistan £3,000 by £125 to 

_£3,500 per annum (come tax free) at current 
exchange rates with tourist class air passage to 
his home and back after two years of service for 
humself, his wife and children under 18 years who 
are residing with him (b) Ceylonese, Indian and 
Pakistam applicants (Ceylonese 1s a citizen of 
Ceylon by descent or by registration) Rs 20,400 
by Rs 1,200 to Rs 24,000 per annum (A higher 
pont on the salary scale would be accorded ad 
Personam to a successful applicant with eminent 
qualifications ) 

2 Penod (a) The appointment will be in the 
first unstance for a period of four years It is 
oe with three months notice on either 
side 

3 Other Allowances (a) a personal entertain- 
ment allowance of Rs2,400 per annum 
(b) Provident Fund—The successful applicant will 
be required to contribute to the Institute's. Provi- 
dent Fund at the rate of 15 per cent of his salary 
and an equal amount will be paid by the Board 
with 44 per cent interest on both contributions 
Quarters (c) A two-storey furnished house will 
be provided free of rent (d) Leave and travelling 
allowances in Ceylon will be m accordance wth 
the regulations of the Institute (e) Medical Aid 
facilities are also. provided 

4 Qualifications The post calls for proved 
high scientific. attamments, preferably in fields 
related to sors or crops combined with adminis- 
trative experience either as head or deputy in the 
organization and runmng of a Research Institute 
or University Department Experience of tropi- 
cal conditions would be an advantage, but 1s not 
an essential qualification 

5 Funcnons The Directors pmmary respon- 
sibilities to the Coconut Research Board will be 
the administration of the Institute and the direc- 
ton of the research activities of the Institute for 
the improvement of the yield and quality of the 
products of the palm He will also be respon- 
sible to the Board for the admunustration of ze- 
planting, rehabilitation and new planting schemes 
for the Island and for public relations 

6 General The laboratories of the Institute 
are situated at Bandirippuwa Estate, Lunuwila, 
Chilaw District, 32 miles from Colombo There 
is a scientific staff engaged in Chemistry, Soil 
Chemistry,  Agrostology, Botanical and Crop 
Protection Research 

Particulars should be furnished by applicants 
of their age, marital status, with number of de- 
pendent children, academic qualifications, research 
and admunistrative experrence They should also 
provide a lt of publications copies of testi- 
monials, and the names and addresses of the 
reference to whom confidenral inquimes can be 
addressed A medical ceruficate should also be 
annexed to the application 

Further particulars, if required, may be ob- 
tained. from the undersigned, 

Applications should reach Mr C A M de 
Silva, Chairman, Coconut Research Board, Bandi- 
rppuwa Estate, Lunuwila (Ceylon), on or before 


Apni 30, 1964 
Sed C A M de SILVA, 
Chairman, Coconut Research Board 


INTERDISCIPLINARY GRADUATE STUDY 
of energy conversion, fuel reactions, high tem- 
perature chemistry, combustion systems — Apnli- 
cations invited from chemusts, physicists, cheml- 
eal engineers and fuel technologists for graduate 
MS and PhD research sssstantships, $212 to 
$318 per month, depending on academic load 
Remission of fees—-Write Dr P H Gren, 
Department of Fuel Technology, 306 ML Build- 
ing, Pennsylvama State University, | University 
Park, Pa 
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AUSTRALIA 
COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF LAND RESEARCH AND REGIONAL SURVEY 


SOIL SCIENTIST 


Applications are invited for appomtment as Research Officer or Semior Research Officer 
with the Organzation's Division of Land Research and Regional Survey located at 


Canberra, ACT 


The appointee will be a member of the Division's scientific unit. which for the past 14 
years has been conducting potentuality surveys on the Australian mainland and m Papua 


and New Guinea 


In these studies the geology, geomorphology, 


pedology, botany and 


climatology of the region are co-ordinated and the officer wall be expected to contribute 
to composite reports and to publish individual specialist papers 


In alternate years, and imwually m Australia, the appointce will carry out soil investi- 


gations in the field for two to four months as a member of a 
including scientists in other disciplines mentioned above 
be opportunity for individual field or laboratory work 


resources survey team 
In the other years there will 
The remainder of the time will be 


spent at the Headquarters of the Division in Canberra compiling maps, reports and papers 
dealing with team projects and individual research 

Applicants should possess a Ph D degree in science, agricultural science, o: rural 
science, or should have had postgraduate research experience of equivalent standard and 


duration supported by satisfactory evidence of research ability 


Applican's should have 


had at least two years research and field experience in soil survey, and traimng would be 
desirable ın such allied subjects as plant nutntion, soil mineralogy, land acclimation, 


tropical agriculture and geography 


Salary Dependent upon qualifications and experience within the ranges £A1,674 to 
£A2,711 per annum (but not tess than £A2,149 per annum) or £A2,845 to £A3,205 per 


annum 
Promonon wihn CSIRO 


1s by merit and may go beyond the upper limit of the 


scale withm which the orginal appointment ts made 


Fares paid for the appointee and his dependent family 


on application to 


Further particulars supplied 


Mr W Hartley, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 


House, Kingsway, London, W C2, 


to whom applications {quoting Appomtment No 618/150) should be addressed by April 


18, 1964 


AUSTRALIAN INSTITUTE OF 
ABORIGINAL STUDIES 


APPOINTMENT OF PRINCIPAL 


Applications are invited for the position of 
Principal of the Australian Institute of Aboriginal 
Studies which 1s now functioning in Canberra 
under the control of an Interim Council The 
Institute 1s intended primarily to sponsor, through 
relevant university departments and museums, a 
wide range of scholarly research on the indigen- 
ous society, culture, habitat and mentai and 
physical charactersstics of the Austrahan Abor- 
igines It ts intended that the Institute will have 
associated with it about 100 members from all 
parts of Australia, and will be governed by a 
Council with a small Execuüve Committee For 
the position of Principal the Intenm Council i$ 
seeking a Scholar eminent tn some discipline rele- 
vant to Aborgina) studies The position will 
carry a salary in the range £A4,000 to £A5,000 
per annum according to qualifications and expen- 
ence Provision will be made for removal, travel 
and expenses when on official duty, suitable 
arrangements will be made for superannuation 
and study leave 

Information 1s available from the Executive 
Member, Australian Institute of Aboriginal 
Studies, Box 553, Cay PO, Canberra, ACT 
Applications, supported by the names of three 
teferees, should be received by the Executive 
Member by Apri 30, 1964 


UNIVERSITY OF LIVERPOOL 


Applications are invited for two posts of Re- 
search Assistant (A and B) to take part m a 
study of the thermal response of buildings to 
climatic variations and is electrical simulation 
The investigation 1s to be carried out in the 
Department of Building Science under a three- 
year contract with the Ministry of Public. Build- 
ing and Works Applicants for post A should 
have at least a good Honours degree in physics 
or engineering The salary for this post will be 
£900 rising by two annual mcrements of £60 to 
£1,020 Applicants for post B should have at 
least a pass degree or tts equivalent im physics, 
engineering, or geography The salary for this 
post will be £775, rising by two increments of 
£50 to £875 

Further details and application forms may be 
obtamed from the Registrar, The University, 
Liverpool, 3, to whom applications should be 
sent by April 4, 1964, quoting reference number 
CV/106/N 








AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 

Applicauons are invited from Chemists 
(Organic, Physical and Physico-Organic) for ap- 
pointment to two Research Fellowships in the 
Department of Medical Chemistry (Head of De- 
partment Professor Adrien Albert) 

The successful applicants will each be required 
to work in one of the following fields (1) Syno- 
thesis and reactions of nitrogen heterocycles, 
D Quantitative studies of the binding of metal 
tons, in solution, by organic ligands , (11) Kinetics 
of the reactions of heterocychc substances, 
Qv) Ultra-violet, mfra-red and Raman spectro- 
scopy of aromatic N-heterocycles and tauto- 
merizable substances 

The serior investigators concerned are, for (i) 
Professor A Albert and Dr D J Brown, for 
(1) and (1) Dr D D Perrin, for (v) Dr E 
Spinner Applicants should hold the degree of 
Doctor of Philosophy or have had equivalent re- 
Search experience 

The salary range for Research Fellows 1s 
£A1,980 to £42,680 per annum , initial. salary de- 
pends on qualifications and experience Appoint- 
ment 1s for three years in the first instance with 
a possible extension to five years Superannua- 
uon is on the FSSU pattern Reasonable 
lravel expenses are paid and assistance with hous- 
ing 1s provided 

Further particulars are available from the Sec- 
retary, Association of Commonwealth Untver- 
sies (Branch Office), Mariborough House, Pall 
Mall, London, SW 1 Applications close in 
Australia and London on May 1, 1964 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

A Postdoctoral Research Worker 1s required 
in the Physiology Department to take part in a 
three-year programme of studies of semen meta- 
bolism Salary m the Scientific Officer Scale 
(£791 to £1,309) or the Senior Scientific Officer 
Scale (£1,438 to £1,772) according to age and 
qualifications 

Biochemusts, Zoologists, or Physiologists with 
the necessary interest and experience should send 
ther application to the Secretary, NIRD, 
Shinfield, Reading Quote Ref 64/5 
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Facilities for 8 continuously variable magnification ranges within limits x7 to x150 


The new Watson achievement has been to 
design and engineer a zoom system giving a 
true magnification ratio of 5.1—1.e. from unity 
to x5. Wide-angle eyepieces and supplementary 
objectives give continuous magnification 
change in eight separate ranges within the limits 
X7 to x150. The best optical conditions for a wide 
range of applications can be instantly selected 
Optical aberrations are well corrected over the 
whole range, and «mage quality compares 
favourably with the best obtained using fixed 
magnification systems. 


High-quality optical performance is matched by 
outstanding convenience. The large working 
distance remains constant for all magnifications 
of a chosen optical outfit. Controls are light, 
positive and located for easy operation. Con- 
verging optical axes assist the stereo effect and 
Increase operator comfort. A zoom range 
indicator provides easy calculation of exact 
magnification. The Watson 5.1 Zoom Stereo 
has built-in reliability and is equally well suited 
to research laboratory or workshop. First pro- 
duction models are now being despatched 
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STIMULATION OF NATIONAL PRODUCTIVITY 


B the thud readmg of the Industrial Trammg 
Bul m the House of Commons on January 21 and the 
second reading of the Bill in the House of Lords on Febru- 
ary 6, the Government announced its deeision to raise the 
School-eaving age to sixteen m 1970 Even the earler 
debate, however, reflected not only a greater sense of 
urgency than when the Bill received its second reading 
(Nature, 201, 113, 1964), but also a wider appreciation of 
its umportance and relation to education generally and 
industmal productivity In anticipation of an mereased 
demand for mstructor training, the Mmuster of Labour, Mr 
J B. Godber, said he had expanded the Technical Staff 
College at the Government Traming Centre, Letchworth, 
and opened & new instructor trenng college at Hillmgton, 
Glasgow. He wanted to see trammg boards set up for the 
major industries as soon as possible much work had been 
done to prepare the way for establishing boards for the 
engineering and construction mdustries, and the Ministry 
had also had discussions with the iron and steel and the 
wool textiles mdustries He regarded the Bil as one 
which could play a major part m developing and deploymg 
Britain's man-power in a way best calculated to advance 
her competitive position 

In an admurable speech, Mr R E Prentice quoted Mr 
Colm Lereester's estimate, based on studies by Prof. 
Stone and lus colleagues, that between now and 1970 
Britain would need a net additional 155,000 craftsmen 
each year and a net subtraction of 151,000 unskilled 
workers ‘This shortage of skilled workers had to be seen 
agamst a growing problem of youth unemployment in 
many parts of the country and of skilled men becommg 
redundant through technological change, this need for 
adaptability was repeatedly stressed ın the debate Mr. 
Prentice insisted on the need for a far greater effort from 
the Government Traming Centre if the Central Training 
Council was to prove effective, and he referred also to 
the vital importance of man-power research and of the 
Man-power Research Unit which the Mmistry had now 
established. He also pomted out that the Bill was intended 
to improve the content of traming as well as to encourage 
more organized traming and said that alongside the Bill 
must go the expansion of the technical colleges Moreover, 
the boards would be required to consider tho standard of 
management traming and indeed all forms of trammg 
above the apprenticeship level Although some of this 
was very good, 15s scale and extent were often too small 

Another notable speech came from Mr A Albu, who 
ieferred to the mmportance of a high quahty of tramung 
staff and suggested that the vital factor ın attractmg people 
of the mght quahty would be the evidence that the 
Ministry was really in earnest in the matter He was 
uneasy about the proposed composition of the boards he 
too insisted that industrial trammg must be seen in its 
proper context as part of Britain’s educational system as a 
whole. This was further developed by Mr J Boyden, 
who quoted Sir Wilhs Jackson’s remarks m his Fawley 
Foundation Lecture on the way technical change m indus- 
try and elsewhere was emphasizing the growing significance 
of the category of man-power lymg between the tech- 
nologist and the craftsman and operative—a category 


which in engmeering was coming to be described collect- 
ively as that of the ‘technician engineer! Britam had been 
inelmed to overlook the smportance of ther supporting 
contribution and thew needs in education and trammeg, 
and her greater present shortage might be at this level 
Mr Boyden welcomed the survey which the Minister for 
Science had instituted into the needs and trammg of 
technicians and thought the Bul itself might help to clarify 
such problems Mr. K Lewis referred to the need for 
further compulsory release for appropriate further educa- 
tion 1n support of the Bill and, replymg on the debate, the 
Parhamentary Secretary to the Ministry of Education, 
Mr C Chataway, endorsed all the comments made on the 
importance of trammg technicians He referred also to the 
recent announcement of a 50 per cent increase m building 
starts for technical colleges in 1965-66, with a figure of 
£24 millions 

The second reading of the Bill in the House of Lords 
was moved by Lord Blakenham, who stressed the big 
improvement that it should effect à» Britam’s mdustrial 
efficiency and also 1ts contribution to the development of 
new countries Lord Champion emphasized that the 
efforts of the boards must be lmked with the educational 
facilities provided by the Mimstry of Education and that 
the Man-power Research Unit as well as the Central 
Trammg Council must co-operate closely with the National 
Economic Development Couned. He too stressed the 
importance of re-traming, and was strongly supported by 
Viscount Amory, who also emphasized that three kinds of 
traming were required craft trainmg, technical traming, 
and that m the broadly managerial field However, the 
most interesting feature of the debate was a maiden speech 
from Lord Bowden He began by referring to Prof Stone's 
estimate that by 1970 Britam would need about 15 
milhon more skilled and 1:4 millon fewer unskilled men in 
a total labour force of perhaps 25 millon, and urged that 
essentially Britain's task was to educate the whole working 
population one or two grades higher m the hierarchy and 
this must be done throughout their workmg lives Lord 
Bowden thought that there were vast potential possibilities 
such as television to be explored He then emphasized 
the mportance of the education of graduates within mdus- 
try and said that this could no longer be left entirely to the 
muitiative of private industry the Government must 
assume responsibilty for part of the heavy cost of the 
necessary traming schemes, and he regretted the absence 
in the Bull of any specific reference to this problem 
Finally, after eriticizing some of the defects of the present 
apprenticeship system, he cited the coal dustry as an 
example of what could be done if Britain was 1eally m 
earnest, and, while welcoming the Bill Lord Bowden 
pleaded that ıt should be accepted as only a small contribu- 
tion to the immense effort that was urgently needed 

Lord MeCorquodale of Newton deprecated the idea that, 
in urging greater efforts and more co-opeiation, Britain 
should belittle what had already been done, and thought 
that the Bill opened up a great opportunity foi develop- 
ment Lord Wilhamson endorsed his words, and Lord 
Aberdare, while weleommg what had been said about the 
work of the technical colleges, urged that attention should 
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also be directed to commercial trammg and the commer- 
cial colleges Lord Blakenham, replymg on the debate, 
welcomed the reference to the use of television teaching 
machines and other modern teachmg techniques as well 
as to commercial trammg and traming in agriculture The 
Bill gave the Minister power to appoint staff and this would 
melude the appomtment of whatever mspectors were 
necessary to supervise the working of the boards 

In the light of these two debates 16 1s scarcely reasonable 
to take too pessimistic a view of the scope or prospects 
of the Bill which clearly could go far towards achieving 
the desired objectives grven the essential co-operation 
from mdustry, includmg the Trade Unions, and sufficient 
determmation and urgency on the part of Government 
The most encouraging feature of the debates was, in fact, 
the tendency of all parties to view the measure as one 
essential element in the building up of an adequate 
system of education for the needs of Britam to-day and 
m the decades mmediately ahead It is a natural com- 
plement to the measures recommended in the Newsom 
and in the Robbins Reports, and the details must be worked 
out, moreover, in the hght of the situation which will arise 
when the school-leaving age 1s raised and of the courses 
which are bemg provided for those who will remain at 
school for the extra year Apprenticeship systems as well 
as the schools have to take account of the rising standards 
of pupils, which the Newsom Report rightly emphasized 

The Robbins Report made relatively little comment on 
education below the level of university or other imstitu- 
tions of higher education It did pomt out, however, that 
if the colleges of commerce and the technical colleges, for 
example, lost ther mtimate connexion with local mdustry 
and commerce there might well be a serious risk that 
the nation’s needs for technicians and skilled man-power 
generally would be mcreasmgly neglected If these colleges 
as a whole ceased to be admmustered by local government, 
then the links with school education, which are essential 
if technical and commercial educaticn 1s to provide an 
alternative ladder of higher education for boys and girls 
unable or unsuited to follow a sixth-form or university 
course, will be weakened Industrial trammg must be seen 
m ths context also and for the further reason that only 
in the wider context of a national system can Britain 
hope for the economical use of staff and apparatus 

With that must go, as the Robbins Committee observe, 
ino1easing use of the principle of student transfer, here 1s 
another compelling reason for urgent attention to present 
anomahes ın the apprenticeship system The removal of 
some of the archaic restrictions 1s a task for which the 
Trade Unions have a prime responsibility and where the 
initiative can and should come from them Failure to do 
so cannot but raise doubts as to the sincerity of then 
intentions to co-operate in furthermg the whole purpose 
of the Industrial Tramimg Bill, however large a share of 
responsibility ın other directions rests on Government and 
industrial management 

The quality of industrial management 1s indeed also a 
vital factor, and for this reason trammg for management 1s 
not entirely unrelated to the mam purpose of the Bill 
So far as the issue was raised m the debates, 16 was partly 
in the context of ensuring an adequate ladder of advance, 
and perhaps more especially of providing the traming m 
managerial and like skills which the foreman and the shop 
steward and shed or department manager may need It 
was scarcely concerned with the business studies and 
education for management discussed by the Robbins 
Committee m a section of Chapter 10 of their report 
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Here the Committee was concerned with a range of 
subjects—commercial law, mdustrial psychology, aecount- 
ing, statistics, operational analysis—in which there 1s a 
sizable body of agreed principles and a readily accessible 
and intelligible literature They are also emmently suited 
for study at the first-degree level, ether m combination 
with courses m social studies or grouped with technology 
Education for management as such, however, 1s anotho: 
matter and one on which opinion 3s drvided as to what 
methods of trainmg are appropriate 

The Robbins Committee considered that the present 
situation is unsatisfactory, though ıt also pointed out that 
the value of the postgraduate courses and experiments 
already available in certam universities and colleges 
of technology ıs frequently underestimated, and the 
problems of devising such courses are often not appre- 
ciated It recommended that at least two major post- 
graduate schools should be built up ın addition to other 
developments already probable in universities and other 
mstitutions For success these schools should each be 
associated with a well-established mstitution so as to 
ensure provision of an adequate background of expert 
knowledge ın all the different disciplines mvolved They 
should also be situated m the neighbourhood of large 
busmess centres, so as to facilitate the use of part-time 
staff of business experience. The Committee also thought 
that there was scope for further experiments m courses 
of management education for those of mature years, who 
wished to refresh their minds by mstruction m recently 
developed techniques and by systematic discussion with 
academie teachers concerned with their activities 

These recommendations are strikingly m hne with the 
recommendations of Lord Franks m his report on British 
Business Schools*, which was published a month later 
Lord Franks had been asked last July by Lord Rootes, 
Suv Norman Kipping, for the Federation of British Indus- 
tries, Mr C. Mead, for the British Institute of Manage- 
ment, Mr J W Platt, for the Foundation of Management 
Education, and Sir Robert Shone, director-general of the 
National Economie Development Council, to give guid- 
ance and advice which would enable them to formulate a 
plan for one or more busmess schools of the highest quality 
and select a suitable university or universities While 
ib was accepted generally that most training for business 
—and specifically most trainmg for management—must 
always be on the job m the factory or 1n the office, 1t was 
put to Lord Franks repeatedly that expansion of education 
and trainmg for managers ın addition to this was urgently 
needed Moreover, there was a gap in Britam which must 
be filled without delay 1f the needs of to-morrow for intelh- 
gent and competent managers were to be met 

Lord Franks concludes, for reasons detailed in his brief, 
logical report, that two such business schools should be 
set up in the first instance, each associated with a unrver- 
sity but enjoying considerable autonomy as a partnership 
between the university and business, and each situated 
within major mdustrial and commercial conurbations 
Each busmess school, moreover, should offer courses for 
both postgraduate and post-experience students, and he 
had no doubt that one of these schools should be associ- 
ated jomtly with the London School of Economics and the 
Imperial College of Science and Technology and the other 
with the University of Manchester AU three institutions 
are prepared to back the venture with their full resources 
and commit themselves to achieving success 

* British Business Schools Report by the Rt Hon Lord Franks, PC, 


GCMG,KCB,OBE Pp 20 (London British Institute of Manage- 
ment, 1963) 68 
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Lord Franks also pomts out that while these two 
business schools would form a major reinforcement at the 
national level, they could deal with only a small fraction 
of existing and potential managers Their effectiveness 
must depend m part on whether many others who are 
entering management are also bemg helped to become 
better at their jobs, and ıt was of great1mportance that the 
general body of education and traming for management in 
Britain should continue to develop Equally pertment 
to the question of industrial trammg in its widest sense, 
he also observes that 1f the busmess school is to have a 
major effect, every company which sends senior men to 
the courses or takes on young men who have been to the 
school must have a continuous and coherent programme of 
trammg and, above all, an adequate management develop- 
ment programme Without these much of the work of the 
school will be wasted 

For that reason alone even traming for management at 
the level discussed ın the Franks Report cannot be con- 
sidered entirely outside the scope of the Industrial Traming 
Bil While here the main responsibility must he on indus- 
try itself, the Government must make certam that the 
iesponsible Minister has the resources and staff at his 
disposal to ensure that all concerned are really playing 
their part Persuasion 1s always more desirable than 
compulsion, but the bitter experience of the past has 
shown that on both sides of industry it js necessary to 
have sanctions ın reserve if co-operation is not forth- 
coming and ‘obligations are disregarded, Fortunately, 
unless the assurances given on all sides, especially when 
the Bill was debated m the House of Commons, are not 
to be discounted as fundamentally msincere, there 1s 
sound ieason for believing that a measure so generally 
welcomed will be strongly supported 1n practice 


No 4926 


RECORDING THE BEHAVIOUR AND 
PHYSIOLOGY OF ANIMALS 


Bio-telemetry 

The Use of Telemetry ın Animal Behaviour and Physiology 
in Relation to Ecological Problems Edited by Lloyd E 
Slater (Proceedings of the Interdisciplnary Conference, 
New York, March 1962) Pp xn+372 (London and 
New York Pergamon Press, 1963) 126s net 


wA EVER we study an anımal, whether we sımply 
wateh 16 with our two eyes, track 1t by the noise it 
makes or follow its footprints in the snow, we are in effect 
observing its behaviour and often obtamung information 
about its physiological state by observation at a distance 
Ali instrumentation which extends or refines the per- 
formance of our distance receptors, whethe1 microscope 
or telescope, camera or range-findei, presswe gauge or 
tapeaecorder, can logically be brought under the term 
telemetry’ The term is, however, a new one comed m 
iecent years to cover the great development 1n biological 
monitormg devices consequent on the development of 
electronics and traditionally carrying with ıt the idea of 
using a wireless link over a substantial distance So it 
was a natural idea to brmg together a number of people 
who were using such techniques in biological research 
whethei m behaviow, physiology or ecology, to pool their 
experience and technical know-how The results of such a 
conference, held m New York in Maich 1962, have now 
been published, under the title Bzo-telemetry 

No doubt it was a stimulating gathermg, but tho result 
when pubhshed turns out to be a very mixed bag with 
items of greatly varying merit One feels that some of the 
contributors are mtoxicated with, their own ingenurty and 
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a great deal of space is given up to details of cirreurtry and 
indeed, in places, quite advanced electronic theory Some 
of the writers seem prepared, on the plea that to look at an 
animal disturbs 1t, to go to almost any length to avoid 
actually looking at an animal themselves, and there 1s a 
widespread, sometimes almost comical, dimegard of the 
opposite danger—one might almost say certamty—of 
upsetting an animal’s behaviour by loading 1b with trans- 
mitting devices A good example of this is Alvin Smgen’s 
paper, misleadingly entitled “Some Solutions to the 
Problem of Hommg’’ Another danger ıs more subtle and, 
therefore, even more serious It 1s impossible to monitor 
the complete behaviour of an anual by telemetry, 
therefore one has to select certain features for instrumental 
observation But once one has started on this course one 
almost certamly tends to cease direct observation and so 
is very hkely to muss other aspects of the total behaviour 
which may be vitally important The moral of this 15 that 
telemetry 1s seldom a safe tool except in the hands of one 
who 1s fully trained 1n the subtle and difficult science and 
art of observing and interpretmg animal behaviour—m 
short, one who has the ethological approach 

One must immediately say that certain of the contribu- 
tors are well aware of these dangers and continually 
pomting them out It 1s this which gives much of the 
discussion 1ts stimulating character Some members (m 
particular D R Griffin) fulfil a valuable function m 
bringing high-flymg telemetrists back to the solid ground 
of observation, and m slyly puncturmg technical pom- 
posities There ıs a great deal of interest ın the book and 
many suggestions and ideas for future development, and 
many workers who are up against the intractable prob- 
lems of recording and analysing biological processes will 
find useful hints m fields other than their own, as a result 
of perusing this book The volume commences with an 
amusing though somewhat irrelevant mtroduction by 
Warren McCulloch, after which the work 1s divided into 
six main sections entitled as follows “The Potential for 
Telometry in Biological Research”, “The Current State 
of Biological Telemetry”, and reports on ‘Telemetry m 
Animal Tracing, Orientation and Ecology", “Studies of 
Animal Social Behaviour’, “Studies of Animal Physi- 
ology”, and “Studies of Physiology in Man’? The 
production is excellent and the illustrations lavish— 
including half a dozen pictures of lecturers delivermg their 
lectures! But the price for non-American workers 1s 
fantastically high for what the book contains 

W H THORPE 


THE FARMING YEAR 


Agricultural Synthesis 

The Farmmg Year By Prof A N Duckham Pp 
xiv+525 (London Chatto and Windus, Ltd, 1963) 
75s net 


HE author states that Agricultural Synihesw 1s 
intended for agricultural students, the general 
agriculturist, the specialist interested in wider aspects 
of agriculture than his own special field, the geographer, 
historian or natural historian broadly interested m the 
interaction between man and the world and, finally, 
parts of ıt should interest those responsible for imtiating 
or directing research programmes It would require an 
unusual book to satisfy all these claims, but Prof Dueck- 
ham's latest book makes stimulating readmg and does 
represent an original approach to the subject 
The book 1s divided mto a general introduction entitled 
“The Aseasonality of Mar", and four parts entitled “Man”, 
“Scienco”, “Work” and “The Farming Year" respectively 
Each of Parts 1-3 has its own introduction, followed by a 
varying number of chapters Each chapter has its own 


introduction, summary and conclusions and is sub-divided 
^ 
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into a number of sections Part 4 again has rts own mtro- 
duction and 1s then divided mto three chapters, the first 
of which has its own mtroduction and summary and its 
own sub-divisions The second chapter m this part 
(Chapter 18) 1s entitled “Summary and Conclusions"? but 1s 
nevertheless sub-divided into a number of sections with 
a final chapter summary. The last chapter ın the book, 
entitled “Prospects for the Future", also has 1ts own con- 
clusions section. There follow two appendixes, one dealing 
with estimated seasonality of production m England and 
Wales and the other suggesting an agricultural calendar 
for the lowlands of the United Kingdom 

There ıs & substantial lst of references, an author 
index and a comprehensive subject index ‘There are 
also many useful illustrative charts, graphs, diagrams and 
tables. 

The layout of the book facilitates reference to any 
particular topic 1n which a reader 1s interested The mtro- 
duction to each part and the mtroduction and conclusion 
to each chapter should ensure that the student understands 
the author's intentions and the views and opinions he has 
tried to present The general reader, however, may feel 
that this detailed sub-division of the book mevitably leads 
to some unnecessary repetition m places and there may 
be some danger that the student will prefer to use the 
author’s chapter summaries and conclusions rather than 
try to form his own critical appreciation of what 1s 
said in the maim body of a chapter 

The book begins by outlining the biological background 
of the seasons as they affect plants and animals, including 
man, and discusses how. in advanced economies, man has 
attamed almost complete-aseasonahty The early chap- 
ters melude discussion of the seasonal rites and festivals 
of primitive peoples in relation to agriculture and the 
provision of food for man, and also examine the contem- 
porary role of the seasons ın our present social lives 
Prof Duckham traces the mfluence of climate and agricul- 
ture on the seasonality of diets, showing how, in the 
United Kingdom, in the past 500 years we have moved 
from a dietary régime which was seasonal to one which 
shows only minor changes from month to month Atten- 
tion 18 directed to the close correlation between the 
seasonality of agriculture and the seasonality of biological 
processes and the correlation of the latter with seasonal 
patterns of climate and weather. The economic conse- 
quences of the interactions between social, climatic and 
biological factors are discussed. 

Part 2 of the book deals with the chief seasonal patterns 
of hght, energy, temperature, moisture and soil conditions, 
and the effect thereon of such factors as latitude, altitude, 
aspect and soul type It meludes consideration of weather 
uncertamty and 1ts agricultural consequences, the seasonal- 
ity of crop plants and of certain characteristics of farm 
livestock. Seasonal mefficiencies are examined 

Part 3 emphasizes the importance of a proper under- 
standing and application of principles underlying the 
seasonal planning and conduct of farm work. The author 
claims that the forward planning of work, using the term 
in its widest sense, must be based on a successful predic- 
tion of the date or dates on which particular operations 
should be done, weather and other circumstances permit- 
ting, but suggests that the prmeiples of successful opera- 
tion-dating seem to have received little attention ın the 
past Ho urges that, economically, ıt may sometimes be 
as important to merease predictability and datmg toler- 
ances as to raise yield per acre or per animal Hoe examines 
how the various factors concerned should be apphed to the 
practical operation-datmg of the farmmg year, directing 
particular attention to husbandry-datmg tolerances and 
the conditions which determme them He divides 
the farming year into nme work phases and outhnes the 
advantages of a seasonal work-block system, showing how 
such a system might work out on a partıcular farm Argu- 
ments for and against trying to smooth the seasonal 
pattern of work are discussed 
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Part 4 deals first with the planning of the farm pro- 
gramme as a whole (Appendix 2 shows how a farm plan 
based on the procedure set out m thus chapter and the 
husbandry-dating schedules considered m earlier chapters 
can be converted mto week-by-week operations) The 
final chapters give some general conclusions and consider 
how far these are appheable ın temperate areas outside 
the United Kingdom and what research needs they 1mply 

The book ıs a complete departure from the common 
agricultural text-books based on descriptive husbandry 
It 1s based on an entirely different way of lookmg at 
farming and as such 18 a welcome, though rather expensive, 
addition to the hterature EY 
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APPLIED GEODESY 


The Use of Artificial Satellites for Geodesy 

Edited by G Veis (Proceedings of the First Interna- 
tional Symposium on the Use of Artificial Satellites for 
Geodesy, Washington, D C, April 26-28, 1962) Pp 
xi-424 (Amsterdam North-Holland Pubhshimg Com- 
pany, 1963) 86s 


Tune first ternational symposium on the “Use of 
Artrficial Satellites for Geodesy” was attended by 150 
scientists from 15 different countries, many of the seen- 
tists having their main field of interest outside the con- 
ventional limits of geodesy The Proceedings, therefore, 
cover a very wide field and they have the great merit of 
includmg many papers which present numerical results 
and of bemg completely up to date There are sıx papers 
in French, the remammg 41 papers being m English, and 
almost all have abstracts in both Enghsh and Russian, a 
few of the English papers consist of an abstract only, as 
they are published ın full elsewhere 

In Part 1, “Dynamics of Satellite Motion", Garfinkel 
reviews the considerable recent progress in the theory of 
the motions of satellites, while Viti describes his new 
spheroidal method Brouwer discusses the perturbing 
effects of the Moon, Sun, radiation pressure and drag 
(abstract only), and there are many papers on resonance 
and commensurable motion These moelude papers by 
Izsak and Garfinkel on the long-range perturbations in the 
viemity of the critical inclination, while Morando, Blitzer, 
Musen and Baile investigate the longitude-dependent 
terms of the Earth’s potential from the motions of 24-h 
satellites and those with orbits of small mehnation and 
eccentricity 

In Part 2, “Satellite Tracking”, all the papers but one 
are concerned with optical trackmg The American 
Baker-Nunn, PC 1,000 and BC-4 camera systems are 
described by Veis, Wilhams and Taylor, respectively, and 
there are several papers on experrmental methods carried 
out in other countries A paper by Mrs Massevitch 
reviews the optical observation techniques used m the 
USSR and other countries of Eastern Europe Duane 
Brown's paper, “Notes on the Reduction of Stellar Plates 
for Determination of Directions of Flashmg-hght Beacons”, 
gives a brief history of the development of techniques used . 
in the United States from the advent of artificial satellites 
to the present day, and 1t concludes with an interestmg 
list of the relative advantages and, disadvantages of fixed 
and, equatorially mounted cameras, to the overwhelming 
advantage of fixed cameras Henriksen briefly reviews 
electronic tracking 

In Part 3, “Reference Systems and Error Analysis”, 
Veis describes the various reference systems in use and 
introduces a ‘modifiéd sidereal system’? Markowitz 
estumates that high-frequency and very-low-frequency 
time signals may be used to synchronize clocks with an 
error of about 1 msec at distances up to about 8,000 km 
Scott estimates the errors of star positions, taken from the 
AGK 2, Cape and Yale photographic star catalogues with 
inclusion of proper motion, to be between 0 2” and 0 8^, 
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he also reviews the present programmes for the 1mprove- 
ment of positions and proper motions to the ninth 
magnitude 

Part 4, Geometrie Methods’’, mcludes papers on Project 
ANNA by Macomber and on the transit system by 
Guer Hirose describes a simple method of triangulation 
using one timmg camera and two equatorilly mounted 
cameras without any special timing devices, at the three 
apices of a triangle Gordon describes equipment and 
methods for determming geodetic positions by satellite- 
star occultations 

In Part 5, “Numerical Results", Koza, King-Hele, 
Michelsen, Newton and Izsak give up-to-date values of 
the coefficients of zonal harmonics of the Earth s gravita- 
tional field as far as J, and Jy, also some tesseral har- 
monis J; to J, appear to be of order 01 x 10-5, but, 
as 1s pointed, out, as soon as higher Jn’s are determined all 
the previously accepted values of the lower Jn must be 
revised, and there still appears to be doubt about terms 
mvolvmg (J2)? which will affect estimates of J, and higher 
terms of the same order as (J4)? 

Part 6, “Comparison with Other Methods”, compares 
and combmes satellite observations with gravity data 
Kaula and Mrs Fischer compare geoid heights based on 
satellite data with those determmed astro-geodetically 
Kaula states that the locations of the major continental 
geodetic systems of the world have been shown to be 
probably correct to 100 metres, but that the scale relation- 
ship of the satellite system to the o G s system 1s mcon- 
clusively determined at the moment Rabe also compares 
the values of GM obtamed by terrestrial and astronomical 
methods Uotila gives the coefficients of low-degree 
spherical harmonics of the gravity field as computed from 
surface gravity anomalies, while Molodensky, Yeremeyev 
and Yourkina evaluate the accuracy of Stokes’s theorem 
and attempt to improve his theory It 1s pleasing to note 
that the old controversy (1f that 1s not too strong a word) 
about the triaxial spheroid now seems to be dying a 
natural death, and several authors plead in effect with 
Mrs Fischer “It 1s suggested not to use triaxiality with 
its geophysical connotation as a figure of speech for Jas 
but to call a coefficient a coefficient" 

Part 7, “Geophysical Impheations”’, consists of a paper 
by MacDonald entitled ‘Geophysical Impheations of 
Satellite Geodesy”, and “The Effects of Convection in the 
Mantle on the Gravitational Field of the Earth”, by Kopal 
Finally, Part 8 1s a “Closmg Summary of the Symposium”, 
by A H Cook 

In a short review such as this 1t 1s 1mpossible to mention 
all the papers, but 1t 1s hoped that enough has been said to 
illustrate the scope and quality of this book In addition 
ib 1s extremely well produced and almost without muis- 
prints, for which the editor and publishers are to be 
congratulated It well deserves a place m the library of 
all who wish to use artificial satellites in order to obtain 
information about position or the Earth’s gravity field 

A R ROBBINS 


ROCK PRESSURES IN OIL AND GAS 
DEPOSITS 


Initial Rock Pressures in Oil and Gas Deposits 

By B A Tkhostov Translated by R A Ledward Pp 
vin4-118 (London and New York Pergamon Press, 
1963) 50s net 


: HE motive force in an untapped oil or gas reservoir 1s 
the latent energy due to environmental rock pressure 
Unhke sold mineral resources, the fundamentally dis- 
tinguishing feature of oil pools ıs the presence tberem of 
sufficient natural energy, once released, for the partial, if 
not complete, extraction of their contents In a majority 
of oil and gas deposits initial rock pressure corresponds 
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to the hydrostatic pressure of the geological envnonment 
concerned or at least differs httle from it But there are 
exceptions, often described as ‘anomalous’, when there 
1s a large excess of initial rock pressure over local hydro- 
static pressure, which in this context 1s defined as “the 
pressure of a column of water whose height 1s equal to the 
depth of occurrence of the bed” This assumption implies 
a common level for the outcrop of the bed and the colla: 
of the well from which the pressure is determmed B A 
Tkhostov’s thesis 1s that causes of anomalously high 
pressures are similar to those of normal rock pressures, 
and that ın the former case values differ because geological 
conditions controlling development of rock pressures are 
different 

Inatial Rock Pressures «n Orl and Gas Deposits aims at 
elucidation of the causes determining rock pressure, also 
of those cases where anomalous high values obtain The 
survey covers factual data relating to imtial rock pressures 
recorded from oilfields in the Urals-Volga area, the 
Caucasus, the Ukraine, Central Asia, the Umted States and 
Canada Apart from the author's own interpretations of 
the problem, the opinions of other research workers con- 
cerned are critically analysed The result 1s a very 1ead- 
able exposition of the controlling factors of oil and gas 
production, especially in the mitial stages of development 
of new fields, which have hitherto tended to be somewhat 
parochial in individual records, lackmg a common 
denominator of philosophical explanation 

The treatment of the subject includes a review of 
research into the problem in the countries mentioned, 
consideration of conditions determunmng the state and 
magnitude of rock pressures in oil and gas deposits, 
distribution of deposits according to tectonie zones and 
ages (the major part of the book, wherein Devonian and 
Carbomferous, Mesozoic and Tertiary formations are 
separately described), and a discussion of particular oil 
and gas deposits where anomalously high imtial rock 
pressures have been recorded ‘The volume concludes 
with four appendixes tabulating imtial rock pressures and 
other data from a large number of locations in the U SS R 
There are fifty-four references to authors quoted in the 
text, mostly Russian 

The translator, R A Ledward, has done his work well 
and the English reader ıs presented with an easily under - 
standable conception of the author's motive in publishing 
this book H B MINER 


PHYSICAL GEOCHEMISTRY 


Physical Geochemistry 

By F Gordon Smith (Addison-Wesley Series in Earth 
Science) Pp x+624 (Reading, Massachusetts, Palo 
Alto and London Addison-Wesley Publishing Company, 
Inc , 1963) 113s 


N the appheation of physico-chemical theory and high- 
temperature, high-pressure experimental results to 
petrology and to economic geology, 88 m any rapidly 
expanding field, comprehensive reviews and text-books 
arelackmg Physical Geochemistry 1s designed to remedy 
the present deficiency The scope and purpose of the book 
are expressed by the author  '"The subject matter 1s 
divided mto two parts: the first 1s a systenuzation of 
theoretical aspects of crystals, and of systems including 
crystals, especially minerals, and the second 1s a synthesis 
of a self-consistent theory of high-temperature, high- 
pressure processes which are related to 1gneous rocks and 
mineral deposits The first part could form the subject 
matter of an undergraduate course in geology for supple- 
menting prior instruction m physical and imorganic 
chemistry, and the second part could form the basis of a 
graduate lecture course or semmar m petrogenesis”” 
Of the first, undergraduate part, approximately half 1s 
devoted to a compressed. account of crystal chemustry 
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hquids, and gases The remainder is devoted to the phase 
rule and phase diagrams, and rings the changes on a large 
proportion of the possible permutations of two- and thiee- 
component systems Part 2, the self-consistent theory of 
high-temperature, high-pressure processes, 1s a detailed 
compilation of recent data on systems involving silicates, 
sulphides, and solutions, and of geochemistry 

The author’s unusual approach makes for discussions of 
interest to the research worker, but for the student 16 can 
scarcely be recommended, the presentation bemg obscure 
Furthermore, while i$ 1s clearly a matter of opinion. where 
major emphasis should be placed m a field so diverse as 
that which this book attempts to cover, Physical Geo- 
chemastry lacks balance, one gains the strong impression 
of reading a collection of notes, some detailed, some 
scanty This impression arises partly from mappropriate 
headings—for example, the chapter entitled “Igneous and 
Metamorphic Rocks’ includes ‘Composition of the 
Cosmos and the Sun" and “Sedimentary Differentiation” 
One may contrast the detail ın which three-component 
condensed systems are discussed with the virtual ignoring 
of the effect of changing oxygen fugacity on iron-bearmg 
systems of petrogenetie 1mportance On the other hand, 
the attention directed to sulphide systems ıs a welcome 
precedent 

The illustrations are equally variable, both in scale and 
conception A. readily comprehensible diagram consisting 
of merely a few lines will be spread over virtually a com- 
plete page, a highly complex diagram will be crammed 
into a few mehes of space, often with a minimum of 
explanation m. either caption or text In the chapter 
entitled “Phase Diagrams”, 84 complicated diagrams 
(counting separately those labelled a, b, c) compete with 
text for 57 pages 

The bibhography 1s comprehensive, and an unusual 
feature of the index of 35 pages 1s that enti1es refer as often 
to the bibhography as to the text In aecord with the 
claims of this book to be a text-book, 108 problems are 
provided No answers are given G A CHINNER 


MARINE BIOLOGY 


Advances tn Marine Biology 
Vol 1 Edited by F S Russell Pp xin+410 (London 
and New York Academic Press, 1963 ) 84s 


Nene 1 of Advances ın Marine Biology represents 
the first of a new series and contains five contributions 
to quite different aspects of marine biology 

The large-scale culture of bivalve mollusc larvæ in the 
laboratory 1s an important aspect of appled marme 
biology Drs Loosanoff and Davis, pioneers and leading 
authorities in this field for many years, have contributed 
an article which, giving a most comprehensive account 
extensively, and indeed expensively, :lustrated—will 
be most weleome to workers on this subject, a detailed 
description of the installations, methods and results of 
the Milford Laboratory ıs presented To the more general 
reader, to whom presumably the series 1s largely addiessed, 
the detailed description, reading av times almost hko a 
laboratory notebook, is tiresome The approach of these 
workers to their subject has always been severely prac- 
tical and, in view of the terms of reference under which 
they have worked, this cannot be criticized It is a pity, 
however, that m view of their ability and wide experience 
the authors did not m this review attempt to relate their 
work to general problems associated with the culture of 
marine organisms and to show its relevance to other and 
more academic investigations of larval development 

For more than thirty years Johs Schmidt's ‘solution’ 
of the eel problem had been considered one of the classical 
investigations of biological oceanography and it was little 
wonder that Tucker's rejection of Schmudt’s hypothesis 
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seemed to some to smack of iconoclasm and that it] engen- 
dered. much scientific heat, perhaps if Tucker had been 
a little less forceful and some of the elder statesmen a 
little less unreceptive the energies of both could have 
been more profitably employed! That feelings were 
aroused 1s evident by the vigour with which the late Di 
Bruun—always a gentle and much-loved chaiactei— 
defends the position of his colleague In his contiibution, 
each of Tucker’s arguments aie in turn critically examined 
and a very good case 1s made out for the older hypothesis 
One of the fundamental questions concerns the identity 
or otherwise of the Ameiican and European eels, and the 
discussion prompts the question as to why fishery bio- 
logists do not apply more modein and more sophisticated 
techniques for comparisons based on morphometiic data 
It 1s not difficult to suggest ways of ‘testing’ the two 
hypotheses, the article brings out cleaily how difficult 
it 1s to apply an expermnental approach im biological 
oceanography and how dependent we are on deductive 
reasoning from such data as are available 

The three remaiming contributions to this volume are 
more conventional reviews Dr J A C Nicols article 
on photoreception and vision in fishos may bo said to be 
at the organ-level, Prof C M Yonge's on the biology of 
coral reefs at the community-level, and Drs Blaxter and 
Holliday’s on clupeid biology at the species-level The 
style adopted by the various authors is different—but 
none 1s the worse for that Nicol restricts his attention to 
photobehaviour and the functioning of the eye in marine 
environments, Yonge gives & general account of the 
biology of coral 1eefs, adding some of the historical back- 
ground against which the investigations have been set 
Blaxter and Holliday review clupeid biology in a most 
comprehensive manner, and their contribution will be of 
great use not only to those working in the same field but 
also to all those who wish to develop a soundly based 
biological programme of fisheries research, they are to 
be congiatulated 

All the papers are well referenced, the mispiints aie 
few, obvious, and of mimo: importance, the index is 
perhaps a httle sparse The volume is woll produced 

H Barnes 
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FOOD BIOCHEMISTRY 


Introduction to the Biochemistry of Foods 

By Dr J B S Braverman Pp xv+336 (Amsterdam, 
London, New York Elsevier Pubhshmg Company, 
1963) 70s net 


Buon began as an extension of organic 
chemistry, and involved chiefly the investigation 
of the chemical constituents of plant and animal tissues 
In the 1920’s and 1930's, under the influenco of such 
pionecis as F Gowland Hopkins, this static approach 
gave way to the dynamic, and the biochemist began to 
study the transformation of the chemical constituents of 
the cells and tho enzymes which brought them about 
The 1cactions which have been mostly investigated are 
those concerned with tho release of energy, leading, for 
example, to tho elucidation of the complex pathways of 
glucose oxidation 

In a sense, the biochemistry of the plant and animal 
products which we use as food has combined both the 
static and the dynamic approachos We now know a great 
deal about the stiucture of cellulose, vitamins, proteins, 
chlorophyll and essential ols We also know a great 
deal about the steps by which they are synthesized in 
living tissues, the ieactions in which they participate 
during life, the changes which occur after kilhng o: collect- 
ing, and the ways 1n which these may be modified by the 
processes to which foods are projected before they are 
consumed, 
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Introduction to the Biochemistry of Foods 18 a courageous 
attempt to bing together the wide range of information 
which exists regarding the biochemistry of foods It also 
touches inevitably on the physical chemustry of foods as 
well as hinting at physiological aspects (as taste), climical 
aspects (as the effects of vitamin deficiency), and sociological 
aspects (as the importance of producing acceptable high- 
protem foods for growing populations) It deals with 
tannins, essential oils and plant pigments, as well as with 
the phenomena of enzymatic and non-enzymatie browning, 
rheology and colloidal state 

Much of this information is put together m a way 
which will be of considerable usefulness for the food 
technologist Some of 1t, however, pre-supposes a fairly 
advanced knowledge of chemistry which many food 
technologists are unlikely to have Some again seems 
somewhat irrelevant to the food technologist Does he 
really know what a resonance hybrid 1s, and 1s he really 
concerned with the structure of viruses 1 

The sad and premature death of the author, Dr 
Braverman, no doubt accounts for some of the loose ends 
One 1s the reference to the date of Hopkins’s discovery of 
the vitamins as 1912, and a hne later as 1906 The simple 
explanation ıs that the earher date was that of a pre- 
limmary communication and the later that of a full 
publication, the uninformed reader, however, will simply 
regard one or other as a mistake 

There 1s no doubt that this book will seo many editions, 
for ıt remains the best single source of information on the 
chemustry of foods This will provide an opportunity for 
the correction of several mitating errors, such as ‘cata- 
chsm’, ‘cristal’ and ‘premordial’ With these and a 
few other changes, the book well deserves to become 
the classic which ıb undoubtedly will 
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THE ONION—A WORLD FOOD 


Onions and their Allies 

Botany, Cultivation, and Utuhzation By Dr Henry A 
Jones and Prof Lows K Mann (World Crops Books ) 
Pp xvii+286+58 plates (London Leonard Hill 
(Books) Ltd , New York Interscience Pubhshers, Inc n 
1963) 75s net 


"Los recorded history of the onion goes back at least 
four thousand years—the pyramid builders of Egypt 
are known to have consumed large quantities of omon 
and it 1s depicted m tombs of that period Since that 
tıme the amount of information on the onion has so 
increased that compilation of records into book form has 
become an urgent necessity It 1s, therefore, fittang that 
Onions and their Alhes should have as its senior author a 
man who can properly be regarded as pre-emment m 
onion research, particularly m the sphere of breeding and 
genetics 

Dr H A Jones has spent a lifetime investigating the 
common onion, while his co-author, Prof L K Mann, has 
worked mainly with related species, garhe and the more 
obscure Alhums meludmg the decorative species The 
genus Alum is vast and unwieldy with nearly 1,100 
species, although about 600 of these may be synonymous 
with one another This book makes little attempt to 
sort out the confusion of species, but Imnts itself to creating 
order among the cultivated types, with the result that 
description is restricted to seven species only 

The book's 29 chapters include three (dealing with elassi- 
fication and identification, morphology and development, 
and breedmg) which are of such value that they alone 
make publication worth while The chapter on classifica- 
tion shows that cultivated species range from the common 
onion, which forms bulbs and reproduces sexually to the 
sterile garhe which can be propagated only by cloves 
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(axillary buds), and the rlhuzomatous chinese chives. 
Species are morphologically well defined and, with the 
exception of Alleum cepa x fistulosum, are cross-incom- 
patible, but groups within species are all cross-compatible 
and tend to overlap because of the presence of intermediate 
forms According to the authors, one of the most reliable 
characters for identification of the cultivated Alum 18 
the pronounced odour and taste although other genera 
contain species with sumiJlar odours Because of their 
pungency, onions are widely used as flavourmg agenis, 
yet they have a definite food value (p 64) being ‘relatively 
high ın food energy, intermediate ın protem content and 
rich in calcium and riboflavin”, and further, "starch 1s 
generally absent from all onion species” 

The chapter on morphology and development, like 
that preceding 1t, contains simple but explicit drawmgs 
which help considerably to clarify the text 

One of the more important genetic events of this century 
was the discovery of cytoplasmic male sterility in the com- 
mon onion by the senior author m 1925, and the chapter 
on breeding ıs mamly concerned with the description of 
the appheation of cytoplasmic male sterility to the pro- 
duction of Fl hybrid onions Because of the common 
onion’s various physiological requirements for bulbing, 
storage and flowermg (amply desembed m Chapter 4) 
one of the main advantages of Pl hybids 1s that they 
can be ‘tailor-made’ to fit a specific environment The 
United States 1s still the main producer and consumer of 
Fi hybrid onions, but other countries, particularly those 
of Europe, are benefiting from American experience and 
are now busily engaged m producing F1 hybrids to meet 
their own needs 

The book opens with a summary of world production 
and consumption of onions, and shows the United Kingdom 
as the largest importer with no exports It 1s salutary to 
note that the Netherlands, with a similar chmate, 1s the 
second highest exporter (Egypt 1s first) and 1mports only 
munor quantities of onions 

One of the difficulties with this type of book—intended 
to be read by a world-wide publc—ais the adoption of a 
standard terminology One becomes accustomed to the 
use of the American ‘seeding’ for 'sowing', but there are 
minor confusions in other respects such as that on p 184 
where ‘Zineb’ spraying 1s recommended both m litres per 
hectare and ın pounds to gallons within only six lines of 
print As tables in the introductory chapter express their 
figures on metric scale m tonnes, with which the majority 
of readers will probably be unfamihar, the mistake in the 
conversion tables of appendix 2, where we iead that 1 
tonne equals both 0 984 and 1 102 (short) tons, 1s unfor- 
tunate In this chapter also the first four tables would be 
greatly improved by the addition of averages for countries’ 
onion production, ete 

It may be carping to criticize a book of this mgh quahty, 
bué too frequent repetition of facts or phrases (pp 91, 78 
and 93, and 155, for example) can irntate, while the 
enthusiasm of the authors for their work sometimes tends 
to lead to over-sentimentality as m the opening paragraph 
of Chapter 4 In spite of obvious difficulties, 16 might be 
worth including a recommended list of varieties for each. 
country (or each latitude and temperature) m further 
books of this series while a restricted number of colour 
plates, for example, showmg disease symptoms, need 
not substantially merease the cost of production Illustra- 
tions are of excellent quality and the sprmkhng of hints 
throughout (burymg rogue seed heads, p 168, planting 
rows m the direction of the prevailing wmd to prevent 
downy mildew mfection, p 183, ete ) confirms the authors’ 
wealth of experience with all aspects of Allzum culture 
Printing 1s of a high quality and the only mistake noticed 
in the text 1s ‘circular’ for ‘cultivar’ on p 127 In sum- 
mary, this book 1s an undoubted asset to student, research 
worker, grower or seedsman interested m extending his 
knowledge of the onion and 1s relatives 

L E Warts 
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EDUCATION FOR INDUSTRIAL DESIGN" 


By Pror MISHA BLACK, O.B.E. 
School of Industrial Design (Engineering), Royal College of Art, London 


NDUSTRIAL design education engenders verbosity 
out of proportion to its substance In Great Britam 

only some 250 students at 8 schools are taking full-time 
courses in industrial design for the engmeering industries, 
in the United States the students at 45 schools and univer- 
sities total about 2,000 The rest of the world musters a 
further 1,500 or so to complete the world total of approxi- 
mately 3,700 student industrial designers! This 1s a 
small number 1f compared with the 8,490 studénts who are 
at present bemg trained as engineers m Great Britam 
alone As a further measurmg-rod, the 250 industrial 
design students m Great Britam may be related to the 
6,182 taking full-time courses m British art schools a 
proportion of 1 24 

It is clearly not the magnitude of the problem which 
has made its study a major pre-occupation of profes- 
sional industrial designers, and at the second General 
Assembly of the International Council of Societies 
of Industrial Design at Venice im 1961, Dr Tomas 
Maldonado questioned the reason for ths “obstmate 
interest’? m the problem of trainmg mdustrial designers 
which had already made ıt a major subject at earher 
mternational conferences m the United States, Germany, 
Sweden and Japan But m 1963 ıt was agam, at the 
third International Council Congress m Paris, the topic 
which sparked the greatest interesb and controversy 
That this concern with education engenders such violent 
controversy and partisanship can be explained only by 
the acute sense of inferiority from which most of the 
practising industrial designers painfully suffer 

The sense of inferiority springs, m turn, from the lack of 
an established educational background which 1s the condi- 
tion of all the first generation of mdustrial designers, most 
of whom are still actively in practice They feel umpelled, 
therefore, finally, to close the circle by themselves helping 
to provide the educational facilities which will ensure that 
future generations of industrial designers will have the 
advantage of scholarship as a firm base on which a pro- 
fession can be founded 

At the same time, however, as the professional mdustrial 
designers attempt to conquer their psychological dis- 
abilities, the larger world of artists and craft-based 
designers esteem them as designers of a high order, envy 
them their technological mastery and accept them among 
the aristocrats m the design luerarehy With few excep- 
tions the art schools, which tram designers for a dozen 
mdustries, have even conceded that ‘mdustnmal design’ 
has a special connotation which restricts 1ts practice to 
the engineermg industries 

I have myself assumed this special meaning of industrial 
design! m the preceding paragraphs. In Britain the term 
18 clarified as ‘industrial design (engmeering)’ to distinguish 
16 from design for the pottery, textile, furniture, glass and 
other industries which are generally based on the ancient 
crafts, but elsewhere 1n the world, and particularly in the 
United States, ‘mdustrial design’ 1s considered to be the 
proper description only of design for the hght and heavy 
engineering industries 

Used m this sense (as I shall contmue to do here) it 
ean be understood why industrial design 1s so often con- 
sidered to be the spearhead of design education, and why 


* Substance of a paper presented for discussion at an international seminar 
held ın Bruges during March 20-24 under the auspices of Unesco and the 
International Council of Societies of Industrial Design 


a department of mdustrial design ın an art school is 
imagined to be the signal of that school’s being in key 
with the needs of our immediate tue The other design 
departments, at least in Great Britam, are usually pro- 
duemg more mature and more esthetically important 
work than the mevitably young and small department of 
industrial design (engineermg), but the approbation of the 
new phenomenon is not as unreasonable as ıt might at 
first sight appear 

Two elements are involved Furst, the human frailty of 
finding other fields greener and the appeal of novelty 
The first design school m Britam was established 127 
years ago, and the problem of educating designers for the 
textile and ceramic industries has not changed greatly 
over the past hundred years. Only three completely new 
fields of design have appeared durmg the past century, 
and all of those durmg the past 50 years—first design for 
films and then, yet more recently, industrial design and 
television design — Ib 13 not surprising that those interested 
m design as a means of communication and as a method 
for finding common cause between the aspirations of the 
artist and the capacity for esthetic appreciation of the 
community as a whole have attached great importance 
to these new diseiplmes. 

The interest in mdustrial design echoes that in films 
and television as mass media, but ıt 1s emphasized by the 
appreciation that the second industrial revolution into 
which we are moving will inerease the extent to which our 
environment ıs created by the products of industrial 
production If our houses, our transport and the multiply- 
ing artefacts which we now find essential for normal hving 
are to mcrease ın number and be factory made, then the 
skull and sensitivity of those who design them, and thus at _ 
least partially produce our habitat, are of increasmg 
importance 

Electric shavers, vacuum cleaners, cookers and heaters, 
motor-cars, buses, hght fittings, sewing machines, type- 
writers, wash-basms and prefabricated houses are now 
more dominant in our urban lives than fabrics, ceramics, 
glass and even furniture, 16 1s not surprising therefore that 
the focus of attention has switched to the designers who 
must determine the performance, convenience, shape, 
colour and texture of this avalanche of engmeermg pro- 
ducts which streams from our factories 

If the mdustrial designers are responsible for the design 
of these engineering products, there seems little cause for 
their self-questionmg anxiety But, ın fact, their degree of 
responsibility 1s ul-defined and variable, and it 1s ths 
which makes agreement on educational programme and 
method so difficult 

In his paper to the second General Assembly of the 
International Council of Societies of Industrial Design, 
Dr Tomas Maldonado described the present situation with 
devastating directness and clarity ‘‘mdustrial design as 
a profession and as a philosophy of a profession 1s a con- 
fused and contradictory reahty where absolute disorgan- 
ization reigns’? The situation has umproved during 
the past three years—but not greatly. 


The Attack on Industrial Design 


This disorganization has not unduly mhibited the pro- 
duction of work of great merit by industrial designers 
during the past quarter-century, and disorganization could 
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be allowed gradually to transmute nto order as experience 
subdues amateurism, were 1t not for the attacks which are 
still being made agaimst the whole concept of mdustrial 
design as a proper subject for specialized study and pro- 
fessional practice The antagonism to mdustrial design 
comes chiefly from engineers who mistrust 16 as an upstart 
peripheral activity to ther mam body of learnmg and 
experience, they can see no advantage to be gained from 
this interloping into their preemot 

I attempted to answer this opposition in a lecture at 
the Hatfield College of Technology, m which I differen- 
tiated between major engmeermg design, which 18 con- 
ceived at the frontiers of knowledge, and allows for httle 
if any conscious zsthetic decision, and that which 1s 
basically development engineermg ın which decisions affect- 
ing function and form can be made within relatively wide 
tolerances Form follows function’’, I then wrote, “when 
the form 1s that of objects or mechanisms which are at the 
height of their tıme, when the need to resolve scientific 
and technological problems excludes all other considera- 
tions, and when the consciousness of the engineers 18 
completely absorbed within the superhuman task of 
reaching ahead into the then unknown’ I then de- 
scribed how that purity of design 1s a rare occurrence and 
that m most engmeermg projects there 1s a need for 
esthetic decision which 1s mevitably, consciously or un- 
sciously, made by the designer, be he engineer or industrial 
designer 

The case for esthetic decision 1n engineermg design was 
made thirty years ago by Sir Herbert Read “one false 
theory assumes that if the object m question performs 1ts 
function in the most efficient way possible, ıt will 2pso 
facto possess the necessary esthetic qualities To this 
argument we must reply that an object which functions 
perfectly may, and probably will, possess esthetic quali- 
ties, but the connection ıs not a necessary one’’> ‘This has 
been corroborated many times, by engmeers such as 
Oscar Faber, who, in his address to the Institute of Civil 
Engineers mn 1944, said ‘The fallacy, which 1s widely held, 
1s that 1f a structure 18 honestly designed to satisfy all its 
scientific or engineermg requirements, 1t will of necessity 
be beautiful . Unfortunately, all that one can say 
about 1t 1s that such a structure may by chance be beauti- 
ful, but ıt will only be by chance"* More recently, m 
1959, the scientist Dr J Bronowsk: has called the opposite 
view “‘the technician’s fallacy”? 

The objects produced durmg the past thirty years have 
shown that the lack of essential connection between func- 
tion and form 1s only too sadly a reality, and I would not 
return to the too often repeated arguments and counter- 
arguments here, were ıt not for the broadside fired by Dr 
Barnes N. Wallis in a paper read to the Royal Society of 
Arts last year? Dr Walls argued that the designer 
“must be a dedicated scientific engineer pure and simple” 
and brought Baudelaire to his support (“All that 1s beauti- 
ful and noble 1s the result of reason and calculation"), and 
pressed home his attack with the dicta of St Thomas 
Aquinas (‘Reason is the first principle of all the works of 
man") and of Eric Gill (“Look after goodness and truth, 
and beauty will take care of herself”) Dr Wallis cheer- 
fully castigated himself as “a crude three-dimensional 
barbarian” but claimed that only the “barbarian” 
engmeer should be allowed to determune our industrial 
environment and that “the overwhelming attraction of 
scientific engmeering will decide the matter by drawmg 
the young student irresistibly to the university rather 
than to the art school" ‘In the face of such a bhstering 
frontal attack, the mdustrial designers retreat bewildered, 
their self-anxiety 1e-erupting, while those who are respons- 
ible for the education of mdustrial designers question yet 
agam the validity of their whole position 

It was euriously comeidental that almost on the same 
day as Dr Walls smote the industrial designers for their 
pretensions that some designers for the engmeering mndus- 
tries could and should be educated at art schools, the 
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director of the Hochschule fur Gestaltung at Ulm dis- 
closed that that famous school of mdustral design had 
shifted from 1ts earher position which in the past had not 
differed greatly from that which Dr Walhs now holds 

In the October 1963 issue of the Ulm magazine, Otl 
Aicher wrote  '' the designers have relinquished some 
of their behef ın science, which orginally strongly m- 
fluenced them to concede scientific methods a leading role 
m design Ongmally, they took the mitiative themselves 
to give methodic analytical methods a preference They 
continue to beleve that design is impossible nowadays 
without scientific backmg, but they no longer confuse 
analytical methods with the design proper". This was a 
revolutionary shift by a school which had previously 
clarmed that 1ts internationally acclaimed design standards 
had germinated from the mgorous exclusion of art and 
conscious zsthetie decision from its programme, and that 
sufficient detailed analysis of a design problem almost 
automatically exposed the proper solution 

The modified Ulm approach is echoed by Jay Dobhn, 
the director of the design school at the Tllmois Institute of 
Technology “It 1s becommg apparent that the logical 
approach to mechamsm and structure and too much 
organisation of the esthetic makes for aridity which could 
be just as dangerous as the ornate”? 

To calm this controversy comes the voice of Prof. 
Iwataro Koike of the Tokyo University of Arts ‘“The 
industrial designer must be a smcere and honest co- 
ordinator who effectively arranges a multitude of condi- 
tions, some of them mutually antagonistic, into useful, 
orderly thmgs Industrial design education must, there- 
fore, provide this attitude and this orientation I beheve 
that an mdustrial designer is a personality who co-ordin- 
ates and arranges various conditions in order to enhance 
human happimess"'!?, and finally, the simple ambition of 
Arthur Pulos, the professor m charge of industrial design 
m Syracuse University, United States “Industrial 
design as ıt js bemg practised today ıs the imaginative 
development of useful products The designer must be 
capable of working sympathetically and objectively as 
one member of a design team mvolving management, 
financial, engmeermg and marketmg personnel without 
losmg his mdividual understanding of product trends or 
hus sensitivity to product form and service The indus- 
trial designer must understand and be prepared to give 
society the best possible product within the context of a 
specific mdustry Hoas professional ethics obhgate him to 
consider man and not the product as his fundamental 
concern In this sense, the contemporary designer serves 
as the esthetic and humane conseience of mdustry” 1 

The end of Arthur Pulos's statement 1s not so modest 
as its start, and 16 1s this assumption of special position 
" as the esthetic and humane conscience of industry", 
combined with Prof Koike’s vision of the mdusitrial 
designer as ‘‘ — the personality who co-ordinates”, which 
has surprised and angered engineers and industriahsts 
who find 1t difficult to visuahze the student at graduation 
as their co-ordinating zesthetic conscience 


The Causes of Misunderstanding 


I have stressed the antagonisms and misunderstandings 
because they must be understood, faced up to and finally 
dispersed if the talent and experience of industrial de- 
signers are effectively to serve society But this is only 
one face of the com Before we consider the blocks to the 
development of the profession and the educational system 
which must feed 1t, let us pause for a moment’s encourage- 
ment 

Durmg the thirty-five years m which industrial designers 
have practised, m the sense of the term which we are now 
accepting, they have produced work of outstandmg 
merit In most cases the design has been developed in 
close association with mechanical, electrical and produc- 
tion engineers, but in all cases the contribution of 
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the industrial designer has been of substantial mpor- 
tance, and has sometimes been the major contribution 
to the resolution of the design The plywood and steel 
chars by Charles Eames, the Olivetti typewriters, the 
Braun radios, the International Busmess Machines com- 
puters, the Gallic lathe, are symbols of the host of products 
which have justified the profession of mdustnal design 
The protagonists for this new profession can recall with 
dignity the successes of theu established practitioners 
while remamung anxious about the future of the new 
generations which they are now trammg 

The broadside from Dr Barnes Wallis confuses the 
peaks with the lowlands, and assumes, because the scien- 
tist and engineer are supreme at the frontiers of new dis- 
covery, the same conditions must apply at the lower level 
of: technology and product development, at which mdus- 
trial designers normally operate We thank him for 
having considered industrial design of sufficient irmpor- 
tance to be compared with the problems of aerodynamics 
and aeronautics in which his genius 18 brilliantly mvolved, 
and would not attempt to stray ino this arena, where the 
scientist and mathematician rule with undisputed author- 
ity. But the problems remain at the foothills below 
those majestic peaks 

Industriahsts are now more ready than are ther 
engineers to accept industmal design as an element m 
production, but, with the fewest exceptions, they still 
visualize industrial designers as bemg concerned only 
with outward appearance In Britam the mdustnal 
design office within the factory 1s commonly called the 
‘appearance design’ department 1n the automobile mdus- 
try the ‘styling division’ remains separated from the body 
engineering division In France, this concept of design as 
separated from the main corpus of product development 1s 
accepted im the title of the major society—the Institut 
d'Esthetique Industrielle In Germany the official body 
for raismg standards of mdustrial design 1s the Rat fur 
Formgebung, with its implication that the designers are 
those who determine ‘form’ as though that could com- 
pletely be separated from function. 

In rebellion against this role of zstheticians or form- 
givers, the student designers assume equally exaggerated 
attitudes m which they are prepared only to accept 
individual responsibility for the total function and form 
of a product as a subject worthy of their attention 

Of these two inflated attitudes, that of the industrialhst 
with his posting of the industrial designer into the stylmg, 
form-giving pigeon hole ıs nearer the present-day reality 
1f not the eventual desideratum 

The casing of products and the design, positioning and 
identification of controls 1s a respectable occupation The 
development of many apphances and devices makes a 
partial separation of mechanism and casing essential, and 
16 1s neither surprismg nor immoral for these two aspects 
of & product to be primarily the concern of different 
designers or groups of designers The mechanism usually 
functions efficiently enough without its casmg, and the 
inventors or development engmeers are usually content 
when the laboratory- or field-tested mechanism 1s proved 
to function efficiently, even if ıt 1s a lash-up lackmg 
elegance, production practicality, convenience m use or 
the capacity to excite desire and thus sales This 1s true 
of tiansistor radios, typewriters, Diesel locomotives, clocks, 
electronic control devices, domestic hot-water boilers, 
the control equipment on a ship's bridge, television 
receivers and automobiles Al tha; ıs required for these 
and a thousand other products of the engmeermg mdustries 
1s that they should be protected agamst dust or weather, 
made ergonomically easy to control and reasonably 
agreeable to look at 

The industrialists now commonly understand this, 
tealize that the skills 1equired for designing casmg and 
controls differ from those needed to design the mechanism, 
and are begmning to employ industrial designers as special- 
ists in case-work and m the proper relation of the mechan- 
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ism to the operator This exterior work they, not un- 
reasonably, call ‘appearance design’ or ‘styling’, and 
wonder why the mdustrial designer squirms with embar- 
rassment when he is mtroduced as their appearance 
designer or stylist 

But many industrial designers, and particularly the 
student designers, do squirm and shuffle with barely 
controlled rage and humiliation, and 16 1s useful to examine 
what motivates their embarrassment 


Two Orders of Industrial Design 


The unwillingness of the student industrial designe: to 
accept the role of mechanism boxer and control designe: 
springs from two sources, one worthy and the second less 
commendable The latter is the sense of bemg less ımpor- 
tant the body of a motor-car 1s less portant, tho student 
appears to argue, than the engme and transmission, the 
design of the casing of a transistor radio less righteous 
than the engmeermg of 1ts interior components, the key- 
board of a typewriter less important than the mechanism 
which ıb operates This ıs of course pure sentimentality— 
and as unreasonable an attitude, 1f accepted as a prmeiple, 
as that of the engmeermg designer who giows hollow- 


cheeked for envy of the ‘more important’ research scien-' 


tist It 1s reminiscent of the Frenchman reputed to have 
committed suicide because he could not give birth to a 
baby 

The dissatisfaction with this aspect of industrial design, 
if untenable as a principle, has, however, some justification 
in the present conditions of industrial design practice 
The exterior appearance of a product can be, and usually 
1s, influenced by the real or assumed predilections of the 
potential buyer The whole armoury of sales statistics, 
motivation research, consumer research, advertismg 
requirements and subjective assumption is brought to 
bear on the designer to make him produce the fashionable 
article, the sleek look or the home-spun look or the space- 
age look or the stern technological look or the hght- 
hearted look as the combmed consumer researchers decide 
will most encourage sales 

Separated from the base of fulfillmg measurable 
mechanical and production requirements, the mdustiial 
designer feels himself suspended m the effervescent head 
of competitive sellmg and restramed from fulfilling the 
real needs of the community which he had understood ıt 
his duty to satisfy The mdustrial designer may, of course, 
be completely m agreement with his manufacturmg chent 
or employer, hke what his mass-market likes, or work only 
for small-scale production with a cognoscent; market 
Or he may comfort himself with theories about popular 
art which categorizes the designer as the cheerful acquies- 
cmg exponent of the conscious desires and the dream 
images of mass-markets But, m truth, these agreeable 
situations which match the designer exactly to his market 
but rarely exist, and because they do not a tension is 
created withm the educational establishments which 1b 1s 
difficult to ease On one hand, the mstructors know 
that mdustry, as a whole, expects the mdustrial designe: 
to be a giver of form, a designer of controls, an under- 
stander of fashion trends and sales requirements, but 
at the same time the mstiuctors and the students have 
higher ambitions and, with few exceptions, despise their 
projected role as powerful alles to the sales-man with 
the distaste that others reserve for prostitution The 
fact that this view may not be defensible m logic does not 
lessen 1ts emotional force 

There are two paths from this miasma The school, 
and the designer m his later professional life, can choose 
to work only on products which are chosen by the buyer 
with reasonable objectivity, m which the most efficient 
1s usually the most desired He can concentrate on machine 
tools, hospital equipment, scientific instruments, agricul- 
tural machmery, heavy-duty trucks and cranes In the 
decisions which determme whether one manufacturer’s 
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design in these and simular specialized fields 1s finally 
pieferied to another, the myths and fantasies which m- 
uence all buyers exist, but their influence 1s weak and the 
best product n terms of cost/officiency ratios, elgonomic 
thoughtfulness and a form which clearly and precisely 
expresses its function 1s hkely to be the most successful. 
That is a clear-cut, honest and self-esteem-satisfying 
path to follow, and 16 can be branched to meclude consumer 
products for the relatively small section of the publie 
who are as content as the buyers of capital goods and 
scientific instruments to take ther xsthetic pleasure from 
the cool logic of problems solved with mathematical 
elegance 

The second path leads straight to the market-place 
where demands are not satisfied only by efficiency /cost 
factors, where the whole phantasmagoria of wishful 
thmking, day-dreaming, subconscious desires, snobbery, 
ritual, symbolism and taboo affect the purchase decision 
almost as much as does conscious common sense 

In this battlefield of competitive sellmg and human 
desire the efficiency of a hght-fittmg 18 calculated by the 
effect 16 produces as much as (1f not more so than) by the 
effective hght output The appearance of a watch 1s more 
umportant than ease of winding or even the visibility of 
its hands and numbers, an electric cooker 1s judged by 
its ghtter and elaboration of contiols as much as by its 
capaerty and economy , the body of an automobile may be 
shaped to meet a fashion trend (the ‘line’, as 1t 1s called in 
that mdustry) or deliberately made to look stocky, stodgy 
and ungainly to satisfy an anti-snobbism snobbism, an 
anti-symbol symbolism 

The two paths do, of course, converge and sometimes 
cross, but the two functions of industrial design, one as an 
aspect of efficient production and operation, and the other 
as a major element in the encouraging of sales by the satis- 
fying of unconscious desire, remain largely separated. 

I do not, personally, rate the one aspect of industrial 
design as more righteous than the other If the duty of 
the industrial designer, as of all professional men, 18 to 
serve the community, there is no moral turpitude in 
making a suburban housewife happy by embellishing her 
refrigerator so that ıb radiates, for her, the warm 
beatitude of desire fulfilled But these two aspects of 
industrial design pose curious problems to those who are 
training the fledghng designers 

The problem would be easy to resolve if the students 
were to separate themselves mto two categories—those 
who wish to serve the clean clmical industries and those 
whose interest lies m the market-place bustle, where 
imagery 18 urevocably enmeshed with efficiency, and 
fashion 1s as potent a sales enticer as economy 

But they donot The number of students who visualize 
themselves as cheerful panderers to mass-sales mythology 
is virtually nil The majority beleve that withm the 
diseiphne of industrial design there exists the possibility 
- of creating new or improved products m which esthetic 
sensibility can be fused with techmcal and production 
requirements, that they can produce artefacts and systems 
which will efficiently, economically and elegantly fulfil 
their functional requrements and simultaneously provide 
a degree of esthetic pleasure They may tend to overrate 
the xsthetic content of even those few industrial products 
which they momentarily unreservedly admure, but their 
determunstion to design products which are ‘honest’, m 
which the form directly expresses function, 1s sincere and 
uncompromismg They see it as their duty to produce 
what 1s for them the right solution, irrespective of whether 
1t does or does not fulfil immediate marketing needs 

The teachers, with few exceptions, have the same atti- 
tude to mdustrial design as their students They visualize 
@ Platonic ideal solution to each problem, the confidence 
with which they expound this philosophy bemg clouded 
only by their experience of the commercial pressures 
which, in the outside world of actual production, are so 
powerful as to make almost all mdustrial products a 
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compromise between concept and execution The 
situation at first inspection therefore appears dispiriting 
The students and their instructors have high deals which 
are so at variance with the needs and desires of the society 
they plan to serve as greatly to reduce the number and 
type of products on which they can work, unless the 
designers are willmg to compromise The only designers 
free of that necessity are those enviable equable few who 
find that what they lke also satisfies their market 

This situation has existed during the whole thirty-five 
years durmg which industrial design has slowly developed 
as a legitimate professional activity, ıt has resulted ın 
unresolved and, in fact, unresolvable opposites facing 
those responsible for design education It has ensured 
that only a very few designers could produce outstanding 
work, as that depended not only on the creative skill of 
the designer but also on his good fortune m finding a 
manufacturer and a market for products of hgh quality 
and of a character which were clearly at variance with 
what was acceptable to the community as a whole A 
large proportion of students tramed as mdustrial designers 
have thus been destined to hve their professional hves 
domg work m which they had little faith, in compromise 
or complete prostitution of thew talent and convictions 

I have elsewhere! attempted to justify this intolerable 
situation by the proposition that the social content of 
industrial design 1s as important as its technical efficiency 
and that, if the designer accepts the need to satisfy his 
market as part of the origmal brief, then compromise 
turns into synthesis and the mtegrrty of the designer is 
not in question There is some truth m that argument, 
but the divide that has existed between what the designe 
wanted to produce and what the vast majority of the 
pubhe in all countries desired has been so wide as to make 
this proposition a comforting theory which was demol- 
ished by practice If the designer working for mass 
production accepted the clearly expressed preferences of 
the mass as the framework m which he must work, then 
he would have been equivalent to a composer who was 
allowed only to write light music for palm court orchestras, 
a doctor armed with the cure for a disease who was per- 
mutted only to dispense palhatives. 

Attempts have been made to ease the conflict by substi- 
tuting ‘reconciliation’ for ‘compromise’? Prof R E D. 
Bishop has said “The conflicting standards of perfection 
that a designer may be asked to aun at are those of 
infinite life, no cost, no mass, no size, Carnot efficiency, 
extreme beauty, no time to design or make"? The 
normal task of the designer, ıt has been argued”, 1s to 
reconcile these opposmg ideal requirements, but that 
theory excludes the one eccentric requirement which often 
makes rational reconcihation rmpossible—the need to 
satisfy the fluctuating irrational buying habits of the 
community 

That situation explamed the paucity of designers, the 
erratic behaviour of the few established designers and 
the primitive facihties for tramung mdustrial designers 
which have existed until some ten years ago (The 
exceptions to this, such as the Bauhaus, while of great 
importance in the development of the profession and to 
changes in publie taste, have been so few and scattered 
as to be statistically unmmportant ) That the designers 
are now achieving some maturity and professional be- 
haviour and that trammg facilities are developmg in 
many countries 18 a direct outcome of changes m the whole 
climate of industrial design There are no grounds at all 
for complacency, and even modest optimism 1s precarious, 
but the lowest depths appear, at last, to have been sounded 
and a new situation 1s gradually forming 

Tb ıs rmpossible without the unattamable advantage of 
historical perspective to know whether we are, as I would 
hke to believe, moving out of a period of decadence into 
one which is slowly (if by devious routes) advanemg to a 
new classic era, but ıt ıs clear, at least, that the breach 
between designer and public ıs olosimg The student 


1262 


designers are finding that their absolute standards are 
within hailing distance of those of reasonably large sections 
of the public The goods designed to their standards 
(when they can surmount the Phihsume phalanx of the 
shopkeepers’ opposition and be reasonably presented to 
the public) now have at least some chance of selling 1n the 
necessary economic quantities 

Good design may still seldom be a positive marketing 
asset, but 1t 1s, at least, no longer a positive disability in 
mass-markets To this must be added the new student 
interest in popular art and the willingness of some of 
them to accept the need to equate their formal decisions 
with mass imagery as a framework m which it 18 possible 
to work with smcerty This elevation of “Pop Art" 
produces its own dangers, especially m its unduly senti- 
mental evaluation of “Coca-Cola” culture!5, but ıt has 
the immediate scholastic advantage of disturbing the 
previous stubborn view that only the clinical negative 
approach, to industrial design ıs honestly tenable These 
are small gains, but they do at least provide a basis which 
allows for educating designers without the disabling fear 
that all but a few of the best students are doomed to 
frustration 


A Basis for Training 


I have cursorily examined three major barriers to the 
growth of the profession of mdustrial design for the engin- 
eering mdustries, and have disclosed gaps m the barri- 
cades These fissures now allow for the education of de- 
signers to be undertaken in reasonable behef that the 
students will later find work to do which will not make 
nonsense of therr trammg and less often turn creative 
talent into mediocrity. 

The barriers can be summarized as (1) The antagonism 
of engineers to the whole concept of industrial design and 
their resulting opposition to the employment of industrial 
designers (2) When industrial designers are employed, 
ther value 1s considered by management to be their skill 
in boxing mechanisms and ‘styling’ their outward form 
(3) The desires or taste of mass-markevs remain at variance 
with that of most designers and the mdustrial designer 
1s therefore normally forced to a compromise solution 

These barriers are no longer mmpregnable, but their 
formidable height still makes 16 essential for any system of 
education to take them carefully into account 

The antagonism of the engineers can only be overcome 
by the slow process of propaganda and argument, and 
by the proof of jobs successfully completed by engmeer/ 
mndustrial designer collaboration But for thus collabora- 
tion to be productive, the designer must show that he 
can speak the same technical language as the engmeer and 
have the expert knowledge and skills necessary for pro- 
ducing drawings and specifications which allow for practi- 
eal execution (It could be argued that ıt would only be 
fair to expect the engineer to understand the language of 
the designer, but until that ıs more often the case the 
designer must include m his armoury the ability himself 
to create a hnguistie bridge with the engmeer This 
problem ıs reduemg in magnitude as the influence of the 
propaganda bodies such as the Council of Industrial 
Design increases The eventual solution 1s to find room 
within the packed curriculum of all engmeermg degree 
courses for lectures on the arts and especially on design 
appreciation ) 

The design students’ curriculum must therefore include 
mathematics, the properties of materials, engineermg 
drawing, basic mechanical and electrical engineering, 
tolerances, quahty control, costmg workshop practice 
and some understanding of production methods In a 
four-year course these purely engmeering subjects should 
occupy not less than one-third of the students’ time 

The two remamung barriers are Imked as they both 
concern the basic role of the dustrial designer These 
the student must clearly apprehend I have already 
outlined the present situation which 1t would be dishonest 
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to conceal from the student, even if that were possible 
while the evidence 1s on view m every shop and tiade 
exhibition 

But if these problems are clearly understood and 
accepted, the educational tactics must be to ignore them 
Durng his period as a student the young designer must 
give all his time and energy to developmg his creative 
abihty and his technical skills Durmg this formative 
period any attempt to compromise ın order to relate the 
design solution to a marketing end would engendei evils 
which could only with the greatest difficulty later be 
exorcized It would iesult m the student's petrifymg 
into the mage of a public taste which might well have 
changed by the tıme he reached professional practice, oi 
into a chameleon the personality of which had no realty 
except as social blotting paper 

This does not mean that the student should be left 
unaware of consumer research, marketing methods, 
commercial economies and movements in public taste But 
he should be encouraged, during his studentship, to 1ele- 
gate such considerations while he attempts to approach 
the ideal technical/esthetic solution to his design project 

The problems set to students should therefore be stated 
solely as the finding of practical solutions to human needs, 
whether they be as simple as the need rapidly to mince 
meat for a rissole or as complex as the enclosure of a 
driver and his passengers within a vehicle which can travel 
100 mules an hour and which the driver must be able 
safely to control with mmimum physical and psychological 
fatigue 

The solutions must be found within the boundaries of a 
cost and production method specification, but, the anthro- 
pometric, ergonomic and production requirements bemg 
met, the only remamuing necessity is to produce an elegant 
solution In this context ‘elegant’ 1s synonymous with a 
sense of style which Whitehead has described as * — the 
most austere of all mental qualities It is an xsthetic 
sense based on admuration for the direct attainment of a 
foreseen end, simply and without waste Style ın art, 
style m literature, style in science, style in logic, in practi- 
cal execution, have fundamentally the same esthetic 
qualities, namely, attamment and restramt'"19 

It 1s this conscious wish to achieve the elegant solution 
which motivates the mdustrial designer If that desire 16 
not so deeply engrained in the student as to have become 
inseparable from his conscience, then the educators will 
have failed in ther duty 

It ıs the application of this visual esthetic sense which 
1$ the major contribution of the industrial designer to 
industrial production, and thus to our environment If 
this sensibility has not been released and cultivated, the 
student might as well have devoted all his academic time 
solely to scientific and technological subjects 

From this firm base, compromise may later be made if 
the realities of production and sales make this an ovei- 
riding necessity, but without the foundation of sesthetic 
conviction, compromise becomes a morass in which 
personality 1s quickly submerged 

Industry 1s dimly aware of the special quality of indus- 
trial designers which differentiates them from engmeers 
—the esthetic sense which is expressed as a conscious 
striving for the elegant solution, the sense of style, the 
sense of quality This they still usually beleve only has 
appheation to exterior form and control mechanisms, but 
slowly mdustrialists are bemg convinced, by example, 
that the final formal quahty only has the mark of real 
authority when 1t has been mtegrated mto the product or 
system from its meeption The need for the formal 
qualities to be as natural to an engmeermg product as a 
soul is to man has been clearly stated by Tomas Mal- 
donado “Industrial design ıs an actrvity whose ultimate 
aim is to determine the formal qualities of the products 
produced by industry By ‘formal qualities’ you must 
not understand here the external features, but principally 
those structural and functional relations which convert 
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an object to a coherent unity both from the point of view 
of the producer and the user"!* 


The Fallacy of Formalism 


In Whitehead’s definition of style he describes this as 
“an esthetic attamment of a foreseen end”. If the design 
solution 1s to have an esthetic component, then at least 
part of the ‘foreseen end’ must be an xsthetic one which, 
in turn, postulates a vision of the form finally to be 
attained I doubt whether this vision can, or even should, 
be consciously comprehended, but 1ts existence 1s as basic 
to the concept of industrial design as 1t 1s to all other arts 

This conscious or sub-conscious vision of perfect form 
must exist m all design which 1s not predetermmed by 
mathematical calculation, and the engineer 1s as much 
influenced by thus m hus form-producing decisions as 1s 
the industrial designer The thfference ıs only that the 
industrial designer, by- aptitude and rigorous trammg, hag 
better prepared himself to make these mevitable esthetic 
decisions. 

The makmg of esthetic decisions 1s part of the whole 
process of engmeermg design, but m consciously bemg 
concerned with them the mdustrial designer suffers from 
a disabilitating disadvantage His sense of the ‘right’ form 
can be so powerful as to make him foree the product to 
fit his esthetic conception mstead of allowing the form to 
emerge from the fulfillmg of production, human and 
economic needs An over-emphasis on the esthetic quality 
of mdustrial products can, and often does, produce the 
same results as the superficial appheation of stylmg to 
engender immediate mass sales The difference hes only 
m the moral sincerity of the designer 

The design schools are aware of this danger that their 
concern with zsthetics may produce the exact opposite 
to what they aim to achieve The correctives have been 
apphed They consist of trammg m design methodology, 
m analytical methods, m sophisticated mathematical 
techniques, m symbolic logic, ergonomics and cybernetics, 
and m greater concentration on technological subjects 
These disciples constram the field of esthetic decision, 
and confine its boundaries so that the formal qualities 
can more easily sprmg from a disclosure of the structural 
and mechanical realty of an engmeermg product, rather 
than from a conscious preconception with form The 
conscious esthetic act must be restramed from exploding 
into fantasy which has httle relevance to engmeermg 
design, but 16 must exist within the limitations of tech- 
nology and human needs 

We have moved from the dictum of Lous H Sullivan 
that “Form follows function” through Frank Lloyd 
Wright’s argument that “Form and function are one" to 
an understanding that form not only expresses function 
but simultaneously 1s also an analogue of the emotive life 
of a society at a moment ın its development or decay 

It ıs my belief m the esthetic content m mdustrial design 
which justifies my view that the subject can best be 
taught in a department of an art school, or ın an academic 
institution solely concerned with mdustrial design and 
those alhed subjects in which art and technology are 
united The fundamental need 1s to educate industrial 
designers and not solely to tram them Explaming the 
difference between trainmg and education, Mr J Berlin 
wrote in the Cambridge Review. “The heart of the matter 
in trammg ıs the acquisition of professional skills, im 
education the instillation of mental attitudes to be 
well tramed means to be able to do something and to 
have the elements for domg 1t better, to be well educated 
means to be at the begmning of understanding and to have 
the elements for more understanding m 

In the present stage of the development of the emergent 
profession of industrial design the “elements for more 
understanding” are of primary mnportance I have indi- 
cated the problems which the designer has to face, the 
still existing opposition to the whole concept of mdustrial 
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design, the need to balance ideal concepts with the 
limitations of production and consumer acceptance, the 
denigration of mdustrial design to the styling of case work 
Through these barriers which restrict his work he must 
find the narrow clefts which will allow him the creative 
expression on which social usefulness and his personal 
happiness depend He must imgratiate himself with 
management, convince the engineers that he 1s as expert 
and specialized as they are themselves, wm the support 
of the salesmen and of the production plannmg units 
To do this he needs to be phable while resolute, an artist 
disguised as a diplomat, a skilled technician who retains 
creative self-confidence To weave the mitricate path 
towards finished marketed products which progressively 
improve ın performance, quahty and formal value, 
technical skill is insufficient; education 1s essential to 
provide the necessary resilience, confidence and capacity 
to battle relentlessly for the “esthetic attamment of a 
foreseen end" ` 

As an environment for the type of education which I 
have obliquely outhned, an art school has many advan- 
tages All its departments are based on the humanities, 
and are constantly occupied with the cultivation of 
esthetic sensibility expressed through visual techniques 
The fine art departments provide the lnk between the 
superficiality of fashion and what Mondran has called 
“the union of the individual with the universe"? In 
this rich soil the student industrial designer ıs nourished 
by the fine arts and the craft work which surround hm 
while he undertakes the intellectual and technological 
studies which are essential aspects of his special subject 

This postulates an art school with students of high 
eahbre, provided with adequate equipment and with a 
staff able to measure up to the students 1n their intellectual 
capacity, esthetic sensitivity and techmical experience 
But, given those desiderata, I believe this to be, at least 
for the tıme bemg, the proper establishment for the 
tramung of mdustrial designers The arts department of 
universities would serve as well, and postgraduate mdus- 
trial design studies might well be conducted in the more 
speciahzed kind of institution which the Hochschule fur 
Gestaltung at Ulm so admirably typifies. But the fledg- 
lng industrial designer would be submerged, his sense of 
inferiority accentuated and his latent zsthetic sensibility 
overlain if ıt were, m present circumstances, attempted to 
educate him in the science department of a university or 
at a technological institution 


Future of Industrial Design 


I have so far been modest in my claim, as befits the 
protagonist for an adolescent profession, but I believe that 
eventually the mdustrial designer can fill a role m the 
engineermg industries (at the level below fundamental 
research and invention) comparable to that of the architect 
in the building industry 

In the long-term view the claims made by others which 
I have already quoted may eventually prove to be reason- 
able enough I doubt whether the esthetic content of 
mass-produced objects can ever be of great strength, and 
one must find compensation m the millon repetition of 
objects, each with the capacity for grvmg minor visual 
and tactile pleasure, for the mtensity of a smgle major 
work of art m which the emotional life of a whole society 
is synthesized Be that as ıt may, the mdustrial designer. 
given a further decade of education, experience and 
opportunity, could become the vehicle for the expression 
of the social function of mdustry, concerned with all visual 
aspects of mdustrial production, from the product itself 
to the environment m which ıt 1s produced and distributed 
Ultimately he may become the new artist which Herbert 
Read has defined ın Icon and Idea “The future seale 
of the artist 1s not domestic, nor even monumental, but 
environmental the artist of the future will not be a pamter 
or a sculptor or an architect, but a new moulder of plastic 
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forms who will be pamter and sculptor and architect m 
one—not an adulterous mixture of all these talents, but 
a new kind of talent that subsumes and supersedes them 
alp'ze 

Those are heroic words, and it 1s difficult to magme 
more than a handful of people mdividually meeting that 
noble specification But the need exists for the co-ordm- 
ato. of many talents mto the unified team which could 
well be the “moulder of plastic forms", and this co-ordin- 
ator it 18 conceivable that the mdustrial designer may 
eventually become. As the architect co-ordinates hus 
consultants and executants m the building industries, 
so could the mdustrial designer eventually serve the 
engmeering industries. 

Thus 1s a counsel of perfection, but 16 1s useful to retam 
a vision of the horizon while occupied with education to 
serve more immediately practical ends There ıs no harm 
in the student designer’s visuahzing himself eventually 
as a rhan of social responsibility and personal authority 
if he can simultaneously remain sufficiently humble to 
concentrate all his energies and capacities on the design 
of a door handle He needs to graduate with the five 
Aristotehan virtues of art, science, prudence, wisdom and 
intellect With those at his command, he can eventually 
conquer the barbarian hordes or, if his aims are more 
modest, design a really efficient electric toaster 


1 The number of students has been calculated from the International Inst 
of Schools of Design, which was compiled by Jay Doblin, director of the 
Institute of Design at the Illinois Institute of Technology It was 
published by the Press of the Institute of Design and presented at the 
third General Assembly and Congress of the International Council of 
Societies of Industrial Design (ICSID) in Paris, June 18-22, 1963 
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TOOL-USING AND AIMED THROWING IN A COMMUNITY OF 
FREE-LIVING CHIMPANZEES 


By JANE GOODALL 
Unlversity of Cambridge, Sub-Department of Animal Behaviour, Madingley, Cambridge 


HE use of natural objects as tools in free-lvmg 
non-human primates 1s of interest, not only as throw- 
ing light on the capacities of the species itself, but also 
m connexion with theories concerning tool-usmg and the 
development of tool-cultures m prehistoric man There 
is abundant evidence in the hterature!-? that captive 
apes, and some monkeys, can use objects both as tools 
and as aimed missiles Reports of vool-usmg and aimed 
thiowmg in wild primates, however, are scarce The 
only reliable ones referrmg to the chimpanzee appear 
to be the following Beatty* observed a chimpanzee pick 
up a rock and break open a dried palm nut, Merfield and 
Muller watched a group of chimpanzees poking sticks 
into an underground bees’ nest and then licking off the 
honey, and Kortlandt® refers briefly to the use of a stick 
or fruit as a ‘toilet’ aid. The same authority observed 
female chimpanzees throwing sticks (with poor am) in 
the direction of a stuffed leopard 
Durmg three years in the Gombe Stream Chimpanzee 
Reserve in Tanganyika, East Africa, I saw chimpanzees 
use natural objects as tools on many occasions ‘These 
objects consisted of sticks, stalks, stems and twigs which 
were used mainly in connexion with eatmg insects", and 
leaves which were used as ‘drmking tools’ and for wipmg 
various parts of the body For sıx months (mid-June— 
mid-December) at the end of the period of mvestigation, 
25 chimpanzees, comprising all age and sex classes, came 
fairly regularly to an artificial feeding area, enablmg me 
to study all aspects of behaviour in greater detail Under 
these conditions I saw three chimpanzees use sticks for a 
completely new purpose, further instances of leaves used 
for wipmg, and, for the first time, amed aggressive 
throwmg 


Use of Sticks 


On two occasions the chimpanzees used sticks to feed 
on different species of ants One observation mvolved 
the underground nest of Dolams sp and the other an 
arboreal nest of Crematogaster (Atopogyne) sp , but m both 
cases the method used was similar the chimpanzees 
(groups of fom and five respectively) pushed their sticks 
into the nests, which had been opened up before my 
arrival, waited for a moment, withdrew them, and 
removed the ant-mass on the end with ther lps Most 
of the sticks used in this way were estimated as between 
l ft 6m and 2 ft 6 in long (although I measured one 
which was 3 ft 6m), and they were either broken from 
nearby branches or picked up from the ground 

On two other occasions sticks were used as tools m 
connexion with the eating of ants Once an mfant pushed 
a stick mto some loose soil where Dolarzs were present 
her behaviour was the same as that of an adult, but her 
tool did not penetrate the nest Another mdividual 
broke off a stick and pushed ıt three times mto a hole in 
a tree without, apparently, eating anythmg through 
bmoculars I saw reddish ants moving around the entrance 

In addition to the foregoing direct observations there 1s 
some further circumstantial evidence On three occasions 
I found freshly opened Dolaris nests with sticks (still with 
traces of earth adhering to them) lymg nearby another 
time a chimpanzee broke off a stick and carried 16 out of 
sight to a tree where I later found a newly opened nest of 
Crematogaster (Atopogyne) 

Durmg the final six months, at the artificial feedmg 
area, three adolescents, mdependently, used sticks to 
try to open boxes conteimng bananas After pulling and 
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pushmg at the boxes for up to 5 mm, each one broke off 
a stick and stripped ıt of leaves Two individuals then 
tried to push therr sticks under the box lds The third 
pushed his into the bananas through a hole in the bottom 
of the box None of the three had seen either of the 
others trying to solve the problem in this way 
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Use of Stalks and Stems for Eating Termites 


Stalks, stems and small twigs were used when the 
chimpanzees fed on termites (Macrotermes bellwocus 
(Smeath)) This occurred from early November until 
January (approximately) when the msects extend their 
passages to the surface of the nest The termites bit 
on to tools pushed mto these holes the chimpanzees 
then withdrew the tools and picked off the msects with 
ther lips This behaviour was seen on ninety-one different 
occasions, on twenty-three of which from 2 to 5 individuals 
were working together In addition termite heaps which 
were not ready for working were frequently examined, 
and on eighteen occasions chimpanzees picked tools 
before or durmg such an examination 

The material used was usually 6-12 m. long Some 
individuals inspected several clumps of grass, etc , before 
selecting their tools, and sometimes picked several to 
carry back to the termite heap and then used them one 
at & time Other individuals used more or less anythmg 
within reach, including tools left by others Sometimes 
tools were carefully prepared leaves were stripped from 
stems or twigs with the hand or lps, and long strips were 
sometimes pulled from a piece of grass which was too 
wide. No chimpanzee was seen to move farther than 
ten yards from the site to select a new tool, but mdividuals 
were observed to pick a tool for use on & heap which was 
out of sight and as far as one hundred yards away One 
male twice carried a tool for more than half a mile while 
inspecting 8 series of termite heaps, none of which was 
ready for working 

On two occasions I saw an infant approximately 18-22 
months old ‘fishing’ for termites Every 10 mm or so 
she broke off to play around for a few mmutes, or to watch 
other mdividuals, before returning to work This was 
unhke older mdividuals, who frequently worked for 
more than 1 h with intense concentration This mfant 
showed the complete adult pattern, but her technique 
was not fully developed Her tools were too short to be 
eompletely effective (the longest I measured was only 
2m ) and after pushmg one mto a hole she pulled 16 out 
immediately, usually jerking off any termite which had 
caught hold Twice she picked up small pieces of dried 
stems which were lymg beside her for use, and twice she 
made tools by stripping the paired leaflets off side-stems 
which another mdividual had stripped from a mam stem 
to make & tool Once she reached up to try to take the 
grass tool from the mouth of her adolescent sibling 

On one occasion I saw a child of approximavely three 
years pickmg dried grass stems and poking them into 
holes in a termite heap some five months before the 
termite season was due to begm She contmued for 
5 min with four different tools although none of the holes 
was deeper than about 0 51 Later m the year she ‘fished’ 
for termites with a completely developed technique, 


Leaves used for a Drinking Tool 


Reynolds? deseribes a chimpanzee dipping its hand into 
a natural water-bowl in a tree and then hekmg the water 
from its fingers I twice observed adolescent chimpanzees 
drmkmg from natural water-bowls when the level was 
too low for the water to be reached with the lips, leaves 
were used as drinking tools. In order to examine this 
behaviour m detail I hollowed out a small bowl m a tree 
in the feeding area — Five individuals drank from this 
bowl- a mature female twice, an adolescent eight times, 
a juvenile five times, a three-year-old eight times, and an 
infant three times 
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Two of the three types of leaf which I saw used were of 
known food plants, but 1t seems likely that any non- 
poisonous leaves would be used From one to eight or 
more leaves (dependmg on their size) were stirpped by 
hand or with the hps from a nearby twig and then chewed 
briefly so that the surface was crumpled and the water- 
carrying capacity thereby mereased The leaf-mass, 
held between the mdex and second fingers, was then 
pushed into the bowl, withdrawn, and the water sucked 
out of ıt The process was repeated until the bowl was 
empty or until the chimpanzee was no longer interested. 

The three-year-old animal and the mfant both showed 
fully developed techniques On one occasion the infant, 
after usmg one small leaf as a tool, tucked this into her 
grom and then picked and used another leaf of the same 
size On another occasion she picked and crumpled two 
leaves, pushed them into the bowl, which was dry, and 
left them there , 

Once. when the water-bowl was nearly empty, the 
three-year-old animal let go of the leaf mass with which 
she had been drmkming and apparently had difficulty in 
reachmg it agam After a few moments she picked & 
nearby twig, stripped off the leaves, poked ıt into the 
bowl and then licked the end She next stripped and then 
picked a second twig and repeated the process Finally, 
she tried to drink with her lps and then moved away 

A simple expermment showed that this drinking tool 
was more efficient than the leking of water from the 
fingers I chewed three leaves and then dipped them ten 
times into a glass of water, sucking out the liquid after 
each dip I then repeated the test with only the fingers 
of one hand dipped mto the glass The result showed 
that 7-8 times as much water was removed by the first 
method 


Leaves used for Wiping the Body 


Leaves were also used for wipmg the body Once a 
female stiipped a handful of leaves to wipe mud from 
her foot An adolescent picked leaves to wipe off drops 
of urine which had splashed on to him from a juvenile 
sitting above Another juvenile, after earrymg sticky 
bananas, pulled leaves towards him, rubbed his chest 
with them, then broke off a leaf spray and rubbed again 
After handing bananas which had been smeared with 
honey in a feeding expermment, two individuals used 
leaves to wipe themselves an mfant pulled leaves towards 
her and rubbed her sticky hps with them, and an adoles- 
cent stripped off a handful of leaves with which to rub 
her other hand 


Aimed Throwing 


In the Gombe Stream area the throwing of sticks, stones 
or handfuls of vegetation, apparently at random, fie- 
quently formed part of the displays of socially excited 
or frustrated males These displays, which occurred 
when groups met, arrived at feeding areas, or when males 
were unable to obtam desired objectives, consisted mainly 
of charging and bendmg down or draggmg branches, 
together with drumming on the ground or on trees9-19 
Objeets thrown durmg these displays were not normally 
directed towards other individuals on the few occasions 
when they were, this seemed accidental I saw only six 
mdividuals throw towards an objective with definite 
aim. one mature male threw three objects, three mature 
males each threw two objects, one threw one, and two 
adolescents each threw one One such mstance occurred 
when an adolescent broke off a stick, took careful aim, 
and threw ıb overarm at another chimpanzee below, 
on this occasion the action was apparently playful 
However, during the final six months objects were thrown 
at human beings and baboons ın cases when the context 
indicated that the action was aggressive 

Three times objects were thrown at human bemgs On 
two different occasions a mature male threw rocks 
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towards the expedition photographer whose presence was 
makmg the chimpanzee afraid to approach a box of 
bananas One rock weighed 6-8 Ib and the other was 
twice as heavy Both were thrown underarm. (the second 
with two hands) and travelled about three yards m a 
direct lme with ther objective, falling short by 1 ft and 
3 ft respectively The third meident™ occurred when the 
presence of the photographer prevented an adolescent 
male from approaching to mvestigate a toy chimpanzee 
tied to a tent pole He picked up a small stone and threw 
1$ underarm in a direct line with the photographer It 
went 5 yards, but fell short by 4 ft 

Other instances of aimed throwmg were directed against 
baboons Competition for food at the artificis] feeding 
area gave rise to an abnormal number of aggressive 
interactions between the two species, and on three 
occasions male chimpanzees threw stones at baboons 
which approached too closely One male threw overarm 
three times m succession, first a handful of leaves and 
then two small stones, none of which hit their objectives 
Two other chimpanzees threw underarm one individual 
threw a large stone which travelled about half-way 
towards a baboon some 10 yards away, and the other 
threw two small stones the second of which hit a baboon 
which was only about 5 ft away. 

Aimed throwing, for purposes 02 mtimidation, was 
only recorded for five out of the sixteen males who came 
to the feeding area although all had equal provocation 
to throw at human bemgs and baboons and most of them 
threw during displays Although the directional aim of 
these five mdividuals was good, only one hit was recorded, 
and of the nine objects aimed and thrown m this way 
only three were large enough to be potentially harmful 

So far, my observations on aggressive encounters be- 
tween chimpanzees and other species are too hmited to 
enable any conclusions to be drawn with regard to aggres- 
sive throwing However, such results as I have obtamed 
suggest that, as a method of mtımıdatıon, armed throwing 
1s only occasional and that when ıt does occur the chim- 
panzee picks up objects of any size which are to hand 
Certainly such throwing ability ıs poorly developed ın 
comparison with the other tool-using behaviour described. 
here which, both with regard to selection and manipula- 
tion, has reached a high level in this chimpanzee com- 
munity 


Conclusion 


The ability to use objects as tools appears to be charac- 
teristic of chimpanzees Schuller? suggests that certam 
inborn manipulative patterns are available to the chim- 
panzee from which adaptive behaviour, such as tool- 
using, may be derrved The extent to which the develop- 
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ment of such manipulative abilities depends on experience 
and learnmg cannot as yet be assessed, but Schiller found 
that captive mdividuals had to be famihar with objects 
before they could use them successfully as tools The 
wild-born mfant, from an early age, has much opportunity 
to manipulate and become familiar with leaves, twigs and 
branches, particularly durmg play and feeding activities. 

There are two pomters which suggest that learnmg 
and experience play an umportant part ın the development 
of tool-using ability m the wild, although detailed observa- 
tions are limited to two infants only First, the attempts 
at tool-using m these infants were clumsy and madequate, 
and competent use of sticks and twigs was not seen until 
the animals were about three years of age (It has been 
shown that the nest-makimg ability of wild-born infants 
develops m a similar manner?) Secondly, when adults 
were using tools I frequently saw mfants watchmg them 
closely, and even pickmg up and using ther tools the 
moment they discarded them There was thus opportu- 
nity for the attention of the infants to be directed to the 
tools and the way m which they were manipulated, 
and for them to learn their use by watching and imitation. 
It therefore seems probable that the use of sticks, stems 
and leaves for the specific purposes described here repre- 
sents a series of primitive cultural “traditions passed 
on from one generation to the next 1n the Gombe Stream 
area 
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US National Geographie Society I thank Dr L 8 B 
Leakey of the Centre for Prehistory and Paleontology, 
Nairobi, for his advice, members of the Tanganyika 
Government for their co-operation and assistance, Dr 
W V Harris and Dr. I H H Yarrow of the British 
Museum (Natural History) for identification of termite 
and ant specimens, and Prof R A Hinde of the Sub- 
Department of Animal Behaviour, University of Cam- 
bridge, for reading and eriticizmg this manuscript 
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Freld Studws of 
Freld Studws of Monkeys and Apes (m 


NEW FELLOWS OF THE ROYAL SOCIETY 


T a meeting of the Royal Society on March 19, the 
following were elected to fellowship of the Society 


Dg J F Anas. reader (professor-eleet) in pure 
mathematics m the University of Manchester, dis- 
tinguished for his work in algebraic topology, where he has 
solved several long-standing problems of homotopy theory 


Pror C H Bawronp, Campbell Brown professor of 
industrial chemistry in the University of Liverpool, 
distinguished for his work on the role of free radicals im 
thermal and photochemical reactions, and polymerization 
processes 


Dr J. W. L BzawENT, lecture: in zoology at the 
Department of Zoology m the University of Cambridge, 
distmguished for hus researches in msect physiology, 
particularly m relation to the water-proofing properties 
of the cuticle 


Lorp BRAIN oF EvNsHAM, consulting physician, London 
Hospital and Maida Vale Hospital for Nervous Diseases, 
and president of the British Association for the Advance- 
ment of Science, distinguished for his outstanding services 
to the advancement of medieme and for his contributions 
to clinical neurology 


Pror Ersanor M Burgemes, professor of astronomy 
in the University of Cahfornia, La Jolla, San Diego, 
distinguished for her observational work on the 
extra-galactic nebule and for her observational and 
theoretical development of the theory of the origin of the 
elements 


Pror A 8 V Buraen, Sherld professor of pharmacology 
in the University of Cambridge, distinguished for his 
contributions to pharmacology, ın particular for his 
studies of synaptic transmission and salivary secretion 
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Dr L. H. N. CooPzR, sonor prinerpal scientific officer, 
Plymouth Laboratory of the Marie Biological Association. 
of the United Kingdom, distinguished for his studies of 
the chemistry and physies of sea-water, of nutrient cycles 
1n the sea and of factors influencing productivity 


Dr E J Dzwrox, principal scientific officer, Plymouth 
Laboratory of the Marme Biological Association of the 
United Kmgdom, distinguished for his contributions to 
the physiology of marme animals, in particular of their 
visual processes and maintenance of buoyancy 


Pror D D Erzv, professor of physical chemistry in 
the University of Nottingham, distinguished for his 
contributions to our understanding of heterogeneous 
catalysis, polymerization, the kinetics of enzyme reactions 
and the properties of organic semi-conductors 


Dr L- FownzNw, reader m plant chemistry in University 
College, London, distinguished for his discovery and 
identification cf new amino-acids in plants and for con- 
tributions to the elucidation of thew significance 


Dr P H Fowter, reader in physics in the University 
of Bristol, distinguished for his researches m high-energy 
physics and cosmic radiation, and for his contributions 
to the development of the emulsion technique 


Pror P O C Garnuam, professor of medical proto- 
zoology and head of the Department of Parasitology in 
the London School of Hygiene and Tropical Medieme, 
University of London, distinguished for his contributions 
to parasitology and m particular for bis original researches 
on parasitic protozoa - 


Pror T Gor», professor and chairman of the Depart- 
ment of Astronomy m Cornell University, Ithaca, New 
York, and director of the Center of Radiophysics and 
Space Research, Puerto Rico, distinguished for his theoreti- 
cal and expermmental contributions to astronomy, and for 
his contributions to our understanding of the Earth’s 
magnetosphere 


Dr J L Harwey, reader in plant nutrition at the 
Department of Agriculture in the University of Oxford, 
distinguished for his research mto aspects of the physiology 
of mycorrhiza 

Dr W Haves, director, Microbial Genetics Research 
Unit, Medical Research Council, Hammersmith. Hospital, 
Postgraduate Medical School, distmguished for his con- 
tributions to bacterial genetics, especially by his discovery 
of the nature of sexuality ın bacteria 


Dr J R Horr, reader m physics 1n the University of 
Liverpool, distmguished for his work m nuclear physics, 
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especially that on deuteron stripping, and also in high- 
energy physics 


Sm Wirriaw HUDSON, commissioner, Snowy Mountains 
Hydro-Eleetrie Authority, Cooma, Australia, distinguished 
for his eontnbutions to development and design m 
hydraulic and hydroelectric engineermg, and for lus 
leadership ın the execution of major projects 


Pror. D G KENDALL, professor of mathematical 
statistics and director of the Statistical Laboratory, 
University of Cambridge Distmguished for his contribu- 
tions to the mathematical theories of probability, statistics, 
and modern functional and operational analysis 


Pror G W Kenner, Heath Harrison professor of 
organic chemistry in the University of Liverpool, dıs- 
tinguished for his work on the orgame chemistry of 
natural products, mcludimg co-zymase and other co- 
enzymes, polypeptides and porphyrins 

Mr. H Monnocmz, director, British Cast Iron Research 
Association, Birmingham, distinguished foi his work on the 
microstructure and solidification of cast ron and for the 
development of ductile cast iron 


Pror R R Porrer, Pfizer professo: of immunology in 
St Mary’s Hospital Medical School, University of London, 
distinguished as a biochemist, and particularly for his 
work on proteolytic enzymes and on antibodies 


Dr A. ROBERTSON, senior principal scientific officer, 
Agricultural Research Council Unit of Animal Genetics, 
Edmmburgh, distinguished for his mathematical and experi- 
mental research m quantitative genetics and animal 
breeding 


Pror P A SHEPPARD, professor of meteorology at 
the Imperial College of Science and Technology, Umi- 
versity of London, distinguished for hus researches m 
dynamical and physical meteorology and especially for 
his contributions to theory of the general eneulation of 
the atmosphere 


Pror F.H SrEWART, regus professor of geology m the 
University of Edinburgh, distinguished for his contribu- 
tions to petrogenesis and especially for his mvestigations 
of the mineralogy and geochemistry of the salme evaporite 
deposits 


Pror A D Watsu, Baxter professor of chemistry m 
Queen’s College (Dundee), University of St Andrews, 
distinguished for his work on molecular spectroscopy, 
and the structure and shape of molecules m different 
states of excitation, and on the kinetics of gaseous 
reactions 


NEWS and VIEWS 


Prof. A A Benedetti-Pichler 


Pror ANTON A. BENEDETTI-PICHLER celebrates his 
seventieth birthday on April 1, 1964 Born m Vienna, 
Austria, he received his degrees at the Technische Hoch- 
schule, Graz, where he worked for many years with the 
pioneer m microchemistry, Dr Friedrich Emch From 
1929 on he promoted his favourite field of microanalysis 
in the United States, especially at New York University, 
Queens College (N Y ) and Brooklyn College Through 
theoretical considerations and experimentation he ex- 
tended successfully the limits of microchemustry to the 
nanogram range, laying the foundations to work with 
traces as used extensively in the Manhattan Project of the 
Second World War  Turnmg his interest to teaching m 
later years, he published several text-books and serves as 
editor of a series of monographs, he ıs also American 
editor of the ternational journal Mikrochwmwa Acta 
Throughout his scientific work he always emphasized 


the importance of improving the status of the analytical 
chemust and his value to general scientific research Thus 
he was & key figure in establishing the (now) Division of 
Analytical Chemistry in the American Chemical Society 
His name, however, will be linked for ever with the field 
of mierochemistry, his development of simple but ingenious 
analytical techniques and his teaching ability Recently, 
he retired from his teaching position at Queens College to 
his farm near Camden, South Carolina From the many 
international recognitions only the last one may be men- 
tioned, that is, the Anachem Award presented to him m 
October 1963 in Detroit 


Heavy Electrical Engineering at the Imperial College of 
Science and Technology * Prof A Tustin 
Pror A Tusty, who retires from the chair m heavy 

electrical engmeermg m the Imperial College of Science 

and Technology m October 1964, was head of the Depart- 
ment of Electrical Engmeermg m the University of 
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Birmmgham from 1948 until 1955, and head of the 
corresponding department m Imperial College from 1955 
until 1962 He studied at Armstrong College (now Uni- 
versity of Newcastle upon Tyne) from 1919 until 1922, and 
his early engineermg experience was gained with Messrs 
C A Parsons and with the Metropolitan Vickers Co While 
with the latter Company he was responsible, among 
other developments, for the mtroduction of the form 
of electrical converter known as the metadyne and 
its application to electrical traction During the Second 
World War he was concerned with automatic control 
as appled to automatic gun-laying, fuse-settbng and 
gyroscope stabilization, and contributed greatly to 
the development of systematic methods of analysis 
of the behaviour of such feed-back systems, including 
the use of ‘time series’ and ‘describing functions’ On 
the conclusion of the War he directed his attention to 
broader applications of the same ideas, especially im 
economics, and m his book The Mechanism of Economic 
Systems showed how economic instabilities may be under- 
stood in terms of the concepts developed by engmeers 
He also wrote DC Machines for Control Systems, givmg 
the first systematic account of the class of machmes, 
including the metadyne and amphdyne. now referred to 
as rotary amphfiers He has pubhshed many papers on 
various aspects of electrical machmes, notably on the 
sources of energy loss, heat-dissipation and rating, and 
commutation He has been actively connected with the 
work of the Institution of Electrical Engmeers, and m 
1959-60 was chairman of the Measurement and Control 
Section In 1953 Prof Tustin was invited to occupy the 
Welster char at the Massachusetts Institute of Tech- 
nology as visiting professor. He had previously spent 
two years in the USSR as an expert on machines for 
electric traction. Special mention should be made of his 
efforts to broaden the education of engmeers by stimulat- 
mg undergraduate mterest m the economic and socio- 
logical aspects of engmeermg work In Birmmgham he 
initiated experiments that have since been developed into 
a very effective scheme within the engmeermg faculty as 
a whole, and at Imperial College he acted for many 
years as chairman of the Committee on General Studies 
He 1s a man of unusually wide mterests and lus fertile 
brain will ensure that he does not lack absorbmg problems 
in his retirement He will be greatly missed by his col. 
leagues in the Electrical Engmeermg Department at 
Imperial College 


Prof E. R Laithwaite 


Dr Larrmwarrg, who has been appointed to succeed 
Prof A Tustm, took first-class honours m electrical engin- 
eering at the University of Manchester, where he contmued 
to M Se m 1950 and Ph D m 1956 At the same time he 
was climbing the academic scale through. assistant lecturer 
in 1950 and lecturer m 1953 to semor lecturer m 1957 
Dr Laithwaite’s early research was concerned with 
specialized card-readmg equipment for computer storage, 
but he retamed an earher interest m lmear mduction 
motors with the particular objective of adapting them to 
shuttle drive ın looms Among his early achievements in 
this field was the development of a switch-less recipro- 
cating motor using two opposed linear motors Later he 
participated actively ın the development of various brush- 
less, variable-speed ac machines which had their origins 
in his linear induction machme, but retamed his interest 
in lmear machmes and has continued work on ther 
development for many industrial purposes such as electric 
traction, crane drive, slow-speed fans and so on In 
addition to these research activities, he has developed 
exceptional quahties as a stmmulating and enthusiastic 
lecturer His election to the chair at the Imperial College 
of Science and Technology brings to an end about twenty 
years of continuous and fruitful association with the 
Department of Electrical Engmeermg in the University 
of Manchester, but marks the beginning of a new associa- 
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tion carrying wider 1esponsibilities—Manchester’s loss 1s 
London’s gain 
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Radio Astronomy at the University of Manchester: 
Prof F. G. Smith 


De F G Sire has been appointed a professor of 
radio astronomy in the University of Manchester, m suc- 
cession to Prof R Hanbury Brown, who 1s now professor 
of physics (astronomy) ın the University of Sydney Dr 
Smith was educated at the City of London Freemen’s 
School, Ashtead, at Epsom College and at Rossall School 
In 1941 he proceeded to Downing College, Cambridge, 
with a major scholarship but discontinued his studies in 
1943 to enter scientific, war-time research at the Tele- 
communications Research Establishment, Malvern In 
1946 he returned to Downmg College and took up his 
studies m the Natural Sciences Tripos, graduating m 1947 
with a first-class honours degree ın physics From 1947 
until 1951 he contmued as a research student ın astronomy 
at Cambridge and was awarded a Ph.D in 1951 In the 
same year he was elected to the 1851 Senior Studentship and 
m the following year he was awarded an Imperial Chemical 
Industries fellowship In 1954 he was appointed demon- 
strator m physics and later became a Fellow of Downing 
College and during 1958-59 he also served as a University 
proctor In 1959 he was appomted Royal Society Warren 
observer ın radio astronomy to work in the University of 
Cambridge He has also served from 1958 until 1963 as 
a member of the Council of the Royal Astronomical 
Society Dr Smith has worked in close co-operation with 
Prof Ryle of Cambridge and has played a leading part 
in the development of teachmg and research m radio 
astronomy in the University 


Second Parliamentary and Scientific Conference 


THE second Parhamentary and Scientific Conference, 
organized jomtly by the Council of Europe and the 
Organization for Economic Co-operation and Develop- 
ment, will be held m Vienna durmg May 23-27 The 
mam objective of the Conference 1s “‘to give fresh mmpetus 
to the development of closer contacts between parha- 
mentarians and scientists” Special attention will be 
directed to the progress made in the field of scientific 
poley makmg The programme will melude addresses by 
Prof G Hess, president of the German Research Associa- 
tion (Federal Republic of Germany), entitled ‘Science 
and Society”, Mr Q Hogg, Minister for Science (United 
Kingdom), entitled ‘Specific Present and Foreseeable 
Impacts of Science on Political Life", M G Palewsk, 
Minister for Scientific Research and Questions of Nuclear 
and Space Research (France), entitled “Importance of 
National and International Science Policies”, M Karl 
Czernetz, Member of the Austrian Parliament, entitled 
“The Common Tasks of Parhamentaniens and Scientists 
in Drawing up 8 Science Policy” The scientific delegates 
will be nominated by the Governments of all particrpating 
countries at the mvitation of the Secretary General of 
the Organization for Economie Co-operation and Develop- 
ment Further mformation can be obtamed from the 
Organization for Economic Co-operation and Develop- 
ment, Chateau de la Muette, 2 rue Andre-Pascal, Pans 16e, 
France 


Secretary of State for Education and Science 


Tur House of Commons on March ll approved the 
Secretary of State for Education and Science Order, 1964 
This establishes the new Secretaryship of State and the 
federal structure of his Department, transferrmg to him 
also the functions relating to the universities and Univer- 
sity Grants Committee formerly discharged by the 
Treasury, as well as the functions of the Education 
Department and of the Office of the Minister for Science 
In moving the motion, Mr Q Hogg explained that the 
reorganization of the Research Councils followmg the 
report of the Trend Committee would require an Act of 
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Parlament and must come later As the Prime Minister 
had already explained, there would be two administrative 
units, with two Ministers of State and two permanent 
under-secretaries Most of the new Department would be 
housed m a building now unde: construction, but mean- 
while the unit dealng with schools would be located m 
Curzon Street, and that dealing with universities and 
science m Whitehall. The University Grants Committee 
would have direct access to the new Secretary of State 
and to both Ministers of State, and its organization would 
be strengthened, while 1ts traditional position was mam- 
tained There would be common establishment, legal 
and information services for both umts of the new 
Department and a common lst of staff Mr Hogg said 
that he thought that public discussion on the Robbins 
Report and on the Trend Report mdicated general sup- 
port for the idea of bringing school education and higher 
education under a single Minister and also a large measure 
of support for overridmg any separation between higher 
education and research, particularly the work of the 
universities and the research councils He claimed that 
the proposed structure represented a reasonable admmus- 
trative arrangement and preserved a high degree of 
academic and admmustrative freedom to the constituent 
bodies He said that ıt would be necessary to reconsider 
the reorganization of mdividual Government establish- 
ments in dealing with the recommendations of the Trend 
Report In replymg on the debate, Sır Edward Boyle 
dealt with some triviahties about Scottish education and 
also explamed that no definite statement was yet possible 
about the colleges of education and tramung colleges A 
similar motion, introduced by Viscount Blakenham, was 
approved, by the House of Lords on March 12 
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Expenditure on Technical Co-operation 


IN a written answer on March 10, the Secretary for 
Technical Co-operation, Mr. R Carr, stated that 132 
researoh staff were paid direct from the Votes of his 
Department, of whom 107 were employed in the United 
Kingdom, 10 m Nigeria and 6 m India £1 8 million was 
also contributed annually to bodies engaged m. research 
for the developmg countries of the Commonwealth, in 
Britain and abroad 


Scientific Provisions for Medical Research 


IN a written answer m the House of Commons on 
March 9, the Minister of Health, Mr A Barber, stated 
that specific provision for research, apart from chnical 
research ın course of treatment m hospitals m 1963-64, 
in the Health Estimates for 1963—64 was £295,000 com- 
pared with £210,000 m 1962-63. Of this, £32,600 was to 
the Common Cold Research Unit, £222,000 for hospital 
clinical research, and £15,000 for operational research by 
outside bodies A considerable mcrease im research pro- 
vision was proposed for 1964-65 


Further Education in Britain 

In written answers im the House of Commons on 
March 3, Sir Edward Boyle gave expenditure of local 
education authorities on further education as £807 
million m 1962-63 and on youth service as £4 7 million 
For 1963-64 and 1964-65 the corresponding expenditure 
1s estimated. as £93 8 million and £5-7 million, and £101-9 
milion and £63 mullion, respectively The National 
Advisory Council on Education for Industry and Com- 
merce had set up a new advisory committee on further 
education for agriculture, with Sir Harry Pilkmgton as 
chairman, to advise on questions which may be referred 
to ıb relating to the provision of further education for 
agriculture at mstitutions other than universities The 
committee had been asked as its first task to report on 
the present provision of, and future requirements for, 
full-time further education im such institutions, with 
special reference to courses above the level of one-year 
certificate courses 
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Honours Graduates in Mathematics 


Iw reply to questions m the House of Commons on 
March 10, the Minister for Science, Mr Q Hogg, said that 
to mamta the present proportions of honours graduates 
m mathematics in teachers at secondary schools, for which 
local authorities are responsible, ıt would be necessary to 
recruit about 500 m 1964, of whom 20-25 per cent were 
hkely to be graduates of the current year The Govern- 
ment service was estimated to need 90 honours graduates 
and about 850 students were expected to graduate with 
honours m mathematics this summer Colleges of ad- 
vanced technology were expected to need 33 such gradu- 
ates and the universities had estimated that they would 
require an increase of 50 per cent m thew teaching staff 
m mathematics between 1962 and 1965 About 100 new 
Ph D s in mathematics were expected this summer 


Emigration of Scientists from Britain 


In a written answer on March 10, Mr Hogg stated 
that the Royal Society estimated that 184 holders of 
Ph Ds and university staff permanently emigrated from 
Britain in 1960, 198 m 1961 and more than 144 in 1962, 
for which year figures were incomplete 


Supply of Scientific Man-power in the United States 


Iw an article recently pubhshed m Scvence (143, 313; 
1964), entitled Approaching Ceihngs in the Supply of 
Serentific Manpower", Dr. W R Brode develops further 
the ideas on the hmtmg factors m the growth of science 
and scientific man-power ın the United States which he 
expressed m the March 1963 issue of The Amerwgn 
Scientist Dr Brode argues that now that about 50 per 
cent of the males from the age group are admitted to 
college (in 1962-63, 52 per cent of the men and 36 per 
cent of the women) the United States must be approaching 
its ceiling of capabilty. To effect a major morease m the 
male group, which provides 95 per cent of scientists and 
engineers, would mean lowering standards to admit con- 
siderably more than 60 per cent of the age group and to 
graduate more than 25 per cent. The maximum effort, 
he suggests, should be directed towards mnprovig the 
quality of graduates, improved teaching methods, better 
utilization of trained men and women and a rational 
system of priority ın allocatmg valuable personnel The 
present college ‘mortality’ 1s about 50 per cent, and he 
sees no prospect of reducing this except by more careful 
selection, nor ıs Dr Brode hopeful of other than a gradual 
increase in the supply of women scientists and tech- 
nologists Any man-power crisis he sees not as a matter 
of producmg more trained engmeers but of improved and 
more efficient education Dr Brode analyses more par- 
ticularly the supply of chemists, but he rerterates that the 
real problems are the maintenance of standards and the 
more efücient use of tramed man-power He would 
umprove teaching methods and raise standards of entry 
rather than risk the production of less-competent per- 
sonnel in larger numbers 


University Development in India, 1962-63 


Basic facts and figures for university development in 
India durmg 1962-63 are given m a report prepared by 
the Statistical Section of the University Grants Com- 
misson (Unwersdty Development «n. India, 1962-1963. 
Basu Facts and Figures. Pp vit+70 New Delhi Univer- 
sity Grants Commission Rs 4.25, 10s.; 158 dollars) 
The report also shows that the number of universities 
mereased from 44 m 1960-61 to 54 m 1962-63 and the 
number of teachmg departments from 861 to 941; 
university colleges from 99 to 133; affiliated colleges 
from 1,438 to 1,805 University enrolment, excluding 
intermediate boards, mereased from 1 03 millon to 1:27 
million, and the number of women students from 150,000 
to 200,000 Staff now number 66,370 compared with 
54,666, and residents m hostels 196,458 compared with 
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153,390 In 1962-63, 30 4 per cent of students were m 
science, 2 0 per cent m education, 5-4 per cent m engm- 
eermg and technology, 3 9 per cent in medicme, and 2 5 
per cent in agriculture Postgraduate and research 
students totalled 76,594 m 1962-63, of whom 17,317 were 
in science, 1,618 m engmeermg and technology, 2,498 m 
medieme, 1,757 m agriculture and 1.035 ın education 


Labour Market Policy in Sweden 


A BROCHURE, Labour Market Poly ww Sweden, which 
has recently been issued by the Organization for Economic 
Co-operation and Development, initiates a series of 
reviews, country by country, of man-power policy and 
the social measures connected with ıt (OECD Remews of 
Manpower and Social Pohews Pp. 72 Paris. Organ- 
ization for Economic Co-operation and Development, 
London HMSO, 1963 4 francs, 6s, 1 dollar). The 
review 1s ın two parts The first 1s a report by the Swedish 
authorities, which gives some basic data about Sweden 
and outlines the aims and philosophy which guide Sweden’s 
man-power policy The measures and means by which 
that pohey 1s 1mplemented are next deseribed, including 
measures for stimulatmg mobility and creatmg employ- 
ment The second and shorter part of the review consists 
of the report of the exammers, Mr. Mansholt and Mr 
Kirstem This emphasizes two keynotes of Swedish 
pohey the conviction that ıt 1s necessary to intervene 
quickly when employment development calls for changes 
and adaptation of policy, and the behef that full employ- 
ment can only be achieved and mamtamed if the com- 
munity 1s prepared to mvest the necessary public finance 
in current measures to adapt labour to current changes 
m conditions or production Finally, there 1s a section 
by the Manpower and Social Affairs Committee summar- 
izmg the conclusions drawn from the review and a short 
bibhography 


Productivity in British Industry 


Tae Library Association has issued as Special Subject 
Inst No 41 a bibhography on Productwity om British 
Industry, compiled by K G B. Bakewell, to which 
Graham Hutton contributes a foreword (Pp 30. London 
The Library Association, 1903. 6s, L.A members, 4s.) 
The 109 references are arranged under sub-headings 
dealmg with such aspects as: definmg and measurmg 
productivity, factors affeetmg productivity; industrial 
relations and productivity; productivity m particular 
fields Some reference material, bibhographies and 
periodicals are included, and there are subject, author 
and title indexes 


Low-cost Automation 


Iw its series under the general title Automation at Low 
Cost, the Department of Scientific and Industrial Research 
has produced a booklet by I D L Ball, G. M Lambert 
and T L Squires entitled Svmple Automaton of Machine 
Tools (Pp 12 London Information Division, Depart- 
ment of Scientific and Industrial Research, 1963). It 1s 
concerned with the application of conventional workshop 
machines of such devices as electncal, hydraulic and 
pneumatic control gear to give increased productivity at 
relatively low cost So far as possible, particularly m the 
production of batch quantities, the equipment should be 
flexible m its appheation That is, 16 should be transfer- 
able from, say, a large lathe to a smaller lathe, or from a 
lathe to a drilling machine, when it 1s desired to tool up 
for another job The types of equipment described 
exemplify the various degrees of automation that might 
be attempted First, there is an example of semi-auto- 
matic operation, together with a description of the 
devices, mostly mexpensive, that can be used Then there 
1s an instance of fully automatic operation, followed by 
an account of the additional flexibihiy achieved by pro- 
grammmg the sequences of a production process or by 
using tracers Some degree of automatic loadmg or 
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assembly may be appropriate where production has been 
speeded up by the installation of new equipment 


Training of Apprentices 


Wits the Industrial Traimng Bill now on the Statute 
Book, interest ın all forms of industrial tramuing 18 rapidly 
growmg The Institute of Personnel Management has 
published a number of valuable Broadsheets, and the 
latest, Apprentice Trowwng, could be of considerable 
assistance to those charged with developmg tramıng 
arrangements for future craftsmen (Pp 60 ^ London: 
Institute of Personnel Management, 1963 12s 6d.) The 
authors, S Crawford and E G Sterlmg, are ın charge of 
the Technical College run by the British Aeroplane Co , 
and use their considerable experience to provide practical 
details of a modern apprenticeship scheme and trammg 
at different levels craft apprentices, technicians and 
technologists. The authors are critical of many aspects 
of the British system of apprenticeship, and hope that 
developments projected through the Industrial Trammg 
Bul will lead to the removal of practices which are at 
least one century out of date. 


Careers as Science Laboratory Technicians 


AN illustrated brochure, entitled Careers as Scrence 
Laboratory Technicians, has been issued by the Institute 
of Science Technology (Pp 6. London: Institute of 
Science Technology. Obtamable from F. W. L Croker, 
Department of Chemistry, Imperial College of Science 
and Technology, 1964) The brochure outlmes the aims 
and services of the Institute, which 1s a registering body 
of science laboratory technicians Besides describing the 
work of laboratory technicians and the prospects offered 
by such a career, 16 gives details of the Institute's pub- 
heations and membership 


Soil Research in Australia 


THE report for 1962-63 of the CSIRO. Drison 
of Soils (Pp. 112 CSIRO Dumvision of Sois, Adelaide, 
1963) covers a wide field of activities ın soil investigation, 
including pedology, chemistry, physics, microbiology, 
muneralogy, micropedology and fertility The practical 
aspects of land-use, based on fundamental studies, are 
tending to replace the former survey and mapping tech- 
mques, but a soil map of Central Australa has been 
added to the Atlas of Australian Soils and an exammation 
has been made of the seventh approximation m relation 
to Austrahan soils A good deal of attention 1s bemg 
directed to water balance of pasture land, ground water 
régime and the influence of permeability of porous 
materials and evaporation on water movement There 
have been investigations on the acid groups of soil clays, 
of the release of potassium from mucas, of the effects of 
phosphorus on yield and quality of wheat, and of gypsum 
on emergence response m different soils Fohar analysis 
is bemg used to supplement the mvestigations on fertil- 
izers for forest trees and labelled nitrogen ın field studies 
of pastures With respect to trace elements, work 1s in 
progress on ther frequency of distribution, their sorption 
by clay mmerals, their availability and deficiencies m the 
field with special regard to copper, zine, cobalt and 
molybdenum The bioassay of soil toxicity, which seems 
to be greatest m soils recently cleared of native vegetation, 
and the identification of the toxms, are bemg studied, as 
are the stimulation of plants by bacterial inoculation and 
the degradation of synthetic phenol-ammo-aeid polymers 
There is also information on developments m muero- 
analysis. 


Dating of Ore Deposits by Paleomagnetism 


THE first extensive application of the study of palzo- 
magnetism to the dating of ore deposits has lately been 
undertaken by the Geological Survey of Czechoslovakia 
1n co-operation with the Czechoslovak Institute of Applied 


March 28, 1964 


Geophysics (Palaeomagneho Dating of Hydrothermal 
Mineralization, Sprssko-gemerské Rudohorie Area, Czecho- 
slovakia By Václav Hanuš and Miroslav Krs Rozpravy 
Ceskoslovenské akademee věd, Rada MPV 14. Pp 88+ 
4pl 1963 Prce 10 crowns, 10s) The mvestigation has 
mvolved a comparison between (1) the direction of 
remanent magnetism found m a collection of 835 oriented 
samples from hematite-bearmg ore deposits m the 
Western Carpathians, and (2) geochronological curves of 
polar wandermg established from magnetic determina- 
tions on stratigraphically defined rocks The ore deposits 
occur as veins and replacements 1n sediments of Permian, 
Triassic and Carboniferous age; and aecordmg to the 
paleomagnetic data the time of emplacement of the 
mineralization ranged from Upper Jurassic to Paleogene 
Although ıb is uncertam whether this range reflects a 
rather long period of ore deposition or whether ıt results 
from yet madequate charts of polar wandermg, the firm 
deduction can be made that the mmerahzation is of 
Alpme and not of Variscan age, so termmating & con- 
troversy which has lasted for more than half a century 
It seems hkely that this paleomagnetic method will prove 
useful in attempts to arrive at the age of some relatively 
young ore deposits m other parts of the world 
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The East Midlands Geological Society 


Tuer East Midlands Geological Society was formed at a 
meeting held at Nottingham on February 1 The Society 
hopes to attract members particularly from an area m- 
cluding Derby, Matlock, Mansfield, Newark, Lincoln, 
Grantham and Loughborough, hence the reason for it 
bemg called the East Midlands Geological Society Anyone 
interested m the activities of this Society should contact 
the secretary, R W Morrell, 443 Meadow Lane, Notting- 
ham The Society will hold regular meetings m the form 
of lectures, excursions, visits, exhibitions, discussions and 
many other activities of a geological character It 1s hoped 
to publish & journal of records, activities and origmal 
papers dealing with the region and perhaps further afield 
Editorial queries should be addressed to the editor, Dr 
W A S Sarjeant, Department of Geology, University of 
Nottingham, Nottmgham The first president of the 
Society 13 P C Stevenson 


Gordon Research Conferences, 1964 


Tue Gordon Research Conferences, which are designed 
to stimulate research ın universities, research foundations 
and mdustrial laboratories, will be held this year at five 
locations m New Hampshire during June 15-September 4 
Fifty five-day conferences will be held, covermg a wide 
range of topics in the physical and biological sciences 
The purpose of the conferences 1s to discuss the latest 
scientific developments, analyse their significance, and 
provoke suggestions for further research Residence and 
registration charges for each conference will amount to 
115 dollars Further mformation and forms of application 
can be obtamed from Dr W. George Parks, director, 
Gordon Research Conferences, University of Rhode 
Island, Kingston, Rhode Island. 


G J. Mendel Memorial Symposium 


Tue year 1965 marks the hundredth anniversary of the 
publication of Gregor Mendel’s Versuche uber Pflanzen- 
hybriden, which, along with his subsequent communication 
on hybrids ın Hveracia, forms the foundation stone to 
most modern-day theories of heredity The Czechoslovak 
Academy of Sciences 1s organizing a Memorial Symposium 
which will be held 1n Brno in the beginnmg of August 
1965 It is hoped that the programme will include a 
symposium on the mutational process The chairman of 
the organizmg committee is Prof B Němec, further 
information can be obtamed from the secretary-general 
of the Symposium Organizing Committee, Dr Milan 
Sosna, Na Cvitisti 2, Prague 6 
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Announcements 


Sir CgARLES GoopEVE, director of the British Iron and 
Steel Research Association, has been awarded the Silver 
Medal of the Operational Research Society, m recognition 
of “his extensive contribution to the advancement of 
operational research through the war-time and post-war 
years". 


Dr. A KELLER, research assistant m charge of polymer 
research m the Department of Physics at the University 
of Bristol, has been awarded the third American Physical 
Society High-Polymer Physics Prize for bis contributions 
to the studies of the growth and properties of polymer 
crystals, and m particular for his discovery of molecular- 
cham folding The Prize 1s sponsored by the Ford Motor 
Company 


Tur Arnold Gerstenberg studentship for 1465 ıs open 
to students m the University of Cambridge who, gomg 
into residence not earher than 1959, have obtamed 
honours m the Natural Sciences Tripos and who wish to 
pursue a course of philosophical study The studentship 
will be awarded for an essay, which must be submitted 
before May 1, 1965 Further mformation can be obtamed 
from Mr. Gerd Buchdahl, Whipple Science Museum, Free 
School Lane, Cambridge. 


Tre first Cosmetic Industry Exhibition will be held at 
Brghton durmg April 14-16 Further information can 
be obtamed from Events Promotions, Ltd , 4 Mill Street, 
Hanover Square, London, W 1 


AFOUR-DAY convention of the Apphed Mechanics Group 
of the Institution of Mechanical Engmeers will be held 
m Newcastle upon Tyne durmg April 14-17 Further 
information ean be obtamed from Mr H  Umpleby, 
Institution of Mechanical Engineers, 1 Birdcage Walk, 
London, SW 1 


A sympostom on “Nutrition of Micro-orgamsms”’, 
arranged by the Nutrition Society (Scottish Group), will 
be held at the Rowett Research Institute, Bucksburn, 
Aberdeen, on April 11 Further information can be 
obtamed from Dr D G Armstrong, Department of 
Agricultural Biochemistry, University of Newcastle upon. 


Tyne 


Tun followmg meetmgs, sponsored by the US Aw 
Force, have been arranged for 1964 semimar on “‘Non- 
hnear Partial Differential Equations m Mathematical 
Physics” (New York, April 20-23), fourth conference on 
*Rare-earth Research" (Phoenix, Arizona, April 22-265), 
symposrum on “Apphed Mathematics and Mechanics” m 
honour of Theodore von Karman (Washington, DC., 
May 11-14); fourteenth MRI series symposium on "Quas 
Optics” (New York, June 8-10), international conference 
on “Physics and Chemistry” (Providence, Rhode Island, 
June 21-26), mternational biophysics meeting (Paris, 
June 22-27), mternational conference on  'Pbhoto- 
sensitization 1n. Sohds" (Chicago, June 22-24); symposium 
on “Quantitative Biology” (Cold Sprmg Harbor, N.Y, 
June), “Concentrated Vortex Motions in Fluids” 
(Ann Harbor, Michigan, July 6-11), summer research 
mstitute on “Algebraic Geometry” (Woods Hole, Mass., 
July 6-31), fourth mternational symposium on “‘Rarefied 
Gas Dynamics” (Toronto, July 14-17), international 
congress on "Semiconductor Physics” (Paris, July 20-24), 
twenty-fifth International Astronomical Union sym- 
posrum (Thessaloniki, Greece, August 17—22); conference 
on “High-altıtude Plastic Balloons" (Boston, September 
or October), second Bagnères conference on "Lunar 
Topology” (Bagnéres-de-Bigorre and Pic-du Midi Observ- 
atory, France, summer) Further mformation can be 
obtamed from the Office of Aerospace Research, 4th and 
Independence Avenue, S W , Washington, 25, DC 
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THE BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE 


T eighth annual conference of the British Society 
for the Philosophy of Science was held durmg Sep- 
tember 20-22 at St Hugh’s College, Oxford It comprised 
& colloquium of four symposia and was attended by some 
sixty members and guests Mr F T OC Harris (Middlesex 
Hospital Medical School) was conference secretary 

The four symposia were entitled “Models of Biological 
Growth Processes”, “The a pror» end the Empirical in 
Economies", “Value Judgements m Economies", and 
finally "Mathematical Logic m Relation to the Philosophy 
of Science”. 

With Prof D R Newth (Middlesex Hospital Medical 
School) in the chair, Dr H Kaeser (University of Edin- 
burgh) introduced the first session with a paper entitled 
“Causality, Complexity and Growth” Dr Kacser chose 
examples from his own field of embryology to support his 
argument that ıt ıs at least as important to achieve 
understandmg as to make predictions. The mechanism 
of growth mvolves a system of chem:cal kmeties in which 
processes are dependent on many variables The mvesti- 
gation of such growth mechanisms involves (1) the 
identification of the elements of analysis, organs, mole- 
cules, etc ; (2) the estabhshment of a functional relationship 
between the elements, (3) the ‘synthesis’ of the organism 
m. terms of this analysis However, as 16 15 not possible 
to apply the second of these procedures unambiguously 
to multi-variant systems, 1t 1s thus m principle impossible 
to make predictions A causal explanation of growth in 
terms of chemical kieties, ceteris paribus is in practice 
trivial. The characteristics of tho chemical kmetic growth 
system are just such that other variables never are equal 
Dr. Kaeser held that the approach followed by his own 
unit, of simulating enzyme-controlled processes m terms 
of differential equations and of computing these sets of 
equations in a matrix computation, would lead to com- 
prehension of the mechanisms inflcenemg growth pro- 
cesses 

Mr F T C Harms gave an extempore account of a 
paper entitled “Description, Simpheity and Growth” 
which was available to the participants, and the subject of 
which fell into the first of Dr Kacser’s three categories 
the identification of the elements of analysis, Whatever 
the desirability of considermg numerous contmgent 
factors in causal explanation, Mr Harris held that sım- 
plicity was essential at the level of description In pc- 
turing morphogenesis embryologists have m mmd a norm 
or ideal developmental pattern to which their material 
largely conforms and the part of which, m embryological 
theory, 1s analogous to that played im statistics by the 
concept of an mfinite population Simple descriptive 
concepts such as cell and number were shown to provide 
models of morphogenetic processes based on ideal develop- 
mental patterns The models took the form of sequences 
of numbers which provided a classification of mosaic 
cleavage patterns that was more concise than that at pres- 
ent accepted A specific example of the description of the 
cleavage of a sea urchm was used to illustrate the prin- 
ciples mvolved in formulatmg the models and m their 
empirical derivation It was pomted out that the prin- 
ciples used provide a technique for sesking wider general- 
izations than are at present available Further, these 
generalizations have the feature of bemg purely biological 
in that, at a descriptive level, they mvolve no reference 
to the conceptual apparatus of chemistry or of physics 

The chairman for the second symposium was Prof 
G.H L Shackle (University of Liverpool) Prof J R N 
Stone (King’s College, Cambridge) gave an extem- 
pore delivery of the essentials of an argument set out m 


detail in hus paper, “The @ priors and the Empirical ın 
Economies", which had previously been made available 
to participants Prof Stone held that ıt ıs not possible 
to discrimmate between empirical and a prior: statements 
in economies to the extent that such theories depend on 
both elements For example, the a pror? probability of 
obtaiming a head m a single throw of a penny 1s a number 
p between 0 and 1 If p may have any value between 
these limits then if À ıs the probabihty of obtammg at 
least one head in n throws the expression for h 1s 
1 
&-[ u-a-sx 
p20 


Thus if n = 2, then k = 2/3, when n = 3, h = 3/4, and 
so on Betting on this would be uneconomic until experi- 
ence showed that a more appropriate model was that 
based on an appreciation that the penny was unbiased 
when p = 0 8, and the function bemg of the form k = 
l — (1 — p)” the corresponding A's for n = 2 and n = 3 
are 3/4 and 7/8 "Thus prior empirical knowledgo may mako 
a lot of difference to the theories we construct Prof 
Stone went on to elaborate this example by considering 
economic theories of consumers’ behaviour of statistical 
estimation of parameters concernmg multiple relation- 
ships between economic variables and of a practical 
attack on the problem presented by the manner m which 
economic planning is affected by an infinite time horizon, 
in that what can be done to-morrow 1s influenced by 
what can be done to-day, ad «nfinuum. Dr Ann Martm 
(University of Oxford) presented the second paper Dr 
Martin held that most economists are unclear as to 
whether their basic prmerples are testable or a priore 
They treat analytic propositions as if they were syn- 
thetic, they re-state falsified synthetic propositions as if 
analytic, they fail to distinguish. between rules that guide 
the construction of economic theory from those that 
guide economic policy and equally fail to distmguish 
between analytically and synthetically based types of 
hypothetical imperative (if you want one thmg you must 
do another) The uncompromising a prre view of Von 
Mises 1s not truly Kantian because ıt appears to equate 
knowledge derived from introspection with a prore 
knowledge But ın fact knowledge of ourselves 1s not 
gained from introspection but from behaviouristic 
observation Relance on introspection tends to prevent 
empirical economic work bemg done and provides an 
apologetic lavssez-farre It provides the argument that if 
ib 18 not possible to discover empirical regularities in 
economie affairs, such affairs are not suitable subjects 
for prediction and thus we should let them be 

Mr J W.N Watkins (London School of Economics) 
was chairman at the third symposium, which was opened 
by Prof R. L Meek (University of Leicester), who 
explained that most early economic thinkers mvoked 
pohtical and theological criteria m judgmg economic 
poheies By the late-eighteenth century economists con- 
ceived ther task as the analysis of the laws governmg 
the operation of a kind of giant economic machine 
Nevertheless, value judgements have since been mmported 
mto economic analysis. In the new economics developed 
since the Second World War, value judgements will 
undoubtedly enter into the formulation of the eriteria 
of economie efficiency laid down for or by the economist, 
but once so defined the scope for their intrusion will be 
very small. Mr K Klappholz (London School of Econ- 
omies) gave the second paper He pomted out that there 
has recently agam been much discussion of the question 
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whether economics can be ‘wertfer’? or whether ıb 1s 
necessarily value ‘impregnated’ After 10-stating the 
usual meaning of ‘wertfrev, Mr Klappholz argued that 
the claims of “‘mevitable value umpregnation” are quite 
relevant to ıt The problem is 'Wertfrewhew—1n the 
logical sense—is a pseudo-problem The paper briefly 
examined the problem of interpersonal comparisons of 
utility and its relation to value judgements, and the 
problem of value-free, that 1s, hypothetically-imperative, 
advice In conclusion, Mr Klappholz urged that the 
widespread desire to exclude normative questions from 
academic economic discussion 1s misguided and unneces- 
sarily mhibiting 

Prof. W C Kneale (Corpus Chiisti College, Oxford) 
was chairman of the final symposium Di G T Kneebone 
(Bedford College, University of London) argued the 
formahst/s pomt of view of mathematical logic as a 
theory of the structure of logical relationships, adequate 
for the exhibition of the deductive form of traditional 
mathematics and for a formal analysis of mathematical 
concepts While the deductive form of scientific theories 
is suitable for logical analysis, ther empirical content 
ensures that such analysis cannot be exhaustive Dr 
M H Lob (University of Leeds) pomted out that mathe- 
matical logic 1s one of the most active areas of mathe- 
matical research and that fruitful pursuit of the philosophy 
of mathematics necessitates constant reference to tech- 
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nical work im logic because many concepts relevant to 
investigations ın the foundations of mathematics have 
been explained in formal terms Thus not only has 
mathematical analysis replaced the philosophy of mathe- 
matics but also 1s similarly appheable to the philosophy 
of science Prof Kneale sucemctly summarized thieo 
pomts for discussion and then guided and stimulated the 
ensuing discussion 

There was general agreement that this was the most 
successful of the Society’s conferences so far There was 
considerable participation m the discussions by most 
members, with continuous subsequent development of 
themes initiated m earher sessions The unusual nature 
of these conferences, ın which working scientists, philos- 
ophers, logicrans and historians Join m incisive and mostly 
good-natured mutual criticism, should perhaps nov be 
allowed to pass unnoticed 

In a closing address, Prof S Korner (Univesity of 
Bristol) thanked the conference secretary and Dr H R 
Post for ther efforts on behalf of the conference, the 
bursar of St Hugh’s College, Miss E A M Major, for 
the care taken by her staff and heiself for the comfort of 
participants, and the Department of Biology as Applied 
to Medicme, Middlesex Hospital Medical School, fo. 
secretarial assistance 

F T C Harris 
D G Harris 


BRITISH TECHNICAL ASSISTANCE OVERSEAS 


HE extent and character of technical assistance from 
the United Kingdom came under some criticism in 

two recent debates m the House of Commons, when 1t was 
again urged that the Department of Technical Co-opera- 
tion should not be excluded from responsibility for finan- 
cial assistance On February 3, in moving the second 
reading of the International Development Association Bull, 
the Chief Secretary to the Treasury, Mr J Boyd- 
Carpenter, said that the purpose of the Bill was to approve 
Britain’s commitment of £345 mulhon over the three 
years covered by the Association's second plan, since in 
the autumn of 1963 1t was agreed that the provisional 
pledges then given would become binding when 12 coun- 
tries, contributmg in all 600 million dollars, had formally 
notified their intention to contribute Mr Boyd-Carpenter 
said that when the Association was started m 1960, 750 
mulhon dollars was made available over a 5-year period, but 
expenditure had been much slower than commitments and 
only 130 million dollars had been expended although 600 
millon dollars had been committed The new pro- 
posals agreed in autumn 1963 would provide a further 750 
million dollars over & three-year period and Britam's 
contribution would be 13 per cent of the total, com- 
paring with 8 per cent from France and 9 5 per cent from 
Germany 

Of the 550 milion dollars committed up to September 
30, 1953, 70 per cent went to Asia and the Middle East, 
12 per cent to Latin America, 6 per cent to Africa and the 
remainder to the Far East and Europe India had so far 
taken the largest proportion—54 per cent, followed by 
Pakistan About 30 per cent of the projects were con- 
cerned with roads, about 20 per cent with other forms of 
transport, 20 per cent with irrigation and the remamder 
was divided between electric power, communications, 
industry, water and education 

While the Bill was generally welcomed, there was some 
citicism that the Association was conceived on too small 
a scalo that ıt required a world authority and a more 
satisfactory 1f not compulsory basis for finance Mr R E 
Prentice stressed the importance of multilateral rather 
than bilateral aid and urged that the work should be ex- 


panded and related to the Umted Nations Development 
Decade In 1eplying on the debate the Economie Secretary 
to the Treasury, Mr M Macmillan, maintaimed that the 
rate of interest was not the reason for aid not bemg taken 
up fast enough, but neither he nor other speakers referred 
to the factors emphasized by Dr Dedijer n a recent paper 
on science in underdeveloped countries (Nature, 201, 
1153, 1964) 

In the debate on Commonwealth trade, technical assist- 
ance and Commonwealth hnks which was opened by the 
Prime Minister on February 6, Su Alec Douglas-Home 
said that private investment 1n. Commonwealth countries 
was running at about £150 million a year, and under the 
Montreal Conference system of Commonwealth loans since 
1957 Britam had committed, £300 million to 14 Common- 
wealth countries British aid to Commonwealth counti ies 
was runnmg at £120 milion a year and £50 millon of 
international funds had been put at their disposal by 
Britam ın 5 years Under the various technical assistance 
schemes Britain had 18,000 officers m 89 Commonwealth 
countnes, and of the 1,637 new appomtments made in 
1962, 542 went into education, 254 into engineering, 219 
mto health and 97 into agriculture Of the 42,000 
students from Commonwealth countries in Britain’s 
universities and colleges, some 5,000 were assisved by 
British Government funds Since the Commonwealth 
Scholarships Plan was started m 1957, 1,000 scholars had 
held awards in Britain alone, and Britain was traming 400 
teachers each year from developmg Commonwealth 
countries and ın 1963 sent 600 teachers to Commonwealth 
countries to train teachers there Sir Alex also referred 
to the work of the voluntary associations and to the 
expansion of British mformation services in Common- 
wealth countries 

Mr H Wilson, who followed the Prime Minister, referred, 
to the importance of scientific research for the developing 
countries His several questions on research contracts 
with universities and colleges of technology for developing 
new products to meet the needs of these countries met with 
no response, nor did his reference to the potentialities of 
agricultural research for agricultural productivity Mi 
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J. Grimond urged the increase of Government aid to such 
organizations as Voluntary Service Overseas, while 
recognizing that this was no substatute for technical aid 
However, in replying on the debate the Secretary of State 


AIDS TO TEACHING 


des university teacher of physics at present 1s having 
to cope not only with a rapidly growing and much 
expanded subject, but also with the mereased demands 
on his time, on apparatus and on accommodation, because 
of larger numbers of students The many new text-books 
dealng with the advances durmg recent years are very 
often limited to narrow fields, and invaluable though they 
are to the postgraduate student embarking on research 
or to the specialist, they are of little help to the under- 
graduate teacher Because of financial strmgency he may 
not be able to purchase what he -equires of these new 
texts, and even with access to the books, he will find 1t 
most difficult to devote adequate tıme to their detailed 
study Hoe needs assistance m the appropriate selection 
of material not only for himself, but also in order to 
advise his students how to avoid the messential so that 
the student may still get a good groundmg m basic 
classical physics and yet also become acquainted with 
recent investigations and problems Little or nothing so 
far has been done in Brita to help the university teacher 
in his attempts to modify and improve the content of 
undergraduate courses, but in the United States the 
Association of Physics Teachers has a committee under 
the chammanship of Prof Arons which, with the support 
of the National Science Foundation, 15 actively engaged 
on this work 

The committee publishes a, series of “Resource Letters’’, 
which are mitially prmted in the American Journal of 
Physws These have mcluded Letters on plasma physics 
(PP-1, July 1961), polarized hght (PL-1, October 1961), 
the Mossbauer effect (MH-1, January 1963), kmematics 
and dynamics of satellite orbits (SO-1, Aprıl 1963) and 
quantum and statistical aspects of hght (QSZ-1, May 
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for Industry, Trade and Regional Development, Mr E. 
Heath, made httle reference to either technical assistance 
or voluntary service and Mr Wilson was the only speaker 
to refer to overseas research 


UNIVERSITY PHYSICS 


1963) Each Letter consists of a list of references to books 
and articles on the subject, divided mto sections accordmg 
to particular aspects and mtroduced by explanatory notes 
The Letter always meludes references to, or deseriptions 
of, laboratory experiments and demonstrations and how 
the appropriate apparatus may be made or where i6 may 
be obtamed, together with the titles of films or other 
illustrative material suitable for use by the teacher or 
students No Resource Letter 1s meant to be exhaustive 
and complete, and in time there may be more than one 
Letter on some of the main subjects of interest 

To save time 1n reference to periodicals, and to assist 
those who do not have easy access to libraries, & series 
of reprmt books each dealing with one of the subjects of 
the Letters and contamung a copy of the Resource Letter 
together with reprmts of a selected few of the articles 
listed ın the Letter have now been published for purchase 
by the American Institute of Physics * The set of book- 
lets have already received a warm welcome in the United 
States, and mdeed a second printing of one of them has 
been required They will be equally welcomed in Britam 
and no university physies department should be without 
several copies of them for use by the staff engaged m 
undergraduate teachmg The American Association of 
Physics Teachers ıs to be congratulated on this valuable 
pioneering effort and for its foresight m tacklng an 
important and urgent problem m present-day higher 
education. S WzrmTROUB 


* Plasma Physws—Selected Reprints Pp 119 Polarized Inght—Selected 
Reprints 
uantum and 

American 
ssociation of Physics 


IODINE-131 FALL-OUT IN MILK 


"JODINE and milk don’t mx”: so read the placard 
carried by a schoolgirl protestmg agamst the pro- 
posal to build a nuclear plant m Cahfornia So familar 
are we with the problem of contammation of milk with 
10dine-131 from fall-out that there 1s no need to emphasize 
the importance of any new assessment of the effect of 
nuclear-weapon tests on levels of 10dine-131 ın milk and 
on the consequent radiation dose delivered to the thyroid 
glands of those who drink fresh milk Such assessments 
inevitably begm by treating the relationship between the 
amount of fall-out deposited and subsequent levels of 
10dmne-131 m milk A direct investigation of this relation- 
ship in the field ideally requires a situation such that 
deposition of radioactive material takes place at either a 
constant rate or over a short period The latter condition 
1s met within the area of local fall-out from a nuclear 
test Dr H A Knapp has endeavoured to make use of 
measurements made m connexion with the SMALL BOY 
low-yield, ground burst of 1962+ 
The mvestigation is retrospective and hence has m- 
herent hmutations Milk from two dairies 50-100 miles 
from ground zero and from an area in north-east Utah 
some 300 miles downwind had been analysed for 10dine- 
131 The fall-out pattern had been followed by measuring 


* Iodwne-131 tn Fresh Muk and Human Thyrows Follounng a Single 
Deposition of Nuclear Test Fallout By H A Knapp USA EC Document 
No TID-19266 Pp 106 (Washington, DC Office of Technical Service, 
Dept of Commerce, 1963 ) 


levels of y-radiation over the ground surface although not 
m the immediate locality of the areas grazed by cattle 
By making assumptions with regard to the mode of decay 
of activity, Dr Knapp has developed an empirical relation 
ship between the level of y-radiation from fission products 
deposited at 24 h after detonation and the maximum con- 
centration of 10dine-131 m milk and has then extended this 
to cover the radiation dose received by the thyroid glands 
of people drmking fresh milk Unfortunately the Y-radia- 
tion measurements were made with relatively msensitive 
survey instruments which, although quite adequate for 
the purpose of overall evaluation of external exposure to 
y-radiation—for which they were mtended—are msuffiai- 
ently accurate to give a true mdication of the ground 
deposition exammation of the readmgs listed m the 
report reveals that many were only a few times the 
assumed average background-level For this and other 
reasons, Dr Knapp’s interpretation of the data has been 
under fire from an expert committee convened to review 
his report The committee's—somewhat &dverse—opinions 
are included as a preface The fact remains that the 
relationship obtamed by Dr Knapp accords remarkably 
well with what might be expected on theoretical grounds 
and that, where 1t was possible to compare predicted. 
thyroidal iodme-131 burdens with actual burdens 
measured 2n vwo, when allowance 1s made for more recent 
information than was available to Dr Knapp on the 
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uptake of 10dine by the human thyroid gland, agreement 
1s agam reasonably good It 1s difficult to see how, within 
the limits set by the SMALL BOY data, Dr Knapp could 
have come up with any better conclusions 

The relationship between the level of y-radiation 
measured above the ground surface and the amount of 
10dine-131 per unit area of that surface varies enormously 
with the composition of the deposited materal. The 
transfer of 10dine-131 to mulk ıs affected by such diverse 
factors as the chemucal and physical form of the fall-out, 
which govern the behaviour of the deposited material on 
herbage and the biological availability of the 1odme, and 
the animal management practised by local farmers 
Unless allowance can be made for divergence of these and 
other variables from Dr Knapp’s norms, extrapolation 
of Ius relationship to other situations, although tempting, 
18 not admissible Dr Knapp 1s aware of and discusses 
these sources of error particularly m the context of some 
of the earher Nevada test finngs made at a time when 
milk was not analysed for 10dine-131. Although he does 
not say so expheitly, Dr. Knapp strongly hints that 
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children m the area surroundmg the Nevada test site 
could have received much higher radiation doses to their 
thyroid glands from 1odine-131 ın mulk than had been 
suspected This surmuse 1s supported by independent 
investigations carried out by the University of Utah and, 
as might be expected, the report has aroused considerable 
pubhe mterest ın the United States. However pessimistic 
Dr Knapp’s deductions, they must leave the responsible 
authorities with an uncomfortable feehmg that all doubts 
might have been resolved had milk been exammed Milk 
is now well recognized as the predommant vehicle for 
transfer of many nuchdes, mcludmg 10dme-181, to man 
in the Western countries Dr Knapp’s report pomts the 
moral that, although estimation of levels of 10dine-131 on 
the ground surfaco—or im the air—allows prediction of 
levels m milk, ıt does so only inaecurately and that ıb 1s 
wiser and more profitable to examme mulk itself. This 1s 
a lesson, let 16 be said, that does not need to be taught 
to those responsible for surveys for radioactivity m the 
environment m Britain. 
R. J. GARNER 


ABORIGINES IN AUSTRALIA 


SPECIAL issue of Austrahan Natural History (14, 
No 8. The Austrahan Museum, Sydney, 1963) 1s 
devoted to the history, culture and present status of the 
Aborigmes. Accordmg to W R Browne, changes m 
chmate during the Quaternary period, the effects of which 
are so conspicuous 1n the northern hemisphere, extended 
to all parts of the world When the accumulations of 1ce 
around the poles were at their maximum the level of the 
oceans was lowered 300 ft or more with corresponding 
extensions to the land areas It was under such conditions 
that the first human bemgs reached Australia, perhaps 
about 20,000 years ago The chmate then was cooler and 
wetter than ıt is now, and giant forms of marsupials were 
m the country, but which have now become extinct 
N. W G Macmtosh beheves that the migrants came 
from south-east Asia, but that they must have been 
seafarmg people since they had to cross both Wallace’s 
and Weber’s lines, which have marked areas of 'deep 
water for at least 75 million years The evolutionary his- 
tory of these people remams an open question The most 
likely view is that they have descended through types 
lko P2thecanthropus, Homo soloensis and Homo sapiens 
wadjakensiws, romains of which have been found m Java. 
There are also suggestions that a certam amount of 
admixture with Negritoid, Caucasian, and pre-Dravidian 
stocks may also have occurred In confirmation of such 
views, up to the present, finds of fossil evidence have been 
scanty, and ther precise dating has proved difficult 
The Talgai cranium was discovered in Queensland m 
1886, the Cohuna skull was found m Victoria m 1925, 
and m 1960 the Mossgiel skeleton was discovered, in New 
South Wales This last-mentioned find closely resembles 
H soloensws, and while massive, all three skulls differ 
only m minor details from those of modern Aborigines, 
and all possess certam primitive characteristics A more 
problematic variant 1s the Keilor cranium, found near 
Melbourne m 1940 In shape and structure 1t 1s distinctly 
more modern than the others So far, 1t has not been dated 
with certainty, but ıt would seem to go back for about 
13,000 years, a fact which raises difficulties in attempts to 
fit 15 mto any hne of hommid evolution Blood group 
tests indicate that Australian Aborigmes differ on signifi- 
cant points from present-day Melanesians, and mvestiga- 
tions of them dermatoglyphics show that while some 
similarities exist between those of the Abongines and 
Melanesians, the patterns differ markedly from European, 
Amu and African Pigmy types, their closest affinities are 
to be found among the Mongols. 


According to Thérése Belleau Kemp, the number of 
original native mhabitants of Tasmana was small 
Archeological evidence reveals that almost certamly they 
reached the Island by way of Australa. They suffered 
at the hands of the European settlers, who drove them 
from their huntmg places and best sources of food. In 
1829 those who remained were removed to Flinders 
Island, where, sx years later, they numbered 200 By 
1847, the total was reduced to 40, and the last of them died 
m 1876 The mdustries and culture of these people were 
similar to those on the Australian mainland, but while the 
people on the east coast and midlands lived by food-gather- 
ing and hunting, groups on the west coast fed mamly on 
land marsupials and sea mammals They were highly 
skilled in fashionmg stone tools Why they died out so 
rapidly remains a matter of opmuon It might seem as if 
they were poorly endowed with natural defences agaist 
diseases, hike tuberculosis, brought 1n. by people from over- 
seas 

The prehistory of the Australan Aborigmes ıs reviewed 
by F. D McCarthy While fossil human remains are 
scarce, evidence of aboriginal industries and ways of hfe 
is relatively abundant, indicating that, as a whole, cultural 
practices were comparable with those in Europe at the 
time of overlap between the upper Paleolithic and Neo- 
lithic periods In sites along the Murray River, some of 
the characteristic stone tools m order of antiquity were 
the tula, flake with a convex working edge, and the 
pirre, a spear point chipped on one surface, and in eastern 
New South Wales, Bond» points, elegantly made for 
spears and barbs, and the elouera, a ground edge used for 
knives and axes Some of the tools were hafted An 
industry based on finely worked rmerohths was once 
widely spread, but eventually ıt died out altogether As 
a whole, however, the industries display only shght varia- 
tions, and middens provide evidence that some sites were 
occupied by Aborigines for generation after generation, 
perhaps for as long as 10,000 years, with a mmimum of 
change ın the general way of hfe. 

A considerable number of rock engravings have also 
been discovered They are most common m the Sydney- 
Hawkesbury district of eastern New South Wales, the 
Fhnders Ranges of South Australia, the Carnarvon and 
other ranges m south-eastern Queensland, and many“ 
localities m north-western Australia A beginning has 
been made in their recordmg and classification Of 
engravmgs, probably the oldest phase consists of grooves 
rubbed mto the rock surface, forming simple parallel 
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sets, radiate and other patterns Another phase 1s repre- 
sented by outlme tracmgs of mythical figures, animals, 
weapons and human bemgs A third type comprises 
Imes arranged ım concentric circles, grids, meanders, etc 
In a fourth phase there was a return to naturalism, with 
representations of human bemgs and animals, weapons 
and sacred objects, some hfe-size, others m mmuature 
The publication contains a selection of fine photographs 
of some of these works of art, meludmg a particularly 
striking hfe-size stencil of a human bemg with arms 
outstretched, which was discovered in Queensland 

Of cave paintmgs there are many thousands, scattered 
all over the continent, most of them still awaiting detailed 
investigation The earliest kind appear to consist of 
simple stencil outlines of many objects, sometimes associ- 
ated with figures drawn m one colour as silhouettes 
Later, divergences appeared in various parts of the 
country based on the use of two or more colours, and 
taking the form of more elaborate figures, which m 
Arnhem Land developed into depictions of animals and 
decorative human figures, with emphasis on their 
internal structures, especially those parts concerned with 
sex 

A P Elkm dsscusses the present status of the Abori- 
ges He points out that when 1n sole occupation of the 
continent, they possessed a social organization which 
ensured order in the search for a Irvehhood and access to 
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hunting areas, and that through them myths and ntuals 
they sought adjustment to the contmgencies of hfe and 
death Al thus was delicately poised Through seizure 
of ther land by ummugrant settlers, ther economic and 
cultural hfe was disrupted and those who remained 
became pauperized hangers-on around the new com- 
munities Their diet deteriorated Only in the more and 
and less-fertile areas had they tıme to make some kind of 
an adjustment 

From 1860 onwards, schemes for therr protection began 
to be put into effect, but at first the policies had Little 
positive result Only m the 1920’s were more constructive 
plans mtroduced with the view of mproving their welfare 
and assimilation As a consequence, depopulation has 
come to an end, and now the Aborigines number about 
40,000 They enjoy the nights of ordmary citizenship, 
yet many are hesitant about leavmg the protected life 
of Government settlements and facmg the hazards and 
responsibilities of contemporary economic and social 
activity, seekmg regular, paid employment and making 
a full adaptation to Australan society All the same, a 
growing number of the children are passmg through 
secondary schools, some are tramimg to be nurses and 
teachers, and a few have reached the universities Full 
merging and assimilation mto Australan lfe appear to 
be the final outcome, particularly since there are about 
52,000 mixed-blood Aborigines already in the country 


MAGMAS AT HIGH PRESSURES 


By Dr. D H GREEN and Pror A. E. RINGWOOD 


Department of Geophysics, Australian National University, Canberra 


LTHOUGH basalts seem to exhibit a contmuous 
spectrum of chemical compositions, combined 
petrographic and chemical studies have led to the general 
recognition of two magma types, alkali basalt and tholeutic 
basalt, with ther respective differentiation series? 
The tholeutic suite 1s characterized by the presence of 
normative hypersthene and modal hypersthene or pigeonite, 
while the alkal basalt suite 1s characterized by normative 
olivine with nephelne and modal high-CaO augite or 
titan-augite' In the tholentie suite, fractionation at low 
pressure ıs dominated by early crystallization of olivine 
and by the reaction relationship of magnesian olivme to 
orthopyroxene Fractional crystallization at low pressures 
leads to an increase m the silica saturation of the residual 
liquid In the alkal basalt suite, crystallization of olryme 
with CaO-rieh elinopyroxene continues the state of critical 
undersaturation m silica in the early stages of fractiona- 
tion 
From examination of natural cases of differentiation 
m the crust and from experimental investigations, there 
appears to be no plausible way ın which an alkali basalt 
liquid could be derived from a parental tholeutic hquid, 
or vico versa, by processes of fractional crystallization at 
low pressure However, Yoder and Tilley? have shown 
that, at pressures of 20 kb and greater, crystallization m 
a variety of basaltic compositions 1s dommated by the 
phases pyrope-almandme garnet and omphaeitic clino- 
pyroxene They have suggested that the position of a 
co-tectic between these two phases may be pressure 
sensitive and thus that fractional meltmg of garnet 
peridotite at different pressures could produce the two 
magma suites Yoder and Tilley also suggested that 
separation of garnet from a primitive basalt hquid would 
leave a liquid typical of the alkah basalt suite, whereas 
«Separation of omphacite would leave a liquid erystalhzing 
at low pressures as a member of the tholentic suite 
As an alternative hypothesis Powers?, Tilley? and Mac- 
donald‘ have discussed the possibility that the field of 
primary crystallization of orthopyroxene from tholeutic 


magma might be substantially increased by high pressure. 
Excess crystallization of orthopyroxene could move the 
residual liquid mto the critically undersaturated field of 
the alkal basalt Our expermental results support this 
latter hypothesis 

The prelimmary experiments reported here are in the 
mtermediate pressure range, 10-20 kb The experiments 
have been carried on a basalt composition very close to 
the estimate by Macdonald and Katsura’ of the ‘parent 
magma’ for olivine tholente from Kilauea Iki 

Experimental runs were made m a single-stage high- 
pressure apparatus of the type designed by Boyd and 
England* The basalt mixture was fused to a glass, finely 
ground, dried over iron powder and re-analysed for FeO 
and Fe,0; to check the oxidation state The sample 
was loaded into & platinum capsule and compressed m a 
pellet press The sample was brought to the desired 
pressure, and the temperature quickly raised and held at 
the desired value for one hour The run was quenched 
to about 200° C in less than 30 sec by switching off power 
to the furnace Quenching yielded glass with variable 
amounts of quench clinopyroxene ‘The capsules were 
not sealed by welding m these initia] runs and m all cases 
there has been access of small amounts of water from 
dehydration of the tale pressure medium Because of this 
effect our temperatures are appreciably lower than the 
liquidus temperatures for similar dry basalt compositions 7 

Followmg Boyd and England, no corrections have been 
made for friction, and pressure determinations are believed 
to be accurate to +5 per cent m an absolute sense and 
m a relative sense, comparing run to run, to better than 
2 per cent Temperature measurement by platinum- 
platinum 10 per cent rhodium thermocouple is estimated 
to be accurate to +10° C with a vanation of +5° C 
about the control point 

Parts of the sample were powdered and examined 
optically and by X-ray diffraction In partial melting 
runs olivine, enstatite, garnet and clinopyroxene are 
readily recognized from their optical properties and also 
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Table 1 SUMMARY OF EXPERIMENTAL PARTIAL MELTING RUNS 
Pressure Temperature Primary phases | Remarks 
(kb) (°C) presen! | 
Olivine tholeute 

10 1,250 Ol+opx+hq * Ol>opx 

124 1,250 Ol+opy+%cepx+liq | Opx>ol 

15 1,300 Ol+opa +epx+hq Opx >cpx ol 

20 1,300 >T 1,200: | Opx-+laq No garnet or 
olivine 

20 1,300 Opx+hq Opa less abundant 

is than in previous 
run 
Pierite 

15 1,300 Ol+opx-+?cpx+hq | Ol»opx, estimate 
Ol 25%, Opx 
10% 

20 1,825 Opx+hq No olivine, liquid 
entirely quench 
products 

25 1,300 Garnet megacrysts+ | Uncertain 

opx laths in fine cpx | hquidus run 
(? quench) aggregate 














* The ‘hquid’ appears 1n the sample as glass or as a quench, metastable 
chnopyroxene possessing a characteristic texture, or as mixtures of these 
components 


+ Thermocouple contamination 


therr characteristic euhedral forms in the mel; X-ray 
diffraction was useful m confirming the presence of olivine 
and garnet and the absence of amphibole in the partial 
melting runs An electron probe micro-analyser (Applied 
Research Laboratories, EM X model) was used to make 
a direct quantitative analysis of the primary crystals 
The crystals were 10-1004 ın ther longest dimensions 
and were distinguishable on a polished surface of the 
sample  Traverses were made across the mineral in 2j 
steps, the diameter of the electron beam being about 
lu and the volume of analysis (that 1s, the volume 
from which characteristic X-rays were emitted) was a 
hemisphere of 3-44 diameter Analyses were made 
simultaneously for Fexo, Cake and Alxa Quantitative 
determinations of total iron as FeO, CaO, and Al,O; were 
obtamed by direct cahbration with analysed enstatites 
and diopsides (from 2-7 per cent A1,0;), analysed basaltic 
glasses, and analysed garnets Corrections were made for 
background, variation in beam current and for detector 
dead-time but not for mter-element absorption or fluor- 
escence effects 
Five or more different grams ın each run were analysed 

since only by repeated analysis could it be determined 
whether the volume of analysis was entirely within the 
mineral grain or passed through the grain to include glass 
or manthng quench chnopyroxene below the grain The 
determination of CaO, mon as FeO, and Al,O; enabled 
the calculation of $10, and MgO assuming that the mmerals 
consisted of simple end-members of them solid solution 
series. 

~~In Table I are given the results of partial melting runs 
on olivine tholeute composition (Table 3, col 1) and on 
a picrite composition (Table 3, col 5) The first com- 
position hes centrally within the obhvine tholente volume 
of the Ne -Cpx -Ol -Quartz tetrahedron* and the second 
composition 18 within this volume but very close to the 
Ol -Cpx -Plag plane of critical undersaturation! 
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The most significant result from the olivine tholente 
runs 1s the replacement of olivine by orthopyroxene as 
the primary hquidus phase as pressure increases from 10 
to 20 kb. In the higher pressure part of the range, ortho- 
pyroxene possesses an extensive primary crystallization 
field, while olivine 1s not observed It 18 clear from this 
behaviour that the course of fractionation of an olivine 
tholente between 10 and 20 kb will be very different from 
the famiher low-pressure behaviour 

Table 2 contams the results of the electron probe 
analyses of the primary phases present in the partial melt- 
ing runs Probable errors are difficult to estimate ; the 
precision of measurement with the electron probe on a 
homogeneous standard 1s better than 2 per cent of the 
amount present for Al;O; and CaO and better than 1 per 
cent for FeO m the concentrations dealt with However, 
the small size of the crystals, and particularly the un- 
certamty of their thickness in relation to the depth of 
penetration of the electron beam, results m a greater 
uncertamty This ıs particularly umportant in measure- 
ment of CaO 1n the orthopyroxene smce interference by 
mantlng quench chnopyroxene or glass will give a high 
and incorrect CaO value It ıs estimated that the error 
1s less than +5 per cent of the amount present for A1,0; 
and FeO but probably greater for CaO m orthopyroxene 

The orthopyroxenes separating from the olivine tholeute 
are alummous (Table 2) and the alumina content increases 
with pressure between 10 kb and 20kb ‘There 1s an appar- 
ent exception in that m our results the Al,O; content of 
the 15-kb orthopyroxene 1s very close to that of the 
12 5-kb run The runs are at different temperatures and 
15 must be emphasized that these reconnaissance runs at 
the different pressures are random points between the 
solidus and hquidus, and ın comparing compositions be- 
tween runs we are not necessarily comparing the same 
degree of crystalhzation There 1s & lower Al,O, content 
m the orthopyroxene crystalhzmg from the perite at 
15 kb than that from the olivme tholente at the same 
pressure 

The two runs at different temperatures at 20 kb show 
that the orthopyroxene formed at the higher temperature 
18 more magnesrum-rich than the more abundant enstatite 
formed at the lower temperature. A trend to 1ron-enrich- 
ment (relative to magnesium) of the hquid durmg frac- 
tionation thus continues to operate at 20 kb. 

The results provide information on the course of frac- 
tionation followed by a basaltic quid crystalhzmg at 
depths of about 35—70 km (10-20 kb) At lower pressures 
fractionation m the olivine tholente and 1n the pierite 1s 
determined in its initial stages by the crystallization of 
ohvine At higher pressures than 20 kb the course of 
liquid variation will be determined by the crystallization 
of garnet and omphacitic elmopyroxene!. 

As enstatite 1s the only primary phase present in the 
olive tholente at 20 kb , the composition of the remaining 
liquid can be calculated assuming different degrees of 
crystalhzation In Table 3 we have done this assuming 
20 and 25 per cent crystallization of the olivme tholente 
at 20 kb. In these calculations we have used the com- 



































Table 2 COMPOSITIONS OF PRIMARY PHASES PRESENT IN PARTIAL MELTING RUNS 
rc 
Olivine tholente Picrite 
10 kb 1,250° C 125kb 1,250°C 15 kb 1,800° C 20 kb 1,200-1,300°C | 20 kb 15 kb 1,300° C 
Olivine Ortho- Olivine Ortho- Olivine Ortho- lno- Orthopyroxene 1,300° C Ohvine Ortho- 
pyroxene pyroxene pyroxene | pyroxene] Ortho- pyroxene 
pyroxene 
S10; 401 543 397 53 2 397 509 500 514 411 549 
A105 not 50 nd* 67 nd* 83 98 93 nd* 52 
detected* 
FeO 138 84 159 83 154 54 136 90 84 53 
MgO 461 305 444 291 449 221 24 2 273 505 320 
Cad not 18 ndt 27 ndt 133 24 30 ndt 26 
detectedT 
Mol ' 
ratio i 
Mg 855 86 6 83 4 86 2 83 9 88 760 845 915 915 
Mg--Fe | 








* Less than 0 596 T Less than 0 296 


t Sub-calcic augite Ca44Mgas Fes 
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OT aan Pa RR Mead REO, 
1 2 3 4 5 6 
Olivine 20% Enstatite 25% Enstatite 30% Enstatite Picrite Picrite with 
tholente crystallized erystallized eiae ed or mune 
enstatite as h enstata 
Z (enstatite as found 1m 20 kb, found m 20 kb, crystallized 
- 1,800° € run) 1,200-1,300° C run) 
S102 47 35 463 460 46 2 45 78 461 
T10; 204 25 27 29 194 29 
Al:O3 13 20 142 145 147 12 52 185 
Fe.0, 0 92 11 12 13 0 82 13 
FeO 981 94 94 75 8 20 86 
MnO 015 02 02 02 015 02 S 
MgO 14 68 114 105 106 18 90 48 
Cad 10 27 123 127 136 974 145 
Na,0 175 220 232 2 50 165 254 
K;0 0 08 010 . 011 012 008 012 
P,0; 021 026 028 030 0 20 031 H 
Cr;0, 004 004 004 | 0 04 0 03 004 
1 
K feld 05 06 06 06 05 06 
Na plag 148 170 163 147 141 174 
Ca plag u 8 284 287 28 7 204 387 
Bi 1: 251 263 298 Ei 259 
y 14 — — — — 
Ol 196 210 187 147 33 9 71 
Ne — 10 20 | 34 — 23 
Ap 05 06 06 06 05 07 
Mt 14 16 17 19 12 19 
Ilm 39 47 51 | 55 37 54 
4 
100 Mg | | 
——————— 716 657 637 | 681 788 401 
Mg -Fe--Mn 
s | 




















position of the orthopyroxene observed at 1,800? C In 
col 4 we have calculated the liquid camposition assuming 
30 per cent crystallization and usmg the composition of 
the orthopyroxene observed in the run between 1,2009 C 
and 1,300? C. We have not been able accurately to determ- 
me the percentage of crystals and glass m the various 
runs. An estimate of the two 20-kb runs is 15 + 5 per 
cent; crystalline at 1,300? C and 25 + 5 per cent crystalline 
m the lower temperature run 

E: EE, 

Mg + X Fe Mn molecular ratio 
at 20 and 25 per cent crystallization results from using 
the magnesrum-rich orthopyroxene formed at 1,300° C 
for both caleulations A much smaller change 1s pro- 
duced if the enstatite from the 1,200?—1,300? C run ıs used 
in the caleulations (col 4) 

It 1s apparent from Table 3 that the effect of fractiona- 
tion by crystallization of alummous orthopyroxene 1s to 
produce a residual liquid contaming normative nepheline 
Even with 20 per cent crystallization the hquid has 
changed from having 14 per cent normative hypersthene 
to contam 1 per cent normative nephelme The com- 
positions m cols 2, 3 and 4 are close to naturally occurring 
alkah basalts!» Although contammg normative nepheline, 
the compositions are quite low m Na,O and K,O, partic- 
ularly the latter. This is a consequence of our original 
olivine tholente composrtion bemg low in N a,0 and very 
low m K,O 

At 15 kb the puerite composition (Table 3, col 5) 
erystalhzed out both orthopyroxene and olivme The 
composition of the residual liquid 1s recalculated (col 6) 
assuming 25 per cent olivme and 10 per cent enstatite 
(cf Table 1) have crystalhzed out and have the com- 
positions givenin Table2 The liquid composition obtained 
contains normative nephelme but is higher m Al,O; (18 
per cent) than normal alkah basalts. This results from 
the lower A1,0, content of the enstatite from the picrite 
at 15 kb and demonstrates the essential role of the A1,0; 
content of the orthopyroxenes in leaving liquids of normal 
basaltic character. "While separation of non-alumimous 
enstatite could produce nepheline normative rocks these 
would have A1,0; contents inconsistent with normal basalt 
types 

Our data demonstrate that between 15 and 20 kb ; 
alumrinous orthopyroxene crystallizes as the liquidus phase 
from a range of basalt compositions between quartz 
tholente and tholentic picrite An olivme tholente magma, 
begmning to crystallize at a depth of about 60 km, will 


The decrease ın 
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yield aluminous orthopyroxene and not olivine as the first 
crystals Separation of these crystals may give a residual 
liquid typical of alkali basalt magma This process 1s 
invoked to explam the relationships of magma types in 
the Hawanan Islands where the main volcanism 18 of 
olivine tholeute character, but followed ın the waning 
phases of activity of each centre by thm veneers of alkah 
basalt and its derivatives* At a currently active vent, 
Kilauea Iki, the magma ıs of olivine tholente compositions 
and there 1s seismic evidence” for a depth of accumulation 
of the magma at 50-60 km Cooling at this depth of 
accumulation would provide the conditions we have de- 
fined under which the olivine tholente magma of Kilauea 
Ik: could yield an alkah basalt magma by fractionation 

While we consider that this mechanism of derivation 
of an alkali basalt magma from a parental olivme tholente 
18 à very plausible explanation for the sequence of Hawauan 
rocks, 1t seems madequate for the large provinces of alkali 
basalt magma without tholentes, for example, Japan? and 
SE Australia Direct partial melting of both alkah 
basalt and tholentic basalt magma from a parental 
peridotite seems a more probable origin for such occur- 
rences 

The experimental observations on the picrite com- 
position are relevant to the problem of partial meltmg 
of peridotite smce the compositions of the olivine (Foa ;) 
and the alummous enstatite (Ens; ,, 5 2 per cent Al,0;) 
erystalhzmg at 15 kb are typical of the olivme and en- 
statite occurrmg in peridotite nodules in basalt (ref 11 
and Green and Easton, unpublished data) Arguments 
have been presented elsewhere!?:3 that the composition 
of peridotite nodules ıs very close to that of tho upper 
mantle, this composition bemg capable of providing a 
basaltic fraction by partial melting leavimg residual, 
refractory dumte We have shown that at 15-20 kb a 
basaltic hquid may cross the composition boundary be- 
tween alkali basalt and olivine tholeute by crystallization 
or solution of alummous orthopyroxene + olvme In 
the pierite, this process can occur with the crystalline 
phases ın equilibrium with the liquid bemg of the same 
composition as those occurrmg m peridotite nodules 
From this we suggest that 1f meltmg occurs in the peri- 
dotite assemblage (olrvme + aluminous enstatite + alum- 
mous chrome-dropside + spinel) at 15-20 kb. then with a 
low degree of partial melting the liquid will be of alkah 
basalt type m equilhbrium- with olrvme + alummous 
enstatite ın the parent peridotite If there 1s no separation 
of this hquid and meltimg continues to a higher tempera- 
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ture then aluminous enstatite + some olivine will go into 
the liquid, ehanging it into the olivine tholeiite field. 

Preliminary runs in peridotite compositions show that 
the olivine + aluminous pyroxenes + spinel assemblage 
will be stable at near-solidus conditions to at least 100 km. 
Following the foregoing discussion we suggest that the 
extent of fractional melting of this assemblage will largely 
determine whether an alkali basalt or an olivine tholeiite 
liquid is generated. At a greater depth, at present un- 
known, the olivine + pyroxenes + garnet (garnet peri- 
dotite) assemblage becomes stable. The course of pro- 
gressive partial melting in this assemblage may differ 
considerably from that in the olivine + aluminous 
pyroxenes + spinel assemblage’. 

We thank Dr. F. R. Boyd and Mr. O. R. MeClunin of 
the Geophysical Laboratory, Washington, for assistance 
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in setting up the high-pressure apparatus, and Prof. C. E. 
Tilley, Prof. H. Kuno, Dr. K.8. Heier and Dr. I. McDougall 
for their advice. 
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FRICTION AND WEAR OF DIAMOND IN HIGH VACUUM 


By Dr. F. P. BOWDEN, C.B.E., F.R.S., and A. E. HANWELL 
Physics and Chemistry of Solids, Cavendish Laboratory, Cambridge 


IAMOND is an interesting solid in its frictional 

' behaviour. In air, under ordinary conditions, its 
friction is very low. The coefficient of friction of diamond 
sliding on itself (or of steel sliding on it) may be as low as 
uw = 0-03. This is lower than the boundary friction of 
well-lubricated metals. Earlier work in this laboratory has 
shown that its behaviour differs from that of metals and 
many other solids in that the friction is not proportional 
: £o the load, that is, Amontons's law is not obeyed and the 
coefficient of friction is not constant??. Typical behaviour 
of diamond is illustrated in Fig. 1. Curve I shows the 
friction of clean diamond sliding on itself in air. The 
coefficient of friction u decreases as the load W is increased. 
‘Tt follows approximately a law of type u = kW-!^, This 
is characteristic of the behaviour of elastic solids and 
shows that the deformation of the surfaces in the regions 
of contact is primarily elastic. (With metals and with 
many other solids which obey Amontons’s law, this 
deformation is plastic.) 

Effect of crystal orientation. It has also been shown that 
the friction of diamond in air is dependent on the crystal- 
lographie direction of sliding?*-*. For example, on the 
polished cube 100 plane of a diamond the friction when 
sliding in the <100> direction may be three times as 
great as that observed along the <110> direction. The 
usual method of ‘polishing’ a diamond is to rub it with a 
paste of fine diamond dust or allow it to rub against 
a surface in which diamond powder is embedded. Experi- 
ment shows the direction of high friction is also the 
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direetion in which the diamond may most easily be.. 


extremely difficult to abrade the surface by rubbing it 
with diamond powder. 

The anisotropy of friction (and of resistance to abrasion) 
is observed on most of the crystallographic faces of dia- 
mond. On the natural octahedron faces no. frictional 
anisotropy is observed and the friction is low in all 
directions. It is interesting to note that this face is 
uniformly difficult to abrade in all directions. An analysis 
of the friction results shows that the friction is always 
lowest (and abrasion most difficult) when sliding occurs 
along the most closely packed atomic planes. : 

Effect of absorbed films. 'The low friction of diamond in 
air is due to the presence on the surface of adsorbed gas 
films. These surface films probably consist of a chemi- 
sorbed film of oxygen with a physically adsorbed gas 
film on top of it. The fact that the friction of the con- 
taminated diamond is dependent on the crystal orientation, 
implies that the surface film is very thin— perhaps only a 
few A thick. Nevertheless, it is very effective in protect- 
ing the surface and the friction is not markedly lowered 
by the further addition of conventional lubricants. 

If the diamond is placed in a moderate vacuum (say, 
10- torr), out-gassed at about 700° C, and then cooled, its 
friction is greatly increased.. (See Curve II, Fig. 1.) We 
cannot clean the diamond by thorough out-gassing because 
if we heat to much above 700° C in a moderate vacuum 
its surface is transformed into carbon’. At: even higher 
temperatures graphitization oecurs*". Moreover, in ‘a 
moderate vacuum the residual gas will soon contaminate 
the surface again. From kinetic theory it may be shown 
that at a pressure of 10-9 torr it would take only 1 sec 
for sufficient gas molecules to form a monolayer to reach. 
the surface. If the ‘sticking probability’ is low the time 
would, of course, be extended but we may still expect it 
to be very short®. In Curve II, for example, the'diamond 
cannot be completely clean. It might well have a chemi- 
sorbed film of oxygen still attached to the surface since 
such a film would be difficult to remove. 

Recently we have been examining the frietional be- 
haviour of solids in a much higher vacuum. This has some 
advantages because a clean surface will stay clean for 
some time. At a vacuum of 10-5 torr, for example, it 
would take about 1-5 min before sufficient molecules to 
form a monolayer could reach the surface. In a vacuum 
of 10-1? torr the corresponding time would be 2-5 h. In 
these experiments a small curved diamond slider was 


allowed to slide back and forth in the same track on the 
- (111] face of a diamond crystal and a eontinuous record of 
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polished or abraded. In the directions of low friction it is 
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the friction was made, The whole apparatus could be 
heated to about 450^ C for out-gassing p and 
evacuated to about 10-!* torr. The sliding experiments 
were done at room temperature. 'The load was 77 g and 
the friction in air was about u = 0-05. This value agrees 
with obtained in earlier experiments. 

The effect of repeated sliding in a vacuum of 10-8 torr 
is shown in Fig. 2, Curve I, where each cycle represents a 
slow back-and-forth movement of about 2mm. The time 
taken for each cycle was about 2 sec. It will be seen that 
the friction gradually increased as the surface films were 
partially worn away, and after 7,000 cycles it reached a 
value of u = 0-4, At this vacuum (10-* torr) we would 
expect some gas films to be still present on the surface 
and the results are in accord with the earlier observations 
made in à vacuum of 10-* torr when the coefficient of 
friction at this load was p = 0-3. 

If the iments are done in a much higher vacuum 
(5 x 10- torr) there is a dramatic increase in the friction 
(Fig. 2, Curve II). Under these conditions the friction 
remained reasonably low (about u = 0-1) for a time, but 
after about 500 cycles it began to fluctuate violently 
und rose to a value of p = 0-9. It remained constant at 
this high value and after 7,000 cycles was still the same. 

experiments were carried out at intermediate 
and the dependence of the final value of friction 
on the gas pressure is shown in Fig. 3. 

Wear of the diamond. In air or in a moderate vacuum 

the surface of the diamond shows no perceptible wear 
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Fig. 2. Effect of a eee of diamond in high vacuum. 
(I) Vacuum of 10-* torr; (II) 5 x 10° torr 
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a 4. Wear of 
sliding in air; 


diamond. a, No obvious damage after "Ur E 
ure of x 


b, severe wear after 7,000 ge at a press! 
10° torr (x c. 140) 


even after prolonged sliding and resembles that shown 
in Fig. 4a. the very high vacuum when the friction has 
risen to p = 0-9, however, the wear of the surface is very 
considerable (Fig. 45). The damage is typical of elastic 
and brittle solids and is probably due to the propagation 
of cracks in the diamond and the removal of discrete 
blocks. The raised edge at each side of the track is caused 
by crack propagation below the surface of the diamond, 
which produces a distortion of the surface. In Fig. 4b also 
can be seen a track parallel to but displaced from the main 
track; this was produced by the same stylus and load but 
with fewer traversals and consequently shows much less 
wear, From measurements taken of the wear track, the 
mean wear rate was calculated to be about 10-!! c.c. per 
traversal or an average thickness removal of a few À per 
traversal. 

Recontamination of the surface. When the coefficient 
of friction had reached a steady value of 0-9 the specimens 
were separated to expose the surfaces to the gases present 
in the chamber at a vacuum of 5 x 10-9 torr. After 
selected exposure periods the sliding was restarted and 
the coefficient of friction was measured. The results are 
shown in Fig. 5. It will be seen that the friction falls as 
the exposure period is inereased. After 2 min the friction 
has fallen to u = 0-5. In this time the amount of gas 
which could reach the surface would be sufficient to cover 
only 10 per cent of it. It is interesting to note that the 
time required to contaminate the surface sufficiently to 
lower the friction to 0-1 (the value at the commencement 
of the experiment) is about 20 min. This is roughly the 
time required to form a monolayer of gas at a pressure of 
5 x 107* torr if the sticking probability were unity. 
We are probably seeing the great influence on the friction 
which one layer of gas molecules exerts. If the sliding is 
allowed to continue under these conditions the friction 
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Fig 5 The contamination of the diamond surface m vacuum of 5 x 


107* torr The clean surface was exposed for selected periods to the 
gases present in the chamber The friction was measured immediately 
on restarting the sliding 


returns to u = 0 9 within 10 or 20 traversals as this thm 
gas film 1s worn away 

Shear strength of diamond When the deformation at 
the point of contact ıs elastic the area of contact may be 
calculated from the Hertz equations. 

The radius a of the circle of contact 1s given by 


E Wr cM 
a=11x[> x “HE, 


where W = normal load, r = radius of hemisphere, E, = 
elastic modulus of stylus, E, = elastic modulus of plane 
For the values used m this experrment a = 5 x 10-9 mm 
This 1s only approximate as ıt takes no account of the fact 
that the hemisphere ıs not smooth but has a larger number 
of asperities The value derived 1s the maximum possible 
area of contact from which a mmimum value for the shear 
strength at the interface can be obtamed as follows 

The frictional force F = As, where A ıs the area of 
contact and s is the shear strength, also F = yW, whence 


Ww Ww 
8$ -— oa = =- Substituting for a we get a minimum 
value for the shear strength of diamond of about 900 
kg/mm? 


Tabor? quotes the hardness H of diamond as 0,000 
kg/mm? With metals the hardness ıs approximately 
6 times the critical shear stress and this would suggest a 
value for diamond of about 1,000 kg/mm? This deduc- 
tion, of course, assumes that the diamond 1s behaving in a 
ductile manner Although our experiments show a good 
deal of fragmentation at the mterface it 1s interesting to 
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note that m an investigation of the friction of brittle sohds 
King and Tabor! showed that the frictional behaviour 
and indeed the coefficient of friction itself were determined 
by the ductile rather than the brittle properties of the 
sold at the contact regions We may therefore regard 
this value of 1,000 kg/mm? as a reasonable estimate of 
the shear strength of diamond The approximate correla- 
uon between these values would suggest that we may be 
near the maximum friction under these conditions, since 
the frictional force to shear the contact regions 1s already 
comparable with that required to shear the bulk material 
Conclusion These experrments mdicate that when the 
diamond surfaces are shd on one another m a high 
vacuum (about 10-!9 torr) the adsorbed films are removed 
and the naked surface of the crystal 1s exposed The 
very high value of the friction (u ~ 1) shows that the 
adhesion at the contact regions of the surface asperities 
18 very strong and the force required to shear them 1s 
close to the shear strength of diamond itself There ıs 
evidence that a mmute amount of gas can reduce the 
friction The arrival of a fraction of a monolayer at the 
surface causes a marked reduction and the formation of 
only one or two molecular layers can reduce the friction 
by a factor of ten The friction ıs then nearly as low as 
that observed when the diamond 1s fully exposed to the 
ar The dependence of friction on orientation when the 
diamond ıs exposed to the atmosphere does, of course, 
show that the contammant film retains the characteristics 
of the diamond structure and provides additional evidence 
that 1b 1s very thin The severe wear which occurs m high 
vacuum 1s probably due to cracking under a combination 
of the normal stresses and the large tangential stresses 
in the surface which ıs induced by the strong adhesion 
av the regions of contact The value for the shear strength 
of the diamond asperities derived from the friction 
measurements indicates that, apart from non-volatile 
impurities which are present in the diamond, the mter- 
face 1s as clean as diamond itself These observations 
have some practical relevance to the operation of mechan- 
isms m outer space where the vacuum may be 10-18 torr 
Under these conditions the contammating films which 
evaporate away or which are worn off will not be replaced, 
and ‘jewel bearings’ may give high friction and wear 
We thank Industrial Distributors, Ltd , for a grant to 
the laboratory, and S Smith and Sons (England), Ltd , 
for the support of one of us (A E H) 
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A SIMPLE ALTERNATIVE TO THE ANTOINE EXPRESSION FOR RELATING 
GAS CHROMATOGRAPHIC RETENTION DATA AND TEMPERATURE 


By M. B. EVANS and J F. SMITH 


Natural Rubber Producers! Research Association, Welwyn Garden City, Herts 


ROM a consideration of the thermodynamics of gas- 

liquid chromatography it may be deduced that the 
logarithm of specific retention volume! will be a lnear 
function of the reciprocal of the absolute temperature, 
namely 


B 
logi Vg = A + T (1) 


— AH, 

R In10 

provided AH, (the partial molar heat of vaporization of 
solute from solution) is invariant with temperature. 
Unfortunately, AH; generally varies with temperature so 
that curved log;, Vg versus 1/T plots are obtamed and 
consequently data cannot be expressed m the form of 


where B 1s equal to 
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equation (1) In order to reduce data to a convenient 
linear form Ambrose et al ? proposed the use of an Antome 
type expression, namely 


(2) 


where A, B and C are constants and ¢ the temperature m 
°G These constants may be evaluated either by graphical 
trial and error or by the method of least squares In 
effect, lmearization 1s brought about by an artificial adjust- 
ment in the absolute zero of temperature 

In use the Antoine equation has a number of serious 
practical limitations Not only are the evaluation pro- 
cedures excessively time consuming but the precise value 
of C so obtained is not errtical and hence frequently 
dependent on the computational method adopted As 
the three constants are interdependent, the same set of 
specific retention volume data could be presented as 8 
number of somewhat different equazions, thus compleat- 
ing the documentation of data 

In order to overcome these mutations we suggest the 
alternative expression: 


logio Vet = logi, Vg! + (LT — T3) + e(T — Ti)? (3) 
where V,1 1s the specific retention volume at T, °K, the 


mimimum value of the range of temperature, Vg? 1s that 
at any particular temperature T'?K, and v and p are 


B 
logis Ys = A+ Gait 


constants These may be evaluated graphically by means 
of a plot of 

log V,T — log Vz 

eae ea versus (T = T) 


the values of v and o being given by the intercept and 
slope, respectively 

The specific retention volumes of benzene, ethanol 
and cyclohexane on dimonyl phthalate measured by 
Adlard et al were expressed by the followmg Antome 
equations? 


Benzene 
1196 472 
logio Vo = 22095 44 ^ 1 96252 (4) 
Ethanol 
3008 86 
log Vo = 35g jg 4; — 5 49841 (5) 
cycloHexane 
1495 659 
logio F; = 796810 +2 2 45283 (6) 


Alternatively the data may be expressed by the equa- 
tions 


Benzene 


logy, Vol = 24728 — 0 01610(T — T,) + 
45 x 105 (T — T, 


T, = 3219°K (7) 
Ethanol 
log,, V,T = 2 4602 — 002140(T — T) + 
57 x 10-5 (T — T} 
T, = 293 21 °K (8) 
cycloHeaane 
logo VT = 22641 — 001494(T — T,) + 
42 x 10> (T — T,)? 
T, = 3219°K (9) 


The specific retention volumes recalculated by means of 
equations (7), (8) and (9) agree with the observed. values 
with an accuracy comparable with those given by the 
Antoine equations as illustrated by the data m Table 1 

Fügher terms, such as « (7' — 7) (ref 3), do not appear to 
be necessary over the normal temperature ranges, since 
the deviations of the calculated retention volumes from 
the observed values vary iandomly with decreasmg 
retention volume 

Since both expressions are capable of comparable 
accuracy the expression we propose (to be known as the 
ve equation) 1s to be preferred in view of the ease with 


. NATURE 


VoL 201 


March 28, 1964 


Table 1 COMPARISON OF SPECIFIC RETENTION VOLUMES FOR BENZENE 
WITH THOSE CALCULATED BY MEANS OF THE ANTOINE AND vp EQUATIONS 


Temperature Fg (ml jg at 0° C) 

(deg C) Observed. Via vp Via Antoine 
48 9? 295 2 2048 295 9 
56 3° 227 4 225 5 225 4 
64 4° 168 6 1703 1700 
76 5° 1151 1148 1148 
76 95° 1129 118 2 113 2 
82 1° 96 5 96 6 98 7 
82 4° 95 6 . 959 95 9 
97 8° 616 618 615 
98 0° 621 615 615 

110 1° 449 451 448 

Root mean square deviation 057% 054% 

t 


which the constants may be evaluated Also the plot of 
1 V,T — log Vg! 
S AT d) 
check on the data to be processed 

A further application of the vp equation 1s the evalua- 
tion of thermodynamic functions by means of the derived 
equations 


— AG = RTTInlO(log,,K, + v(T — T,) + e(T — 7) (10) 
AH = RTinlO(v + 20(T — T4) (11) 
AS = RinlO(log,K, + VT --(v + 29T)(T — T,)+ 


versus (T — T,) gives a rapid visual 


e(T — T,)*} (12) 
AC, = 2RTInl0(oT + v + 2e(T — T4)) (13) 
where 
F a 
YS es W0 (14) 
« = the coefficient of cubical expansion of the hquid 


phase, K, = the partition coefficient at temperature 
T, °K = V,T, x Dr, where Dr 1s the density of the 
hquid phase at temperature T,, AG = the partial molar 
free energy of solution of solute from gas phase at infinite 
dilution, AH = corresponding enthalpy, AS = corre- 
sponding entropy, and AC; = difference in molar heat 
capacity of the solute between gas and liquid phase at 
infinite dilution 

In order to illustrate the use of these equations AG, AH, 
AS and AC, values have been determmed for benzene 
at its boilmg pomt The values so obtamed, which are 
compared with corresponding enthalpy and entropy of 
vaporization from hquid benzene* ın Table 2, are con- 
sistent with the change of solvent from benzene to 
dinonyl phthalate Included also m Table 2 is the 
difference in molar heat capacity determined from the 
molar heat capacities of liquid and gaseous benzene* 


Table 2 THERMODYNAMIC DATA FOR THE SOLUTION OF BENZENE FROM 
THE GAS PHASE 
In hquid dinony! 

Tunction phthalate* In liquid benzene t 
~ AG 3,195 cals mole-* — 
— 4H 7,765 cals mole-* 7,366 cals mole-* 
- AS 12 93 cals deg-! mole-! 20 84 cals deg-! mole-* 

4Cp 7 46 cals deg“ mole-* 13 0 cals deg-? mole 


* Calculated by means of :p equations (10), (11), (12) and (13) 
t For sources of the data and explanations see text 


In view of the excellent results with specific retention 
volumes, it ıs anticipated and confirmed by prelimmary 
observations’ that the equation will be applicable to 
relative retentions and retention indices with even 
higher precision 

The authors thank the Board of the Natwal Rubber 
Producers’ Research Association for permission to pub- 
lish this work 
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EFFECT OF CARBON DIOXIDE ON THE ELECTRICAL CONDUCTANCE 
OF SEA-WATER 


By Dk K PARK and Pror P, K. WEYL 


Department of Oceanography, Oregon State University, Corvallis, Oregon 
AND 


A BRADSHAW 


Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 


HE electrical conductance of sea-water 1s used by 
oceanographers to characterize sea-water and to^ 

determine its density!-? It ıs therefore of mterest to 
know how certam factors may alter the conductance 
Recently, we have investigated the effect of carbon dioxide 
content on the specific conductance of sea-water Such 
change ıs produced ın the sea by biological activities 
(photosynthesis and respiration) and by exchange with 
the atmosphere 

Carbon dioxide is present in sea-water as molecular 
carbon dioxide, carbonic acid, bicarbonate and carbonate 
ions Any addition of molecular carbon dioxide causes 
an adjustment among the dissolved species, and hence 
causes a decrease in the pH of the water 

To determine the change m specific conductance of 
sea-water with carbon dioxide content, we proceeded as 
follows Samples of sea-water with a chlorinity of 19 0 
parts per thousand and a carbonate alkalimity (HCO;- + 
200,?-) of 2 60 m equiv /] were equilbrated with varymg 
amounts of carbon dioxide gas A temperature-compen- 
sated ductive salmometer* was used for measurmg the 
relative conductances of the samples at room temperature 
(26° C) Concurrently, the pH of the samples was determ- 
ined 

At Woods Hole Oceanographic Institution, a constant- 
temperature bath sahnometer was used for making mde- 
pendent measurements on 186 parts per thousand 
chlormity sea-water In Fig 1 the Woods Hole (WHOT) 
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0 9980 
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pH 
Fig 1 Changes in the electrical conductance versus pH in sea-water with carbon dioxide 


addition, with the calculated HCO;- and CO,?- concentrations in sea-water as a function 


of pH 
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¥ig 2 Electrical conductance of sea-water, sodium chloride and 
potassium chloride solutions as a M era of molecular carbon dioxide 
conten 


@, Sea-water, O, 05 N sodium chloride, A, 05 N potassium chloride 


results are shown together with the results from Oregon 
State University (OSU) These give the conductance ratio 
(conductance = 1 0000 at pH 70) as a function of th 
pH of the sea-water samples - 

In the pH. range 6 5-75 the conductance varied less 
than the error of the measurements, about 0 003 per cent 
of the conductance At pH 8 0, the conductance decreased 
with increasing pH at a moderate and 
fairly steady rate of about 004 per 
cent per pH umt Below pH 65, as 
the carbon dioxide content of the solu- 
tion increased, the conductance de- 
cieased at an ever-mecreasmg rate with 
decieasing pH 

To explam the behaviour of the 
conductance, we must consider differ- 
ent mechanisms m the high and low 
pH regions At high pH, most of the 
dissolved carbon dioxide species are 
present as bicarbonate and carbonate 
ions As carbon dioxide gas is added 
to the water, the alkalinity 1emaims 
constant while the concentration ratio 
of carbonate over bicarbonate de- 
ceases Thus, the net effect of carbon 
dioxide gas addition 1s a replacement 
of carbonate by an equivalent amount 
of bicarbonate The concentrations 
of these ions were calculated and 
plotted in the lower part of Fig 1 

By a method similar to that of 
the present mvestigation, Parks de- 
termmed the partial equivalent con- 
ductances of sodium bicarbonate and 
sodium earbonate in sea-water He 
obtamed values of 47 and 23 ohm™ em? 


200 


m equiv/l 


B 
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per equivalent respectively for 194 parts per thousand 
chlorinity at 23°C Replacmg 1 m equiv of carbonate by 
bicarbonate per litre will thus merease the specific con- 
ductance by about 24 x 10-5 ohm-! em-! Since the 
specific conductance of the sea-water was about 0 05 
ohm-! em-i, the transformation of 1 m equiv will change 
the conductance by about 0 05 per cent The changes m 
concentrations of bicarbonate and carbonate 10ns plotted 
in the lower pait of Fig 1 were used to calculate the con- 
ductance change due to the transformation (upper curves 
m Fig 1) 

To understand the conductance behaviour at low pH, 
we plotted the relative conductance as a function of the 
concentration of molecular carbon dioxide (Fig 2) The 
carbon dioxide concentration was calculated from the 
carbonate alkalmity, the pH, and the apparent dissocia- 
tion constants of carbonic acid The conductance de- 
creases Imearly with the merease of molecular carbon 
dioxide at a rate of 0 013 per cent per millimole of carbon 
dioxide per litre of sea-water Dr John Lyman* (US 
National Science Foundation) has suggested that this 
effect 1s due to & hmdrance by the uncharged carbon 
dioxide molecules ! 

The electrical conductance of the mterstitial solution 
in the pore space of rocks varies approximately as the 
square of the porosity If we assume that the foregomg 
relation holds for our case, the conductance should be 
reduced by twice the volume fractian occupied by the 
molecular carbon dioxide ın sea-water This would require 
a partial molar volume of carbon dioxide ın sea-water of 
about 65 c c /mole No data on the partial molar volume 
of dissolved gases ın sea-water are available, but the molar 
volume of liquid carbon dioxide at 25? C 1s about 60 cc / 
mole Thus tbe observed decrease m the conductance 1s 
of the magnitude to be expected 

To make sure that the conductance decrease was not 
due to any specific 1nteractions of carbon dioxide m sea- 
water, we repeated the experiment with 0 5 normal solution 
of sodium chloride and potassium chloride solutions In 
both cases, the decrease m conductance was comparable 
with that for sea-water, although the scatter m the data 
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1s greater, probably due to the poorer temperature com- 
pensation (Fig 2). 

The pH of the open oceans generally varies from 7:6 
to 8 3, the upper limit 1s reached m the euphotic zone and 
the lower near the oxygen mmimum zone In the oceans, 
however, the pH of sea-water 13 affected not only by carbon 
dioxide but also by calcium carbonate precipitation and 
dissolution’. If change of carbon dioxide 1s the main 
factor causmg pH changes, then a pH change from 7:6 
to 83 can cause a conductance change as large as 0 04 
percent Ifconductivity measurement 1s used to estrmate 
salinity, the error due to differences in carbon dioxide 
content could be as large as 001 parts per thousand 
salnity 

In summary, we have shown that when carbon dioxide 
1s added to sea-water, the electrical conductance of sea- 
water reaches a maximum in the pH range from 6 5 to 
75 The conductance decreases can be explained by the 
changes m carbonate/bicarbonate ratio above pH 7 5, 
and by the hindrance of uncharged carbon dioxide below 
pH 65 In order to understand the fundamental electro- 
chemical properties of sea-water better, work on the 
partial conductances of electrolytes ın sea-water 18 con- 
tmumg at Oregon State University We also intend to 
measure the partial molar volume of carbon dioxide and 
other constituents of sea-water. 

We thank Mrs Magdalena Catalfomo for completing a 
portion of the laboratory work This work was supported 
by the Office of Naval Research contracts Nonr—1286(02), 
project number NR 083-102 and Nonr 2196(00), project 
number NR 083-004, and by the National Science Founda- 
tion grants GP-2044 and GP-2232 
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AMINO-ACID SEQUENCE OF BOVINE CHYMOTRYPSINOGEN-A 


By Da, B. S. HARTLEY 


ed Medical Research Council Laboratory of Molecular Biology, 
Hills Road, Cambridge 


HYMOTRYPSINOGEN-A, a protem of molecular 
weight approximately 25,000 containmg 246 ammo- 
acids, 18 à major component of bovine pancreatic juice 
It ıs the mactive precursor of the proteolytic enzyme 
chymotrypsin, into which ıb 1s converted by the action of 
trypsin This activation involves the tryptic cleavage of 
an Arg—Ile peptide bond, which may be followed by subse- 
quent chymotryptic cleavages which liberate the dipep- 
tides Ser Arg and Thr Asn and leave the well-known 
form of the enzyme, «-chymotrypsm This latter has three 
peptide chams the small A-chain of 13 residues, the B- 
cham of 131 residues which contains the two histidine 
residues, and the C-cham of 98 residues which contains 
the active centre serme sequence Summaries of our 
earlier research!? and of parallel mdependent sequence 
investigations?-? have been published previously The 
positions of the five disulphide bridges have recently been 
determined m two laboratories*:5, showing that two bridges 
connect the A-, B- and C-chains, that the B-cham has one 
internal disulphide bridge and that the remamimg two are 
internal m the C-cham 


Chymotrypsin presents special difficulties fo. sequence 
work, quite apart from its size, because the danger of 
autolytic cleavages makes specific tryptic digestion diffi- 
cult Furthermore, two-thirds of the sequence are present 
in a tryptic digest as an msoluble ‘core’ This problem 
has been overcome by separating the chains of a-chymo- 
trypsm, which results m an even division of the ‘core’ 
peptides between the B- and C-chams These chams 
can be isolated by chromatography of 8 M urea solutions 
of oxidized, S-sulpho or reduced carboxymethylated 
x-chymotrypsm on columns of ‘Dowex 50’ or DEAE- 
cellulose My work on these isolated chams mdicates that 
bovine chymotrypsmogen-A has the ammo-acid sequence 
shown ın Table 1 

The carboxymethylated B-cham has the composition 
corresponding to residues 16-146 and gives N-termmal 
Ile Val- |by ‘dansylation’® and C-termmal Tyr with 
carboxypeptidase-A — Tryptie digestion yields the soluble 
peptides lle Gln Lys, Leu Lys, Ileu Ala Lys, Val-Phe 
Lys, Asn Ser Lys and free Tyr from the C-termmus 
The insoluble ‘core’ of the B-chain can be fractionated on 
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DEAE-cellulose columns in 8 M urea to yield prinexpally 
peptides T2, T3, T9 and T10, with N-terminal Tle.Val-, 
Thr-, Tyr- and Leu- respectively. Table 2 summarizes 
the evidence for the sequence of these peptides and of 
fragments derived from them by partial acid or enzymatic 
hydrolysis 3 

The carboxymethyl C-cham has the composition of 
residues 149-246, gives N-termmal Ala- by ‘dansyla- 
tion” and yields mamly Asn, Ala and Leu with carboxy- 
peptidase-A Tryptıe digestion gives the soluble peptides 
TILA, T12, 118, T14 and T15A (Table 3) plus an msoluble 
‘core’ which consists of the two C-termmal tryptic peptides 
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Table 1 


1 2 3 4 5 6 7 8 9 
Cys Gly Val Pro Ala Ile Gin 


Tl 
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We have not been able to separate these ‘C-core’ peptides 
from each other ‘Table 3 summarizes the evidence for 
the sequence of the tryptic peptides from the C-cham and 
the ‘C-core’ 

I have remvestigated the sequence of the oxidized 
A-chain (residues 1-13) and have detected errors m the 
sequence proposed by Meedom!? The evidence 1s sum- 
manzed in Table 4 The tryptic peptides shown in 
Tables 2, 3 and 4 can be arranged ın order by making use 
of peptides described m our previous mvestigations! * of 
oxidized «-chymotrypsin or S-sulpho chymotrypsmogen 
or others derived from peptic digests of unmodified 


Bovine CHYMOTRYPSINOGEN-À * 


10 1 12 13 14 15 16 17 18 


Pro Val Leu Ser Gly Leu Ser Arg Ile Val Gly- 
P1 


LL——----- 


p-L———---—-—-—-—-——--2—- 


: 19 20 21 22 23 24 25 26 27 


28 29 30 31 


32 33 34 35 '36 37 


Asp Glu Glu Ale Val Pro Gly Ser. Try Pro Try Gln Val Ser Leu Gln Asp Lys Thr- 
Pl Cl 


edd 


s . 38 39 40 41 
Gly Phe His Phe Cys Gly 

C1 

——À 


57 58 59 60 61 62 63 6e 
His Cys Gly Val Thr Thr Ser Asp 


16 71 78 79 80 81 


C2 


49 4344 45 46 47 48 49 50 51 
Gly Ser Lou Ile Asn Glu Asn Try Val Val Thr Ala Ala- 


65 66 67 68 69 70 71 
Val Val Val Ala Gly Glu Phe Asp Gin Gly Ser- 
c2 


82 83 84 85 86 87 
Ser Ser Glu Lys Ile Gln Lys Leu Lys Ile Ala Lys Val Phe Lys Asn Ser Lys Tyr- 
c3 C4 





a . 


52 53 64 55 56 


72 "3 "4 75 


p—-——-—- 
88 89 90 91 92 93 94 


= = = = 4h - —- - a 


95 96 97 98 99. 
Asn Ser Leu Thr Ile Asn Asn 


100 101 102 103 104 105 106 107 108 109 110 111 112 113 
Asn lle Thr Leu Leu Lys Leu Ser Thr Ala Ala Ser- 


C5 
p-——————————— 


114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 
Phe Ser Gin Thr Val Ser Ala Val Cys Leu Pro Ser Ala Ser Asp Asp Phe Ala Ala -— 


C5 
— 


D 


133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 


. Gly Thr Thr Cys Val Thr Thr Gly Try Gly Leu Thr Arg Tyr Thr Asn 
P2 


Ala Asn Thr- 
C6 


EL——3À IE-— — 


152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 
Pro Asp Arg Leu Gin Gln Ala Ser Leu Pro Leu Leu Ser Asn Thr Asn Cys Lys Lys- 
C7 


C6 
a fe L [L 





171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 
Tyr Try Gly Thr Lys Ile Lys Asp Ala Met Ile Cys Ala Gly Ala Ser Gly Val Ser- 
e" 


C8 


—1r- — — — — — — — — em — —À — — — — — — —À — — e = 


190 191 192 193 194 195 196 197 198 
Ser Cys Met Gly Asp Ser Gly Gly Pro 
c8 


209 210 211 212 213 214 215 216 
Leu Val Gly Ile Val Ser Ser Try 


228 229 230 231 232 233 234 
Val Tyr Ala Arg Val Thr Ala Leu 


Disulphide bridges 


199 200 201 202 203 204 205 206 207 208 
Leu Val Cys Lys Lys Asn Gly Ala Try Thr- 
C9 


Apb———-—-- —— 


217 218 219 220 221 222 223 224 225 226 227 
Gly Ser Ser Thr Cys Ser Thr Ser Thr Pro Gly- 


235 236 237 238 239 240 241 242 243 244 245 246 
Val Asn Try Val Gln Gln Thr Leu Ala Ala Asn 


1-122, 42-58, 136-201, 168-182, 191-221 


* Some ‘overlap’ peptides are shown, sequenco being indicated. by contmuous lines, 


and compositions by broken lines. 


Throughout this article Asn mdicates asparagine, Gin indicates glutamme and Cys 
indicates half-cystine, cysteic acid, S-sulpho cysteme or carboxymethyl cysteine, depending 


on the context 
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Table 2 TRYPTIC PEPTIDES FROM THE CARBOXYMETHYL B CHAIN* 
T2 (Residues 16-36) 
Ile Val Gly Asp Glu Glu Ala Val Pro Gly Ser Try Pro Try Gln Val Ser Leu Gln Asp Lys 
C Cc C 
ra 7 PAP ppl UTI 
eo miden = stb t— 
-————————- b eH 
A A 
H>H bo 
A 
tH 


T3’ (Residues 37-79) 
Thr Gly Phe His Phe Cys Gly Gly Ser Leu Ile Asn Glu Asn Try Val Val Thr Ala Ala His Cys Gly Val Thr Thr Ser Asp Val Val - 


C 
bodete 


Cc C —-£ 

pe ——b————E———————————— 
A. A A PAP P P P 
emm bed EM À pus 
A A 
EPA H= me m eo 
pA A BA > 
Val Ala Gly Glu Phe Asp Gin Gly Ser Ser Ser Glu Lys 


= i EH 
8 S PAP PAP 
eA bz evo nem THEM PE 
LB L——-— 
(Residues 94-107): 


Tyr Asn Ser Leu Thr Ile Asn Asn Aen Ile Thr Leu Leu Lys 
OG OES Du ACER. A 
Py al cc ia, a a ae 
A A A 

Hdb- > — = 

rH -= 
++ 

T10 (Residues 108-145) ` 


Leu Ser Thr Ala Ala Ser Phe Ser Gln Thr Val Ser Ala Val Cys Leu Pro Ser Ala Ser Asp Asp Phe Ala Ala Gly ~ 
c 


E————— ulpa scd qe E DEM DRE. 


T9 


tz t 

HH 
Thr Thr Cys Val Thr Thr Gly Try Gly Leu Thr Arg 
Ž———---— Ste 
eee 
à tps 
t— +S 


* In Tables 2-4, quantitative ammo-acid analyses of peptides are indicated by broken lines, while the symbols —— ——- indicate N-terminal analyses 
by fiuorodimtrobenzene, ‘dansylation’ (ref 9) or ‘dansyl Edman’ (ref 12) techniques Similarly, ——— ~—| indicate C-terminal analyses by time- 
studies with carboxypeptidase-A The prefixes A-, C-, T-, P-, S-, E-, and PAP- denote peptides derived from partial acid, chymotryptic, trvptic, 
peptic, subtilis, elastase or papain digests, respectively 


chymotrypsmogen® Table 1 meludes the composition arrange the small tryptic peptides from the B-cham 


and sequence of some of these ‘overlap’ peptides Thus 
Tl, from S-sulpho chymotrypsmogen, contams the 
A-cham plus the Ser Arg ‘activation peptide’ Pl 
clearly overlaps T1 and T2 and C1 allows us to connect 
T2 to T3. C2, 03 and C4 (residues 72-94) help us to 


and allow us to connect, the N-termmal Tyr of T9 to these 
'T9 and T10 are overlapped by C5, while P2 connects 
T10 to T1l Thus latter 1s absent m tryptic digests of 
a-chymotrypsm, bemg replaced by TIIA, so residues 
147-148 must be the ‘activation dipeptide’ Thr Asn, 
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Table 3 TRYPTIC PEPTIDES FROM THE CARBOXYMETHYL C CHAIN 


T114, T12 and T13 (Residues 149-175) 


. 


Ala Asn Thr Pro Asp Arg Leu Gin Gin Ala Ser Leu Pro Leu Leu Ser Asn Thr Asn Cys Lys Lys Tyr Try Gly Thr Lys 


I12 


T ———— m a 


C 


T 


T 
iS ipei — te - — A — —— be ———— — Fit 


A A A A 
oh at hee ee ae aa I-A 


t-— 


T14 and T15A (Residues 176-203) 


t-—-— HH 


HH 


Ile Lys Asp Ala Met Ile Cys Ala Gly Ala Ser Gly Val Ser Ser Cys Met Gly Asp Ser Gly Gly Pro Leu Val Cys Lys Lys 


T14 i T15A 
pa Got Ie 
te—aibeazey oa -—-——— See 
e-a t H> 
be> boo 


C-chain ‘core’ (Residues 203-246) 


Lys Asn Gly Ala Try Thr Leu Val Gly Ile Val Ser Ser Try Gly Ser Ser Thr Cys Ser Thr Ser Thr Pro Gly Val Tyr Ala Arg - 


c 


C P P c 
e—a a z>- >z >> ae 


Heo t —À b —Hi 





ee 
A 


PAP 8 A A s 
I ———« eotea e SS Ar — 
PAP PAP A A 
cala. Fd t=, 
t> H= 


Val Thr Ala Leu Val Asn Try Val Gin Gln Thr Leu Ala An Asn 
C Cc C 
—— «d loge 


Asafa owt 

A A 

= sh us 
tr r> pA 


Table 4 THE A-CHAIN OF OXIDIZED a-OHYMOTRYPSIN (Residues 1-13) 


Cys Gly Val Pro Ala Ile Gin Pro Val Leu Ser Gly Leu 
bp—^——p--—-— Sas Pal 
too Ste dibs iba 


lost m the conversion of chymotrypsmogen to «-chymo- 
trypsm. By simular reasoning peptides C6, C7, C8 and 
C9 are among several which allow us to arrange the 
C-chaim 1n the sequence shown in Table 1 This sequence 
appears to us to be unique, but differs appreciably from 
that proposed recently by Kei, Prusik and Šorm? The 
possibility of errors in a work of this magnitude cannot 
be excluded, but when the completed work of the Prague 
laboratory becomes available, 1t will be possible to re- 
investigate any remaining areas of disagreement 

Briefly, we can now conclude that activation of chymo- 
trypsinogen occurs by tryptic cleavage of the Arg—Ile 
bond (residues 15-16) and 1s accompanied by a parallel 
configurational change m the protem which probably 
brings one component of the active centre!!, —His-57, mto 
close proximity to Sei-195, which 1s the site of acylation 
by the substrate Subsequent chymotryptic cleavages at 
residues 13-14, 146-147 and 148-149 can give the common 
form of the enzyme, «-chymotrypsm The two histidine 
residues 40 and 57 are locked together by the 42-58 
disulphide bridge and ıt 1s possible that both participate 
in the catalytic activity 


I thank Dr F Sanger and my colleagues in the Medical 
Research Council Protem Chemistry Division and Prof 
H Neurath (durmg the two years m which part of this 
research was performed m his laboratory) for their support. 
I also thank Mr A Weeds, Mrs B Pickles and Miss D. 
Kaufmann and Mr A Seeley for their assistance during 
various phases of this lengthy research 
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y-GLOBULIN OPERON: A HYPOTHESIS FOR THE MECHANISM 
OF THE SPECIFIC RESPONSE IN ANTIBODY 
SYNTHESIS 


By Dr L. R, FINCH 


Russell Grimwade School of Biochemistry, University of 
Melbourne 


BT to any overall theory for antibody 
synthesis is the problem of how the antigen, or anti- 
genic determinant, serves as a stimulus to the production 
of an antibody specrfic to itself This article is presented 
as a possible approach to the investigation of the problem 
The suggestion has been made that antibody synthesis 
may have analogies to- adaptive (induced) enzyme syn- 
thesis m bacteria! An attempt to relate the two processes 
has been made by Szilard?, but on the assumption that 
the control of induced, enzyme synthesis was exerted at 
the site, or stage, of actual protem synthesis This assump- 
tion differs from the regulator-operon theory at present 
favoured, proposed by Jacob and Morod3, for the regula- 
tion of enzyme synthesis through the control of the 
synthesis of the corresponding messenger RNA The 
modification of the orginal regulator-operon theory by 
the indications that the repressor product of the 
regulator gene ıs a protem* allows 1v to be used as the 
ee for the mechanism of antibody synthesis presented 

ere 

The genetic unit from which antibody synthesis 1s here 
considered to develop 1s an operon which includes its own 
regulator gene and the structural gene for a protem or 
polypeptide (associating protem) capable of inactivating 
the repressor protem by specific associazion with 16 (Fig 1) 
In an imitial state, the system would be repressed through 
the interaction between repressor and operator and no 
synthesis of the protems would occur. With the intro- 
duction of an effector (antigenic determinant) capable of 
combining with the repressor to give 1b an inactive con- 
formation, the repression would be released (de-repression) 
and messenger RNA synthesis would commence on the 
operon Tho messenger would serve m the synthesis of 
both protems which would associate by virtue of mutual 
specificity, the newly formed repressor protem being 
held m a conformation which was inactive for the 
operator 

If the association of repressor and associating protem ` 
were such that the repressor was stabihzed ın the con- 
formation which combined with the antigenic determinant, 
then the protem produced would have the antigen-binding 
properties of antibody The association of two repressor 
protems im this conformation with two associating pro- 
teins would give the bivalency and two pairs of poly- 
peptide chains suggesting for 7S y-globulin antibody by 
Edelman and Benacerraf* and Fleischman, Porter and 
Press? An exact identification of the repressor protem 
and associatmg protem with particular components of 
78 y-globulm 1s made difficult by the conflicting sugges- 
tions of these two groups of workers as to which component 
of 7S y-globulin bears the antigen-binding site In terms 
of the observations of Fleischman ef al 7 that the A chain 
bears the antibody combinmg site, the repressor protem 
would correspond to the A chain, and the associating 
protem to the B cham of 7S y-globulin The reverse 
would apply if the suggestions of Edelman and Bena- 
cerraf* that the combining site 1s associated with L chams 


N 


(B chains) should prove correct However, the evidence 
for the latter appears less direct than that presented by 
Fleischman. et al * 

The sequence of events outhned would constitute the 
primary response ın antibody synthesis Once the mes- 
senger RNA were produced, and so long as 1t remamed 
intact, synthesis of antibody would continue im the 
absence of antigen (lower part of Fig 1) However, the 
removal of antigen, by combination with antibody, would 
reverse the inactivation of repressor (upper part of Fig 1) 
This would restore the repression, terminating further 
messenger RNA synthesis, and so limit the extent of the 
response 

A mechanism of this form could provide a basis for the 
production of specific antibody 1n response to tho specific 
antigen whether the cells concerned are multi-potent or 
not with respect to the capacity for antibody production 
Further elaboration would appear necessary, however, to 
give a more accurate interpretation of the structure of 
78 y-globulin, and to make the hypothesis more applicable 
to the phenomena of the anamnestic response and toler- 
ance The necessary elaborations are the assumptions, 
on the general lines proposed by Burnet’, that an 
antibody-producmg cell ıs able to react xmmunologi- 
cally with only & very small number of antigenic 
determinants and that antibody production 1s the function 
of clones of cells, with clonal selection operating on 
clones of varying antibody specificity which has arisen 
through a process of limited somatic mutation These 
conclusions appear to be justified by the following con- 
siderations 

In the system as outlined 1n Fig 1 the repressor protem 
must be considered as having a thieo-fold specificity 
(1) Speerficity for combination with the operator to block 
the use of the DNA of the operon for messenger RNA 
synthesis (2) Specificity for combination with antigenic 
determmant in a conformation which 1s different from 
that required for combination with the operator (3) 
Specificity for combination with the associating protem 
in à conformation which 18 the same as that required for 
the binding of antigenic determinant 

This multiple spocificity would be required for each of 
the different antigenic determmants which could stimulate 
specific antibody production The possible number of 
such distmet antigenic determmants 1s considered to be 
large, the figure of 10,000 often being given as an order 
of magnitude If one considers that antibody to all these 
determmants can be produced by the one cell then the 
mechanism outhned would require that each of the cor- 
responding repressors should be quite distmct from all 
other repressors with respect to all three of the specificities 
listed For example, if a uniqueness of every repressor 
for its operator did not apply, then cross-reactions of 
operators with other repressors would interfere greatly 
with the initiation of antibody synthesis and would tend 
to make the response non-specific That 1s, the wrong 
operator might be de-repressed and the wrong antibody 
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ANTIGEN 
BINDING SITES 


Fig 1 


synthesized In view of the considerable overlap of anta- 
gemc, chemical and physical properties of the 7S y-globu- 
lns and their components ıt seems improbable that they 
would be derived from a population of protems with 
sufficient variation among them to allow specificity for 
repression of a multitude of different operators Thus, 1t 
18 felt that the mechanism proposed would be unlikely to 
give a satisfactory explanation of y-globulin antibody 
structure if all cells were multi-specific for antibody 
production 

Another argument agamst the validity of this mech- 
anism for multi-potent cells comes from a consideration 
of the potential effects of deleterious mutations Since 
the accurate functionmg of the mechanism depends on 
the maintenance of the three aspects of the specificity of 
the repressor, as defined here, plus the specificity of the 
associating protem and of the operator for the repressor, 
it will be seen that a mutation m any part of the entire 
operon could lead to an mactrvation or malfunctioning of 
the system Since an organism in any one generation of 
a vertebrate species 1s unlikely to be subjected to more 
than a small proportion of the antigenic determinants to 
which ıt can respond, 1t seems unlikely that there would 
be a sufficient selective pressure to mamtain intact, 
against mutation, all the many different systems required 
if there were to be one m every cell for every antigenic 
determinant This ıs assuming that they could even have 
been established m the first place Whule ıt 1s true that 
a number of systems of a similar order of complexity 
occur for the regulation of the synthesis of protems m 
bacteria, these systems are such that there would be a 
strong selective pressure in their favour at every, O1 
almost every, generation Smmularly, if there were only 
one, or a few, y-globulin operons per haploid genome in 
mammals then the selective pressure would be much more 
intense, as deleterious mutations could lead to a complete 
loss of the antibody-produemng mechanism 


For the further elaboration of the hypothesis, ıb 1s 
assumed that there should be only a few antibody- 
produemg operons per genome This requires the 
further assumption of lmuted somatic mutations to 
account for the range of specificity of antibody formation 
The mutations should be hmuited to that region of the 
operon determming the antigen-bmding site on the 
repressor protem ‘The genetic mformation in the rest of 
the operon should be quite stable and accurately repheated 
through many generations A lmited region (that speci- 
fying the antigen-binding site) of the repressor structural 
gene should undergo mutation during some stages of the 
development of the embryo, or perhaps throughout the 
life of the animal, so that a large number of cells of 
differing specificity for antigen are produced This would 
provide a population of cells, or clones of cells, of 
differmg specificities for antibody production, with only 
a bmuted number of specificities per cell The variety of 
antibodies produced would differ only m the regions of 
ther antigen-bmding sites, but otherwise would show 
a constancy of composition Such a basis to the struc- 
ture of 7S y-globulms would be consistent with the 
considerable similarities, but also small differences, found 
by Koshland and Englberger* for the amino-acid com- 
position of two antibodies to different antigenic determ- 
mants 

From the population of different clones produced by 
somatic mutation one can account for aspects of the 
anamnestic response and tolerance by the assumption of 
a positive correlation between the rate of antibody syn- 
thesis withm a cell or clone and its rate of prohferation 
Thus, if a cell has a basal rate of functioning of the anti- 
body-produemg operon this could be hnked with a basal 
rate of mitosis and proliferation Stimulation of antibody 
synthesis would speed mitosis, imbibition of synthesis 
would delay mitosis The basal synthesis m the unstimu- 
lated cell might be the formation of the additional 
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repressor required for the two daughter cells rather than 
of the complete antibody The mechanism for this might 
be similar to that which could explam the production of 
tolerance 

The production of tolerance could be accounted for if 
there were circumstances in which the antigenic determ- 
inant induced a response m which the production, or 
retention, of repressor outstripped the production, or 
retention, of associating protem, so that a higher level 
of repressor was built up within the cell A cell stimulated 
in these circumstances might achieve such high levels of 
repressor that ıt, and its offsprmg, might be effectively 
prevented from responding to antigen agam Further, 1b 
would reduce any basal rate of synthesis withm the cell 
and so possibly lead to reduced rates of mitosis That 1s, 
there would be selection agamst those cells respondmg 
m the particular circumstances The mformation 
available on tolerance would suggest that the particular 
circumstances should exist durmg embryonie lfe, and 
possibly in later hfe at some stage im the cell hfe- 
cycle 

The secondary response would be most simply accounted 
for by clonal selection on the postulate that the mduction 
of antibody synthesis within a cell provokes a stimulation 
of mitosis and hence a proliferation of the responsive cells 

The suggestion that prolonged ummunization produces 
antibody of higher avidity for antigen would be in accord 
with this postulate, smce those cells m which antigen was 
bound strongly by the repressor would both respond 
strongly and give strongly bmding antibody Thus the 
population of cells available for the secondary response 
would be more greatly enriched in the clones produemg 
antibody of high avidity. 

The hypothesis as outlmed here appears to provide an 
interpretation of some immunological effects It is pre- 
sented in the hope that ıt might be useful m suggesting 
other effects to be sought for 

As noted earher, the hypothesis would account for the 
existence of two types of polypeptide chams m 7S-y- 
globulm antibody It would further predict that one of 
these chams should be constant m composition for anti- 
bodies of different specificity, whereas the other chain, 
while being largely constant m composition, should vary 
with specificity in that part which comprises the antigen- 
binding region Further finger-prmt investigations of 
peptides from enzymatic digests of different purified 
antibodies, preferably from the one animal, would provide 
information on this pomt 

It would be desirable that the hypothesis should 
account for the various types of antibody globulins, 
TSY, TS 14 (18854) and yım (Bem), with their shared and 
unshared antigenic determmants but no completely 
satisfactory solution presents itself In terms of the 
hypothesis, the most basic question would be whether 
genetically distznet operons are mvolved for the protem 
of the different y-globulm types, or whether the protems 
have ther ammo-acid sequences genetically determmed 
by simuar operons and are differently modified by 
different environmental conditions The latter possibilty 
would appear to account better for the shared antigenic 
properties of the antibody globulins, and also Bence- 
Jones proteins and myeloma globulns!?"! but would 
pose a problem in accounting for the unshared antigenic 
properties In this connexion, the hypothesis would 
require that these unshared antigenic properties depend 
on some factors other than the ammo-acid sequences of 
the componen; protems The carbohydrate moieties of 
the y-globuhns might provide such factors"! with the 
variations being dependent on either variations m cell 
type if the different y-globulm types are produced m 
different cells, or variations in the intracellular conditions 
or locahzation if the different types are produced m the 
same cell 

The two sets of y-globulm allotypes controlled by 
alleles at two loci? could also be partly related to the 
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carbohydrate moieties. The existence of controllmg genes 
at two loci could be accounted for m terms of the hypo- 
thesis if one of the allotypic specificities were related to the 
carbohydrate moieties, or were unrelated to the protem 
chains [If this were not so, and the alleles corresponded to 
the structural genes for the two protem components of 
y-globulm, then the evidence for the two loc: would argue 
strongly against the inclusion of the two structural genes 
withm 8 single operon as proposed in the hypothesis If 
such close hnkmg of the two genes were unsubstantiated, 
the hypothesis could be retamed ın general principle if 
the expression of both genes was controlled, if only 
indirectly, by the repressor protem. 

Multiple myeloma with its associated production of 
abnormal globulins would be predicted to arise as a result 
of a mutation leadmg to the synthesis of a defective 
repressor protein with a decreased affinity for the operator. 
The de-repression m a cell with such a mutation would 
lead to an mereased production of the y-globuhn com- 
ponents and hence a stimulation of mitosis The resultant 
clone would continue to be de-repressed and the pro- 
hferation would continue 

Agammaglobulnemia might conversely be predicted 
to result from an mherited mutation leading to mereased 
repression of the operon Mutations givmg an mcreased 
affinity between repressor and operator, an inability of 
the repressor to take up a non-repressive conformation or 
an altered associatmg protem which had lost the capacity 
to bind repressor, would be expected to have this effect 
In terms of the clonal selection hypothesis, the repression 
of the y-globulin synthesis m the cells would also mhibit 
their mitosis and so lead to the loss of the antibody- 
producing population. 

Another aspect of the hypothesis is that ıb suggests 
the identity of a specific repressor protem with a com- 
ponent of y-globuhn From the observations of Fleisch- 
man et al’? this component would be identified as the 
A cham ‘The ammo-acid composition of the A cham 
shows a high content of the positively charged ammo- 
acids lysine and arginine and perhaps, depending on the 
amide content, a high content of the negatively charged 
aspartic and glutamic acids Such an amino-acid com- 
position could be the basis of the two distinct, but 
relatively stable, conformations required of the repressor 
Its conformation ın specific combination with the operator 
could be stabihzed by an association between the posi- 
tively charged ammo-acids and the negative charges on 
DNA Alternatively, 1t could be envisaged that these 
positive charges could associate with the negatively 
charged residues withun the protem itself to give an 
alternative stable conformation in which the antigen- 
binding site ıs complementary to the antigenic determ- 
mant, and further stabihzed by ıt This conformation 
would also be that of the repressor cham within the 
antibody molecule 

That argmme will strongly and apparently uniquely 
inhibit antigen-antibody reactions? 1s of mterest ın this 
regard, smce it might be an mdication that argmune 
residues are important in stabilizmg the antigen-bindmg 
conformation of antibody, as outlined here 

The suggestion that the A cham is a repressor might 
be capable of experimental test in an investigation of its 
effect on RNA synthesis m nuclei isolated from mmmunized 
lymph nodes, or perhaps myelomas 

The results of Edelman, Olins, Gally and Zinder™ have 
become available sinee the preparation of this article 
The results indicate that, while the A chain plays a major 
part in determining the specificity of antibody for antigen, 
a contribution to specificity also comes from the B cham 
Basically the present hypothesis could be made consistent 
with this evidence if there could be variability m the 
associating protem (B cham) as well as m the iepressor 
(A cham), and if the de-repression (mactivation of the 
repressor) of the antibody synthesizing system were 
assumed to require the synergistic action of the antigenic 
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determmant and preformed B cham Thus the de- 
repression would be greatest when the complex was most 
stable, that is, when the conformation maximally 
stabihzed by B chain was also that maximally stabihzed 
by the antigenic determinant, and thus having maximal 
affinity for the antigenic determmant 
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DETERMINATION OF VASCULAR PERMEABILITY 


By Dr. EMIL ASCHHEIM 


Departments of Dermatology and Physiology, Stanford 
Medical Center, Palo Alto, California 


HE normal perviousness of vascular bairiers to 
various substances 1s significantly related to the 

regulation and maimtenance of the internal environment 
However, there 1s no adequate method of measuring this 
parameter Determmation of the blood-levels of an 
intravenously administered substance at different times 1s 
vitiated by the wide differences in the permeabihty 
properties of various vascular beds! Equally unsuitable 
1s the scoring of the intensity of colour which develops at 
inflamed sites of animals injected with trypan blue, since 
altered vascular permeability 1s accompamed by changes 
m blood flow, intra-vascular volume and total endothelial 
surface area 

A method used previously?? was modified m that the 
vascular permeability to radioalbumm ıs measured relative 
to the permeability to an isotope of rubidium, rubidium-86 
This isotope was chosen for reference because ıt 1s longer 
lived than the isotopes of potassium, 16 1s easily determ- 
med, and can, to & sufficient extent, be exchanged for 
intracellular potassrum ions, the pool of which is large 
Throughout the short experimental period, the gradient 
of this isotope between the blood and tissue cells which act 
as a sink, resembles the gradients which result from the 
normal tissue utihzation of other substances These 
considerations have led to the use of this radioisotope to 
measure the fraction of the cardiac output (F C O ) which 
reaches a tissue by way of nutritional channels*> 

In essence, the experimental design consists m injecting 
intravenously a mixture of radioalbumin and rubidium-86 
into animals in which the inflammatory reaction had been 
going on for a known time The isotopes are allowed to 
circulate for no longer than 1 mm The amount of radio- 
albumm which crosses the vascular barriers during this 
time relative to rubidium-86 depends on the extent to 
which vascular permeability is altered at the stage of the 
inflammatory reaction under mvestigation On the other 
hand, the quantity of rubidium-86 taken up by the same 
skin area relative to the total amount of rubidium-86 
injected 1s a function of the blood flow to the skin, smce, 
by definition, ıt represents the fraction of the cardiac 
output supplied to 16 by way of nutritional channels This 
procedure was applied to skin areas in which inflammation 
had proceeded for 1 5-20 5 min, as well as to normal skin, 
m order to obtain a description of the time course of the 
inflammatory process 

Female rats of the Sprague-Dawley strain were anæs- 
thetized (35 mg of sodrum=pentobarbrtal/kg body-weight), 
the abdominal hair clipped, and the jugular vem eannul- 
ated The mflammatory reaction was produced by apply- 
ing xylene topically to five different abdominal areas at 
either 1- or 2-min intervals After the mflammatory 


ieaction had proceeded for a known time, exactly 1 ml 
of a mixture contammg about 2 uc of radioiodinated 
human serum albumin (10dme-131) and about 10 yc 
of rubidium-86 was injected through the jugular 
cannula and washed in with 05 ml of saline One 
minute after the mtroduction of the isotopes, 1 ml of a 
saturated solution of potassium chloride was injected 
through the cannula to stop the heart Skin specimens 
were excised from inflamed and normal areas, and a blood 
sample obtamed from the posterior vena cava The skin 
samples were weighed immediately after removal and after 
drymg overnight at 100° C Background, samples of 
skin, blood, rubidium-86, 10dine-131, and an aliquot of a 
dilution of the jection mixture were assayed for radio- 
activity at two different energy-levels From the data 
obtained, the radioactivity of skin and blood samples due 
to a given isotope were calculated 

The radioactivity of the skin due to its radioalbummn 
content was expressed as minute clearance, given by 


c pm jg dry skin 


C» = < pm [ml blood 


This value expresses the radioactivity of a unit weight of 
skin m terms of the amount of blood of the same animal 


Table 1 KINETICS OF INFLAMMATION SIMULTANEOUS UPTAKE OF RB* 
AND OF ALBUMIN BY THE SKIN 
Correlation 
between the 
Time afte. No of uptake ofradio- Signific- Regression line 
application of skm albumin and of ance Cn=aF CO )+5 
xylene samples **Rb (F C O) by 
the skin 
(min) Q) (P) (a) - (b) 
15 20 0 6868 =0 001 0 0967 0 1032 
25 20 0 6956 <0 001 0 2000 0 0047 
35 20 0 5774 <001 0 1966 0 1837 
45 20 0 7216 <0 001 0 2247 0 1497 
55 20 0 6958 =0 001 0 1826 0 2135 
65 20 0 6300 <001 0 1874 01971 
75 20 0 6350 <001 01761 0 2184 
85 20 0 4832 <0 05 0 1182 0 3069 
95 20 0 5364 «002 01317 0 2224 
105 20 0 5871 «001 01251 01730 
125 20 0 5609 =001 0 1142 0 1470 
145 20 0 7276 «0 001 0 0878 01201 
165 20 0 8418 «0001 0 0946 00731 
185 20 0 8693 «0001 0 0095 0 1003 
205 20 0 7833 <0 001 0 0778 0 0937 
Normal skin 60 0 2397 -01 0 0374 00727 
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cleared of radioalbumm m 1 mn The radioactivity of 
the skin due its rubidium-86 content was expressed as 
percentage of the injected rubidium-86 which was sup- 
pled to the equivalent of 1 g dry skm 

Fig 1 presents the data obtained on 20 anmals from 
skin areas m which the inflammatory process had pro- 
ceeded for 45 mm The uptake of radioalbumun (ex- 


Plot of "a" and "b" of the 


regression equation 
Cm=a(F.C.0.) +b 
against the duration of inflammation 





M 
NOR AL os 45 65 85 105 125 i45 165 les 205 


PIED. Eh a A eB ae ER he Se RE toes BF 


minutes after xylene 


Fig 2 Semilogarithmic plot of the values of a and 6 (taken from Table 1) 

agamst the time after the application of the phlogogen Both a (which 

measures vascular permeability) and b (representing the mtravascular 
volume) change im a characteristic manner with time 
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pressed as Cm) 15 plotted agamst the uptake 
of rubidium-86 (presented as pereentage 
of the cardiac output) by the samo skin 
sample, the regression lme obtamed by the 
method of least squares, and the correlation 
coefficient calculated The slope a of the 
regression line denotes the ratio of the 
uptake of the two isotopes by the skin, 
reflecting the relative permeability of the 
vascular barriers to albumin at this stage 
of the inflammatory reaction The slope of 
this line ıs taken as an index of the perm- 
eabihty of the termmal vascular bed to 
protem 

Scatter diagrams similar to that of Fig 1 
were prepared for each duration of the in- 
flammatory reaction studied, as well as for 
the normalskm The 1esults are summarized 
m Table 1 Exammaztion of the data mdi-- 
cates that, at every stage of the reaction, the 
minute uptake of radioalbumm by the 
inflamed skm exhibits a significant to 
highly significant positive correlation to the uptake of 
rubidium-86 This mdicates that, given an altered- 
permeability of the skin vessels, the amount of protem 
which extravasates depends on the blood supply to the 
area There is no significant correlation between the 
uptake of albumm and rubidium by the normal skm 
This result 1s m lme with other evidence accordmg to 
which the vessels of the normal skin are permeable to small 
ions, such as rubidium, but almost completely mmpervious 
to blood protem Wide variations m the blood supply to 
the normal skin are thus compatible with the mamtenance 
of an approximately constant mtravascular volume, to 
which the clearance of the normal skin 1s due 

In no instance does the regression hme pass through the 
origin of the graph Thus effect could be accounted for by 
postulatmg an uptake of rubidium 10ns by the erythro- 
cytes At low-blood-flows the isotope contaming mflowmg 
blood may be thought of as bemg diluted ın the blood 
already contamed m the vessels upstream of the venules. 
The uptake of the plasma rubidium ions by the erythro- 
cytes would result m rubidium-free plasma which 1s 
afterwards presented to the albumin permeable venules 
Thus hypothetical mechanism should be operative at 
lugher rates of perfusion as well Consequently, the 
intercept b can be taken as muroring m some complex 
manner the intravascular volume 

The values of a and b do not remain constant, but change 
m 8 characteristic manner with the course of the inflam- 
matory reaction Plot of these values against the time 
after the application of the phlogogen 1s presented m Fig 2 
Both curves descend m a seemingly exponential manner, 
m line with a previous findmg*:? Closer analysis mndicates 
that there 1s lack of significant correlation between the 
values of a and b If it be assumed that b reflects the 
intravascular volume, this finding could be adduced m 
support of the view’? that alterations of vascular 
permeability are mdependent of the extent of vasodila- 
tion 

It ıs felt that the method described m thus communica- 
tion 18 of wider appheability Work is now in. progress on 
the permeability of the vascular bed of a number of 
tissues durmg them normal physiological performance, 
and in shock A detailed report of the tıme course of the 
inflammatory reaction will appear elsewhere 

This work was supported by & grant from the US 
National Institutes of Health (No H# 03833-05 GM)) 
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SKIN LESIONS OF SHEEP CAUSED BY SPORIDESMIN 


By Dr. C. H. GALLAGHER 
C.S.I.R.O. Division of Animal Health, McMaster Laboratory, Glebe, New South Wales 


CZEMA and cedema of areas of skin most exposed to 
sunlight are typical signs of the disease, 'facial 
eczema’, which occurs in sheep and cattle in New Zealand 
and Australia!-*. Facial eczema is reported to be caused 
by ingestion of the fungus, Pithomyces chartarum (Sporides- 
mium bakeri), which contaminates pastures in the endemic 
areas. The fungus contains a toxic material, sporidesmin*, 
which produces the typical disease when administered to 
sheep’. Although published evidence!-*? indicates that 
photosensitization secondary to obstruetive damage to 
bile ducts is the major cause of the skin lesions, this 
explanation is not necessarily true for all skin lesions in 
the disease. Small amounts of extracts prepared from 
cultures of P. chartarum, and containing sporidesmin, 
were found to cause inflammation when instilled into the 
conjunctival sac of the rabbit*. The effect of direct con- 
tact with sporidesmin was therefore tested on the skin 
of the sheep. Sheep for the experiments were drawn from 
an even group of Merino x Border Leicester wethers. 
The sporidesmin was used as the purified benzene complex 
dissolved freshly in 50 per cent ethanol. 

Effect of repeated skin contact with sporidesmin. Two 
sheep were each treated with a solution of 1 mg sporides- 
min in 0:5 ml. 50 per cent ethanol by direct application 
to the skin at each of two sites, namely, inside one thigh 
and on the dorsal surface of one ear. The sporidesmin 
solution was rubbed on gently with a clean piece of non- 
absorbent cotton wool, and this treatment was repeated 
at intervals of seven days.  Lesions first appeared at 
each site of application after the third treatment. From 
this third treatment onwards. the application of sporides- 





&kin lesions on thigh two days after fourth topical application 


Fig. 1 
of sporidesmin 





Ear lesions two days after fourth topical application of 
sporidesmin 


Fig. 2. 
min elicited hyperemia and cedema within a few minutes. 
followed by the formation of multiple vesicles which 
developed into pustules by the following day. The 
pustules coalesced to give the scabby appearance shown 
in Fig. 1, which is a photograph of the thigh of one sheep 
two days after the fourth treatment. The treated areas 
did not quite return to normal between weekly treatments. 
The treated ears became excoriated, alopecie and grossly 
thickened by inflammation and cedema. The lesions two 
days after the fourth application of sporidesmin on the ear 
are shown in Fig. 2. Lesions on the ear of one sheep had 
not completely disappeared at the end of three months of 
observation, although treatments had then ceased for 
six weeks. The other sheep had severe lesions on its 
ear when killed two days after the sixth application of 
sporidesmin. 

Effect of repeated skin contact with ethanol. As controls 
for the application of sporidesmin solutions in 50 per cent 
ethanol to the skin, each of two sheep was treated with 
0-5 ml. 50 per cent ethanol on an ear and on the inner 
surface of one thigh at the same times as the other sheep 
were treated with sporidesmin solution. A slight, transient 
hyperemia, which commenced quickly at the site of 
application, was the only response evoked by the treat- 
ments with ethanol. 

Effect of intradermal injection of sporidesmin. Two 
sheep were injected intradermally in the skin of the thigh 
with a solution of 1-0 mg sporidesmin in 0-5 ml. 50 per 
cent ethanol every seven days for three consecutive weeks. 
Each dose of 0-5 ml. was injected into five places in order 
to limit the size of the intradermal blebs produced. After 
each injection a severe inflammatory reaction with abscess 
formation occurred at the sites. With each sheep, seven 
days after the third weekly intradermal injection, a solu- 








1994 


tion of 1-0 mg sporidesmin in 0-5 ml. 50 per cent ethanol 


was applied to the skin surface of the ear and of the inner 
thigh, which had not been injected intradermally. These 
topical applications of sporidesmin sclution were repeated 
at weekly intervals thereafter. An immediate response 
to the first topical applieation of sporidesmin solution was 
.shown by each sheep at each site of application. Intense 
hyperemia and cdema developed quickly, followed by 
“ owesiculation and pustule formation in due course. 
JU Effect of. intradermal injection of ethanol. Each of two 
„control sheep was injected intradermally in the skin of a 





"thigh with 0-5 ml. 50 per cent ethanol every 7 days for 


3 weeks. "The 0-5 ml. dose was injected at five sites to 
limit the size of the intradermal blebs. Inflammation 
and abscess formation occurred at the sites of injection, 
but. with much less severity than after sporidesmin 
injection. ' With each sheep, at 7 days and 14 days after 
the third series of intradermal injections, 0-5 ml. 50 per 
cent ethanol and a solution of 1 mg sporidesmin in 0-5 ml. 
50 per cent ethanol were both applied to different areas 
of the skin of the ear and the inner thigh not injected 
intradermally. The only response elicited by these topical 
applications was a transient hyperemia. 

Effect: of intravenous injection of sporidesmin. Two 
sheep, weighing 31 kg and 34 kg respectively, were given 
intravenous injections of 1 mg sporidesmin in 0-5 ml. 
,,90 per cent ethanol every seven days for a series of four 

injections. After a further interval of one week, 1 mg 

sporidesmin in’ 0-5 ml. 50 per cont ethanol was applied to 
the skin of the inner thigh and of the ear in each sheep. 
Neither sheep showed any inflammatory response to 
this or to a subsequent application of 1 mg sporidesmin 
in 0-5 ml. 50 per cent ethanol a week later. When both 
sheep were given a fifth intravenous dose of 1 mg sporides- 
min in 0-5 ml. 50 per cent ethanol 6 weeks after the experi- 
ment was commenced, one died within 20 h, but the other 
showed no obvious ill-effects. 

Reactivity of previously untreated skin to the application 
of sporidesmin. The application of a solution of 1 mg 
.sporidesmin in 0-5 ml. 50 per cent ethanol to previously 
“untreated areas of skin caused an inflammatory response 
in the sheep which had received prior courses of weekly 
administrations of either topical applications or intrader- 
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mal injections of sporidesmin for three weeks, but not 
in those sheep pre-treated for three weeks either topically 
or intradermally with ethanol only. The application of 
0-5 ml. 50 per cent ethanol alone to the sheep pre-treated 
for three weeks with, and showing skin reaetivity to, 
sporidesmin produced only a slight, transient hyperemia. 

There was no macroscopic or microscopic evidence of 
liver damage when one of each pair of sheep given either 
topical or intradermal treatments with sporidesmin was 
killed for necropsy two days after the sixth treatment. 

This investigation has shown. that repeated application 
to the skin of small amounts of sporidesmin solution results 
in the development of eczematous lesions regardless of 
whether the treated area is exposed to sunlight. as on the 
ear, or is shielded from direct sunlight, as on the inner 
thigh. Failure to show skin lesions until after the third 
weekly application of sporidesmin suggests that. the 
development of hypersensitivity to sporidesmin may be 
involved. This is also indicated by the finding that three 
intradermal doses of sporidesmin at weekly. intervals 
resulted in sensitivity to the topical application of sporides- 
min to areas of skin distant from the site of injection. 
Consequently, it may well be that the development of 
skin hypersensitivity to sporidesmin is responsible for 
at least some of the skin lesions observed in field cases of 
facial eczema. The areas of skin which show such lesions, 
for example the face, lips, ears and vulva, are those which 
are not only unprotected by wool or hair, but which come 
into repeated contact with the pasture. Sporidesmin is 
poorly soluble in water but readily soluble in lipid solvents 
so may be dissolved into the skin fats. 

I thank Mr. P. H. Mortimer and the Ruakura Animal: 
Research Station, Department of Agriculture, New 
Zealand, for the gift of sporidesmin. 
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CORTICAL INHIBITION 
By K. KRNJEVIC, MIRJANA RANDIC* and D. W. STRAUGHAN t 


Agricultural Research Council, Institute of Animal Physiology, Babraham, Cambridge 


M^ Y descriptions have been published of inhibitory 
phenomena in the cerebral cortex!-*, Although 
much of the evidence is strongly suggestive, it is often 
difficult to exclude the possibility that the apparent 
inhibition might really be caused by oocclusion?-1!, 

The only direct way of demonstrating neuronal inhibi- 
tion is to show that neurones become less responsive to 
stimulation. A partieularly convenient and quick way of 
testing neuronal excitability in the cortex utilizes the fact 
that cortical neurones are very readily excited by r-gluta- 
mate released from a micropipette by iontophoresis!?. 
An easily adjustable amount of background excitation 
ean thus bo produced, against which inhibitory changes 
are clearly visible (Fig. 1). r-Glutamate is a normal 
constituent of the brain, where it may well be involved in 
the transmission of neuronal activity. There is no 
evidence that it causes any injury to cerebral neurones, its 
action being both quiekly reversible and repeatable. 

By this method, it has been found that surface stimula- 
tion has a strong inhibitory effect on cortical neurones; 
elaviaDported by a grant from ‘Institute Rudjer Bošković’, Zagreb, Yugo- 

+ Supported by a grant from the Medical Research Council. 


some aspects of this phenomenon have already been 
described in a communication to the Physiological 
Societys, 

A single electrical stimulus applied to the cortical surface 
of a cat or monkey under ‘Dial’ anesthesia causes a wide- 
spread inhibition lasting up to 200 msec. The stimulus 
intensity needed is approximately the same as that re- 
quired to obtain a deep response, as shown by the appear- 
ance of a surface positive wavel4, Although some neurones 
are fired initially by the stimulus or by the spread of deep 
excitation, most of them are not (cf. Fig. 1). 

The prolonged duration of the inhibitory effect is shown 
clearly by its cumulative nature during repetitive stimula- 
tion at a frequency of 5-10/sec: this is often sufficient to 
maintain the cortex in a state of almost complete inhibi- 
tion (except for an early phase of excitation which may be 
seen just after each stimulus); the inhibition persists for 
some seconds after the end of repetitive stimulation. 
At relatively high rates of stimulation (20-50/sec) there 
is an accumulation of excitatory influences which break 
through the inhibition, giving convulsive firing and a 
strong after-discharge, followed by a further prolonged 
period of inhibition, 
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Fig.1. A cortical unit, at a depth of 1-2 mm in posterior sigmoid gyrus 
of a cat under ‘Dial’, excited by the lontophoretie relesse of L-glutamate 
from a multiple micropipette and showing progressively stronger in- 
hibition by electrical stimulation of the brain surface, The single 
shocks were of Increasing intensity as indicated; they lasted 1 msec 
and were applied 4 mau from the point of recording, Note that the cat 
had been given 06 mg/kg Lai siryohnte sulphate (intravenously) about 
30 min eartier 
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Fig, 2. Cortical unit. in posterior sigmoid gyrus excited with L-glutamate 

and showing. prolonged inhibition after a single electrical stimulus, 

either to the surface of the mr pe = the ventroposterolateral nuclens 
of the thalamus 





ding of unit activity in the cortex by short 
tion (upper trace) and of slow waves by d.c. 
both were obtained at same point in pos- 
ie silent periods during positive (downward) 
waves 


fieallon (lower. 
terior sigmold gyrus 


This kind. of inhibition has been seen in all areas of 
the neocórtex examined so far, including. in the cat, the 
pericruciate, taerginal and suprasylvian gyri. In any 
one gyrus, the inhibition is widespread, affecting all 
detectable neurones throughout all layers of the cortex. 
for a distance of at least 1 em from the stimulating 
cathode; cells in adjacent gyri do not show any clear 
effect. 

A similar inhibition is seen after the arrival of volleys 
from velated thalamic nuclei (Fig. 2), transcallosal volleys 
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and peripheral excitation, though none of these is as 
effective as direct cortical stimulation. The same kind of 
inhibition also occurs spontancously, usually in time with 
positive deflexions of the electrocorticogram. recorded 
simultaneously at the same point (Fig. 3); this is seen 
especially well during barbiturate spindles. 5 

The inhibitory effect can be demonstrated during 
excitation of neurones by acetylcholine or by an électrical 
current and is therefore not dependent on the local applica- 
tion of r-glutamate. It is probably caused by & hyper- 
polarizing type of block and not by over-depolarization, 
because it can be shown that neuronal spikes diminished 
by an excess of glutamate tend to become larger during 
the inhibitory phase; moreover, the inhibition can usually 
be overcome by increasing the amount of glutamate 
applied. areis 

There are several possible ways in: which this inhibition 
could be produced (Fig. 4). VHS M 

(A) It might depend on the reflex activation of subs 
cortical inhibitory neurones, perhaps ‘situated in th 
thalamus. This is probably not the ease because under. 
cutting or complete isolation of the cortex does not abolish 
the inhibition (Fig. 5) even in a chronic preparation. 

(B) There might be a profuse distribution of inhibitory 
collaterals of pyramidal cells. This is also unlikely, because 
although antidromic stimulation of the pyramidal tract 
does cause some inhibition of cortieal cells, the effect is. 
relatively weak and much more limited in its distribution, 

(C) The most likely explanation is that inhibitory 
neurones are present in the cortex, with widely dissemin- 
ated branches which ean influence most or all cells. Golgi 
II cells with particularly long axons ending in pericellular 
nests have been deseribed by Cajab5; they may be the 
cells responsible for the inhibition. The relevant neurones 
are not likely to be superficial, because the spread of 
inhibition cannot be readily prevented by cooling the 
surface or by applying to it blocking agents, such as 
procaine; but a transverse section through the whole 
depth of the cortex abolishes the effect in an underout 
slab, showing that the spread of inhibition depends on 
neuronal activity (Fig. 5). Presumably. the inhibitory 
neurones can be brought into action by direct stimulation 
or by volleys of excitation travelling along the cortex or 
arriving from various subcortical regions. RED 

It seems very probable that the observed inhibition 1s 
eaused by a chemical agent, with a prolonged action due 
to its high affinity for inhibitory receptors or to its slow 
removal. One never finds in the eortex cells giving the 











A 





Fig. 4. Three hypothetical schemes of cortical inhibition. In A, the 
inhibitory neurones are situated outside the cortex, for example, In the 
thalamus, According to B, the inhibitory effects are wholly secondary 
to a discharge of pyramidal cells, being mediated by collateral branches 
of their axons, either dircetly (as shown here) or via inhibitory tater- 
neurones. 1n C, Golgi IT cells with widely spreading branches inhibit 
other cells; they are themselves excited directly by surface stimulation, 
or by nerve volleys travelling zine thé cortex or arising from distant 
regions 











` Big. 5. iffet of some surgical lesions on surface inhibition in supra- 
sylvian gyrus, A, shows inhibition of unit firing by 6-1 msec surface 
pulses, ab two intensities indicated in volts; the stimulation was applied 
at a point 6 mm away, at the rate of 6jsec; B, another unit in same 
region showing similar inhibitory effect 1 h after complete undercutting 
of the suprasylvian cortex at depths of 8 mm and 5 mm; in addition, 
atropine was injected intravenously 7 min earlier (5 mg/kg); C, a third 
unit studied about 30 min after making a 2-mm deep cut across the 
suprasylvian MS about halfway between the stimulating and recording 
electrodes, Note disappearance of inhibitory effects even though par- 
tieularly strong pulses were used. Each record shows several oscilloseopic 
traces superimposed 


prolonged discharge, in response to à single stimulus, which 
would be needed to explain an effect lasting 200 msec. 

Pharmacological experiments have not shown any clear 
interference with this phenomenon by a variety of possible 
blocking agents, most of which were tested both by local 
application and by intravenous injection. They include 
anticholinergic agents such as atropine (Fig. 5). nicotine, 
éubocurarine and dihydro-3-erythroidine ; anti-adrenergic 
agents such as dibenylene, dibenamine and dichloriso- 
prenaline; long chain w-amino-acids like -amino caproic 
and v-guanidinobutyrie; spinal inhibitory antagonists 
like strychnine (ef. Fig. 1), brucine and tetanus toxin; 
and other convulsants, stich as picrotoxin, metrazol and 
chloralose. The resistance to strychnine of several types 
of cerebral inhibition has also been emphasized recently 
by Ecoles et al. "9v. 

The agent most likely to produce this inhibition is 
y-aminobutyric acid (GABA), which has a strong depres- 
sant action on all cortical neurones? Although several 
other short chain @-amino-acids have a similar action, 
GABA is the only one actually present in the brain in a 
substantial amounti*i?, Two other substances have been 
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said to be much more potent than GABA: y-aminobutyryl- 
choline?* and 3-aminopropane-1-sulphonie acid? How- 
ever, we have not been able to find any clear blocking 
action of the former on cortical cells, except when con- 
taminated by GABA, there is no evidence that the second 
occurs in the brain at all. 

Although this is only negative evidence, it is relevant 
that none of the pharmacological agents listed here inter- 
feres with the depressant action of GABA in the cortex. 

The atriking inhibitory effect of cortical stimulation has 
probably been largely overlooked previously because there 
was no ready means of testing the excitability of the 
neurones. 

The extraordinarily widespread character of the inhibi- 
tion would tend to synchronize neuronal activity over large 
areas, and this may play a significant part in the generation 
of the electrocorticogram. At the same time its cumula- 
tive nature would make it possible to keep the cortex 
in an inhibited state by activating the inhibitory system 
at quite low frequencies, in the normal range of EEG 
frequencies. Whatever the role of the inhibition in normal 
function, there is an obvious parallel between this mechan- 
ism and the vivid descriptions of the spread of cortical 
inhibition given by Pavlov*?*. 

The inhibitory system thus stands in sharp contrast 
to the cholinergie facilitatory pathway which is likely to 
play an important part in setting the level of excitability 
of cholinoceptive neurones in the cortex?! ; the postulated 
cholinergic fibres form a relatively diffuse system which 
appears to originate in the brain stem reticular formation 
and which may mediate cortical *arousal'*t25, 
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. OVINE FREEMARTINS 


By G. ALEXANDER and D. WILLIAMS 
C.S.1LR.0., lan Clunies Ross Animal Research Laboratory, Prospect, New South Wales 


I has been known since antiquity that, in bovine twins 
of unlike sex, the female is usually sterile and exhibits 
maseulinization of the reproductive tract!. These females, 
known to husbandmen as 'freemartins', are believed to 
result when hormones controlling the development of the 
reproduetive system in the male twin reach the female 
twin through vascular connexions between the placenta’. 
Petakoi* reports placental vascular anastomoses in 84 per 


cent of cattle twins, and states that the fused blood vessels 
may reach a diameter of 1 em. ER 

The possible existence of freemartins in sheep has been 
discussed from time to time, for example by Lillie in 191 64, 
and has recently received attention in the Russian litera- 
£ure*5* following demonstration of vascular anastomoses 
between the placente of litter mates**. Rotermund’, 
however, appears to have been the first to describe 


p 


March 28, 1964 


No. 4926 








Fig. 1a, Photograph showing large connexion (arrow) between umbilical 
arteries of the freemartin and its male litter mate ; 1b, photograph of 
external genitalia of the freemartin (1b) and a normal lamb (1c). The 
enlarged clitoris is indicated by an arrow ; 1d, photograph of internal 


genitalia of the freemartin, from the ventral aspect, showing the two 


testicle-like structures (T). The pubic symphysis has been separated to 
show the underlying tubular structure (A) leading from the urinary 
bladder (B) to the vulva 


placental vascular anastomosis in sheep. In these reports 
the fused vessels were invariably less than 0-8 mm in 
diameter and their incidence was variously set at 8 per 
cent of twin placente by Petskoi* and 0-8 per cent by 
Kurnosov*. 'lhese workers did not report finding free- 
martin foetuses associated with placents in which there 
were these narrow vascular connexions, and indeed Petskoi 
denied their existence, while others, such as Lush*, sug- 
gested that the condition was very rare if it occurred at 
all. However, there have been at least three reports of 
suspected freemartinism in the female member of ovine 
twins of unlike sex. The diagnosis was based on genital 
abnormalities’, erythrocyte mosaicism’ and tolerance to 
skin homografts from the male co-twin" ; but in no case 
was the placenta examined. 

In this communication we place on record what we 
believe to be the first observation of an ovine freemartin 
supported by the demonstration of a large vascular con- 
nexion with the placenta of a male litter mate. 

In an examination on small lambs and their placentz, 
multiple ovulation was induced in a Merino ewe by an 
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intra-muscular injection of 1,000 r.v. of pregnant mare 
gonadotrophin ('Serogan', British Drug Houses) three days 
before she was mated. Both the ewe and the ram were 
of the Camden Park strain, direct descendants of the 
flocks of Macarthur*. On the 146th day after mating, 
three lambs were delivered by Caesarean section. A male 
lamb lay towards the tubal end of the left uterine horn, 
and an apparent female towards the cervix. The third 
lamb, a female, occupied the whole of the right horn. 
Each foetus was contained in a separate amnion. A large 
branching artery joined umbilical arteries of the foetuses 
in the left horn (Fig. la) and there was also an unusual 
short artery joining the two umbilical arteries of the male 
fœtus. No large veins joining the two foetuses were found, 
although two medium-sized veins, one from each foetus, 
were linked by a large cotyledon. A suture indicating the 
line of fusion of the adjacent allanto-chorions, such as is 
usually obvious*, could not be seen between the placentz 
of the foetuses in the left horn. The area of contact 
between the placentze of the two female fortuses, in the 
region of the cervix, appeared to be normal and no common 
blood vessels were seen. 

The injection of saline under gentle pressure showed that 
the artery joining the foetuses in the left horn was patent, 
although in the state of contraction characteristic of um- 
bilical arteries after severance of the cord. The diameter 
of this artery in its contracted condition was 2 mm as 
compared with the 4 mm of the contracted umbilical 
arteries in the cord. Thus there must have been mixing 
of the blood, probably to a considerable degree, in the 
circulations of the fcetuses in the left horn. A direct 
arterial connexion between adjacent foetuses, in the 
absence of a direct venous connexion, appears to be 
common in the anastomosed placente of cattle". 

The external genitalia of the female lamb in the left 
horn appeared to be normal except for a slightly enlarged 
clitoris (Figs. 1b and le). The vagina also appeared to 
be normal but was connected with the urinary bladder 
by a short wide tube A (Fig. 1d). These structures formed 
a continuous tube, the walls of which were thickened at 
the anterior end of the vagina, suggestive of a rudimentary 
cervix. No uterine horns were in evidence. There was 
considerably less mammary tissue than normal and there 
were no ovaries. A pair of structures with the macroscopic 
appearance of testicles lay subcutaneously, one on each 
side in the inguinal region (Fig. ld), but there was no 
scrotal pouch. Histological examination of these structures 
confirmed their testicle-like nature; there was a rudi- 
mentary cremaster muscle, a vascular plexus and a small 
amount of rudimentary seminiferous tubule tissue, but in 
place of the epididymis was a mass of connective tissue. 
These abnormalities were similar to those in bovine free- 
martins?, 

The other two lambs were macroscopically normal. 

The finding of this one case among the three litters 
(two of twins) so far examined in this strain of sheep 
may be more than coincidence, since the flock has been 
closed genetically for at least eighty years?—a situation 
which may favour placental vascular anastomosis ; 
Petskoi? found placental anastomosis to be more common 
in pure-bred sheep than in cross-breds. It might be 
expected also that when there is more than one foetus 
in the same uterine horn, the chances of anastomosis 
would be greater, but Petskoi's data? do not support this 
suggestion. 

These observations provide unequivoeal evidence that 
true freemartins can occur in sheep. ‘The evidence is 
therefore very strong that at least some of the many 
intersexual sheep mentioned in the literature were indeed 
freemartins. 

Note.—Since this paper was submitted for publication, 
Slee™ has reported homograft tolerance and erythrocyte 
mosaicism between an apparent freemartin and a normal 
male lamb, from a quadruplet litter. The placenta was not 
recovered, but three cases of fusion between major 
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placental. vessels of adjacent embyros, in 20 litters 
examined, were reported. 
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(I) Genetics 


ARIANTS differing from the parent by rough colonial 

-V morphology, loss of specific somatic antigens, auto- 
agglutinability, avirulence and other characters, and 
designated rough or R, have long been known in Salmonella 
sp. and other enterobacteria’. The somatic lipopolysac- 
eharide obtained by hot-phenol extraetion of rough strains 
differs from that extracted from smooth (S) strains by the 
-absence of various sugars which in the smooth lipopoly- 
saccharide are thought to be located only in oligosaccharide 
side-chains, determining the serological character of the 
smooth antigen*?. Thus, rough mutants of Salmonella 
typhimurium on phenol extraction yield lipopolysaccharide 
lacking the mannose, rhamnose and abequose present in 
the smooth lipopolysaecharide*. We obtained a series of 
rough mutants in S. typhimurium LT2, a smooth strain 
(O antigens: 4, 5, 12) in which genetic mapping is feasible, 
by analysis of recombinants obtained by colicine-factor- 
“mediated. conjugation’. Two major LT2 stocks were 
used, SL 489 and SD 14, carrying, respectively, adeC *, 
proA and metA tryB H1-b H2-e,n,z; Smith and Stocker 
(ref. 5 and unpublished results) have mapped these loci 
and others in a single ‘circular’ linkage group (Fig. 1). 
; Rough mutants were secured in each stock (Table 1) by: 
picking from the many rough-looking colonies seen on 
* plates inoculated from broth (or defined medium) cultures 
ineubated several weeks at 37?; picking rough-looking 
colonies (about 1 per cent of the total) from cultures 
exposed to the mutagen ethyl methane sulphonate*; or by 
selecting mutants resistant to virulent phage P22 (ref. 7) 
and/or to Felix's anti-O phage*. Eighteen typical rough 
mutants wore investigated genetically. Each was crossed 
to a smooth strain of the opposite line; roughness did not 


ade, adenine requirement; azi, azide resistance; 
roduction of colicine I; 
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ROUGH MUTANTS OF SALMONELLA TYPHIMURIUM 


ile—rha— metA—-azi— (pro, P22).—gal 
pH N, 
^ w 


x ‘ ~ 
(zyl, roud) try 

EN 

ES pd 

str— H2? adeC—(his, rouB)— (H1, fla) 

Fig.i. Linkage map of S, typhimurium strain LT2 (distances arbitrary) 
interfere with the ‘contagious’ transmission of coll 
and colE1. Recombinants with various pairs of selective 
markers after purification were scored for all segregating 
characters. The rough/smooth trait, tested by presence 
or absence of deposit on growth in broth, segregated as a 
single factor. 

To map the sites of mutation causing roughness the 
data of each cross were analysed to find what order would 
account for all recombinants by the minimum number 
of cross-overs (Table 1). In 12 rough variants the mutated 
locus (row) mapped between adeC and metA, linked to 
metA and/or to ile; in several mutants the locus was 
mapped more precisely : 

adeC —str—(axyl, rou)—ile—rha—metA 


In the other 6 the rough locus mapped between gal and 
adeC, linked to try and/or to adeC ; in several mutants the 
order inferred was: 


gal—try—(H1, fla)—(rou, his) —adeC 

These data suggest that the sites of mutation in 12 mutants 
are within a locus—or group of adjacent loci—between 
str and ile; and in the other 6 within a locus—or group 
of loci—between (H1, fla) and adeC; we indicate the 
groups as rou and rouB, respectively. One S. typhimur- 
tum rough strain not derived from LT 2—HR 14, received: 
ftom Dr. F. Kauffmann, International Salmonella Centre, 
Copenhagen—has been crossed with each of the LT 2 
smooth lines; the segregation of the rough character 
indieated linkage to try and his, that is, that R14 falls in 
class rouB. 





























Rough | Method | Action of e | Reaction | Mappi 
Strain mutant of | Characters | Sa ee | with row | ne 
No. No. | isolation — | | | | 
TY 161 Aa P2 | SD 14 azi gal (colE1) - 2 4 | - | de 8 à 
TY 120 A481 | Felix O | SL4BOCoEl) —— = + | = | me) | ado aut hi 
TV 148 A432 | Felix o S | SD 14 /la str | = t, " | - | met (02) | strand rha | 
TV 160 AR 0 Pe —— | SD 14 azi gal (col E1 ko aS ee e SP ouch ayo p. c i 
FV 206 A439 | Ss Broth SD 14 azi gal rha i o = - d ca a (03) | str id te 
TV 168 A404 EMS | SL 489 H1-iM10 fla str ile MEE" + + | - ile (0'4) — strand ie 
TV 166 A410 P22c | SD 14 azi gal (colE1) i - = + | - ile (0:4) | sir and tle 
TV 293 | — A444 Broth ; SD 14 (colED azi gal rha his | — — = +o | - | de(05) -strand ile 
TV 224 A445 | Broth SD 14 (col E1) azi gal rha his | - - * | = ] met) - | -sirana rha 
TV 225 A446 i Broth ; SDI14(edEllacigalrha his | + + + | ~ met (6) ^| strand ile 
TV 226 A447 i Broth | SD 14 (colE1) azi gal rha his + + + i - |o met(o0) str and ile 
TV 227 A448 i Broth | SD 14 (eol El) azi gal rha his | + + + | -— met (0-8) | str and ile 
TY 119 B430 | EMS | SD 14 fla str |o + + | + | ty(5 | galand ade 
TV 149 | B433 | — Broth | SD 14 fa str © +o + + | + | try 5) | gal and ade 
TV 154 B402 | Defined | | SL 489 H1-iM10 fla str ile | + + + | + | ade(025) | fla and ade 
V 157 | Bai | EMS | SD 14 (colE1) azi gal (P22 boob * me 4 . ] 
i TV 208 Padi | Broth | D 14 azi at rha gal (#20) i + + + i M | a oa Ta yer ers 
TV 205 B438 i Broth | SD 14 azi gal rha his + + + i * PO my (0-8) gal and ade | 
4 B442 | (Kaufmann) | (prototrophic) i + + ~ 1 * i ade (0-5) pro and ade 
M i 








No 4926 March 28, 1964 


We sought for a phenotypic distmction between the 
rouA and rouB mutants Differences m autoagglutinability 
and colonial morphology were not correlated with the 
site of mutation All the LT2 mutants were resistant to 
phage P22; and all (except TV 157, the mmunity of which 
probably results from its lysogeny for P22) were sensitive 
to phage 221 c2 (ref 9), which does not attack the smooth 
parent LT2 stocks and ın our experiments behaves as a 
frough-speoifieó phage The sıx rouB and four of the 
10wÀ mutants of stiain LT2 were, like their smooth parent 
strains, sensitive to Felix’s anti-O phage, and sensitive 
also to phage 6SR, a ‘rough-specific’ phage!? not active 
on smooth LT2, the other rowA mutants were resistant 
to the Fehx O and 6SR phages 

In shde agglutination tests on suspensions m 0 2 per 
cent NaCl none of the rough mutants was agglutmated 
by a 1/20 dilution of a smooth (anti-04) serum of titre 320 
Three anti-rowA and one anti-rowB sera were prepared in 
rabbits These sera at 1/20 did not agglutinate smooth 
LT2 The anti-rowA sera diluted 1/40 imn 02 per cent 
sodium chloride gave strong shde agglutmation of all the 
rouA and rouB strains, the anti-rouB serum, however, at 
1/20 gave moderately strong reactions with all the rouB 
but none of the rouA mutants, which thus differ anti- 
genically fiom rouB mutants 

One roud mutant, TV 223, was crossed as donor to 
rouB mutant TV 154 several recombmants with the 
tryfla-his-ade markers of the donor were smooth, as 
expected from thew inferred genotype rouAt rouB*, 
recombmants with the str-cle-rha markers of the donor, 
inferred to be rouA rouB, were rough, and resembled the 
10u4 parent m non-agglutmability by anti-rouB serum 
and m iesistance to Felxx O and 6SR phages Rough 
mutants of classes rowA and rouB are presumably blocked, 
by enzymatic defects, in different steps in synthesis of 
smooth polysaccharide A hypothesis about the reactions 
blocked is proposed!* to account for differences im the 
hpopolysaceharides and polysaccharides of the two 
classes reported by Beckmann and ourselves". for an 
enzymatic defect observed ın one rouB mutant? and for 
the epistasis of rowA to rouB m respect of rough antigenic 
character m ?0w4À rowB recombinants 


T V SOBBAJAK 
B A D STOCKER“ 


Guinness-Lister Research Unit, 
Laster Institute of Preventive Medicine, 
London, S W 1 


* In receipt of a grant from the Medical Research Council. 
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(2) Serological and Chemical Investigations 


Roves mutants of different Salmonella species cross- 
react both in the bacterial agglutmation and m other 
serological tests, whateve: the serotype of the smooth 
parent form!-? 

Lapopolysaecharides isolated from rough strams of 
several different Salmonella species could be serologically 
differentiated by means of hemagglutmation and hamag- 
glutmation mhibition techniques into two mam antigenic 
types, Rı and Ru, which cross-react to some extent* The 
presence of one or other of these two specificities does not 
depend on the species or serotype of the smooth parent, 
and a smgle smooth parent culture may give rise to 
different rough forms of antigenic types Ri and Eur 
(ref 4) 

Subbaiah and Stocker? obtained a series of rough 
mutants m S typhwunurvum stram LT2 and mapped the 
loci of smooth/rough mutation ın 18 of them In 12, the 
20uA class, the rough character mapped near se, m 6, 
the rouB class, near try and as We examined 15 of these 
rough mutants and a doubly mutated r0uA rouB strain, 
obtamed by recombmations, by extracting the lpopoly- 
saccharides with  phenol/water. analysmg the sugar 
components and testing the hpopolysaccharides for rough 
serological specificities We also analysed two S 
typhimurvum rough. strains received from Prof F Kauff- 
mann (International Salmonella Centre, Copenhagen) 
one of them, R14, was genetically mvestigated by Sub- 
barah and Stocker and found to be a rouB mutant, the 
other, R 269, remamed genetically undetermined 

Acetone-dried bacteria (15-35 g) were extracted with 
45 per cent phenol at 65? C for 6 min (ref 6) and the water- 
soluble fractions after dialysis and concentration were 
purified by 1epeated ultracentrfugation? The resultmg 






































Table 1 SEROLOGICAL REACTIONS OF ROUGH LIPOPOLYSACOHARIDES 
Hemagglutination-titres with antisera Hemagglutination-Inhibition of 
Mutation Strain and | —————————— 
No crop No S minnesota R rouA4i7§ S inverness R rouB433§ System Rif System Rut 
(Rx) serum serum (Rar) serum serum gimi 1 pg/ml t 
A 417 TV 273 (770) 1 320 1 040 1 «10 1 80 10 > 250 
S TV 161 (373) 640 2560* «10 80 4 > 250 
(346) 640 5120 <10 80 40 > 250 
A 431 TV 211 4 (378) 320 1280 <10 80 10 > 250 
A 432 TV 148 (369) 640 1280 10 20 40 > 250 
A 418 TV 160 (372) 610 > 10240 10 80 20 > 250 
A 439 TV 206 (376) 640 2560 10 160 20 > 250 
A 404 TV 163 (441) 80 640 40 160 40 40 
A 419 TV 166 (440) 320 1280 20 160 > 250 > 250 
A 444 PB 402) TV 283 (448) 5120 > 10240 20 80 > 250 
B 430 TV 119 (368) 20 320 1280 > 10240 > 250 20 
B 433 TV 149 (870) 40 640 1280 > 10240* > 250 20 
B 402 TV 154 (379) 40 160 320 5120 > 250 80 
B 412 TV 157 (371) 20 160 1280 > 10240 > 250 0 25 
> B 441 TV 208 (377) 80 640 320 5120 »250 20 
B 438 TV 205 (439) 10 320 640 » 10240 > 250 10 
381 40 640 2560 > 10240 > 250 05 
B 442 RI (Eeo) 80 80 040 5120 > 250 05 
382 160 40 < < > > 
- 443 R 269 ae 14) 160 80 | <10 <20 > 250 > 250 





BHamagglutimation reactions were carried out with alkah-treated popolysaccharides (ref 4) Rabbit antisera against S minnesota R (R3 and S inverness 


R (Rn) were kindly supplied by Prof F Kauffmann, Copenhagen 
Ri=S minnesota R lıipopolysaccharıde/S minnesota R antiserum, Ru= 


of hpopolysaccharide necessary for inhibition 18 recorded (ref 4) §Seeref 5 


+ Homologous reactions indicated by underlimmg t Hemagglutmating systems 
S 1nverness R lipopolysaccharide/S wnverness Rantiserum 1 Minimal concentration 
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Table 2 
a a a Se Se mee 
| L, fractions 
AMEN os cii ro cis Sugar components 
Mutati Stram and ethod o Olicines | saccharides! 18) ss | 
E s m. is No isolation produced | (S;) yield (%) Hexos- | Galac- Glu- Man- | Rham- | Abe- 
(%) amine tose cose nose nose quose | Ribose 
TV 273* (770) P22C I and E 036 57 * T t t t + + 
tor gum ee Se THE EE] Ele] ey eye 
elix an 
A 431 TV 21114 (378) | — FelxO |IandE:| 0056 55 + + + + + + + 
A 432 TV 148 (369) vela v eue — 030 43 : T + + + + + + 
A 418 TV 160 (372) P22C Ei 021 48 + + + + + + + 
A 439 TV 206 iti Broth — | 023 28 T + + + + + + 
A 404 TV 163 (441 EMS = 030 66 T + + + + + + 
A 419 TV 165 (40 | Pe2C E 0 40 56 + H H + + + + 
A 444 B 402 TV 283} (448) | E, 039 44 + = + - - - + 
B 430 TV 119 (308) | EMS — 019 30 + - | + - - - + 
B 433 TV 149 (370) Broth | — 032 59 | + - + = - - + 
B 402 TV 154 (9379) Broth — | 17 60 + - + = - - + 
B 412 TV 157 (371) EMS E 15 50 | + - | + - - - + 
B 441 TV 208 (877) Broth — 0 42 57 + - + - - - + 
B 438 TV 205 (439) Broth — 050 58 | + - + - - = + 
iz i- - " 2: 
(881) Stock culture — 022 45 T — t - - - + 
Budz 14 [5 5199) 4 from Prof P | — 23 117 + + - s - * 
auffmann | 
(382) Stock culture — 024 65 4 | + + + | + + + 
-us | A 209{ ior onfut$| — | 1 28 + + + - x - | 4 
| Kauffmann | l 











* TV 273 18 a prototrophic recombinant w th the rouA character of its donor parent, TV 161 
t TV 211 18 an adenine-non-exacting recombinant with the rouA character of its donor parent, TV 120 


i On hydrolysis all the lipopolysaccharides yielded glucosamine, heptose, 

T Crops grown by Prof Kauffmann (ref 7) 
sediments (lpopolysaccharides) and supernatants were 
freeze-dried — Quahtative sugar analysis of lpopoly- 
saccharides and supernatants was carried out by hydro- 
lysis ın 1 N sulphuric acid at 100° C for 4 h, followed by 
paper chromatography of the hydrolysates m pyridine/n- 
butanol/water (4 6 3) (ref 7) Hexosamine was 
determined by paper electrophoresis of 18-h hydrolysates 
(6 N hydrochloric acid, 100° C) in pyridine/acetic acid/ 
water (10.4 86, pH 53)  Heptose content was mvesti- 
gated by means of the Dische reactaon® or by isolation of 
the heptose-phosphate-barrum-salts which were further 
hydrolysed to yield free heptoses and examined by paper 
chromatography? 

The serological characte: of the rough lpopolysac- 
charides was investigated by hæmagglutmation and 
hemagglutination mhibition tests‘ (Table 1) Of the 9 
roud hpopolysaccharides tested 7 inhibited hemagglutma- 
tion in the © minnesota R system (=Rz) but did not 
inhibit the jS «nverness R system (=R) In contrast 
All the 7 rouB lpopolysaccharides mhibited the Riz but 
not the Rr system In hemagglutmation tests all the 
10uA lipopolysaccharides reacted strongly with an antı-Rı 
(S mannesota R) serum and with an anti-rowA serum 
and weakly with an anti-Ri (S wwerness R) serum and 
an anti-rowB® serum, all the rouB lpopolysaccharides 
reacted strongly with the Rir and rouB anti-sera and 
moderately or weakly with the Rr and rouA sera In 
summary the hpopolysaccharides of rowA mutants of 
S typhmurum stram LT2 are serologically of type 
Salmonella Ri, and those of rouB mutants are of type 
Salmonella Rır The rouA s0uB stram, TV 283, 1s sero- 
logically type Salmonella Ri, presumably because of the 
roud block 

The two exceptional rowA mutants, TV 163 and TV 166, 
gave somewhat meonsistent results, and are bemg further 
mvestigated One of the two S typhimurium rough 
strams provided by Prof F Kauffmann, R 14, genetically 
8 rouB strain, in its serological behaviour fits mto the 
rouB group The other, R 269, 1s serologically aberrant, 
its hpopolysaecharide mhibits neither the Rr nor the 
Ru system The locus of smooth/rough mutation m this 
stram has not yet been mapped 

All the rowA and rouB lpopolysacchandes contained 
the same four sugars hexosamine, heptose, galactose and 
glucose, earlier found to be the only sugar components of 
typical Salmonella rough lpopolysacchandes? Their 
combmation to produce two different serological types 


TV 283 is a rouA-rouB recombinant with the rowA character of its donor parent, 


TV 223, and the rouB character of its reciprent parent, TV 154 
galactose and glucose 


(Rx and Rir) must be a consequence of different arrange- 
ments of these constituents m determmant groups. 
perhaps side-chains constituted of galactose and glucose 

Sugar analysis of the freeze-dried supernatants (L, 
fractions) of the first ultracentrifugation of the lipopoly- 
saccharides yielded some unexpected results (Table 2) 
The L, fractions of all the rough mutants contamed 
ribose from nucleic acid, a normal constituent of phenol/ 
water extracts of Salmonella, and m addition hexosamme 
and glucose The L, fraction of all the rouA mutants m 
addition contained galactose, mannose, rhamnose and 
abequose, all of which sugars are constituents of the 
O-specifie lpopolysaccharide of S typhimurium? In 
contrast galactose, mannose, rhamnose and abequose 
were not detected in the L, fractions of any of the rouB 
strams The L, fraction of the 70uA rouB stram, TV 283, 
was also free from these sugars, perhaps in consequence of 
the rouB block 

To obtam more mformation about the ‘smooth’-sugat - 
containing compounds from rowA mutants we fractionated 
the L, fractions of two rouA crops—crop 770 from »ouA- 
417 and crop 346 from rouA-431—by ‘Cetavlon’ precipita- 
tion? After discarding the nucleic acid precipitate the 
residual material was precipitated from 1 M sodium 
chloride by ethanol, dialysed and fieeze-dried These 
preparations still contamed ultra-violet-absorbmg matter 
which could not be removed by repeated ‘Cetavlon’ 
treatment The sugar constituents of the two punfied 
fractions were hexosamine, galactose, glucose, mannose, 
ribose, rhamnose and abequose, heptose could not be 
demonstrated They also contam O-acetyl groups but 
no highor fatty acids The polysacchamde materials 
possess O (‘smooth’) serological activity After fixation 
on erythrocytes without alkah pre-treatment a strongly 
positive hemagglutmation reaction was observed with 
Salmonella O group B antiserum, the preparations also 
precipitate with such serum 

Though this material from ;0uA bacteria reacts with 
O-specific serum, rou. bacteria themselves do not evoke 
anti-O antibodies m the rabbit? The ‘smooth’-sugar- 
contaiing substances, perhaps because of therr relatively 
low molecular weight, seem to be hapteme only 

It thus appears that at least the majority of rough 
mutants of class rouA synthesize both a high molecular 
weight cell-wall hpopolysaccharide of serological type 
Ri and materal of lower molecular weight contaming 
'smooth'-specifie sugars and with O serological specifieiby ; 
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whereas rouB mutants synthesize cell-wall lipopoly- 
saccharide contamung the same sugars but of serological 
type Rn, and do not yield any O-specific substance 

It seems likely that rough lpopolysaccharides result 
from meomplete biosynthesis of O-specific hpopolysac- 
charide, caused by mutational absence of specific enzymes, 
ther R antigenic specificities will then reflect external 
structural features which m the completed O material are 
mternal Rr and Rr hpopolysaecharides are therefore 
probably mtermediates between the poly-heptose-phos- 
phate-glucose core!!, produced by M. mutants unable 
to add galactose, and the O lipopolysaccharide The 
first step on this 10ute 1s known to be addition of galac- 
tose, and this is probably followed by addition of a glucose 
uut, then perhaps of further galactose and/or glucose, 
presumably produemg 1n succession two or more different 
R specificities Experments ın progress on the ohgosac- 
charide determinants of the antigenic character of Ri 
and E lipopolysaecharides may serve to establish which 
of these two hpopolysaecharides 1s the simpler structure 
A hypothesis, based on the data of this article and on an 
enzymatic defect ın one rouB mutant, ıs proposed by 
Nikaido et al? The O-specific substances found m 
rowA mutants may ın ‘smooth’ strains be precursors of the 
O-specific hpopolysacchanide It remains to be established 
whether, as proposed m this hypothesis, mutation in the 
rowA locus prevents such precursors being transferred to 
the heptose-contaiming core, and whether mutation m the 
rouB locus prevents the synthesis of these haptenic 
materials 

We thank Prof O Westphal for his advice We also 
thank Dr D W Henderson, director, Microbiological 
Research Establishment, Porton, where most of the crops 
were grown. 
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(3) Enzymatic Synthesis of Nucleotide-Sugar 
Compounds : 


Rovaz mutants of Salmonella typhimurvum, m contrast 
to the ‘smooth’ parent strams, do not contain rhamnose, 
mannose or abequose in their somatic hpopolysaccharide 
but both groups do contain glucose, galactose and hep- 
tose! The hypothesis was therefore advanced! that they 
have lost one of the many enzymes presumably required to 
complete the synthesis of the highly complex ‘smooth’ 
somatic polysaccharide, and consequently can only syn- 
thesize the basal, central portion of ıt 

Two stages can be distinguished in the synthesis of 
the polysaccharide moiety of hpopolysaccharide (1) The 
‘activated’ form of each constituent sugar must be syn- 
thesized, usually as nucleoside diphosphate sugar (2) 
The activated sugars must be transferred to ‘acceptor’ 
molecules to complete the synthesis of the complex somatic 
polysaccharide, this step might involve the prior formation 
of nucleotide oligosaccharides (cf ref 2) 

Rough mutants might have a defect m. either of these 
stages Usmg several of the genetically characterized? 
rough mutants of S typhimurium, we have mvestigated 
the enzymatic reactions mvolved m the synthesis of 
activated glucose, galactose, mannose, rhamnose and 
abequose 

The bacteria were grown at 37° C im Difco nutrient 
broth with aeration by shakmg, gathered m the late 
exponential phase of growth, washed and suspended in 


IN ROUGH STRAINS OF Salmonella typhimurium 















































Specific activity (umoles/mg protein/h) 
Strain Mutant Reactions (cf Fig 1) 
No No I— —,| 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
TV 161 r0uA417 41 074 147 19 054 0028 0 29 60 0 46 2006 
TV 120 rou A431 28 029 30 17 0 64 0 063 0 20 56 0 44 2010 
TV 148 rouA432 26 0 63 34 20 099 0 083 017 79 0 39 nd 
TV 160 rou A418 27 0 42 180 14 061 0 047 0 30 58 0 39 2010 
TV 163 rou A404 20 0 65 34 17 056 0 026 027 50 0 29 20 22 
TV 166 rouA419 21 030 127 14 065 0 038 0 23 7l 037 nd 
TV 119 rou B430 37 104 22 16 065 0031 0 30 60 051 20 
TV 149 rouB433 29 088 29 19 0 79 0 033 011 69 055 20 
TV 154 rouB402 31 099 21 16 069 0 029 0 28 61 0 46 20 
TV 157 rouB412 21 0 60 169 15 075 0045 019 71 052 20 
TV 208 rouB441 17 0 68 20 0 14 050 <0 001 018 48 032 20 
TV 205 rou B438 18 061 181 19 077 0 028 0 27 59 030 20 
rouAdad 
TV 281 rou.B402 21 0 62 35 19 071 00411 0 29 60 037 z016 
R 269 rou443 16 052 27 11 0028 0 20 45 014 2015 
LT2-M1 — 21 0 60 00 18 0 62 0 068 0 35 62 027 z020 
LT2 — 20 058 42 20 063 0 045 033 59 034 2015 














nd =not determmed All assays were carried out in éres-hydrochloric acid buffer pH 7 5, either at 25° C (reactions (1), (8), (9) and (10) orat 37° C 


(reactions (2), (8), (4), (5), (6), (7) and (11) 
inorganic pyrophosphate into nucleotides (ref 4) the presence of the respective 


tion at 320 mg 1n alkali exhibited by the nucleotide-bound 4-keto-6-deoxy-D-glucose (ref 5) 
Reaction (3) was assayed according to Kalckar e£ al (ref 6) 
spectrophotometrically by coupling with the glucose-6-phosphate dehydrogenase-TPN system, excess phosphoglucoisomerase 
Since purified phosphomannoisomerase was not available, the assay of reaction (10) depended on the phosphomannoisomerase 1n the 


using thymidine diphosphoglucose as substrate 


reactions (8) and (9) 
crude extract, and the values shown are minima only 


Pyrophosphorylases (reactions (2), (4), (7) and (11)) were assayed by measurmg the exchange of radioactive 


hexose-i-phosphates Reaction (5) was measured by estimating the absorp- 
Reaction (6) was measured according to Okazaki etal (ref 5), 
Reactions (1), (8), (9) and (10) were all measured 
emg added for the assay of 


AJl strams are derivatives of Salmonella typhimurium strain LT2, except R 269, which 1s a rough mutant m the collection of Prof F Kauffmann Original 


5 , LYT2 and stram LT2-M1, a mutant lackmg UDPGal-4-epimerase (ref. 7), were used as controls 
amo 154 pi ably € Bi F Several strams have a markedly high level of UDPGal-4-epimerase 


and TV 154, presumably contaming both rou A and rouB mutations (ref 3) 
probably related to the presence of a gal- mutation (gal411) which was shown 


TY 281 1s a recombinant between TV 223 
This 13 


to affect galactokinase (ref 8) It 15 known that the loss of galactokinase 


causes the constitutive synthesis of UDPGal-4-epimerase and galactose-1-phosphate uridyl transferase (refs 6 and 7) 
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(3) ihamnose from thymidine diphospho- 
euo UDF-Gles-»UDP-Gal ihamnose on to unit ‘X’ The absence of 
E pa mannose and abequose fiom the lpo- 
x (1) ee (5) (6) polysaechande of the rowB mutant unable 
Glo-6-P.—5ÀGle-1-P-—TDP-Glc- TDP-KDG—TDP-Rhamnose to make thymidme drphosphorhamnose 
(8 NO indicates that the rhamnose unit Y 1s 
P d N the most proxımal of the ‘smooth’- 
b. specific sugars m the ‘smooth’ side-cham 
Fru-6-P CDP-Gle ---- - — CDP-Abequose (Fig 2) As roud Iipopolysaecharide 
Ser lacks rhamnose, the hypothetical umt 
NS which rowA mutants fail to attach to the 


(10) (11) 
Man-6~P-—+Man—1-P<——+GDP-—Man 
Fig. 1. The biosynthesis of nucleotide-sugars 


P, phosphate ; Gle, D-glucose , Gal, D-galactose , 
glucose , n, D-mannose , Fru, D-fructose , 


diphospho- 


The enzymatic conversion of cytidine diphosphoglucose into cytidime 
diphosphoabequose has not yet been established and therefore was not 


studied here 


201A rouB 





KDG, 4-keto-6-deoxy-D- 
UDP-, uridine diphospho- , 
TDP-, thymidme diphospho- , CDP-, cytidine diphospho- , GDP-, guanosine 


(smooth side-chain) 


core cannot be distal to rhamnose Y 
Nor can the unit be Y itself, because 
roud hpopolysaecharide 1s ummunologic- 
ally different—R; type?—from the Bu 
hpopolysacchanide of rouB mutants Per- 
haps the rouA lesion prevents attach- 
ment of unit X—the postulated determ- 
mant of tho Rr: antigen—to an underlying 

unit, the exposure of which in 


rouA lipopolysacchande determines 
Fade bl its Ri specificity On this hypo- 
R, hpopolysacoharide —X mannose, rham- jJ- —Y (rhamnose) ------ ~- -—-— thesis the ‘smooth’-specific poly- 
nose or abequose saccharide materal found ın the 
n x ‘L?’ A. mutants? per- 
Ry lipopolysaecharide ML E Ly’ fraction of rouA mu P 


— a a 
Non-sedimentable smooth-specific 
material in L, fraction? 


Fig 2 Proposed scheme for the effect of rouA and rouB mutations on the synthesis of 


lipopolysaccharide 


005 M ír5—001 M magnesium chlonde—0 001 M 
‘Versene’, pH. 7 2 The suspension was sonicated for 2 
mmn m the ‘Raytheon’ 10-ke/s sone disintegrator The 
supernatant after centrifugation at 12,000g for 10 mm 
was used for the assay of various reactions 

The results are summarized m Table 1 Fig 1 shows 
the pathways through which the nucleotide sugars con- 
cerned are probably synthesized These mutants fall 
into two distinct groups, rowA and rouB (ref 3) It 1s 
clear from the results m Table 1 that the Synthesis of the 
examined nucleotides 18 not rmpeared in any of the rowA 
mutants tested This 1s not surprismg, since material of 
polysaccharide nature contammg mannose, rhamnose, 
abequose and other sugars 1s found in the soluble fraction. 
of 20u A mutants? 

Among rouB mutants, TV 208 showed very little 
activity m the conversion of thymidme diphosphoglucose 
mto thymidme diphosphorhamnose (reaction 5 + 6) 
Smee this stram could convert thymudme diphospho- 
glucose mto thymidine diphospho-4-keto-6-deoxyglucose 
{reaction 5), the enzymatic block must he between the 
latter compound and thymidine diphosphorhamnose, 
like the defect’ found m Escherichia cole Y-10, @ sub-strain 
of K 12 This enzymatic block might be the expression 
of the rowB mutation itself or 1t might be due to & second- 
ary, comeidental mutation occurring after the true ‘rough’ 
mutation The first possibility is strongly supported by 
the observation that stram TV 208 frequently gives rise 
to revertants which are capable of synthesizing thymidine 
diphosphorhamnose and are ‘smooth’. It was also found 
that extracts of TV 208 readily transferred rhamnose 
labelled with carbon-14 from thymidme diphosphorham- 
nose to cell-wall hpopolysaecharide!? 

Thus of six rouB mutants tested, one, TV 208, does not 
synthesize thymidine diphosphorhamnose, which would 
account for the absence of rhamnose im its lipopolysaec- 
charide and, presumably, for its rough character in general, 
the Ri antigenic specificity of 1ts hpopolysaceharide? 
would then reflect the exposure of a unit °X’ (Fig 2), 
presumably of glucose and/or galactose, to which a rham- 
nose unit `Y’ 1s attached m ‘smooth’ hpopolysaccharide 
As the other rouB mutants, though able to make thymidme 
diphosphorhamnose, likewise produce Riz lhpopolysac- 
charide, their defect may be m the enzymatic transfer of 


haps results from synthesis of 
‘smooth’ side-cham material which 
cannot be attached to the core 
because of the block in the trans- 
fer of umt X (Fig 2) Such 
‘smooth’-specific haptenic material 
cannot be made by rouB mutants, presumably because 
the block in the attachment of its mnermost rham- 
nose unit Y—and perhaps also of more distal rham- 
nose units—prevents synthesis of the rest of the side-chain 
A stran with both rowA and rouB lesions should 
then produce R; hpopolysaecharide because the rowA 
lesion prevents the attachment to i5 of unit X, the 
determmant of Ri specrficity, but should not produce 
‘smooth’-specific non-sedimentable material because of 
the rouB lesion The putative roud rouB recombmant, 
TV 283, showed? the combination of characters predicted 
by this, admittedly somewhat speculative, model 
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A CORRELATION BETWEEN DEVELOPMENT OF THE OVARIES AND 
OF THE MIDGUT EPITHELIUM IN THE RABBIT FLEA 
SPILOPSYLLUS CUNICULI 


By Dr. A R. MEAD-BRIGGS 


Ministry of Agriculture, Fisheries and Food Infestation Control Laboratory, Field Research Station, Tangley Place, 
Worplesdon, Guildford, Surrey 


Tea ovaries of the female European rabbit fleas, S 
cunzcule (Dale), normally become mature only if the 
fleas feed on & pregnant rabbit durmg the final week of 
pregnancy’, or on a nestling rabbit within about a week 
of birth? When the fleas feed on hosts m other repro- 
ductive states there 1s no vitellogenesis and the ovaries 
remain immature, or if the fleas are already mature when 
released yolk resorption occurs and the ovames regress. 
Copulation and oviposition occur ın the breeding nest of 
the host 

It has been postulated that pregnant rabbits provide 
the fleas with a factor essential for the initiation and 
mamtenance of ovarian development. It would be 
interesting to know at what level this factor exerts its 
influence, especially smce Rothschild and Ford? have now 
demonstrated that the mjeotion of an anterior pituitary 
extract (contammg mammalian thyrotrophic and gonado- 
trophic factors) mto castrated male or virgin female 
rabbits leads to the ovarian development of fleas on these 
rabbits 

li was noticed recently that there were marked vara- 
tions among specimens m the size of the epithelial cells 
lining the midgut, and that their heights could apparently 
be corrolated with the degree of ovarian development 
The method of dissection used for the removal of the 
reproductive organs from female fleas also removed 
mtact all the ahmentary canal between the cesophagus 
and the 1ectum Tho midgut wall could be slt longi- 
tudmally fairly easily by the manipulation of a fine, 
mounted. needle, and when this was done the contraction 
of the circular muscle fibres mn the wall everted the midgut 
so that the epıthehum was outermost The tissues were 
kept ummersed m insect saline and the cells were free to 
take up a shape uninfluenced by the size of any recent meal 
It was then possible to measure the height of mature 
epithelial cells which, according to the specimen, varied 
from bemg more or less cuboidal to tall columnar m shape 
The cells were of a sumilar shape throughow the midgut, 
no divisions mto regions bemg evident m this unstaimed, 
living material 

The largest oocytes m the ovaries of recently emerged 
fleas were about 45u m length (mature oocytes are usually 
450—500, long) and the basement membrane of the mid- 
gut had comparatively few semi-ecuboidal epithehal cells, 
7u or less m height After feedmg, the largest oocytes 
grew to 75-90» m length and the midgut epithelial cells 
increased ın number and became short columnar, 15-20p 
high. When the host was a male or a non-pregnant female 
rabbit the ovaries and midgut epithehum did not develop 
further irrespective of how many days the fleas were 
allowed to feed; however, when the host was a pregnant 
rabbit both the ovaries and the epithelial cells increased 
m sıze as indicated in Table 1 The epithelial cells became 
tall columnar and were closely packed, but the increase 
m height did not appear to involve any obvious change in 
diameter The maximum development of ovanes and 
midgut epithelium was reached about the time of parturi- 
tion of the rabbit and was maimtamed for several days 
while the fleas were feedmg on the nesthngs and ovi- 
positing m the nest Fleas transferred from a non- 


pregnant doe to nestlings matured their ovaries and 
developed a tall columnar midgut epithehum within 
1-2 days whereas the reverse changes occurred when 
mature fleas were transferred from a nest to & non- 
pregnant host. 


Table 1 DATA RELATING THE OVARIAN AND MIDGUT EPITHELIAL DEYELOP- 
MENT OF FLEAS FROM A inp BABBI AND AFTER PARTURITION FROM 
ITS NEST 
Parturition occurred 14 5 days after fleas released, 
dissection of three fleas 


Mean length of 


Means based on the 


No of days from Mean height of midgut 


release of fleas largest oocytes (4) epithelial cells (x) 
D 44 7 x 

3 98 15 

6 114 27 

9 191 32 

12 302 34 

14 425 39 

15 403 42 

17 345 37 

19 423 41 


What determmes the midgut epithelial development 18 
unknown but the mplications of a correlation between 
this growth and ovarian development may be exammed 
It 1s probable that the epithehal growth 1s in some way 
connected with the provision of the additional metabolites 
required for egg production While growth might be 
under the control of a growth-type hormone it more 
probably results from changes in the rates of production 
and release of digestive enzymes, and/or of absorption of 
digested material The large mcrease m ovarian tissue 
weight durmg maturation does not take place simply by 
withdrawal of reserves from the fat body cells, these 
cells appear httle changed until the ovaries are mature, 
although once oviposition has commenced and further 
batzhes of eggs are bemg developed the larger vacuoles 
disappear from the fat body Consequently, most of the 
raw materials for vitellogenesis are probably obtamed 
directly from the food, and an increased rate of feeding, 
digestion and absorption would be expected ‘This has not 
itself been observed, but Rothschild and Ford? state that 
the rate of defecation of fleas on pregnant rabbits mses 
at about the time that ovarian development commences 
Increased defecation of part-digested or undigested blood 
almost certainly mdicates an mereased feeding rate as 
fleas usually flush out the entire ahmentary canal with 
blood when feedimg*. As the rabbit flea is & species which 
tends to remam attached to a host 1ts food is normally 
reedily available 

There ıs no simple way of determinmg whether an 
increased rate of food absorption m the presence of a 
general metabohe hormone ‘causes’ ovarian development 
by providmg the necessary metabohtes or whether after 
mihation of ovarian activity by a purely gonadotrophic 
hormone the demand for metabolites ‘causes’ moreased 
feedmg Wigglesworth’ mentions that in Rhodnius prokous 
Stal the rate of digestion of the imtestinal contents was 
much higher m females developmg eggs than m those 
remamung immature after allatectomy (absence of 
‘juvenile hormone’); but ıt was unpossible to decide 
whether the juvenile hormone was actmg directly or 
mdurectly on digestion and metabolism 
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In many insects feedmg leads to mereased enzyme 
activity and the mechanisms ot co-ordmation may be 
humoral, secretogogue or perhaps nervous Day and 
Powning* showed that in Blattella germanica (L ) feeding 
enhances digestive enzyme secretion and stimulates 
midgut epithelial regeneration by inereasmg the mitotic 
rate ın the regenerative nidi — Dadd? noted that the 
Inerease in midgut protease after a meal by Tenebi10 
moltor L could be correlated with an mereaso in midgut 
tissue weight (growth of the midgut epithelium) and 
afterwards* mdieated that protease Synthesis was under 
humoral control Thomsen and Moller’ suggest that the 
presence of meat in the gut of ‘Calluphora erytha ocephala 
Meig leads to a cham of events including the release of 
neuro-secretory material, synthesis and release of protease 
by the midgut epithelium, digestion of meat, merease m 
protem metabolites m the hemolymph, activation of 
corpora allata and development of the ovaries 
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As a workmg hypothesis, 16 may be suggested that when 
rabbit fleas obtain the ‘pregnancy factor’ from a pregnant 
host there is an enhanced release of neuro-secretory 
material leading to activation of the corpora, allata and/or 
to increased rates of secretion of digestive enzymes and 
absorption mto the hemolymph of metabolites required 
for vitellogenesis At present this 1s speculation and more 
experimental evidence 1s required, some of which may be 
drficult to obtam as this small insect 1s not ideally suited 
to operative techniques 
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A SELENIUM CYCLE IN NATURE? 
By Dr. A SHRIFT 


Laboratory of Comparative Biology, Kaiser Foundation Research Institute, Richmond, California 


Bono cycles such as exist for carbon, nitrogen, 
and sulphur are fundamentally similar, within each 
there occur organisms which reduce the most oxidized 
form of the element (CO,, NO,-, SO 47) and other organisms 
which complete the cycle by oxidizing the reduced element 
to 1ts initial state Convinemg data can now be assembled 
to support a hypothesis for the existence of a selenium 
cycle as well (Fig 1) Increasmgly, it is being demon- 
strated that bacteria, fungi, and higher plants, particularly 
species of Astragalus (both those that require selenium 
and those for which such a need has not been shown), 
metabohze selenate or selenite, the most oxidized forms of 
selenium, to the level of selenide The biological synthesis 
of various seleno-emuno acids and of the seleno-ether, 
dimethylselenide (Table 1), constitute evidence for at least 
the first half of such a cycle 

Evidence for the remainder of the cycle is fragmentary 
A biological transformation of selenium of valence —2 to 
at least valence zero has not been described ın the htera- 
ture so far But there are hints that some micro-organisms 
are able to oxidize selenium of valence zero to solemum of 
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Table 1 ORGANIC SELENIUM COMPOUNDS BIOSYNTHESIZED FROM INORGANIC 
SELENIUM COMPOUNDS BY PLANTS AND MICRO-ORGANISMS * 


Inorganic 10n supplied 


Organism Selenite Selenate Ref 
Astragalus crotalaraet — Se-methylseleno- 
cysteine t 
Oonopsis condensata Se-methylseleno- 1 
cysteine 
Stanleya pinnata Se-cystathioninet 2 
Zea mays Selenocystine 3 
Triticum vulgare Selenomethionine 4 
T~foluum repens Selenocystine 4 
Selenomethionine 
Trifohum pratense Se-methylseleno- 4 
methionine$ 
Lohum perenne 4 
Escherichia, coli Selenomethionine 5 
Saccharomyces cerewsae | Selenomethionme 6 
Selenocysteine 
Scopulariopsis brevicaulrs Dimethylselemdef Dimethylselenide 7 
Aspergillus niger imethylselenide 7 
Pemeulium notatum Dimethylselemde — Dimethylselenide 8 


* Selenocystine and selenomethionine were 1dentified m sheep wool after 
oral administration of ""Se-selemte The synthesis of these compounds was 
attributed to rumen bacteria (ref 9) Traces of selenocystine and possibly 
selenomethionine were also reported m dog liver after subcutaneous injection 
of **SeCl, (ref 10) 


T Se-methy!selenocysteine was originally described by Trelease, DiSomma 


and Jacobs (ref 11) in Astragalus bisulcatus gathered from seleniferous sil, 


this compound has also been identified 1n seven other Species of Astragalus 
and m Stanleya pinnata, following uptake of ?5Se-selenite or "*Se-selenate 
(Shrift and Virupaksha, unpublished results) 


1 Se-cystathionine was originally described by Horn and Jones (ref 12) 
in Astragalus pectinaus gathered from seleniferous soil 


§ Se-methylselenomethionine has been identified in four species of Astra- 
gaius which do not accumulate selenium and m one accumulator species 
(Virupaksha and Shrift, unpublished results) 


{| Dimethylselenide 18 excreted by the rat after injection of selenate (ref, 13) 


valence +6 Lipman and Waksman deseribed a bacter- 
tum which oxidizes elemental selenium to seleme acid 
much as Theobacillus thiooadans oxidizes elemental 
sulphur to sulphuric acid Similarly, Sapozhnikov15 
reported that selenium was oxidized to seleme acid during 
the photosynthetic reduction of carbon dioxide by a 
purple sulphur bacterium Another reference to a possible 
microbial oxidation of elemental selenium comes from 
Beath et al 16, who observed that this form, which Hurd- 
Karrer reported as unavailable to wheat plants", was 
converted to an absorbable form after prolonged weather- 
ing in soil 

A selenrum cycle can also be mferred indirectly from 
other information Selenium accumulator plants, always 
associated with semi-arid, seleniferous soils, biosynthesize 
organic selenium compounds such as Se-methylseleno- 
cysteme and selenocystathionme (Table 1) and release 
these compounds into the soi when they decay If 
there were no way to oxidize these compounds, one 
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would expect a gradual merease of organic selenium, 
particularly m these drier regions, but surprisingly, the 
selemum in these soils is primarily inorganic! The 
absence of organic selenium has been attributed variously 
to absorption by plants, to leaching, and to conversion 
into morganic compounds!?, but of the three possibilities 
only one, absorption by plants, has been adequately 
tested Water soluble organic selenium derived from 
accumulator species 1s readily taken up by a number of 
plants! However, yet to be quantitated ıs the degree to 
which such absorption could be responsible for the 
disappearance of organic selenium from selemferous soils 
Also to be quantitated m regions of such low rainfall is 
the degree to which seasonal leaching could remove organic 
selonum A likely though unexplored, mechanism seems 
to be oxidation of the organic selenium by micro-organisms 

The mounting evidence that selenium is an essential 
micronutrient also suggests the existence of a cycle The 
first clear indication for such a biological role was provided 
by the work of Trelease and Trelease!?, who found that two 
species of Astragalus grew only in the presence of selenium 
Since then, seven other species have been added to the 
hst’® In recent years the evidence has grown for an 
important and perhaps an essential role mn animal nutrition 
as wel]?0-25 

Assuming that expermental backing for a complete 
selenium cycle as described in Fig 1 is forthcoming, we 
may speculate about the mmportance of its geographical 
distribution Though selenium occurs everywhere, pockets 
of soil m which 16 1s relatively higher persist from oarher 
geological times, usually in more arid regions such as 
the western United States!*2°, but also m areas where 
rainfall is normal, as 1n certain lacustrine soils of Ireland?" 
If a selenium cycle exists, 16 can be expected to operate on 
a more intensive scale where selemum-levels support 
giowth of selenium-requiring organisms But even where 
selenrum-levels are lower, a cycle which operates on a 
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reduced scale still seems possible, for 1$ 1s m these areas 
that a correlation has been obtained between selenrum 
deficiency and white muscle disease m sheop?5 It 1s now 
conceivable that a selenium cycle exists m regions of low 
as well as 1n regions of high selenrum concentration, and 
that selenrum 1s more fundamental to cellular metabolism 
than could have been suggested earlier 

This review was supported ın part by grant GJM09086 
from the US National Institutes of Health 
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MECHANISM OF PLANT-CELL DAMAGE IN AN ELECTROSTATIC FIELD 
By L. E. MURR 


Department of Engineering Mechanics, The Pennsylvania State University, University Park 


RECENTLY?! presented several findings concerning 

the physiological effects on plant growth of a simu- 
lated electric-field environment_ It was concluded in this 
earher article that a possible mechanism which would 
explain the effects observed, for example, extensive cell 
and tissue damage, and a green coloration of the activated 
plants, was an ionization phenomenon mvolving the 
migration of polarized salts which mitiated cell bursting 
by catastrophic osmosis The text of the present article 
will show, however, that the major portion of this original 
hypothesis was meorrect, and that the true basis for a 
damage mechanism 18 rooted m a biochemical transform- 
ation mvolvmg enzyme constituents of cell metabolism 

Experiments with seedling orchard grass were conducted 
as described previously by me^? Relative potential 
gradients ın this experiment were established at 30, 50, 
and 75 kV/m Two growth replications were conducted 
at each reference potential gradient, and the growing 
period of each experiment was identical to that estab- 
lished in previous work by me??, that is, 4 weeks at 15-h 
day-length 

Leaf samples were then clipped from both the active 
and control environments of each experiment after the 
first two weeks of growth, and after each week following 
the mitial chppmgs These chppmgs were then grouped 
into a smgle sample for each potential gradient reference- 
level, and dried Seventy-five per cent of each sample 
was then ashed for mass spectroscopic analysis, while the 


remainder of each sample m the origmally air-dried form 
was used for micro-Kjeldahl analysis Essentially, two 
series of analyses were conducted for each reference poten- 
tial gradient-level (both spectrometric and micro -Kjeldahl) 
The final results were then computed by takmg the 
average of the two analyses Table 1 represents the 
significant results of the spectrometric (quantitometer) 
and mucro-chemical analyses, including both active and 
control plant samples 

In order for the polarization phenomenon previously 
proposed by me! to be a valid damage mechanism, 
significantly greater concentrations of phosphorus and 
nitrogen must be detected m the leaf tips of the active 
plants, smee these elements would represent 1omzed 
radicals capable of mobilization and migration as a result 
of the electric field action It will be observed, with 


Table 1 SPECTROSCOPIC AND MICRO-KJELDAHL ANALYSIS OF ORCHARD 
GRASS-LEAF TIPS 
Phos- 
phorus*  NitrogenT Iron Zinc  Alummum 
Sample (96 dry weight) (ppm dry weight*) 

30 kV/m active 0 600 4510 150 53 250 
30 kV/m control 0 575 4750 126 30 241 
50 kV/m active 0 650 5 000 213 80 417 
50 kV/m control 0 695 5 160 126 31 179 
75 kV/m active 0 659 5 220 260 95 730 
75 kV/m control 0 679 5 310 129 30 225 


* Mass spectrometric analysis 
p Miero-Kjeldahl analysis 
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Fig 1 
complex, b, zinc-supported protem-enzyme complex; R-groups indicate 
protein molecules, c, alummium-supported protem-enzyme complex 


Metallo-enzyme molecules a, Iron-supported protein-enzyme 


reference to Table 1, that no significant differences exist 
ab any reference potential gradient between the active and 
control plant samples for phosphorus or nitrogen, but 
15 should be stated here that no significant difference was 
observed for any of the major elements such as calcum, 
magnesium, or potassium, which 1s also shown in the 
data presented This fact, then, would tend to disquahfy 
the major portions of the previous assumptions concerning 
the damage mechanism m. these plants! 

Although significant differences have not been observed 
for major element concentrations m the leaf tips, Table 1 
shows quite definite mereases m the concentration of the 
minor elements, iron, zinc, and aluminium, m the active 
leaf tzps as a function of the magnitude of the relative 
potential gradient Increases, as compared with the 
control samples, of the order of several hundred per cent 
can be observed for the active plant leaf tıp samples 

The significance of the mmor element concentrations 
seems to be definitely related to an mcrease m metabolic 
enzymes within the activated orchard grass plants Fig 1 
illustrates simplified examples of such protem-enzyme 
molecules Fig las representative of a porphyrin group, 
for example, cytochrome c, oxidase, catalase, and per- 
oxidase, typical respiratory enzymes of plant cell metabol- 
isms  Metallo-enzyme molecules supported by zme as 
shown in Fig 1b are also known to exist®, while aluminium- 
supported complexes simular to that shown m Fig Ic have 
also been suggested as enzymatic stimulators, particularly 
in the activation of cytochrome c and related molecules‘. 

Schulke® has reported that an crease rr. the respiration 
rate of yeast cells was observed followmg the addition of 
small quantities of porphyrm to a culture In the same 
report, Schulke has also observed that when large quan- 
tities of the same porphyrm were added to the yeast, the 
respiratory action of the cells decreased sharply It was 
also observed that large porphyrm increases are produced 
m such eells by irradiation with ultra-violet hght Thus, 
16 may be possible that the electrostatic field action could 
produce similar porphyrm increases by the samo irradia- 
tion mechanism 

In my previous report}, I indicated that the active 
plents m simular electrostatic field experiments appeared 
to be a deeper green than the control plant samples 
Similar colorations were also reported earher by 
Blackman! The results presented in this report can now 
lend some support for an explanation of this phenomenon 
Lemberg’ has shown that a typical porphyrin rmg can 
be opened (by oxidation) m the « position, resulting in & 
deep-green pigmented porphyrm Ib seems likely, then, 
that porphyrin groups present m the cell structures of the 
active plants may be oxidized by the traces of ozone, or 
enriched oxygen resultmg from ozone breakdown in the 
leaf tissues, the ozone bemg created by the action of the 
electric potential established over the active environment. 
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A simphfied form of such a reaction might be illustrated 
as follows 


V2 ELIR 
30. 
3 (CDN RA ncn) ——53 SE CH 
OU] [RAS 
A à 


Menser et al ? have shown that ozone present in large 
concentrations m a plant’s environment will cause leaf 
damage by penetratmg the stomata of the lower leaf 
surface ‘Therefore, even though ozone availabibty m 
these environments was considerably low, the reaction 
mechanism suggested seems to be a feasible one, and direct 
ozonation of leaf tissue unhkely 

In view of the evidence presented, 16 seems hkely that 
porphyrin or simular metallo-enzyme activity 1s accelerated 
by the electric field action to such an extent that cell 
respiration 1s mpeded to a critical level This results in 
cell deterioration, protoplasmic dehydration and agglom- 
eration, and eventual tissue destruction as exhibited m 
previous microscopic studies}? — It ıs concluded, there- 
fore, that the damage mechanism responsible foi plant 
destruction in an electric field 1s a biochemical enzyme 
activity which imtiates abnormahties m cell respiration 
and related metabolic processes 

Is may be mteresting to examine this conclusion with 
ieference to the work of several contemporaiy mvesti- 
gators who have reported on the results of plant growth 
responses m a magnetic field Krylov and Tarakanova!? 
have observed an auxin-hke effect for seeds grown m a 
magnetic field In this same respect, Boe and Salunkhe** 
recently reported that tomatoes ripened more rapidly in 
a magnetic field Interestmgly enough, Boe and Salunkhe 
concluded that either an acceleration of enzyme systems 
enhanced the respiratory process, or that an auxin-like 
phenomenon was involved 

The results of the present investigation might then be 
summarized by stating (1) that a biochemical enzyme 
stimulation acts as a tmggermg mechanism for plant cell 
destruction in an electrostatic field, (2) that the marked 
differences m the coloration of the plants exposed to an 
electrostatic field of sufficient magnitude 1s apparently 
the result of enzyme oxidation by ozone breakdown It 
might also be stated that the general experimental 
observations seem to be that the degree or mode of enzyme 
stimulation appears to be the direct result of some general 
form of electromagnetic radiation or energy, and the 
degree of stimulation then serves to accelerate or impede 
the normal plant cell metabohsms ^ Experrmental results 
entezed m this report tend to support the electrostatic field 
action, while reference 1s also made to stimulation of a 
simular nature by ultra-violet and magnetic action A 
similar phenomenon has also been observed for X-:rrad- 
iated bean seeds’? 

Ithank the Department of Horticulture, the Pennsylvania 
State University, for their assistance in the plant analyses 

This work was supported by grant 39 of the Central 
Fund for Research, Pennsylvania State University 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


X-ray Sources in the Galaxy 


A SEARCH for X-ray emission from galactic objects on 
April 29, 1963, disclosed two localized sources, one of 
which appeared in Scorpius and the other m the direction 
of the Crab Nebula The observations were made with a 
proportional counter flown m an Aerobee rocket from 
White Sands, New Mexico 

The counter presented an effective window area of 65 
em? of beryllium, 0 005m thick Pulse height diserumina- 
tion was used to give rough spectral mformation by 
sorting into three channels 1-1 5A, 1 5-2 5 A and 2 5-8 A 
A hexagonal honeycomb structure was placed before the 
counter so as to define a roughly circular field of view 10° 
wide at half maximum intensity The rocket rolled slowly 
with a period of 4 sec and had a large precession cone, so 
that nearly all the sky above the horizon was scanned 
during the course of the fight The centre of the galaxy, 
n was below the rocket’s horizon, even at peak of 

ight 

The source 1n Scorpius was clearly detected on eight 
separate scans Fig 1 shows the directions of scan, with 
intensities in counts/0 09 seo interval indicated along 
each path The circles are approximations to equal 
intensity contours at counting rate levels of 300, 200, and 
100 per sec, reaching a peak of 400 
cps at the centre, the co-ordinates 
of which are 16 h 15 min right ascen- 
sion and —15° declnation The +5° 
course of the rise time of the signal 
on, each scan suggests that the emit- 
tang object 18 a star, although this 1s 
admittedly weak evidence A source 
as large as 5° m diameter cannot be 
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Table 1 FLUXES FROM GALAOTIO X-RAY SOURCES 


Source Wave-length Counting-rate Flux 
band 
Scorpius 15À-25À 1300ps 
25À-8À 400cps 
15À-8À (a) 12x107 erg/om?* s. 
(b) 14x10- ergjcm* s A 
Crab Nebula 
M1 25À-8À 62cps : 
15À-8À (a) 15x10- erg/cm? s 
(b) 20x10- erg/em* s A 
Background 
Sky flux | 25À-8À () 334cps 
Earth flux (c) 265eps 
Difference (c) 70cps 
80 c/cm?* s sterad 06x10” erg Jame 
6 quanta/em® s sterad 8 sterad 


(a) Black-body, T=2x 10” deg K, (b) flat spectrum, (c) 1/28 steradian 


Table 1 suramarizes the results of the measurements on 
discrete sources and the isotropic background 

We have suggested that the Scorpius and Crab sources 
are neutron stars, remnants of supernova explosions, 
consistent with the X-ray emittmg properties predicted 
by Chu! The followmg communication, “Neutron Stars 
as X-ray Sources”, by D C Morton supports this hypo- 
thesis with more detailed model calculations The flux 
observed from the Crab 1s much too high to be attributed 
to synchrotron radiation from the Nebula Although. the 
Scorpius source does not coincide with any visible object, 
the history of ancient supernove shows this region to have 
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ruled out 95 

The source m the direction of tho 
Crab Nebula was approximately one- 
eighth as mtense as the Scorpius 
source The Crab was included in the 
field of view of the detector on three -5° 
scans, one of which passed directly 
over the source, the second 1:5° off 
and the third 2 5° off By averaging 
these three scans, we obtamed a signal 
from the source almost five times the 








standard deviation of the background -10° 
The direction of the peak response 
comeided with the Crab Nebula withm 
2°, which 1s as close as the statistical 
accuracy of the scanned profile permits 
the positioning 

Tho hmt of discrete source detect- 
abihty was set by the background- 
level of the proportional counter 
Agamst this background no statistic- 
ally significant signals were detected 
from Cygnus A or Cassiopeia A, each -20° 





of which was scanned three times The 
background itself was separated mto 
counts observed looking towards the 
sky and counts observed when the 
detector looked toward Earth The 











latter signal ıs assumed to be composed -25° 











of cosmic ray background and atmo- 
spheric albedo An excess counting 
rate was found from the sky direction 
with a nearly isotropic distribution 


20™ 


interval 





Fig 1 Tracks of eight scans across Scorpius region Numbers along tracks are counts per 0 09 sec 
The dashed circles are best fits to equal tensity contours and indicate a central intensity 


peak of 400 cps ata = 16h 15m, 0 = —15? 
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been rich in such sources The neutron star model 
permits an X-ray source of the strength which we observed 
without detectable visible emission 

The isotropic radiation arriving from the sky dnection 
may be galactic or extragalactic X-rays, or bremmstrah- 
lung excited by energetic particles m the high atmosphere 
It is difficult to rule out the latter since upper limits 
derived from considerations of the N 2 + emission of the 
night sky and from estimates of bremmstiahlung due to 
trapped electrons are about equal to the observed X-ray 
flux Comparison of horizon signals with zenith signals 
showed no significant evidence of horizon brightening 
This 1s strong evidence against atmospheric breramstrah- 
lung, but not absolutely conclusive 

Observations of galactic X-ray emission have been 
1eported by Giaconni, Gursky, Paohn, and Rossi? and by 
Fisher and Moyerott? The experiments of Giaconn et al 
were origmally mtended to observe X-ray emussion from 
the Moon and used a Gejer-Muller counter without a 
collimator to restrict the feld of view narrowly As a 
result, they observed a very broad signal and concluded 
that 16 was probably associated with the galactic centre 
A repeat experiment, one year later, under essentially 
identical conditions gave similar results and permitted, m 
combination with the first experiment, a better definition 
of the location of the peak response They interpreted 
their observations as “revealing the maim source close to 
the centre of the galaxy, but apparently not quito come- 
dent with 1t? 

The Scorpius source defined by tho observations des- 
eribed here must have been included in the broad field of 
view of the detector used by Chaconm ef al Howover, 
since their field of view also included the galactic centre it 
cannot be excluded that a portion of ther observed 
response did, in fact, come from that region, as they 
origmally suggested In fact, the shape of them broad 
response could be interpreted as the resultant of nearly 
equal overlapping contributions from the Scorpius source 
and the galactic centre 

Comparison of the present results with those reported, 
by Fisher and Meyerott show no apparent agreement In 
particular, Fisher and Meyerott found no evidence of 
emission fiom the Crab Nebula However, their detector 
was approximately 13 times less sensitive than that used 
by us Our signal from the Crab amounted to 14 counts 
above a background of 9 With the detector used by 
Fisher and Meyerott the signal would have been one 
count above & background of zero or one, and therefore 
statistically msignificant 

S BOWYER 

E T Byram 
T A CHOBB 
H FRIEDMAN 


E O Hulburt Center for Space Research *, 
US Naval Research Laboratory, Washington, D C 
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Neutron Stars as X-ray Sources 


Durine the rocket flight reported im the preceding 
communication Bowyer et al found two celestial X-ray 
sources with diameters less than 5? One was located in 
the northern part of Scorpius im a 1egion of faint stars 
but devoid of visible nebulosity and radio objects, while 
the other was comcident with the Crab Nebula, the well- 
known source of optical and radio synchrotron emission 

To explain the Scorpius source it 15 necessary to postu- 
late an object that radiates soft X-rays but no significant 
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visual o1 radio energy Chiu has suggested such a source 
—a neutron stai with a surface temperatwe about 107 
deg K radiating as a black-body The neutron star 1s a 
possible terminal phase of stellar evolution ın which the 
interior has contracted to nuclear densities causing the 
nuclei to capture electrons and become neutrons m a 
degenerate state A series of models by Cameron?, with a 
correction according to Saakyan’, mdieates a mass hmt 
about one Sun with a radius of somo 10 km Chu has 
argued that a supernova explosion could leave a neutron 
core with a temperature of the order of 10? deg K, but not 
much hotter because of rapid cooling due to neutrmo 
processes 

This communication repoits some calculations of the 
atmospheric properties of a neution star to determine the 
surface temperature and cooling time A. typical model is 
assumed, with a mass of 1 3 Suns, and a radius of 9 25 kan 
corresponding to a central density of 15 x 1015 gm em-3 
and a surface gravity of 20 x 101 em sec- Hamada 
and Salpeter* have shown that a neution star 1s surrounded 
by a layer of ordinary degenerate electrons and non- 
degenerate nuclei The atmosphere of non-degenerato 
particles was fitted to this layer at equal electron pressures 
The high conductivity of the degenerate particles keeps 
the interior isothermal 

In the atmosphere the opacity ıs due to election 
scattering and bound-free absorption The latter was 
1epresented by 


x = 14 x 10% g1? 7-7/2 em? gm- 


which fits moderately well the Keller-Meyerott5 table for a 
mixture of elements heavier than hehum The transfer 
equation and the hydrostatic equation were combmed 
with the ideal gas law and the above opacities to obtain 
the model atmosphere For simpheity, the atmosphere 
was separated into an upper layer where bound-free 
absorption domunated and a lower layer of electron 
scattering For a sequence of core temperatures Te 
Table 1 lists the effective surface temperature T, and the 
distance d at which a neutron star would give the observed 
Scorpius X-ray flux of 1 4 x 10-8 erg sec-! em-? A-1 


Table 1 
Te Te d E L T 

° K) (°K) (parsec) (erg (erg sec?) (yr) 
2 x 10? 16 x 10° 1,200 17 x 108 39 x I0" 1,800 

10° 12 x 107 900 43 x10" 14 x 10" 1,300 
5x 10° 94 x 10¢ 620 11x 107 48 x 105 920 
2 x 10° 67 x 10* 320 17 x 10 12 x 10% 580 

105 43x 10° 95 43 x 10 20x 10% 320 
5 x 10° 20 x 10° 2 11 x 10% 11 x 10* 1,500 
2x 10? 77 x 105 — 17x10* 22 x 10" 12,000 


Unless the neution star is the nearest neighbour of tho 
sun its core must be as hot as 5 x l0'deg K Even thus 
cool model probably should be olimmated because its 
X-ray spectrum would be very weak in the shorter wave- 
lengths of the detector bandwidth, contrary to the obser- 
vations 

The available thermal energy E of the star was calcu- 
lated from the expression for the specific heat of a Fermi 
gas of neutions quating the luminosity L to the rate of 
change of the thermal energy gave tho time « for the core 
temperature to cool by a factor 1/e, while integration gave 
an expheit equation for the time dependence of Te 
Table 1 shows that a neutron star could remain detoctable 
for a few thousand years Such a time-scale and a distance 
of 100 parsec or more for the Scorprus source are not 
inconsistent with the relatively high galactic supernove 
rate of 1/30 yr -! suggested by Shklovsky* 

The known distance and age of the Crab Nebula permit 
the theory to determme the present and imtial core tem- 
peratures of a possible neutron star at the centre For the 
assumed values of mass and radius, a distance of 1,100 
parsec and the measured flux of 2 x 10-* erg sec-! em-? 
4-1 at 6 A correspond to a black-body effective temperature 
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of 76 x 105 deg K, a present core temperature of 23 x 
106 deg K and an imitial one of 50 x 109 deg K The 
essential conclusion of these calculations 1s that 3f neutron 
stars exist they piovide a consistent explanation for the 
observed X-ray data 

Smee the Crab has been associated with the supernova 
observed by the Chinese in aD 1054, a similar ancient 
event mught be expected at the Scorpius position of 
a = 16h 15m, § = — 15? Kepler’s nova of 1604 1s more 
than 1 h to the east, far beyond the uncertainty of the 
location However, the list of Hs: Tse-tsung? includes 
five events associated with stellar groups surrounding the 
Scorpius position The Chinese recorded new stars near 
B, 3, x, or p Scorpu m 184 8c, A D. 436, and 4 D. 1584, 
while another was noted by the Japanese east of 9, x, d, 
and e OphiuchiinA D 891 Some of these may have been 
comets or ordinary nove The most mtriguing reference 
1s one by Humboldt? stating that around ap 827 the 
Aiab astronomers Haly and Giafar Ben Mohammed. 
Albumazar at Babylon saw a new star m Scorpius which 
was as bright as the quarter moon and was visible fo: 4 
months ‘This 1s an interestmg event even if further 
investigation of Arabic records shows that 16 occurred m & 
different part of Scorpius 

DonaLtp C Morton 
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PHYSICS 


Thermal Diffusivity of Non-metallic Materials 


To minimize the propagation of the effects of an abrupt 
change in temperature, an msulatmg material 1s requued 
with a low thermal diffusivity This property 1s propor- 
tional to the thermal conductivity and inversely propor- 
tional to the density and the specific heat, but because of 
the comparative invariance of the latter property among 
typical insulatmg materials, the diffusivity is almost 
proportional to the ratio of conductivity to density 
Although the conductivity of non-metallic materials 
decreases generally as the gross density decreases, their 
ratio, and hence the diffusivity, 1s found to pass through a 
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mmmum, so that materials with the lowest conductivities 
do not necessarily have low diffusrvities 

When an exammation was made of published experi- 
mental results!-* on the diffusivity at room temperatures 
of maternal which might be used for msulation, 1b was 
found, as shown in Fig 1, that the mmumum occurs with 
materials having gross densities of about 1 g/em? A wide 
scatter ıs to be expected from such a diversity of materials, 
ranging from expanded plastics, corks and timbers, 
through various plastics and rubbers to concretes and 
bricks, but the mmmmum ıs fairly well defined In such 
complex materials, the thermal properties depend so 
much on the structure that ıt seems unlikely that any 
particular physical significance can be attached to the 
existence of a minimum thermal diffusivity, though 
attention does not seem to have been directed to ıt 
hitherto 

In practice, the choice of a material to isolate tem- 
perature transients often depends on other factors such as 
thermal stability. Where the temperatures are not high 
enough to restrict the choice, however, 1t 1s indicated that 
the promismg materials are those with specific gravities 
around unity, which are often thermoplastics such as 
polystyrene With these materials the thermal diffusivity 
may be as low as 10-3 em?/sec 


B J BRINKWORTH 
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Influence of Electrode Coatings on Space 
Charge Distributions in Transformer Oil 


WueEn a static electric field ıs applied to a liquid insulant 
contamed between two electrodes, an accumulation of 
charge carriers takes place at the electrode-hquid boun- 
dares The transient disturbances which occur durmng 
conduction cwrent measurements, following the sudden 
application, 1emoval or alteration of the apphed voltage, 
are mdicative of such space charge formation It has 
recently been shown also that the build-up of space charges 
by static prestressmg can significantly affect the pulse 
breakdown strength of a liquid dielectric? The presence 
of space charges in an msulating gap produces a non- 
uniform distribution of voltage within that gap, a 
knowledge of this distribution and how ıb 1s affected by 
conditions at the electrode surfaces should contribute to a 
better understanding of the conduction and breakdown 
mechanisms m liquid dielectrics 

The present work forms a sequel to that reported m an 
earlier communication on the mfluence of electrode coat- 
ings on conduction currents m transformer oil* and gives 
the results of the steady-state lpotential distributions 
between electrodes in filtered transformer oil Both the 
coated and uncoated electrodes were of brass polished to 
a 0254 diamond paste finish These had a uniform 
field profile and a nominal diameter of 25 cem The coat- 
ings on the electrodes consisted of a pore-free film of the 
thermoplastic, ‘Penton’, 025 mm thick The voltage 
distribution between the electrodes was determuned using 
a traveling probe m conjunction with a galvanometer 
type electrostatic voltmeter The michrome probe wire, 
diameter 02 mm, was sheathed m glass, except for a 
length of 1 5 mm at the end which was exposed to the oil 
m the uniform field region of the gap With the direct 


1310 


voltages used, 10-30 kV, the probe current was below 
the detection Imt of the electrometer (~ 10-14 amp), the 
conduction current in the oil gap was of the order of 10-® 
amp and was independent of the probe position 1n the gap 

Typical potential distribution curves obtamed with both 
electrodes bare (4), cathode coated and anode uncoated 
(B), anode coated and cathode uncoated (C), and both 
electrodes coated (D) are shown m Fig 1 for a 10-mm gap 
at a nominal stress of 10 kV/cm and in Fig 2 for a 5-mm 
gap at a nominal stress of 60 kV/cm Each experimental 
pomt represents the steady value of the probe potential 
attamed after a period of 0 5-1 h 

The mechanism of charge carrier production in a hquid 
dielectric 1s still uncertam , ions of both polarities may be 
created by the electrolytic dissociation of impurities 
present m the bulk hquid or they may be formed at both 
electrodes, on the application of an electric field, through 
an electron exchange mechanism between the metal and 
the dielectric at the cathode and anode interfaces This 
latter mechanism, postulated by Schumann‘, 18 ın agree- 
ment with the experimental findmgs of Guizonnier* and 
of Croitoru> Processes at the interfaces are quite complex, 
but ıt 1s conceivable that, at the anode, areas of high work 
function would capture electrons from adjacent donor 
molecules, while at the cathode, accepto molecules would 
capture electrons from areas of low work function 

The measurements recorded here revealed an excess of 
negative charge carriers over positive ones, which 1s to be 
expected since at the cathode, even at relatively low 
nominal fields’, negative charges are mtroduced into the 
dielectric by an emission process The emitted electrons 
will form negative ions by attachment to oxygen mole- 
cules or to other electron trappmg impurities Under the 
action of an electric field the number of negative charge 
cairiers at the anode and the positive ones at the cathode 
will be largely governed by the nature of the electrode 
surfaces, m particular by the ease or difficulty with which 
they can be produced and neutralized at the respective 
surfaces The present results show that, by covermg the 
electrode surfaces with a thin film of msulation, the poten- 
tial distribution in the hquid gap can be greatly modified 

With a coated cathode and a bare anode (curves B) a 
strong double layer will be formed at the cathode by some 
of the positive ions arrrving there and the bound negative 
polarization charges at the surface of the msulating film 
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The film will acquire a net positive charge either by loss 
of electrons through field emission or by the formation of 
positive holes The loss of electrons will be partially 
compensated for by field emission from the underlying 
metal surface so that the resultant voltage drop across the 
film will not be as large as that across a similar film on the 
anode only (curves C) With the anode coated a high 
field 1s estabhshed at this electrode by negative charges 
arriving there from the bare cathode Owmg to this field, 
transport of electrons to the metal anode 1s maintained 
and a dynamic equilibrrum ıs reached when the flow of 
electrons across the film boundary ıs equal to the rate of 
negative ions, an excess of negative charges at the coated 
anode would produce a large voltage drop there 

When both electrodes are coated (curves D) the com- 
bined effect of the coatmgs on the anode and on the 
cathode 1s apparent in the sudden drop of voltage m the 
immediate viemity of both electrodes However, this 
drop ıs noticeably smaller than that which occurs when 
only one of the electrodes 1s coated In case D, the drop 
at the anode, ın particular, ıs less severe than ın case C, 
where the anode alone 1s coated This 1s not unexpeoted 
since there is a dearth of negative charge carriers at the 
coated cathode 

It 1s evident from the potential distribution curves that 
the field at the electrodes and that throughout the hqwd 
1S very sensitive to conditions at the electrode surfaces 
As the mechanisms of conduction and breakdown are 
dependent on both fields?:*, 1t appears that the very low 
field in the hquid bulk, obtained with coated electrodes, 
could greatly mfluence the breakdown voltage of a liquid 
dielectric gap Full details of the measuring technique 
and the results given here will be published elsewhere 

We thank Mr G H Hicklmg for his advice, Mr J Gray 
for building the test cell and carrying out the experrmental 
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Rheological Characterization and 
Incompressible Flow 


In the published literature ıt 1s sometimes stated that a 
knowledge of two normal stress differences as a function of 
shear rate together with the viscosity shear rate relation 
and the condition of mcompressibility is sufficient to 
characterize non-hnear viscoelastic flow because the con- 
dition of constant volume gives another relationship 
between normal stresses 

Consider the stresses to be divided up m the folowmg 
way 

wy = TH — p9u (2,9 = I, 2, 3) 
where p 1s an arbitrary hydrostatic pressure and 31; 1s the 
Kionecker ð, 

8 = Oft z 3 
-liífs-J 

Tf, for example, we consider a material in simple shearing 
motion (u, 0, 0) where u, = ka, mn the co-ordinate system 
(24, £a, £) and the normal stresses are (71,, 0, 0), which is & 
definite possibility The constant volume condition foi 
Zero p 18 

tu = 0 hquid 
but this violates the assumption about the stress distri- 
bution and does not apply 

In some work the stress 1s divided up in the following 
way 

aig = Tig — 3 Tek Òig 
and t”u = 0 by definition, but this does not give addı- 
tional physical information as 1s sometimes supposed 

In view of the foregoing no less than three functions of 
the normal stresses are required in general plus the 
viscosity-shear rate relation if volume changes are 
ignored ‘But the volumetric strain gives a further 
relation between the normal stresses 

`< J Harris 
Department of Civil and Mechanical Engineering, 
Queen’s College, Dundee 


GEOLOGY 


Occurrence of Karroo System Sediments in 
Ethiopia 

I wis to comment on Dr P A Mohrs recent com- 
munieation!, “Occurrence of Karroo System Sediments in 
Ethiopia” 

Two of Mohr’s conclusions are extremely far-reachmg 
from a paleogeographie pomt of view m that the Karroo 
‘System’, essentially a southern African group of forma- 
tions, 15 extended well north. of the equator into north- 
east Africa) However, before the following conclusions 
are accepted by African stratigraphers, they must ibe 
supported by more evidence to prove that (1) the pre- 
Adigrat sediments recently discovered resting on the 
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Basement Complex in the Blue Nile (Abba1) Canyon m 
Central Ethiopia are Permo-Triassic m age, (2) the newly 
discovered sediments are of Karroo type 

Essentially what Mohr and Jepsen have found is 8 
group of sediments of pre-Adigrat age which were deposited 
1n valleys cut ın the Basement Complex, which itself had 
been planated m pre-Adigrat times In my opmuon all 
that can be said at present about these sediments in 
terms of mternational chronology 1s that they are post- 
Basement Complex and pre-Bajocian in age 

In the absence of fossils, and no paleontological evidence 
for the pre-Adigrat beds 1s given in the communication, 15 
1t reasonable to assume that (1) the pre-Adigrat beds aro 
Permo-Trassic in age, and (2) the surface on which the 
Adigrat formation was laid down was formed m Late 
Paleozoic time ? 

The sub-Adigiat regional surface could equally well be 
much older than Late Paleozoic, and hthological similarity 
is not proof of age, especially when the deposits are 
correlated with the Duruma formation which at its 
nearest point is about 900 miles away 

Also 1t should not be forgotten that the type area of the 
Karroo ‘System’ 18 1n Cape Piovince, Orange Freo State 
and Natal wheio the composite section 1s more than 
35,000 ft thick, that the Karroo ranges in ago from 
Carboniferous to Lowor Jurassic, and that ıt consists of a 
great variety of rocks including tillites, volcanics and most 
common types of sediments 

Therefore, to suggest that pre-Adigiat “thm bedded 
blush-grey calcareous mudstones overlain by massivo 
dark grey sandstone beds” are of Karioo type, and in 
addition are Permo-Triassic in age, 1s unjustifiable in my 
opinion 

Clearly, then, before a Karroo label, as the title of the 
letter ımphes, 1s attached to the Blue Nile pre-Adigrat 
sediments, and before eperrogenie movements and ero- 
sional cycles of regional significance are dated, paleon- 
tological evidence must be provided to date these events 

A J WmuITEMAN 

Department of Geology, 

University of Khartoum, 

Khartoum, Sudan 
! Nature, 199, 1086 (1963) 


To ascribe the pre-Adigrat beds of the Abbai basin to 
the Karroo System has so fai been based, within the lımıts 
of certainty given in my first communication, on denuda- 
tional chronology, lithology, and relationship to the 
Mesozoic marine horizons Intended muero-paleontologi- 
eal and isotopic age-determunation work on these beds 
should further clarify their stratigraphical position 

The end-Paleozoic age of the termination of penoplana- 
tion of the Basement rocks ın northern, central and eastern 
Ethiopia has been accepted by most previous workers? 
and Prof Whiteman presents no evidence to support the 
doubts he now casts on this dating 

Prof Whiteman considers that the immediately evident 
disparity between the type Karroo System rocks and the 
pre-Adigrat sediments, m terms of thickness, variety of 
hthology, and spatial separation, 1s such that suggestion 
of a correlation of the latter with the Duruma formation of 
coastal Kenya 1s unjustifiable In this respect ıb 15 
interesting to note, for example, the recent attribution’ to 
the Karroo System of such distant and minor sedumen- 
tary outcrops as the Ecca-type shales of Uganda and the 
Mansa Guda clastics of northern Kenya While intimacy 
of spatio-temporal features of sediments 15 important mm 
making correlations, 1b 1s not critical 

P A Mom 

Haile Selassie I University, 

Addis Ababa, Ethiopia 
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Lognormal Components in Natural Poly- 
mineralic Associations 


LoaNomMAL distributions are commonly encountered 
in Nature! and are applicable to a wide range of variables 
The distribution was early used to describe the size 
distribution characteristics of detrital sediments’, the 
variable 1n these instances being either a diameter determ- 
ined by screening or direct microscopic measurement, or 
some function of shape, weight and projection area opera- 
tive m methods utilizing setthng velocities Departures 
from lognormahty are commonly met with, and recently 
an attempt has been made to extract from polymodal 
distributions lognormal components which are meaningful 
in terms of natural processes? 

A common source of polymodality m size distribution 
plots ıs the mhomogeneity of the gram population with 
respect to density and shape Density ın particular must 
be taken into consideration when size analysis 1s carried 
out by screening It 1s clear from considerations of 
hydraulic equivalence‘ that under a given set of hydraulic 
conditions grain-size associations will be partly determmed 
by the range of densities involved, and the fact that small, 
dense grams will accompany larger, less-dense varieties 
has often been demonstrated’ 

We recently had an opportunity to test the validity of 
the lognormal distribution of individual mineral species in 
polyminerahe shallow marine sediments collected on the 
shelf north-west of Cape Town, the results of which are 
recorded here The sediment yielded, after dry screening, 
the polymodal size distribution eumulasive reproduced in 
Fig 1 Microscopic examination showed that the material 
consisted of a znixture of whole shells (mostly Foramimfera) 
which frequently enclosed some foreign material, shell 
fragments, quartz and glauconite (glauconite is a green 
pellet-hke mineral, with a composition, m this case, 
sumiar to ıllıte—a clay mca), the latter makmg up about 
65 per cent of the whole The grain population was thus 
markedly inhomogeneous with respect to density and 
shape, so that lognormality of grain diameters as determ- 
ined by screening would not be anticipated 
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The glauconite componont was removed by magnetic, 
followed by heavy liquid separation, and screened The 
resulting cumulative curve is shown in Fig 2 It 1s 
strikingly lognormal Attempts to analyse the size- 
distribution characteristics of the remaining components 
were unsuccessful due to separation difficulties In addı- 
tion the range of shell forms present made ıt impossible 
to define a homogeneous shell population The quartz 
fraction could easily be recovered, but additions from the 
mteriors of hollow shells during treatment could not be 
accounted for, and undoubtedly influenced the results. 

It is of particular interest that the lognormahty of the 
diameter distribution of glauconite has not been mterfered 
with by the presence of an admixture of other grain types 

The glauconite does not appear to have mhented its 
size characteristics from origmal growth patterns <A 
log-log plot of length against breadth for the mmeral did 
not yield a straight line which so often occurs m matenals 
influenced by growth or decay? The area m which the 
sample was collected 1s washed by strong currents, and 1t 1s 
likely that purely mechanical processes were volved m 
the development of the textural features of the sediment 

It is tempting to go further and speculate that each 
mineral component 1n a mixed sediment will, under shallow 
marine conditions at least, tend to develop the lognormal 
form displayed so well by the glauconite here Accessory 
munerals such as zircon and ilmenite are characteristically 
lognormal in a variety of environmental settings, but 1t 
remams to be seen whether or not all the major com- 
ponents will behave 1n the same way 

A O FULLER 
A T Lrovp 
Department of Geology, 
University of Cape Town, 
Rondebosch 
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Negatively Skewed Distributions of Silica and 
Potassium in Igneous Rocks 


Pror L H Anrens' has proposed that the frequency 
distribution of silica from 440 granitic rocks of Japan can 
be deseribed m terms of two distributions This conclusion 
imphes that Japanese rocks are made up of two distinct 
population types, each having different silea content 
characteristics Prof Ahrens also states that “no specific 
statistical type has yet been assigned to these negatively 
skewed distributions” 

This communication pomts out first that a specific 
statistical type has, m fact, been proposed for the nega- 
tively skewed distribution of the type described by 
Prof Ahrens, and secondly that the presence of two dis- 
tributions 1s by no means established with Prof Ahrens’s 
argument 

A few years ago? I proposed that a distribution des- 
eribed by Johnson? as Sz 1s the type of distribution that 
one would expect to find ın Nature An examunation of 
the properties of this distribution readily shows that the 
transformation 


y = logz/(100 — x) = log æ — log (100 — x) 
where x 18 percentage composition leads to a normal dis- 
tribution m y In particular, for rare elements the quan- 
tity log (100 — zx) 1s essentially constant and, therefore, 
frequency distributions of rare elements should be log 
normally distributed 

So far as Prof Ahrens's argument suggesting two distri- 
butions, 16 18 based on a change m slope m the graph of 
cumulative frequency of silica from 440 gramtic rocks 
from Japan (ref 1, Fig 1) I have recomputed the 
percentage silica content (x) mto the transformed variable 
(y) and replotted on a cumulative graph (Fig 1) (The 
data for my Fig 1 were obtained from Fig 2a by Hatton 
et al *) To be sure, there still is a small deviation at the 
high silica content ın the same direction, but it 1s not so 
pronounced, since the transformed variable (y) 1s changmg 
In such a way as to reduce the effect 

It 1s not my contention here to dispute Prof Ahrens’s 
hypothesis of two distributions My contention 18 that 
the data and the analysis of that data are entirely made- 
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Fig 1 Cumulative frequency distribution of silica ın 428 granitic 
rocks of Japan plotted agamst y = log (z/100—z), where 7 1s silica 
content per cent 
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quate The conclusion or even the suggestion made by 
Prof Ahrens that the sihea distribution represents two 
populations is not justified from the available data 
Furthermore, the plotting of cumulative frequencies as a 
function of percentage for abundant components (50-99 
per cent) should by common sense lead to negatively 
skewed distributions A simple qualitative argument to 
show this goes something as follows If a component 1s 
very abundant, then all the other components are essen- 
tially trace elements with log normal distribution Since 
all trace elements and the abundant elements have to 
add up to 100 per cent, 15 follows that the two frequencies 
should be symmetrical about a point at 50 percent Prof 
Ahrens’s evidence 1s a consequence of trying to force fit a 
frequency function with range (— oo, + œ) to a random 
variable inherently restricted to a range (0, 100) 


Z V JIZBA 


Cahfornia Research Corporation, 
La Habra, 
California 
1 Ahrens, L H , Nature, 198, 373 (1963) 
2 Jızba, Z V , Geochim et Cosmochim , 10, 79 (1959) 
Johnson, N L, Bwmetrika, 86, 149 (1949) 


‘ Harton » ,Nozawa, R , and Saito, M ,Iné Geophys Cong , Proc Sect 14,40 


I THANK Mr Jizba for directing my attention to the 
fact that a negatively skewed distribution which ‘‘one 
would expect to find m Nature” has been suggested 
There aie other statistical types of negatively skewed 
distributions, but whether any of these or that proposed 
by Jizba describes the data under consideration better 
than the ‘double-normal’ description proposed by me? 
has yet to be ascertained It has been my experience, 
both with respect to the data under consideration (sıkca 
in Japanese granitic rocks) and to sevoral sets of other 
data?:? (silica in basalt + diabase, potassrum m granites, 
and in potassium-feldspar from granites and gneisses from 
southern Norway), that the observations are very satis- 
factorily described by the ‘double-normal’ procedure 

It 1s contended that if two straight-line segments (or 
close approximations to straight-line segments) of dis- 
tinetly different slope are obtained when the raw data are 
examuned on cumulative frequency paper, the distribution 
of the raw data may be satisfactorily described ın terms 
of parts of two normal distributions, truncated and juxta- 
posed (see also Green?) 

It has been mamtamed by Jizba that “< the plotting 
of cumulative frequencies as a function of percentage for 
abundant components (50-99 per cent) should by common 
sense lead to negatively skewed distributions”. This 
‘common sense’ 1ule 1s by no means generally valid Thus, 
for example, whereas the distributions of silica in granitic 
rocks of Japan and in gramtes of the world are negatively 
skewed?, silica in rhyohtes appears to be normally dıs- 
tributed’, although its average concentration 1s very high 
(73 per cent) In the basaltic rocks, basalt, dolerite and 
gabbro, silica follows distinctly different distributions? in 
each case, despite the fact that the silica abundance 
magnitude (œ~ 50 per cent) ıs the same Moreover, a 
constituent having a concentration distinctly less than 50 
per cent may also show negative skewness, for example, 
potassium in the examples mentioned above?, where the 
concentration magnitude may be as low as about 5 per 
cent 

L H AHRENS 


Mineralogisch-Potrographisches 
Institut der Universitat, 
Gottmgen, Germany 
1 Ahrens, L H , Nature, 198, 373 (1963) 
2 Ahrens, L H , Geochim Cosmochim Acta (m the press) 
3 Ahrens, L H , Geochim. Cosmochim Acta (submitted for publication) 
* Green, E J, Geochim Cosmochim Acta (in the press) 
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Unreliable Boron Analyses in Palaosalinity 
Investigations 


Empuasis has been placed on boron concentration in 
uhtes as a measure of paleosalmity Walker and Price? 
and Walker*, however, suggest that observed boron concen- 
trations be adjusted to correspond to 100 per cent illite 
contaimmg 85 per cent / potassium dioxide, usmg the 
observed K,O content, before estimating the palo- 
salinity 

The purpose of this communication 18 (2) to pomt out a 
possible error in boron concentrations determined spectro- 
graphically using the line B 2497 73 A, and (b) indicate the 
likely reason for an apparent correlation between boron 
and K,O 

Spectrographic determination of boron Most boron 
determmations have been made by using the lme B 
2497 73 A (wave-lengths are taken from ref 3) Use of 
B 2496 78 A is lumited because of a near comceidence by 
Fe 2496 53 A which can usually be partially resolved The 
coincidence of Fe 2497 82 A and B 2497 73 Å ıs also known, 
although the lines are too close in wave-length to be 
resolved in many spectra, but this comeidence has 
commonly been ignored because the mon line 1s believed 
to be very weak 

In the course of analysing 176 maine shale samples fox 
boron (unpublished) one of us (R B ) found that B 2497 73 

1s unsuitable for boron determination in either the first 
or second orders of a Jarrel-Ash Wadsworthmount 
spectrograph (dispersion 5 2 and 2 6 A/mm respectively) 
Consequently, an analytical method utilizmg B 2496 78 A 
m the second-order spectrum was used The results 
obtamed give lower boron concentrations for marme 
shales relative to other available data 

The lme Fe 2497-82 A has relative intensities of 15 and 
50 (ref 3) for arc and spark respectively It was decided 
to determme the relative sensitivities of ron and boron 
nes ın an effort to correlate boron determmations with 









Walker? Two methods were used, one using the 
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Samples burned m argon-oxygen atmosphere 
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Fig 2 


Samples burned in air 


Stallwood jet with an argon-oxygen atmosphere and the 
other omittmg the Stallwood jet and burning m ar 
Exposures of 120-140 sec were made at 8 amp on 
Eastman-Kodak type S A 1 plates Samples contammg 
8 per cent Fe,O, in an artificial shale matrix, with 
varying boron contents, were mixed with graphite in the 
ratio 1 : 2 before aremg 

Fig 1 shows the relationship of boron and iron peaks on 
a recording densitometer using an argon-oxygen atmo- 
sphere, while Fig 2 shows the same relationship for 
samples burned in air The results clearly demonstrate 
the 1ron interference on the higher wave-length boron hne, 
which would require considerably better resolving power 
than 2-6 A/mm to separate distmetly The results also 
show that in shales containing 8 per cent Fe,O,, analyses 
made using B 2497 73 A would be considerably m error 
at boron concentrations far above 32 p pm 

Relationship between boron, won and potash Observed 
boron variation in ilites? is in the range of 30-300 p pm 
with a few values over 500 ppm Tf these figures repre- 
sent iron, then iron must vary within a similar range, that 
18, Over values x per cent to approximately 10x per cent 
Sinee no data are available for boron and iron of mdi- 
vidual illites, an mdirect approach must be used Table 1 
presents K,O and Fe,O, (total ron 1s expressed as ferric 
oxide) for 11 fine fraction shales known to bo (mainly) 


Mhte The range for ron oxide ıs 1 33-10 15 per cent 
Table 1 
Source E,0(%) ^ Fe0, (%) 

Grim e£ al (ref 4) 6 93 

Grim et al (ref 4) 6 09 H ds 
Nagelschmidt and Hick (ref 5) 5 22 3 30 
Nagelschmidt and Hick (ref 5) 534 $23 
Nagelschmidt and Hick (ref 5) 512 164 
Nagelschmidt and Hick (ref 5) 5 23 133 
Nagelschmidt and Hick (ref 5) 5 34 271 
Nagelschmidt and Hick (ref 5) 522 201 
Mackenzie (ref 6) 631 3 85 
Candy (ref 7) 6 92 1015 
Candy (ref 7) 742 623 
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Fig. 8. Relationship between K40 and iron from data on illites 


which corresponds proportionately to that for boron 
The plot of K,O against Fe,0, m Fig 3 shows a positive 
correlation between K,O and Fe,0, This relationship 
may result m spurious correlation between K,O and boron 
Fig 4 shows a plot of boron and K,O, taken from 
Walker and Price! The two major groups of pomts, for 
marine and non-marine clays, respectively, each show a 
positive correlation It is the contention of this com- 
munication that these correlations are considerably 
influenced by the potash-iron oxide correlation, resultmg 
from the spectral hne comeidence discussed above 
Further support 1s given by the stronger correlation in the 
non-marme samples, for which the apparent boron values 
are lower and the effect of iron consequently dominant 
Conclusion A variation of iron from 1 33 to 10 15 per 
cent m ilhte coupled with the fact that there is an iron 
coincidence with the B 2497 A lme suggests that certam 
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Fig 4 Plot of boron and K,O data from ref 1 x, Dolomites, O, 
marine shales, 6, calcarenites, +, non-marine shales 
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reported boron determinations could bein error. This may 
produce spurious and rather mnusleadimg relationships 
between boron and K,O, and may affect the use of boron 
as an index of paleosahnity Spectrographers should 
avoid using B 2497 A for any :ron-bearmg samples 


R Buery 


McMaster University, D M Suaw 


Hamilton, Ontario 
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* Nagelschmidt, G , and Hick, D , Min Mag , 24, 1 (1943) 

* Mackenzie, R C , Min Mag., 31, 681 (1957) 

"Candy, G J, MSc thesis, McMaster Umv (unpublished, 1963) 


Bugry and Shaw direct attention to mterference of the 
widely used boron line at 2497 73 A by an iron line at 
249782 A They clearly demonstrate that iron nter- 
ference seriously compromises results obtamed from 
samples rich in iron (8 per cent Fe,0,) and low m boron 
(~ 30 ppm boron) They suggest that iron correlates 
positively with K,O (and hence white) ın shales, and con- 
clude that many published boron determinations might be 
in error and that iron interference might explam the 
observed positive correlation between K,O and boron in 
argilaceous materials 

The boron content of 1llite has been shown to be related 
to the salinity of the water from which the illite was 
deposited?-*. A palzosalmity-sensitive value ıs obtained 
by adjusting the observed boron content of a clay or shale 
so that the value corresponds to the boron content of pure 
ilte, the percentage K,O present ın the sample 1s used 
as a measure of the amount of illite present One would 
expect that a series of rocks deposited under conditions of 
similar salmity (that ıs, rocks the uhtes of which have 
similar boron contents) would show a good correlation 
between p p m boron and percentage K,O This correla- 
tion would obtain if all of the boron 1s contained in illite 
and if illite ıs the only potassium mineral present Such 
correlations have been demonstrated!-, they constitute 
evidence for the validity of the adyustment procedure out- 
lined above Furthermore, the adjusted boron values 
correlate well with petrographic evidence on the salinity 
of the environment of deposition 

Because of the divergent points of view expressed above, 
it seems advisable to re-examine the boron-K,0 relation 
m clays and to determine the extent to which apparent 
boron and iron concentrations are related This communi- 
cation contains previously unpublished data on uon, 
potassium and boron in purified illtic clays 

Boron was determined spectrographically by a method 
sunilar to that described by Bugry and Shaw The 
boron lme at 2497 73 A was used as the analyticallme, an 
unresolved beryllium triplet at 2494 A served as an mternal 
standard line 

Potassium was measured by an X-ray fluorescence 
method‘ Iron was also determined by an X-ray fluores- 
cence method Iron contents were computed from iron 
counting rates by reference to G—1 as a standard 

Forty-three samples were analysed for boron, iron, and 
potassium Thirty-three are Precambrian and 10 are 
Lower Paleozoic in age All are < 2u residues from lime- 
stones Most of the samples have been boiled in 1 N 
hydrochloric acid to remove chlorite and iron oxides 
I have described the sample preparation procedures in 
detail elsewhere 

Fig 1 shows & plot of ppm boron (observed boron) 
against iron expressed as Fe,O, The pioduct mean 
correlation coefficient (r) for this relation is — 0 03 
There 1s, therefore, no basis for rejecting the null hypo- 
thesis that p = 0 at the 5 per cent level of significance 
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Relation between total iron, expressed as Fe,Os, and boron 
for 43 ilitic residues from carbonate rocks 


Fig 1 
Fig 2 shows a plot of p p m boron against percentage 
K,O due to illie for each of the specimens The K,O due 
to illite 1s the observed K,O in a sample minus the K,O 
due to feldspar* The relation shown m Fig 2 provides 
& product mean correlation coefficient of 0 723 This 


Percentage of K40 due to illite 
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Fig. 2 Relation between boron and K,O due to ilhite for 43 ilhtic 
residues from carbonate rocks 
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value 1s above that required for the 0 05 per cent level of 
significance The large scatter m the data of Fig 2 is 
anticipated because these results represent rocks from a 
variety of environments Therefore, boron/ilhte ratios 
vary unsystematically compared with variations in the 
absolute amounts of 1lhte (K,O) in the different specimens 

The results in Fig 2 demonstrate a significant relation 
between boron and K,O due to illite in these purified 
ulitic clays No significant relation 1s found between iron 
and boron in the same clays Therefore, won. mterference 
on the boron analytical line is not a likely cause of the 
observed boron-K,O correlation within this group of 
samples It 1s suggested that previously published con- 
clusions are valid, that is, for many clays, boron varia- 
tions in 1lhtes are correctly mterpreted as salinity varia- 
tions in the environment of deposition 

On the other hand, the criticisms of Bugry and Shaw 
seem valid for boron measurements of palzosahnity on 
whole shales, im which high iron and low boron concentra- 
tions may be expected These conclusions underline the 
importance of applying the boron method only to separated 
and purified 1]htie materials Iron interference on boron 
hne intensity could provide misleading results on the boron 
contents of iron-rich materials In this connexion, ıt 
seems worth while to re-oexamine boron geochemical data 
on glaucomtes, ultra-mafic igneous rocks, and iron ores 
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METEOROLOGY 


Meridional Alignment of Tropical Cirrus Clouds 


A NUMBER of underlymg misconceptions must be 
pomted out in the recent suggestion by Kellner! that 
meridional alignment of tropical cirrus clouds results 
from geomagnetic interactions with the nuclei inside the 
carrus particles First, 1b 1s not an established fact that 
cirrus ice crystals are actually nucleated by dusts of 
meteoritic origin, although this ıs an interesting hypo- 


thesis that was introduced some years ago by Bowen? 


Secondly, if any meteoritic dusts do serve as nuclei at 
eirrus-levels 1t would be most unlikely that those of ron- 
nickel composition would be important Rather, ıt would 
be the stony component that might concervably offer 
epitactic surface nucleation sites for 1ce growth Actually, 
direct tests? of nucleating efficacy of stony meteoritic 
particles mdicate much lower nucleation efficiency than 
silicate dusts of terrestrial ongim, leaving even that portion 
of the meteoritic dust an unhkely source of cirrus nuclei 

But even 1f one ignores the foregomg and considers the 
non-nickel component of the micrometeor flux entermg 
the upper atmosphere, 1t ıs very difficult to accept the 
remainder of Kellner’s suggestions Magnetic meteoritic 
particles collected at the Earth’s surface are almost 
mvariably spheroidal in form, and Sobermann’s recent 
rocket collections! of such particles at altitudes associated 
with noctilucent clouds tend to confirm this shape as 
typical A spheroidal ferromagnetic particle can scarcely 
be ‘oriented’ in an external magnetic field, due simply to 
its having no preferred axis Even if we ignore this, and 
consider the possibilty that some kind of orientation 
might be preferred, we must take account of the fact that 
we are speaking of nucle: generally about lu or less m 
diameter inside cirrus 1ce particles the characteristic dimen- 
sions of which are about two orders of magnitude larger 
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(crystals of order 100p in diameter), so any onenting 
torque on the nucleus could have only negligible effect on 
the orientation of the encasing crystal 

Finally, as the most fundamental objection of all, even 
if all the foregoing points be overlooked, orientation of 
mdividual ice crystals within a cirrus cloud m no way 
imphes orientation of the gross structure of the cloud itself 
the characteristic length of which 1s the order of kilometres 
to tens of kilometres in crus — Kellner offers no hint of 
the ultimate dynamics of any process by which cirrus 
strands might take up meridional alignment in the geo- 
magnetic field, and none ıs obvious In fact, all that is 
known of cloud dynamics suggests that one must look to 
the macroscopic field of air motions to account for cloud 
structure If 1t 1s true that tropical crus often take up 
meridional alignment, one should seek for explanation in 
terms of characteristic air movements at cirrus-levels and 
not in terms of any microphysical characteristics of the 
nucle) inside individual cirius ice crystals 

J E McDowarp 
Institute of Atmospheric Physies, 
University of Arizona, 
Tucson 

1Kellner, L , Nature, 199, 900 (1963) 
? Bowen, E G , Austral J Phys , 6, 490 (1953) 
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Dr MoDowar»n writes that meteoric dust 1s of spherical 
shape so that no preferred axis can occur, it must be 
pointed out, however, that the ferromagnetic materials 
occurring in meteorites such as pue iron and nickel, 
magnetite and hematite possess magnetic anisotropy 
which increases with decreasing temperature so that 
orientation along the axis of maximum magnetization 
takes place Serpolay and Toye! have shown, moreover, 
that 1ce shows epitaxial growth on magnetite (Fe,0,), 
between — 12° and — 22? C, the 1ce crystals form whiskers 
This epitaxial growth 1s probably facilitated by the forma- 
tion of hydrogen bonds between the adsorbed water and 
the oxygen of the magnetite Since the strength of the 
hydrogen bond ıs of the order of 7-10 kcal, the orientation 
of the magnetite nuclei in the geomagnetic field would 
enforce a corresponding orientation of the epitaxial 
growth of ice It would be of interest to know whether a 
correlation could be established between the frequency of 
the appearance of meridionally-algned cirrus clouds and 
the periodic meteoric showers With regard to the 
dynamics of the problem, ıt was pomted out in the 
original communication that this alignment is unstable, 
that 1s, the forces of the motion of the air overcome the 
magnetic forces 

L KELLNER 


Imperial College of Science and Technology, 
London, S W 7 
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RADIATION CHEMISTRY 


Radiation-induced Formation of the Univalent 
Mg‘, Zn* and Cd* from the Divalent Cations 
in y-Irradiated Ice 


Ir 1s now well established that the prmeipal primary 
reducing species formed ın the radiolysis of water and 
aqueous solutions are the negative polarons! Their 
occurrence in these media has been directly demonstrated 
by observation of their transient optical absorption 
spectrum im pulsed radiolysis expermments?? Although 
their direct observation by electron spm resonance or 
optical absorption spectroscopy has not been possible m 
the case of pure ice, trapped at defect sites, they have been 
characterized in alkaline ice at 77° K by both these 


NATURE 


1317 


techniquest5 Ther reactions with Bronsted acid solutes 
present ın ice to form hydrogen-atoms (identified through 
their characteristic electron spm resonance spectra) both 
mn. the presence and absence of various competing election 
scavengers have been reported previously?" In thus com- 
munication we describe their reactions with metal cations 
such as Mg**, Zn**, and Cd** to form lower oxidation 
states which are normally unstable Evidence fo: the 
oceurrence of Zn* and Cd*, but not Mg*, m aqueous solu- 
tions had been previously obtained? ın pulsed radiolysis 
investigations 

The electron spm iesonance spectrum of y-irradiated 
0 2 M cadmium sulphate in ice at 77? K is shown in Fig 1 
and similar spectra were obtamed when zinc sulphate 
(1 0 M) and magnesium sulphate (1 0 M) were the solutes 
Comparison of this with the spectrum of y-rradiated pure 
1ce revealed the presence of two new lines designated here 
as A and B, in addition to the OH’radical doublet On 
warming the specimens to about 100° K, the OH radicals 
decay rapidly®, whereas the decay of the species 1esponsible 
for these new lunes 1s very slow and, therefore, the spectrum 
(Fig 2) recorded at 77° K after the brief annealing at 100° 
K consists only of the hnes A and B That hnes A and B 
are due to two different species was established by anneal- 
ing as well as optical bleaching experiments On annealing 
at 110° K, the lme B disappeared first, whereas the line A 
1s the more easily bleached on exposure to ‘white’ hght 
from a projector lamp Furthermore, the response of 
Ines A and B are different towards different scavengers as 
discussed here 


Table 1 *g-FAcTORS OF SO, AND THE UNIVALENT CATIONS MG*, ZN+ 


AND CD* IN THE ICE MATRIX 














Designation g-factors | 

Species on I ——————, ————À ' 

Figs land 2 gi fs fs | dar l 

SO. A 2 0053 2 0135 20187 | 20125 | 
Mg* 9-79 | =.= | 19053 | 19953 

Zn* B nZ% | Z%Z | fosg 1983 
Cd* =.= | 19880 19989 ! 19916 

| 





* Caleulated according to the method indicated in ref 11 for spectra 
from polycrystalline or glassy matrices Relative errors on the g-factors 
given here are estimated to be + 0 0003 and the absolute errors + 0 0007 


The line designated A was found to be identical in shape 
as well as g-factors (Table 1) m all the cases, namely, 
magnesium, zinc and cadmium sulphates as the solutes 
An identical hne has also been observed in the electron 
spin resonance spectrum of y-irradiated ice containmg 
sodium hydrogen sulphate’, m which case also 16 was noted 
that this hne could be optically bleached and that 1t was 
more stable than the H-atom and OH-radical doublets to 
thermal annealing at 110° K The sulphate group being 
common to all these systems, it 1s reasonable to attribute 
line A to a species contami, this group or any unit derived 
from ıt Since the g-factor (gay) for line A 1s found to be 
slightly larger than the free electron g-factor of 2 0023, 1t 
should be an electron deficient centre!" Its assignment to 
SO,- radical 10n. formed by the reaction of the positive 
polaron (H,O)* with SO,= according to 


SO,= + (H,0)+— SO, + H,O (1) 


would then be consistent with the fact that 16 13 an electron 
deficient centre The occurrence of reaction (1) was 
further confirmed by studying the effect of Fet+ It was 
found that the presence of less than 002 M ferrous 
sulphate in any of these systems was sufficient to reduce 
the intensity of hne A below the sensitivity of detection 
whereas ıt did not affect the intensities of the OH doublet 
oroflines B Also, comparison of the intensities of the OH. 
doublet in 1ce, both ın the presence and absence of ferrous 
sulphate, revealed that the OH radical yield in 1ce at 77° K 
1s not affected by Fet+, which is understandable since the 
OH radicals are not mobile in ice at this temperature 
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Fig 1 Electron spin resonance spectrum of y-1rradiated 0 2 M cadmium. 
` sulphate ice at 77° K 
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Fig 2 Electron spin resonance spectrum of y-lrradiated 0 2 M cadmium 
sulphate ice after annealing at 1009 K until the OH doublet dis- 
appeared, spectrum recorded at 77° K 


Being a powerful reducing agent, Fet+ should be a good 
(H40)* acceptor, as represented by the reaction 


Fe** + (H,0)* — Fe*** + H,O (2) 


Competition between reactions (1) and (2) would then 
explam the observed effect of Fett on lme A, which can 
therefore be reasonably attributed to the species SO; 

The g-factor (gay) for hne B 1s shghtly smaller than that 
of the free electron, which indicates the species responsible 
for this line to be an electron excess centre!? Also Cdtt 
when present m y-urradiated 1 0 M NaHSO, ice at 77° K 15 
found to be very effective m reducing the hydrogen atom 
yield, and also gives rise to line B Previously’, 1t has been 
shown that the hydrogen-atoms i sodium hydrogen 
sulphate result from the reaction of the negative polaron 
with HSO, and that the yield of these hydrogen atoms 1s 
greatly reduced in presence of various electron scavengers. 
It 1s, therefore, reasonable to attribute hne B to the 
species Cd+ formed by the reaction: 


Cd++ + (H,0)--» Cd+ + H,O (3) 


The same arguments hold for the case of Zn** and Mgt*t. 
Further evidence for this view comes from an examination 
of the effect of other electron scavengers such as hydrogen 
peroxide, and Fet++ on the mtensities of hnes B In all 
cases less than 0 002 M. concentrations of these were suffi- 
cient to reduce the intensities of lines B markedly 

We therefore attribute hnes B to the univalent Mgt, 
Zn* and Cd* species and the lme A to the SO,- species 

The g-factors of the Mgt, Zn* and Cd* species are given 
m Table 1 The closeness of the g-factor to the free elec- 
tron value indicates that the unpaired electron occupies an 
8-level with httle, if any, spm orbit coupling, which 18 as 
expected from the electronic structure of these species. 
There 18 also a regular decrease ın the g-factor in gomg 
from Mg* to Cd+, which probably reflects the increase m 
binding of the unpaired electron as, m fact, the univalent 
cation of the next higher element Hg 1s stable at room 
temperature m aqueous solution 

One of us (P N M) thanks the A E E T, Bombay 
(India), for 1ts support 


P N Moortsy 
J J 
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Nature of the Metal-cyclopentadienyl 
Bonding in Some Organometallic Molecules 


Swor the discovery of ferrocene, bis-7-cyclopentadieny]- 
won, the cyclopentadienyl hgand has been used in the 
preparation of a large number of organometalhe com- 
pounds Its x-bonded complexes have often been des- 
eribed by fairly sophisticated theories, although one 
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Fig 1 Molecular geometries of (a) dihydrodi-z-cyelopentadienylmolybdenum (ref 2), 
3), (c) e n arte a dg 
hexakia(trifluoromethyl)benzenerhodium (ref 4), and (d) z-cyclopentadieny! 


(b) tricarbonyl-z-cyclopentadienylethylmolybdenum (ref 
fluoromethyl)cyelopentadienonecobalt (ref 5) 


Fig 2 Diagrammatic representation of the molecular orbitals of the cyclopentadienyl ring 


difficulty ın assessmg the value of the various structural 
models has been the lack of precise values of molecular 
parameters, even in ferrocene, disorder in the crystal? 
makes an accurate determmation of carbon-carbon bond 
lengths somewhat difficult Recently we have investi- 
gated the molecular structwes of a number of organo- 
metallic compounds, and details of the molecular geo- 
metres, as we 1equue them for the present discussion, are 
shown in Fig 1 
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It is assumed, and generally accepted, that 
m the bis-x-cyclopentadienyls or any other 
m-cyclopentadienyl complex possessmg es- 
sentially cylindrical symmetry around the 
metal 10n (for example, z-cyclopentadienyl 
manganese tricarbonyl), the ca1bon-earbon 
bond-lengths ın the cyclopentadienyl hgand 
are all, within experrmental er101, identical 
The molecular geometries summarized here 
are distinguished by (1) the lack of cylin- 
drical symmetry around the metal 10n, and, 
we suggest, as a consequence (2) localiza- 
Cc tion of electron density in the cyclopenta- 
dienyl ring, the standard deviations of the 
o observed carbon-carbon bond-lengths 1ange 
from 0 02 A to 0 03 A so that significance 
ean be attached to a numbe: of the bond- 
length differences of Fig 1 
Tho first discussion of the possibility of 
locahzed metal-cyclopentadienyl bonding 
is that of Dahl and Wei® ielating to the 
structure of (2,3-bw-(methoxycarbonyl)-27, 
5-norbonadien-7-yl)-n-cyelopentadienyl 
nickel The bond-lengths in the cyclo- 
pentadienyl rmg vary from 139 A to 


147 A (c = 002A) and, therefore, like 

143 1-46 the present values, the differences appeai 
138 to be statistically significant The varia- 

I43 ^ tion m niekel-earbon bond-lengths also 


led Dahl and We: to provide an explanation 
1n essentially valence bond terms im so far 
as they suggest that the results originate 
from the tendency of the nickel (II) 10n to 
achieve & square planar configuration 
using dsp* hybrids ‘These authors, there- 
fore, predicted that localized metal-cyclo- 
pentadienyl interactions might be found in 
complexes of the closely related rhodium 
(I) andindium (I) Our results suggest that 
ıt 18 more useful to examine the bonding 
within the framework of the molecular 
orbital approximation 

In the cyelopentadieny] anion, the six 
z-electrons are distributed among the 
three molecular orbitals designated in the 
usual way as the a, e,t and e, orbitals 
(Fg 2) 

Provided the doubly degenerate e orbitals 
are equally occupied, there is uniformity 
of electron density around the ring and, 
therefore, identity of carbon-carbon bond- 
lengths A considerable proportion of the 
metal-hgand bondmg arises from overlap 
of the degenerate dy, and dz, orbitals of 
the metal with the e molecular orbitals of 
the cyclopentadienyl rng If now the 
degeneracy of these ‘d’ orbitals ıs lifted 
through the field around the metal ion 
having less than cylindrical symmetry 
there seems no a prior, reason why the 
= respective metal orbitals should combine 
equally, ın terms of overlap integral, with 
the e,* and e,- molecular orbitals (as Dr 
S F A Kettle has pomted out to us 
some asymmetry m molecules such as 
z-O,H,Co(CO), can be anticipated although one might 
regard them as having cylindmeal symmetry around the 
metal, the local Cn symmetry of each of the two ‘halves’ 
of the complex should have n > 3, for only then do degen- 
erate representations exist) In other words, the removal 
of metal orbital degeneracy also serves to remove the 
degeneracy of the bonding orbitals on the cyclopenta- 
dienyl rng — Examunation of all the observed bond 
lengths together with those of Dahl and Wer shows a 
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consistent scheme which can be readily understood. If 
one formally writes the structure 


H 





H H 


as representing the bond-lengths ın the cyclopentadienyl 
ligand, then one finds that the group of atoms C,, C, and 
Ca, having bonds of relatively low bond order compared 
with that for C,-C,, 1s always trans to the relatively strong 
field ligands on the opposite side of the molecule, for 
example, one of the carbonyl groups of (b). Thus 
by either electrostatic effects, T-bondmg or both, we 
obtain a perturbation of the ‘d’ orbitals which serves to 
remove thew degeneracy over and above the normal 
crystal field sphtting effects We thus obtain the situation 
that donation of electrons from the two degenerate e 
orbitals of the cyclopentadienyl ligand into metal ‘d’ 
orbitals 1s unequal with a concomitant loss of five-fold 
symmetry in the ligand 
We should pomt out that 1f we follow Dahl and Wei in 
postulatang bonds to the central atom of the 'allyP group 
and the centre of the carbon-carbon bond opposite, we 
should arrive at a co-ordmation number of six for molyb- 
denum in (a) and (b), but there seems little value in 
doingso We would predict, however, that more detailed 
examination of the bond-lengths m complexes, where 
crystal structures have been reported, would be valuable 
Thus some asymmetry in the cyclopentadieny] ligands 
would be expected, for example, in the structures of 
(T1C1,(0H;),)O (ref 7) and Ti(C,H,), Cl,Al(C,H,), (ref 8) 
It will, of course, be impossible to draw conclusions from 
such data as the nuclear magnetic resonance spectra for 
reasons which have been discussed previously®, but careful 
comparisons of the infra-red spectra of these and other 
complexes in the solid-state and m solution would offer 
some independent check that the results of Fig 1 do not 
arise from some unknown systematic errors m the X-ray 
data which would mvahdate estimates of the accuracy 
of the bond lengths 
We thank the University of Sheffield (M J B ) and the 
Department of Scientific and Industrial Research (MRC 
and M. G) for providing research studentships This 
-work was supported by the US Aur Force through its 
European Research Office 
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Reduction of Silica in a Hydrogen Discharge 


Ir 1s well known that silica, can be reduced by carbon at 
temperatures of the order of 1,600°—2,000° C, to yield the 
volatile silicon monoxide Among other reported methods 
for reduemg silica the use of silicon at 1,000?-1,300? C at 
pressures of 10-*-10-5 mm}, or at 1,600? C and atmospheric 
pressure?, appears to be effective The existence of the 
810 molecule m vapour form ıs well established from 
spectroscopic data, and when the vapour condenses the 
deposits formed consist of muxtures, dispersions or 
possibly solutions of silicon and S810, Such deposits, 
because they are readily obtamed as thin, hard, trans- 
parent layers which are lughly resistant to chemical 
attack, have been used as coatings for optical surfaces, m 
electrical capacitors, solar cells, etc 

It has now been found that S10, 1s readily reduced by 
the ‘active’ hydrogen species present ın a microwave 
discharge 

The microwave apparatus consisted of a 2,450-Me/s 
magnetron and associated waveguide apparatus previously 
described? The working tube was of 1 m imternal 
diameter clear fused silica which was found to suffer no 
attack itself during the reaction 

Pieces of flat, clear silica plate about 1 x 3 cm were 
bent into a u shape and inserted mto the workmg tube 
so that the two end faces were at right angles to the flow of 
gas and to the electrostatic field withm the guide Com- 
mercial hydrogen was purified by first passing ıt through 
& catalytic oxidizer, then through magnesium perchlorate, 
and finally over zircon1um powder held at 850° C before 
bemg admitted to the vacuum system through a needle 
valve Within the discharge apparatus the hydrogen again 
passed over zirconium powder at 850° C prior to impinging 
on the sihca samples The pressure used was usually 
25mm 

With the discharge established at a power of 400 W 
input to the magnetron, an almost colourless transparent 
film appeared withm a few minutes on the walls of the 
working tube adjacent to the sample As the reaction 
proceeded this film became a hght amber colour; then as 
it thickened further 1t changed through dark orange to 
almost black At 400 W the temperature of the silca 
sample was approximately 810°C The reaction was more 
rapid with a power input of 650 W, under which condition 
the temperature of the sample was 900° C 

Durmg the course of the reduction the sample became 
deeply etched m appearance and after several hours the 
vertical portions often disappeared At 650 W the S10, 
could be removed at a rate of 0 075 g/h 

The deposit on the walls of the working tube in the 
immediate viemity of the sample was smooth and shiny, 
and represented 80 per cent of the S10, removed from the 
sample No other sold deposit was observed, even m & 
lquid-air trap, but the trap contamed traces of a volatile 
substance, possibly a hydmde If this was washed out 
with dilute acid and evaporated to dryness with sulphune 
acid small amounts of S10, resulted X-ray analysis of the 
wall deposit proved 1t to contain a considerable amount of 
elementary silicon, the pattern of this element bemg well 
defined Other hnes corresponded to various forms of 
810, but did not constitute a complete pattern of any of 
the well-known modifications of this compound The 
deposit was very hard and was msoluble m concentrated 
hydrofluoric acid On oxidation it changed to a pale 
brown and increased in weight by 34-35 per cent The 
theoretical merease for the reaction 


Sı + $10, + 0,— 2810, 


18 36 3 per cent Hence the material evidently contained 
approximately equal proportions of silicon and $10, 

The energy of the hydrogen species present in the 
microwave discharge, and responsible for the above reduc- 
tion, unhke that carried by the neutral or excited hydrogen 
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atoms produced at lower frequencies’, ıs sufficient to 
break at least one oxygen atom from the $10, molecule to 
give 10 A possible reaction, involving H;* 10ns, 18 


S10, + H,* > &)0(g) + 40,+ + H, 

AG, — 205 + 354 -—3054 141 O 
+ 149 + 1105 
AG therefore bemg —38 5 keals 


No. 4926 


The formation of a volatile silicon compound strongly 
suggests that the second oxygen bond may be broken also. 
The bond energy O-810 ıs not known, but 1t 1s presumably 
lower than that of S1—O, which is 186 keal/mole A 
comparison may be made with CO, which 1s broken down 
readily im a high-frequency field of 30 Mc/s‘ to give 
CO + O, the bond energy O—CO, which 1s 128 kcal/ 
mole, 1s well within the range of lower frequency discharge 
energies The C—O bond, however, has an energy of 
256 7 keal/mole and 1s too stable to be broken under such 
conditions 

This represents a new technique for coatmg objects and 
has the advantage that only $10, and hydrogen are 
present m quantity imn the system and the reaction rate 1s 
readily controlled 

F K McTaceart 
CSIRO 
Division of Mineral Chemistry, 
Chemical Research Laboratories, 
Melbourne 
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New High-pressure Polymorph of Sodium 
Fluoride 


RECENTLY, Piermarm: and Weir! found a high-pressure 
transition (from the face-centred cubic to the ossium 
chloride-typo structure) between 9 and 15 kbar in 
anhydrous rubidium fluoride Somewhat later transitions 
were also found for cesium fluonde and potassium 
fluoride? Bmdgman found no evidence for high-pressure 
polymorphs in any of the alkah fluorides and noted that 
the fluorides appeared to be anomalous ın this respect 
For the case of sodium fluoride Bridgman! stated that “the 
shearing curve definitely has a maximum near the end of 
the pressure 1ange, leading to the expectation of a tran- 
sition Because of the interest which any transition 1n this 
particularly simple compound would have, unusually 
careful exploration was made with the volume apparatus 
Runs were made at 25°, 125°, 150°, and 175° C It ıs 
certain that there ‘is no transition with the large volume 
change associated with the change from face centred to 
body oeéntred, which 1s the transition anticipated” 

Pressures up to 50 kbar were generated ın a piston- 
cylinder apparatus simmlar to that previously described’ 
Possible transitions were investigated with the volume- 
discontinuity method? Hopkin and Willams AnalaR 
grade sodium fluoride was prepressed into a cylindrical 
pellet about 1 in. long by 0 5 in. in diameter, and wrapped 
in thm lead foil Piston displacement versus pressure 
was plotted 

The curve obtained at room temperature was excep- 
tional m that ıt appeared that the compressibility of 
sodium fluoride imereased with mereasmg pressure—a 
highly unusual effect At 157 5° C 1t was clear that a new 
Ingh-pressure polymorph of sodium fluoride appears at 
183 + 10kbar The transition ıs exceedingly sluggish, 
and ıs not yet completed at 45 kbar It ıs consequently 
not possible to measure the change ın volume, but such 
change 1s certainly more than 5 per cent, perhaps much 
more Armed with this knowledge, the room temperature 
curve (26 5° C) could now be interpreted as being normal 
with the transition at 168 + 20 kbar These uncer- 
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tamtıes are due maimly to the difficulty im detecting the 
onset of the transition While the transition 1s reveisible, 
at least at 157 5° C, 161s then even more difficult to detect 
The usual corrections for friction, hysteresis, etc, were 
made 

This new transition appears to be the long-looked-fo: 
transition from face-centred cubic to the cæsium chloride 
structure Confirmation by means of high-pressure 
X-ray studies would be very welcome Although this 
transition 1s exceptionally sluggish, 16 1s unmistakable in 
our apparatus, and 15 1s not clear why Bridgroan?:* failed 
to detect 16 
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Pretoria 

1 Piermarını, G J , and Weir, © E, J Chem Phys , 37, 1887 (1962) 
?'Weir, C E (personai communication) 
3 Bridgman, P W, Phys Rev 48, 893 (1935) 
‘Bridgman, P W , Proc Amer Acad Arts Sc, 72, 45 (1937) 


5 Kennedy, G C , and Newton, R C , Solds under Pressure (McGraw-Hill 
Book Co , Ine , New York, 1963) 


*Jayaraman, A , Klement, W , Newton, R. C, and Kennedy, G C, J 
Phys Chem Sohds, 24, 7 (1903) 


Separation of Permanent Gases by 
Open Tubular Adsorption Columns 


In conjunction with investigations aimed at ieducing 
the size, weight, and carrier gas consumption of a space- 
borne chromatograph for breathmg atmosphere analysis, 
an open tubular (Golay) adsorption column, capable of 
separating fixed gases, has been designed Separation 
was achieved for hydrogen, oxygen, nitrogen, and 
methane  Base-lne resolution of oxygen and nitrogen 
was obtained as shown m Fig 1 So far as I know, the 
separation of permanent gases with coated open tubular 
columns has not yet been reported 

Petitjean and Leftault!, and Mohnke and Saffeit?, 
described open tubular adsorption columns prepared by 
activating the inner walls of capillary tubmg More 
recently, Halasz and Horvath’, Schwartz, Brasseaux and 
Shoemake*, and Kirkland discussed the preparation of 
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Fig 1 Separation of (1) hydrogen, (2) oxygen and (3) nitrogen 
Column 75 ft x 0040 m internal diam open tubular column with 
molecular sieve 5A deposited on the mside wall Temperature of 
analysis 26°C Miniature thermistor detector, 5 mV recorder 
Sample sizes and carrier gas (hehum) flow-rates (A) 10 ul , 12 ml/min, 
B)10#1,15 ml/mm, (C) 1 ml, 12 ml /mn 


open tubular adsorption columns prepared by coating the 
tube walls with adsorbents held ın liquids as colloids or 
suspensions 

The column was prepared by successively building up a 
coating of pulverized molecular sieve 5 A on the previously 
ioughened walls of a 75-ft copper tube (0 04 in. internal 
diam) The particle size diameter of the adsorbent was 
less than 20u The detector used in this work was a 
muuature thermistor thermal conductivity cell having 
an internal volume of 0012 ec The column appeared 
to be quite stable afte: subjecting 16 to the adverse con- 
ditions of exceedingly Ingh flow-rates and moderate 
mechanical vibration Elution times were unchanged, 
and no loss of adsorbent was observed 

It 1s teresting to note that the sample capacity of the 
column was considerably higher than had origmally been 
expected For example, adequate resolution was obtained 
foi oxygen and nitrogen usmg up to leo of ar as the 
sample, as shown m Fig 10 When utilized m this system, 
the measured detectability of the thermal conductivity 
cell was 1mproved due to the decreased dilution effect at 
low flowaates, and the relatively rapid elution of the 
peaks The mmimum detectable quantity calculated for 
oxygen was 1 x 10-? g/sec 
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Four-co-ordinate Complexes of Carbon 


INVESTIGATIONS 17 these laboratories of the complexes 
formed by the 1s? core (Light) elemerts, berylhum and 
boron, with the ditertiary arsine, o-phenyleneb:s(dimethyl- 
aisine) (refs 1 and 2) (I), have now been extended to 
carbon Compounds of the type [CH;AsE,]* X- (X = 
halogen), have been known for a long time and more 
recently? derivatives of the type II and IIT have also been 
described 
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^ We have now developed this series to mclude complexes 
in which the same carbon atom is co-ordinated to two, 
three and four, arsenic atoms, examples of the last two of 
these were previously unknown We 1eport here salts of 
the type 


[H.C diarsme]?+ [X-], and [C(diaisine),]**[X-], 


where X = Br, I and CIO,, using the ditertiary arsme 
(I) above The compounds were isolated as white, 
stable crystals after treating the ditertiary arsine with the 
stoichiometric amount of CH,X, or CX,, and heating in a 
sealed tube, or, in some cases, simply allowmg the reagents 
to stand at room temperature for several days The per- 
chlorates were prepared by adding sodium perchlorate to a 
concentrated solution of the bromide We have also 
reacted CHBr, and CBr, with tritertiary and tetratertiary 
arsines, 1espectively, and ale examinmg the white sold 
products 

The analytical data and melting pomts of the diarsine 
compounds aie given m Table 1 ‘The salts are readily 
soluble ın water and all the halide ions ean be titrated with 
silver nitrate The conductivity of these solutions 1s in 
accordance with their formulation as 2 J and 4 1 
electrolytes, ım the latter case the data mdicate a con- 
siderable amount of 10n-association, as would be expected 
for such a large cationic charge (Fig 1) 
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= AN. Fig 1 Molar conductivities of aqueous solutions of (C diarsıne:] X, as a 
Me Me Me Me |24 | | function of concentration (€, Perchlorate, ©, iodide, €, bromide 
NA xO W Me Me |2+ 
As As + NZ The unique feature of these new compounds ıs the 
d d NS X As + number of quaternary arsenic atoms (or co-o1dmate 
| | H, N 4, links) associated with the same carbon atom Just as one 
| [Br]; and CH, [P171]: can formulate complexes of metallic elements with fou 
| E P x l 2 co-ordinate links ın, for example, the complex! (Zn(diar- 
As ae Key A sine);]**[C1O,-], so the compound [C(diarsine),] **[C1O,-], 
EN P Me Me can also be written at least formally as shown in Fig 2 
Me Me Mo Me It is not suggested that there 1s any real distinction 
- - € + — 
is between the 1epresentations R,As—C and R,As — C, but 
it ıs important to emphasize that no sharp distinction 
I II III between, say, Be(II) and C(IV) can be made and that there 
Tablel ANALYSES AND PROPERTIES OF [H;C DIARSINE]X; AND [C DIARSINE?]X , 
Analyses (per cent) m H,0 
Melting Mol conduct 
Compound point Cc H As Halogen hm-! at 
(°) M x 103 
Calculated Found Calculated Found Calculated Found Calculated Found 
[H.C d]Br,t 220 288 285 3 43 325 324 348 353 250 
[HC dil, 239 23 8 237 32 29 — — 458 458 246 
HAC d] [C10]; 270 26 4 267 36 34 300 30 0 — — 202 
C di]Br,; 82 280 280 36 33 332 300 354 35 6 + 
[C dll, 231 231 232 30 29 274 271 465 469 x 
[C da] [CIO,], 243 257 26 3 33 40 305 307 — = £ 





* See Fig 1 
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Fig 2 Brs-o-phenylenebis(dimethylarsme)carbon(IV) tetraperchlorate 
is simply a gradual transition from Li(I) to C(IV) as the 
formal charge on the central atom increases 
The X-ray diffraction powder pattern of bw-o-phenyl- 
ene-bw(dimethylarsine)earbon(IV) tetrabromide shows 
that the salt 1s not isomorphous with the corresponding 
Ti(IV) complex, TiCl, 2 diarsine, a full structural determ- 
mation by Dı P Pauling is m progress 
The extension of these investigations to Gel, and the 
other group IV halides and to the trihalides of group V 
elements 1s ın progiess Previous work by Sutton led to 
the isolation of derivatives of the type PCl, diarsine m 
which the five-co-ordinate phosphorus atom ıs almost 
certainly square pyramidal owing to the presence of a lone 
pair of electrons There is evidence that by using more 
vigorous conditions removal of halogen atoms from the co- 
ordination sphere can be effected 
This work was supported in part by the US Office of 
Naval Research 
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Electronic Structure of Xenon Difluoride 


THIS communication describes the results of some very 
approximate calculations relating to the electronic struc- 
ture of XeF, The treatment 1s of the four electrons 
associated with a framework FtXett¥+ The various 
wave functions of the molecule which were tested were 
constructed from the 2p, orbitals of the two fluorme 
atoms and the 5p, orbital on the xenon atom, the 
three atoms being in a straight hne along the z-axis It 
has been assumed that, for this approximate treatment, 
other atomic orbitals can be neglected The excitation 
of an clectron from a 5p to a 6s orbital in a xenon atom 
requires about 8 25 eV and to a 5d orbital about 10 eV, 
and fiom a 2p to a 3s orbital m a fluorme atom about 
12 eV! These are such large energies that the restriction 
to the p-orbrtals seems to be reasonable 

There are four mdependent configurations of the correct 
symmetry which can be constructed usmg the three 


p-orbitals Using a valence bond formulation these may 

be represented by 

I FXeF qr = (abbe) + (cbba) 

II F—Xe* F- bi = (abec) + (bacc) + (aabe) + (aacb) 
and F- Xe—F 
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HI F+ Xe F- 
and F- Xe F+ dir = (aabb) 

IV F- Xet F- ypy = (aace) 
where a, b and c represent the p-o1 bitals on the three atoms 
F, Xe and F The symbol abbe symbohzes the anti- 
symmetrized determinant with the spm-funotions assigned 
1n the order opo 

The following gives a summary of the way in which the 
values for the integrals for the configuration interaction 
and approximate treatments weie obtamed The overlap 
1ntegral fab was calculated using Z’(F) = 2 6 and Z’(Xe) = 
2 15? and a XoF distance of 2 0 A (ref 3), fac was taken to 
be zero The kinetic energy integrals fa]A|a and Jb| Ald 
were given values obtained fiom 1omzation potential data, 
using the Virial Theorem, fa] A[b, ete , were calculated using 
Roothaan’s formula with Slater orbitals‘ The core 
integrals fa aa and fb bb were given values obtained fiom 
ionization potential data Assuming that both the 
electron charge distributions, aa and bb, could be app1oxi- 
mated using two given spherical charge distributions 
(since both a and b are p orbitals) an effective nuclear 
charge was chosen for each centre and, using these, fa bb, 
[a ab, etc , were calculated The electron-electron repul- 
sion integrals were also calculated usung these spherical 
charge distributions The value for faa aa agreed 
approximately with the value expected from the difference 
between the ionization potential and electron affinity of 
the fluorme atom and that for fbb bb with the difference 
between the appropriate first and second ionization 
potentials of the xenon atom It is true that the exact 
values of these mtegrals must be unrehable, but their 
relative magnitudes and their general pattern 1s almost 
certainly correct Consequently they are most likely to be 
adequate to decide which approximate wave function 
gives the lowest energy and, therefore, the most satıs- 
factory simple representation of the electronic structure 
The configuration interaction treatment gives an energy of 
— 161.73 eV with the function 0223 dq; + 0270 br 
+ 0039 dm + 0547 dy The results for various 


+ (bbcc) 


Table 1 RESULTS USING VARIOUS APPROXIMATE FUNCTIONS 
Type Wave function Constant, we E—Eg, 
Molecular (a + kb - c)? (a -- c)? k=1 _ — 161 07 0 66 
orbital k=y2 — 160 04 169 
k=0 78 (best) —161 26 047 
Heitler, London ya — — 158 14 9 59 
Bond orbitals (a@+kb)*c? + a(e+hb)* k=1 —157 90 3 83 
k =0 51 (best) —160 43 130 
Coulson (a+ kb) (b+ ka)cc + k =4 62 (best) —159 45 2 28 
Fischer (e+hb) (b -- Ac)aa. + 
equivalent terms 
NPSO (ref 5) a(a+kb) (kb -- c)c + L-1 —161 61 012 
(non-paired equivalent terms k +092 (best) —161 65 010 
spatial-orbitals) 
Configuration 
interaction See text — —101 73 0 


approximate wave functions are shown in Table 1 (com- 
pare with Hirst and Linnett5), in each case a calculation 
has been made ın which the energy has been minimized 
with respect to a variable k The result indicates that the 
wave function based on the formula 


- Xe H 
| uw uM 
is the best of those tested Moreover, the calculated 
energy for this function 1s very close to that obtained 
using the full configuration interaction tieatment 
J BiLHAM 
J W LINNETT* 
Inorganic Chemistry Laboratory, 
University of Oxford 


* Present address Department of Chemistry, University of Califorma, 
Berkeley 
1 Atome Energy Levels, Cire 467, Nat Bur Standards (1949 and 1958) 
2 Slater, J C, Phys Rev, 36, 57 (1930) 
3Long, H A, and Agron, P A, J Amer Chem Soc, 85, 
3 Roothaan, C. C J, J Chem Phys ,19, 1445 (1951) 
> Hirst, D M, and Linnett, J W,J Chem Soc, 1035, 3844 (1962), 1068 

(1963) See also Chong, D P , and Linnett, J W ‚abad (to be published) 
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BIOCHEMISTRY 


Effect of lodination on the Biological Activity 
of Insulin 


Ir has never been possible to prove directly that 
1odinated insulin molecules and normal msulin molecules 
are biologically indistinguishable This is partly because 
of the heterogeneous nature of 10do-1nsulin preparations 
and partly because the notorious insensitivity of msuhn 
bio-assays makes ıt difficult to detect small losses of 
biological activity In view of the mereasimg use of 
10dine-131 iodo-insulin as a radioactive tracer for msulin 
it 15 important to know that they behave identically In 
these experiments the biological activities of various 
10dine-131 10do-insulin preparations have been compared 
with the average number of iodine atoms per msuhn 
molecule A sudden drop m biological activity has been 
observed when the degree of 10dmation exceeds about 
3 atoms 10dine/mol By mtegrating these results with 
existing knowledge’? on the probable degree of hetero- 
geneity of various 10do-insulin preparations indirect 
evidence has been obtamed that 10dine-131 10d0-msulin 18 
a valid tracer for the natural hormone, provided that 1t 15 
nob too heavily 10dinated 

Ox insuhn (6 times recrystallized, kindly supphed by 
Boots Pure Drug Co ) was 10dinated ın alkaline glycine 
buffer with 10dine monochlonde? The 10dinating solu- 
tions contained the same amount of 1odine-131 but 
different amounts of iodine monochloride, so that the 
specific activities of the final preparations were always 
about 2 me /mg, but the degree of 10dination varied from 
k j 00) 9 0 atoms of 10dine per insulin molecule (mol wt = 

All 10do-msulns were prepared less than 24 h before 
uso, so that radiation damage was mmmal 

The biological activities were compared, by measuring 
the glucose uptake of rat hemidiaphragms incubated for 
90 min in 2 ml of Krebs-Ringer bicarbonate buffer con- 
taming 2 5 mg glucose/ml and 500 uU of 1000-insulin/ml 
Each experiment was designed as a balanced incomplete 
block so that errors due to differences between rats could 
be minimized The corrected mean values for glucose 


Table 1 STANDARD CURVE FOR INSULIN GLUCOSE UPTAKE PER GRAM OF 
DIAPHRAGM TISSUE IN THE PRESENCE OF VARIOUS INSULIN CONCENTRATIONS 


Tnsulin concen- 


tration (ut/ml) 1,000 500 100 0 10 
Glucose uptake/g 
tissue 10 09 885 758 477 4 66 


Probabihty of 
significant dif- 
ference between 


successive means 099>P>095 099>P>095 >099 <090 


Error variance = 0158, error degrees of freedom = 6, standard error 
of treatment mean = 0 251 
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uptake were then ranked ın descending order, and Duncan’s 
multiple range method-* was used to determine the signifi- 
cances of differences between all pairs of means 

The concentration of 500 uu insuln/ml was chosen 
because ıt does not stimulate the glucose uptake of the 
diaphragm to its maximum This 1s shown in Table l, 
which also demonstrates that thero 1s a clearly detectable 
difference between the effect of 100 uU insulin/ml and 
500 uv/ml 

Table 2 shows that there is no detectablo differenco 
between unlabelled msulm and 10do-msulns contaming 
up to 3 2 atoms 1odine/mol At higher levels of 1odination 
the biological activity falls off rapidly until at 6 8 atoms/ 
mol nones detectable This fall-off in activity 1s striking, 
even when the msensitivity of the assay 18 taken into con- 
sideration, and these results suggest that there 1s some 
particularly significant change in the insulin molecule 
when this level of 10dination is reached The possibility 
that there 15 a gradual but undetectable drop in activity 
with the lower levels of 1odinaétion has not been excluded, 
but ıb seems unhkely smoe uniodinated msulin has 
actually resulted m a lower mean glucose uptake than 
some of the 10dinated insulins in two of the three experi- 
ments 

Even if an undetectable drop mn biological activity has 
occurred m the preparations contaming 2 9 and 3 2 atoms 
10dine/mol their observed effect 18 unlikely to be due to 
msuln which remained uniodmated This would be 
negligible m these preparations, smce 10dine substitution 
ito the tyrosyl residues is not random The balance of 
evidence is that comparatively little di-10do-tyrosine ıs 
formed until most of the tyrosine has been mono-10dinated 
and that when msulm is 10dinated the A chain 18 10dinated. 
preferentially to the B cham 

La's? calculation that di-.odo-tyrosine 1s formed mme- 
diately the rate-hmitmg step of mono-iodmation has 
occurred seems to have depended on the presence of excess 
1odine in his experments Roche e£ al? came to the 
opposite conclusion when the proportions of iodine to 
tyrosine were more carefully controlled Chromatographie 
investigations by Gemmuill? indicate that when the tyrosyl 
residues m thyroglobulin and casein are 1odinated most of 
them are mono-iodinated de Zooten and de Brun? 
came to the same conclusions after examining insulin 
iodinated with up to 08 atoms 1odine/mol Leo! also 
finds that the mono-10do-tyrosine/di-10do-tyrosine ratio 
bears an mverse relationship to the degree of 10dination, 
bemg 6 7 at 0 34 atoms iodine/mol 

The preferential iodination of the A chain of insulin has 
been observed by various authors Leet? correlated 
substitution m the tyrosyl residue at position 26 on the B 
chain with hormone inactivation de Zoeten and. Havinga?, 
after 1odinating insulin m alkaline solution, showed that 


Table2 MEAN GLUCOSE UPTAKE PER GRAM OF TISSUE OF DIAPHRAGMS INOUBATED FOR 90 MIN IN 2 ML OF BUFFER CONTAINING 2 50 MG/ML GLUCOSE 
AND 500 LU/ML OF VARIOUS IODO-INSULIN PREPARATIONS 


Experiment 1 
Error variance = 0 5262, error degrees of freedom = 10, standard error of treatment mean = 0 4188 


Atoms 10dine/mol 32 10 28 0 51 76 
Mean (5)t glucose uptake/g tissue 922 970 963 8 99 581 3 71 
Probability of significant difference from iodine 32 « 090 «090 « 090 > 099 > 099 
Probability of significant difference between successive 
means < 090 < 090 < 090 > 099 > 099 
Experimen; 2 
Error variance = 0 7678, error degrees of freedom = 10, standard error of treatment mean = 0 506 
Atoms i0dme/mol 21 0 07 41 57 89 
Mean (5)t glucose uptake/g tissue 1026 9 95 909 572 4 43 3 75 
Probabihty of significant difference from fodine 21 < 090 < 090 > 099 > 099 > 099 
Probability of significant difference between successive 
meang «090 « 090 > 099 095 > P > 090 < 090 
Experiment 3 
Error variance = 1 464, orror degrees of freedom = 21, standard error of treatment mean = 0 605 E 
Atoms 10dine/mol 0 09 20 29 34 50 *Basal 68 
Mean (7)t glucose uptake/g tissue 1191 10 96 1058 1051 901 7 48 521 510 
Probabihty of significant difference from 1odme 0 «090 «090 «090 > 099 > 099 > 099 > 099 
Probabihty of significant difference between 
Successive means < 090 < 090 < 090 < 090 < 090 099 > P > 95 < 090 


* Basal refers to glucose uptake in the absence of added insulin 
f Figures ın parentheses are numbers of hemidiaphragms from which each mean value 18 calculated 
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with the up to 0-8 atoms iodine/mol. about 50 per cent 
of the iodine is in the tyrosyl residue at position 19 in the 
A chain, and only 12-14 per cent in the whole of the B 
chain. At higher iodination-levels an increasing propor- 
tion goes into the tyrosyl residue at position 14 in the A 
chain. When a level of 3 atoms iodine/mol. is reached 
there is still only 21 per cent of the iodine in the B chain”, 
They conclude that tyrosyl A 19 can only be mono- 
iodinated, tyrosyl A 14 can be di-iodinated, and the B 
chain tyrosyl residues are not easily available for iodina- 
tion by virtue of the insulin structure. 

From this evidence it is concluded that the iodo- 
insulin preparations with 2-9 and 3-2 atoms iodine/mol. 
would not have contained a measurable quantity of 
uniodinated molecules. The existence of any biological 
activity at all in these heterogeneous preparations is 
evidence that at least mono-iodo insulin is effective. Since 
there has not been a detectable drop in biological activity 
it is reasonable to suppose that any actual drop was small 
and attributable to the more highly iodinated molecules. 
The iodo-insulin preparations in general use usually con- 
tain on average about 0-5 atoms iodine/mol. and therefore 
ean be concluded to be valid tracers for insulin. 

I thank the British Insulin Manufacturers for financial 
support, Mr. G. J. Knight, of the Wellcome Foundation. for 
his help in the design and statistical analysis of the 
results, Miss Anne Wigglesworth for carrying out the 
glucose estimations and Miss Brenda Sargeant for her 
skilled assistance. 
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Electrophoretic Characteristics of Lactic 
Dehydrogenase in Normal and Exudative 
Pig Muscle 

THE pig's 'Myopathie exsudative et dépigmentaire" 
which is called ‘Muskel degeneration’ in Denmark and 
"white muscle disease' in the Anglo-Saxom countries, in- 
cludes biochemical and physico-chemical disturbances 
which influence the quality of the meat. 

So far, this disease has not been detected in vivo, but 
is essentially characterized by some physico-chemical 
changes in the muscle. Among these are: a rapid fall 
of pH post mortem*, a low ultimate pH, a lower pigment- 
level and a lower water-holding capacity than in normal 
muscles. 

In other species (man, rat, etc.) metabolic myopathies 
can be observed which are characterized by some clinical 
features and changes in the protein constituents of the 
muscular tissue*. Indeed, electrophoretic studies of the 
muscle proteins and of some enzymes have shown differ- 
ences between normal and exudative individuals*-’. 

In the work enua here, an attempt has been mede 
to investigate some of these changes in exudative pork. 

We have already found*, by investigations following 
Poulik's starch-gel electrophoresis method’, that no 
qualitative differenees between normal and exudative 
muscle sarcoplasmic proteins seem to occur. 
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We also observed a marked decrease in the activity of 
lactic dehydrogenase in exudative muscles". Therefore, 
and because of the importance of this enzyme in lactic 
acid formation, which induces the fall in PH post mortem, 
we examined its starch-gel electrophoretic characteristics 
using a slight modification of Allen’s technique", 

Muscle samples were taken as quickly as possible, that 
is, about 20 min after the slaughtering. The samples 
were homogenized in 2 parts (w/v) water and centrifuged 
at 15°C for 15 min at 4,000 r.p.m. The supernatant 
material was immediately used for electrophoresis. The 
starch matrix was prepared using 0-03 M boric acid— 
sodium hydroxide buffer at pH 8:5. The bridge buffer 
was similar in composition but was 10 times more con- 
centrated. 

Electrophoresis was carried out for 5 h at room tem- 
perature (20° C) using a voltage drop of 6 V /cm along the 
length of the starch slabs. For the insertions, the fore- 
going supernatant material was applied to a 20 mm x 
6 mm strip of Whatman No. 3 MM filter paper, and the 
strip inserted into a transverse slit in the starch slab. 

After electrophoresis, the starch slabs were sliced into 
two equal thieknesses. The bottom half was then incu- 
bated for 1 h at 37° C in darkness, in a substrate mixture 
containing the following final concentration of reactants. 


T'rishydroxymethylaminomethane 


buffer pH 7:4 0-04 M 
(1) Lactic acid 01M 
Diphosphopyridine nucleotide (DPN) 01M 
Nitroblue tetrazolium (NBT) 0-5 mg/ml. 
Potassium cyanide 0-05 M 
Phenazine methosulphate (PMS) 20 y [ml. 


A very intenso and large cathodic band and 4 anodic 
bands were noted. The migration rate of these bands is 
the same for normal and exudative muscle. 

The staining of bands No. 3, 4 and 5 was lighter in 
exudative muscles. The No. 2 band was, on the contrary, 
darker than in normal muscle (Fig. 1). 

There seems to be a structural disturbance in the muscle 
lactic dehydrogenase in the exudative pig. This would 
cause, at least partially, the abnormal glycolysis process 
which characterizes the pig 'Myopathie exsudative et 
dépigmentaire'. 





Fig. 1. 


Electrophoretic patterns of lactic dehydrogenase from normal 
CN) and exudative (E) pig muscle 
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Such changes in pattern of the muscle lactic dehydro- 
genase may suggest that an in vivo diagnostic would be 


-'. possible by electrophoretic investigations of this enzyme 


in the blood plasma. 
J. CHARPENTIER 


R. GovTEFONGEA 
Laboratoire de Recherches sur la Viande, 
Centre National de Recherches Zootechniques, 
Jouy-en-Josas, Seine-et-Oise, France. 
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Sedimentation Behaviour and Molecular 
Weight of Choline Acetyltransferase 


Tux human placenta is known to be a rich source of 
choline acetyltransferase (acetyl CoA: choline-o-acetyl- 
transferase E.C. 2.3.1.6). Investigations have shown 
*-that this enzyme is very similar, in its kinetic behaviour 
and specificity, to choline acetyltransferase from other 
sources. In the foregoing work and in the course of 
purification of the placental enzyme (Morris, D., unpub- 
lished) it was of interest to determine its molecular 
weight, and to compare its sedimentation characteristics 
with that of rabbit brain enzyme. 
|. In the investigation reported here, the sedimentation 
coefficients of placental enzyme and rabbit brain enzyme 
were compared by two methods, both permitting the 
;examination of small amounts of an assayable component 
in a mixture. Sedimentation was carried out, either in a 
continuous sucrose gradient? or in the Yphantis-Waugh 
partition eell?, A preliminary estimate of the diffusion 
coefficient of rabbit brain enzyme, using diffusion in agar 
geli, has permitted the calculation of a provisional 
molecular weight for this enzyme. 

Placentel enzyme, from freeze-dried homogenates of 
several placente, and rabbit brain enzyme from an 
acetone-dried powder, were partially purified by am- 
monium sulphate fractionation. Three placental and one 
rabbit. brain preparations were subjected to centrifugation 


| in a eontinuous sucrose gradient at + 3^ C, as described 


by Martin and Ames*, but using 0-04 M phosphate buffer. 
pH 6-0.. The results of 4 such experiments are shown in 
Table 1. 

In one experiment pig heart malate dehydrogenase and 
yeast aleohol dehydrogenase (Boehringer) were included 
as marker enzymes in each tube. After centrifugation the 
tube contents were fractionated and assayed for choline 
acetyltransferase®, for alcohol dehydrogenase? and for 
malate dehydrogenase by a modification of the method of 
Siegel and Bing*. In the tubes containing placental 
enzyme consistent unexplained losses of marker enzyme 
occurred; the values shown for these enzymes were 
recorded from the rabbit brain tube only. Having located 
the positions of maximum enzyme activity, the Syo. 
(sedimentation coefficient) values shown were computed 
using tables of suercse density and viscosity. as described 
by Martin and Ames?. A partial specifie volume of 
0-725 em?/g was assumed for each enzyme. 

The S,,4, value of the bateh of malate dehydrogenase 
used was checked at two concentrations using a model E 
Spinco. analytical ultracentrifuge. The values obtained 
were identical (Table 1) and similar to other reported 
values for mitochondrial malate dehydrogenase’. Using 
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C Table 1 
| Sediment- | Sage "| 
Sw of Effective ation | Sved- | 
| centrifugation | duration | Enzyme | distance ; berg | 
i |j th) | (cm) | unis | 
| | 128  |ChAc., Placenta I 1-08 l dde | 
| ChAc., Placenta II 108 | 
| ; 1285 |ChAe., Rabbit brain 118 5; 
i Model Z Spinco f Duplicate E | $14 
| Rotor 51/39 | 1745 | ChAc., Rabbit brain | 159 | 518 | 
39,000 r.p.m. | | ChAc., Placenta I i3 | 476 | 
continuous | Chac., Placenta IH l4 (4:72) | 
sucrose građ- | i 5-06 
| ient | 16-57 | ChAe., Rabbit brain | 148 02) | 
i | | Malate dehydrogenase | 1:33 lasl | 
| | |Aleoholdehydrogenase | 229 | 804 | 
| Model E Spinco | | | 
| centrifuge i | | 
; 62,640 r.p.m. | Malate dehydrogenase | — | 458 | 
sing wedge — | i i | i 
| eell | i | i 
| pec DOE Iu 
Model E Spinco | axo | ct | gems 
| centrifuge o | 083 | ChAc., Placental — | £52 | 
| 59,780 p.m. | 08 |ChAc., Rabbit brain |  —- | 502 | 
|! using partition | i i | | 
cell | | | | | 
i | | | 





ChAc., Choline acetyltransferase. 


our value, and assuming that Sse w is proportional to the 
distance moved?, the values of S25, for the choline acetyl- 
transferases shown in parentheses in Table 1 were calcula- 
ted. It will be seen that the alternative values for malate 
dehydrogenase and for the choline acetyltransferases are in 
very good agreement. 

A slightly lower sedimentation coefficient for the 
placental enzyme was consistently obtained... The results 
in experiments using a partition cell confirm those 
described here, and again show a small difference between 
the two enzymes. 

A molecular weight of 67,000 for rabbit brain enzyme 


was derived from the mean value of S250 = 5-13 S, and 
the measured diffusion coefficient, Daw = 6:8 x 107 
em? sec-!, 
; ; . S .wt. LY? 
Using the relationship? E = mon wt n and 


mol. wt. 2/ 
assuming & similar shape and hydration for rabbit brain 
and placental enzymes. a molecular weight of 59,000 
was found for the latter. 

G. Burn 


A. FEINSTEIN 
D. Morris 


Agricultural Research. Council 
Institute of Animal Physiology, 
Babraham, Cambridge. 
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Pteridine Components of Wing Pigmentation 
in the Butterfly Colias eurytheme 


PTERIDINE pigments were first described by Hopkins! 
from the wings of pierid butterflies, and the first chemical 
characterization of several pteridines from this source was 
performed by Wieland, Schöpf, Purrman and their asso- 
ciates, as reviewed by Gates?*. Relatively little attention 
has been directed to pierid pteridines since, though Wey- 
gand and his associates have recently examined some 
aspects of pteridine biosynthesis in Pieris brassicae Linné*. 

Colias eurytheme Boisduval (Lepidoptera: Pieridae) is a 
convenient subjeet for investigation of the biological 
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Table 1 CHARACTERIZATION OF Cohas eurytheme WING PTERIDINES 
Colour Chromatographic Rp values m solvents Electrophoretic Absorption Known pteridine 
Cohas 1 [7 Í migration cm speetrum identical in the 
fraction Visible Fluorescence 1* ! 2t 31 4t toward anodet maximas (ma) properties tabled 
Yellow Yellow-green 033 | 0 36 0 0 22 22 255, 392 Xanthopterin 
Colourless Purple 021 029 026 | 021 17 254, 339 Isoxanthopterin 
Colourless Pale bine 007 021 015 011 165 240, 285, 345 Leucopterin 
Red Orange 011 025 0121 008 14 240, 320, 470 Erythropterin 
Yellow Yellow-orange 033 0 429 051 051 35 268, 440 Sepiapterin 
Chromatographic solvents 1, 4 1 11-butano! acelie acid water 2,3 1 31-butanol morpholhne water 3,2 1 l-propanol 1% aqueous 


ammonia 4,3 2 1-propanol pH 10 buffer 
* Whatman No 1 paper + Whatman No 3 MM paper 
hydroxide ‘Partial decomposition or conversion 


significance of pierid pteridines Pterdimes are deposited 
in the scales of the wings and, in company with melanin, 
they produce the orange and black wing pattern charac- 
teristic of this species O eurytheme 18 common and wide- 
spread m North America, 1s satisfactory for laboratory 
culture, and exhibits interesting genetic and seasonal 
variation m its wing pteridines In order to proceed to 
biological mvestigations of this variation, it was first 
necessary to identify carefully the pteridines present m 
this insect Approximately 45 mdividuals of both sexes, 
both wild-caught (from Virgmia and Minnesota) and 
laboratory-reared (breeding stock from Mississippi and 
Virginia), were examimed m the course of this identifica- 
tion. 

Procedures for isolation and characterization of the 
pteridines were as follows one fore- and one hind-wing of 
each individual msect were ceimeved (leaving the other 
two wings intact, thus preserving some record of the 
phenotype), and the pteridines were extracted with 1 ml 
of pH 10 carbonate—-bicarbonate buffer? for 1 mim on a 
boimg-water bath The wing residues, still bearing 
melanin, were removed and the remaining clear solution 
of pteridimes was applied -to chromatography paper 
Strips of Whatman No 3 MM paper, 125m x 22m, 
were usually used, with a total application per strip of 
200-400 ul. of solution, m a streak. When elution of the 
separated pteridines was not planned, sheets of Whatman 
No lpaper8in x 221n were used, and the test solutions 
were apphed ın 25 ul spots The pteridines were separ- 
ated by descendmg chromatography (see Table 1 for 
solvents), and electrophoresis at pH 10 (carbonate buffer) 
in an apparatus constructed as described by Markham 
and Smiths Blank strips were also subjected to this 
separation All separations were viewed under ultra- 
violet light (prmeipal emission 254 my) and the 
pteridmes located by their fluorescence Visible and 
fluorescence colours, Ay values, and electrophoretic 
migrations were recorded For exammation of ultra- 
violet and visible absorption spectra, separated pigment 
zones were cut out of the paper and eluted m 2ml 01 N 
sodium, hydroxide for 15 mim on a boihng-water bath 
Spectra were determined against eluants of blank strips 
in a Zeiss PMQ II spectrophotometer These results are 
presented in Table 1 

Five major pteridme fractions were obtamed from wild 
and laboratory-reared specimens of both sexes of Cohas 
eurytheme Pteridines of known identity were examuned 
for comparison with these fractions The pierids Peres 
rapae Linné and Phoebis argante Fabricius were used as 
sources of isoxanthopterm and erythropterin, respectively, 
since these compounds were origmally characterized from 
these species among others* Sepiapterm was obtamed 
by extraction from Drosophila melanogaster flies of the 
mutant stram ‘sepia’ Synthetic erythropterm was 
prepared afte: the manner of Visconti and Stierln’, 
synthetic leucopterm was prepared after the manner of 
Purrmann®, and synthetic xanthopterm was obtamed 
through the courtesy of the American Cyanamid Company 
As ıs evident from Table 1, each C eurytheme fraction 
proved to be identical m all respects to @ pteridine of 
known identity Xanthopterm, isoxanthopterm, leuco- 


i Electrophoresis at pH 10, 1,500 V for 2h § Spectra determined in 01 N sodium 


pterm, erythropterm, and sepiapterm were thus shown 
to be present in the wing pigmentation of this species 

The separation procedures were not equally effective 
for separation of all the compounds for spectral analysis 
Electrophoresis was useful for leucopterin, xanthopterm, 
and 1soxanthopterm, solvent 4 (propanol pH 10 buffer) 
was useful for erythropterm and sepiapterm, though 
erythropterm from natural sources usually had to be 
chromatographed twice to obtam a clean spectrum below 
400 mp Solvent 3 (propanol ammonia) attacked 
erythropterm, apparently to form tbe immo-derivative 
"lepidopterin'? The photolability of sepiapterm necessi- 
tated particular care m 1ts handling 

The spectra observed for xanthopterm, 1soxanthopterm, 
leueopterm, and sepiapterm agree with rehable values m 
the lterature!*:4_ The observed erythropterm spectrum 
agrees with that reported by Viscontini and Strerlin’, but 
differs from those of Tschesche and his associntes!?:18 
Spectra simular to those of Tschesche were obtemed from 
erythropterin when it was appreciably contammated by 
leucopterm and other pterrdmes Structural formule of 
all five compounds are available in the lterature?: 10:14 

Such a large assemblage of pteridmes seems not to have 
been reported from any one pierid species before, m 
particular, sepiapterm does not seem to have been 
previously found in butterflies The number of pteridmes 
18 somewhat curious, why are there five components of 
the C euytheme pigmentation, when the phenotype 
could certainly be dupheated by two or at most three of 
these pigments? Quantitative investigations of the 
biosynthesis and ontogenetic appearance of Cohkas 
pteridmes, and of their genetically and environmentally 
controlled phenotypic variation, are now m progress It 
18 expected that these mvestigations will shed new light on 
the role of the pteridines in the biology of the msects 
which produce them 

I thank Dr C L Remington and Dr G R Wyatt, of 
Yale University, for their advice, Dr W Lwowski, of Yale, 
for his advice on the preparation of leucopterm, Dr R B 
Angier, of American Cyanamid Co , for providmg xantho- 
pterm and a pteridine-synthesis intermediate, and O R 
Taylor, jun , and especially B Mather for help m obtammg 
some of the lwestock and field samples of Colas 
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In vivo Peroxidase Inhibitor in Bush Bean 
(Phaseolus vulgaris) Leaves 


RECENT reports from this laboratory described a 
peroxidase enzyme from bush bean roots which. catalysed 
the oxidative decarboxylation of oxaloacetate (OAA) to 
malonate! ^ Attempws to demonstrate this enzyme in 
crude extracts of bush bean leaves were unsuccessful 
Using standard enzyme purification procedures, however, 
one ofus (J Y L ) purtfied a peroxidase enzyme from bush 
bean leaves 240-fold and showed thai the purified enzyme 
was indeed able to convert OAA to malonate, confirming 
the presence of the peroxidase enzyme in bush bean leaves 
Subsequent studies showed that the crude enzyme prepara- 
tion from bean leaves contamed an imhibitor of peroxidase 
catalysed reactions Inhibitors of peroxidase catalysed 
reactions have also been identified m pea epicotyl', 
pineapple stem tissue’, and cotton leaf tissue*, but the 
extent to which these inhibitors exert their effect ın vivo 
has not been determmed This communication presents 
evidence indicating that the peroxidase mhibitor ın bush 
bean leaves mhibited the ın vwo peroxidase catalysed 
conversion of OAA to malonate 

Evidence concerning «n vwo mhibition of peroxidase 
was obtained by diminishing the supply of potassium to 
the plant, thereby decreasing pyruvate kinase activity? ® 
Under conditions of decreased pyruvate kinase activity 
phosphoenolpyruvate (PEP) 1s shunted to OAA? If the 
peroxidase inhibitor were absent or were inactive in vwo, 
this increased supply of OAA. could serve as a substrate 
for peroxidase and thus cause an increase in malonate 
content of the tissue If, however, the peroxidase mhibi- 
tor were active n vwo, the mcreased supply of OAA. would 
be an effective substrate for peroxidase 

Bush bean plants (Phaseolus vulgaris, var Tendergreen) 
were grown in sand culture usmg Hoagland’s No 2 
nutrient solution, complete and minus potassium Leaves 
and 100ts were harvested 44 days after planting, dried at 
70° C for 48 h, ground through a 40-mesh screen, and 
stored at room temperature until chemically analysed 
The organic acids were removed by three successive 10- 
min extractions with 80, 20, and 50 per cent ethanol (v/v) 
on a hot-water bath at 98°C The extracts were combined 
and passed through ‘Dowex-50 (H*) cation exchange 
resin and then through ‘Dowex-1 (HCOO)’ anion exchange 
resin The organic acids were displaced from the anion 
exchange resin and separated by the silica-gel column 
chromatography method of DeKock and Morrison?? The 
identity of the acid peaks eluted from the sihca-gel 
column were confirmed by co-chromatography on paper 
with authentic standards using a solvent system of ether/ 
acetic acid/water (5 2 1)" Potassium. was determmed 
from wet-ashed plant material using a flame photometer 
The results of this experiment are presented in Table 1 
When potassium was omitted from the nutrient solution, 
the potassium content of the tissue was greatly dummushed, 
while the malate content was mcreased markedly Since 
malate 18 m equlbrium with OAA, this observation con- 
firms the contention that potassium deficiency may shunt 
PEP to OAA 


Table 1 INFLUENCE OF POTASSIUM NUTRITION ON MALATE AND MALONATE 
IN LEAVES AND Roots OF BUSH BEAN 


Treatment Potassium. Malate Malonate 
96 dry weight pequiv jg dry weight 

Leaves 

+K 140 186 153 

-K 046 291 105 
Roots 

+K 135 44 79 

-K 0 62 85 120 


In addition, when potassium was omitted from the 
nutrient solution the malonate content of root tissues was 
increased while that of leaf tissues was decreased Since 
peroxidase mhibitors have not been detected ın bean root 
tissues the increase in root malonate confirms the conten- 
tion that the increased supply of OAA brought about by 
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potassium deficiency may serve as a substrate for peroxi- 
dase and be converted to malonate The failure to detect 
a comparable increase in leaf malonate suggests that the 
peroxidase inhibitor ın leaf tissues may cause an n vwo 
inhibition of leaf peroxidase and thereby prevent the 
increased supply of OAA from serving as a substrate for 
malonate formation 

Under conditions which shunt PEP to OAA one would 
anticipate a concomitant decrease m acetyl coenzyme A 
Hence, the observation that leaf malonate was actually 
diminished under conditions of potassrum deficiency 
suggests that malonate biosynthesis m bean leaves pro- 
ceeds via acetyl coenzyme A carboxylase The predomm- 
ance of the acetyl coenzyme A carboxylase pathway m 
leaf tissues 1s m agreement with the work of Hatch and 
Stumpf, who 1eported that bean leaf tissue contained 
acetyl coenzyme A carboxylase activity whereas root 
tissues were essentially devoid of this enzyme 
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Hexosamines in the Seeds of Higher Plants 
(Spermatophytes) 

AMINO-SUGARS, important constituents of various muco- 
polysaccharides and glycoprotems, are widespread in 
Nature Their occurrence, chemistry and biological role 
have formed the subject of several reviews in the past 
twenty years! 

Rather interestingly, apart from the animal kingdom, 
it 1s only in the phylogenetically lower classes of the 
vegetable kmgdom that the presence of hexosamines has 
been well established Glucosamine or derivatives of ıt 
are well known to occur 1n several bacterial polysaccha- 
rides? and cell wall polysaccharides, and glucosamine 1s 
also thought to be present in a chitin-like material obtained 
from the cell membranes of certain algz* and higher fungi 

In the seed-bearmg or higher plants (spermatophytes) 
hexosamines have never been clearly recognized as cell 
constituents although aqueous extracts of plant tissues 
have been shown to react with the Elson—Morgan reagent® 
Moteover, small amounts of UDP-N-acetyl hexosamine’ 
have been shown to occur m the nucleotide-bound sugar 
fraction of certain seeds and hexosamine 1s thought to be 
a component in lipopolysaecharides obtamed from bean 
and potato leaves*, but these ammo-sugars have not been 
isolated and crystallized 

In the work recorded here the hexosamine content of 
various seeds was investigated In order to exclude the 
possibihty of estimating artefacts known to be formed 
from amino-acids and sugars under certain conditions® the 
amino-sugars were first separated from other components 
of the seed by chromatography on an 10n-exchange resin 
column? (*Amberhte [R-120’, 50 x 1 cm, 0 38 N for Nat 
and pH 4 18) and the eluates were tested with the Elson— 
Morgan reagent! 
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Peas Clover Cabbage Tobacco Poppy Beet Spinach Wheat Oats 


Amount of 
hexosamine 
8/100 g dry 
seed * (96) 


0032 0051 0 039 0050 0032 0034 


NATURE 


0 038 


GLYCOPROTEIN-BOUND HEXOSAMINE CONTENT OF VARIOUS SEEDS 


1329 
Barley Rye Broad Runner beans Kidney beans 
grass beans (2 varieties) (5 varieties) 
0019 0013 traces 0017 0032 0 10-0 14 012-019 


* All materials were dried over P,O, for 30 min at 78° and 1-2 mm mercury pressure before analysis 


As no measurable amounts of free hexosamine were 
found, the finely ground seeds were hydrolysed, with 
hydrochloric acid under various conditions Hydrolysis 
with 06 N hydrochlorie acid at 100° hberated varying 
amounts of hexosamine from the seeds tested and gave a 
maximum value after 16 h Hydrolysis with more con- 
centrated acids and especially with 4 N hydrochloric acid 
proceeded faster and practically the same results were 
obtained after 2 h as with 05 N hydrochloric acid after 
16h There was, however, a 2-3 fold increase in this value 
by extending the time of hydrolysis to 48 h, but as hexos- 
amunes were known to be partly decomposed under these 
conditions!?1? the estimation of the total amuno-sugar 
content of the seeds was not attempted 

These hydrolysis experiments have indicated the 
presence of two different classes of components containing 
hexosamine ın the seeds of higher plants, one from 
which the ammo-sugar can be liberated under relatively 
mild hydrolytic conditions, and another with a much 
more resistant hexosamme hnkage These two forms of 
bound hexosamine were separated by partitioning the 
seed constituents between phenol and water!? when the 
relatively easily hydrolysable component passed quanti- 
tatrvely mto phenol This material contamed hexosamine 
and other monosaccharides firmly bound to protein The 
content of this glycoprotem-bound hexosamine in. various 
randomly selected seeds 1s given m Table 1 Al other 
components contammg amuno-sugar partly went into the 
aqueous phase and partly mto the precipitate formed at the 
interface of the two phases These materials underwent 
only a partial breakdown under the hydrolytic conditions 
used in this work and were not investigated further 

The glycoprotem-bound hexosamine of the seeds 
tested gave one peak only on column chromatography 
Its position was similar to that grven by a sample of 
authentic glucosamine To isolate this hexosamie 20 g 
of kidney beans were hydrolysed with 500 ml of 05 N 
hydrochloric acid at 100° for 16 h and the hexosamme- 
reacting material was separated from other components 
on an ion-exchange resm column (‘Amberlite IR-120’, 
0 38 N sodium acetate, pH 4 18), desalted, and crystal- 
hzed from ethanol-water yield, ll mg 

This material gave a colour equivalent of 96 per cent of 
that given by a sample of crystalline glucosamine in the 
Elson-Morgan test and ın pape: chromatography, electro- 
phoresis, column chromatography and on oxidation with 
mnhydrm could not be differentiated from glucos- 
amine Its DNP derivative! gave [x]p + 59° (c, 1 1m 80 
per cent v/v ethanol-water) Under identical conditions a 
sample of crystalune DNP-glucosamine gave + 63° 
(+65 + 3) (ref 16) It formed a crystalline Schiff-base 
with 2-hydroxy-naphtMaldehyde (ref 17), m p 200? (dec ) 
(2029-203?) (ref 17), [x]p(1nitial) + 280° and + 230° after 
16 h (c 1 m methanol) The authentic glucosamune 
derivative gave + 270° and 230°, respectively (+ 274? and 
217°) (ref 17) The Schiff-base was reconverted to 
glucosamine with hydrochloric acid and finally crystal- 
lized from water-methanol-acetone; [x]p + 71° (m 
water) 

This communication presents evidence that glucosamine 
18 & normal constituent of the seeds of higher plants 
(spermatophytes) and, furthermore, the work indicates for 
the first time the presence of glycoprotems containing 
glucosamine in higher plants There are some incom- 
plete results also presented here which show that some 
additional bexosamme, not characterized, may be present 
m the polysaccharide components of the seeds studied 


Work along these lines 1s 1n progress, and the isolation and 
pioperties of several native glycoprotems from seeds will 
be presented. elsewhere 

I thank Dr R L M Synge for encouragement, Dr 
N A Matheson for advice, and H G Mitchell for 
assistance 


A. PUSZTAI 


The Rowett Research Institute, 
Bueksburn, Aberdeen 

1 Meyer, K , Adv Protein Chem ,2,249 (1945) Stacey, M. , Adv Carbohydrate 
Chemistry, 2, 161 (1946) Foster, A B , and Stacey, M , abid , 7, 247 
(1952) Kent, P W, and Whitehouse, M W , Brochenustry of the 
Amano Sugars (Butterworth’s Scientific Pub , London, 1955) Bettelheim- 
Jevons, E R, Adv Protein Chem , 13, 35 (1958) Foster, A B, and 
Horton, D , Adv Carbohydrate Chem ,14, 218 (1959)  Winzler, RJ, 
The Plasma Protevns, 1, 309 (Academic Press, New York, 1960) 

act) M , Bacteral Polysaccharides (Charles C Thomas, Springfield, 

3 Salton, M R J, Bacterial Anatomy, Sixth Symp Soc Gen Murobol , 81 
(1956) Cummuns, C S, Intern Rev Cytol, 5, 26 (1950) Work, E, 
Nature, 178, 841 (1957) 

* Quillet, M , and Pron, M L,C R. Acad So , Paris, 256, 2903 (1963) 

sIvanow,N N , Matt russ Akad Wiss , 397 (1918) Scholl, E, Monatsch 
Chem , 29, 1023 (1908) 

5 ig O P , Young, H Y , and Krauss, B H ,J Biol Chem ,126, 233 

7 Bergkvist, R , Acta Chem Scand ,11, 1465 (1957) Solms, J, and Hassid, 
W Z,J Bol Chem , 228, 357 (1957) Gonzales, N S, and Pontis, 
H G, Bwchun Biophys Acta, 69, 179 (1963) 

5Gladyshev, B H , Brokhumya, 28, 210 (1963) 

° Vasseur, E , and Immers, J, Ark Kem, 1, 253 (1950)  Ammoff, D, 
Morgan, W T J, and Watkins, W M , Biochem J, 51, 379 (1952) 
Immers, J , and Vasseur, E , Acta Chem Scand , 6, 363 (1952) 

1 Pusztai, A , and Morgan, W T J, Brochem J, 88, 546 (1963) 

11 Rondle, C J M,and Morgan, W T J, Bwchem J, 61, 586 (1955) 

12 Pearson, © H , Biochem J , 88, 540 (1963) 

23 Westphal, O , Lüderitz, O , and Bister, F , Z Naturf , 7, b, 148 (1952) 

u ase H W, Moore, S, and Stem, W H,J Biol Chem, 219, 623 


15 Gardell, S , Heijkenskjold, F , and Roch-Norlund, A , Acta Chem Scand , 
4, 970 (1950) Stoffyn, P J, and Jeanloz, R W, Arch Biochem Bw- 
phys , 62, 373 (1954) 

16 Annison, E F, James, A T , and Morgan, W T J, Bwchem J, 48 
477 (1951) 

13 Jolles, Z E, and Morgan, W T J, Bwchem J, 34, 1183 (1940) 


Ability of Various Alcohols to interfere in the 
Calliphora Bioassay of Ecdysone 


Fraenkel and Rudal! found that, when mature 
Sarcophaga larve were immersed in methanol, cuticular 
darkening occurred withm a few days, ethanol was in- 
effective, but propyl, butyl and amyl alcohols were some- 
what active. Dennell? found a more rapid darkening in 
methanol and a slight effect with ethanol, and suggested 
that methanol broke down some inhibitor which normally 
prevented darkenmg until the onset of pupation This 
communication deals with the effects of injecting alcohols 
into Calliphora erythrocephala (Meigen) larvæ 

Mature Callıphora larvæ, reared on lean beef, were 
hgatured as described by Karlson’ for the bioassay of 
ecdysone After 24 h, larve were selected which had 
*pupated' m the anterior region only and these half-pupæ 
re-selected after a further 24h The pupated section was 
then excised and discarded and 10 ul of the alcohol ın- 
jected mto the cut surface which was again hgatured 
to prevent leakage Treated larva were placed on 
moistened filter paper m Petri dishes and kept at 25°C 
for 24 h when the percentage of darkened cuticle was 
visually estimated Each replicate comprised 15-20 larve, 
and larve injected with 10 ul of distilled water acted as 
controls Occasionally there was shght darkenmg m 
control larvæ, so the values shown in Table 1 have been 
corrected by Abbott’s method 
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Table 1 PEROENTAGE OF LARVAL SURFACE DARKENED 
Treatment Replicate 
1 2 3 4 
Methanol 35 40 
Ethanol 50 50 
n-Propanol 90 65 60 65 
n-Butanol 75 65 60 50 
n-Pentanol 75 90 80 65 
n-Hexanol 25 15 
n-Heptanol 0 
n-Octanol 5 0 
n-Nonanol 0 0 
n-Decanol 20 5 
n-Undecanol 0 0 
n-Dodecanol 0 0 


Propyl, butyl and amyl aleohols were the most active 
and the first signs of darkenmg appeared withm 30 mm 
of injection . there was no contraction comparable with 
that of natural pupation Fraenkel and Rudall found 
that these three alcohols, durmg mmmersion, darkened the 
hypodermus and other tissues of Sarcophaga, but not the 
cuticle and that the reverse of this occurred with methanol 
The present Calliphora larvæ were not exammed internally, 
but those injected with methanol outwardly resembled 
those treated with propanol, etc , and, more mportant, 
none of the treated larve looked different from those 
injected with a solvent-free ecdysone extract. Some of 
the active alcohols hsted in Table 1 may be used ın the 
extraction of ecdysone, but it 1s essential that they are 
completely removed before the preparation 1s assayed by 
the Callephora method It should also be noted that 
other solvents (acetone 25 per cent; xylene 30 per cent) 
have darkenmg activity, but when 19 esters of propyl, 
butyl and amyl alcohols were tested m the foregomg 
manner, all were shown to be mactive 

I thank Dr J Fraser (Chemistry Division) for his 
interest m this work. 
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Influence of Sexual Development on the Uptake 
of Oxygen and Production of Carbon Dioxide in 
the Aorta of Male Rats 


GoxADALregulation of aerobic and anaerobic metabolism 
in arterial vessels has already been reported)? Castra- 
tion increases the uptake of oxygen both ın male and ın 
female rats?, and sex hormones which normally depress 
the oxidative enzymes of the vessels! return these high 
values to normal. Furthermore, cyclic changes m the 
uptake of oxygen of the aorta have also been described m 
female rats The oxidative activity was lower during 
cestrus and higher during dicestrus*, these findings may be 
correlated with opposite circulating levels of sex hormones 

This communication describes the aerobic and anaerobic 
metabolisms in the aorta of male rats, starting before 
puberty up to late adulthood 

Male Long-Evans rats were given a standard pellet 
diet and water ad kb Light pattern, temperature and 
feedmg schedules were controlled and kept constant The 
determinations were carried out during the morning The 
ammals were killed by decapitation at 12, 30, 60, 90, 180 
and 300 days of age Tho aorta was excised and the 
adventitia rapidly stripped, gently blotted on filter paper, 
weighed in a torsion balance, rapidly transferred to 
Warburg vessels and placed in the bath withm 5-10 min 
after death of the ammals Uptake of oxygen was determ- 
med ın Warburg vessels of 13-15 ml capacity, Krebs— 
Ringer phosphate solution without subtrate (pH 7 4) was 
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used*, the gas phase was air and the temperature 37° C, 
0 2 ml of saturated sodium hydroxide solution was placed 
in the central well Carbon dioxide production was 
determmed in a Krebs-Ringer bicarbonate medium 
(pH 7 4) in 5 per cent carbon dioxide, 95 per cent nitrogen 
The manometers were gassed for 15 mun Equihbration 
was performed for 15 mm, the observation period took 
60min Results were expressed as ul gas/mg wet tissue/h 
(Qo, and Qco,) and have been compared with the 
Student's ¢ test according to Fisher and Yates? Other 
organs examined in these animals are reported elsewhere® 


Table 1, OXYGEN UPTAKE (Q0,) AND CARBON DIOXIDE PRODUCTION (QCO,) 


IN AORTA OF MALE RATS AT DIFFERENT AGES 


Body-wt Q0, (ul O./mg wet QCOg (ul CO,/mg 
Age* (g * “tisaue/h) wet tissue/h) 
12 days 20 + 1ł 159 + 023 (< 001)}} 126 + 010 («001( 
1 month 99 +2 074 + 003 068 + 010 
2 months 247+ 8 050 + 007 064 + 005 
3 months 340 + 12 044 + 006 086 + 007 (« 005) 
6 months 398 + 13 038 + 005 061 + 006 
10 months 564 + 24 025 + 002 (< 001) 034 + 004 (< 001) 
* Nine rats per group 
t Mean + SE 


1 Figures 1n parentheses are the P values for differences between adult 
(2-month-old) rats and rats of other ages 


As shown on Table 1, the uptake of oxygen and produc- 
tion of carbon dioxide 1s higher during early life and starts 
to decrease durmg the time of sexual maturation (in rats 
of this stram 50-60 days of age); in 10-month old rats ıt 
reached a value which was one-sixth that of those at 12 
days of age. 

These results confirm previous work» m which evidence 
of the regulatory influence of the sex hormones on the 
respiratory rate of aorta was reported 
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An Electrical Correlate to the Process of 
Learning. Experiments in Blatta orientalis 


Tas communication deals with the question of differ- 
ences between the electrical reaction of the nervous system, 
of normal cockroaches compared with cockroaches forced 
to learn a new motor performance 

The cockroach normally holds one antenna with the 
opposite fore-leg during the process of cleanmg From the 
first or second day after amputation of both fore-legs, 
the cockroach attempts to hold the antenna with one of 
the muddle legs, the msect 1s then unable to stand on the 
remaining three legs Later on, about the fourth or the 
fifth day the operated insect learns to use three legs as a 
tripod which sustains the body, and usually at the end of 
the first week 16 holds the antenna with one of the middle 
legs without losing its balance Indeed, this complex 
motor performance may be established, though only 
exceptionally, within the first or second day after opera- 
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tion The new motor behaviour continues unchanged in 
adult cockroaches observed up to 40 days after the 
removal of both fore-legs 

The central nervous system, from the cerebral ganglion 
to the third or fourth abdominal ganglion, was removed 
and examined ın viro An electrical stimulus was apphed 
betweon the esophageal ganghon and the first thoracic 
ganghon ‘The electrical activity of one of the motor 
nerves to the hmd leg was recorded (‘fifth’ nerve of 
Prmgle! The time which elapsed between the arrival of 
impulses to the third ganglion and the recording of the 
post-synaptic all-or-none propagated activity through 
motor fibres immediately after this ganghon, 1s referred 
to as ‘ganghonic delay’. Only the so-called ‘servile’ 
response? m normal and operated insects will be analysed 
here, that is, the post-synaptic all-or-none response 
obtained with a smgle pre-synaptic stimulus This 
response seems to be elicited in a monosynaptic circuit 

The servile response 1s present only in 10 per cent of the 
preparations obtained from normal cockroaches, and 16 1s 
charactenzed by a relatively variable ganghomic delay of 
about 4 42 msec (Fig 1) On the contrary, 90 per cent of 
the cockroaches with both the fore-legs amputated 7-40 
days previously show a servile response with a short and 
rather fixed ganghonic delay of 186 msec (Fig 1) All 
theso cockroaches had learned to hold the antenna with a 
middle leg Table 1 summarizes the results and their 
statistical significance 

The two operated cockroaches which gave no servile 
responses presented other striking variations of nervous 
activity as compared with the normal insect A detailed 
analysis of these changes will be reported elsewhere 

Similar results are obtamed when the stimulus 1s 
apphed at other places, as between the first and second 
thorace gangha, or between the second and the third 
Therefore, the changes of the servile response described 
here are not due to modifications ın the first and/or the 
second thoracic ganglia 

The electrical activity was also exammed m 13 cock- 
roaches with both the front legs removed only 2-6 days 
prior to the experiment In 11 out of this group of 13 
insects the servile response could not be elicited None of 
these 11 msects was yet able to hold the antenna with a 
middle leg. Of the two remammg operated cockroaches, 
one was able to hold the antenna the second day after 
amputation of the fore-legs Its nervous system was 
isolated and the servile response with a long ganghonic 
delay (48 msec) was found It might be suggested that 
this cockroach belonged to the 10 per cent of normal 
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Fig i. Delay of the servile response White columns, nervous system 

of operated cockroaches (both fore-legs removed from 7 to 40 days prior 

to recording), black columns, nervous system of normal cockroaches 

Abscissa, tıme (msec), ordinate, percentage of the occurrence of the 

response A, A response of an operated cockroach (2 units were recorded 

as demonstrated durmg fatigue), B, a response of a normal cockroach 
(1 unit was recorded), time (msec) 
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Table 1 
Groups Cases Servile response Ganglonic delay Statistical 
tested occurrence (%) z and s significance 
Normal cock- 
roaches 150 10 442 + 0370 £209 
Operated (fore- 
legs removed 
7-40 days prior 
to recording 22 90 180 + 0075 P < 0001 


msects which show the servile response The second of the 
two mentioned cockroaches learned to hold the antenna 
5 days after amputation Its nervous system was 
examuned on the sixth day after eperation, there was a 
servile response with a short delay (1 4 msec) 

The electrical activity of cockroaches m which only one 
of the fore-legs or both middle legs were removed was 
similar to that of normal cockroaches These operated 
cockroaches were from the start able to hold the antenna 
with one fore-leg, that 1s, no process of learning took place 

Deneivation hypersensitivity due to nerve degeneration 
seems to be excluded as the mechanism underlymg the 
observation reported here This 1s proved by tho fact 
that the removal of one fore-leg only or both middle legs 
does not alter the reaction of the nervous system Nether 
1s the removal of both fore-legs followed by any obvious 
histological alteration of the thoracic gangha up to the 
fifteenth day following operation® 

The observations reported here show that the cock- 
roach with amputated fore-legs must learn to stand on 
three of the remammg legs when holding the antenna with 
one middle leg This new motor behaviour ıs gradually 
learned m about a week and ıt remains unchanged so long 
as reinforcement continues The learning process seems 
to be closely correlated to changes m the electro- 
physiological activity of the third thoracic ganglion 

Our findings suggest that a nervous pathway mperm- 
eable (or closed) to a single pre-synaptic volley in 90 per 
cent of normal cockroaches becomes permeable (or open) 
during the process of learnmg 

The fact that the ganghonic delay 1s significantly shor- 
tened by the learning of a new motor reaction gives rise to 
the following questions (a) Is the pathway which 1s used 
after learmng comeident with that open in 10 per cent of 
normal insects? (b) Does learnmg mean opening a new 
pathway with a shorter ganghonic delay ? 

This work was supported by grants from the Rocke- 
feller Foundation and the U S Aur Force Office of Scientific 
Research, grant AF-AFOSR 62-387 
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Removal of the Inhibitory Effect of Hypertonic 
Solutions on the Contractibility in Muscle Cells 
and the Excitation-contraction Link 


Tue problem of the excitation-contiaction link m 
muscle cells has long been one of the chief fields of 
modern muscle physiology!* Of many reports ın this 
field one of the most interesting was the demonstration of 
the hibition of the linking function due to the osmotically 
hypertonic condition, as demonstrated by Hodgkin and 
Horowiez? Though this demonstration 1s striking, 16 does 
not help to analyse the linking system, smce the condition 
used 1s rather unspecific It seems to be of importance to 
search for substances which may remove the inhibitory 
effect of the hypertonic condition This communication 
deals with the problem and demonstrates that the potas- 
sium 10n has the aforementioned removing effect 
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We treated the whole sa:torms muscle of a frog (Rana 
temporaria) for 10-30 min with a Ringor’s fluid, m which 
all sodium chloride was replaced by potassium chloride 
(potassrum-Runger) After this treatment, the muscle was 
placed in a hypertonic Ringer’s fluid, which contained 
twice the normal concentration of sodium chloride (hypex- 
tonic 2x sodium chloride Ringer) The tension of a 
twitch response to a maximum direct electric stimulus was 
now maintained almost normal for about 1 h If the 
muscle was merely immersed into a hypertone 2x sodium 
chloride Ringer without the pretreatment with potassium 
Ringer, (he twitch declmed rapidly ın several munutes to 
some fraction of its normal value, according to the findings 
of Hodgkin and Horowiez? (Fig 1) 

It ıs clear from Fig 2 that the osmotic effect of tho 
hypertonic 2x sodium chloride Ringer itself on the muscle 
1s not affected by the pretreatment mentioned above, 
indicating that the removal of the mhibıtory effect in 
question 18 not brought about osmotically It can be 
shown that no recognizable changes 1n the action potential 
(form size and number) under the hypertonie 2x sodium 
chloride Ringer are produced by the pretreatment (Fig 3), 
indicating that the removal of the inhibition 1s not caused 
by the effect of the pretreatment on the membrane excita- 
tion From these results ıt could be deduced that the 
1emoval of the hypertome inhibitory effect 1s chemical m. 
nature and the potassium chloride given m the pretreat- 
ment changes the function of a strategic system, which 
hnks the excitation of the plasma membrane with the 
contractile response 

Further experiments show that the removal of the 
hypertonic effect occurs also with potassrum sulphate, 
indicating that the effect ıs specific to the potassium 10n 
Other experiments lead to the result that the removal of 
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Fig 1 Effect of pretreatment with the potassium ckloride—Ringer’s fluid 
on twitch response of frog sartornis muscle the hypertonic Ringer’s fluid 


4; and ds, from the same frog, i 1 1n 4, 90 min pretreatment with 


the potassium ehloride-Ranger's fluid, l H in b, 10 min pretreatment 
with the potassmum chlonde—-Ringer’s fluid The muscles were at first 
immersed ın the normal Ringer’s fluid (110 mM NaCl, 27 mM KCl, 
25 mM CaCl, and 6 mM NaHCO.) 1, exchanging the bathmg fluid 
for the Potassium chloride-Ringer’s fluid (110 mM NaCI— 110 mM 
KCI) |, exchanging the bathing fluid for the Tunger's fluid twice 
the normal osmctie pressure (NaCl— 220 mM) under the hyper- 
tonic condition the single electrical stimuli were given every 10 min 
the smoked drum was moved both when the muscle was stimulated 
electiically and when the bathing fluid was exchanged the numerals, 
t me (min), temperature, about 20°C 
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Fig 2 Osmotic change ın muscle width under the influence of the hyper- 
tonic Ringer’s flud and the 10-min pretreatment with potassium 
chloride-Ringer’s fluid O, Control, that 1s, without any pretreatment 
until exchanging the normal Ringer’s fluid for the hypertonic Ringer's 

@, with the 10-min pretreatment with the potassium chloride- 
Ringer’sfluid at 0mm the bathing fluid was replaced with the hypertonic 


Ringer’s fluid the mereased width of muscle at 0 min im the cage of the 

pretreatment was evoked by this pretreatment the muscle width was 

measured by means of a microscope at the more proximal place 5 mm 

from the poit at which the supplied nerve enters into the muscle, 

each point represents the mean en aeneae (for further details 
1g 


see 
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Fig 3 Action potential of the potassium chloride-pretreated muscle 
under the condition of the hypertonic Ringer's flud q, Control, 
that 18, without any Pretreatment, b, the pretreatment with the 
potassium chloride-Rünger's flud for 30 mm The measurement of 
the potential was done 40 mun after the immersion into the hypertonic 
Ringer’s fluid, glass capillary microelectrodes filled with 3 M. potassium 
chloride (10-20) megohms) were used to record the potential (for 
further details see Fig 1) 


the hypertonic inhibition occurs also, 1f the pretreatment 
18 given with potassrum in hypertonic solutions, either by 
potassium, chloride plus sodium chloride, each of 110 mM, 
or 55 mM potassium chloride plus 165 mM sodium chloride, 
or other combinations of the two In this case, however, 
the removal 1s more complete with potassium concentia- 
tions of less than twice the normal osmotic pressure 
When the muscle ıs transferred from a hypertome 2x 
sodium chloride Ringer to a Ranger which contains small 
concentrations of potassium chloride of 5-40 mM, so that 
the total osmotic pressure 18 twice normal, a temporary 
removal is observed for about 10 min, but the removal is 
smaller than ın the ease of the pretreatment with potassium 
Ringer The reason probably ıs that the paralysing 
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action of potassium interferes with the twitch potentiat- 
ing action of the 10n5, since in these experiments the 
potassium ion iemains continuously m the bath The 
potassium, therefore, must be given to the muscle in a 
‘pretreatment’ manner, in order to obtain a remarkable 
removal. 

One possible explanation for the removal may be the 
following first of all, during the pretreatment, potassium 
ions enter either a structure of the muscle membrane, ora 
structure which hes somewhat deeper in the viemuty of 
the membiane* If potassium is then replaced by the 
hypertonic 2x sodium chloride Ringer, one group of the 
potassium ions, lying in sites responsible for the twitch 
81ze, leaves its site more slowly than another group of 
potassium ions which he in sites responsible for the 
excitability of the membrane The different velocities of 
the potassium movement may be due to structural differ- 
ences between both sites Thus the twitch-potentiatmg 
action of potassium ions antagonizes the inhibitory effect 
of the hypertonic solutions at a time at which the mem- 
brane 1s agam excitable 

We previously reported that the system paralysed by 
the hypertonic condition, and which carries & strategic 
funetion lmking the excitation of the plasma membrane 
with the contraction, exists at the plasma membrane or 
at its vicinity? The present 1esults not only support this 
view but also pomt to the possibility that all key- 
processes which control the activity of the lmking func- 
tion are concentrated at the plasma membrane or m 1ts 
viemity. The results suggest, furthermore, that the 
possibility exists that the paralysis due to the hyper- 
tonicity of this strategie system is caused by the inhibition 
of a sensitive chemical process 

This work was cared out at the Physiological Institute 
of the University of Heidelberg. We thank Prof H 
Schaefer for his advice 
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Specificity of the Inhibition of Tubular 
Phosphate Reabsorption by Certain Amino- 
acids 


THE activity of the transport mechanisms which regulate 
the renal tubular reabsorption of phosphate 1s dependent 
on a number of factors Of paramount importance is 
parathyroid hormone which acts to decrease phosphate 
reabsorption in the proximal tubule, or possibly to bring 
about phosphate secretion mto the tubular lumen at a 
more distal site The role of vitamin D on the phosphate 
reabsorptive process 1s not clear- at moderate or low 
doses, the effect 1s to increase phosphate reabsorption, 
while larger doses have a phosphaturic action The effects 
of vitamin D on phosphate reabsorption may be related 
to a direct tubular action, or may be mediated indirectly 
through its effect on parathyroid function or citrate 
metabohsm 

The possibihty that the specifie transport system for 
phosphate may be shared by other substances 1s suggested 
by the mereased phosphate excretion which occurs follow- 
mg administration of glucoseb?, biearbonate?, and aceto- 
acetate? As the filtered load and rate of tubular re- 
absorption of any of these substances aro increased, a fall 
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in the tubular reabsorption of phosphate occurs, suggest- 
ing competition for a common tubular absorptive site 
A preliminary observations, made ın 1947 m two dogs, 
suggested that mfusion of two amimo-acids, alamme and 
glycine, caused a depression of phosphate reabsorption 

Our interest ın the mechanisms relating ammo-acid and 
phosphate transport was stimulated by the observation® 
of a marked phosphaturia in a chid with tryptophan 
malabsorption and hypercaleemia, when oral r-trypto- 
phan (300 mg/kg) was given 

The investigations reported here concern the effect of 
different amino-acids on the tubular reabsorption of 
phosphate They mdieate that the mhibition of phosphate 
reabsorption 1s a highly specific effect muted to certam 
amino-acids, and one in which differentiation between the 
effects of the x. and D 1somer 1s possible 

The experiments were carried out on fasting male 
mongrel dogs weighing 20-30 Ib The dogs were anæs- 
thetized with pentobarbital, and urme was collected by 
direct ureteral catheterization from one kidney A 
constant infusion of 0 274 M manmiol, 0 074 M. saline 
solution was administered via the femoral vem at a rate 
of 097 ml/mun Blood specimens were collected by an 
inserted femoral arterial catheter Inulin clearances were 
obtamed throughout the course of the experrment After 
several hours of control urine collection, the test ammo- 
acid, dissolved in distilled water, was infused rapidly over 
5-10mm Urine was collected 1n 30-min periods through- 
out most of the experiments, however, m some instances 
15-min collections were used to determine the time rela- 
tionships of the phosphaturic effect 
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Comparison of the effect of D- and L-alanine on phosphate 
excretion from one kidney 
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Fig 1 ıs an example of the response in phosphate 
excretion when the D and L isomers of alanme are com- 
pared Identical doses of 005 mole were given The p 
isomer has no effect on imhubiting tubular phosphate 
reabsorption or on phosphate excretion, whereas the L 180- 
mer causes a six-fold increase in phosphate excretion (from 
0 075 to 0 44 mg/min) and phosphate clearance (Cp) (from 
0 96 to 6 2 ml /mm), and a fall ın the tubular reabsorption 
of phosphate (from 96 per cent to 78 per cent) The 
mereased excretion of phosphate following L-alanine was 
not related to any change ın mulin clearance 

This 1s considered as evidence that the mhibition of 
tubular phosphate reabsorption by certam amino-acids 
is a lnghly specific one m which differentiation between 
such closely related compounds as the D and rn isomer 15 
clearly possible 
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A similar phosphaturie effect as seen with r-alanme has 
been shown with the neutral ammo-acids r-valme, 
L-tryptophan, and glyeme The basic amuno-acids, 
L-lysme and r-argmune, in doses of 0 05 mole, did not 
cause an increased excretion of phosphate 

Investigations on human beings have been carried out 
in our laboratory which demonstrated an identical 
inhibition. of phosphate reabsorption by 1-alanine 

This work was supported by grants from the US 
Public Health Service, the National Foundation, Minne- 
sota and American Heart Associations, and a Mead- 
Johnson grant for pediatric research 
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Phosgene Formation in Uræmia 


IN a previous communication, I reported that the 
formation of carbonyl chloride m a state of high blood 
urea-level associated with acidemia 18 responsible for 
uremic coma It was also claimed that phosgene 1s not 
formed under normal conditions m blood due to the 
absence of biologically available urea and acidemia. 
Since then, mvestigations from different aspects have been 
pursued to confirm that uremia is attributable to the 
formation of phosgene as claimed by the author The 
results have lead to some additional direct evidences which 
are reported here 

A state of asthenic uremia was mduced in a set of three 
dogs (each weighing about 10 kg) by tying both the ureters 
at operation. The dogs developed uremic coma with all 
the associated symptoms and died 80-84 h following the 
operation. Immediately on death, a sample of blood was 
collected from the heart The sample was then laked 
Another sample of blood was taken from a normal anımal 
serving as the control The hemoglobm of the treated 
animal was matched agamst that of the normal animal 
and both the samples were subjected to test for phosgene 
only when the concentration of hemoglobin was identical 
in both The phosgene test was performed by the standard 
method mvolving the use of 10 per cent alcoholic solution 
of p-dimethyl ammobenzaldehyde and colourless diphenyl- 
amme? Positive reaction was obtained m each case of 
the uræmıc animal while the ‘control yielded no reaction 
whatsoever, thus confirming the cause of uremue as claumed 
previously! It may be noted that these expermental 
animals did not recerve any urea or ammonium chloride 
solution 1ntravenously 

Smee carbonyl chloride reacts vigorously with water, 
producing carbon dioxide and hydrochloric acid, recovery 
experiments following dialysis of human uremic subjects 
were not performed Furthermore, positive mdication of 
presence of carbonyl chloride m uremic cases has been 
obtamed from samples of blood taken fram human ursmic 
subjects m coma? 

In two more cases of coma recently investigated where 
the patients had high blood urea-level but no acidema 
(as proved by the alkalme reaction of the urine), phosgene 
could not be detected m them blood This result serves 
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as further evidence of the fact that uremic coma 1s only 
attributable to the formation of phosgene 
D K Sen 
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Nilratan Sırcar Medical College and Hospital, 
Caleutta 
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Inhibitory Effect of Pre-optic Stimulation on 
Adrenal 17-Hydroxycorticosteroid Secretion 
Rate in the Cat 


In diencephalic stimulation experiments of Suzula et al 
a definite decrease in 17-hydroxycortacosteroid ( 17-OHCS) 
secretion rate was observed in one dog after stimulation 
of the pre-optic area — Similar observation was made m 
one cat with éncephale 1solé by Slusher and Hyde? These 
observations suggested a possible inhibitory effect of pre- 
optic stimulation on the pituitary-adrenocortical function 
However, since they were made only on one dog and on 
one cat, many more expermnents seem to be necessary 
before this problem can be settled The present mvesti- 
gation was undertaken m order to settle this problem 

Cats were used they were anesthetized with mtra- 
peritoneal ‘Nembutal’ (25 mg/kg body-wt) (The adrenal 
venous blood was collected through the lumbar route by 
a shght modification of the procedure described m the 
paper of Suzuki and Ara? Steel brpolar electrodes, 0 25 
mm in diameter, were placed in the pre-optic area with 
the aid of the electrode holder of the Hess-type fixed on 
theskull Interpolar distance of the electrodes was 1 5mm : 
30 min after making these arrangements, a control adrenal 
venous blood sample was collected 15 mun after collection 
of the control blood sample, electrical strmulation of the 
pre-optic area was performed. The rectangular currents, 
2 V, 20/sec and 1 msec m duration were supplied by an 
electronic stimulator A 45-sec stimulus was apphed ın 
2 cats (cats 6 and 7) and a 30-sec stimulus every minute 
for 5 min m 3 cats (cats 8, 9, and 10). At 15, 30, 60, and 
90 mm after the start of stimulation, adrenal venous blood 
samples were collected On 5 other cats, control experi- 
ments were performed without stimulating the pre-optic 
area As a fall m body temperature seriously affects the 
adrenocortical function’, a heat lamp was carefully applied 
80 as to maintain constant body temperature The adrenal 
venous blood samples were centrifuged immediately after 
collection The 17-OHCS content of the adrenal venous 
plasma was measured by the method of Nelson and 
Samuels The rate of secretion of 17-OHCS was calculated 
by multiplymg the plasma 17-OHCS by the adrenal 
plasma flow After experments the bram was fixed m 
formahn solution and serially sectioned Stimulated sites 
were defined microscopically 

Results are presented in Table 1 Inasmuch as the 
levels of pre-stumulation values are variable from cat to 
cat, they are taken ın each cat as 100 per cent and all 
the secretion rates are expressed as a percentage of the 
Table 1 EFFECT OF PRE-OPTIO STIMULATION ON ADRENAL 17-HYDROYY- 

CORTICOSTEROID SECRETION RATE IN THE CAT 


17-Hydroxycorticosteroid secretion rate (expressed as percentage of the 
pre-stimulation value) 


Before Min after stimulation 

Cat No stimulation 15 30 60 90 
(Control experrments) 

1 100 119 121 117 97 

2 100 106 106 96 94 

3 100 104 113 125 124 

4 100 98 106 112 95 

00 1 9 7 97 


05 9 9 
106433 109436 109457 101+57 
(Pre-optic stimulation experiments) 


5 1 
MeantS E 100 


6 100 59 68 64 51 

7 100 73 70 66 50 

8 100 73 79 80 85 

9 100 96 67 71 82 

10 100 78 89 59 84 
Means E 100 76460 75442 68436 704-81 
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pre-stzmulation value of that anımal. In 5 control experi- 
ments m which no pre-optic stimulation was performed, 
no significant changes in the mean value of 17-OHCS 
secretion rates were observed In 5 cats, the medial 
portion of the pre-optic area of which was stimulated, a 
significant decrease in 17-OHCS secretion rate (P <0 01) 
was observed at 15 mun after the start of stimulation. 
The secretion rate decreased further and the mmmum 
secretion rate was reached at 60 mm after stimulation 

I thank Dr I. Nishmmor:, of the Department of Path- 
ology, for the histological examination and Prof T. Suzuki, 
of the Department of Physiology, for suggesting this 
problem and for his advice 
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Direct Role of Vitamin K Derivative in Fibrin 
Formation 


Ix previous communications’, a potent clottmg factor 
other than thrombin was reported to be present 1n aqueous 
fibrin extracts It was shown to be a glucuronide and to 
contain calcium, probably combined as calcium glueurom- 
date. The rest of the molecule remained umdentified 
A suggestion was made that 15 might be related to vitamin 
D?; however, extracts proved to be meffective m curing 
rickets ın rats raised on a diet free of vitamm D Atten- 
tion was then directed to vitamin K, since vitamins K, and 
K, (menadione) were found to be excreted m urme partly 
as diglucuronides of menadione? — Ultra-viole absorption 
of diluted clotting factor preparations gave a spectrum 
almost identical with that of 1,4-naphthohydroquinone 
diacetate, the only compound available for comparison, 
with a maximum at 280 my for the former and 284 my for 
the latter and a minimum at 250 my for both 

Boring with 1 N hydrochloric acid for 10 min brought 
about some breakdown of the active material, as evidenced 
by depression of the maximum at 280 my Treatment for 
20 min with 02 N sodium hydroxide had a more pro- 
nounced effect There was no peak when the reading was 
made after uncubation of the substrate with beef lwer 
B-glucuromidase for 24h at 37°C Clotting factor solutions 
were extracted with ether before and after hydrolysis 
After evaporation of the solvent, both residues had an 
orange-yellow colour, which turned pale yellow m a 
solution of 95 per cent ethyl alcohol They were subjected 
to chromatography on Whatman No 1 filter paper, 
pretreated with buffers of pH 3 or 7-5 Butyl alcohol or a 
mixture of butyl alcohol, acetone, and water ın the pro- 
portion of 2:1 71 was used as solvent Rates of 
diffusion were compared with that of menadione No 
difference between these rates could be detected regardless 
of pH or kind of solvent However, ultra-violet light was 
absorbed by the menadione spot, while the spots derived. 
from clottmg factor exhibited on orange fluorescence 
When the paper was kept a few days at room temperature, 
the menadione spot turned orange and then showed the 
same type of fluorescence Ethyl alcohol eluates of this 
spot, of the clotting factor spots, and of solutions of the 
latter before chromatography had the same ultra-violet 
absorption spectrum, which was unlike that of menadione 
Because of the small quantities of material available for 
analysis, details could not be readily distinguished, the 
outstanding feature was a maximum at 225 my 
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Previously’, the clotting factor had been assumed to bea 
free glucuromde However, unhke the relatively stable 
glueuromde of the menadione derivative, 1b was almost 
completely activated by heating at 60° C for 10 min It 
would thus seem that a specific heat-labile protem, in 
addition to the glucuromde, was required for elotting 
action The glucuromde would then play the part of an 
active prosthetic group, analogous to the relationship of a 
coenzyme to 15s apoenzyme 

It had been noted earher? that, to obtam potent clottmg 
factor preparations, clots had to be decomposed in dis- 
tilled water, not m 09 per cent sodium chloride This 
finding appeared now to deserve further mvestigation 
Saline extraction was carried out at room temperature 
Clot disintegration took 5-7 days The supernatant shor- 
tened the recalerfication tıme of oxalated human plasma, 
but, unlike aqueous clot supernatant, did not coagulate 
plasma without calcium chloride nor bovine fibrinogen. 
Almost complete mactivation occurred already at 56° C m 
30 mm Like aqueous extract, ıb was found to display 
maximum absorption at 280 mp. This was destroyed by 
hydrolysis with 1 N hydrochloric acd, 02 N sodium, 
hydroxide, and 8-glucuronidase, ether extraction follow- 
ing hydrolysis yielded agam the menadione derivative. 
Apparently, then, saline extracted from fibrm a different 
protem with distinct physico-chemical and physiological 
properties, yet bearmg the samo glucuronide as its 
prosthetic group 

Next, salne extract was subjected for 10 min to boiling 
with and without 1 N hydrochloric acid When acid was 
used, the solution had to be neutrahzed and dialysed 
There was some loss in glucuronide and with it of the 
activity observed Both preparations were essentially free 
of protem They had no accelerating effect on plasma 
recalcification, but, when added in high enough concen- 
tration, would retract plasma clots ın 5-10 min 

Tt seemed of interest to mvestigate the effect of various 
combinations of the three factors and of thrombin on the 
formation of fibrin from bovine fibrmogen and oxalated 
human plasma Saline extract, unheated or heated, 
retarded fibrm generation by the two clotting agents 
The effect on thrombin was generally more pronounced 
With aqueous extract, the inhibitory effect seemed to be at 
least partly due to competition for space on fibrmogen 
molecules The resulting clots were reduced in sıze 
Addition of both thrombin and aqueous extract m about 
equal strength to the substrates produced clots no more 
rapidly than either agent alone 

Observations lmking clotting factor with C reactive 
protem, hemolytic complement, and bactericidin, proper- 
ties of serum but not of unaltered blood, have been 
reported}5 It was shown recently that m vitamin K 
deficient chicks the complement level ıs depressed* Many 
mvestgators have described antibacterial, antifungal, 
and occasionally antiviral properties of vitammn K in 
culture media, rarely in hving anunals In the present 
study 1t was found that heated saline extract, but not 
unheated saline extract or aqueous extract, blocked the 
action of hemolytic complement and serum bacterieidin 
This may be ascribed to successful competition for specific 
sites on celluler surfaces 

Physiological blood coagulation depends on platelet 
breakdown, yet in thrombocythemia, when the platelot 
count rises to as much as 1,000,000 or more per mm?, 
there 1s a strong hemorrhagic tendency In rabbits, 
myection of excess menadione has been noted to cause & 
prolongation of the blood-clotiimg time’ It 1s possible 
that only a limited amount of conjugated vitamm K, 
released from the platelets, can be converted to modified 
menadione glucuronide, a compound perhaps identical 
with the clot retraction factor mentioned earher Tts 
combmation with a variety of proteins would give rise to 
several factors, which can be adsorbed on Seitz filter pads, 
barium sulphate, and other salts and which are depressed 
in the body followmg the administration of coumarin 
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drugs Further advances in our understandmg of blood 
coagulation will have to await the identification and 
synthesis of the active glucuromde 

This investigation was supported in part by a grant 
from the Kansas Heart Association I thank Miss L 
Vorse, Kansas State Public Health Laboratories, and 
W B Norris and T E Hammons, Lattimore-Fink 
Laboratories, Topeka, for thorr assistance in the chemical 
analyses presented in this report 
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Preservation of Trout and Salmon Erythrocytes 
for Blood Typing by Freezing with Dimethyl 
Sulphoxide 


In the expanding field of mnmunogeneties several 
laboratories are studying blood types of fishes! In our 
laboratory we are engaged in investigations of the blood 
types of Pacific salmon? As part of this programme 
freezing methods have been examined as a means of long- 
term red blood cell preservation 

Numerous recent publications have reported the 
successful freezmg and recovermg of erythrocytes Most 
of the work has been done with mammalian erythrocytes, 
which, unlike fish erythrocytes, are non-nucleated Two 
basic approaches have been used slow freezing, usually 
using glycerol as a protective additive, and ultra-rapid 
freezing with several different techniques and additives 
Human erythrocytes have been fast-frozen and stored m 
liquid. nitrogen for periods of up to 25 years without 
significant antigenic change? Cushing, Ridgway and 
Durall’ m 1957 slow-froze and recovered red cells from 
the shiner, seaperch, albacore, goosefish, and three species 
of salmon using glycerol as a protective additive 

We have studied several methods of low-temperature 
preservation of salmonid red cells Several compounds 
which have been successfully used as protective additives 
1n frozen preservation of mammalian red cells have been 
used m attempts to protect salmon red cells from freeze 
thaw damage These include dextrose, lactose, sucrose, 
maltose, polyvinylpyrrohdone (PVP), and glycerol None 
has satisfactorily protected fish erythrocytes for use in 
blood typing For example, salmonid red cells frozen in 
liquid nitrogen ( — 196° C) using dextrose as the protective 
additive have been thawed with as much as 89 per cent 
recovery of unhemolysed cells, but the rate of hemolysis 
after thawmg was so rapid that the erythrocytes were 
usable for blood typing for only 1-2 h ` Red cells from 
immature red salmon (Oncorhynchus nerka) have been 
frozen in liquid nitrogen using PVP as protcctive additive 
and recovered with almost no hemolysis after storage m 
liquid nitrogen. for as long as l year However, PVP did 
not adequately protect red cells from adult red or chinook 
(O tshawytscha) salmon against freeze-thaw lysis Glycerol 
at a final concentration of 20 per cent by volume provided 
protection for red cells from all species tested, but was 
difficult to remove from the cells without resultant exten- 
sive hemolysis We have attempted to wash glycerol 
from frozen-thawed salmon erythrocytes using solutions 
with graded dilutions of glycerol, and also have dialysed 
glycerol-frozen salmon red cells agaist 1 per cent saline 
or CDS solution (dextrose, 2 05 g, trisodium citrate, 0 80g, 
sodium chloride, 0 40 E, water to 100 ml) Neither 
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procedure was satisfactory as hemolysis was extensive 
on washing cells m solutions with progressive 25 per 
cent reductions m glycerol concentration, and few intact 
red cells were recovered. after dialysis 

Dimethyl sulphoxide provided better protection against 
freezing damage to salmomd fish erythrocytes than any 
other additive studied This substance was used by 
Lovelock and Bishop* to freeze human and bovine red 
blood cells and bull sperm, and by others?-i? to freeze and 
recover mammalian bone marrow, tissue, and peripheral 
blood cells Using this compound with salmomid red cells 
we have obtamed red cell recoveiies after freezing and 
thawing of up to 99 per cent In Table 1 are presented the 
results of one experiment comparing percentage of 
hemolysis of rambow trout erythrocytes frozen using 
either glycerol or dimethyl sulphoxide (ın CDS) 

In other experiments with a variety of freeze-thaw 
conditions and additive concentrations, per cent of unhem- 
olysed salmonid erythrocytes recovered after freezing 
using dimethyl sulphoxide was mvariably greater than 
that obtamed usmg glycerol Moreover, dimethyl 
sulphoxide can be readily washed from salmon red cells 
without appreciable hemolysis occurring, provided the 
dimethyl sulphoxide concentration 1s progressively re- 
duced through 3 or 4 steps 


Table 1 PROTECTION PROVIDED BY DIMETHYL SULPHOXIDE OR GLYCEROL 
SOLUTIONS AGAINST FREEZING HEMOLYSIS OF RAINBOW TROUT ERYTHRO- 
CYTES 


Percentage of hemolysis after freezing 
15 min pre-freezing 60 min pre-freezing 


Additive incubation with additive — meubation with additive 
Mean Range Mean Range 
Dimethyl sulphoxide 
q2 5 per cent) 3 (2-3) 2 (1-2) 
Glycerol (20 per cent) 17 (11-21) 8 (7-9) 


Three samples from the same blood pool (3 fish) were tested in each case 
Freezing was at — 35° C, thawng was 1n a 40° C water bath Percentage of 
hemolysis was calculated 1mmediately after thawing from suspensions of 
red cells in 125 per cent dimethyl sulphoxide or 20 per cent glycerol 


Table 2 HÆMOLYSIS OF RAINBOW TROUT ERYTHROOYTES FROZEN AND 
THAWED IN CITRATE-DEXTROSE-SODIUM OHLORIDE-DIMETHYL SULPHOXIDE 
SOLUTIONS 

Percentage of Percentage of hemolysis 
dimethyl! sulphoxide Mean Range 
0 100 
5 66 (62-72) 
9 9 (6-12) 
10 4 (2-5) 
125 3 (2-5) 
16 3 (1-5) 
17 24 (18-34) 


Three samples of blood pooled from seven fish were tested at each con- 
centration Freezing was at —35° C, thawing was in a 40°C water bath, 


Suspensions of CDS-blood contaemmg 9-15 per cent by 
volume final concentrations of dimethyl sulphoxide 
provided good protection against freezing damage. In 
Table 2 data are presented showing the hemolysis of 
rainbow trout (Salmo gawdneri) erythrocytes frozen in 
glass tubes at — 35° C using dimethyl sulphoxide concen- 
trations from 0 to 17 per cent In thus experiment erythro- 
cyte recoveries from 19 blood samples frozen ın 9-15 per 
cent dimethyl sulphoxide solutions ranged from 88 to 99 
per cent, with a mean of 94 per cent However, extensive 
hemolysis resulted from continued storage at — 35? C; 
samples stored for one month at this temperature were 
completely hemolysed Other samples were frozen at 
— 35° C or — 79° C and then stored m hquid nitrogen for 
periods as long as 5 months without significant hemolysis. 

Erythrocytes from rambow trout, steelhead trout 
(S gairdnert), red salmon, chinook salmon, pink salmon 
(O gorbuscha), chum salmon (O keta), and Pacific hahbut 
(Hippoglossus stenolepis) have been slow- and/or fast- 
frozen using dimethyl sulphoxide, and good red cell 
recoveries consistently obtamed Although the best cell 
recoveries occurred usmg an initial freezing temperature 
of — 35? C, not all salmonid erythrocytes can be success- 
fully frozen at this temperature For example, red cells 
from a population of hatchery red salmon were extremely 
fragile after bemg frozen at — 35° C, using dimethyl 
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sulphoxide, but were stable and resistant to physical 
stress (1,000g) after bemg frozen directly in hquid nitro- 
gen  Recovenes of greater than 70 per cent have con- 
sistently been obtamed from all salmonid species tested 
using 1 volume of 25 per cent dimethyl sulphoxide in CDS 
to 1 volume blood-CDS suspension, with aluminium foil 
packets as freezing contamers and liquid nitrogen as the 
freezing agent Unbuffered dimethyl sulphoxide solutions 
are acidic (pH about 5 6) and unsuitable for preservation 
of trout and salmon erythrocytes The shghtly alkaline 
solution of dimethyl sulphoxide m CDS was found to be 
optimal for preservation of these cells 

In a number of tests, using rambow trout 1so-1mmune, 
carp immune, or rabbit ummune antisera, the antigenic 
specificities of fish red blood cells frozen with dimethyl 
sulphoxide have been unchanged from those of unfrozen 
controls Salmonid red cells were agglutmable when 
suspended in 12 5 per cent dimethyl sulphoxide solutions, 
but most of the blood typmg has been performed after 
removal of the additive Harotp O Hopes 

Grorce J TRupnGwAY 


US Fish and Wildlife Service, 
Bureau of Commercial Fisheries, 
Biological Laboratory, 
Seattle, Washington 
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A New Anti-Ag Serum (L. L.) 


Ix 1961 Alison and Blumberg described genetically 
determined low-density 8-hpoprotem differences in human 
sera revealed by means of a gel-diffusion technique, where 
about 60 per cent of US white sera formed precipitates 
with serum from a repeatedly transfused patient 
(C. de B)!* The new system was called the Ag-system 
and the two types of human sera revealed by the antiserum 
C de B. were called Ag (a+) (reactors) and Ag (a—) 
(non-reactors) In 1963, Blumberg and Riddell described 
& second antiserum (the New York antiserum I. M) 
reacting with about 97 per cent of U S white sera? Sera 
forming precipitates with tho I M. antiserum were denoted 
as Ag (b+), non-reactors as Ag (b—)* Recently, 
Bundschuh et al^ described another anti-Ag serum 
reacting with about 65 per cent of sera from individuals 
livimg in Berlin (DDR ) 

Blumberg and Riddell have stated that they have found 
more than 20 “human antihuman serum protem anti- 
sera" reveahng at least seven different B-hpoprotem 
specificities’, but to our knowledge these further antisera 
have not yet been described in detail 

Another anti-Ag serum (L L) was found among 24 
sera from repeatedly transfused patients with coagulation 
defects The patient L L suffers from hemophiha A 
and has had more than 300 blood and plasma transfusions. 
In a sample consisting of 136 sera from unrelated adult 
Swedes hving 1n. Stockholm, 51 (37 5 per cent) were found 
to give strong precipitates with L L whereas 85 (625 
per cent) were non-reactors No other reaction types 
such as weak precipitate formation’, the formation of 
more than one precipitin hne** or other qualitative 
differences, for example, m the concavity of the precipitin 
hne? has been found when fresh sera were investigated 
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In sera which had been stored for a longer time, the 
precipitates were, however, sometimes weak Forty-eight 
of the 136 sera were collected one month before the mvesti- 
gation started and special care was taken to avoid agemg 
of these sera which were kept at — 20° C immediately after 
their collection Here the frequency of reactors agamst 
L L was 43 8 per cent 

Through the kindness of Drs Allison and Blumberg, 
one of us (J H ) received a generous sample of antiserum 
C de B. Comparison of the two sera showed that anti- 
serum L L has another specificity than C de B. m that 
15 only reacts with some, but nob all, sera giving precipitate 
formation with C de B (Ag (a+)) and so far has been 
found to react with no sera belongmg to type Ag (a—) 
(non-reactors against C de B ) (Table 1) 

Nor does the serum appear to be identical with the 
antiserum I M because it does not give two precipitin 
Ines when reacted against C de B as does the antiserum 
I M (ref 3). In addition the percentage of reactors 1s only 
37 5 per cent ın our material when L L 1s used as com- 
pared to 97 per cent when the serum I M was tested on 
sera from New York whites? 


REACTION PATTERNS OF C DE B and L L AGAINST 72 SERA 
FROM UNRELATED SWEDISH INDIVIDUALS 
Suggested terminology for 


Table 1 


Reaction with No ofsera the phenotypes revealed by 
deB LL antisera C de B and L L 
T T 27 Ag (at x+) 
T - 18 Ag (a+ X—) 
- + 0 Ag (a— x+) 
= - 27 Ag (a— x—) 
Total 72 


Famuly studies on 32 famuhes with 101 children show 
that the antigen revealed by L L 1s genetically controlled 
All 36 children m 12 matmgs, where both parents were 
non-reactors against L L, were also non-reactors 

Due to the fact that the antigen demonstrated by the 
antiserum L L has so far only been found in sera which 
are also reactors against C de B , it was thought that a 
close relation exists between the antigens revealed by 
C de B and L L smilar, for example, to the Gm a and 
Gm x antigens, where the Gm x antigen rarely occurs m 
sera which are Gm (a—) It was therefore suggested that 
sera reacting with L L are to be denoted Ag (x+) and 
non-reactors against L L Ag (x—) The nomenclature 
for the four possible major phenotypes revealed by serum 
C de B and L L is given m Table 1 usmg the term Ag a 
m the sense of Allison and Blumberg (all sera reacting with 
C de B are denoted as Ag (a+)) 

Evidence to be presented elsewhere®® (for example 
absorption experiments of C. de B with Ag (a+ x—) 
sera, reactions of partial identity between Ag (a+ x+) 
sera and Ag (a+ x—) sera against unabsorbed C de B 
serum) indicates, however, that antibodies agamst the 
Ag x antigen do also occur m serum C deB On account 
of other evidence (for example, the appearance of two 
precipitin lnes when certain sera are reacted against 
C de B 2) Allison and Blumberg have already postulated 
the existence of antibodies against two different antigens 
mC deB The evidence found by one of us (J. H ) does 
consequently lend further support to their theory. 

Jaw HIRSCHFELD 


State Institute of Blood Group Serology, 
Statens Rattskemiska Laboratorium, 


Stockholm 60 
MARGARETA BLOMBACK 
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HISTOCHEMISTRY 


Acid Mucopolysaccharides in the Cuticle of 
the Gizzard of Earthworms 


A HISTOCHEMICAL exammation of the cuticle of the 
gizzard of earthworms has recently been made on Ersena 
foetida S by Van Gansen-Semal!, who suggested the pre- 
sence of a non-fibrillar elastm. We have undertaken the 
investigation recorded here on a different species, Lum- 
bricus terrestris L 

The results of the diverse techniques were as follows 


(1) Tests for lipids 
Sudan black B 
Sudan III and IV 
Nile blue sulphate 
(2) Tests for proteins 
Ninhydrin-Schiff method 
Alloxan-Schiff method 
Millon reaction (Bensley-Gersh) 
Coupled tetrazonium reaction 
Barrnett and Seligman reaction (DDD) 
DDD followmg thioglycolhe acid treatment 
Performic acid—Schiff reaction for SS groups 
(3) Tests for elastic tissue 
Resorem method (Weigert) 
Orcein in acid (hydrochloric or nitric) alcohol 
Aldehyde—fuchsm (Gabe) without previous oxidation! 
Aldehyde-fuchsm following methylation 
Aldehyde—fuchsin followmg methylation and 
demethylation 
(4) T'ests for glycogen and mucopolysaccharides 
Best’s carmme method 
Periodic acid—Schiff (PAS) 
PAS following ptyalin extraction 
PAS followmg acetylation 
PAS following acetylation and saponification 
Toluidme blue metachromasia 
Alcian blue 8 GS, pH 3 
Alcian blue following methylation 
Dialysed iron method (Hale) 
Dialysed iron method followmg methylation 
Sehulze reaction (chlor-zme-10die) 
Testis hyaluronidase extraction 
Bacterial hyaluronidase extraction 
(5) Tests for enorgance constituents 
Perl’s reaction 
Von Kossa method 
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The details concerning the various techniques used have 
been described olsewhere?, 

These results exclude the presence of lipids, free ammo 
radicals, tyrosme, tryptophan, histidme, SH and SS 
groups and of elastic tissue The staining with aldehyde— 
fuchsm 1s attributable to sulphate ester groups and not 
to elastic fibres since the staiming disappears after methy- 
lation? and reappears after demethylation. 

The presence of mucopolysaccharides 18 established by 
the positive periodic acid—Schiff reaction, its persistence 
after ptyalin extraction, its disappearance after acetylation. 
and its reappearance after saponification 

The acid character of these mucopolysaccharides or of 
certain among them, 1f several varieties exist in the cuticle, 
18 demonstrated by the metachromasia of toluidine blue, 
the positive stammg by Alcian blue and the positive Hale 
reaction. Alcian blue stainmg and its control by methy- 
lation are considered by Lison? as one of the best methods 
for the demonstration of acid mueopolysaecharides 

Under certam conditions, chitm can also be stamed by 
the periodic acid-Sehiff, Alcan blue and the Hale re- 
actions‘, but its presence here appears to be elminated 
by the metachromasia of toluidine blue and the negative 
Schulze reaction. 

The testicular and bacterial hyaluronidases have no 
action on these acid mucopolysaccharides Therefore, this 
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excludes the presence of hyaluronic acid, keratosulphates 
and of chondroitin sulphates A and O (ref. 5) 

Finally, we may conclude from the negative results for 
morganic constituents that, m spite of its hardness, the 
cuticle of the gizzard of Lumbricus terrestras L 1s not 
coated with mineral salts 


J IZARD 
J Broussy 
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Faculté de Médecine, 
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Culture of Replicate Monolayers of Fibroblasts 
under ldentical Conditions 


IN cell culture investigations, the degree of ‘condition- 
ing’ of the medium during growth ıs frequently of crucial 
importance’? With the usual techniques of monolayer 
cell culture which use multiple Petri dishes, Leighton 
tubes, French square and prescription bottles, ete , small 
variations in pH, temperature, cell moculum size, degree 
of attachment and growth of cells, volume of medium 
delivered, degree of evaporation of medium, etc , are com- 
pounded so that the degree of ‘conditioning’ frequently 
varies from preparation to preparation 

An obvious solution to this problem 1s to grow all the 
monolayers required for any given experiment in the 
same container, so that they are exposed to a common pool 
ofmedium. This can readily be accomplished by groupmg 
@ series of coverslips in a vertical array Contaimers of 
varius capacities can be improvised from glass or 
plastic (preferably polypropylene, which ean be auto- 
claved) Aluminium coverslip racks are readily con- 
structed and can be coated with polypropylene Stamless 
steel covershp racks are commercially available (Lipshaw, 
Detro:t) The technique which I have most commonly 
used, however, involves the use of repheate monolayers 
grown on 22-mm square coverslips m Columbia stamng 
jars These commercially available glass jars (A H 
Thomas and Co, Philadelphia) are designed to accommo- 
date four coverslips, but we have regularly grown 8 cover- 
shp monolayers in a jar (4 back-to-back pairs) without 
difficulty The jars can be provided with screw caps 
lined with white rubber 

My experience 18 hmited to established diploid fibroblast 
Streams derived from skin, usually new-born foreskins, 
established by either explant or trypsmization techniques. 
The cells were grown in Waymouth’s medium or m modifi- 
cations of this medium to be described in detail in a 
subsequent publication The modified media were 
designed to permit more rigorous pH control and to lmit 
growth rate for certain experiments They usually con- 
tamed irs (hydroxymethyl) ammomethane- hydrochloric 
acid buffers and decreased, amounts of bicarbonate and 
amino-acids Calf serum was added to the media to give 
a final concentration of approximately 10 per cent 

Stock cultures, mamtained m 6-oz prescription bottles, 
were collected with 005 per cent Difco trypsin and 
0 54 mM disodium ethylenediamine tetraacetic acid m a 
tros-buffered (pH 7-4) balanced salt solution and plated at 
concentrations of 20—100,000 cells/ml after dilution by 
media Two or 25 ml of the cell suspensions were 
plated ın 35-mm plastic Petri dishes (Falcon blue label, 
Los Angeles) which 


h 
available through Aloe Scientific, St Louis) was foun i 
quite useful for effinently and accurately delivering reph- 
cate samples When 15 was necessary to prepare numer- 
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Table 1 
10-H horizontal 10-H vertieal Waymouth's vertical 
Total Proteimn/ 
Day Cell count protein cell Cell count 
(x10) (ug) (nag) (x10?) 
G 424 +110 160 038 424 +4110 
2 597+ 78 355 059 88 + 162 
4 1251 + 252 810 0 65 1237 + 184 
6 8075 + 209 184 5 044 3165 + 318 
8 2793 + 823 1545 0 55 5228 + 89 











ous plates, the repeated mixing between deliveries caused 
excessive frothing of media contaming serum protein, 
mterfermg with accurate prpettmgs This problem was 
solved by pre-delivery of appropriate amounts of serum 
to the dishes and the use of serum-free media to prepare 
cellsuspensions After an overnight period of attachment, 
large numbers of cells were stuck to the coverglasses and 
assumed the characteristic elongated shape of cultured 
‘fibroblasts’ Only rare cells managed to stick to the 
plastic (This may prove to be a useful marker for 
genetic studies ) The dishes, about half the price of those 
specially treated for cell culture work, can be re-utilized 
after various routine tissue culture washing procedures, 
such as those using ‘Microsolv’ detergent (Microbiologie 
Associates, Bethesda) They are conveniently sterihzed 
(together with thew contained covershps) by exposure to 
ethylene oxide gas after packagmg in paper sacs To 
minimize the possibility of toxic effects due to residual 
ethylene oxide, a period of at least 24 h was allowed 
before using the dishes for cell culture Protein assays® on 
monolayers grown in ethylene oxide sterilized coverslips 
and in dishes re-washed and re-sterilized by ethylene 
oxide yielded results indistmguishable from those obtamed 
from monolayers grown ın controls (new dishes sterilized 
by the manufacturer, coverslips sterilized by dry heat) 
The covershps were rmsed m 95 per cent alcohol and 
double-distilled water and dried with a haiw-dryer The 
whole operation was convemently carried out with stam- 
less steel coverslip racks 

After the overnight period of attachment m an meu- 
bator at 36° C gassed with an appropriate concentration of 
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carbon dioxide (5 per cent for complete Waymouth’s 
medium and usually about 2 per cent for the ires-buffered 
variants), the coverslips were aseptically transferred with 
a fine watch-maker’s forceps to Columbia stamung jars 
previously filled with 10 ml of culture medium 

Tig 1 shows growth curves for a group of identical 
covershp monolayers grown (l) horizontally m Petri 
dishes m a tres-buffered variant of Waymouth’s medium 
(10-2), (2) vertically ın Columbia Jars in medium 10—H , 
(3) vertically in Columbia jars in complete Waymouth’s 
medium From the same bottle (in 1ts tenth passage by 
trypsinization), 2 5 ml ofa suspension of cells (approxrm- 
ately 25,000 cells per ml of medium 10—H ) were allowed 
to attach to covershps ın plastic Petri dishes overnight 
The covershps were then transferred to Columbia jars 
with the appropriate medium or to new Petri dishes with 
2 5 ml of 10-H per dish Each Columbia jar was loaded 
with four covershps, so that the ratio of volume cell 
moculum size was identical in all three systems The 
eultuies were mamtamed in the same ineubator (2 per 
cent carbon dioxide im air) at 36° C, the Columbia jars 
were sealed Duplicate samples were sacrificed every other 
day for cell counts (Fuchs-Rosenthal chamber) and 
assays of total protem? In each system, half the media 
was replaced with fresh media daily Note the excellent 
growth of the vertical coverslips m complete Waymouth’s 
medium The growth rates of this and other strains grown 
in 6-oz preserrption bottles (a horizontal system) in com- 
plete Waymouth's medium were comparable After the 
first 2 days, the vertical coverslips m 10-H grew at a 
shghtly lower rate than horizontal covershps in 10-H 
{Actually, other strains grew at substantially greater rates 
m 10-H than that illustrated hero, m both vertical and 
horizontal systems ) 

Table 1 shows the average cell counts (with standard 
deviations), average total protem (duplicate deter mina- 
tions) and average protein content per cell during various 
times of growth for the three systems The average cell 
sıze does not appear to be related to the particular system 
used However, the data suggest that m each system the 
cells gradually merease and then decrease m size, the 
highest protein/cell ratios bemg observed on the fourth 
day of culture 

Monolayers grown horizontally and vertically were 
morphologically imdistingushable when examined by 
phase contrast microscopy and conventional stammg 
techmques All cultures showed variable degrees of cyto- 
plasmic vacuohzation after treatment with lipid solvents, 
neutral lipid stains (Oi Red O and Fettrot 7B) could 
account for most of the vacuohzation Large amounts of 
lipochrome pigment were also observed in all cultures 
Alkaline phosphatase stams by a modification of the 
method of Fredriesson*? showed a patchy distribution of 
enzyme activity, not related to the position of the cells 
within the Columbia jars 

A particular advantage of the technique I have described 
1s that monolayers derived fiom different strains of fibro- 
blasts may be grown within the same contamer, so that 
interactions between various strain combinations may be 
investigated 

The technique may also prove useful as a convenient 
means of providing ‘feeder layers’ for clonmg experiments 


1340 


This work was supported in part by grants from the 
US Public Health Service (RG—5804 and A-4826) A 
portion of this work was done under a US Public Health 
Service fellowship (G.7-13866) m the Genetics Depart- 
ment, University of Glasgow, Scotland I thank Profs 
G Pontecorvo and J Paul for their advice 


GEORGE M MARTIN 


Department of Pathology, 
University of Washington School of Medieme, 
Seattle 5, Washington 
! Cos, R P. , and Pontecorvo, G , Proc US Nat Acad Sa » 47, 839 (1901) 
2 Cox, R P , and MacLeod, C M., Proc U S Nat Acad Ser , 49, 504 (1903) 
3 iiM I, and Eagle, H , Proc Soc Exp Biol and Med, 91, 305 
5 
*Fredriesson, B , Anat Anz » 88, 97 (1952) 
* Fredricsson, B , Acta Anat » 26, 246 (1956) 


IMMUNOLOGY 


Inhibition of Immune Processes by ‘Melphalan’ 


THE cells responsible for the immune response vary m 
susceptibility to inhibitory agents at different stages of the 
response Radiation and busulphan (“Myleran’) inhibit 
the response to the greatest degree 1f administered before 
the antigon and are relatively ineffective if given after- 
wards? Alkylating agents other than busulphan (the 
mustaids and ethylene immes) and the antimetabolites 
are most effective if given some 1-3 days after the 
antigen and are less effective 1f given beforehand? 

It might therefore be expected that tho survival of 
homografts would be prolonged to the greatest extent by 
administration of alkylating agents (other than busulphan) 
or antimetabohtes after grafting and httle affected by 
their administration before grafting This has been found 
to be the case for amethopterm m mice and guinea pigs 
and cyclophosphamide in mice 

Glynn, Bianco and Goldin‘, however, found that, 
whereas pretreatment of recipients with amethopterm 
(5 mg/kg daily for 5 days before grafting) failed to prolong 
survival of homografts of DBA/2 skm or tumour to 
BALB/c muce, pretreatment with ‘Melphalan’ (r-p- 
(di-2-chloroethylamino) phenylalanme) in this dosage 
was effective — Since ‘Melphalan’ is a mustard, with 4n 
viro and «n vwo effects similar m many ways to those of 
other mustards?, this finding 1s unexpected It suggests 
that ‘Melphalan’, unlike other mustards so far examined, 
might inhibit immune processes if given before the antigen 
The following experiment was therefore performed 

Male 42G mice, weighing 15-24 g, were injected intra- 
venously with 0 1 ml of a 10 per cent suspension of sheep 
red cells in physiological saline ‘Melphalan’ or ametho- 
pterin, ground m saline immediately before injection, was 
given in single doses of 15 mg/kg subcutaneously at 
various times before or after the antigen The mice were 
bled seven days after the antigen injection, and their sera 
titrated individually for hzmagglutmuns. Doubling 
dilutions of serum in saline were made m WHO hemag- 
glutmation trays and mixed with equal volumes (0 4 ml ) 
of a 1 per cent suspension of sheep red cells ın salme The 
trays were incubated at 37° C for 0 75 h and agglutmation 
patterns read after they had stood for a further 1-2 h at 
room temperature? 

Results are shown m Fig 1 The titre ın control mice 
was 1/299 t 1! Tt js clear that although ‘Melphalan’ 
resembles most other alkylating agents m its ability to 
suppress antibody production when given after the 
antigen, ıt 18 also able to suppress the response effectively 
if given up to 3-4 days beforehand Smaller doses (5 or 10 
mg/kg) mhibited antibody production when given up to 
2 days before the mjection of antigen These findings 
explain the apparently anomalous behaviour of this 
mustard m mhibitang the homograft response when given 
before grafüng Amethopterm, on the other hand, had, as 
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expected, little effect on antibody production when it was 
given before the antigen and was maximally mhibitory 
when given some 1-2 days afterwards 

We thank the Medical Research Council for financial 
assistance to one of us (M C B ), Prof F Bergel for a 
gift of “Melphalan’ and Dr Heltai, of Lederle Laboratories, 
for a gift of amethopterin 
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RADIOBIOLOGY 


Influence of Gamma-irradiation on Sulphur-35 
Mineralization of Sternum and Tibia, and Weight 
of Spleen and Testes of Chicks 


THE radiation syndrome of chicks exposed to X-1ays!? 
included renal damage, kidney hemorrhages, ulceration 
of esophagus, gastromtestimal mucosa destruction, 
anemia, hver hemorrhages and mortahty Young 
chickens were reported to be more sensitive to radiation 
than older ones 

The cysteme-cysteamine group? represent the most 
effective class of sulphur compounds which give some 
protection against irradiation Cysteme was found to be 
an effective compound m radiation protection’ Gluta- 
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thione has also been shown to reverse damage to sulphydryl 
enzymes produced by radiation. 

The results reported here were from an investigation 
designed to show the influence of y-radiation on Sulphur-35 
mineralization and also to observe organ response to 
radiation. 

One hundred and forty-four 21-day-old cockerel Leghorn 
chicks were placed in 6 groups of 24 chicks each. Two 
groups were used as the controls (non-irradiated groups), 
two groups were radiated for 400 min at 3 r./min and two 
groups for 467 min at 3 r./min, to give a total of 1,200 and 
1,400 r. total body irradiation for the irradiated groups. 
The y-radiator used for these investigations contained 300 
curies of cæsium-137 and gave a radiation rate of 3 r./min 
28 in. from the source. 

Twenty-four h after radiation each chick was given 
5 uc. of sulphur-35 subcutaneously. Twenty-four chicks 
from each treatment were killed 24 and 120 h after 
isotopie administration. The sternum, tibia, spleen and 
testes were removed, weighed and the sulphur-35 content 
of the sternum and tibia determined (Table 1). 


Table 1. INFLUENCES OF GAMMA-IRRADIATION ON YOUNG CHICKS 


Weight $5," 80, retention * Weight (g) 

(g Sternum Tibia Spleen Testes 
Controls 219 07 0-9 0:29 0-031 
1,200 r. 196 0:34 0:54 0:105 0-018 
1,400 r. 201 0:32 0-38 0:108 0-013 

5 days post-irradiation 

Controls 262 0:41 0:21 0:36 0:037 
1,200 r. 243 0-23 0-23 0:074 0-016 
1,400 r. 225 0-24 0:25 0-000 0-008 


* Expressed as percentage of dose per gram of tissue. 


The results of this investigation show that y-irradiation 
damages the spleen and testes and reduces the loss of 
sulphur-35. The non-irradiated chicks’ spleen and testes 
retained a smaller percentage of the original sulphur-35 
which was probably due to a change in sulphur metabolism. 
Since a small mortality was present in the 1,400-r. group 
and none in the 1,200-r. group following 5 days post- 
irradiation one can assume that at a dose rate of 180 r./h 
the chick can withstand 1,200-1,400 r. for 5 days post- 
irradiation when using cæsium-137. The retention of 
sulphur-35 by the sternum was similar in both levels of 
irradiation, therefore, suggesting that 1,200 r. is enough 
irradiation to reduce sulphur metabolism. 
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BIOLOGY 


Maternal Undernutrition and Retarded Feetal 
Development in Merino Sheep 


Ir is widely accepted that ovine fetal growth and 
development can be markedly affected by the plane of 
nutrition of the ewe after 91 days of gestation but that 
prior to this time nutritive-level has no effect!-*. A 
recent investigation here has shown that severe maternal 
undernutrition may influence both foetal weight, and the 
weight of associated placental cotyledons, at 90 days of 
gestation. 

Seventy-two South Australian Merino ewes were 
joined with two Merino rams in October 1962. After 
mating, ewes were fed so that the gross body-weight of 
each individual either increased (‘high’) or decreased 
(‘low’) by 25 per cent over 140 days of pregnancy. The 
ewes either gained or lost approximately 12 per cent gross 
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body-weight by 90 days of pregnancy. The animals were 
held in two adjacent, paddocks which were completely 
bare of feed. A controlled quantity of pelleted feed (50 
per cent barley; 45 per cent lucerne; 3 per cent ground 
limestone; 2 per cent common salt) was offered once 
daily in individual feed stalls located in the experimental 
area. After 90 days of pregnancy, 16 ewes (8 high : 8 low), 
selected at random, were killed and the gravid uterus 
completely dissected. Fifteen of these ewes carried a single 
fetus; one ewe from the low plane group was non- 
pregnant. 

Table 1 records mean foetal and functional cotyledon 
weights at 90 days of pregnancy, together with com- 
parisons of interest. 


Table 1, MEAN FŒTAL AND FUNCTIONAL COTYLEDON WEIGHTS (g) AT 
90 Days OF PREGNANCY 
Maternal nutrition Sex 
High Low Male Female 
(a) Fatal weights 
Weight. 547:8 490°2 559:9 478:2 
No. 8 7 7? B 
+ S.E. of mean 82 8S 8'8 BS 
Low as % of high 100-0 89-5 — — 
Female as % of male — — 100-0 85:4 
(b) Functional cotyledon weights 
Weight 489-7 3407 4706 3598 
No. 8 79 y 8 
+ S.E.of mean 252 20:0 26:9 25.2 
Low as % of high 100-0 00-6 — — 
Female as % of male -— -— 100-0 76:5 


* One observation missing from these classes, 


Fotuses from low-plane ewes were significantly (P 
< 0-01) lighter than those from high-plane ewes. Male 
foetuses were significantly (P<0-001) heavier than 
females. No significant effect of the sire was evident, nor 
did any of the interactions attain significance. In analysis 
of covariance foetal weight was not significantly associated 
(P = 0-12) with either the live weight, or with a subjective 
score for fatness, of the ewe at mating time. 

Fig. 1 shows examples of female foetuses and their 
carcasses from the two levels of maternal feeding. Apart 
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Female foetuses and their carcasses procured from high- and 
ow-plane ewes after 90 days pregnancy 
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Maternal nutrition (P« 0-01) and foetal sex (P « 0-05) 
represented the only significant sources of variation in 
functional cotyledon weights at 90 days of pregnancy. 
Undernutrition of the ewe reduced the weight of functional 
cotyledon material to a greater extent than foetal weight. 


UA comparable result has been recorded at 144 days of 


pregnancy in the sheep!. 
-Jn addition to their general biological significance, 


these results have obvious implications in relation to sheep 


husbandry practices. For example, & retardation of the 
foetal organogenetie forces prevailing in early gestation 


may limit wool and meat production potential. 


"An investigation is being made of the wool follicle and 
muscle-fibre dévelopment of foetuses procured at 90 days 
and 140 days of gestation. 

This work is supported by the Australian Wool Research 
Trust Fund. 

G. C. Everitt 
Waite Agricultural Research Institute, 
University of Adelaide, 
Private Bag No. 1, 
South Australia. 
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b "Exaggerated Prandial Drinking in the Rat 


: without Salivary Glands 
Rars eating dry foods drink water when they eat. 


Teitelbaum and Epstein! have called this prandial drinking 


or drinking at mealtime. Their attention was directed to 
it by the observation that rats recovered from the initial 


"aphagia and adipsia produced by lateral hypothalamic 
~ Jesions drink water only when they eat dry food. That is, 
. they are pure prandial drinkers. Unlike the normal rat 
“which will continue to drink water in the absence of food, 


‘the rat with lateral hypothalamic lesions that is no longer 
aphagie or adipsie will not drink water when it cannot eat, 
and it will drink less, not more, water in response to direct 


challenges to the regulation of body water that depress 


feeding, such as water deprivation, increased 
serum osmotic pressure, and hyperthermia’. 
Prandial drinking appears to be a response 


to the drynoss of the mucous membranes of 250+, 
the mouth and pharynx produced by dry = 
foods. Increasing the dryness of the mouth 200 
and pharynx by removal of the salivary 
glands should increase prandial drinking. * 
The phenomenon is reported here in the = '? 
normal rat. ^ at 

-. Three male rats of the Long-Evans strain « 100 
and eight rats (5 males and 3 females) of the * 
Sherman albino strain were salivarectomized 50 


under hexobarbital anesthesia. Their aver- 
age pre-operative weight was 433 g. The 
submaxillary and sublingual glands were 
removed together through a midline incision 
in the skin of the neck, and the parotid 
glands were removed through symmetrical 
incisions that curved beneath and behind 
the external ears. 

The animals were housed individually in 9 
wire-mesh cages (9 in. x 9 in. x 14 in.) 
fitted with Riehter tubes that were filled 
daily with fresh tap water. Purina chow 
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from differences in foetal weight and development, there 
was a noticeable tendency for low-plane fastuses to exhibit 
-< extensive subcutaneous hemorrhaging after removal from 
“the uterus (see the head of the low-plane foetus in Fig. 1), 
‘an observation which suggests physiological immaturity 
ab 90 days of age. i 
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“pellets were freely available on the floor of the cage. The © 
daily water intake, food intake (corrected for spillage), and 
body-weight of each animal was measured before opera- 
tion to establish normal baselines and post-operatively for 
as long as eight months. 

Food and water intake is depressed immediately after 
salivarectomy (Fig. 1), but as dry food intake returns 
toward normal levels, water intake rises sharply to a peak .. 
(as much as 212 ml. for a single 24-h period in SH-14). All 
eleven of the animals the data of which are summarized in 
Table 1 increased their voluntary water intake markedly 





within ten days after salivarectomy. The peak water . i 


intakes were 96-432 per cent more than the pre-operative 
average (five consecutive pre-operative days). After the 
peak is reached, drinking declines gradually, but may 
remain well above normal levels for as long as eight 
months. Animal SH-2 was consistently drinking at least 
40 per cent more than the pre-operative average on the 
258th post-operative day. 


Table 1. EFFECT OF SALIVARECTOMY ON THE DAILY WATER INTAKE OF 
THE Rat (N = 11) 
Average Peak Day of 
pre-operative post-operative post-operative Increase (76) 
intake intake peak 
SE-1 45 116 10 138 
SE-2 45 159 5 258 
SE-3 47 104 7 121 
SE-4 35 78 6 108 
SE-6 31 93 - [] 200 
SE-7 46 105 6 128 
SE-8 47 158 8 236 
SE-10 37 72 6 06 
SE-11 44 157 8 257 
SE-12 40 90 9 125 
SE-14 38 212 3 432 


The minor sublingual glands described by Greene in the 
Wistar rat? could not be identified in our animals and, 
therefore, were not removed. Ligation of the sublingual 
ducts in the floor of the mouth just behind the plica 
sublingualis did not alter drinking in one normal animal, 
nor did it produce an additional increase in the water. ` 
intake of two previously salivarectomized rats. E 

The exaggerated water intake reported here is elearly 
associated with the eating of dry food. It disappears 
when the salivarectomized animals are prevented from 
eating dry food simply by removal of all pellets from the 
cage. This is shown in Fig. 1, animal SH-14, days 10 and 
11, and has been repeated in eight other animals. Water 
intake fell from an average of 98 ml. (range: 56-169) for > 
all nine rats on the day before pellet deprivation to 15 ml. 
(range: 2-31) on the day of deprivation. In addition, 
water intake returns to normal levels when a liquid diet 
instead of dry pellets is eaten (Fig. 1, SE-11, days 16-21). 
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DAYS 


Daily water and food intake of two rats (SE-14 and SE-11) immediately before 
removal of the salivary glands, 


Food intakes on days 6-9 and days 12-14 


i 
for Seis are approximations 
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Elliott solid state radiation detectors 

















Elliott silicon radiation detectors for alpha, beta 
and neutron measurement have been developed 

in conjunction with the Atomic Energy Research 
Establishment, Harwell. Seven different types 
featuring high resolution, reliability and long life 

are now available. Further types covering the 
whole range of particle detection and measure- 
ment, are under development. 

lonisation chambers for a wide variety of radia- 

tion measurements and monitoring, including 
neutron flux scanning are also available. They are = 
made under conditions of extreme cleanliness, 
feature ceramic insulation and are mass spectro- 
meter leak checked before gas filling. 
Comprehensive literature on both Detectors and 
Chambers is readily available from:— 


Elliott Brothers (London) Limited 


High Voltage Tube Division, Elstree Way, Borehamwood, Hertfordshire 


A Member of the Elliott-Automation Group 
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STUDY: Legume virus diseases: 
vein clearing symptoms on stipules infected 
by Pea Mosaic Virus: assessment of effect of 
infection on yield. 
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(This is a less expensive version of the nutritionally 
adequate, water-soluble diet of J. P. Greenstein, S. M 
Birnbaum, M. Winitz and M. C. Otey, Arch. Biochem. and 
Biophysics, 12, 396; 1957. It was prepared to our specifi- 
cations by General Biochemicals Incorporated, Chagrin 
Falls, Ohio. It is this Company's soluble diet Ne. 116 EC 
containing hydrolysed casein instead of the L-amino-acids, 
sucrose instead of glucose and the fatty acids, vitamins, 
minerals and ‘Tween’ as described by Greenstein et al. 
There are 2 kilocalories in each ml. of the diet.) This has 
been repeated in five other animals. Here the average 
fell from 83 ml. (range: 64-124) to 22 ml. (range: 10-46). 
When eating pellets the animals typically sit near the 
water tube alternately chewing on the pellet and licking 
at the water. As they do so, food particles fall from their 
mouths into the horizontal portion of the Richter tube 
where they form a conspicuous deposit. The animals eat 
lessf astidiously. They chew the pellets vigorously but 
lose ‘many fragments through the floor of the cage, pro- 
ducing & groat increase in wasted food, and food particles 
adhere to their teeth. They appear to groom normally. 
The salivarectomized rat continues to drink in response 
to water deprivation and to alterations in internal fluid 
balance, but its drinking under these conditions is not 
excessive. Seven of the animals were injected intra- 
peritoneally with hypertonic sodium chloride (2 ml. of 
1 M sodium chloride/100 g body-weight) and all drank 
vigorously, consuming an average of 21 ml. during the 
four hours immediately after the injection. This does not 
exceed the water intake of normal rats treated similarly?-*. 
The same animals were tested for drinking after simple 
water deprivation. They were offered fresh water without 
food for 2 h in the morning after having had food but 
no water overnight. All seven rats drank and here again 
the response was not excessive. Five of the animals, 
tosted only once, drank an average of 8 ml. of water in the 
2-h test. This is only half the intake of normal animals 
drinking under the same deprivation*. The two other 
animals (old, Sherman albino males) were tested 
^ repeatedly. Neither animal drank more than 7 ml. in any 
test and on several occasions neither drank a measur- 
able amount of water although they licked at the water 
surface. At present we cannot account for the ineonsistent 
response of the albino males. Nevertheless, these results 
demonstrate that salivarectomy does not prevent drinking 
in response to increased serum osmotic pressure and water 
and, furthermore, that the responses to 
ressure and deprivation are not exaggerated. 
leg salivarectomy does not prevent drinking in 
response to regulatory challenges, but it does promote 
drinking under conditions that dry the mouth. The rat 
without salivary glands.does not overdrink when it does 
not eat, and when forced by shifts in internal water balan- 
ces to drink more its response is no more than normal. It 
' drinks more if it must eat food that dries its mouth and 
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E sen and Cannon‘, who investigated drinking in 
sali nized dogs panting to regulate body tempera- 
tures he heat (40° C), came to a similar conclusion. 


They found, as had Montgomery‘, whose work stimulated 

theirs, that dogs without salivary glands do not overdrink 

at room temperatures, but when forced to dry their 

< mouths in panting they drink excessively, often two to 

three times the expected amount. We have produced a 

` similar result in the rat by forcing oral desiccation with 

- dry food. In the rat, as in the dog, a dry mouth is a 
sufficient and powerful stimulus to drinking. 

"he implications of this work for the investi gation of the 

M hy alamie syndrome are obvious. Prandial 

| be the only kind of normal drinking 

o rat with lateral hypothalamic 

ral hypothalamic damage 

fore, be exaggerated by 
n the normal rat. 
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Electrical Responses to Light Stimuli in the 
Isolated Radial Nerve of the Sea Urchin, 
Diadema setosum (Leske) en 

Tug echinoid Diadema responds to changes in illumina- 
tion by moving its spines. This reaction has long been 
known to be a reflex mediated by the radial nerves!" and, 
though morphologically differentiated photoreceptors 
have not yet been found, good evidence exists that the 
nervous elements themselves are sensitive to light. This 
was first suggested by finding that. the distribution of 
sensitivity over the body surface coincided. with 
the superficial nervous syster*. 
evidence came from experiments in which spine movements 
were brought about by stimulating directly the radial 
nerve with a minute spot of light?. B | 

As already indicated’, the photie reactions of D. 
antillarum recall the ‘on’ and. ‘off’ effects seen in many 
elaborate photoreceptive systems, and more recent 
investigations of the reactions in this speciest:* as wellas | 
in D. setosum* ha veextended the resemblance. A demon- 
stration of the significant electrical concomitant has, 
however, been long overdue; indeed, so far, there has been 
no report concerning the electrical activities of echinoid 
nerve. Such a demonstration is now to hand. d 

Radial nerves were dissected free from the inner wall 
of the test of D. setosum and prepared for recording. 
Experiments were performed in a dark room at a tem- — 
perature between 18° and 28° C... Po ges 

As might be expeoted, from the diameter (<1-0y) and - 
unfavourable arrangement of the constituent fibres, it 
soon became clear that conventional wire or wick elec- 
trodes were inadequate for recording from the bulk of the 
nerve. Some suecess was achieved, however, when metal 
microelectrodes were used. Among the various kinds of 
metal electrodes tested, glass-insulated silver micro- 
electrodes, obtained by thinning electrolytically the tip 
of a silver wire down to a diameter 2-10u, gave the most 
satisfactory results. Recording was performed in sea 
water, with a reference electrode in it. To facilitate 
penetration by the microelectrode, it was necessary to 
clear the radial nerve of overlying tissues including the 
water vascular vessels. Action potentials were displayed 
on a dual-beam oscilloscope with a plug-in, capacity- 
coupled preamplifier, and photographed on a moving 








per. 
Phi for stimulation, obtained from a battery-operated, 
tungsten-filament microscope lamp, was projected through 
a microscope so as to illuminate uniformly a circle of 
about 3 mm diameter for 3 min with an intensity of about 
3x10! lux. An electromagnetic shutter controlled the 
beginning and the end of illumination which were moni- 
tored by a photocell and signalled on the second channel 
of the oscilloscope. 

Some electrieal activity was shown in 25 out of 130 
recordings made from 12 animals. In many recordings, 





Later, more direct 
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however, the amplitude of the action potentials was not 
large enough for adequate analysis. NUR 

In the dark, little activity appeared, apart from 
spasmodic spontaneous bursts of impulses. On illum- 
ination, discharges appeared at both ‘on’ and ‘off’ (Fig. 1). 
These were irregular in both amplitude and frequency, 
indicating that a large number of units were involved. 
The 'on' diseharge was brief, usually lasting for a few 
seconds only, after which the nerve exhibited little, if 
any, activity so long as the illumination was unchanged. 
The ‘off’ discharge was more prolonged than the ‘on’ 
discharge, sometimes persisting for more than 10 sec. 

"There is thus considerable resembiance between the 
electrical activities of the radial nerve in D. setosum and 
the spine responses to photic stimulation that have been 
described in the same speeies* and in D. antillarum?*’. 

A difference is found, however, in the reaction time. 
defined as the interval from the beginning of lighting in 
the case of an ‘on’ response, or shading in the case of an 
‘off’ response, until the onset of activity. While in the 
case of the ‘off effect’ the reaction time of the overt spine 
response is related to the magnitude of the stimulus in a 
fairly precise way, being constant for identical stimuli‘, 
the electrical discharge did not show such consisteney in 
reaction time. In spite of the standardized illumination, 
the reaction time varied from a fraction of a second to 
several seconds, appearing to be independent of either the 
position of the recording electrode or that of light spot. 
The reason for this inconstancy is not known. It could 
be related to the difficulties inherent in recording from a 
dense mass of nerve. Thus, it is unlikely that most or 
all of the neurones in the radial nerve would be thrown 
into simultaneous activity by a direct light stimulus, and 
0 it is likely that the ease with which impulses could be 
'pieked up by a microelectrode depends on its proximity 
‘to the active neurones within the nerve. In this event the 
discharge at any moment would represent the level of 
“activity in the part of the nerve nearest to the electrode 

tip. Such activity may be related only indirectly to the 

primary sensory discharge. 

This idea, which offers a possible explanation of the 
observed variability, is plausible since it has been known 
that the radial nerve is a complex centre of integration 
and co-ordination’, on which light has both excitatory and 
‘inhibitory effectsi-*. In this connexion, it may be of 
interest to note that some of the records show, though 
not very clearly, a certain rhythm of activity (Fig. 1), 
the presence of which in the radial nerve of D. antillarum 
has previously been indicated’. Again in this connexion, 
“we may note the spontaneous discharges seen in darkness, 
|. referred to here. 

So far, no positive correlation has been observed 
"between. the position of the microelectrode and the 
pattern of recorded discharge. The precise site of the 
primary photoreception still remains to be discovered. 





charge. Time calibration, 10 see. Temperature, 28° C 
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Movement of the Sporozoites of Plasmodium 
berghei (Vincke et Lips, 1948) 


AT several points in their complex life-cycle malaria 
parasites are bound to leave their intracellular or 'intra- 
mural' existence to assume a temporary vagrant and free 
life. The movements of these developmental stages of the 
plasmodia may be studied in vitro in a few instances such 
as the exflagellation of the microgametocyte and the move- 
ments of the male gamete, or the motions of the crypto- 
zoites of avian malaria and their engulfment by phagocytie 
cells as recorded by the slow-motion ciné-camera'. Other 
active movements, like the penetration of the merozoites 
into erythrocytes, have only rarely been glimpsed at by 
a lucky or persevering observer*. The actual mode of loco- 
motion of the ookinetes (known also as the travelling 
vermieule) and the active movements of sporozoites of 
mammalian plasmodia have never been recorded since 
Schaudin’s publieation in 1902 (ref. 3) and the numerous 
unsuccessful attempts to repeat his observations*. 

The motility of the ookinetes and of sporozoites has been 
surmised by the distances which they traverse towards 
their biological targets, by the findings in histological 
sections which indicate the progress and the direction of 
such movements, and by the technique of electron micro- 
scopy in recent years which has revealed specific structures 
within the sporozoite and ookinete that have been inter- 
preted as true organelles of purposeful locomotions*-*. 

The problem of the motility of the sporozoites of mam- 
malian plasmodia is of great interest. With their intro- 
duction into the organism of their hosts through the bite 
of an infected mosquito, they begin a most hazardous 
journey leading towards the distant sinusoids and paren- 
chyma cells of the liver, skirting past and avoiding fixed 
and mobile phagocytes stationed along their way. How- 
ever, in fresh preparations these sporozoites exhibit no 
visible movement or a very feeble motility of slight twist- 
ing and curving of their bodies—motions which could 
scarcely be interpreted as acts of purposeful locomotion 
of an organism destined to travel towards a distant 
goal. 

The sporozoites of Plasmodium berghei, 
the rodent malaria parasite, have been 
little and insufficiently studied in the past. 
Since their discovery in wild-caught Ano- 
pheles dureni*-" they have been used 
mainly for the isolation of new strains. 
The few successful cyclic transmissions 
obtained with sporozoites from experi- 
mentally infected semi-susceptible Ano- 
pheles species!'-!* were carried out by 
using sporozoites from crushed mature 
oocysts. The unpredictable and rare 
infectivity of these sporozoites, and the 
absence of a simple. reliable method to 
ascertain their viability, prevented their 
use for more exact and detailed research. 

The present observations were carried 
out with naturally infected and experi- 
mentally infeeted Anopheles dureni. The 
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mosquitoes: were collected in the forest gallery of 
Kisanga in the vicinity of Elisabethville, Katanga (Re- 
"publie of the Congo). This forest gallery and its unique 
environment served as the original natural observation 
station for the investigation of Anopheles dureni, Tham- 
nomas surdaster, Plasmodium berghei complex. 
Twenty-three hundred engorged female A. dureni were 





a high natural salivary gland and oocyst midgut infection. 
Thirteen per cent of the salivary glands of the 249 A. dureni 
dissected showed heavy sporozoite infections, 24 per cent 
of the 276 midguts dissected showed moderate to very 
heavy oocyst infections. Most of the oocysts contained 


sporozoites. Nine fresh P. berghei strains were isolated 
from these infected mosquitoes by inoculation of the 
sporozoites into laboratory-bred tree rats", white mice 
and golden Syrian hamsters. 

The infected salivary glands of one wild Anopheles 
dureni were dissected out in a fluid consisting of Ringer- 
inactivated rat serum (1:1). Half the lobes were in- 
jected intraperitoneally into a two-month-old Thamnomys. 
The tree rat developed a patent parasitemia 72 h after 
sporozoite inoculation. The other half of the salivary gland 
lobes was slightly teased in the dissecting fluid and trans- 
ferred by capillary to a large slide. A minute drop of 
heparinized tree-rat blood was added to the sporozoite 
suspension. The fluid mixture was covered with 20mm x 
20 mm. coverslip and sealed with paraffin. The slide was 
Ac a Reichert model warm stage kept at 37° C 
ites watched under oil immersion in dark 
py (Leitz). Minutes after the beginning of 
ion the sporozoites were seen gliding rapidly, 
ly and gracefully in eel-like movements 
djacent cells. Some of the sporozoites were 
Be inging their direction and suddenly reversing their 
circling movements. The active, purposeful and swift 
motility of the sporozoites under observation continued 
for 2 h and 45 min and was continually witnessed by me 
and also by several members of the Department. No 
penetration of sporozoites into erythrocytes or other cells 
has been observed. By the end of 3 h very little active 
movement could be seen. Smears were prepared from the 
jlood-sporozoite suspension, stained in Giemsa- Wright, 
and examined. The sporozoites retained their normal 
form and staining reaction. No other micro-organisms, 
except a few scattered cocci, were found in the slides. 

SA second similar observation was carried out with 
sporozoites from the salivary glands of an Anopheles 
dureni experimentally infected with strain SP11 of 
P. berghei. On January 15, 1964, eight days after the 
inféetive blood meal on a gametocyte carrier hamster, 
sporozoites were present in the salivary glands of 82 per 
cent of the engorged mosquitoes kept at 23°C and at 
85 per cent relative humidity. The salivary gland lobes 
ofan infected A. dureni were removed into Ringer-rat 
serum dissecting fluid, slightly teased and transferred to 

a d of buffy coat containing mouse white cells, 
s and some fibrin. The technique of observa- 
to the first previously recorded. The 
ere seen gliding swiftly and gracefully, 
ely and performing circular movements 
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around cells and cell agglomerations. The observation 
continued for 45 min. Penetration of sporozoites into 
cells has not been observed. 

The swift and active, graceful movements exhibited by 
sporozoites of Plasmodium berghei at 37° C in vitro are the 
first observations of purposeful locomotions of sporozoites 
of a mammalian plasmodium witnessed. Experiments 
carried out in the past by me on P. gallinaceum and 
sporozoites of P. falciparum kept at 37? C and 40? C did 
not reveal active movements. In their slender structure, 
sporozoites of P. berghei resemble sporozoites of human 
and primate malaria. It remains to be seen if their 
electron microscopic structures and their tissue and cellular 
tropism and primary development follow those of other 
known mammalian malaria parasites. 

I thank Prof. Georges Boné, director of L.R.S.A.C., 
Elisabethville, Republie of the Congo, and the entomolo- 
gist, Mr. Marcel Lips, of the Service d’Hygiéne, for their 
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Self-fertility in a Prothallus of Equisetum 
telmateia, Ehr. 


For more than a hundred years there have been 
conflicting statements regarding sex-determination in 
Equisetum. In the earliest accounts, the prothalli were 
described as unisexual. Later, it became accepted that 
archegoniate prothalli were also capable of bearing anther- 
idia. Dópp!, working on fern prothalli, showed that 
extracts of mature prothalli hastened the onset of anther- 
idium formation in young prothalli—and this has been 
confirmed by Naf?. Similar investigations should clearly 
be carried out on the prothalli of Equisetum; but the 
first requirement is to devise a technique for growing 
isolated prothalli in aseptic conditions in vitro. 

Hurel-Py? and Castle have grown Equisetum prothalli 
in aseptie cultures, but both refer to their cultures as 
being crowded and, when they mention the formation. of 
young sporophytes, it is to be assumed that they resulted 
from cross-fertilization. 

The technique used for obtaining single spore eultures 
is essentially that described by Whitehouse* for mosses. 


1346 
A single sporangium of Equisetum is cut from the sporan- 
giophore and is sterilized by immersion for 20 sec in a 1-5 


per cent sodium hypochlorite solution to which household 
detergent has been added at the rate of one drop in 100 c.c. 
It is then washed in sterile water and is placed in a drop of 
sterile water on the surface of Bei jerinck nutrient agar in a 
Petri dish. Using a sterile needle, spores are pressed out 
of the sporangium and are spread around in the drop. 
The spores germinate in three or four days. Under a 
binocular dissecting microscope, using an eye-surgeon’s 
micro-scalpel, it is then possible to cut out a small area of 
the nutrient agar together with a single germinating 
spore, without damaging the delicate rhizoid. It is then 
transferred to a sterile Beijerinck nutrient agar slope in a 
test-tube, the mouth of which is plugged with cotton wool. 
Under fluorescent illumination for 16 h in every 24 h, the 
prothallus grows rapidly and may reach a diameter of 
1 em in three months, both in EF. arvense and in 
B. telmateia. 





Fig. 1. A single prothallus of Equiset um telmateia, three sporo- 
- asa result of self- (The numerous k spots are 
necrotic antheridia) 


As the agar begins to dry out, sterile water may be 
added from time to time. If, however, the prothallus is 
wetted in doing so, self-fertilization is possible, as is 
shown by the culture illustrated in the photograph. This 
shows the production of three sporophytes from a single 
prothallus of E. telmateia. Cones, collected in the Cam- 
bridge University Botanic Garden on April 26, 1963, were 
stored in Beijerinck solution at 0° C until May 16, when 


however, because they lie between the filaments and are 

i to see without 
wetted with sterile water on August 26, and three sporo- 
phytes had developed to a length of 5 mm by December 28, 
when the photograph was taken (through the glass of the 
test-tube). 

While it is, of course, possible that these sporophytes 
developed apogamously, to the best of my knowledge 
ahogamy has never been demonstrated in Equisetum. 

ir development after watering strongly suggests that 
self-fertilization has indeed occurred in this prothallus 
indicating, moreover, that it was self-compatible. 


K. R. SPORNE 
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Cambridge, 
England 
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Bacteriostasis of Staphylococcus aureus a 
Volatile Component of *Scotch' Brand Cellulose 
Adhesive Tape 


In order to prevent drying of the nutrient agar during 
studies of the growth of Staphylococcus aureus E169 at 
elevated temperatures, the Petri dishes were sealed with 
‘Scotch’ brand cellulose adhesive tape (Minnesota Mining 
and Manufacturing (Australia) Pty., Ltd.) or with paraffin 
wax. The observation that the number of colonies on 
plates sealed with tape was considerably less than tho 
number on otherwise comparable unsealed or wax-sealed 
plates suggested that the tape contained a volatile com- 
ponent which inhibited the bacterial growth. 

The inhibitory effect was conveniently demonstrated by 
placing a strip of the tape, adhesive side uppermost, in 
the inverted lid of a nutrient. agar plate inoeulated with 
0-1 ml. of a 10-* dilution of an overnight culture of 
Staphylocoecus aureus E169. After approximately 20 h 
incubation at 37° C, plates exposed to tape showed about 
cne-twelfth of the number of colonies present on inoculated 
plates not exposed to tape. After the initial incubation 
period, the tape was removed and the plates reincubated. 
The final number of colonies did not then differ signifi- 
cantly from that on control plates incubated for a similar 
period, indicating that the growth-ihibitory agent was 
not bactericidal but bacteriostatic (Table 1). 


Table 1.  BACTERIOSTASIS OF Stapholoocous aureus E169 BY 'Scorcn" 
TAPE AND SUBSEQUENT COLONY FORMATION ON REMOVAL OF THE TAPE 


Period of No. of colonies per plate (mean of 10 lates) at 
incubation nd of exch 20h period of Ina tee 


d to tape during 
rst but not second Not exposed to tape 
period of incubation 
First 38:5 4871 
Second 465-7 488-0 


A number of resistant colonies were picked from tape- 
exposed plates and subcultured; all proved to be com- 
pletely resistant to the tape. Nevertheless, several 
attempts to isolate tapo-resistant variants from une: 
populations of Staphylococcus 
selection were unsuccessful. 
apparently anomalous results are being investigated. 

No quantitative assessment 
active component was possible. 
little as 18 mg of tape was fully effective in a 9 em 
diameter Petri dish, it seems likely that the concentration. 
of bacteriostatic vapour in the air-space of the dish would 
be very low. 

The susceptibility to tape 
staphylococci of human origin 


Table 2 shows 
that the bacteriostatic activity of the tape is surprisingly 
specific. Of the small range of genera tested, only members 
of the genus Staphylococcus were susceptible; and, with 
one exception, all the susceptible staphylococci were 


Table 2, SUSCEPTIBILITY OF STRAINS OF VARIOUS BACTERIAL SPECTES TO 
*Scoren' TAPE 


Species No. f susceptibl No. of resistan 
id " ‘strains s ? strainst : 
Aigle ; aureus (coagulase- $$ z 
re 
Tapes efaa: 1 19 
Streptococcus propones 0 3 
Neisseria catarrhal 9 1 
Corynebacterium di; iae type gravis: 0 
Clostridium wwolehite oe t 0 3 
Escherichia 0 1 
Salmonella typhimurium 0 2 
Haemophilus influenzaet 0 1 
$ Golony count reduced by moro than 90 per cent in the presence of tape, 
* Co reduced by less than 10 cent in the presence x 
1 Tested on defibrinated pe blood a gi ve 





March 28, 1964 


eoagulase-positive. Neither the susceptibility nor the 
resistance of the -coagulase-positive staphylococci was 
associated with any particular phage type or pattern of 
antibiotie susceptibility. 

The nature and mode of action of such an unusually 
specific inhibitory agent are of considerable biochemical 
interest, and identification of the active component is at 
present being attempted. Meanwhile, in view of the 
general use of ‘Scotch’ tape in bacteriology, mycology and 
virology, the knowledge that its vapour can be biologically 
active has obvious practical implications. 
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Degradation of Yeast Cell Wall by 
Fractionated Snail Gut Enzyme 

Prororiasts are reported as being formed from cells of 
Saccharomyces species by the action of snail crop juice’, 
autolysis, pounding? or enzymes from other miero- 
organisms?. The chemical mechanisms underlying the 
process have not been fully elucidated. 

The cell wall of Saccharomyces is composed mainly of 
glucan, mannan and protein*-*. Lipid and possibly 
hexosamine are also present’. It is generally agreed that 
the mannan and protein components of the cell fabric are 
closely associated. They can, however, be removed by 
means of alkali to leave an envelope of glucan which has 
contours similar to that of the original wallt. 

When cells are treated with snail crop juice, consider- 
able variation in susceptibility is revealed as between one 
yeast strain and another of the same species, and also 
between active and stationary-phase cells of the same 
strain}. The work reported here is part of a programme 
of investigation into yeast cell-wall structure using 
enzymatic methods of degradation and into the mechanism 
of protoplast formation. 

Crop juice from the snail Helix pomatia was dialysed 
and lyophilized and 20 mg quantities were fractionated on 
A ‘Sephadex G-75 column (40 em x 2 em*). Elution was 

effected using 0-85 per cent w/v sodium chloride, at 5° C. 
Fractions (2 ml.) were collected and the process followed 
by examining their absorption at 280 my. They were also 
examined for their activity against intact cells and cell 
walls of strains of Saccharomyces from the National 
Collection of Yeast Cultures (N.C.Y.C.). The cell walls 
were prepared by disintegration of whole cells by agitating 
with glass beads and subsequent thorough washing‘. Cell 
walls or whole cells (about 1 mg dry weight) were sus- 
“pended in 1-0 ml. 0-01 M citric acid/disodium hydrogen 

phosphate buffer at pH 5-8 and incubated at 37° for 

0 ith L:5 ml. of the enzyme fractions. After 
remo solid material by centrifugation, the super- 
natant fluid was deproteinized by adding 0-5 ml. 15 per 
cent trichloroacetic acid, de-salted using ‘Dowex 1’ and 
*Amberlite IR 120 and freeze dried. The lyophilized 
material was taken up in a small quantity of water and 
chromatographed on Whatman No. 4 paper using as 
solvent methylethyl ketone, 9: acetic acid, 1 : water, 1 : 
the whole being saturated with boric acid’. Development 
was effected, by spraying with aniline phthalate reagent?. 

When the individual fractions were incubated with cell- 
wall preparations of strains N.C.Y.C. 748 and 366, which 
. formed protoplasts readily with the crude enzyme, the 

results showed that the enzyme activity could be fraction- 
ast three components, one of which released 
and glucose, the others releasing glucose 
components gave rise in addition to what 

be short-chain polysaccharide; this was 
minent when strain 366 had been treated. 
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Confirmation that the spots on the chromatograms were 
glucose and mannose was obtained by running parallel 
chromatograms in a solvent system (butanol 45, ethanol 5, 
water 49, ammonia 1), dissimilar from that above. Glucose 
oxidase? was also used to establish the authenticity of the 
glucose in the hydrolysates. No other hexoses were 
detected nor was there any evidence of hexosamine. 

Cell-wall preparations-of two strains of yeast which did 
not form protoplasts with the crude enzyme (N.C.X.C. 
239, 1056) behaved differently on being tested with, 
enzyme fractions. No mannose was released,’ glucose 
only appearing on the chromatograms. In these cases all 
the eluent fractiens from the column behaved in the same 
way and there was no apparent division into components. 

However, when living or heat-killed (65° for 10. min) 
intact cells of the resistant strains 239 and 1056 were 
incubated with enzyme fractions, no release of hexose 
could be demonstrated. There thus seems to be important 
differences between the inner and outer wall-surfaces in 
their susceptibility to attack. When the cell-wall materials 
from the four strains were hydrolysed for 3 h at 105° with 
2 N sulphuric acid, glucose and mannose were found in all 
the hydrolysates. 

The ability of the eluent fractions from the ‘Sephadex’ 
column to form protoplasts was tested by incubating them 
at 30° with a suspension of log phase intact cells of the 
susceptible strains 74S and 366 in 0-01 M citrate + phos- 
phate buffer pH 5-8, using 0-6 M mannitol as osmotic - 
stabilizer. Microscopic observations were carried out 
during 48 hincubation. The regular ellipsoidal appearance 
of the cells was modified suggesting attack on the walls in 
each case, but protoplasts were only observed with the 
fractions which gave rise to both glucose. and mannose 
when incubated with cell-wall preparations. | 

These results suggest that to achieve protoplast forma- 
tion in the two susceptible strains investigated the mannan 
moiety of the cell wall must be degraded in some manner. 
Important differences in the accessibility or strueture of 
the mannan in the cell walls of different yeast strains are 
also indicated. It might be interesting to see the extent 
of wall attack that the cell will tolerate without impair- 
ment of its capacity to grow and divide. 

Two distinct membranes were reported in yeast cell 
walls by Northcote and Hornet; furthermore, Eddy^ has 
suggested that the mannan-protein complex overlays the . 
glucan. Our observations support this view as glucan is 
seemingly attacked in resistant strains only when the | 
‘inside’ of the wall is accessible. ; d 

Nečas? has suggested that since he could not detect 
extracellular enzymes in the protoplast suspension which. 
he prepared autolytically, lysis must take plaee from 
within. The mechanisn which we have been studying 
appears to be different, however, resembling: that des- 
cribed by Eddy and Williamson'. No doubt several 
different treatments result in protoplast formation from 
whole eells by mechanisms which in some are 
dissimilar. Our findings suggest that using certain active 
components of snail crop juice protoplasts are only formed 
when both the mannan and the glucan of the cell wall are 
at least partially degraded. Attack on the glucan alone 
does not of itself lead to protoplast formation. 

We thank Dr. A. H. Cook, director of this Foundation, 
for his advice. 
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CYTOLOGY 
A Chromosome Count in Mohria 


THE Schizaeaceae, one of the most ancient families of 


ferns, are represented: to-day by four surviving genera, 
namely, Schizaea, Lygodium, Anemia, and Mohria. The 
very great age of the Schizaeaceae is attested by the 
Carboniferous genus Senftenbergia, which was demonstra- 
ted by Radforth! to be beyond reasonable doubt a member 
of this family. On account of the great antiquity of the 
family, the cytology of these plants has considerable 
importance for fern phylogeny. The four living genera 
are linked together by thé very characteristic Schizae- 
aceous sporangium, but are otherwise notable for the 
very great morphological differences that exist between 
them. Morphological investigations thus suggest that 
only a rather distant affinity exists between the extant 
genera, and this indication is clearly supported by the 
chromosome numbers reported so far, namely, n = 772, 
c. 943, 96*, 103*, c. 270*, 350-3705, and c. 540* in Schizaea, 
n = 297, 304.7, 587, 605, and c. 70€ in Lugodium, and 
n = 38'-* and 767-* in Anemia. 

No report of a chromosome count for Mohria is so far 
known to us. The importance of obtaining a chromosome 
number for Mohria has long been recognized in this 
Department, and the absence of a previous count is 
attributable to the difficulties experienced in establishing 
this plant in cultivation. Ultimately, however, after 
earlier disappointments, plants of Mohria caffrorum (L.) 
Desy. have been available to us, raised at Kew by Mr. 
H. J. Bruty from spores obtained from a wild collection 
made in the Transvaal (Prov.: Pietersburg, Div.: Wood- 
bush) on July 10, 1956, by E. A. C. L. E. Schelpe, No. 
6042, and now deposited in the Herbarium of the British 
Museum (Natural History) Chromosome counts have 
been obtained from both meiosis (J. D. L.) and root-tip 
mitosis (S. K. R.). Illustrated here are a cell in diakinesis 
showing » — 76 bivalents, and a root-tip cell demonstrat- 
ing very clearly 2n = 152 chromosomes. This result 
evidently suggests that Mohria is more closely related to 
Anemia than either of them is to Schizaea or Lygodium. 

Attention has frequently been directed to the similarities 
(for example, frond morphology, large and few sporangia, 
ete.) which exist between Mohria and the Cheilanthoid 
ferns, and to some authors these resemblances are signi- 
ficant, Indeed, Bower’ writes“. . . thero is reasonable 
probability that Notholaena and Cheilanthes are Schizaeoid 





Fig. l. Dinkinesis in Nw — showing = 76 bivalents 
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Fig. 2. Root-tip mitosis in Mohria caffrorum, showing 2n = 152 chromo- 
somes ( x 750) 


derivatives from the type of Mohria, . . . ". However, 
since the Cheilanthoid ferns have chromosome numbers 
based on x = 29 or 30%, our chromosome count for 
Mohria clearly supports the contrary opinion that these 
morphological similarities are only superficial in character, 
and represent an example of parallel evolution, rather 
than evidence of phylogenetic connexion. 

We thank Prof. I. Manton for her advice, and one of us 
(S. K. R.) thanks the Commonwealth Scholarship Com- 
mission in the United Kingdom for the award of a scholar- 
ship during the tenure of which part of the work was done. 

J. D. Lovis 
S. K. Roy 
Department of Botany, 
University of Leeds. 
' Radforth, N. W., Trans. Roy. Soc. Edin., 59, 745 (1939), 
* Lovis, J. D., Nature, 181, 1085 (1958). 
* Fabbri, F., Caryologia, 16, 237 (1963). 
* Wagner, jun., W. H., Amer. Fern. J., 53, 1 (1963), 
* Abraham, A., Ninan, €. A., and Matthew, P. M., J. Indian, Bot. Sot., 
41, 339 (1962), 
* Brownlie, G., Trans, Roy. Soc. N.Z. Bot., 1, 1 (1961). 
, Manton, L., and Sledge, W. A., Phil. Trans. Roy. Soc., B, 288) 127 (1954). 
* Friebel, H., Beitr. Biol. Pfl., 21, 167 (1933). 
* Walker, T, G., New Phytol., 61, 291 (1962). 
” ah 
BON JE X. m "ise 8, The Leptosporangiate Ferns, 281 (Camb. 
?! Chiarugi, A., Caryologia, 18, 27 (1960), 


GENETICS 


Cytogenetical Investigations in Relation to the 
Mechanism of Evolution in Hexaploid 
Solanum nigrum L. 

Solanum nigrum L. shows a polyploid series with » = 12. 
24 and 36 (ref. 1). Although a considerable amount of work 
has been done on the three cytotypes, yet there is a lot of 
controversy about the nature of polyploidy and the course 
of evolution in hexaploid Solanum nigrum*. An ideal 
method for tracing the mechanism of evolution of the 
forms with higher chromosome numbers in species showing 
polyploid series is by producing these artificially. Tt has 
been possible for us to synthesize the hexaploid Solanum 
nigrum by crossing the naturally occurring tetraploid with 
diploid and then raising the triploid, through colchicine 
treatment, to the hexaploid-level. This note is concerned 
with the nature of polyploidy and the probable mechanism 
of evolution in hexaploid Solanum nigrum as brought out 
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by a comparative morphological and cytogenetical study 
of the synthetic and the naturally occurrmg type 

The naturally growing populations of Solanum mgrum 
at Delhi were classified mainly on the basis of the colour 
and size of the fruit nto three morphologically distinguish- 
able forms In type I the fruits are shiny bluish black, in 
type TI the fruits are orange coloured and m type III the 
fruits are dull purplish black and larger than those of 
type I The cytological analysis of types I, IT and III 
showed these to be diploid, tetraploid and hexaploid, 
respectively Crosses were made between tetraploid and 
diploid forms The cross was successful only when the 
tetraploid was used as the female parent The triploids 
which were quite vigorous in growth showed a highly 
irregular meiosis and ın most of the cases did not set any 
seed The colour of the fruit ın the triploid was dull 
purplish black Although a few chromosomes did show 
bivalent and trivalent associations, most of the chromo- 
somes were present as univalents (241-36! per pollen 
mother cell) This would mean that the three genomes 
in the triploid are dissimilar with respect to majority 
of ther chromosomes . 

Some of the axillary buds of the triploid plants were 
treated with colchicine Most of the colchicine-treated 
buds gave rise to hexaploid shoots The study of these 
along with ther progeny has shown that the mduced 
hexaploid resembles the naturally occurrmg hexaploid in 
morphological characters cluding fruit colour and size 
The naturally occurring as well as induced hexaploids 
showed 28 bivalents to as many as 36 bivalents per pollen 
mother cell The fact that most of the pollen mother cells 
of the naturally oceurrig and synthesized hexaploids 
showed 36 bivalents and high pollen fertihty with good 
seed setting mdicates that the course of evolution has 
been mainly through alloploidy Thus 1s further supported 
by the fact that a pentaploid plant obtamed by crossing 
the naturally occurrmg hexaploid with the tetraploid 
showed as many as 22 bivalents Most of the other 
chromosomes were present as univalents We have so 
far not encountered a multivalent association like a 
quadrivalent, a pentavalent or a hexavalent in the penta- 
ploid or the hexaploid 

The close sumilarity m the morphological characters and 
the meiotic behaviour of chromosomes between the 
naturally oceurrmg and the artificially synthesized hexa- 
ploid mdicates that the former has arisen by natural 
crossing between tetraploid and diploid followed by 
spontaneous chromosome doubling of the triploid hybrid 

We thank Prof P Maheshwari, head of the Botany 
Department, University of Delhi, for facilities and advice 
This work was supported by the Council of Scientific and 
Industrial Research, New Delhi 
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VIROLOGY 


Resistance of BHK21 Hamster Cells to SV40 
Papovavirus 

Tre transformation of hamster cells vi» vitro and wm vwo 
ean be readily induced by papovaviruses, polyoma and 
SV40 ‘he transformed cells are generally characterized 
by then distinetive morphology, and by their abihty to 
induce tumours when moculated into normal weanhng 
hamsters, but not when moculated into hamsters 
previously myected with the homologous virus!-? Normal 
hamster cells do not produce tumours in hamsters, but 
Defend: et al * have repoited that as few as 80 cells of a 
clone derived fiom the BHK21 cell bne? would induce 
tumours in hamsters ‘These cells had not been exposed 
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to either polyoma or SV40 virus Other clones developed 
from the same cell hne were less tumorigemc Since 
these cells were ‘morphologically normal’ and had not been 
deliberately exposed to viruses, ib was of mterest to 
determune whether exposure to SV40 would alter their 
malignant properties, and whether animals inoculated 
with SV40 would resist challenge with the BHK21 cells 
that had been exposed to the virus 

The BHK21 cells used in this work were obtained from 
Piof M Stoker (Institute of Virology, University of 
Glasgow) The cells were maintained in ou laboratory 
in Eagle's basal medium supplemented with 20 per cent 
calfserum Cells growing ın monolayers were infected at a 
multipheity of 3 with S'V40 At daily mtervals for one 
week, replicate cultures were collected and the cells 
ruptured into the extracellular fluid to release mtracellular 
virus The suspensions were tested foi the presence of 
virus in BSO-1 cells, a contmuous lne of sensitive colls 
derrved from a grivet monkey!® ‘Virus persisted for 7 days 
but then disappeared from the BHK21 cultures The 
BHK21 cultures were dispersed with trypsin and passed 
at weekly intervals for 6-8 weeks Introduction into ten 
tubes of BSC-1 cells of material from 6 x 105 ruptured 
cells at each passage level failed to reveal the presence of 
SV40 although the mdicator cells were observed for 6 
weeks 

BHK21 virus-exposed cells at the sixth to exghth 
passage level, as well as BHK21 cells not previously 
exposed to S'V40, were used to challenge hamsters that 
had been inoculated one month previously with SV40 
Other hamsters not previously inoculated were also 
challenged and served as controls It is apparent from 
Table 1 that less than 100 cells caused the formation of 
tumours im more than 50 per cent of the animals in all 
groups moculated, confirming the observation of Defendi, 
Lehman and Kraemer® Exposure of the BHK21 cells 
to SV40 neither decreased nor increased their capacity to 
induce tumours m the hamsters Por inoculation of the 
hamsters with SV40 did not confer resistance against 
challenge with the BE K21 cells 

Failure of SV40-moculated animals to resist challenge 
by SV40-exposed BHK21 cells was also observed in 
hamsters challenged by inoculation of cells mto the 
cheek pouches (Table 2) Control hamsters, as well as 
hamsters previously moculated with SV40, developed 
tumours m the pouches after challenge with BE K21 cells 
At the passages tested, the BHK21 cells appeared to be 
somewhat more tumorigenic than the S V40-transformed, 
H-50 cells The latter were derived from a virus-free 
hamster tumour induced by SV40 (ref 11), and have 
been used in & number of investigations designed to 
evaluate the resistance of hamsters after immunization 
with various papovaviruses* ‘The resistance of hamsters 
to the transplantation of the H—50 cells after prior inocu- 
lation with SV40 1s evident in Table 2 Simular results 
are obtained when the animals are challenged sub- 
cutaneously 


Table 1 TUMOURS IN HAMSTERS IMMUNIZED WITH SV40 FOLLOWED BY 
SUBCUTANEOUS CHALLENGE WITH EO ed AND SV40-EXPOSED BHK21 
ELLS 

Control hamsters SV40-inoculated hamsters 
No of cells Untreated SV40-treated Untreated S ¥40-treated 
inoculated BHE21 BH E21 BHK?1 BHE21 
105 6/6* 6/6 
10: 6/6 5/5 6/6 6/6 
10° 5/5 5/6 6/6 5/5 
10% 6/6 5/6 4/5 3/6 


* Numerator = No of animals developing tumours, denomunator = No 
of animals moculated Observation period, 9 weeks 


Table 2 COMPARATIVE RESISTANCE OF S¥40-INOCULATED HAMSTERS TO 
CHALLENGE IN THE POUCHES WITH SV40-EXPOSED BH K21 CELLS OR WITH 
SVA4O-TRANSFORMED HAMSTER CELLS (H-50 LINE) 


No of cells Control hamsters SV40-moculated hamsters 


inoculated BHE21 H-50 BHE21 H-50 
10: 8/8* 9/12 8/8 3/12 
10 16/16 7/16 10/10 1/10 
10° 11/12 4/10 10/10 0/10 


* Numerator = No of pouches showing tumours, denomunator = No 
of pouches inoculated Observation period, 6 weeks 
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Resistance 1s regularly conferred by SV40 against 
transplantation of cells transformed by the homologous 
virus but not against cells transformed by polyoma 
virus’? This resistance is thought to be induced by & 
new cellular antigen, the formation of which 15 mediated 
by infection with the virus This hypothesis, first pro- 
posed by Habel, strongly supports the assumption that 
part of the viral genome 1$ mtegrated with the genome of 
the transformed cells derived from normal hamsters 
The work reported here mdicates that under the conditions 
utihzed, SV40 did not mfect and integrate with the 
genome of the cells of the BHK21 hamster coll hne, as 
measured exher by increased malgnancy or by the 
production of new S V40-mediated cellular antigens 

These results again emphasize the specificity of the 
SV40-mduced resistance Although the animals were 
made resistant to SV40-transformed (but virus-free} 
cells, they remained fully susceptible to the tumongeme 
BHE21 line. ^ 
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Comparison of Simian Foamy Virus Strains 
including a New Serological Type 


CvroPATHOLOGY noted in spontaneously degenerating 
cultures of monkey kidney tissue, which was characterized 
by multmucleated giant cells and foamy appearance!-4, 
was found to be caused by a transmussible virus that 
multiplied in such cultures, and anubody to the virus was 
found im monkeys®-? Two distinct serotypes of virus 
with foamy eytopathie effect were isolated from monkey 
lidney tissue derived from Taiwan monkeys (Macaca 
cyclopsis) and from throat swabbings from such monkeys 
and were designated foamy virus Types I and II by 
Johnston? Foamy virus isolated from monkey kidney 
tissue derived from several other monkey species—cyno- 
molgus, vervet (Cercopithecus pygerythrus cent als) and 
rhesus—was serologically identical to the Johnston Type I 
and also to the SAT virus of Malherbe and Harwin’, and 
was unrelated to suman virus Type 5 (SV5) or to the 
monkey intranuclear melusion agent? 

When five strams of foamy virus were compared as to 
serological and other biological properties 1n. these llabora- 
tomes, a third serotype was found, and was designated 
foamy virus Type III Three of the strans studied were 
isolated hero from monkey kidney tissue, stram F V397 
from culwures of rhesus monkey kidney and strain FV193 
and F'¥2014 from cultures of Cercopithecus aethiops 
aethiops (grivet) monkey kidney The other two strains 
studied, F V21 and FV50 (the Johnston Types 1 and 2, 
respectively), were obtained from Dr P Johnston (Jefferson 
Medical College, Philadelphia, Pa ) 
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All tissue cultures used in these investigations were 
prepared by the Youngner method! in either test-tubes or 
Blake bottles contammg 18 or 950 mi of medium, 
respectively Cultures used for vuus isolation were 
prepared from grıvet monkey kıdney or rhesus monkey 
kidney, those used for virus passage from rabbit kidney 
Culture medium for growth and maimtenance consisted of 
Earle's balanced salt solution with sodium bicarbonate 
(0 11 per cent for growth, 0 16 per cent fo. maintenance) 
plus lactalbumin hydrolysate (0 5 per cent), streptomycin 
and neornycm (100 pg each), and either chicken serum 
(for grivet monkey kidney cultures, 2 0 per cent), or calf 
serum (for rabbit kidney cultures 100 per cent fox 
growth, 50 per cent for maimtenance, and for rhesus 
monkey kidney cultures for growth only, 20 per cent) 
Growth and contmued transfer of virus in. rabbit kidney 
cultures were highly dependent on the level of calf-serum 
supplement and sodium bicarbonate in the medium, any 
deviation from the proportions of 5 or 10 per cent ealf 
serum and 011 or 016 per cent sodium bicarbonate 
resulting ın reduced virus titre and less-successful passage 

Virus was isolated when foamy cytopathic effect was 
evident m 75 per cent of a spontaneously degenerating 
monkey kidney tissue by rapidly freezmg and thawing 
cells and fluids, and was passed to l-week-old tube 
cultures of rabbit Iadney by seeding each tube with 0 2 ml 
of virus suspension When foamy cytopathic effect 
was evident in these cultures, usually withm 1 week, cells 
and fluids were collected as from monkey kidney tissue 

Pools of virus were used to obtsin ngher virus yields 
with shorter incubation periods through an mdefimte 
number of passages Pools were prepared by seeding 
fresh rabbit kidney suspensions contamung 200,000 viable 
cells per ml , in Blake bottles, with virus suspension from 
second tissue-culture passages, ab a ratio of 5 ml of 
undiluted virus preparation to 95 ml of cell suspension 
Bottles were then incubated at 37? C Monolayers formed 
quickly, and foamy cytopathic effect was evident within 
5 days When pools were tested for contamination in 
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thioglycollate, Sabouraud’s broth and ‘PPLO’ medium”, | 


no growth was observed 

Virus infectivity was titrated by moculating rabbit 
kidney tube cultures with 0 2 ml of virus preparation. 
four tubes for each 10-fold dilution, and calculating 50 
per cent end points of infectivity (TOID,;,) by the Reed 
and Muench method!5 from readings taken on the fow- 
teenth day Titres of virus pools ranged from 10° to 
10: * TCID;, per ml 

Foamy virus antisera were obtained from rabbits o 
goats mmmunized with undiluted live virus from rabbit 
kidney pools Rabbits were myected intravenously every 
week for 7 weeks with 8 ml of virus Goats, which were 
used to obtam antisera ın greater volume, were injected 
weekly with 5 ral of virus given mtravenously and 10 ml 
given intramuscularly Antibody levels were mamtaimed 
by semu-monthly booster mjections of virus The anti- 
serum for Type I foamy virus (stram I V21) was supphed 
by Dr P B Johnston 

Serum neutralization of virus was tested by mixing 
equal volumes of virus with each 5-fold dilution of serum 
to give a final virus concentration of 100 to 500 TCID,, 
per02ml Because virus infectivity titres were relatively 
low, challenge virus was undiluted :n miost instances 
Antiserum—virus mixtures and controls consisting of virus 
in medium without antiserum were cubated for 1 hin a 
37° C water bath and moculated to rabbit-kidney culture 
tubes, each of four tubes recervmg 0 2 ml of each dilution 
Tubes were then incubated at 87° C for 14 days and were 
read on tho seventh and fourteenth days The final 
reading was used to calculate 50 per cent serum-neutral- 
szing dose by the Reed and Muench method? 

Cross-neutralization tests with the five strains of foamy 
virus revealed three distinct serum neutrahzation types 
(Table 1) FV397 was similar to FV2i (Johnston’s 
Type I) and FV193 was smular to F V50 (Johnston’s 





z 

















No 4926 March 28, 1964 N A T U R E 1351 
Table 1 CROSS-NEUTRALIZATION OF FIVE STRAINS OF FOAMY VIRUS BY RABBIT OR GOAT ANTISERUM 
T B0 per cent serum neutralizing dose | 
Virus strain FV?1 FY397 FV50 FV193 FV2014 
Rabbit Rabbit | Goat Rabbit Goat Rabbit Goat Rabbit Goat 

FYV21 (Type I) I 1250 i 250 1 625 —* = — — 1 4 — 
TPYy397 1 1950 | 1 65 | 

FY50 (Type II) = — 1 360 1 625 1 425 1 32 — — 
FV193 = = 1 125 1 102 1 400 1 360 = — 
Fy2014 (Type III) = — — — -— — 1 125 1 102 














* No neutrahzation at 1 4 dilution of serum 


p Type Ii) #FV2014 crossed shghtly with Type I but 
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appeared to be a distinct serotype For none of the strains 
could any serological relationship with SV5, the monkey 
intranuclear melusion agent or mumps virus be detected 

Despite their serobypic differences, the five strains were 


similar ın other biological properties. Nonehemagglutinated 


or hemadsorbed erythrocytes of rhesus or Cercopithecus 
monkey, guinea pig, rabbit, sheep or human origin 
None produced any sign of illness m adult or suckling 
mice, moculated 1ntiacerebrally or intraperitoneally. or in 
guinea pigs or rabbits inoculated mtramuscularly or 
intraperitoneally All strains had low infectivity tatres, 


_, Wore sensitive to diethyl ether treatment at 4° C for 18 h, 


and were stable when treated with trypsm (0 25 pei cent 
of 1 - 250) for 30 min at 37? C 
All str&xns also had the same cytopathic effect in 
cultures of monkey or rabbit kidney tissue, whether 
stamed with hematoxylm-eosm or unstamed The 
appearance of cultures was typically foamy Cells were 
fused into giants with clusters of nuclei, accompanied by 
vacuolation and necrosis and without inclusion bodies in 
cytoplasm or nucleus Undiluted virus foamy cytopathic 
effect was evident ın four to six days, and cell destruction 
was usually complete by the twelfth day 
With shght exception, all strains were able to grow m 
cultures of the same types of primary cells and established 
cell hnos, as indicated by a mununum of three successful 
.Sub-eultures Al strams multiplied ın primary cultures 
of rhesus and Cercopithecus monkey, rabbit and human 
lidney tissue and produced a distinct foamy cytopathic 
effect at first passage im an estabhshed Cercopithecus 
monkey kidney hne (BS) Stram FV50 also pioduced 
© some foamy cytopathic effect m an established rhesus 
monkey kidney hne (MK2) and at first passage in primary 
cultures of chicken embryo 
The strains varied shghtly as to thermostabrhty, but 
all were mactivated at 60° C and all but P? V2014 were more 
stable at — 70° C than at higher temperatures F V397 
and F' V193 were very unstable at 37° and at 50°C The 
greater stability of the other strains at these temperatures 
could reflect differences m infectivity titre before treat- 
ment, rather than actual differences in stabihty To test 
for thermostability, 5-ml samples of virus pools were 
-heated in glass vials at 60° for 30 min or at 50° for 15 or 
30 mm, or were incubated at 37° for 1, 2 or 3 days 
Samples were then cooled in ice water and titrated in 
rabbit-kidney cultures Stram #'V397 was also tested 
at 4° and —20° C, and proved to be stable at 4° for 
approximately 3 weeks, thereafter losing titre rapidly 
and steadily, and to be fairly stable at — 20° for 36 weeks, 
losmg 95 per cont of its virulence only after 52 weeks 
All strams were tested at —70° by stormg 1-ml samples 
in sealed ampoules at that temperature for various 
periods of time before thawing and titration 
Isolations of foamy virus from monkey kidney tissue m 
these laboratories suggest that the virus serotype occurring 
in cultures depends in large measure on the monkey 
species from which the culture tissue 1s derived Both 
rhesus and Cercopithecus monkeys had a high meidence of 
foamy virus mfection, but only Type I was isolated from 
100 cultures derived from rhesus monkeys from northern 
India, 45 of which were contammated with foamy virus 


On the other hand, 36 of 100 cultures derived fiom East 
Afnean Cercopuhecus monkeys were contaminated with 
foamy virus, but Type I was 1s0lated ın only one mstance 
while there were 21 Type III isolates and 14 Type II 
isolates 
Foamy virus may be a respiratory virus, smee Johnston 

was able to isolate 1t from throat swabs but not from 
urme or stools 

G E Srrmss 

J L BITTE 

V J CanBAssO 


Poho Vaccine Testing and 
Virus Immunological Research Departments, 
Lederle Laboratories, 
American. Cyanamid Co , 
Pearl River, New York 
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SOIL SCIENCE 


High Soil Nitrate-levels in Patterned £ 
Saltbush Communities 


One of the prineripal native sheop-grazing pastures m 
the Australan arid-zone! ıs that represented by shrub 
communities of perennial species of the genus Atriplex, 
particularly the bladder saltbush A vesicaria Pastures 
domuneted by this species, together with degenerate 
types resultmg from overgrazing of the original cover, a1e 
most extensive in South Austraha but occur widely in 
western New South Wales and in south-west Queensland 
Over a high proportion of this total area the saltbush 
communities are associated with fine-textured, saline 
soils the surfaces of which show strong gga development 
Of these soils those meluded in the stony table-land and 
solvnetz groups? are of the greatest extent 

Recent studies of the nitrogen economy of virgm and 
degraded saltbush communities m New South Wales 
northward of Broken Hil have revealed unexpectedly 
high levels of nitrate m profiles taken from the shelves of 
the giga: formations The distribution of mirate in a 
representative profile of such a site 1s illustrated in Fig 1 
together with a nitrate profile typical of the condition for 
soi of the depression component of the mucro-rehef 
pattern, these two depth functions are from spots 
approxumately 20 ft apart 

The noteworthy features of these results le not solely m 
the amounts of nitrate recorded in the shelf, although 
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these would be considered unusual in almost any situa- 
tion, but also in the finding that 1t 1s only 1n the shelf that 
Iugh levels occur, and that here plants are comparatively 
rare 

The influence of gilgai 1s such that it effectively par- 
titions the ground-surface into relatively wet and dry 
habitats and so bestows strong pattern on the vegetation 
Thus, wherever such microrelief is well developed in 
areas of stony table-land and solonewz soils in New South 
Wales, the associated plant communities, both virgin and 
degraded, exhibit a high degree of clumping with growth 
restricted almost entirely to depression units of the form- 
ation, these islands of vegetation being set ın a matrix of 
the bare or sparsely vegetated, stone-strewn shelf surface 
In general, depressions are roughly circular in outline, 
5-50 ft ın diameter and comprise 40-60 per cent of the 
ground-surface More often than not they appear as a 
mosaic against the background of shelf, but occasionally 
this basic pattern 1s modified by relief so that they develop 
as a series of roughly-parallel stripes separated by shelves 
of equivalent width, their direction of orientation being 
along the line of contour Nevertheless, despite such 
variation in pattern type, and regardless of degree of 
departure of the present communities from their virgin 
species composition, there 1s always present a pronounced 
change in soil salinity across the depression-shelf transition 
with total salt content of the soil mereasing towards the 
shelf proper, and to levels sufficient to preclude growth of 
all but the most halophytic plants the chloride data 
included in Fig 1 typify the differences in salnity com- 
monly shown by the two components of gilgai microreliof 

That the nitrate-levels found in shelf soils of the mitial 
study area are m no way a local, exceptional case has been 
established by collection of samples from the top 2m of 
shelf B horizons over a wide geographical range in western 
New South Wales  'The results of thus investigation, 
together with approximate sample localities, are listed in 
Table 1 These results do not derive from a single pattern 
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Table 1 LEVELS OF NITRATE NITROGEN AND CHLORIDE IN SAMPLES OF 
THE ToP 2 IN OF SHELF B HORIZONS 


* Sample location 


No Chloride NO,—N (distance from 
(per cent) (ug/g soi) Broken Hill) 
1 ' 106 146 70 miles north 
9 0 95 143 . 70 ,, 2 
3 103 135 70 , a 
4 134 208 - 68 SCs, » 
5 0 66 98 68 Ci, ax 
6 130 98 65 ,, K^ 
7 097 156 65 p» EN 
8 2 06 97 65 ,, 5 
9 8 49 34 260 ,, ji 
10 077 132 28 ,, east 
11 021 26 2f. £03 
12 0 99 138 87 Cs, Tm - 
18 0 04 185 188 ,, ,, 


type but rather they span a number of forms of gilgar 
mosaic, and vegetation conditions ranging from the near- 
virgin to the extremely depauporate. It follows, then, in 
view of the basic similarity of all such patterned com. 
munities throughout ther range in arid Australia, that the 
soil nitrate condition here outhned for New South Wales 
m all probability reflects the general case 

As to the origin of the nitrate, two general possibilities 
present themselves either nitrification n seu accounts 
for the build-up in the shelf soil, or accumulation 18 from a 
source external to the shelf soi The former explanation 
would at first sight appear unlikely by reason of the ~ 
extreme salimty of the medium——ehlorides constitute only 
40-50 per cent of the total soluble salts—and because of the 
finding that appreciable mitrate-levels obtain some 
distance below the deepest penetration observed for the 
wetting front On the other hand, there exists the possi- 
bihty that the soluble nitrogen originates m the depres- 
sion, this bang a much wetter and less-salne habitat 
than the shelf, and that 16 38 transported laterally and 
vertically by diffusion to accumulate near the shelf 
surface The evidence on which this 1s based derives 
principally from the nature of the distribution of chloride 
across individual shelves, but also from the nitrate and 
chloride depth functions presented in Fig 1 which, for the 
shelf, are both of a form indicative of upward movement, 
of soluble materials Further, these soluble materials ~ 
remain concentrated near the surface of the Shelf, ther 
distribution apparently bemg relatively unmfluenced by 
falls of ram In view of the known sealing tendencies of 
these saline soils this 1s not entirely unexpected, for water 
seldom penetrates more than a few inches below the top 
of the B horizon—the A horizon on shelves varies 1-6 in 
m depth—regardless of mtensity and duration of ramfall 

Ecologically, the findmg that the nitrate and salinity 7 
gradients run parallel to each other, both laterally and 
vertically, has a number of interesting implications which 
remain regardless of where the nitrate comes from These 
become more obvious when ıt 1s considered that the eco- 
system 1s one the species composition of which changes 
with overgrazing from one dominated by a marked halo- 
phyte capable of sending roots from the depression. 
periphery out mto the shelf surface, to one m which the 
principal constituents are sensitive to soluble salts Of 
particular significance 1s the hkelhood of a significant 
fraction of readily available nitrogen capital bemg rendered 
maccessible durmg degeneration because of the inability 
of the non-halophytic species to develop their root system 
to any extent beyond the confines of the depression 


J L Carrey 
Department of Botany, 
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FORTHCOMING EVENTS 


Wednesday, April | 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W 1), at 
530 pm —Mr W Newton “Long-Term Development of the Tanker 
Freight Market” 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C 2), at 5 30 p m — Discussion on “Safety Considerations 
in System Design” opened by Mr L A Corney and Mr J Baskind 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower Street, London, 
Nom at 6 pm —Short papers on “Pulse Compression Techniques in 

adar” 


E Thursday, April 2 


SOCIETY FOR ANALYTICAL CHEMISTRY (in the Large Chemistry Lecture 
Theatre, University College, Gower Street, London, ,W Ci), at 230 pm 
and 515 pm —Contributions from Research Workers in Universities and 
Colleges of Advanced Technology 


INSTITUTE OF METALS (at 17 Belgrave Square, London, S W 1), at 6pm 
—Annual Generel Meeting, followed by Mr J S Forbes ‘Hall-Marks on 
Gold and Silver’ 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineermg, Southwark Bridge Road, 
London, S E1), at 6 pm—Dr D R Scott and Mr D Bewley ‘The 
Use of a Vortex Flow Tube in Refrigeration Evaporators” 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 Belgrave 
Square, London, S W 1), at 6 pm—Annual General Meeting Sir Graham 
Wilson “The Public Health Aspects of Food Microbiology” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—KENT SUB-SECTION 
(at County Hall, Canterbury, Kent) at 7 pm —Mr F P Winteringham 
„< “Biochemistry 1n Relation to Insect Control” ry 


b 


Friday, April 3 


BRITISH MYCOLOGICAL SOOIETY, PLANT PATHOLOGY COMMITTEE (at the 

Department of Mechameal Engineers (E 1 Building), Imperia! College, 

ibiion Road, London, S W 7), at 1045 am —Symposium on “The 
Biology of Infection" 


Monday, April 6 


INSTITUTION OF ELECTRICAL, ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 680 pm —Mr 
M R Knick “Digital Dose Analogue" 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, SW 1), at 630 pm —Dr J L Morns “Thm Layer 
Chromatography" 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree m a biological 
science or an equivalent qualification and an interest in crop husbandry 
and sois), for work principally in field and laboratory experiments to study 
some long-term effects of herbie:de usage—The Secretary, ARC Weed 
Research Organization, Begbroke Hill, Kidlington, Oxford (April 4) 

LECTURERS (2) (one with considerable experience in freshwater biology 
and able to integrate courses in physiology and ecology) IN Zooroay—The 
Registrar, King's College (University of London), Strand, London, W C 2 

April 6 

: ROTUCHUR (with high academic qualifications and a special knowledge 
of one or more of the following numerical analysis, computation, mathe- 
matical statistics, operational research, mathematics of control systems, 
real analysis, or complex analysis) IN MATHEMATICS—The Registrar and 
Clerk to the Governors, Portsmouth College of Technology, Admunistrative 
Offices, 9 Burnaby Road, Portsmouth, Hampshire (April 7) 

LECTURER or SENIOR LECTURER IN Loaic (General Philosophy)}—Secre- 
tary of the University Court, The University, Glasgow (April 8) 

RESEARCH FELLOW IN PURE SciencE—The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (April 8) 

LECTURER (graduate ın mathematics with teaching and/or industrial 

. “xperience preferably of data processing, simulation or computer languages) 

IN THE MATHEMATICS DEPARTMENT—The Academic Registrar, Brunel 
College, Woodlands Avenue, Acton, London, W 8 (April 10) 

ASSISTANT LECTURER (with an honours degree in physiology or in a closely 
related subject or medically qualified) IN THE DEPARTMENT OF PHYSIOLOGY, 
Queen’s College—The Secretary, University of St Andrews, Queen’s College, 
Dundee (April 11) 

LECTURER or ASSISTANT LECTURER IN APPLIED MaTHEMATICS—The 
Registrar, The University, Sheffield (April 11) 

LECTURER or ASSISTANT LECTURER IN THE COMPUTING LABORATORY OF 
THE DEPARTMENT OF APPLIED MATHEMATICS—The Registrar, The Univer- 
sity, Sheffield (April 11) 

LECTURER or ASSISTANT LECTURER IN ANATOMY ab the University of 
the West Indies— The Secretary, Senate Committee on Colleges Overseas 
in Special Relation, University of London, Senate House, London, W C1 
April 13 
: oe IN ORGANIC CHEMISTRY, à LECTURER (with a knowledge of 
fuels and/or ceramics, and preferably with ability to take part 10 the degree 
teaching of Inorganic or physical chemistry) IN APPLIED CHEMISTRY, and 
a POST-DOCTORAL RKESDARCH FELLOW IN CHEMISTRY— The Registrar and 
Clerk to the Governors, Portsmouth College of Technology, Administrative 

zQffiees, 9 Burnaby Road, Portsmouth, Hampshire (April 14) 

CN REGIUS CHAIR OF ENGINEERING imn the University of Edmburgh—The 
Private Secretary, Secretary of State for Scotland, Room 142, St Andrew’s 
House, Edmburgh 1 (April 14) 

RESEARCH ASSISTANT IN THE DFPARTMENT OF PSYCHOLOGY—The 
Registrar and Secretary, University of Durham, Old Shire Hall, Durham 
(April 14) > 


d 
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PHYSICIST (with a frst- or second-class honours degree in physics and 
preferably experience ın the control of radiation hazards or in work with 
lomzmg radiations) IN THE RADIOLOGICAL PROTECTION SERVICE, for duties 
which will include the scientific supervision of a film badge service for 
personal Tadiation monitoring—Dr J M A Lenihan, Honorary Director, 
i yes Protection Service, 9 West Graham Street, Glasgow, C 4 

prr 

ASSISTANT LECTURER IN PsycHoLoGy—The Secretary, University of 
Exeter, Northcote House, The Queen’s Drive, Exeter, Devon (April 16) 

ASSISTANT LECTURER (Physical Chemistry) (preferably with an interest 
m polymer chemistry) IN THE DEPARTMENT OF CHEMISTRY—The Secretary, 
The University, Aberdeen (April 17) 

LECTURERS IN EXPERIMENTAL AND THEORETICAL Puysics—Secretary of 
University Court, The University, Glasgow (April 17) 

ORGANIC CHEMIST (with an honours degree 1n science, including chem- 
astry as a major subject, and preferably research experience in organic 
chemistry) IN THE SOIL CHEMISTRY DEPARTMENT, Soils Division, An Foras 
Taluniais (the Agricultural Institute)—The Director, An Foras Taluntais, 
33 Merrion Road, Dublin 4, Republic of Ireland (April 18) 

Post-DOCTORAL FELLOWS (with a Ph D degree or postgraduate research 
traimmmg in physics of equivalent standard and duration, supported by 
satisfactory evidence of research ability) IN PHYSICS in the Division of 
Physics, Commonwealth Scientific and Industrial Research Organization, 
Sydney, New South Wales, AustraliaA—Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, Africa House, Kingsway, London, 
W C2, quoting Appointment No 770/274 (April 18) 

RESEARCH ASSISTANT (honours graduate in zoology) IN THE DEPARTMLNT 
oF ZooLoGy—The Registrar, The University, Nottingham (April 18) 

RESEARCH OFFICER or SENIOR RESEARCH OFFICER (physical chemist, 
with a Ph D degree, preferably im physical chemustry, or postgraduate 
research experience of equivalent standard and duration supported by 
satisfactory evidence of research ability) IN THE DIVISION OF FISHERIES 
AND OOBANOGRAPHY, Commonwealth Scientific and Industrial Research 
Orgamization, Cronulla, Sydney, New South Wales, Austraha, to initiate 
studies on the effect of pressure on reactions occurring in the sea, 1n particular 
those concerned with the processes involved in primary production and with 
the growth, metabolism and decomposition of phytoplankton—Chief Scien- 
tific Liaison Officer, Australian Scientific Liaison Office, Africa House, Kings- 
way, London, WC2, quoting Appamtment No 320/290 (April 18) 

LECTURER or ASSISTANT LECTURER (preferably with an interest in low 
temperature or solid state physics) IN PHYSICS— fhe Registrar, University 
of East Anglia, Earlham Hall, Norwich, Nr (05G, Norfolk (April 20) 

LECTURER oF ASSISTANT LECTURER IN THE DEPARTMENT OP PHYSICS— 
The Registrar, The University, Leeds 2 (Apri 22) 

LECTURER (with an honours degree m electrical engineering, industrial 
or other appropriate postgraduate experrence and a special interest 1n the 
subject of electrical control systems) IN ELECTRICAL ENGINEERING at the 
Royal College, Nairobi (University of East Africa}—The Secretary, Inter- 
University Council for Higher Education Overseas, 33 Bedford Place, 
London, W C1 (April 22) 

BIOCHEMIST or ORGANIO CHEMIST (with at least an honours degree m 
biochemistry or organic chemistry and preferably some research expenence) 
IN THE BIOCHEMISTRY SECTION, Soil Bureau, Department of Scientific 
and Industrial Research, Taita, New Zealand—High Commussioner for New 
Zealand, New Zealand House, Haymarket, London, S Wi, or Dr 
Armstrong, NZ Scientific Office, British Commonwealth SO, Africa 
House, Kingsway, London, W C 2, quoting Ref B13/18/20/518 (April 23) 

SENIOR LECTURER and a LECTURER (qualified m some branch of modern 
mathematics, either pure mathematics, applied mathematics or statistics) 
IN MATHEMATICS at the Royal College, Nairobi (University of East Africa)— 
The Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W C 1 (April 23) 

LECTURER or ASSISTANT LFCTURER (interested m either bactenology or 
Carolo IN BACTERIOLOGY— The Registrar, The University, Sheffield 
(April 25 

THIRD CHAIR OF MECHANICAL ENGINEERING (suitably qualified graduate 
with research experience in some branch of mechanical engineering or 
related fields}—The Registrar, The University, Burmingham 15 (April 25) 

TECHNICAL OFFICER (AIM LT or equivalent, and preferably experience 
im vetermary baeteriology and serology) IN THE AGRICULTURE DEPARTMENT, 
New Zealand, to assist ın diagnosis of livestock diseases—The High Com- 
musstoner for New Zealand, New Zealand House, Haymarket, London, 
S W 1, quoting Ref B13/2/30/666 (April 28) 

CHAIR OF HYDRAULICS—The Registrar, 
(April 30) 

CHAIR OF PHYSICAL METALLURGX—-The Registrar, 
Liverpool (April 30) 

DIRECTOR (with high scientific attamments, preferably im fields related 

to soils or crops, combined with administrative experience either as head 
or deputy in the organization and running of a Research Institute or Univer- 
sity Department, and preferably experience of tropical conditions) OF THE 
COCONUT RESEARCH INSTITUTE OF CEYLON—Mr C A M de Silva, Char- 
ea s Research Board, Bandimppuwa Estate, Lunuwila, Ceylon 
April 80; 
‘ LECTURER IN BOTANY, a LECTURER IN CHEMISTRY, 2 LECTURER IN 
MATHEMATICS, and a LECTURER IN ZOOLOGY at Njala University College, 
Njala, Sierra Leone—The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W C 1 (April 30) 

A M Bmp SCHOLAR IN PATHOLOGY—The Secretary, Royal Free Hospital 
School of Medicine (University of London), 8 Hunter Street, London, W C1 
May 1) 

‘ ASSISTANT LECTURER (with special qualifications and interests in 
paleontology and stratigraphy or sedimentology) IN GLOLOGY—The Regis- 
trar, The University, Keele, Staffs (May 1) 

CHAIR OF PHILOSOPHY at Bedford College—The Academic Registrar, 
University of London, Senate House, London, W C1 (May 1) 

LECTURER (with special qualfications m cytology and genetics) IN 
Borany—The Registrar (Room 22, ORB), The University, Reading 


The University, Liverpool 
The University, 


May 1) 
É LIGTURERS (2) IN SrATISTICS— The Registrar (Room 22, ORB), The 
University, Reading (May 1) 

UNIVERSITY STUDENTS and FELLOWS, for experimental or theoretical 
research in nuclear and elementary particle physics—The Professor of 
Natural Philosophv, The University, Glasgow (May 1) 

SENIOR LECTURER or PROFESSOR IN AGRONOMY (Soils), a SENIOR LEO- 
TURER or PROFESSOR IN ANIMAL HUSBANDRY, a SENIOR LECTURER or 
PROFESSOR IN AGRICULTURAL ECONOMICS AND CO-OPERATION, a LECTURER 
or SENIOR LECTURER IN PLANT PHYSIOLOGY, and a LECTURER or SENIOR 
LECTURER IN CROPS (tropical field, tree and horticultural crops) at Nyala 
University College, Njala, Sierra Leone—The Secretary, Inter-University 
Council for Higher Education Overseas, 33 Bedford Place, London, W C 1 
(May 15) 
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SECOND CHAIR OF Paysics m the University of Otago, Dunedin, New 
Zealand-—The Secretary, Assocration of Commonwealth Un:verstties (Branch 
Office), Marlborough House, Pall Mall, London, S W 1, or the University 
of Otago (May 31) 

EAT a OF BGyProLoGy—The Registrar, University Registry, Oxford 

une 13 

BRITISH AIRCRAFT CORPORATION FELLOW (with a good degree or equiva- 
lent m aeronautics, acoustics or vibrations) IN AERONAUTICAL ACOUSTICS, 
to participate in any part of a research programme on jet and fan norse, 
structural response and fatigue, turbulence vestigations, sonic booms, 
cabin noise, subjective acoustics and the hke—The Secretary and Registrar, 
The Unversity, Southampton 

CHAIR OF CLIMATOLOGY—Prof Trevor Lloyé, Chairman, 
Geography, McGill University, Montreal, Canada 

GENETICIST and an AGRONOMIST (with an inierest m plant breeding, 
a degree in botany or agricultural science, and preferably a year’s post- 
graduate expertence)—The Secretary, B WI Central Sugar Cane Breeding 
Station, Groves, Barbados, West Indies 

HEAD OF THE SCIENCE DEPARTAMENT, to «o-ordinate the teaching of 
science throughout the school and to teach physies—The Headmaster, 
Chfton College, Bristol 

LECTURER, ASSISTANT PROFESSOR or ASSOCIATE PROFESSOR (physio- 
Jogist or biochemist) IN THE DEPARTMENT OF PHYSIOLOGY-—Prof M Beznak, 
University of Ottawa, Ottawa, Canada 

-LIBRARIAN (ALA with science degree or equivalent, and experience 1m 
a scientific brary), to take charge of a medrum-sized research library (staff 
of three)—The Assistant Secretary, Ref L29, British Coal Utilzation 
Research Association, Randalls Road, Leatherhead, Surrey 

PHARMACOLOGIST (with medical qualifications registrable 1n Great Britain 
and appropriate postgraduate experience, and national of, and permanently 
resident m, the United Kingdom or the Republic of Ireland), af the North 
Regional Laboratories in Peshawar, Pakistan, the duties will be mainly 
the setting up of a pharmacological section dealing with drugs derived from 
medicinal plants and the training of laboratory staff—Room 404, Depart- 
ment of Technical Co-operation, Eland House, Stag Place, Victoria, London, 
SW1, quoting Ref RC205/112/01 

PHYSICIST or ELECTRICAL ENGINEER (with at least a good second-class 
honours degree mn physics or electrical engineermg or equivalent qualifica- 
tions, and preferably experience in the design and development of electronic 
instruments for measurement of 1onizmg radiations), to develop special 
pucleonic instruments for the absolute measurement of radioactivity and 
for other radiation measurements—The Personnel Officer, The Badiochemical 
Centre, Amersham, Bucks 

POST-DOCTORAL RESEARCH WORKER (biochemist, zoologist or physio- 
logist) IN THE PHYSIOLOGY DEPARTMENT, to take part jn a three-year 
programme of studies of semen metabolism—The Secretary, National 
Institute for Research in Dairymg (University of Reading}, Shinfleld, 
Readmg, quoting Ref 64/5 

RESEARCH ASSISTANT, for work on fluorescent antibody techniques— The 
Pathologist, Harefield Hospital, Harefleld, Middlesex 

RESEARCH BrocHEnist (Senior grade) Hi thet at least five years experience 
m the basic grade of biochemist) AT THE NATIONAL SPINAL INJURIES CENTRE, 
Stoke Mandeville Hospital, Aylesbury, to bes member of à team workmg 
under the direction of the Consultant-in-Charge— The Secretary, Roy: 
Buckinghamsmre and Associated Hospitals Management Committee, 
9 Bicester Road, Aylesbury, Bucks 

RESEARCH OFFICER (Entomologist) (with an honours degree in biology 
with appropriate postgraduate experience, and national of, and permanently 
resident 1n, Great Britain or the Republic of Ireland) with the East African 
Common Services Orgamzation, to plan and carry out research on the 
biology of malara-carrymg mosquitoes m Hast Africa, and to direct field 
and laboratory work of an eatablished entomologrcal research _team—The 
Department of Technical Co-operation, Room 404, Eland House, Stag 
Place, Victoria, London, S W 1, quoting Ref RC205/173/02 

SENIOR LECTURER (with a degree in engmeering or equivalent qualifica- 
tion, previous lecturing or industrial experience, and preferably additional 
qualifications im agricultural engineering, agriculture or horticulture) IN 
AGRICULTURAL ENGINEERING—The Principal, Essex Instatute of Agr- 
culture, Writtle, Chelmsford, Essex 

TECANIOIAN (preferably with biochemical and biological experience)-— 
The Administrator, Umversity Laboratory of Physiology, Oxford 


REPORTS and other PUBLICATIONS 


(not included an the monthly Books Supplement) 


Department of 


Great Britain and Ireland 


Climax Molybdenum Companv of Europe Limited The Properties and 
Applications of Molybdenum Alloy Steel Castings By W J Jackson 
ian (London Climax Molybdenum Company of Europe Lint 

a fs 22 

The Association of the British Pharmaceutical Industry Facts about 
Pharmaceutical Expenditure under the NHS Pp 7. (London The 
‘Association of the British Pharmaceutieal Industry, 1964 ) {221 

The Institute of Science Technology Careers as Science Laboratory 
Technicians Pp 6 (London Institute of Science Technology, 1904) [221 

Agricultural Research Council Postgraduate Studentships and Fellow- 
ships offered in 1964 Pp 23 (London Agricultural Research fom 

221 


964.) - 

Pulletim of the British Museum (Natural History) Mineralogy Vol 1, 
No 6 Further Petrological Studies in Glen Urquhart, Inverness-shire 
By the late G H Francis Pp 163-199- plates 11-14 (London British 
Museum (Natural History), 1964 ) 17s 6d {221 

Educational Productions, Ltd  Filmstr:p No C6530 Common Wild 
Flowers 18 frames (colour) Filmstrip Notes Pp 5 (Wakefield and 
London Educational Productions, Ltd ,1908 ) 17s 6d [221 

Ambassade de France, Service de Presse et d'Information Social Welfare 
Workin France Pp 14 (London Ambassade de France, Service de Presse 
et, d'Information, 1963 ) [301 

Professor Selig Brodetaky Scholar, Dreamer, Man of Action By Prof 
Louis Rosenhead (Fifth Selig Brodetsky Memorial Lecture) Pp 21 
(Leeds The University Press, 1963 ) 28 od [301 

Royal Observatory Bulletins No 80 Time and Latitude Service 1963, 
April-June Pp 3B175-B192 (London HM Stationery Office, 1964 ) 
9s net 1301 

Tnetitution of Chemical Engmeers Symposium on Productivity in 
Research, 11-12 December, 1963 Pp 89 (London The Institution of 
Chemical Engineers, 1963 ) [301 
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The International Nickel Company (Mond), Ltd SG Iron in Steelworks, 
Pp 8 (London The International Nickel Company (Mond), 


1964 ) 
Ciba (A.R L ), Ltd Technical Notes No 253, (January, 1964) Araldite 
Encapsulation by Parmeko, Ltd Pp 8 (Duxford Ciba (4 È L), T 


1964 
Scottish Epilepsy Association Eighth Annual Report, 1961-62 Pp 38 
(Glasgow Scottish Epilepsy Association, 1964 ) [301 
London County Council Public Health Department Scientific Branch 
Annual Report of the Scientific Adviser, 1962 Pp 78+4 plates (London 
London County Council, 1963 ) (301 


Other Countries 


Australia, Commonwealth Scientific and Industual Research Organiza- 
ton Annual Report of the Horticultural Research Section, 1962-63 
Commonwealth Scientific and Industrial 
Research Organization, 1963 ) [301 


Vor 201 


Hardy Pp 33 
Instituto de Fomento Algodonero, 

Fisheries Research Board of Canada Bulletin No 140 Distnbution of 
Sharks m the Canadian Atlantic, (With Special Reference to Newfoundland 
Waters) By Wulfred Templeman Pp viit77 (Ottawa 
1963) 75 dollars 

Chicago Natural History Museum  Fieldiana Botany Vol 24, Part 7, 
No 4 Flora of Gnatemala By Paul C Standley and Louis O Wilhams 
Pp wu+407-570 (Chicago Chicago Natural History Museum, 1903) 
3 50 dollars 301 

Institut for Atomenergi, Kjeller Kjeller Reports ER-57 The Kjeller 
Automatic Neutron Diffractometer By H Strand, A F Andresen, R 
Engevıl und T Riste Pp 17+9 figures ER-59 On the Simulation of 
Transfer Functionsfor a Distributed Parameter System By W Giechanowic7 
Pp 16--8 figures KR-61 The Effect on Oscillation Induced Burn-Out of 
Fuel Time Constant By H Christensen and C Holmsen Pp v41347 
figures (Kjeller, Norway Institutt for Atomenergi, Kyeller Research 
Estabhshment, 1903 ) [301 


Ltd = 
301 


Queen's Printer, - 
301 


‘Australia Commonwealth Scientific and Industrial Research Organization =~- 


Annual Report of the Irmgation Research Laboratory, 1962-68 Pp 14-28 
(Griffith, NSW Commonwealth Scientific and Industrial Research 
Organization, 1963 ) [301 
United Nations Educational, Scientific and Cultural Organization 
Environmental Physiology and Psychology in Arid Conditions—Reviews of 
Research (Arid Zone Research, No 22) Pp 345 (Paris Unesco, London 
HM St.tionery Office, 1963 ) 40 25 francs , 578 6d , 11 50 dollars [301 
Worlé Health Organization Technical Report Series, No 262 WHO 
Expert Committee on Gonococcal Infections—Furst Report Pp 70 3 5w 
frances, 5s , 1 dollar International Standards for Drinkmg-Water Second 
edition Pp 206 16 Sw francs, 28s 8d , 5 25 dollars World Directory of 
Medical Schools Third edition Pp 347 20 Sw francs, 353 , 6 75 dollars 
(a World Health Organization, London HM Stationery Of 


Annual Report of the Trustees of the Museum of Applied Arte and Sciences, 
Sydney, for the year ended 31st December,1962 Pp 28 (Sydney Museum 
of Applied Arts and Sciences, 1963 ) [301 

Skogshogskolan, Stockholm Studia Forestalia Suecica Nr 1 Preparing 
av Virkesavlagg pals Av Bengt Ager Pp 227 kr Nr 2 Studies on 
the Germination in Seeds of Scots Pine (Pinus silvestris T), With Special 
Reference to the Light Factor By Bengt Nyman Pp 164 12kr Nr 3 
Leaching and Decomposition of Water-Soluble Organic Substances fronc. 
Different Types of Leaf and Needle Litter By Nils Nykvist Pp 31 3 kr 
Nr 4 The Influence of Temperature on the Antagonistic Effect of 
Trchodermavwide Fr on Fomes annosus (Fr )Cke By Arne Persson-Huppel 
Pp 13 2kr Nr 5 Resistance of Snow Blight (PAaculvum infestans Karst ) 
in Different Provenances of Pinus silvestris L By Erik Bjorkman Pp 16+2 
plates 3 kr Nr 6 Melampsora Pmitorqua (Braun) Rostr -Pine Twisting 
Rust—Some Experments im Resistance-biology By Allan Klingstrom 
Pp 23 3 kr Nr 7- Enzymatic Sphtting of Sucrose by some Strams of 
Valsa mvea Fr By Arne Persson-Hüppel Pp 29 3kr Nr 8 Determination 
of Mechanical Damage on Scots Pine Seed with X-ray Contrast Method Bs 
S X Kamra Pp 20(2 plates) 2kr Nr 9 Om Kostnads/Intakts-Analvs 
mom Skogliga Foretag Av Karl Viktor Algvere Pp 169 15 kr 
(Stockholm Svenska Skogsvardsforemngen, Box 16316, 1963 ) [301 

‘Australia Commonwealth Sclentific and Industrial Research Organiza- 


tion Annual Report of the Division of Tropical Pastures, 1962-63 
Pp 1+48 (Brisbane Commonwealth Scientific and Industrial Research 
Organization, 1963 ) 301 


Gawthron institute, Nelson, New Zealand Biennial Report, 1961-1968 
Pp 46. Honest Prejudices and Unnecessary Deviations ' Thetr.Influence 
on the Form of Mental Health Programmes By G Blake-Palmer (Thomas 
Cawthron Memortal Lectures, No 37, 1962) Pp 35 (Nelson Cawthron 
Institute, 1963 ) = [301 

Western Austrahba Geological Survey Bulletin No 115 The Geology of 
Portion of the Pilbara Goldüeld (Covering the Marble Bar and Nullagure ~ 
4 Mile Map shes) By A J Noldarband J D Wyatt Pp 199-5 plates 
Report of the Geological Survey Branch for the year 1961 (Extract from 
the Report of the Department of Mines) Pp 54--38 plates (Perth 
Geological Survey of Western ‘Australia, 1962 and 1963 ) {301 

Norsk Polarmstitutt Skrifter Nr 127 Carboniferous and Permian 
Brachiopods of Svalbard By Derek John Gobbett Pp 201425 plates 
32 50 kr Skrifter Nr 128 Coolmg Effect of an Antarctic Climate on Man, 
with Some Observations on the Occurrence of Frostbite By O Wilson 
Pp 32 4kr (Oslo Norsk Polanmstatutt, 1963 ) * [301 
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AG.2 ~ 
m The only Cryostat to give 
accurate results every time 
COMPLETE WITH 
ACCESSORIES 
: .  Demonstrations can be arranged 
i ~ at certain hospitals or on your 
- premises. 
Please apply to — 
P pply 
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TECHNICAL PRODUCTS 


^ *11 OLD HALL STREET, 
LIVERPOOL, 3. 


Telephone: MARitime 1034-5-6 





~ Adnit it: 
- we're talking sense 


We're talking about life assurance We're talking, ın fact, about 
the oldest mutual life office the Society that laid the foundations 
of life assurance as it is known today The ‘Old Equitable’, 
founded two hundred years ago, has this about ıt 
It has no shareholders It pays no commission for the intro- 
duction of business This is how life assurance was originally 
conceived, and ın preserving these co-operative principles, the 
‘Old Equitable’ provides life assurance at cost price 
The ‘Old Equitable’ is friendly and helpful, and it does a good 
job for your money For example, a quarterly payment of 
£17 12 6 secures a man of 25 an assurance of £3,000 sharing in 
major profits and payable at death whenever that should occur 
Such a policy taken out 50 years ago would this year yield over 
£10,000 on the death of the life assured If you would like to 
know more about the many kinds of assurance that the ‘Old 
Equitable’ offers, please fill in the coupon below 


- get in touch with the 


OLD EQUITABLE 


[] 
| The EQUITABLE Life Assurance Society 


19 COLEMAN STREET, LONDON, E Cz 
Immediate Annuities Dn 


| School Fees 1] 
_, Life & Endowment 0 
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low-cost 
Beckman DB* 
delivers resolution 
like this — 


l 
240 tá elo 
SAMPLE Benzene Vapour 
REFERENCE Air 
PATH 1cm 
SLIT 004 mm (manual) - 
SCANNING SPEED 10 mz/min 
CHART SPEED 1n /min 
WAVELENGTH REGION 230 my—270 mu 





~ Remstered Trademark 


A double-beam ultraviolet recording spectrophoto- 
meter, the Beckman MODEL DB gives resolution 
better than 0.5 mz in the 205 to 770 m, spectral 
range; stray radiation less than 0.1% at 220 my and 
photometric repeatability of + 0.010 absorbance 
units at 0.400 absorbance. 


The MODEL DB may be used as a direct-reading 
instrument, or connected to a Beckman Poten- 
tiometric Strip-Chart Linear/Log Recorder, for 
ratio-recording The addition of a Beckman 
Scale Expansion Accessory gives the MODEL 
DB a versatility equal to that of instruments 
costing twice as much. X 

With its wide wavelength range and ease of 
operation, the MODEL DBis anidealinstrument 
foraccurate qualitative and quantitative analy- 
ses, for medical and clinical studies and for 
research " 

Write for Bulletin. F-779-C 


INSTRUMENTS LIMITED 
GLENROTHES FIFE SCOTLAND 





Beckman’ 





Fullerton, US A, Geneva, Munich, Paris, Cape Town, Tokyo 


BD-3A 


deviu 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first lme and 
6s per hne thereafter Lines in capitals or 
containing words in capitals 12s per hne. 
Semi-displayed £4 16s per single column 
inch — Colour (orange) £15 extra Is is 
charged for the re-directon of replies to 


adverusements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED IO T G Scott and Son, 
Limited, 1 Clements Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 


APPOINTMENTS VACANT 


NATIONAL INSTITUTE FOR . 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Physiologist or Zoologist required im a small 
unit investigating the biochemical and physio- 
logical properties of cervical secrettons with par- 
ucular reference to fertility The work, which 
1s for a period of two years, involves a study in 
co-operation with two biochemical colleagues of 
the metabolism, motility and fertility of 
spermatozoa in cervical mucus the candidate 
will be expected fo wuitiate and carry out work 
on the physiological side of the investigation 
Applicants should have an Honours degree in 
zoology or physiology, and some experience in 
the field of mammalian reproduction Salary 
in range £791 to £1,309 (Scienuflc Officer), or 
£1,438 to £1,772 (Semor Scientific Officer), 
according to age and experience FSSU " 

Applications, with the names of two referees, 
1o Secretary, NIRD, Shnfield, quoting ref 

13 





LIBRARIAN 


required by the 


BRITISH GOAL UTILIZATION 
RESEARCH ASSOCIATION 


to take charge of medium-sized research 
library 6staff of three) Duties include 
cataloguing, classification and general 
library organization,  luerature searches, 
bibliography preparation, ete ALA with 
science degree or equivalent , experience in 
a scientific library essential 

Starting salary according to qualifications 
and experience, in the scale £730 by £35 
to £1,290, five-day week — Pension fund and 
life assurance scheme 

Apply in writing to the Assistant Secre- 
tary, Ref L29, British Coal Utilization Re- 
search Association, Randalls Road, Leather- 
head 





ROYAL COLLEGE OF 
SCIENCE AND TECHNOLOGY, 
GLASGOW 


DEPARTMENT OF APPLIED 
MICROBIOLOGY AND BIOLOGY 


* SENIOR LECTURESHIP 
IN 
BIOCHEMISTRY 


Applications are invited for the above post 
It 1s preferable that candidates possess a 
PhD degree and some industrial clinical 
experience Salary scale £2,250 to £2,550, 
with placement according to qualifications 
and experience FSSU and family 
allowance 


Application forms and further particulars 


may be obtaimed from the Secretary, 
George Street, Glasgow, C1 





ASSISTANT ORGANIC CHEMIST RE- 
quired for modern laboratory engaged in re- 
search, development and production of organic 
fine chemicals BSc or HNC m chemistry 
essential, practical experience in organic synthesis 
desirable A good salary paid to the mght man 
who should be in his mid-twenties Non-contribu- 
tory pension scheme in operauon —Apply, with 
full particulars to Technical Director, Soflor 
Limited, Wadsworth Road, Penvale, Middx 
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AUSTRALIA 


^ COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION US 


RESEARCH STAFF 


The Division of Animal Genetics plans tb extend the range of.its research programme 
by expanding a group studying aspects of molecular genetics, m particular the isolation of 
specific genes and their transference between organisms mutation mechanisms, and the 
structural organization of DNA in the chromosome during meiosis and mitosis 

The fields at present covered by the Division include a combination of basic research 
im genetics and the application of genetics to animal production, each particular aspect of 
which is in the charge of a research officer who enjoys considerable freedom in the 
planning and execution of his research activities 

At the central laboratory at North Ryde, NSW, fields currently covered include the 
organization of DNA during mitosis and meiosis, molecular mechanisms of mutation 
mechanisms of cellular differentiation, the association of metabolic activity and cell 
ultrastructure, immunogenetics, the development of methods of selection for vanant 
characteristics using Drosophila and mice and the application of these methods in poultry 
and sheep breeding The animal breeding group, housed at the central laboratory, use 
poultry and sheep flocks for studies of the inheritance of production characters and their 
association with certain biochemical parameters The poultry flock, at present in Werribee, 
Victoria, will shortly be moved to the North Ryde site Sheep and cattle are held at 
field stations in NSW and Queensland 

It 1s proposed to appoint a number of research staff over the next few years and to 
provide them with adequate graduate and laboratory assistants Facilities and funds will 
be available for visting workers for short or long terms Major items of laboratory 
equipment available at present imclude an electron microscope (Siemens Elmiskop)), 
analytical and preparative ultracentrifuges, automatic recording spectrophotometers, and 
X-ray equipment Provision ıs made for obtaiming additional major items as the need 
arises General facilities include cold rooms, constant temperature rooms, automated 
“kitchen ” facilities, and a radioisotope laboratory 

Applications are invited from graduates holding a Ph D degree or equivalent qualifica - 
tons with research experience in the physical or biological sciences, with particular interests 
in the field of molecular biology 

Salary Dependent upon qualifications and experience, initial appointment will be made 
at a salary level of not less than £A2,149 per annum and up to £A3,205 per annum 
Appoimtment of an applicant having outstanding qualities of leadership in research and 
eminence m the broad field of study would be considered up to a maximum of £44,159 



























DIVISION OF ANIMAL GENETICS E 









per annum 


appointee consideration may be 
supplied on application to 


Kingsway, London, W C2, 
to whom applications 
9, 1964 


PORTSMOUTH COLLEGE OF 


TECHNOLOGY 
(REGIONAL COLLEGE) 


DEPARTMENT OF CHEMISTRY AND ^ 
BIOLOGY 


Early applications are invited for the following 
posts 

(1) Lecturer in Organic Chemistry 

(2) Lecturer 1n Applied Chemistry 

Candidates for post (2) should have a know- 
ledge of fuels and/or ceramics The ability to 
take some part in the degree teaching of m- 
organic or physical chemistry would be an advan- 
tage Salary scale £1,670 by £45 (5) to £1,895 

(3) Post-doctoral Research Fellowship 1n- 
Chemustry Salary scale £1,670 by £50 (2) to 
£1,770 The post is tenable for a maximum of 
three years 

Further particulars and application forms ob- 
tamable from the Registrar and Clerk to the 
Governors, Portsmouth College of Technology, 
Administrative. Offices, 9 Burnaby Road, Ports- 
mouth, Hampshire, to whom completed applica- 
tions should be returned by April 14, 1964 





MEDICAL COLLEGE OF 
ST BARTHOLOMEW’S HOSPITAL 
PHYSICS DEPARTMENT 

Applications are invited for the post of Senior 
Lecturer in the Sub-Department of Radiobiology 
Preference- will be given to candidates having ex- 
perience in medical or biological subjects Salary 
on the scale £2,025 by £100 to £2,425 by £75 to 
£2,500, plus £80 London allowance, together with 
children’s allowance and membership of the 
FSSU 

Forms of application, which should be returned 
not later than April 11, may be obtained from 
the Secretary of the Medical College of St Bar- 
tholomew's Hospital, West Smithfield, EC1 


(quoting Appointment No 675/134) should be addressed by May 


Salary for women is £A188 per annum less than corresponding rates for men a 

Promotion withn CSIRO ıs by merit and may go beyond the upper limit of the 
scale within which the original appomtment is made 

Fares paid for the appointee and his dependent family 
for three years with return fares paid or for an indefinite penod For ar fixed term 
given to the continuation of FSSU — Furthec particulars 


Mr W Hartley, Chief Scientific Liaison Officer, 


Appointments may be made 






Australian Scientific Office, Africa House, 







ST GEORGE’S HOSPITAL 
LINCOLN 
COUNTY MEDICAL PHYSICS DEPARTMENT 
Applications are invited from young ladies for 


the followmg posts in 
Laboratory 

(a) Technician Candidates should have a good 
school record with passes in physics and mathe- 
matics at '* O " level of the GCE and ONC 
in applied physics or Inter BSc or City and 
Guilds Intermediate or a qualification equiva- 
lent Salary scale £649 rising to £809 per annum 

(b) Technician-in-Training Candidates should 
have a good school record and studied for '* A ” 
level of the GCE in physics and mathematics 
Salary according to age, between £319 per’ annunz- 
and £536 per annum 

Further information can be obtained from the 
Physicist -in-Charge 

Applications, giving full particulars of educa- 
tion, etc, together with the names of two 
referees, should be addressed to the Secretary as 
soon as possible 


—————Ó—————————— 
UNIVERSITY OF BIRMINGHAM 
MECHANICAL ENGINEERING 
DEPARTMENT 
THIRD CHAIR OF MECHANICAL 
ENGINEERING 


Applications are invited for the above post 
from suitably qualified graduates, with research 
experience- in. some branch of Mechanical Engin- 
eermg or related fields The salary will he within 
the range £2,900 to £4,000 and will carry 
FSSU and family allowance benefits 

Further particulars concerning the appointment, 
the Department and its teaching and research 
activities may be obtained on request from the 
Registrar, The University, Birmingham, 15 with 
whom applications, in triplicate, namung three 


the Medical Physics 


V 


*t referees, should be lodged by April 25, 1964 
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CHEMOTHERAPEUTIC 


RESEARCH 


Pfizer Ltd, international leaders in pharmaceuticals, are commencing 2 Chemo- 
therapeutic Research programme into tropical diseases Completely new project teams 
arc being set up in the chemical and biochemical fields and these first appointments 
offer career opportunities This research-based company, with an impressive record 
of growth and achievement, conducts considerable research into the discovering of new 
Those appomted will work in 





SENIOR CHEMISTS 


with a research degree in organic chemistry and 
preferably industrial or postdoctoral research ex- 
perience 


A SENIOR BIOCHEMIST 


with research experience in enzymology and intcr- 
mediary metabolism, who will be responsible for 
the initiation and direction of biochemical work 


drugs effective against human and animal disease 
enjoy collaboration with scientists jn other 


modern well equipped laboratories and 


disciplines including bacteriology, 


pleasant residential areas 


[s operation 


INFORMAL INTERVIEWS 


To discuss these employment opportunities senior members of the 
research staff will be available, without appointment, as follows 


parasitology and veterinary research 
positions will be located at Sandwich, on the Kent coast, offering a wide choice of 
The conditions of service are good, and in addition to 
attractive and progressive salaries, include non-contributory pension and lıfe assurance 
schemes and payment of removal expenses 


AH these 


A profit-sharing bonus scheme is in 


CHEMISTS AND BIOCHEMISTS 


with, or about to obtam, an honours degree in 
organic chemistry or biochemistry 


SENIOR TECHNICIANS 


with a minimum quahfieaunon of HNC or 


, NOTTINGHAM, VICTORIA HOTEL, Milton Street, 


Monday, April 6, 6pm to9pm 
GLASGOW, CENTRAL HOTEL, C 1, 
Tuesday, April 7, 3 pm to 9 pm. 


f LONDON, HOTEL RUSSELL, Russell Square, 


Wednesday, April 8, 1l am to 8 pm 


MANCHESTER, QUEEN'S HOTEL, 
s Thursday, April 9, 3 pm to 9 p.m 


Alternatively, application may be made to 


(Research), Pfizer Limited, Sandwich, Kent. 







THE 


The Personnel Manager 


AIMLT and several years experience of syn- 
thetic organic chemistry or biochemistry 


TECHNICIANS 


with ONC or equivalent qualifications 


[177 ,GY" GROUP 


CHEMICALS — PHARMACEUTICALS 
VACCINES — COSMETICS — Foods 
AGRICULTURAL & VETERINARY PRODUCTS 





THE SALMON RESEARCH TRUST 
OF IRELAND INCORPORATED 


pplications are invited for appointment as 
Assistant Biologist to the Trust Candidates must 
either hold a recognized University degree, with 
honours (or equivalent qualification) for which 
an adequate study of biology or zoology was 
necessary, or are due to sit for their final exam- 
ination during the present academic year The 
appointment will be initially for five years, and 
opportunity will be given for the holder to pre- 
pare a thesis for a higher university degree 
Applicauon should be made by letter in the 
candidate's. own handwriting addressed to the 
Secretarv, The Salmon Research Trust of Ireland 
Incorporated, St James's Gate, Dublin, 8, giving 
full details of qualifications and expenence and 
enclosing copies of references Latest time for 
the receipt of applications is 4 pm on Friday, 
Mav 1, 1964 Canvassing will disqualify 





EPSOM GROUP HOSPITAL 
MANAGEMENT COMMITTEE 


Basic Grade or Senior Biochemist required, 
pistading dependent on experience for the depart- 
ent of chemical pathology in the Group Labora- 
at Epsom District Hospital Duties princi- 
ally in laboratory supervision with opportunities 
conducting original work Whitley Council 
alary and conditions 
Apphcations, stating age, qualifications and ex- 
Jpenience, and giving the names of two referees, 
to Group Secretary, Epsom District Hospital, 
Dorking Road, Epsom, Surrey, as soon as pos- 
sible 


DEPARTMENT OF TECHNICAL 
CO-OPERATION 


A vacancy exists for an Assistant Experimen- 
tal Officer at the Tropical Pesticides Research 
Umt, Porton Down, near Salisbury, Wiltshire 
The duties are to assist in field and laboratory 
research on the physical aspects of the applica- 
tion of pesticides Salary according to age and 

s«experience in the scale £490 to £1,053  Qualifi- 

cations GCE ın five subjects, including two 

"scientific subjects (preferably physics and mathe- 
matics) at ' A" level or equivalent 

| Applications, quoting RE 261/185/03, to the 

artment of Technical Co-operation, Eland 

yon Stag Place, London, S W 1, by April 10, 





PHYSICIST 


(or Electrical Engineer) 


To devclop special nucleonic instruments 
for the absolute measurement of radio- 
activity and for other radiation measure- 
ments 


Applicants should have at least a good 
second-class Honours degree in physics or 
electrical engineering or equivalent qualifi- 
cations Experience in design and develop- 
ment of electronic instruments for measure- 
ment of ionizing radiations would be an 
advantage 


Salary between £850 and £1,900 depend- 
ing on age and experience For salaries 
above £1,500 applicants should have at 
least three years suitable postgraduate 
experience and be 26 or over 


Contri- 


Assistance with house purchase 
butory superannuation 


Application form from 
The Personnel Officer, 


THE RADIOCHEMICAL CENTRE, 


Amersham, Bucks 


INDEXER (FEMALE) REQUIRED BY COM- 
monwealth Bureau of Pastures and Field Crops, 
Hurley, nr Maidenhead, Berkshire Salary in 
scale £490 to £1,092 Graduate im agriculture, 
horticulture, or natural science preferred —For 
further details and application form apply to 
Director 





UNIVERSITY OF IFE 
NIGERIA 


Applications are invited for Senior Lecture- 
ships, Lectureships or Assistant Lectureships in 
Pharmaceutics, Pharmaceutical Chemistry, Pharma- 
cology and Pharmacognosy in the Department of 
Pnarmacy Salary scales Senior Lecturer, 
£2,275 by £75 to £2,575 per annum Lecturer, 
£1 200 by £75 to £1,650/£1,725 by £75 to £2,175 
per annum Assistant Lecturer, £950 by £50 to 
£1,100 per annum (or if over 28 or holding a 
higher degree £1,050 by £50 to £1,150 per 
annum)  Secondment for a period of not less 
than one (but preferably two) academic sessions 
considered Passages for appointee, wife and up 
to five children, on appointment, leave and ter- 


mination Children’s car and outfit allowances 
Superannuation Scheme Part-furnished accom- 
modation 

Detailed applications (eight copies), naming 
three referees by May 10, 1964, to Secretary, 
Inter-University Council for Higher Education 
Overseas 33 Bedford Place, London, WC, 


from whom further particulars may be obtained 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for Lectureship in 
Department of Physics Salary scale £1,200 by 
£75 to £1,650 (bar), £1,725 by £75 to £2,175 
per annum Passages, where applicable, paid for 
appointee, wife, and up to five children under 
11 years on appointment, overseas leave, and 
termination FSSU Children’s and car allow- 
ances Part-furmshed accommodation at rent 
not exceeding 7 per cent of salary 

Detailed applications (six copies) naming three 
referees, by April 30 1964 to Secretary, Inter- 
University Council for Higher Education Over- 
seas, 33 Bedford Place, London, W C1 from 
whom further particulars may be obtained 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 


The Department of Biology invites applications 
for a position involving teaching and research in 
the field’of vertebrate anatomy Teaching re- 
sponsibilities will primarily involve instruction of 
a course in comparative vertebrate anatomy 

Please send applications, along with curriculum 
vitae and names of three referees, to the Head, 
Department of Biology, Memorial University of 
Newfoundland, St John’s, Newfoundland 
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4 £3,500 to £5,000 range is offered, with a company house, 

£, car and excellent pensıon arrangements 

‘ ; (Ref W10/1301/NA) = 
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UNIVERSITY OF MANCHESTER 


Applicatiðns are invited for posts at the grade 
of Lecturer or Assistant Lecturer m Theoretical 
Physics The current interests of the departmen, 
are im nucfear structure and nuclear reactions , 
atomic reactions, chemical physics, solid state 
physics ard\ many body problems, plasma 
physics, ank high energy physics Duties to 
commence as soon as may be arranged Salary 
Scales — Lectürer, £1,250 to £2,150 per annum, 
Assistant Legturer, £1,000 to £1,150 per annum, 
initia] salary and status according to qualifications 
and experience Membership of the FSSU 
and children’ allowance scheme 

Forms of japplicatton and further püruculars 
may be ott 

13, to whom applications 


not later than April 4, 1964 





ROYAL BUCKINGHAMSHIRE 
AND ASSOCIATED HOSPITALS 
MANAGEMENT COMMITTEE 
STOKB MANDEVILLE HOSPITAL 
“A® LESBURY, BUCKS 
tare m Rona Spa 1 (Senior Grade) 


required in tional Spinal Injuries Centre, as 
member of te working under direction of Ccn- 
fate eo charge of Centre — Apphcants should 
have had at least five years’ experience in basic 
grade of Biochemist Post may be advanced to 
Principal Grade in light of further experience 
and ability of holder Post is subject to three 
months’ notice on either side Salary on scale 
£1,520 by £65 to £1,585 by £75 to £1,660 by 
£70 to £1,730.by £75 (2) to £1,880 per annum 
Unfurmshed mUdern house available 

Applications, giving qualifications and experi- 
ence, and three names for reference, to the Sec- 
rétary, 9 Bicester Road, Aylesbury 


WOOLWICH POLYTECHNIC 
- | LONDON, SE 18 
RESEARCH ASSISTANT 


Applications are mvited for four posts of 
Research Assistant in Mathematics Successful 
appheants will follow a course leading to an 
Internal M Sc! in Mathematics of the University 
of London in jone of a number of fields of pure 
of apphed mathématics Applicants should either 
hold a degree m mathematics with at least 
second-class hdnours or be about to take such 
a_degree at the end of this session Salary scale 
£750 by £25 to £800 per afoum will include six 
hours teaching or demonstrating 

Particulars and application forms from Cie-k 
to the Governors, to be returned by April 10, 
1964 \ 


i 





BPPOINTMENTS 
DIWISION ` 


DIRECTOR OF RESEARCH - 


Refractories 


John G Stein and Co Ltd,of Bonnybridge are one of the 
leading manufacturers of high-quality refractory bricks ın the 
United Kingdom Their present Director of Research will be 
retiring m 1965 His successor’s responsibilities wilbprimarily 
be 1n applied research into existing and new raw materials, 
and into new product development 
r research must also be undertaken and there will be opportunities 
for overseas travel- There ıs a competent graduate and non- 
graduate staff; who enjoy good facilities, for the extension of 
which finance and top management backing are readily avail- 
able The new Director will probably be aged between 35 and 
45, and his academic background may well have been in 
metallurgy, petrology or inorganic chemistry A salary ın the 
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Some fundamental 


TECHNICAL 
INFORMATION 
SERVICE. 


Expansion in the development of Petro- 
leum Chemicals has created vacancies for 
additional Technical Information staff at 
the Head Office of the British Petroleum 
Company 


(a TECHNICAL INFORMATION OFFI- 
CER (male) A Chemist qualified to 
graduate level is required to monitor 
and classify confidential and published 
documents, some in French or Ger- 
man, prepare Information Bulletins, 

and maintain an information service 

Age range 27 to 30 


INFORMATION ASSISTANT (male 
or female) Dutres include the opera- 
uon of a technical and commercial 
Periodical circulation service and maim- 
tenance of an information retrieval 
system Age range 25 to 30 


Applicants, with a good Knowledge of 
French and/or German, and preferably 
with previous Technical Information experi- 
ence, should write, giving brief details of 
age, qualifications and experience, to Box 
7566, c/o Hanway House, Clark’s Place 
EC2 quoting H 6363 


SMITH KLINE & FRENCH 
RESEARCH INSTITUTE 


invite applications from experienced Tech- 
means for a vacancy in the Organic 
Chemistry Laboratories Preference givcn 
to applicants between 18 and 25 years of 
age 


Facilines for further education Othe” 
advantages include a five-day week and 
non-contributory pension and lfe assur- 
ance scheme 


Applications to the Director, Smith Kline 
& French Research Insutute, Welwyn 
Garden City 
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COMMONWEALTH OF 
AUSTRALIA 


QUEEN ELIZABETH II FELLOW. 
IN THE PHYSICAL AND BIOLOGI 
SCIENCES 


Applications are invited for Queen Eliz: 
Fellowships which have been established 
Government of the Commonwealth of 4 
to” commemorate the Royal Visit to Aus 
1963 They are awarded on the reco 
tion of a standing committee. of semor 
appointed by the Prime Minster Ti 
doctoral Fellowships may be awarded an 
young scientists (men or women) of ex 
promise and proved capacity for origin 
The Fellowships are tenable in an A 
university or approved research institut) 
mally for two years, but exceptionally fg 
ther period up to a year In 1964 five| 
ships may be awarded about mid-June 
about mid-December, the closing dates f 
cations being May 1 and November 2, 
uvely 

Qualifications Applicants must 

~ Australian citizens or citizens of th 
Kingdom and Colonies ordinary reside 
Umted Kingdom They must have ol 
PhD, or equivalent qualifications, in o 
+ physical or biological sciences, which 
deemed to include mathematics and t 
tific aspects of statistics, engmeering, m 
agriculture, and medicine Awards , 
general be restricted to applicants who 
more than 30 years of age on the d 
applications close 

Supend and allowances The norm: 
1s at the rate of £2,500 (Australian) 
but where a Fellow has had exceptioi 

"graduate experience a higher stupend may 
up to a maximum of £A3,000 pe 
Allowances for dependants (at the rates 
per annum for wife and £A100 per a 

each dependent child) will be paid 

Fellowship ıs awarded to an overseas 

travelling expenses equivalent to the 
return economy-class aw fares, plus 
allowance, for the Fellow and his fam 
met For an award to an Australian 
reasonable transfer expenses will be 
addition, an allowance of up to 10 pe 
the stipend will be made towards super 
payments of the Fellow under an 
scheme and contnbutons will be made 
appropriate personal insurance — Feilo 
reimbursed for approved expenses pers 
curred in prosecuting their work 

Conditions Fellows shall devote th 
ume to research in am approved field, 
not undertake any work likely to con 
this requirement Tenure will commel 
date suitable t0 the Fellow and to! 
institution in Australia, which normal] 
be within six months of the date of tt 
The award is for two years and may 
quished before the expiry date only | 
terms and conditions as may be tad } 
the Committee | 

Application Applicants must (1) sw 
dence of their capacity for screntific n 
the form of published papers, unpublish! 
etc , (2) state the field m which th| 
Propose to undertake research in A 
(3) state the university or research insti 
which they wish to work , (4) give a 
account of their career , (5) name twi 
who can speak from personal knowledg 
qualifications , and (6) submut a recen 
certificate 

Applications should be made on the 
form which is obtainable, together wil 
statement on the conditions of award, 
Secretary, Queen Elizabeth Fellowshy 
mittee, Prime Minister's. Department, 
ACT, Australa, or from the Official 
Australia House, Strand, London, 
Applications should be lodged to arr 
Canberra address by May 1 or Novembe 


UNIVERSITY OF LEED 


Applications are invited from Honoui 
ates in either zoology or physiology 
Assistant Lectureship or Lectureship in! 
partment of Zoology at a salary wi 
range £1,000 to £1,150 for an Assistant] 
or £1,250 by £60 to £1,670 by £80 : 
(efficiency bar) by £80 to £2,150 a Mi 
Lecturer Initial appointments at any 
, the scales Preference will be given to c 
having research interests in some branch! 
parative physiology Ample research faci 
available including those of the Dep 
Marme Biological Laboratory at Rob: 
Bay p 

Applications (three copies), stating ag 
ficanons and experience, and namı 
referees, should reach the Registrar, 
versity, Leeds, 2 (from whom further p 
can be obtamed), not later than April 





